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Foreword 

This book is made up of papers selected from pages of the Journal of the 
Society of Motion Picture and Television Engineers. 

The intent has been to make available in one convenient volume, a collec-

tion of Journal papers covering fundamental aspects of color television technology. 
Although the coverage inherently has less coherence and balance in emphasis than 
could be achieved in a book written by a single author, it is felt to offer significant 

value as both a tutorial and a reference volume. Emphasis has been given to papers 
covering important principles and concepts which change relatively slowly, if at 

all, as compared to the rapid evolution of technical equipment. 
Supplementing the reprinted papers is a complete index of all other papers 

on color television which have been published in the Journal to date. The cover-

age is rounded out by the inclusion of pertinent SMPTE-sponsored United States 
Standards and SMPTE Recommended Practices, together with an index of all 

current Standards and Recommended Practices. 
It is evident that, as time goes on, an even more comprehensive selection of 

papers will become available for a volume assembled in this manner. It is quite 

possible that a revision of this volume or a supplement to it will be required in a 
few years. However, with the North American television broadcasting industry 

over its initial colorization hurdle, and with color conversion well along in other 
parts of the world, the time is appropriate for many of the design, maintenance 
and operations engineers, who have been deeply involved in this process, to take 

a new look at the basics of color television. This book is intended to be helpful in 

undertaking this renewal process. 
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Basic Color 





ABC's of Color Television 

TELEVISION programs in color are 
now being produced regularly by ma-
jor broadcasting companies, and the 
corresponding signals are being trans-
mitted over both the local and intercity 
facilities of the Bell System to color TV 
transmitters. Although much publicity 
has been given to the advent of this 
rather astonishing new development, 
most of the articles have been either 
highly technical or intended for the news-
papers. They have not provided an un-
derstanding of the system for intelligent 
engineers who are not able to devote 
sufficient time to the subject to master 
the more obscure technical details. This 
article is intended to fill a need felt 
in many quarters to answer a number of 
questions which have arisen concerning 
the generation of the signals and the 
manner in which they are used to pro-
duce a color picture. 

It will be assumed that the reader 
has some knowledge of how a black-and-
white TV picture signal is generated 
and displayed; i.e., .the picture is 
"painted". on the TV tube by the modu-
lated intensity of a spot which is swept 
repeatedly across the face of the tube 
from left to right, each sweep taking 
about 1/15,750 sec, the spot descending 
gradually from top to bottom of the tube 
in about 1/60 of a second. This cycle of 
events occurs over and over again, 
giving rise to the illusion of continuous 
motion in any televised scene. 

With this background in mind, curi-
ous engineers generally have several 
simple questions in mind when they are 
told that by a modified, but compatible, 
system, a color picture can be painted 
on the tube face. Some of these questions 
are: ( 1) how does the system work in 
simple terms? (2) how is color (hue) 
produced on the picture tube of a color 
receiver? (3) how can color TV signals 
and monochrome TV signals be "com-
patible"; i.e., what does a monochrome 
receiver do with the color information 
signals (which it does not need and can-
not use), and how can a color receiver 
do without color information? In an 
attempt to answer these questions in 

This article by J. M. Barstow, Bell Telephone 
Laboratories, 463 West St., New York 14, is re-
printed here through the cooperation of E. K. 
Gannett, Managing Editor, The Institute of 
Radio Engineers. It first appeared as "Color 
TV — How It Works," in the Sept. 1955 IRE 
Student Quarterly, pp. 11-16. 

By J. M. BARSTOW 

• ó 

Fig. 1. Primary colors of the additive system: above, shown separately; 

below, shown partially merged. 

February 1956 Journal of the SMPTE Volume 65 
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easily understandable terms, a descrip-
tion will be given in the following para-
graphs and associated figures of the 
general plan employed, without going 
into details as to how the plan is carried 
out. 

Colorimetry and the Color Picture Tube 

A few rudimentary principles of col-
orimetry must first be understood; i.e., 
those having to do with the reaction of 
human vision to lights of differing color. 
The necessary principles may best be 
understood by describing an experi-
ment with colored lights. Suppose, for 
example, in a darkened room, a white 
reflecting surface is illuminated in three 
different spots with light from three 
different projection lanterns. In the path 
of the light from one lantern, a filter 
will be placed which will allow green 
light to pass through, but no other color. 
Similarly, in the paths of the beams from 
the other lanterns, red and blue filters 
will be placed respectively, so that to an 
observer with good color vision, the spots 
will appear to be green, red and blue. 
Now suppose the projection lanterns are 
oriented so that the three spots partially 
merge. The area on which all three 
lights fall simultaneously will appear 
white. The area on which green and red 
light falls will appear yellow; the area 
on which red and blue light falls will 
appear as lavender or magenta; and the 
area on which the blue and green light 
falls will appear blue-green or cyan. 

These results are shown on Fig. 1 and 
the results of the experiment illustrate 
the additive properties of colors (not to 
be confused with the subtractive proper-
ties of color when different color pig-
ments are mixed). 
The additive properties of colored 

lights are employed in color television. 
When the eye can see separate areas 
(i.e., areas large enough to be resolved 
by human vision) illuminated by dif-
ferent colored lights, it will recognize 
the different colors, but when the colors 
merge, or the areas become so small 
and so close together that the eye sees 
them as if they were in the same place, 
the individual colors no longer are recog-
nized. In the experiment described 
above, if the dots were each reduced in 
size to about that of a pinhead, and then 
so located on the white surface that 
they did not merge but were tangent 
to each other, the area which they effec-
tively cover would appear white from a 
distance of about 15 ft. At a distance of 
a few inches, the three separate colors 
would be recognized. 
The structure of a color television pic-

ture tube is shown in Fig. 2. Phosphor 
plate of tube is a glass screen covered 
with about 1,070,000 phosphor dots 
(21-in, tube), one-third of which will 
glow green under the influence of a 
beam of electrons; one-third, red; and 
one-third, blue. The dots are placed on 
the phosphor plate of the tube in clusters 
of three: one green, one red, and one 

blue, so that there are about 350,000 
clusters of three dots each, uniformly 
distributed over the active area of the 
tube. The neck of the tube contains 
three electron guns, the first, for emitting 
a beam intended for the green glowing 
dots, the second, for emitting a beam 
for the red glowing dots, and the third, 
a beam for the blue glowing dots. Be-
tween the electron guns and the phosphor 
plate, but only about one-half inch 
from the phosphor, is a masking plate 
which has 350,000 small holes in it, each 
hole being placed approximately over 
the center of a cluster of three phosphor 
dots. Under the influence of focusing 
coils and magnets, the three beams from 
the three guns are made to converge 
at the masking plate, and hence, they 
diverge slightly beyond the masking 
plate. This slight divergence is sufficient 
so that the beam from the green gun 
strikes only the green glowing dots and 
similarly, the beams from the red and 
blue guns strike only the red and blue 
glowing dots, respectively. A cluster of 
three phosphor dots is so small that one 
dot cannot be resolved from another at 
distances greater than a few feet. There-
fore, at distances of four times picture 
height or greater, a wide range of colors 
can be produced (including white) 
by controlling the magnitudes of the 
beams from the three guns. The apparent 
sharpness of the picture is reduced very 
little. When the beams from the three 
guns are strong, and correctly pro-
portioned in magnitude, white is pro-
duced. If they remain in the same pro-
portions, but are gradually reduced in 
magnitude to near zero, the white is 
correspondingly reduced in intensity 
through shades of gray to black. If the 
beam from the green gun is strong and 
the others near zero, the color produced 
is green (the red and blue glowing 
dots do not glow). Similarly, any color 
can be produced that is within the range 
of colors that can be synthesized from 
green, red and blue. This range embraces 
nearly all those seen in nature or em-
ployed by human beings for decorative 
purposes. 
As the tube is scanned from left to 

right and from top to bottom by the three 
beams in unison, the convergence of the 
beams at the masking plate is main-
tained within close limits. 
The remaining features of the system 

are concerned with the production and 
transmission over one 4.2-mc circuit of 
the signals applied to the three guns of 
the picture tube. 

Color Signal Generation 

Color signals are generated in a 
manner shown in Fig. 3 below. Three 
cameras are used effectively with light 
filters so that the output of one camera 
is due to the green light obtained from 
the object being televised, the output 
of the second, due to red light, and that 



of the third, due to blue light. The 
horizontal and vertical sweep voltages 
and associated pulses are provided by 
the camera equipment which converts 
the light signal to electrical potentials 
ER..„ E,, and EB„... The gamma 
unit contains a set of nonlinear ampli-
fiers through which the electrical signals 
are passed. The unit is used at the early 
stage of signal generation to anticipate 
and correct for a characteristic of picture 
tubes used in receiving sets. The light 
output of a phosphor in a picture tube 
is directly proportional to the beam cur-
rent striking it, but the beam current 
is proportional to about the.2.2 power 
of the voltage applied to the picture tube 
grid. Hence, in the gamma unit, the non-
linear amplifiers whose outputs are pro-
portional to approximately the 1/2.2 
power of the inputs, are correct for the 
opposite kind of nonlinearity in the pic-
ture tube. Between the outputs of the 
gamma unit and the picture tube grids, 
the system is intended to be linear. 
The three outputs of the gamma unit 

are usually adjusted to be equal when a 
white area is being televised. They are 
then fed into a matrix unit which derives 
three signals: one to be used as a bright-
ness or luminance signal similar in every 
respect to a monochrome signal, and the 
other two to be used as color informa-
tion signals. In Fig. 3, the brightness 
signal is labeled E'„, and is formed by 
adding .59 of the green signal, .3 of the 
red signal, and . 11 of the blue signal. 
These fractions of the individual color 
signals are combined because it has 
been determined subjectively that the 
three colors contribute to the total 
brightness of a scene in these propor-
tions. The brightness of a given area in a 
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televised scene corresponds to the "light-
ness" of the area, or the inverse of the 
"darkness" of the area, irrespective of 
"hue." 
The two color information signals 

are formed as indicated on the figure. 
These signals are going to be used to 
modulate two single frequencies (color 
subcarriers) which are identical except 
for a 90 ° phase difference. Therefore, 
the proportions of each color output 
used are selected so that, if the dif-
ferent hues are considered as located 
along a circle, as indicated in Fig. 4, 
their projections on E', and E',2 axes 
will result in the correct magnitudes of 
modulating voltages. Before projecting 
the primary color voltages onto the 
E'. (in phase) and E',2 (quadrature 
phase) axes, two other magnitude ad-
justments are made. One governs the 
relative magnitude of chrominance and 
luminance signals, and the other adjusts 
the three primary color magnitudes so 
that when a white or gray area is tele-
vised (corresponding to equal gamma 
corrected color voltage outputs in each 
of the three colors), the color voltages 
projected onto the E'. and E'Q axes will 
sum to zero. Hence, the modulators will 
have zero output. These two adjust-
ments in the color signal voltage magni-
tudes produce levels of E', = .593, 
E', = .632, and E', = .447 before pro-
jection on the E', and E i Q axes. When 
these color voltages are projected onto 
the E', and É'Q axes, the results are as 
shown on Fig. 3. It will be noticed in 
this figure that the coefficients of the color 
voltages sum algebraically to zero, indi-
cating that when the original gamma 
corrected output color voltages are 
equal, both the E', and E ' ,2 modulat-

Ey 59 Eb+0.30 
DELAY 

4-0.114 

2 3 a Sur 
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2 3 4 SVC 
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LUMINANCE SIGNAL 

ing voltages reduce to zero. It is obvious 
from the signs of the coefficients of the 
color signals emerging from the matrix 
unit that this unit must contain phase 
inverters as well as attenuators, ampli-
fiers and mixing circuits. 

Figure 4 shows the magnitudes and the 
angles of both the primary colors, red, 
blue and green, and the complementary 
colors, yellow, cyan and magenta. The 
magnitudes and angles of the com-
plementary colors are the vector re-
sultants of the adjacent primary colors; 
i.e., yellow .447 at 167 ° is the vector re-
sultant of red and green; similarly, cyan 
is the resultant of green and blue, and 
magenta the resultant of blue and red. 
The two modulated subcarrier out-

puts are combined as indicated in Fig. 
3. Since each output consists of an 
amplitude-modulated color subcarrier, 
the combination will also be an ampli-
tude-modulated color subcarrier. Since 
the two components differ in phase by 
90 °, their vector sum will have an angle 
which is determined by the relative 
magnitudes of each component and thus 
will be phase modulated also. It should 
be noted that each component output 
may have reversed phase (i.e., 180° 
from normal), as when the modulating 
voltage changes sign from positive to 
negative. The arrangement, therefore, 
provides that the color information is 
contained in an amplitude-modulated 
subcarrier whose angle, referred to an 
arbitrary reference, may have any value 
from 0 to 360°. 
The color signal is then combined with 

the luminance signal as shown schemati-
cally in Fig. 3. Since the color subcarrier 
has been chosen to be an odd multiple of 
half-line frequency (455 X half-line fre-
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Fig. 3. Schematic of equipment component functions for generating NTSC color video signals. 
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Fig. 4. Color circle diagram. 

quency), the color signal interleaves 
with the luminance signal as shown in 
the small bandwidth illustration near 
the line schematically representing the 
output signal. This is the video signal 
which is transmitted. A somewhat more 
detailed illustration is given in Fig. 5. 
The solid vertical lines indicating fre-
quency components comprise the lumi-
nance signal, and the dotted lines, the 
chrominance signal. Only one-tenth 
of the number of components are plotted 
for clarity of illustration. In this signal, 
the components of the luminance signal 
are separated by line frequency (ap-
proximately 15.75 kc), as are those of 
the chrominance signal. It should be re-
membered that the luminance signals 
are present at all times during the trans-
mission of a picture, although the levels 
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of the higher frequency components 
vary considerably, depending on picture 
content. On the other hand, the chromi-
nance components will disappear en-
tirely when black and white objects are 
being televised. 

Figure 6(a) shows a color bar pattern 
as it would appear on the screen of 
a color television set and Fig. 6(b) 
shows the corresponding video signal 
waveform in one-line interval. The scale 
at the left of Fig. 6(b) may be considered 
as a video voltage scale in one-hundredth 
volt units. The first negative pulse is the 
line-synchronizing pulse which is used 
to send the three converging color beams 
back to the left side of the raster. The 
next short burst, at a low-voltage level 
corresponding to black or at least a dark 
level, is the color subcarrier synchroniz-
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Fig. 5. Frequency composition of typical NTSC color TV signal. 
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ing burst, and is used to control the 

frequency and phase of the demodulating 
oscillator in the receiver. The phase of 
this burst is always 180 ° away from 

reference phase, as indicated in Fig. 4. 
The next burst of frequencies corre-
sponds to fully saturated green, having a 
peak-to-peak amplitude of 2 X .593 

=-- 1.186 and an axis level equal to green 

brightness or . 59 (brightness indicated by 
light dotted lines). The next burst cor-

responds to saturated yellow and has a 
peak-to-peak amplitude of twice the re-
sultant of maximum red and green (see 
Fig. 4), or 2 X .447 = .894 with an axis 
level equal to yellow brightness (green 
brightness plus red brightness), or . 59 
.30 =-- .89. The next burst corresponds 
to saturated red with an amplitude of 
2 X .632 or 1.264, with an axis level at 
red brightness or .30. The other bursts 
and the corresponding colors can be seen 
and the amplitudes and levels of axes 
computed in a like manner. The factor 
of 2 in all these computations is used to 
obtain the peak-to-peak magnitudes 
from zero-to-peak magnitudes com-
monly used in electrical engineering as 
an expression for the maximum ampli-
tude of a sinusoidal wave form. 
The phases of the different groups 

of waves correspond to those shown in 
Fig. 4, although this cannot be well 
illustrated in the figure. 

6 



In review of what is shown in Fig. 6, 
three principles should be stated: 

1. Level of zero axis of a group of 
waves representing a single color repre-
sents brightness of the color. [E.g., yel-
low and cyan have highest and next-
highest brightnesses in Fig. 6(b) and are 
brightest of the six portrayed on color 
bar pattern, Fig. 6(a)]. 

2. At any brightness level, the ampli-
tude of a group of waves representing a 
color corresponds to the saturation of 
the color. The word "purity" has been 
applied to this characteristic and it indi-
cates the extent to which the color ap-
proaches that of light of a single wave-
length. Low purity (amplitude) would 
indicate dilution with other colors, tend-
ing to make the resultant move toward 
some shade between black and white. 

3. The phase of the group of waves 
representing a single color determines 
the hue of the color. 

Figure 6 also shows the signal corre-
sponding to black-and-white. When the 
spot formed by the three converging 
beams passes over the lower half of the 
image (corresponding to the black-and-
white portion of the subject material), 
the gamma corrected color outputs are 
equal; they are equal to approximately 
zero for the left part of the lower half of 
the picture. They remain equal, but 
assume high values (unity) for the white 
area shown at the lower right. The video 
waveform signal corresponding to this 
lower picture area is indicated by the 
heavy solid line at the zero potential level 
and at the 100 level. 

Fig. 6. Color bar pattern and 
corresponding color video sig-
nal: (a) color bar pattern; (b) 
color video signal. 120 
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Signal Reception 

Once the general scheme for produc-
ing the signal is understood, the method 
of demodulating it to provide signals for 
each of the three guns in the color tube is 
rather easily followed. The method is 

indicated schematically in Fig. 7. 
There is no attempt made to separate 

out the chrominance signal from the 
luminance signal by toothed, or comb, 

filters. The complete signal is used for a 

luminance signal as indicated, although 

the chrominance information in it is 
unwanted. This unwanted signal, how-
ever, has such a frequency composition 
as to greatly reduce its visibility in the 
picture. This is because the error it pro-
duces in the picture effectively phases out 
in the succession of lines and fields by 
means of which the picture is presented. 
Specifically, if the chrominance signals 
produce a brightness error at one spot on 
the picture, as this spot is traversed by 
the resultant beam from the three guns, 
an error of opposite sign will be produced 

7 
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at this location in the horizontal motion 
of the spot on the next line in that field. 
That is, if the error due to chrominance 
is too bright a spot in the first line referred 
to above, the corresponding spot will be 
too dark on the next traverse of the beam 
across the picture. These errors are 
therefore close together on the picture; 
they are of opposite sign and occur 
rapidly. These three factors tend to re-
duce their visibility. Also, when the sub-
ject material is black-and-white (or any 
shade of gray in between), the error dis-
appears altogether because the color 
subcarrier disappears. As a further safe-
guard against brightness error due to 
chrominance signal, manufacturers of 
color sets are using a low-pass filter to 
cut off the luminance signal at about 3 
mc, cutting off also the chrominance 
signal, which is an et-tor signal so far as 
luminance is concerned. The philosophy 
is that a 3-mc luminance signal without 
the chrominance error signal is better 
than a 4.2-mc luminance signal with the 
chrominance error signal. This is indi-
cated in Fig. 7 by the chrominance signal 
elimination filter characteristic applied 
to the luminance signal. 
As indicated in Fig. 7, a bandpass filter 

is used in the chrominance branch to re-
move the low-frequency luminance sig-
nal. The chrominance signals are de-
modulated with a synchronous demodu-
lator and the E'; and E'() components 
are derived. The error in the chromi-
nance signal due to the high-frequency 
luminance signal is small because (1) the 
error signal components are small; (2) 
synchronous detection plus low-pass 
filtering are used so that the high-fre-

quency positive and negative errors are 
effectively eliminated. 

It is more convenient at the receiver to 
derive the "color difference" signals first 
from the chrominance signals. This can 
be done by combining different fractions 
of the E'; and E'4 as follows: 

E'0 — E'„ = — 0.27E', — 0.64E', 

R — = 0.95E'1 ± 0.63F', 

g — E',„ = — 1.10E'i ± 1.70E'. 

These equations follow directly from the 
equations shown on Fig. 3. 
The luminance signal is then added to 

each of the three color difference signals, 
thus forming the three primary color 
signals. 

(E'G — E'„) E'„ = 

(E" — E",) E'„ = 

(E9 — e t') = 

These three signals correspond exactly 
(except for the errors discussed above) to 
the gamma-corrected color signals put 
out by the camera, and are applied 
through separate gain-adjusting net-
works to the three guns of the color tube. 
The gain adjustments are for the purpose 
of proportioning the beam currents to 
produce radiations from the phosphors 
which will produce white (or shacks of 
gray to black) when equal voltages are 
applied to inputs of gain-adjusting net-
works. The manner in which the color 
tube uses these signals has been ex-
plained. 

Transmission of the Color Signal 

The color signal which must be trans-

mitted has been described here in two 
ways: ( 1) amplitude vs. frequency (Fig. 
5), and (2) amplitude vs. time (Fig. 
6(b)). It will be apparent from Fig. 5 
that since the color is carried by a fre-
quency of 158 mc and sidebands, it is 
important that this frequency region be 
transmitted with high fidelity. Subjective 
tests indicate that a 1-db change in the 
response of the circuit at 3.58 mc can be 
easily detected, and a loss of 3 db in this 
region, compared to the transmission at 
low frequencies (luminance transmission) 
begins to be objectionable. In other 
words, transmission at 3.58 mc is as im-
portant for chrominance as is transmis-
sion at low frepuencies (below 1 mc) for 
luminance. This added requirement for 
color signal transmission necessitates 
more exacting maintenance of circuit re-
sponse. 
The second requirement which makes 

color TV transmission more difficult is 
the delay requirements. In this case, the 
delay characteristic of most importance 
is the differential delay characteristic at 
the color subcarrier frequency; i.e., vari-
ation in delay with the various voltage 
positions the subcarrier may occupy in 
transmission, rather than the delay char-
acteristic most frequently referred to in 
wide-band transmission, which is delay 
vs. frequency. This latter delay must also 
be maintained constant over the whole 
frequency band within rather narrow 
tolerances. 

Figure 6 shows that different colors 
are transmitted at different potential 
levels through the transmission systems. 
For example, the axis of the synchroniz-
ing burst is at a zero level in the figure, 
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while that of the group of waves trans-
mitting the yellow signal is at a level of 
0.89. Since, in the receiving set, the hue 
of the color is determined by the relation-
ship of the phase of the synchronizing 
burst and that of the group of waves carry-
ing the color information, it is necessary 
that the relationship between the phases 
of these groups of waves be preserved 
with great fidelity from the point of sig-
nal generation to the point where the 
signal is used. In the example cited, if 
the group of waves carrying the yellow 
color information is shifted in phase by 
as much as 5° with respect to the phase 
of the waves in the synchronizing burst, 
a change in hue will be noticed in the 
picture. If the phase of the yellow color-
carrying group of waves is advanced, the 
yellow color in the picture will become 
slightly greenish; if the phase is retarded, 
it will move slightly toward the orange 
(see Fig. 4). Hence, a differential phase 
requirement is born, which was not 
given serious consideration before the 
advent of color TV. It was considered 
necessary in overall transmission to 
maintain differential phase shift within 
about ±50 limits at color subcarrier 
frequency. 

In regard to compatibility, when a 
monochrome receiver is fed color sig-
nals, only the luminance signal is re-
quired. Referring to Fig. 7, the circuitry 
for selecting the high-frequency chromi-
nance components and demodulating 
them into color difference signals is not 

present, and the one gun in the mono-
chrome tube is supplied with the lumi-
nance signal, plus the interleaved chromi-
nance signal. As was explained above, the 
frequency composition of the chromi-
nance signal, which is an error signal so 
far as luminance is concerned, is of such 
a nature that its visibility is reduced. In 
a given small area in a picture, plus- and 
minus-errors will occur in rapid succes-
sion and human vision tends to average 
them out. Hence, it may be said that the 
signal is so designed that when received 
by a monochrome receiver, the visibility 
of the chrominance portion of the signal 
in the picture area is materially reduced. 
When a color receiver is fed a mono-

chrome signal, the outputs of the syn-
chronous demodulators equal zero; the 
color difference signals are zero; and 
therefore, the signal supplied to the gain-
adjusting network associated with each 
gun is the same, namely, the E'„ signal. 
With equal inputs at these points the 
beams are of the proper relative strength 
to produce black-and-white. 

Conclusion 

It is beyond the scope of this article to 
go into further detail in regard to how 
the severe requirements of television 
transmission are met. It will be sufficient 
to say that in spite of bandwidths about 
one thousand times as great as those used 
for single telephone channels, more 
severe transmission requirements than 
those used for telephone transmission are 

necessary for monochrome TV transmis-
sion. More severe requirements must be 
applied for color television signals, pri-
marily due to the necessity for maintain-
ing amplitude responses constant over 
the whole 4-mc band, and to the differen-
tial delay requirement. Steps are being 
taken to satisfy these needs, and it is ex-
pected that in the reasonably near 
future, regular color transmissions will be 
achieved with only moderately increased 
difficulty over that encountered in the 
past for monochrome transmissions. 

Information on the formation of color 
TV signals was obtained largely from the 
reports of Panels 12 and 13 of the Na-
tional Television Systems Committee. A 
short bibliography of particular articles 
of interest is given for the benefit of 
readers who would like to learn more of 
the details of the NTSC color system. 
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Color Perception 

and Color Television 

An important part of the complete television system is the viewer. His conscious 
response is the ultimate output of the total system. A summary is made of some of 
what is currently known of the way in which his responses are formed. This knowl-
edge of the process of color perception is related to the characteristics of color 
television images. 

Introduction 

A red light flashes. A director points to 
an actor. He begins to speak as millions of 
electrons are emitted amongst a vast com-
plex of interconnected thermionic tubes. 
The phase, frequency, and amplitudes of 
narrow bands of electromagnetic energy 
are purposefully modulated and propa-
gated throughout the atmosphere. Al-
most instantly, resonance occurs within 
excited phosphor crystals and the face of 
a cathode-ray tube lights up to provide an 
intricate spatial array of emitted photons 
vibrating at various frequencies and am-
plitudes. The first half of a color television 
system is operating. This is the " tele-" 
half of television. 

It is an enormously complex half to be 
sure, but its complexity pales in compari-
son with that of the other half of the sys-
tem: the viewer, who supplies the "vision." 
The television system is not complete 
without a sensing human observer to per-
ceive the image on the face of the 
cathode-ray tube. He provides the per-
ceptual mechanism that is the raison 
d'être for this complicated transfer of phys-
ical information. 

Perceptual mechanisms are systems 
incorporating feedback that are sensitive 
to certain kinds of energy and are capable 
of delivering messages to modify the de-
vice's output. In other words, a percep-
tual mechanism is a system for meaning-
fully relating output to input. 
The process of visual perception oper-

ates upon chemical and electrical re-
sponses to light energy (the input) to pro-
duce a conscious response (output) in the 
brain. It is largely a process of abstrac-
tion. The input is encoded into complex 
but efficient electrical pulse-trains. Infor-
mation which is significant is enhanced 
at the expense of that which is less signi-
ficant. The resultant schema is decoded 
and processed in the brain where it is 
compared with stored remnants of past 
experience in order to form an interpre-
tive perception. This is the process of 
vision. It is really only in the brain that 
we "see" anything, including colors. 

A contribution from the Kodak Research Lab-
oratories, presented on September 19, 1967, at 
the Society's Technical Conference in Chicago 
by C. J. Bartleson, then of the Research Lab-
oratories, Eastman Kodak Co., Rochester, N.Y. 
14650. The author is now at Macbeth Re-
search Laboratory, Macbeth Corp., Newburgh, 
N.Y. 12550. 
(This paper was received on September 26, 1967.) 

It is for this reason that psychologists 
and students of sensory processes prefer 
to define "color" as an aspect of conscious 
response. It may be affected by, but is not 
itself a property of, objects or of lights. 
Those things are called "stimuli," for 
they serve to stimulate the perceptual 
process. The ultimate response is (in part) 
color. 
The process by which this output 

derives from the stimulation of light 
energy is one which has long intrigued 
and puzzled man. It still remains largely 
an enigma. However, the umbra of 
ignorance which shrouds the mechanisms 
of visual perception is yielding gradually 
to the light of scientific investigation. 
Such is the pace of this investigation that 
immensely more of the process is under-
stood today than was the case a mere five 
years ago. 

In order to attempt to understand 
better the complete television system, it 
would be helpful to examine some of 
what is known of this process of color per-
ception. It should then be possible to 
relate that knowledge to the characteris-
tics, both desirable and undesirable, of 
color television images. The remainder of 
this paper will be devoted to these two 
issues. 

Theories of Color Vision 

How is vision mediated? This is a ques-
tion which has been asked for probably 
thousands of years. The Greeks, the 
Arabs, Renaissance Italians, and more 
northerly Europeans all addressed them-
selves repeatedly to the problem.1.2.1 
However, it was not until Newton dis-
covered the refractibility and dispersion 
of light (described in his famous Opticks of 
1704) that the physical basis for a reason-
able solution was made available. New-
ton thought that the eye must contain 
many receptors, each sensitive to a differ-
ent frequency of light. Just about 100 
years later, Thomas Young debunked 
Newton's idea in four short paragraphs. 
He argued that it would not be possible 
for each point on the image plane of the 
eye to transmit unchanged an infinitude 
of vibrations. The visual mechanism must 
be more parsimonious. There must be, 
he reasoned, an interposed receptor-
encoder between the light stimuli and the 
brain. In particular, he postulated a 
triad of receptor types. Young thought 

By C. J. BARTLESON 

that each of these was sensitive to a large 
band of frequencies of light energy. He 
first suggested they be sensitive to "red," 
"yellow" and " blue," but a year later (in 
1802) he proposed "red," "green" and 
"blue" sensitivities. 
About half a century later, the Scottish 

physicist James Clerk Maxwell became 
interested in the problem of color vision. 
He agreed with Young's hypothesis and 
in support of it gave (quite by accident') 
a successful demonstration of the synthe-
sis of a full color image from three addi-
tive primaries: the "red," "green" and 
"blue" of Young's postulate. At the same 
time the German physicist Hermann von 
Helmholtz adopted and slightly modified 
Young's hypothesis.' His contributions in 
experimentation and reduction to scien-
tific description were so great that the 
idea has become known as the Young-
Helmholtz theory of color vision.° Basi-
cally, this theory postulates two things: 
(1) the eye contains three kinds of recep-
tors, each kind being principally sensitive 
to a different band of frequencies of light 
energy (generally regarded as those 
which normally evoke "red," "green" 
and "blue" sensations), and (2) that the 
responses of these receptors are trans-
mined directly to the brain where the in-
formation is assimilated to form a color 
perception. The Young-Helmholtz 
theory is, thus, rather strongly oriented 
toward considerations of the stimulus or 
physical aspects of color. 
Not all scientists and philosophers were 

thinking of color in terms of physics, 
however. The poet Goethe published his 
thoughts on the matter in a scientifically 
atrocious work called Zur Farbenlehre in 
1810. It represented a very different ap-
proach to color from that adopted by 
Newton and his followers. Goethe's idea 
was to employ observation and intuition; 
to try to describe color vision in terms of 
what is actually seen and experienced. 
The most famous proponent of this re-
sponse-oriented approach to color vision 
was another German, the physiologist 
Ewald Hering. Based on the fact that we 
perceive only six unique colors (black, 
white, red, yellow, green and blue), he 
suggested that the eye contains three 
chemically different substances (Empfang-
stolen) which absorb light and interact 
with a receptor mechanism (Sehsubstanz) 
to yield three kinds of opponent re-
sponses: white-black, red-green, and 
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Fig. 1. Cross section of a right human eye. 

blue-yellow.7.8 He observed that we do 
not see in the same image point at the same 
time both yellow and blue, both red and 
green, or both white and black. Our re-
sponses are of the "either-or" kind. 
A number of workers have adopted this 

response-oriented opponent-colors theory 
of vision. In recent years, Hurvich and 
Jamesons -12 have contributed signifi-
cantly to it by providing a wide variety of 
experimental results that have been used 
to verify much of Hering's basic proposal. 
These are the two theories of color vision 

that have been most generally accepted: 
Young-Helmholtz and Hering. A num-
ber of modifications and variations have 
been proposed over the years, but they 
reduce basically to one or the other of 
these two theoretical structures. In keep-
ing with the interests of their originators, 
workers whose principal forte lies in the 
realm of physics have preferred the stim-
ulus-oriented Young-Helmholtz theory 
and those who concern themselves mainly 
with organisms and their responses have 
tended to embrace the response-oriented 

Hering theory. 
Which is correct? If we are to interpret 

the results of experimental visual research 
and to apply this knowledge to the practi-
cal problems of color television, it would 
be well to seek an answer to this question. 
To find it, we must turn to that area of 
visual science which has been most dy-
namic in recent years: physiology. 

Mechanism for Color Vision 

The normal stimulus for vision is light 
energy formed as an image within the op-
tical system of the eye. That optical sys-
tem consists of several main parts (Fig. 1). 
First is the lens system. The outermost 
element of the lens system is the cornea 
which is a clear, protuberant, frontal ex-
tension of the covering structure of the 
eyeball. Light is transmitted from the 
cornea through a watery fluid called the 
aqueous humor. The iris is located within 
the aqueous humor and merges with a 
muscle complex which controls the 
diameter of the central, circular, aperture 
of the iris. This aperture is called the 
pupil. It serves as the aperture stop of the 
eye. Its diameter can be varied from 

about 2 to 8 mm, depending principally 
upon the level of illumination. In addi-
tion to varying the pupil diameter, the 
muscles of the ciliary bodies change the 
form of the. crystalline lens (behind the 
pupil) to vary its effective focal length 
over a range of about 20 per cent in order 
to accommodate for changes in viewing 
distance. Finally, after passing through a 
viscous fluid called the vitreous humor, 
light is imaged on the retina. 
The retina covers very nearly two-

thirds of the rear of the eye. It consists of 
several parts, chief among which are the 
receptors. These are the approximately 
150 million rods and 7 million cones. The 
rods are slender, elongated cells ranging 
from about 1 to 2.5 ion in diameter. They 
are found only outside the central or 
foveal area of the retina. They are un-
evenly distributed throughout an angle 
of about ± 80° from the fovea. The cones, 
on the other hand, are virtually all lo-
cated within an angle of less than about 
±20° of the fovea. They are each about 
1.5 to 4.5 Jim in diameter and are very 
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closely packed within the fovea. Immedi-
ately behind these receptors is a dark 
layer called the pigment epithelium which 
acts something like an antihalation layer. 
Immediately in front of the receptors lie 
several layers of neural cells through 
which light must pass before it reaches 
the rods and cones. These neural connec-
tions relay the receptor signals to the 
brain through the optic nerve which 
passes out of the rear of the eye through a 
small hole called the optic disc. We know 
it as the " blind spot," for it contains no 
light-sensitive receptors's but merely a 
sheath of nerve fibers which lead, eventu-
ally, to the occipital cortex or visual cen-
ter of the brain. It is significant that, al-
though there are perhaps a total of 157 
million receptors, there are only about I 
million fibers in this optic nerve bundle. 
Obviously, some sharing or encoding 
must go on. Certainly each receptor 
cannot have its own private pathway to 
the brain. 
So far, this description of the eye re-

sembles that of a camera. There is a lens 
which forms a light-image on a photo-
sensitive surface which, in turn, reacts to 
that energy. Although this may be a com-
mon simple analogy, it is a deceptive one. 
The optical systems and particularly the 
photosensitive mechanisms are very 
different in the two cases. As complex as a 
photographic emulsion is, the retina is 
immensely more complex. 
The retina is considered to have about 

10 principal layers." These are illustrated 
very simply and schematically in Fig. 2. 
It will aid in understanding the visual 
process to trace the path of events result-
ing from stimulation by light through 
these various retinal layers. 

First, the light passes through eight of 
the layers to the bacillary or receptor 
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Fig. 2. Schematic representation of a human retina. 
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layer. There it is partially absorbed. In 
the process, the receptors are stimulated. 
Light-stimulation in all living organisms 
is mediated through photosensitive pig-
ments within photoreceptor structures. 
The light is absorbed by the pigment 
whose structure is altered to provide an 
excitatory product affecting the receptor. 
The human retina is no exception to this 
general rule. Each receptor contains one 
of four different photopigments that may 
be bleached by the action of light and re-
juvenated in the absence of light. 
The first of these photopigments to be 

discovered (and for many years the only 
one known to exist) is a substance called 
rhodopsin or sometimes referred to as 
visual purple. It was first called "sehrot" 
in 1877 by its discoverer Franz Boll, but 
later Willy Kühne coined the appelations 
"Sehpurpur" and "rhodopsin" which are 
still used. The rhodopsin molecule is 
made up of opsin and 11-cis retinene. 
When light is absorbed, apparently only 
the retinene is isomerized, producing in-
termediate products. When enough light 
is absorbed to hydrolyze the molecule 
completely, the retinene breaks down 
into vitamin A, then wanders into the 
pigment epithelium which provides a 
supply of isomers that may be used to re-
build rhodopsin molecules."." 

It was long suspected and finally 
proved that rhodopsin is the visual pig-
ment of the rod receptors. Rhodopsin has 
been extracted from human eyes and its 
spectral transmittances have been mea-
sured. However, no one could be quite 
sure that the extracted substance was ex-
actly the same as it had been in vivo. The 
question was finally answered through a 
recently developed technique for measur-
ing the spectral transmittances of sub-
stances in the intact, living eye. This 
method of " retinal densitometry" relies 
on the fact that some of the light entering 
the eye is reflected back out again. The 
reflected light is partially absorbed by the 
various media of the eye. However, the 
photopigment may be bleached by suffi-
cient quantities of light. Therefore, spec-
tral reflectance measurements made be-
fore and after bleaching will differ ac-
cording to the absorptive action of the 
photopigment. Such action spectra or 
difference spectra as they are called, show, 
for measurements in the periphery of the 
eye, a spectral distribution that closely 
parallels the distribution of spectral sensi-
tivity for night vision (i.e., the psycho-
physically determined scotopic luminos-
ity function)." *IS 

Similarity is not proof, however. The 
latter came in two ways. First, Campbell 
and Rushton" showed that the concen-
tration of rhodopsin in the human retina 
varied according to a spatial distribution 
that was the same as the spatial distribu-
tion of the density of rods. Secondly, 
Brown and Wald" developed a micro-
spectrophotometer so fine that it could be 
used to measure the difference spectra of 
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Fig. 3. Difference spectrum of rhodopsin in a human rod 
(A). Difference spectra of cyanolabe, chlorolabe and 
erythrolabe from human cones ( B). 

individual rods in a living eye. Those 
results have been redrawn in Fig. 3A. 
The peak of the function occurs at 505 
nm. This is very nearly the same as the 
507-nm peak for the scotopic (night 
vision) luminosity curves derived by 
psychophysicists from heterochromatic 
brightness matching. Indeed, the entire 
curve is quite similar to the scotopic 
luminosity function. 

Rhodopsin, then, is the rod pigment. 
But rods are not directly important for 
color vision or the perception of detail. 
They occur in parts of the retina that are 
not used for seeing detail and in which it 
has been shown that there is little or no 
color vision." 19.21 What, then, of the pig-
ments for color vision? 
These have been much more difficult 

to isolate. Work on lower forms of ani-
mals (fish, turtles, monkeys, etc.) even-
tually gave support to the idea that there 
were three other pigments besides rho-
dopsin in the retina. Improved biochemi-
cal techniques led to the isolation of two 
pigments: one absorbing frequencies of 
energy that we normally call "green," 
the other absorbing `yellow-" or 
"orange-" appearing light. Similarly, the 
development of microspectrophotometric 
techniques for measuring difference spec-
tra in vivo first indicated the presence in 
the human retina of two pigments other 
than rhodopsin. 

It would be tempting to suppose that 
rhodopsin itself might be the third neces-
sary pigment. But an ingenious psycho-
physical experiment carried out by Stiles 
in 1939 showed that this could not be the 
case." He proved that the blue receptors, 
whatever they might be, exhibit a direc-
tional sensitivity to light known as the 
Stiles-Crawford effect." Rods do not 
show this effect. As we have seen,"•'9 
rhodopsin is associated with rods. Hence, 
rhodopsin cannot be the missing pigment 
for color vision. 

Perseverance finally led to the " blue-" 
absorbing pigment in spite of its minute 
concentration levels.24-3° The difference 
spectra of the three color vision pigments 
found in man are depicted in Fig. 3B. 
There is still some question about the 
precise shapes of the spectral absorptance 
curves of these pigments, but the distribu-
tions shown in Fig. 3B are representative 

of recent measurements. Rushton," who 
is largely responsible for the retinal densi-
tometry technique that led to the isola-
tion of these pigments in man, has called 
them erythrolabe, chlorolabe and cyanolabe 
for those pigments having peaks at about 
555 nm, 525 nm and 450 nm, respec-
tively. They are definitely associated 
with cones which have long been known 
to be the receptors responsible for color 
vision. They are probably similar in 
structure to rhodopsin. Since a vitamin A 
deficiency results in a loss of both rod and 
cone function, it seems likely that all the 
photopigments of the retina have the 
same retinenes but different opsins." 
Their concentrations are very low and 
the changes with light-bleaching very 
small. The manner in which they induce 
a response in the receptors is not yet well 
understood. However, there is a three-
receptor basis for color vision, as postu-
lated by the Young-Helmholtz theory. 

Unfortunately for the staunch sup-
porters of that theory, the photopigments 
are not simply "red-," "green-" and 
"blue-" absorbing elements. Figure 3B 
shows clearly that the spectral absorption 
of the erythrolabe pigment overlaps that 
of the chlorolabe to a large extent. The 
peaks arc much closer together than psy-
chophysical color-matching functions in-
terpreted in terms of the Young-Helm-
holtz theory might suggest. There is, to be 
sure, differential spectral absorptance in-
volved. But it is of such a nature as vir-
tually to require that some sort of encod-
ing be performed in order to extract 
"red," "green" and " blue" information. 
The signals could not pass directly to the 
brain as R, G, B information, even if there 
were a sufficient number of fibers in the 
optic nerve. 

If we now return to the schematic 
representation of the retina in Fig. 2, we 
may see that encoding does, in fact, take 
place. Actually, the receptors (in layer 2) 
converge through nerve endings called 
synapses in the outer plexiform layer (5) 
onto the bipolar cells of the inner nuclear 
layer (6). There are basically three types 
of these bipolar cells. The centripetal 
bipolar cells are essentially amplifier-
mixers that gather signals from a number 
of receptors and pass them on to a higher 
neural level. There may be some centri-
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petal bipolars connected to single recep-
tors in the central foveal pit of the retina, 
but generally the connections are more 
diffuse. In the periphery, for example, 
as many as 100 rods may converge on 
17 bipolar cells.n In addition to these 
convergence interconnections, there are 
receptor interrelations through horizon-
tal bipolar cells. Finally, the centrifugal 
bipolar cells provide feedback directly 
from higher brain centers carried through 
afferent fibers. The inner nuclear layer 
therefore provides for mixing, amplifica-
tion, and feedback. 
These signals from the bipolar cells 

pass on through the synapses of the inner 
plexiform layer (7) to the ganglion cells 
(layer 8). Here, again, there is conver-
gence. Those 100 rods converging on 17 
bipolar cells may finally converge on a 
single ganglion cell. n Several of these 
ganglia may be interconnected through a 
feedback loop, including an amacrine 
cell. Finally, the output of the ganglion 
layer passes out of the retina through the 
optic nerve fiber (layer 9) on to the geni-
culate bodies, optic radiations, and even-
tually to the occipital cortex of the brain. 
The organization of the retina is, then, 

both chemically and élecuically com-
plex. There are several stages of inter-
connection, of feedback, and of amplifi-
cation. There are interconnections 
among dissimilar receptors. Rods and 
cones interact.n.n." Dissimilar cones in-
teract.29 .'°'" There is also evidence that 
similar cones interact." These interac-
tions are both inhibitory and excitatory. 
The electrical system is nonlinear as well 
as complex. Although the amplitude of 
the early potential may be linearly pro-
portional to the number of photopigment 
molecules broken down,'" this linearity 
is lost by the time the bipolars are 
activated. 
Many aspects of these signals have 

been measured. In lower organisms (and 
even in cats and monkeys), measurements 
have been made at various levels within 
the retina and throughout the neural 
pathways. The most striking aspect of 
these measurements is their polarity-
opponent-response nature. In Fig. 4B the 
neural pulses elicited as a function of 
wavelength in a goldfish outer plexiform 
are depicted. Three kinds of discharge 
patterns have been noted. These appear 
to form a "brightness" signal, a "red-
green" signal, and a " blue-yellow" sig-
nal." The same kind of opponent-
response patterns appear in primates 
also." Figure 4C illustrates the general 
scheme of differentially polarized neural 
responses found in the lateral geniculate 
bodies of macaque monkeys. 
Measurements of this kind bear an im-

pressive similarity to the chromatic re-
sponse characteristics of human observers 
(Fig. 4A), as measured psychophysically 
by Hurvich and Jameson.4°-46 Their re-
sponse measurements provide experi-
mental support for the opponent process 
postulated by Hering. The neurophysio-
logical measurements, which are so simi-
lar, also support this aspect of Hering's 
theory of color vision. 
Which theory is correct, then? Physi-

ological data have shown that there is 
both a trichromatic and an opponent-
response basis for color vision. It would 
be simple to say that both theories are 
correct. It would also be inaccurate. The 
three-receptor pigment system suggested 
by the Young-Helmholtz theory does 
exist. But it is not quite of the form postu-
lated by that theory. Also, its output cer-
tainly is not transmitted unaltered to the 
brain. Color perception is not based on a 
comparison of R, G, B information. Simi-
larly, the opponent-response mechanism 
postulated by Hering does exist at the 
neural level. But even though Hering 

was conservative in postulating mecha-
nisms by which such responses derive, he 
did suggest a receptor mechanism (the 
neural " Sehsubstanz" as distinct from the 
photosensitive "Empfangstoffe") to yield 
white-black as well as red-green and 
blue-yellow responses. Although there is 
no doubt that such a scheme exists at the 
perceptual level, the physiological evi-
dence for the white-black mechanism is 
not as clear cut as in the case of the oppo-
nent chromatic responses. There is both 
temporal and lateral spatial inhibition of 
excitatory responses at the neural 
level."'" In the foveal region of the 
retina, however, the excitatory response 
may itself be a combination of responses 
from the trichromatic receptor mecha-
nisms." 

In one sense, then, both theories are 
correct and in another sense both are 
wrong. The amazing fact is that they are 
both so close to parts of the truth. The 
earliest levels, at which the system's 
sensitivity is set, shows interconnection 
between similar receptors. Later stages 
involve interactions among dissimilar 
receptor-signals. Two principal kinds of 
information channels appear to exist: an 
opponent channel and a nonopponent 
kind. The latter involves spectrally non-
opponent connections of receptors that all 
have the same type of effect; all excita-
tory or all inhibitory. Perceived bright-
ness is probably related to the extent to 
which these cells are activated. Overlaid 
upon this is a spatial organization in 
which different areas show a spatially 
opponent response in a spectrally nonoppo-
nent manner.'1. The other kind of infor-
mation channel involves both similar and 
dissimilar, and excitatory and inhibitory 
effects arranged in a spectrally opponent 
manner. Hue perceptions appear to be 
related to the response characteristics of 
these cells rather than to the spectral ab-
sorption characteristics of the cone pig-
ments. Saturation is probably a function 
of the relative extent to which opponent 
and nonopponent cells are activated. The 
entire mechanism involves nonlinear 
gain, response attenuation, and feedback 
gain control. 

Adaptation 

As we have seen, the process of visual 
perception begins with the absorption of 
light causing a change in the spatial ar-
rangement of a retinene molecule; what a 
stereochemist would describe as isomer-
ization from an 11-cis to an all-trans con-
figuration. Everything else proceeds from 
here. Further chemical activity, neural 
excitation, perception itself follows from 
this stage of molecular rearrangement. 
Adaptation has been defined as sensi-

tivity, i.e., the ability to respond. Is 
adaptation determined, then, at the level 
of these photochemical reactions? Al-
though this was thought to be true for 
many years, the answer apparently is no. 

First of all, the concentrations'of photo-
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required to maintain constant hue perception as a function of 
luminance ( shown on the ordinate). 

pigments are quite low. Rushton has esti-
mated that the optical density of the 
chlorolabe and erythrolabe pigments is 
not more than about 0.226 and that of 
cyanolabe is much lower, probably only 
one-sixth of this level." The change in 
optical density with bleaching is only of 
the order of 0.01 to 0.03.2° Tremendous 
changes in capacity to respond would 
have to be represented by minute changes 
in photopigment concentrations. More 
important, however, the visual system is 
nonlinear beyond the level of the photo-
chemical reactions. Psychophysical re-
search shows that adaptation changes 
also are nonlinear. The interconnections 
and feedback required for such nonlinear 
gain control do not occur until the inner 
nuclear layer of the retina. Although 
sensitivity changes are initiated by photo-
chemical action, the sensitivity itself must 
be adjusted at a low neural level. Adap-
tation is not simply a result of bleaching 
photopigments and certainly it is not 
merely the slow process of change to du-
rative stimulation ihat many of the 
earliest workers thought it to be. Adapta-
tion is a dynamic process (apparently 
with several time constants) by which the 
visual mechanism is coupled to the 
changing input presented to it. 

Adaptation is not complete, however. 
The feedback control does not provide 
complete correction, i.e., it is not the 
equivalent of ac-coupling. Complete 
adaptation is not necessarily in the best 
interests of the organism. Although we 
are capable of responding over wide 
ranges of luminance and chromatic dif-
ferences, it is helpful to retain some ca-
pacity to perceive differences in level and 
quality of illumination. 

This residual lack of adaptation has 
practical implications for color television. 
It influences, for example, the appropri-
ate choice of correlated color tempera-
ture in receivers and monitors. One of the 
assumed aims of the system is the capa-
bility for producing "white." Although 
the term "white" has been used to refer 
to properties of objects and of lights, what 
we really mean by its use is that we 
perceive something as bright with no trace 
of hue. In other words, the red-green and 
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Fig. 6. Log luminance ( in mL) required to evoke a white 
sensation in a 1-s presentation of an 11.7° target of either 
4,000, 4,800, 6,500, or 10,000 K as a function of the color tem-
perature of a 15-mL adaptation illuminant. 

yellow-blue signals should both be zero. 
But if adaptation is not complete, how 
can we choose a color temperature that 
will elicit such a response? It would seem 
that only one quality of energy could be 
perceived as white. Fortunately, the non-
linearities of the visual mechanism tend 
to alleviate our problems. 
The nonlinearities and gains of the 

white-black, red-green and yellow-blue 
channels are not all identical. A manifes-
tation of this fact has long been known as 
the Bezold-Brücke effect (Fig. 5) where 
the wavelength of a spectral stimulus 
must be varied to maintain the same hue 
perception when the intensity of stimula-
tion is varied. This result can be pre-
dicted quantitatively as a result of differ-
ences in gain or linearity of the visual 
"chrominance". channels." Similarly, the 
fact that even spectral stimuli may ap-
pear white at high enough luminances is 
explicable in such terms or in terms of 
differences in white-black and chromi-
nance thresholds." In other words, even 
though the ratio of photochemical reac-
tions remains the same, the ratio of 
neural chrominance responses differs 
somewhat with the magnitude of reac-
tion. It is not surprising, therefore, that 
Hurvich and Jameson, in a series of 
psychophysical studies of white," -61 
found that over a wide range almost any 
color temperature may elicit a white 
sensation, depending upon the luminance 
of the stimulus. Their results also show 
that viewing time, size, and the level and 
quality of ambient adaptation illumi-
nants are also important in determining 
the amount of energy of a given color 
temperature that is needed to elicit a 
white sensation. 

This is illustrated in Fig. 6, where some 
of the data from one of Hurvich and 
Jameson's observers have been smoothed 
and replotted. That graph shows the 
luminance (in log millilamberts) re-
quired to evoke a white sensation for a 1-s 
exposure to an 11.7° test field at each of 
four different color temperatures as a 
function of the color temperature of a 
15-mL adaptation luminance. If adapta-
tion may proceed from any reasonable 

level of color temperature (2,500 K to 
about 10,000 K, say), it is apparent that 
a medium color temperature (perhaps 
about 6,500 K) would be preferable to 
either a low or a high color temperature. 
Although low or high color temperatures 
could be used to produce a white sensa-
tion, they would require more luminance 
than a medium color-temperature stim-
ulus. Stimuli in the neighborhood of 
6,500 K are more efficient in terms of 
"white-producing" capacity, given a rea-
sonable range of qualities of adapting 
illuminants. 

This fact is significant for color tele-
vision where the maximum screen lumi-
nance that may be achieved at present is 
in the neighborhood of 25 mL. A 6,500 K 
color temperature is well within the 
region of most frequently observed day-
light correlated color temperatures" 
(about 5,500 K to 6,800 K). It is interest-
ing to note, incidentally, that the locus of 
chromaticities for the various phases of 
daylight differs from the locus corre-
sponding to Planckian radiators (i.e., 
blackbodies) in precisely the same man-
ner as does the locus for light sources that 
have been found over the years to be pre-
ferred." The implication is that a day-
light 6,500 K source would be a better 
aimpoint for color television than a 6,500 
K Planckian radiator. All these results 
suggest that the ecology of the human 
organism with its environment is, indeed, 
highly developed. 

This is apparent also from the fact that 
we may respond to levels of illumination 
over a ten-billion to one range; from 
about 10 -6 to 106 mL. The adaptation 
mechanism of our visual system allows us 
to discriminate among brightnesses over 
a range of about one thousand to one 
virtually anywhere within this 101° 
overall range. 

Overlaid on this capacity to respond is 
our ability to organize perceptions in 
terms of experience. For example, when 
we go from the high luminance and high 
color temperature of daylight to the low 
luminance and low color temperature of 
tungsten light, the same white paper ap-
pears "white" in both situations. If we 
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look carefully or analytically, we may 
note that it is bright blue in daylight and 
darker yellow in tungsten, but we are not 
normally analytical about our percep-
tions. We use them mainly to tell us 
things about objects; as a guide to the 
world about us. We tend to see the same 
objects in much the same way unless our 
perceptions are so unusual that we cannot 
discount minor variations in them. This 
process of "seeing" things in much the 
same way under different conditions is 
not one which requires deliberation. It is 
essentially an automatic reaction or max-
imizing of the information-retrieval pro-
cess that is part of our perceptual capa-
bilities. Some have called this a sort of 
cerebral adaptation. What we expect to see 
influences what we do see. 
A dramatic illustration of the influence 

of expectation on perception has been 
shown in experiments where the per-
ceived colors of stimuli in the shapes of 
familiar objects have been compared with 
the colors perceived for those same stim-
uli presented in meaningless shapes." -6. 
For example, two targets fashioned from 
the same piece of green cloth, one in the 
shape of a donkey and the other shaped 
as a leaf, led to two different color percep-
tions under exactly the same viewing con-
ditions. The leaf was perceived as more 
green than the donkey simply because we 
expect leaves to be green but know that 
donkeys should be gray. What we re-
member about an object can influence 
the way it appears to us. These remem-
bered color attributes have been called 
memory colors.", 6° Experiments have 
shown that people's memory colors for 
familiar objects are quite consistent.' 
There is a tendency for people to remem-
ber what is perhaps the most striking 
attribute of the appearance of an ob-
ject62.6.; a process which is distinctly 
different from the general ability to re-
member colors. 64 
These memory colors influence the pre-

ferred reproduction characteristics of ob-
jects. That is, we prefer to see an image 
in which the color appearance of a fami-
liar object agrees with our memory of it 
rather than with the actual colorimetric 
nature of the original object.65-67 Even 
our color preferences for natural objects 
differ from the average colorimetric 
values of those objects" if they are suffi-
ciently familiar to have enabled us to 
form definite opinions about them. Exact 
colorimetric reproduction of flesh, for ex-
ample, is not acceptable in a color pic-
ture. To be acceptable, flesh reproduc-

tions must be somewhat more saturated 

and yellower than natural flesh. They 

must match the memory color for flesh. 

Such a paradox may be familiar to those 

who have worked meticulously to pro-
duce a commercial in which the color--

metric values of a product package are 
faithfully reproduced, only to have the 

film rejected by a sponsor because "it 

isn't the proper color." The sponsor 
knows what the package should look like; 
his memory may not be accurate but it is 
firmly implanted in the memory cores of 
his brain. What needs to be done is to 
match that memory color; to make the 
small image on the screen elicit the ap-
pearance that is associated with the 
product. Obviously, then, the objective 
of a color television system cannot be 
simply to reproduce the colorimetric 
values of objects. 
But if that is not the object, then what 

is? Are we faced with anarchy, or is there 
some rational system to the requirements 
for optimum color reproduction? Recent 
work in these Laboratories, work which 
has related people's preferences for 
images to the ways in which they respond 
to the stimulus elements of those images, 
suggests that there is a system. The system 
involves not reproduction of energy char-
acteristics but, rather, reproduction of 
responses. Accordingly, the quality and ob-
jective of a reproduction system can be 
predicted if the viewer's responses can be 
predicted successfully. Therefore, re-
sponse prediction is very much germane 
to color television. 

Response Magnitudes 

Let us assume that we have a small 
circle of light to which we add some more 
light. In particular, let us add a very 
small amount of light. Sometimes we will 
see an increase in brightness if we add 
enough light. Sometimes we will not per-
ceive any change in brightness. If this 
process is repeated many times with a 
large series of increasing luminances 
added to the original circle, we shall find 
that at some level of incremental lumi-
nance the probability of perceiving a 
just-noticeable increase in brightness is 
about 50%. This level of incremental 
luminance is called the differential threshold 
or limen. It has also been called the level 
of just-noticeable difference (JND). As far 
back as 1760, Bouguer found that the re-
quired luminance increment (SL) for a 
JND was very nearly proportional to the 
original luminance level (L) of the 
spot...." In other words, AL/L k; a 
constant. In 1834 Weber extended this 
proportionality to other senses and it has 
become known as Weber's law. This law 
holds over a wide range of luminances 
but fails at high and low levels. Fechner, 
however, assumed that if a constant were 
added to account for the fact that we do 
not see " black" in the absence of light, 
then Weber's law would be strictly true. 
He went one step further. He proposed 
that a difference in perceived brightness 
(à/i) was proportional to AL/ L, i.e., 
AL/L = k(13). He then reasoned that 
the small difference (à) could be re-
placed by a differential and the equation 
could be integrated to represent the man-
ner in which brightness increases as a 
function of luminance. Such an integra-
tion yields the equation: 

B = a log L (I) 

According to Fechner, then, perceived 
brightness differences are proportional to 
luminance ratios. Plateau, 71 on the other 
hand, argued that not differences but 
brightness ratios were proportional to 
luminance ratios. Brentanou agreed with 
this, in effect, when he proposed that 
Weber's law held for both the stimulus 
and the response. Thus, according to 
Plateau and Brentano, .L/L = k(AB/B). 
When this expression is integrated, we 
have the equation: 

log B = a log L • (2) 

Equations (1) and (2) represent a 
dichotomy of conceptual approaches that 
exists to this day. Equation (1) states that 
brightness increases as the logarithm of 
luminance. Equation 2 describes bright-
ness as a power function of luminance. 
Both cannot be true at the same time. 

It is important to remember that Eqs. 
(1) and (2) are the results of integration 
after certain assumptions have been made 
about data that relate to very small differ-
ences in brightness. Those data may be 
perfectly applicable to such small differ-
ences, but their integration or summation 
may not be wholly justified. 

Various attempts have been made to 
provide a theoretical framework for 
brightness discrimination which could 
shed some light on this question. Basi-
cally, three kinds of theoretical formula-
tions have been proposed. These have 
been categorized as photochemical, sta-
tistical and quantal theories.0 The 
photochemical theories generally assume 
that a constant perceptual difference re-
sults from either a critical difference in 
concentration of bleaching products of 
the photopigments or a critical increase 
in the rate of change of these products. 
The statistical theories involve basically 
the assumption that the sensory effect is 
related to log L by a normal probability 
integral. Thus, the basis for discrimina-
tion lies in the comparison of the statisti-
cal effects of two luminances. The quan-
tal theories are somewhat similar except 
that account is made of the probabilistic 
nature of the stimulus itself. None of these 
approaches at present provides a satisfac-
tory theory of brightness discrimination. 
The basis for relations between threshold 
differences in brightness and suprathresh-
old differences remains uncertain. Hunt'2 
has pointed out that noise at the differ-
ential threshold may make it impossible 
to extend satisfactorily JND information 
to account for larger differences in 
brightness. 

In fact, experiments have shown that 
large brightness differences are not very 
well predicted by summing JND's. When 
we look at two stimuli that differ only 
slightly, there is a tendency to adapt to 
some function of their average value. 
When so adapted, the perceived differ-
ence between them will tend to be larger 
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than if we were adapted in some other 
way. This fact is basic to a theory of per-
ception that has been developed by 
Helson," who emphasizes the importance 
of taking the level of adaptation into con-
sideration. Responses are then accounted 
for as negative and positive deviations 
from the adaptation level (in a manner 
somewhat reminiscent of Hering's ap-
proach to perception). This process, a 
sort of perceptual homeostasis, finds 
much support in experimental evidence. 
Hurvich and Jameson,48 ." for example, 
point out that the brightness of the same 
point in an image may either increase or 
decrease as the illumination is increased. 
The telephone becomes blacker just as a 
paper becomes whiter when the room 
lights are turned on. Now, if brightness 
were simply proportional to the loga-
rithm of luminance, this could not be so. 
Equation (1) requires an additive con-
stant (which is a quite permissible opera-
tion) as well as the multiplicative con-
stant, both of which must be varied with 
illumination level to account for such re-
sults. Similarly, Eq. (2) also requires two 
variable constants to account for such 
effects. There is, then, no a priori reason 
or theoretical basis for deciding whether 
luminance ratios bear a proportional re-
lation to brightness differences or to 
brightness ratios. 

If we therefore disregard the relation 
between threshold and suprathreshold 
differences and concentrate upon direct 
estimation of large differences, we are 
faced with the choice of treating response 
data as differences or as ratios. 
Stevens, 95,76 who is the leading proponent 
of the power function for describing the 
relation between stimulation and re-
sponse, points out that many of the differ-
ence scales are simply extensions of the 
magnitudes of errors in response, not the 
magnitudes of the responses themselves. 
When two stimuli (let us call them A and 
B) are very similar, they will appear to 
stand in different relations to each other 
at different times. Sometimes they will 
appear equal. Sometimes A will appear 
larger than B and sometimes smaller than 
B. Thurstone"-" pointed out that the 
broadness of the distributions of such 
responses may be taken as a measure of 
the extent to which the stimuli appear 
similar or different. His "law of compara-
tive judgment" is used extensively in de-
terminations of differences among re-
sponses to stimuli. A related "law of 
categorical judgments,"" where similar-
ity is measured by placing like stimuli in 
the same category, is also used frequently. 
However, both schemes operate upon the 
dispersion of responses, not upon the 
responses themselves. A common exam-
ple in color television would be the ex-
pression of a "color" difference in terms 
of multiples of the chromaticity differ-
ences indicated by the MacAdam" el-
lipses. These ellipses represent the stan-
dard errors of color matching. A scale of 

differences built upon them is what 
Stevens" has called an "error" scale. 

Instead, Stevens would attack the 
problem head-on by estimating the mag-
nitude of response directly. He finds that 
when this is done, the average observer 
provides data that relate his estimates of 
his own responses to stimulus magnitudes 
in a manner that may be described by a 
power function." He has argued that, 
since a power function also describes the 
results of observers matching responses on 
one sensory continuum to their responses 
on another sensory continuum (e.g., 
loudness vs. brightness, etc.), the power 
function is correct. That is, people re-
spond in ratio terms to stimulus ratios not 
in difference terms. However, this argu-
ment is a necessary but not sufficient con-
dition for determining correctness (see 
Appendix). The question of differences or 
ratios remains open. Nonetheless, such 
direct magnitude estimates have yielded 
power functions for a wide variety of at-
tributes, including brightness, saturation 
and hue. 82-8° 
The power function is represented by a 

straight line when plotted in log log co-
ordinates (e.g., log brightness vs. log 
luminance). Hurvich and Jameson° have 
pointed out that response interactions 
beyond the level at which sensitivity is 
set would be expected to result in a non-
linear response function in log log coordi-
nates when spatially complex images are 
viewed. Just such a result has been found 
by Bartleson and Breneman" for bright-
nesses in complex scenes such as photo-
graphic prints and transparencies. They 
found that brightness estimates under 
such conditions could be represented by a 
power function plus an exponential de-
parture term: 

logB=a+ellogL— -y 
[exp(a log a (3) 

where a, ft, 7, and 8 are parametric con-
stants relating to adaptation and induc-
tion conditions. 
These data have been used to analyze 

the reproduction characteristics of opti-
mum images." Such studies show that 
optimum reflection prints, projected 
transparencies, and monochrome televi-
sion all have one thing in common. Each, 
under its viewing conditions, provides 
1 : I reproduction of brightnesses relative 
to a reference white. That is, Bi/B. 
(where the subscripts w and i refer re-
spectively to the reference white and any 
other scene element) is the significant ap-
pearance attribute. Absolute brightness 
reproduction influences absolute quality, 
but for any one set of physical limitations 
(e.g., inability to provide adequate screen 
luminance) that image which permits re-
production of relative brightnesses is con-
sidered best. 
The transfer function of the physical 

system that produces this optimum image 
is related to the differences among bright-
ness perception functions for the viewing 

conditions used in evaluating the image 
compared with that corresponding to our 
remembered reference for daylight il-
lumination. The optimum tone-repro-
duction gradient (i.e., the function relat-
ing the logarithms of original or input 
luminances to output luminances) for re-
flection prints was found to be about 1.0. 
Here, both original and reproduction are 
viewed with an illuminated surround. 
Projected transparencies (with a dark 
surround) are optimum when the tone-
reproduction gradient is about 1.5. The 
gradient of the optimum transfer charac-
teristic from original scene to final image 
for television (with its typically dim sur-
round) was found to be about 1.2. 
Such transfer functions, under appro-

priate viewing conditions, lead to the re-
production of relative brightnesses. That 
appears to be the criterion for optimum 
tone reproduction. This is substantiated 
by the fact that departures from that con-
dition (measured as brightness deviations 
from the relative brightness aim) can be 
used successfully to predict decrements in 
quality. 89 Thus, the objective of a tone-
reproduction system is completely ex-
plicable in terms of responses and consid-
erations of memory references. Regardless 
of the kind of imaging system involved, 
the object is simply to provide reproduc-
tion of relative brightness responses. 

This work has not yet been extended to 
chromatic reproduction. However, the 
relativity principle involved in tone re-
production is reminiscent of Evans's "con-
sistency principle,"9° which states that a 
primary requirement for good color re-
production is that the fidelity with which 
all colors are reproduced be approxi-
mately the same. This has been para-
phrased to say that all colors should be 
about equally good or equally poor rep-
resentations of those in the original scene. 
It might better be called a relativity princi-
ple. The elements perceived within an 
image need not be absolute matches for 
the perceptions that would obtain in the 
original but, rather, must satisfy the need 
for relative congruence with the ob-
server's remembered frame of reference. 
It seems quite likely that chromatic re-
production may also be found to involve 
such a relativity requirement. 

In any event, tone reproduction is a 
very important aspect of color images. 
Bartleson"." has shown that the quality 
of color transparencies depends heavily 
upon screen luminance. As the luminance 
is increased to the point where brightness 
reproduction obtains, quality reaches a 
maximum. Similarly, with reflection 
prints93-99 and with large transparencies 
on an illuminator98.97 (a situation that 
more closely simulates color television), 
brightness plays a highly significant role 
in the quality of color reproduction. 

All these situations involve quite differ-
ent conditions of viewing. Viewing condi-
tions have been found to influence crit-
ically reproduction quality. 87.88,99." Not 
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only the amount and kind of illumination 
provided for the image but, also, the 
amount and kind of ambient illumination 
are important. Both may influence the 
sensitivity of the visual mechanism. The 
surround also plays a significant role by 
virtue of its ability to induce response 
interactions throughout the visual path-
ways. 

Visual Induction 

The lateral interconnections depicted 
schematically in Fig. 2 indicate that the 
response in one area of the retina will be 
influenced by the response in surrounding 
areas. The visual effect of this phenome-
non is familiar to all. A gray paper viewed 
against a white surround will appear 
darker than when it is surrounded by 
black velvet. This has often been called 
contrast, but it is more properly referred to 
as induction. 

In recent years, a great deal of interest 
has been exhibited in induction studies, 
particularly in connection with induction 
over small areas. Considerable investiga-
tion has been devoted to the study of fine 
detail or microreproduction. Much of 
this work has been stimulated by the suc-
cess of modulation transfer analyses of 
physical optical systems. Attempts have 
been made to determine "the spread 
function" of the entire visual mechanism, 
as distinct from the optical spread-func-
tion of the eye alone. The line spread-
function (i.e., the effective spatial distri-
bution of response along a cross section of 
stimulation by an infinitely narrow line), 
when convoluted with the spatial distri-
bution of stimulus energy, should yield a 
spatial distribution of responses. The 
Fourier transform of the spread function 
results in a spatial frequency weighting 
function which is, effectively, the spatial 
frequency response of the system to 
sinusoidal stimulus variations of a given 
modulation ratio. Typically, this kind of 
information has been deduced for the 
visual mechanism from psychophysical 
studies of either modulation thresholds or 
luminances corresponding to response 
matches across stimulus gradients.22-1" 
It is important to note that neither tech-
nique describes responses as such. The 
resultant "spread functions" show a vari-
ety of negative lobes associated with posi-
tive functions, depending upon the target 
and viewing conditions involved in the 
experiments. The effect of such a function 
when convoluted with a change in 
luminance gradient (as in Fig. 7A) is to 
provide "overshoots" or damped oscilla-
tions similar to the effect of physical 

"crispening" in television images. In-
deed, light or dark borders may be seen in 

the image, depending upon the sign of the 

second derivative of the spatial luminance 
distribution.'" Even though the lumi-

nance along a line continues to increase, 
it is possible to perceive a decrease in 

brightness as a result of spatial interac-
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Fig. 7. Spatial distribution of responses 
[R(x)] to spatial distribution of stimulus 
energy [/(x)] as a result of convolution 
of Az) with spread function W(E) 
(shown in A). B shows, at the top, the 
optical spread-function of the eyeball 

an effective retinal-neural func-
tion f Wx(E)] with both positive and 
negative portions, and the composite 
function [ W(E)] W1(E) and W2(E). 
The lower portion of B illustrates the 
corresponding spatial frequency weight-
ing functions Iw i(E)]. 

tions among positive and negative neural 
events. 
As early as 1865, Ernst Mach at-

tempted to describe mathematically the 
interplay of excitatory and inhibitory 
neural responses.'" He postulated a nar-
row spatial distribution of excitatory re-
sponse (the response of a single receptor 
element) and a broader distribution of 
negative inhibitory responses (the oppos-
ing interaction of neighboring receptor 
elements). This is illustrated in Fig. 7B. 
These opposing negative and positive re-
sponses were, he suggested, integrated to 
yield a pattern of complex responses 
throughout the visual field. Mach pro-
posed a nonlinear model to describe the 
stimulus-dependent integration of re-
sponses,'" as did Fry in 1948.'24 Other 
stimulus-dependent models have used 
linear equationsm.'" and at least two 
proposals have been made for response-
dependent models with simultaneous 
linear equations.122,1" The latter ap-
proach more closely parallels considera-
tions of other opponent-response mecha-
nisms of vision.'" Account should be 
taken of the fact that incremental oppo-
nent induction effects are reciprocal. An 
influence of the focal area on the surround 
must be assumed as well as the effect of 
the surround response on that of the focal 
area. 

Since these responses are related to the 

stimuli in nonlinear and complex ways 
(indeed, spatial interactions may not 
even be isotropic112), it is difficult to 
evaluate the so-called "spread functions" 
derived from modulation transfer data. 
The Fourier transformation presupposes 
a linear system or a unique spread func-
tion. As we have seen, the visual mecha-
nism is not linear. There is no single 
"spread function" for the in toto mecha-
nism. The whole concept of modulation 
transfer may not even be applicable to the 
total visual mechanism or, if it is, it will 
only be applied satisfactorily after sucb 
time as the nature of the nonlinearities, 
interactions, and functional variations are 
themselves understood to the extent that 
they may be subject to computational 
transformations that provide the needed 
linearity. 
Although it may not be possible to de-

scribe mathematically the dynamics of 
frequency response and interaction, we 
can examine empirical evidence. There is 
ample evidence of the influence of detail 
characteristics on the appearances of 
images. A sharp image will appear to 
have higher contrast than a less sharp 
image. Conversely, a high-contrast image 
will appear sharper than a low-contrast 
one?'" These facts have been used to de-
rive an operationally useful equation 
which predicts, reasonably well, the ap-
parent contrast of an image as a function 
of its tone-reproduction and spatial fre-
quency characteristics."2 
The fineness of detail reproduction also 

influences the color saturations perceived 
in an image.118-117 The less sharp the 

border of an area, the lower will be its 
perceived saturation. This is true even 
though the colorimetric purity may re-
main constant. 
These are facts that have important 

implications for color television. The rela-
tively unsharp image of the television 
screen will appear lower in contrast and 
have less chromatic saturation than an 
equivalent photographic image, for ex-
ample. The luminance and purity gain 
must be higher in a television system if it 
is to provide the same level of contrast 
and saturation as a sharper imaging sys-
tem. The penalty for this is reduced 
signal-to-noise ratios. 
At the same time that the lack of sharp-

ness penalizes the television system, the 
structure of the raster lines that comprise 
the image also works to the detriment of 
image quality. Earlier it was pointed out 
that similar as well as dissimilar signals 
may be combined at the neural response 
level of the visual mechanism. The rela-
tively fine line structure of the raster 
image provides a spatial situation in which 
similar signals can be averaged to reduce 

further contrast and saturation and to de-
crease hue differences. This kind of phe-
nomenon is known as assimilation or as the 

von Bezold spreading effect, after the German 
scientist who first reported it in 1874."2 
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Recently, Helson and Rohles"9 have 
studied assimilation systematically and 
have found that the reduction of appear-
ance differences between adjacent stimu-
lus elements is greatest when the line ele-
ments are separated by the smallest 
distances. This might be in part attribut-
able to stray light in the eye" but it ap-
pears to involve considerably more than 
that alone. 

In considering alternate light and dark 
lines, Hurvich and Jameson have sum-
marized the general mechanism for as-
similation as follows"8: 

"Here too, we have evidence that light 
stimulation of a given part of the retina is 
associated with an action (excitatory) 
process and that it also brings about a 
reaction (inhibition) in adjacent parts of 
the visual field... With spatial differ-
ences in stimulation, the interplay be-
tween these two processes across small 
spatial extents may be such that the ac-
tion . . .of each stimulus is greater 
throughout a limited spatial extent, and 
then as the different stimuli are further 
separated, the reaction process. .. from 
the stronger stimulus takes over. Thus the 
net effect on apparent brightness of 
spatial stimulus increments is a brighten-
ing for very small spatial extents, through 
averaging for slightly larger ones into 
darkening contrast . . . Clearly, there is a 
continuum of effects that depend upon 
the precise balance between processes of 
complementation and opposition, and 
this balance depends very critically on the 
spatial stimulus parameters." (italicized 
words added) 

These small-area induction effects tend 
to operate to the detriment of the televi-
sion system because of the physical char-
acteristics peculiar to its image. However, 
there are other equally significant large-
area induction effects that may either de-
grade or enhance television quality, de-
pending upon the conditions of viewing. 

In general, the juxtaposition of stimu-
lus areas that differ significantly tends to 
enhance appearance differences. 12' Areas 
which evoke high and low brightness will, 
when juxtaposed, appear respectively 
brighter and darker than when viewed in 
isolation. Similarly, differences in satura-
tion and hue will be enhanced when 
stimuli are juxtaposed. Recently,'" it has 
been shown that the extent of enhance-
ment is a predictable function of both the 
chromatic differences and degree of 
juxtaposition of stimulus elements within 
the visual field. When more than a single 

inducing element exists, the effects in-
volve interactions among inducing ele-

ments themselves as well as between focal 
and inducing areas. 

The complexities of relations between 
physical characteristics of stimuli and the 
responses they elicit under complex-field 
induction conditions was illustrated 

dramatically by Evans"' in 1943 and 

more recently by Land."' These demon-
strations illustrated the long-known fact 
that a wide variety of hues can be per-
ceived in a suitably complex image with 
only two (rather than three) additive 
primaries. Although Land has claimed 
that this illustrates novel aspects of his 
unorthodox theory of color vision,8 others 
have pointed out that what is involved 
are merely striking demonstrations of in-
duction and adaptation effects.109,125-128 
These effects illustrate again the op-

ponent nature of our responses. The en-
hancement of color differences brought 
about under such conditions points to an 
underlying mechanism for opposition. As 
Helson's and Judd's work78.129-'88 has 
shown some years ago, this makes it possi-
ble even to perceive a limited gamut of 
hues throughout a gray scale if the viewing 
conditions are appropriate. In one of 
their experiments they illuminated a 
scale of neutrals, presented against a 
neutral background, with chromatic il-
lumination. They found that those 
"grays" that were brighter than the sur-
round did not appear gray but, rather, 
evoked the color of the illuminant. Con-
versely, those elements that were darker 
than the background appeared in a hue 
complementary or opposite to that of the 
illuminant. Only those areas with the 
same reflectance as the background ap-
peared to be without hue, i.e., truly gray. 
This is an illustration of the fact that a 
variety of hues can be produced with only 
a single primary, provided the image and 
viewing conditions are appropriate. 

Induction effects are spatially and 
chromatically complex, then. They de-
pend upon the sizes of elements in the 
image, the relation of the image to its sur-
round, and the brightness and chromatic 
relations within the image and with re-
spect to the surround as well. 
These facts are important to television 

reproduction. It has been shown that it is 
the appearance of the image (not the 
colorimetric character) that is important 
to reproduction quality in the face of 
chromatic induction. The chromaticity 
required for optimum simulation of flesh 
colors, for example, is different, depend-
ing upon whether a face is surrounded by 
red, green, blue or neutral areas. In all 
cases, the chromaticity required is such as 
to provide a perceptual match to the 
memory color for flesh when account is 
taken of the induction effect provided by 
the immediate surround."4 

Induction between image and sur-
round also affects the appearance and 

quality of reproduction. 87 '88'97 Color 

television images are viewed in a variety 

of ways. The distances at which they are 
viewed vary significantly and this influ-

ences their appearances. The brightnesses 
and saturations perceived in the image 

depend, in part, upon the visual angle it 
subtends.188.1" Since apparent sharpness 
and detail perception also depend upon 

viewing angle, the opposition and com-
plementation arising from microrepro-
duction characteristics also will differ 
with viewing distance. The luminance 
and chromaticity of surrounding areas 
exert their influence too, and this also will 
vary with viewing distance. When the 
surround is bright, the contrast of the 
image will be higher and its overall 
brightness lower than when the surround 
is dark. The difference in color tempera-
ture between image and surround will 
have a variable effect on the image, de-
pending upon both the magnitude of 
difference in chromatic quality and the 
difference in average luminances. 

In short, the same physical television 
image may have any of a number of dif-
ferent appearances, depending upon the 
conditions of viewing. This very impor-
tant fact seems to have received little con-
sideration in the television industry. It 
warrants much more careful study. 

Conclusions 

This superficial examination of the 
process of color perception has shown 
that the viewer is an important and ex-
tremely complex part of the television 
system. We see that he must be con-
sidered carefully in making the choice of 
every physical parameter in the total sys-
tem. The entire chain will succeed or fail 
upon what he sees. What he sees or per-
ceives depends in a complicated manner 
upon many factors. 
The viewer almost never compares a 

color television reproduction with the 
original. Instead, he must rely upon his 
memory of the original or similar scenes 
whenever he evaluates the reproduced 
image. It has often been assumed that one 
of the objectives of a color television pro-
cess should be to reproduce exactly the 
colorimetric properties of the objects 
televised. However, it is now generally 
recognized that this requirement need 
not be met in order to produce an excel-
lent color picture. Indeed, there is con-
siderable doubt that such exact colon-
metric reproduction is even desirable. 
After all, color television pictures are in 
no way "rep.-Jductions" of original ob-
jects or assemblages of objects. The pur-
pose of a color television picture is to sug-
gest the appearance of the original scene 
in such a way as to please the viewer. This 
distinction between reproduction and 
simulation is an important one for televi-
sion. 

In recognizing that a color television 
image can never be physically more than 

a two-dimensional representation of a 

three-dimensional scene, we accept the 

inevitable fact that we cannot duplicate 
the appearance of the original by at-

tempting merely to produce exactly the 
same tristimulus values at any point 
throughout the reproduction as existed in 

corresponding points throughout the 
original. The color television image is 
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two-dimensional. It occupies a different 
visual angle than did the corresponding 
portion of the original scene and it is sur-
rounded by environmental stimuli of 
different character than was the case with 
the original. Also, it is viewed with 
different illumination and under different 
conditions of adaptation and of attitude 
than in the original. All of these factors 
influence the appearance of the image, as 
we have seen. Finally, the color television 
image is recognized as a separate entity or 
object in its own right. It should be no 
surprise, therefore, that exact colon-
metric reproduction is of little avail in 
attempting to produce a true reproduc-
tion. 
The point here is that we should not be 

overly concerned with colorimetric re-
production. It is enough that a color tele-
vision picture be believable; that it pre-
sent images that are pleasing to the 
viewer. It is not ordinarily within the do-
main of the technician to treat matters of 
aesthetics. However, he can and should 
address himself to the problem of provid-
ing technically pleasing images. He can 
best do this by considering the television 
image as a separate entity. He should 
forget about the exact colorimetric or 
physical character of the original scene, 
and try, instead, to produce an image 
that conveys to the observer, through his 
perceptions, the essential nature of the 
original. 
To do this, it is necessary to take cog-

nizance of the ways in which these per-
ceptions are formed. We must be aware of 
the effects of the sharpness limitations of 
the television image. We should note that 
what an observer prefers to see in the 
image is something that is only propor-
tionally relative to what he might have 
seen in the original scene and that his 
memory plays a significant role in his 
evaluation of the image. Care should be 
taken not to jolt that expectation. The 
problems of determining the viewer's 
preferences admittedly are many and 
complex. But continuing research indi-
cates that some underlying system is in-
volved. We cannot afford to ignore these 
problems merely because they are com-
plex. It is the responsibility of the scien-
tist and technician to search for the rela-
tions between image quality and percep-
tions in order that color television may be 
most effectively presented to the viewer 
and, indeed, that its technical quality 
may be improved. 
We have not considered here either the 

physical limitations of the television sys-

tem in any detail or the complex influ-
ence of temporal effects on the appear-

ances of images. Even so, it is obvious 
that large differences in appearance may 

exist among television images, depending 

upon a number of factors. One of the 
most important of these factors, the con-

ditions of viewing, has received little at-

tention in the design and operation of 

color television systems. At the very least 
it appears desirable to establish standard 
conditions for viewing monitors and for 
previewing. It is hoped that the informa-
tion presented here will be useful in other 
areas of design and operation as well. 
These visual factors should be considered 
as an integral part of the system's struc-
ture. Careful evaluation of them as a part 
of the complete television chain should be 
helpful in answering many perplexing 
problems and in helping to avoid prob-
lems that might otherwise be introduced 
through failure to account for the re-
sponse characteristics of the system's final 
output stage: the viewer. 
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APPENDIX 

Equation ( 1) states that brightness is 

proportional to log luminance. In other 
words, brightness differences are related to 

luminance ratios. Equation (2) states that 

log brightness is proportional to log 
luminance. That is to say, brightness 
ratios are related to luminance ratios. 

The latter relationship has been suggested 

as correct since intersensory matches yield 

power relations between the sense mod-

alities. However, it can be shown that 

either Eq. ( I) or Eq. (2) could be expected 

to lead to intersensory power relations. 
This is illustrated in the following ex-
amples: 

Let RI and R2 = responses on different 

sensory continua 1 

and 2, 

Si and S2 = stimulus quantities 

on different corre-

sponding physical 

continua 1 and 2. 

I. Assume that response is related to 

stimulation by a power function. 

(1) Then, R1 = aiSik and R2 = el2S262, 

(2) when the responses are matched, 

/21 = R2; 

therefore, alSab, = a2S2 62 

or, log al bilog S, = log az bzlog Ss 

log ai). 
i)log . = (1/81)(b2 log S2 ± log 02 - 

(3) If we let B = b2/b, 

log K = (log az - log al)/b1; 

(4) then, log Si = B log Sz 4- log K, 

or Si = K S2B. 

In other words, a power relation obtains 

between the sense modalities. 

II. If we now assume that response is 
related to stimulation by a logarithmic 

function, 

(I) then, R, = al log Si ± bi and R2 = 

as log S2 ± b2; 

(2) when responses are matched, RI -= 
R2; 

therefore, al log Si bt = az log Sz 4- 1,2 

and log = (1 /a1)(az log S2 + bt - b1). 

(3) If we let B = a2/ al, 
log K = (b2 - br)/a r; 

(4) then, log S, =- B log S2 + log K, 
or SI = KS2B. 

In other words, a power relation obtains 
between the sense modalities. 

Since either Eq. ( 1) or Eq. ( 2) can be 

used to show that intersensory matches yield 

a power relation, then evidence for inter-

sensory power relations is not a sufficient 

condition for determining the validity of 
either equation. 

Discussion 

Daan Zwick (Eartman Kodak Co.: One of the 
controversies that go on periodically in the 
television committee and I'm sure in the industry 
is the question of the color temperature of studio 
monitors relative to the color temperature of the 
sets in the home. Would you comment on the 
implications of your illustrations to the statement 
that is usually made, "Well, we want to have 
something in the studio that will look like what 
the customer is seeing, yet we don't really know 
how the customer is viewing his set"? 

Mr. & Warm: Yes, I'd like to try to separate 
what I consider to be fact from what is my 
opinion, and I address myself therefore first to 
the fact. The facts of the matter are, as I tried 
to point out on the screen that the choice of cor-
related color temperature - the choice of the 
energy characteristics of the screen white - 
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is not an arbitrary one that is open to legislation. 
It is one in which a proper answer may be found 
on the basis of technical considerations stemming 
from experimental work that has been in exis-
tence for nearly two decades. So, the question of 
what correlated color temperature should be 
used on a television receiver, and by this I mean 
to include a monitor too, is one that can be 
answered on a sound, technical basis. 
The next question is, what are the characteris-

tics of the environment? That is, what are the 
viewing conditions other than the color tempera-

ture of the screen itself which would be desir-
able to use in the studio in order to attend to the 
monitors, indeed to monitor the quality to see 

what kind of transmission is going on. I 

think it is in this area where the greatest 

amount of work needs to be done. To the best of 

my knowledge, no one has studied thoroughly 

and carefully enough the conditions that ob-

tain in the home, and the relationship between 
various standard viewing conditions that may be 

used in studios and proving rooms to the kinds 

of conditions for which the transmission is in-
tended. In other words, I think there's a con-
siderable area of research that still needs to be 

done on evaluating viewing conditions that 

affect final image characteristics. I think the 

television industry has perhaps been sorely re-

miss in not paying enough attention to where 

their receivers and their monitors are placed at 

the expense of some of the quality characteristics 

that could be obtained from the present system 

itself. 
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Observer Adaptation Requirements 

in Color Photography and Color 

Television 

Observer reactions are the final criteria in determining if a color photograph 
adequately reproduces a scene. These reactions indicate that ordinary colon-
metric measurements cannot serve as the sole indication of reproduction quality. 

Dependence of the state of observer eye adaptation on viewing conditions has 
been found to overshadow simple colorimetric considerations. Adaptation re-
quirements in color photography have been met through application of the so-
called "first and second black conditions." It will be found essential also in color 
television that the two black conditions be applied. In both color photography 
and color television, particularly the latter, a new interpretation of the two black 
conditions should further improve the color quality of reproduced scenes. 

COLOR MIXTURE LAWS, which serve to 
indicate the types of radiant-energy 
distributions which will match each 
other, are embodied in the science of 
colorimetry. This science is well estab-
lished and well understood. Colorim-
etry tells us that any two colors, or 
radiant-energy stimuli, having the same 
tristimulus values will match each other. 
Two stimuli having the same tristimulus 
values but different spectral compositions 
are called metamers. Except for pure 
spectrum colors, any color has many 
metameric forms. These metameric 
forms exist in such variety that given 
any one of a number of possible sets of 
three primary-color stimuli, all colors 
except those of exceedingly high satura-
tions can be matched. This is indeed 
fortunate because on it depend all the 
important color-reproduction systems, 
including color photography and color 
television. 

Instruments and computing pro-
cedures are available which enable us 
to determine the tristimulus values of 
any radiant-energy stimulus. This 
means that given any group of colors 
in a scene to be photographed or tele-
vised, we can determine the nature of 
the stimulus which must come from the 
photograph or the television receiver in 
order that the colors of the original scene 
be matched. Thus, it would seem, the 
requirements for the exact reproduction 
of a scene on either film or color tele-
vision may be established with high 
precision. 

In actual practice, however, it is 
found that the problem of matching 
color stimuli and the problem of obtain-
ing a satisfactory reproduction of a 

Presented on October 8, 1953, at the Society's 
Convention at New York by Ralph M. Evans 
and W. Lyle Brewer (who read the paper), 
Color Technology Div., Eastman Kodak Co., 
Rochester 4, N.Y. 
(This paper was first received on Oct. 16, 1953, 
and in revised form on Apr. 9, 1954.) 

scene are two different matters. The 
problem of reproducing a scene is that 
of obtaining color stimuli from the re-
producing apparatus which "look like" 
those of the original scene. This is 
metamerism of a sort, but not what is 
usually meant by the term. The dis-
tinction between what we mean when 
we say that colors match and that they 
look alike can be illustrated by descrip-
tions of two types of color-matching 
experiments. 

Color Matching and Adaptation 

In Fig. 1 are illustrated the viewing 
fields of the type of colorimeter in which 
color-matching data normally are ob-
tained. By means of filters, or in some 
other way, the test field is illuminated 
with light of a certain spectral composi-
tion. The matching field is illuminated 
with a mixture of red, green and blue 
lights, the amounts of which may be 
varied. These amounts are varied until 
the matching and test fields do not differ 
in appearance. The test and matching 
fields are enclosed by a surround or 
adapting field. In establishing the visual 
characteristics of the CIE standard 

Fig. 1. Schematic diagram of the view-

ing fields of the type of colorimeter nor-

mally used in obtaining color-matching 

data. 

By RALPH M. EVANS 

and W. LYLE BREWER 

observer, a completely dark surround 
was used. Except for precision differ-
ences, however, matching results are 
not influenced by the surround providing 
that it encloses both the test and match-
ing fields. On the other hand, if the 
surrounding field is changed, the ap-
pearance of both test patches will 
change. Furthermore, if two patches 
are matched with like surrounds, they 
will no longer match if the surrounds 
are changed so that the two patches are 
separately encompassed by surrounds 
differing in appearance. 
The adapting conditions prevailing 

for viewing photographic film or tele-
vision are seldom the same as those for 
the original scene. Furthermore, the 
adaptation conditions for any individual 
scene in a sequence of original scenes 
may be quite different from those of the 
scene before it or of the scene which 
follows. To be satisfactory, the colors 
of the reproduced scene must conform 
to those required by the adaptation 
conditions prevailing for the reproduc-
tion. 

The Two Black Conditions 

Color adaptation requirements as they 
apply to color photography appear to 
have been stated first in terms of the 
two black conditions. McDonough' 
recognized the first black condition in 
connection with his work on screen-
plate processes. In a more complete 
analysis of screen-plate processes Mees 
and Pledge restated the first black condi-
tion and added the secondS black condi-
tion. As given by Mees and Pledge 
the two conditions are:2 

First Black Condition: "In order that 
whites should be rendered untinged by 
colour, it is necessary that the screen 
itself when examined should appear to 
be free of colours, i.e., of a neutral 
shade." 

Second Black Condition: "... • it is 
necessary that a grey, to be correctly 
rendered, should produce an equal de-
posit [of silver] under each of the three 
filter units." 

According to the first black condition 
the screen elements of a screen-plate proc-
ess should be combined together to form 
a neutral. The term neutral applies 
to an object which does not alter the 
chromatic characteristics of the illumi-
nation incident upon it. The object 
may be spectrally selective or non-
selective but to be neutral its chromaticity 
must be the same as that of the illumi-
nation. To satisfy the first black condi-
tion, therefore, the integrated effect of 
the combination of red, green and blue 
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filter elements of the screen plate should 
be such as not to alter the chromaticity 
of the light transmitted by the screen 
plate. 
The second black condition states 

that a gray of the original scene should 
result in equal deposits under the three 
colored filter elements of the photograph. 
The term gray applies to any one of a 
series of colors, varying in brightness, 
between the limits of white to black. It 
may be applied to an object or to the 
light stimulus coming from the object. 
Studies to determine the nature of the 
light stimulus which will appear as gray 
or white have usually been confined 
to stimuli along the black-body locus. 
The color temperature of the light which, 
on the average, appears to be most 
acceptable as white is about 5200 K.3 
Much depends, however, on the par-
ticular observer, the state of adaptation, 
and the intensity of the stimulus.4 
Light from any illuminant in the color-
temperature range of about 2800 K to 
10,000 K will be acceptable as white 
if it is of reasonably high intensity and, 
particularly, if this light is the primary 
factor in controlling adaptation. Thus, 
if the major source of illumination for a 
scene is a tungsten lamp of relatively 
low color temperature or any one of a 
number of different forms of daylight 
of relatively high color temperature, the 
light from this source may be considered 
achromatic. 

In a scene illuminated by light which, 
as just described, is achromatic, the 
application of the terms white and gray 
to objects is apparent. A white object 
has high reflectance and high diffusion 
and the light it reflects has the same 
chromaticity as the light incident upon 
it. A gray object is chromatically like 
a white object. It differs from a white 
object in appearing to have a lower 
reflectance.3 
Taken together the two black condi-

tions state that a gray object in the 
original scene should be reproduced as a 
neutral area in the screen plate photo-
graph. This neutral area, upon pro-
jection, should appear as a gray in the 
photograph. Thus, a gray should be 
reproduced as a gray. The chromatici-
ties of the two grays will not necessarily 
be the same, however. The chromaticity 
of the gray in the original scene will be 
that of the prevailing illumination in the 
original scene; the chromaticity of the 
gray in the photograph will be that of 
the projection illumination. Similarly, 
a white of the original scene should be 
reproduced as a white in the photograph 

Subtractive Photography and Television 

The two black conditions as originally 
given refer only to screen-plate processes 
but they can be generalized to include 
subtractive color photographic processes 
and color television. For subtractive 
color photographs the black conditions 
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Fig. 2. Required effective relative spectral sensitivities of re-
ceptors of television camera conforming to CIE distribution co-
efficients, x,Y and z, balanced for artificial daylight, CIE standard 
Source C. 

indicate that a neutral combination of 
dyes in the photograph should be 
obtained for any object which is gray or 
white in the original scene. Red, green 
and blue exposures which give a neutral 
combination of dyes are considered equal 
to each other. Gray and white objects 
should therefore give equal red, green 
and blue exposures. 

For each family of film products there 
is normally one type of film for daylight 
and one type for incandescent tungsten 
light. The tungsten-light film is usually 
identified in terms of the particular 
color temperature for which it is de-
signed. Each type of film is "balanced" 
so that approximately equal red, green 
and blue exposures are obtained for 
light of the spectral quality of its illumi-
nant. At best, the different types of film 
can be balanced for only a few of the 
"average" illumination conditions. Ad-
ditional types would provide for better 
color balances in the photographs but 
would necessarily be less convenient 
and more expensive. Filters over the 
camera lens can, of course, provide 
balancing for a wider variety of illu-
minations. 

As applied to color television, the 
implication of the first black condi-
tion is that (1) each television receiver 
should be capable of giving a white 
at a luminance equal to or higher than 
that for any other color, and (2) the 
white should be fixed in chromaticity, 
regardless of the scene from which it 
is derived. Grays should be of this 
same chromaticity, differing only in 
luminance. 
The second black condition implies 

that the R, G and B television signals 

corresponding to those which ultimately 
control the red, green and blue phosphor 
excitations should all be equal to each 
other for a gray of the original scene. 
It is convenient to normalize the R. 
G and B signal values so that each 
equals 1.00 for the highest luminance 
white. For a gray R, G and B would 
have smaller values, but would be equal 
to each other. 
The requirements of the second black 

condition can probably be more easily 
and more fully met in color television 
than in color photography. Periodically 
a white or gray object should be placed in 
front of the camera and illuminated by 
the prevailing illumination. If there is 
more than one type of illumination, the 
chosen illumination should be that which 

is considered predominant. The voltage 
outputs of the three signal channels 
should then be balanced to equal each 
other. In going from daylight to artifi-
cial light, marked changes will be re-
quired. In televising an outdoor event 
such as a football or baseball game, 
it will be desirable to rebalance periodi-
cally as the azimuth of the sun changes 
or as cloud formations result in greater 
or lesser effective contributions of skylight 
to the illumination. 
The general order of magnitude of the 

changes is illustrated in Figs. 2 and 3. 
For purposes of illustration it is assumed 
that the effective relative-sensitivity 
distributions of the three camera recep-
tors are the same as the distribution 

coefficients, ic, Sr- and i, of the CIE 
observer. The sensitivities are balanced 
for CIE Source C, which conforms 
reasonably well with average daylight. 
The areas under the curves in Fig. 2, 
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Fig. 3. Required effective relative spectral sensitivities of re-
ceptors of television camera conforming to CIE distribution 
coefficients, x, y and z, balanced for an illumination of 3200 K 
(-), and balanced for north skylight (- 

weighted by the spectral energy distribu-
tion of Source C, all equal each other. 
The i curve in Fig. 3 is the same as in 
Fig. 2. The other two curves have been 
multiplied by constants such that the 
three are then balanced for 3200 K. 
This illumination corresponds fairly well 
to normal tungsten illumination. Bal-
ance for a type of skylighte is illustrated 
by the broken-line curves in the same 
figure. 
The changes in effective sensitivities 

illustrated for three illuminants in Figs. 
2 and 3 are indicative of those necessary 
for conformance to the second black 
condition. Changes of this order of 
magnitude will be found necessary (for 
the illuminants illustrated) and, if 
made, will probably be found to give 
satisfactory results. 

Adaptation and Fundamental 
Response Functions 

As originally stated, generally inter-
preted, and as illustrated here, the two 
black conditions have specific reference 
only to achromatic colors. To develop 
more general principles which take 
chromatic as well as achromatic colors 
into account it is necessary to study pairs 
of color stimuli which match each other 
when the two members of each pair are 
seen under different states of observer 
adaptation. One means of doing this 
is through binocular matching experi-
ments. The type of experiment is 
illustrated in Fig. 4. One color field, 
which may be considered as the test 
field, is viewed by the right eye, and the 
matching field is viewed by the left eye. 
The test and matching fields are so 
arranged that they appear juxtaposed. 

Separately controlled adaptation fields 
surround the two fields. Suppose that 
initially the two adapting fields are 
made the same and the matching field 
is adjusted to match some given stimulus 
in the test. field. Except for differences 
in the characteristics of the two eyes, the 
results obtained in this type of matching 
experiment are the same as for normal 
color matching. If the surround for the 
left eye is• then altered in color, the 
match will no longer hold. By read-
justments in the matching field a new 
match can be obtained. If the differ-
ences in the adapting fields are fairly 
large, the change in the matching field 
necessary to obtain the new match is 
also apt to be large. 
The validity of the binocular matching 

technique has been attested by Wright.7 
His findings indicate that if artificial 
pupils are used in the colorimeter the 
adaptation interaction effects between 
the two eyes are sufficiently small to be 
neglected. 

In a series of color binocular matching 

experiments Burnham, Evans and New-

hall8 determined a number of pairs of 
stimuli which would match where one 

member of each pair was seen under 

Illuminant A and the other under 

Illuminant C. By means of a computing 

procedure described by Brewer, 9 curves 

were obtained which, within the limits 
of precision of the original data, cor-

respond to the fundamental response 
functions of the eye. The curves so 
determined are shown in Fig. 5. Al-
though high accuracy for these curves 
cannot be claimed, it is possible by 
means of them to indicate the nature of 
the sensitivity changes required in film 
and in television cameras to fulfill 
adaptation requirements. 

For example, suppose initially a 
television system is balanced for taking 
and viewing with adaptation to CIE 
Source C. Assume also that the effective 
spectral response characteristics of the 
camera conform to those of the CIE X, 
Y, Z system. A change in scene to one 
giving adaptation to 3000 K would then 
require camera spectral sensitivities con-
forming to those of the solid lines of 
Fig. 6. A mere rebalance of camera 
sensitivities, keeping the same relative 
distributions as the standard observer 
distribution curves, would give the 
broken-line curves. Differences between 
the two sets of curves arise because the 
rebalance in sensitivity distributions 
for the solid-line curves was taken by 
reference to the curves shown in the 
preceding figure, Fig. 5. This is equiva-
lent to stating that color adaptation 
may elevate or depress each of the 
fundamental response curves, but cannot 
change its relative spectral distribution. 
The areas under the solid-line curves 

of Fig. 6, when weighted by the spectral 
distribution of the 3000 K illuminant, are 
equal to each other. The same is true 
for the broken-line curves. In this sense 
the two are equivalent; both fulfill the 
requirements of the second black condi-
tion. They differ in that the solid-line 
curves are designed to take into account 
the phenomena of color adaptation as 
they apply to a wide variety of colors. 

Fig. 4. Schematic diagram of the viewing fields of a binocular colorimeter in 
which the two eyes can be differently adapted. Left: left eye; right: right ey e. 
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Fig. 5. Fundamental response curves of the eye as determined 

from a binocular color-matching experiment. 
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terms of fundamental response functions for 3000 K, and ( broken 
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tributions. 

The broken-line curves correct properly 
for the scale of neutral colors but are less 
satisfactory than the solid-line curves for 
other colors. Receptors with sensitivi-
ties conforming to the solid-line curves 
should therefore provide for closer 
agreement in appearance between colors 
of the original scene and those of the 
reproduction. 

Results equivalent to those obtained 
by altering the effective sensitivities may 
also be obtained without altering the 
actual receptor sensitivities provided 
that the signals from the receptors are 
suitably modified. For example, the 

effect of multiplying any camera-sensi-
tivity distribution by a constant can be 
obtained by leaving the actual sensitivity 
unchanged and adjusting the gain on 
the signal output according to the value 
of the constant. Similarly, the more 
complete corrections indicated by the 
solid-line curves of Fig. 6 can be obtained 
by linear matrixing. Let X, Y and Z 
denote the signals as they would be ob-
tained for balance to CIE Source C. 
If a change in adaptation illuminant is 
made to 3000 K, the same camera sensi-
tivities could be used, but the signals 
going through the remainder of the sys-

tem should be modified to X', Y' and Z' 
where: 

X' = 1.13 X — 0.31 Y + 0.17 Z 
Y' = 0.01 X + 1.00 Y — 0.01 Z ( 1) 
Z' —0.23 X + 0.69 Y + 1.89 2 

Equations ( 1) and the curves of Fig. 6 
illustrate means of conforming to the 
two black conditions in such a way as to 
take adaptation phenomena into ac-
count. They are based upon the funda-
mental response functions as determined 
from one particular investigation. The 
true response functions may prove to be 
different from those illustrated and, if so, 
the curves and the equations would be 
different. As a first approximation, how-
ever, those given are probably reasonably 
correct. The curves and equations given 
also apply to only one pair of adapting 
illuminants and are expressed in terms of 
a particular set of primaries. Given the 
set of fundamental response functions, 
however, corresponding curves and equa-
tions can easily be determined for any 
pairs of illuminants and for any system 
of primaries. 

Summary and Conclusions 

Successful operation of any color-
reproduction system such as in photog-
raphy or television is dependent upon 
conformance to the two black conditions. 
Adequate conformance can probably be 
obtained by adjusting the three effective 
film or television-camera sensitivities for 
balance to the prevailing illumination, 
with a single form for each of the spectral 
sensitivity curves. The two black 
conditions are necessary because of ob-
server visual characteristics which are 
associated with color-adaptation phe-
nomena. Conformance to the two black 
conditions in such a way as to best take 
into account color adaptation would re-
quire that all rebalancing for adaptation-
controlling illuminants be made with 
reference to the fundamental response 
functions. 

Increased fidelity of reproduction 
through reference to the fundamental 
response functions is obtainable only at 
the expense of greater complications in 
the reproduction system. The necessary 
corrections in color television could prob-
ably best be obtained through replace-
able or continuously changeable matrix 
units. The gains possible by means of 
these more complicated systems would 
probably be worth while only for a 
reproducing system which is in excellent 
adjustment and where high fidelity of 
reproduction is believed to be very de-
sirable. Either in this fashion or by the 
simple means of relative readjustment of 
the three signal components, however, 
conformance to the two black conditions 
is essential. 
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Discussion 

Peter Krause (Ansco): Could you tell us 
if the data that you plotted were obtained 
from binocular matching? 

Dr. Brewer: The data from which the 
curves were derived were obtained from 
binocular matching. 

Mr. Krause: What was the aperture of 
the instrument, that is, the exit pupil of 
the binocular instrument that was used in 
making the observations? 

Dr. Brewer: A description of the instru-
ment has been given by Burnham, Evans 
and Newhall in the Journal of the Optical 
Society of America, vol. 42, pp. 598-600 
(1952). The test and matching fields 
were each 1 X 2 degrees in subtense. 
The surrounding adapting fields subtended 
about 40 degrees. 

Mr. Krause: Would you know how many 
observers were involved in obtaining the 
data? 

Dr. Brewer: A number of observers 
were involved in the binocular matching 
experiments. This particular set of data 
was based upon a single observer. The 
matching experiments are being repeated 
with different sets of adapting illuminants 
in the hope of obtaining more extensive 
and precise data. 

R. P. Burr (Hazeltine Corp.): My under-
standing is that this analysis relates to a 
television system which is considered to 
be linear in terms of brightness from input 
to output. How would you evaluate this 

analysis in terms of the fact that most 
reproductions which people consider to 
be pleasing pictures generally deviate 
very substantially from a linear transfer 
characteristic and frequently have an S-
shaped transfer characteristic? The ques-
tion is asked because this sort of work 
bears on the final specification of gamma 
correction or the nonlinearity correction 
in the television system. 

Dr. Brewer: I would not agree with your 
starting premise that our analysis is 
based upon an assumed linear system. 
The main thing is that the three H or D 
or transfer characteristic curves match 
each other. If one of them is straight, 
the other two should be straight; if one of 
them is curved, the other two should be 
curved in exactly the same fashion. In 
practice these curves are not linear for 
screen plate photographic processes, for. 
subtractive photographic processes, or 
for color television. Linearity is neither 
obtainable nor necessarily desirable. The 
requirement is that, regardless of the shape, 
the three curves be as closely matched as 
possible. 

Mr. Burr: That pretty much answers 
the question. I believe that what you 
have said in effect is that if you could do 
what you described for color photography 
you would be very happy. 
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Color Television Systems 





Color Television vs. 

Color Motion Pictures 

The technical capabilities and limitations of color television and color photography 
are compared in five categories: ( 1) the viewing situation, (2) image photometry, 
(3) image colorimetry, (4) image structure and (5) image continuity. The results of 
a detailed survey of the practices of motion-picture theaters and the 8mm and 16mm 
motion-picture systems are compared with the current performance obtained by 
21-in, color-television receivers. Tables comparing these systems are presented. 
The avenues open to television and photographic engineers to improve the re-
spective systems are pointed out. 

COLOR TELEVISION and color photog-
raphy today occupy an anomalous re-
lationship. As industries they are sharp 
competitors, but as techniques they are 
partners. The competition stems from 
the struggle of television broadcasting 
and the motion-picture industry to ac-
quire public following at each other's 
expense. Since neither side has any pros-
pect of a permanent monopoly of good 
actors, directors or writers, the leaders 
of the two industries are paying a great 
deal of attention to technical methods, 
in the hope that by exploiting their re-
spective media to the utmost they may 
acquire a competitive advantage. The 
wide screen, the increasing use of color, 
and the substantial effort to improve 
color film and processing are evidence 
that Hollywood is taking its techniques 
almost as seriously as its talent. In fact, 
in many of the late lamented experi-
ments in 3-D production, the factor 
talent was almost ignored. 
The partnership between the two 

media lies, first, in the fact that tele-
vision broadcasters use a great deal of 
film produced specially for network pro-
grams. This film must be adapted to the 
viewing conditions of the home, and its 
producers must reckon with the resolu-
tion, contrast and tonal gradation of the 
typical television image. A second activ-
ity of the partnership is film recording 
of video programs. This is a highly 
exacting art, the successful practice of 
which demands intimate knowledge of 
the two media. 
Thus far, these efforts have been 

largely confined to monochrome produc-
tions. But it seems clear that the ultimate 
destiny of television and motion pictures 
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is color, and we can probably take " ulti-
mate" to mean not later than the end of 
the next decade. It seems appropriate, 
therefore, to examine the technical roots 
of the systems of color reproduction, and 
to locate the areas where expert atten-
tion is needed to sharpen the competition 
or to cement the partnership. For this 
paper, we have elected to compare three 
color systems: the NTSC-FCC com-
patible color-television system, the ama-
teur color motion-picture system (8mm 
and 16mm film) and professional motion 
pictures (35mm film). The categories of 
comparison are: 

1. The viewing situation. This includes 
the comfort and convenience of attend-
ing the performance, the choice of avail-
able positions with respect to the screen, 
the aspect ratio and the viewing angle 
presented by the screen and the effect of 
the surroundings. 

2. Image photometry. This includes 
image brightness, contrast, tonal grada-
tion and the errors of brightness transfer 
introduced by the system. 

3. Image colorimetry. This includes the 
gamut of reproducible hues and satura-
tions, transfer of chromaticity values, 
flat-field uniformity, reference-white con-
siderations and errors of chromaticity 
transfer introduced by the system. 

4. Image structure. Resolution, sharp-
ness and texture, and the degradations 
therein due to noise and graininess, geo-
metric distortion, misregistration of pri-
mary images, errors of scanning and 
interlace. 

5. Image continuity. Here the factors 
are fusion of motion, flicker, frame or ras-
ter stability and color break-up. 

This list is by no means exhaustive, 
but it includes the important areas in 
which technical advances can be ex-
pected to occur. Let us start, then, with 
the first category. 

By DONALD G. FINK 

The Viewing Situation 

The technical effort expended on a 
system of visual entertainment is wholly 
wasted if the customers do not elect to 
sit down and be entertained. We there-
fore consider the initial question con-
fronting the customer: The choice of 
viewing position—how to find a good 
seat. 
There is little doubt that television 

presents less difficulty than all the 
motion-picture systems in this respect. 
Living rooms today are arranged around 
the television set, so much so that it is 
hardly necessary to move the chairs or 
lower lights in preparation for the show. 
Tuning and adjusting the receiver are 
simple matters. 
Home motion pictures are much more 

of a special event, not to say a chore. 
The apparatus must be assembled, pro-
jector and screen set up, film threaded 
and rewound for each reel, lights lowered 
or turned out altogether, and at the con-
clusion of the show the equipment must 
be carried back to the closet. Even an 
enthusiast seldom gets up the energy for 
this more than once a week, even if he has 
plenty of interesting film and an eager 
audience. 
Taking in a show at a theater is also 

an event, albeit different in detail. 
Here the deterrents are transportation to 
and from the theater, providing a baby-
sitter and the admission costs. The better 
the show, the less chance there is of sit-
ting in a good seat. Once settled in the 
theater, the customer finds himself con-
fined in many ways. He no longer has 
easy access to the refrigerator and the 
other standard accessories of the home, nor 
does he feel so free to express audibly his 
opinion of the show. Taken all in all, 
television has an overpowering initial ad-
vantage in the convenience and comfort 
it provides the viewer. 
The second factor in the viewing 

situation is the range of available view-
ing positions. Here the appropriate 
psycliophysical common denominator 
for comparing the systems is the vertical 
viewing angle, that is, the angle sub-
tended by the height of the screen at the 
viewer's eye. It is evident that so long as 
the height of the screen is chosen in pro-
portion to the depth of the room or thea-
ter, the range of available viewing angles 
is the same in all the systems. 
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Table I. Theater Viewing Conditions. 

Screen Highlight 
Seating Vertical viewing angle, degrees dimensions, Aspect brightness, 

Name and location capacity Rear Middle Front feet ratio ft-L 

Arcadia Theater, 
Philadelphia . . . 625 

Commodore Theater, 
Philadelphia . . . 1105 

Erlen Theater, 
Philadelphia 1500 

Fox Theater, 
Philadelphia . . . 2422 

Green Hill Theater, 
Philadelphia . . . 706 

Hi Way Theater, 
Jenkintown . . . 540 

Lane Theater, 
Philadelphia . . . 1000 

Logan Theater, 
Philadelphia . . . 1862 

Mastbaum Theater, 
Philadelphia . . . 4387 

Stanley Theater, 
Philadelphia . 3000 

Stanton Theater 
Philadelphia . 1375 

Viking Theater, 
Philadelphia . . . 1012 

Yorktown Theater, 
Elkins Park, Pa.. . 875 

AVERAGE VALUES 

9 16 60 27X18 1.5 7 
33X15 2.2* 7 

6 11 55 27 X 15 1.8 

10 17 63 55X22 2.5* 6 

11 18 70 52X22 2.4* 7 

9 22 42 22.5 X16 1.4t 5 

9.5 22 75 36X18 2.0* 15 

8 16 60 33X22 1.5 12 

9 17 70 40X18 2.2* 10 

10 17 57 60X25 2.4* 7 

12 18 45 38 X22 1.7 6 

10 16 53 30X20 1 5 10 

10 19 50 46 X18 2.5* 6 

9.5 17 60 32 X18 1.8 10 
9.5 17.5 58 1.96 8.3 

* For CinemaScope. t Foreign films. 

The height of the image on the 21-in. 
color television tube now emerging as 
standard is about 14 in. An image of this 
size is customarily viewed from across the 
short dimension of the room, or from the 
center of the room if the receiver is placed 
against the narrow wall. The typical 
viewing distance is then about 8 ft 
(96 in.). The maximum viewing distance 
is set by the long dimension of the room, 
which is seldom greater than 240 in. The 
minimum distance, aside from those 
chosen by the very young, is about 48 in. 
The range of vertical viewing angles avail-
able with a 21-in, television set thus ranges 
from 3° upward to about 16 ° with a 
typical median value of 8°. 
Home motion-picture screens, accord-

ing to the latest issue of the Sears, Roe-
buck catalog, vary in height from 18 to 
52 in. Since the whole area of the screen 
is not always occupied by the image, a 
better index of the viewing angle is the 
vertical projection angle of the projection 
lens. The most popular types are the 1-in. 
lens for 8mm film and the 2-in, lens for 
16mm. The vertical projection angle of 
these lenses is, interestingly enough, 
equal to the typical television viewing 
angle, that is 8°. This means that the 
projectionist sits at a distance equal to 
7 times the picture height. Other mem-
bers of the family tend to line up on the 
optic axis of the system to get the maxi-
mum benefit of the directional properties 
of the screen. Unless the family group is 
large, the projectionist occupies the rear 
position. Accordingly, the range of ver-
tical viewing angles is from about 8° up-
ward. The minimum value of 3° en-
countered in television is rare in home 
motion pictures. 

The range of viewing angles in theaters 
is not markedly different. A survey of 13 
theaters in and near Philadelphia re-
veals the data listed in Table I. This 
shows that the minimum angle, in the 
rearmost seats, varies from 6 to 12 °, with 
an average of 9.5 °. The most popular 
seats, those chosen by the first patrons to 
enter the theater, are those just behind 
the center of the hall, from which the 
screen height subtends an angle of from 
11 to 22 °, an average of 17.5 °. The 
maximum angle, from the front seats of 
the theaters surveyed, ranges from 42 to 
75 °, the latter figure corresponding to 
viewing a 21-in, television screen at a 
distance of less than 1 ft. Here again the 
minimum viewing angles tend to be 
larger than those used with a 21-in, tele-
vision screen. 

Since motion pictures employ larger 
viewing angles than television, it may 
well be argued that color television needs 
a larger screen than the 21-in. variety. 
The increasing popularity of the 24-in. 
screen in monochrome sets bears this 
out. The limit is reached when the cabi-
nets fail to pass through standard-size 
doors. For this reason, progress toward 
larger color tubes must be accompanied 
by an increase in the deflection angle 
from its present maximum value of about 
70° to 90 °, as has occurred in mono-
chrome practice. Once these techniques 
have been worked out, the size of color 
television images can be expected to in-
crease moderately, to an upper limit 
set by the length of the average living 
room, perhaps to an image diagonal of 
27 in. Work toward such a tube seems 
justified by the data just presented. 
The third factor in the viewing situation 

is the ratio of the screen width to height 
(aspect ratio). Here professional motion 
pictures have recently proved that they 
are much more flexible than television 
and home motion pictures. The 4:3 
aspect ratio of television was derived 
from the prewar standard for motion 
pictures. Now that there are 35,000,000 
receivers in use, with picture tubes, 
mounts and cabinets geared to this ratio, 
there is a vanishingly small chance of 
changing it. Even if compatibility did not 
prevent such a change, there is some 
doubt that a wider screen would benefit 
television productions since the reduc-
tion in horizontal resolution might 
seriously degrade the image. A wide-
screen system for 8mm home motion 
pictures is doubtful for the same reason. 
A wide-screen system for home motion 

pictures is perhaps warranted with 
16mm film and can be achieved without 
basic changes in equipment. Wide-
screen images can be achieved by using 
wide-angle lenses in camera and pro-
jector, by cutting off the top and bottom 
of the image in the projector and by con-
fining the objects of interest to the cor-
responding area in the camera view-
finder. This procedure reduces the reso-
lution substantially below normal for 
the 16mm system but not below that of 
the 8mm system. In fact, if the twice-
normal aspect ratio of CinemaScope is 
used, the result is two 8mm pictures side 
by side. 
Motion-picture theaters are becoming 

increasingly committed to the wide 
screen. None of the 13 theaters surveyed 
had an aspect ratio smaller than 1.5 
(except those exhibiting foreign films) 
and the average was 1.96. The projection 
of standard 1.33 ratio film on such wide 
screens leaves much to be desired and 
there are those who will argue that the 
wide screen is a temporary manifestation. 
Resolution is indeed a problem, but 
there appears to be sufficient reserve in 
the 35mm system to satisfy most of the 
customers most of the time in this respect. 
And there is little doubt that the wide 
screen offers a wider scope of action and 
hence the display produces a greater de-
gree of realism in productions made 
especially for the larger aspect ratios. 
My guess is that some form of the wide 
screen for motion pictures is here to stay. 
Here we have the first example of a 

major weapon on the side of professional 
as well as amateur motion pictures: 
flexibility in system standards. Producers 
and exhibitors have found it feasible 
to equip cameras and projectors with 
anamorphic optical attachments, at 
trifling cost compared with the costs of 
talent and theater operation in general. 
Stereoscopic presentations can also be 
arranged, although it is now abundantly 
clear that the customers will not cooper-
ate by wearing cardboard spectacles. 
When a system requiring no such co-
operation is invented, there will be no 
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fundamental bar to its introduction in 
theaters. Television in contrast has 
proved many times that, for reasons of 
compatibility, its standards are inviolate. 
They may be added to, as in compatible 
color, but they may not be changed. 
The final item of comparison in the 

general viewing situation is the effect of 
ambient light and the screen surround. 
The control of ambient light in theaters 
has the advantage in that it makes pos-
sible presentations of high contrast, with 
a minimum of distraction from the sur-
roundings. But, according to lighting 
experts, the ambient lighting in most 
theaters is too low in relation to the 
brightness of the screen (Table I). 
Higher levels of general illumination are 
needed not only to make it easier for 
patrons to move about but also to mini-
mize the fatigue caused by too great a 
difference in brightness between the 
screen and its surround. When the sur-
round brightness is not less than one 
tenth the average image brightness, eye-
strain from this cause is avoided. The 
effect of the ambient on image contrast 
can be controlled by so arranging the 
lighting that it does not directly illumi-
nate the screen but does brighten the 
surround to the desired degree. 

In television viewing, high levels of 
ambient light are the rule in most house-
hold. To maintain contrast under these 
conditions, neutral density filters are 
used. In recent months, two such filters 
have become standard equipment in de-
luxe black-and-white receivers, one built 
into the tube faceplate (about 70% trans-
mission) and the other in the safety glass 
(about 50% transmission). To maintain 
brightness when two such filters are in-
troduced, the initial brightness of the 
phosphor image must be increased by a 
factor of 2.8. In exchange for this in-
crease, the reflected ambient light is re-
duced to 12% of the value it would have 
in the absence of the filters, and the over-
all effect is a potential increase in con-
trast range of about eight times. With 
such an arrangement, the televiewer can 
be just as lazy as he likes about drawing 
the blinds or lowering the lights. He 
gets good solid blacks under any reason-
able condition of ambient light. But this 
is possible only because the monochrome 
set designer has light to throw away. 

In color-television receivers, image 
brightness is so costly that only one 
neutral filter is used; this is a 70% trans-
mission faceplate. Control of ambient 
lighting is thus a more serious matter 
with a color receiver. Brighter images, by 
a factor of about three times, are needed 
before color sets can be said to be on 
a par in this respect with monochrome 
television practice. 

Photometric Properties 

The next category includes the photo-
metric properties of brightness, contrast 
and gradation. The brightness levels 

Table II. Characteristics of Color Television and Motion-Picture Systems. 

Color 
television 
(Note 1) 

8mm home 16mm home 
motion pictures motion pictures 

(Note 2) (Note 3) 

35mm 
motion pictures 

(Note 4) 

Vertical viewing angle: 
Minimum 
Median 
Maximum 

Screen dimensions: 
Aspect ratio: 
Highlight brightness: 
Contrast range: 

Large area 
Small area 

Resolution: 
Horizontal 
Vertical 
Product H X V 

3° 8° 8° 
8° 15° 15° 
16 ° 50° 50 ° 
14 by 18.5 in. 13 by 17.5 in. 13 by 17.5 in. 
1.33 1.33 1.33 
20 ft-L 15 ft-L 27 ft-L 

50-to-1 50-to-1 60-to-1 
20-to-1 10-to-1 20-to-1 

280 lines 230 lines 490 lines 
350 lines 230 lines 490 lines 
98,000 52,900 240,000 

9° 
17° 
58 ° 
16-25 by 23-60 ft 
1.4-2.5 
5-15 ft-L 

70-to-1 
30-to-1 

1000 lines 
1000 lines 
1,000,000 

Notes: 
1. Based on receiver employing 21-in, shadow-mask tube, 25-kv ultor voltage, 500 µamp peak beam 

current. 
2. Based on 8mm home projector, 750-w lamp, f/1.6 1-in, coated lens, 21-in, image diagonal, nondirec-

tional screen, 3 projection periods/frame. 
3. Based on 16mm home projector, 750-w lamp, f/1.6 2-in, coated lens, 21-in, image diagonal, non-

directional screen, 4 projection periods/frame. 
4. Based on data listed in Table I. 

achieved in the three systems are shown 
in Table I which gives actual measure-
ments of highlight brightness in the the-
aters surveyed, and in Table II which 
compares the performance of color tele-
vision and color motion pictures. 

It is customary to rate motion-pic-
ture projection brightness by measuring 
the screen with the projector running, but 
with no film in the gate. The SMPTE 
standard for theaters states that the 
screen brightness under these conditions 
shall be between 9 and 14 ft-L. The 
optical transmission of color film, in the 
clear portions corresponding to the high-
lights, is seldom higher than 60%. The 
corresponding highlight brightness levels 
in theaters are, therefore, 5 and 8 ft-L. 
The measured highlight levels in Table 
I fall in this range, although one of the 
smaller theaters reached 15 ft-L. Bright-
ness above about 20 ft-L is undesirable. 
since flicker begins to appear at this 
level at the standard motion-picture pro-
jection rate. 
Home projectors vary widely, accord-

ing to the wattage of the projection lamp. 
the f/ number of the projection lens, the 
size of the image and the directive 
properties of the screen. To make the 
appropriate comparison with color tele-
vision, measurements were made with 
two de luxe projectors having 750-w 
lamps and f/1.6 coated projection lenses, 
at an image size equal to that of the 21-in. 
television tube (diagonal 21 in.) pro-
jected on a flat-white nondirectional 
screen. The open-gate brightness of the 
8mm machine was found to be 25 ft-L 
and the corresponding highlight bright-
ness about 15 ft-L. The figures for the 
16mm projector were 45 ft-L open-gate 
and 27 ft-L highlight brightness. The 
higher figures in the 16mm case reflect 
the greater opportunity for efficient de-
sign in the larger optical system. 

Color television, as previously noted, 

is presently having trouble with high-
light brightness. Depending on the 
second-anode voltage and peak beam 
current built into the receiver, the high-
light brightness of a 21-in, image ranges 
from 15 to 20 ft-L. This matches the 8mm 
home projector, but falls short of the 
16mm projector. It also falls short of the 
peak highlight brightness of a typical 
21-in, monochrome set employing a 70% 
transmission, aluminized picture tube, 
which is typically 50 ft-L without ex-
cessive loss of focus. Unless and until 
color television receivers reach the 50-ft-L 
level, they cannot be said to meet the re-
quirements imposed by the ambient 
lighting levels in the average living room. 
Meanwhile, those possessing color sets 
must take care to control room lighting. 

Consider next the contrast range of 
color systems, that is, the ratio of the 
maximum brightness to the minimum 
brightness that can be present simulta-
neously in the reproduced image. The 
upper limit on contrast range in color 
motion pictures is imposed by the neutral 
density range of the film. According to 
Brewer, Ladd and Pinney,* a neutral 
density range of 3 is attainable in repre-
sentative color films. Since density is the 
negative logarithm of transmission, this 
means that the film proper can provide 
a contrast range of 1000 to 1. The den-
sity range of the color image as presented 
on the screen is typically 1.85, that is, a 
contrast range of about 70 to 1. This 
substantial reduction in the contrast 
capability of motion pictures is trace-
able primarily to lens flare in the pro-
jector; it emphasizes the importance of 
keeping the projector lens clean. Am-
bient light on the screen would further 
reduce the contrast range. 

* W. Lyle Brewer, John H. Ladd and J. E. 
Pinney, "Brightness modification proposals for 
televising film," Proc. IRE, 42: 174-191, Jan. 
1954. 
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Measurements made by the writer in 
theaters and on home motion-picture 
screens show that a maximum contrast 
range between large areas of from 50-to-1 
and 100-to-1 is attainable. The contrast 
between adjacent small areas is not so 
high, owing to halation and similar 
effects. At a resolution of 200 lines in the 
RETMA Resolution Chart, for example, 
the measured contrast in an image pro-
jected from 16mm reversal Kodachrome 
film in a typical home projector was 
found to be only 10-to- 1. 
The contrast attainable in color-

television images today is somewhat 
lower than that of professional motion 
pictures. Ladd and his colleagues assign 
a luminous range equivalent to a neutral 
density of 1.3 to a color-television sys-
tem employing a shadow-mask tube. 
This is a contrast range of 20-to- 1. The 
measurements on which this value was 
based were made in early 1953, and a 
great deal has happened to color tele-
vision in the meantime. In particular, 
higher peak brightnesses have been ob-
tained, without corresponding increases 
in the shadow brightness, so the attain-
able contrast has risen appreciably 
since 1953. Recent measurements on a 
21-in, shadow-mask tube show a large-
area contrast of 50-to-1 and a small-
area contrast of 20-to- 1. In other work, 
large-area contrasts as high as 100-to-1 
have been measured in the absence of 
ambient light. 

It thus appears that color television 
and color photography are not widely 
dissimilar in their contrast properties, so 
far as the system apparatus is concerned. 
The difference lies rather in the degree 
to which the effects of ambient light are 
controlled. In motion pictures, the re-
flecting screen does not distinguish to 
any great degree between image and am-
bient, so that control of the ambient 
light is a prime necessity despite its 
high cost to the comfort and convenience 
of the viewer. In television, the image is 
transmitted rather than reflected to the 
viewer, so that discrimination against the 
ambient is possible to any desired degree, 
subject only to the amount of light the de-
signer can afford to throw away in neu-
tral filters. In the long run, therefore, it 
appears that color television has the 
advantage in that it can offer images of 
high contrast without special measures 
to darken the room. But, as we have 
already noted, this desirable state of 
affairs waits on the development of pic-
ture tubes having many times the high-
light brightness presently attained. 
The third item in image photometry is 

tonal gradation, that is, the distribution 
of brightness among the shades of gray 
in the image, relative to those in the 
original scene. This is tested by photo-
graphing or televising a step tablet, that 
is, an array of gray patches arranged in 
increasing steps of luminance. Here we 
encounter the fact that neither television 

nor photography can cover the range of 
brightness inherent in average outdoor 
scenes. Hence in reproducing such 
scenes, compression of the highlights or 
shadows is inevitable if the intermediate 
grays are reproduced in direct proportion 
to the original scene values. 

Indoor scenes are more amenable to 
control. In motion-picture studio work, 
it is customary so to control the illumi-
nation that the most brightly lighted part 
of the set receives no more than four 
times the light falling on the most dimly 
lit part. In color-television studios, the 
illuminance ratio is held to about 2-to-1 
wherever possible. These illuminance 
ratios, combined with the fact that a 
typical white object has about 20 times 
the reflectance of a black object, keep 
the scene contrast within about 80-to-1 
in motion-picture work and 40-to-1 in 
television. Since these contrast ranges 
can in fact be reproduced on the viewing 
screen, under properly controlled view-
ing conditions, strictly proportional por-
trayal of the gray scale is practical and 
desirable. This implies an overall transfer 
gradient (gamma) of the system close to 
unity. 
Some compression does in fact occur, 

in both color photography and color 
television, in the darkest parts of the 
image, with resulting loss of detail and 
texture in the shadows. But this effect is 
not prominent in the overall subjective 
evaluation of the image since shadow de-
tail is commonly degraded in direct vision 
by the adaptive mechanism of the eye. 
When the contrast range of the scene 

fits the contrast range of the reproducer, 
we have met only the first condition for 
correct rendition of tonal values. Another 
evident requirement is that the lumi-
nance of a particular portion of the image 
shall remain fixed when the luminance 
of the corresponding portion of the scene 
is fixed, regardless of what happens to the 
luminances of the other portions of the 
scene. In particular, the level of sub-
jective black in the image should not shift 
to gray merely because an actress wear-
ing a dark dress walks on the scene, nor 
should shadow detail in the image dis-
appear altogether when the studio light-
ing is raised from a low value. 
These degradations of tonal reproduc-

tion occur all too frequently in television. 
In motion pictures they do not occur be-
cause there is actually no mechanism in 
photography whereby the luminance of 
one object can be made to shift merely 
by a change in the luminance of another 
object. Speaking in electronic terms, it is 
the nature of the photographic beast to 
be direct coupled, from scene to negative, 
negative to print and print to viewing 
screen. In television, there is unfortu-
nately a substantial opportunity for such 
luminance shifts to occur. Electrically, 
the error arises from an incorrect value 
of the d-c component of the video signal 
applied to the color television tube. 

Most television cameras and all tele-
vision transmission circuits are capaci-
tively coupled, which means that the 
average ordinate of the signal remains 
constant, regardless of changes in the 
average illumination of the scene. 
Special measures must therefore be taken 
to insert and reinsert the correct average 
level. The burden first falls on the studio 
operator, who inserts the d-c component 
manually, by direct observation of the 
studio in relation to a monitor image. 
Necessary tolerances in the operation 
of studio equipment and in the ensuing 
transmission process over the network re-
quire that the system be permitted to err 
in this determination by as much as 10% 
of the maximum tonal range of the signal. 
The burden is taken up, secondly, in the 
d-c restoration circuits of the receiver. 
D-c restorer circuits of economical de-
sign (diode peak detectors) are not per-
fect in their action, even with a strong 
signal, and they fail badly when the noise 
level is high. 
The net result of these impediments is 

that d-c restoration has been almost en-
tirely abandoned in monochrome-tele-
vision receivers. This means that the 
average brightness of the image is con-
trolled only by the brightness control 
knob of the receiver, not by the average 
brightness of the scene. This seriously 
affects the tonal reproduction of the 
system as a whole, since every luminance 
tends to shift so as to keep the average 
brightness constant. For example, every 
fade to black at the studio comes out as 
a fade to an average gray on the receiver 
screen. Televiewers have learned to live 
with this sort of reproduction, but if 
they are critical of such matters, they 
know every motion-picture performance 
they ever saw was far ahead of television 
in this respect. 
The situation is somewhat better in 

color-television receivers. Here, at least 
up to the time of writing, d-c restorer 
circuits are included since it is almost 
impossible to maintain white balance 
and correct colorimetry in a 3-gun tube 
without them. How long this advantage 
will be maintained rests with the future, 
particularly the future economy of the 
television manufacturing business. Be-
cause d-c restorer circuits cost money, 
they will very probably be removed from 
color sets just as soon as their removal 
can be shown to do no more harm to a 
color receiver than it does to a mono-
chrome set. 
Here again we have a technical ad-

vantage on the side of photography. 
Correct tonal gradation is available with-
out extra cost in motion-picture systems, 
since it appears as a by-product of cor-
rect exposure and processing which are 
seldom more expensive than incorrect 
exposure and processing. In television, 
correct tonal gradation is not to be had 
without extra cost. Good d-c restoration 
performance adds perhaps ten dollars to 
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Fig. 1. CIE chromaticity diagram show-

ing representative color gamuts covered 

by television and film (Courtesy W. Lyle 

Brewer, John H. Ladd and J. E. Pinney, 
"Brightness modification proposals for 

televising film," Proc. IRE, 42: 174-191, 

Jan. 1954). 

the list price of a television receiver, and 
if the good performance of the circuit 
is maintained in fringe areas, another 
five or ten dollars may be added. So 
its future in color receivers is highly prob-
lematical. Once d-c restoration is re-
moved from receivers, the studio opera-
tor will realize that he doesn't need to 
make a special effort to set black level 
accurate to within a few per cent be-
cause the customer cannot tell the differ-
ence. The advantage of color motion 
pictures over color television in tonal 
reproduction will become, at this stage, 
a permanent matter. 

Colorimetric Properties 

Turning now to the coloriznetric prop-
erties of the color systems, let us con-
sider first the gamut of hues and sat-
urations that can be covered by the 
dyes used in color motion-picture pro-
jection prints compared with that of the 
phosphors used in color television pic-
ture tubes. Hues and saturations are 
shown conveniently on the CIE chro-
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maticity diagram. Such a diagram ap-
pears in Fig. 1, taken from Brewer, 
Ladd and Pinney, where hues are meas-
ured by the angle around the white 
point C' and saturation increases radially 
from that point. The solid-line triangle on 
this chart shows the gamut covered by 
the receiver primaries assumed as typical 
and attainable in the NTSC color signal 
specification. The broken-line figure 
bounds the corresponding gamut for a 
typical dye system used in motion-pic-
ture projection prints. The most impor-
tant fact is that these two figures cover 
very nearly the same ground. Television 
can reach more highly saturated greens 
than can film, film slightly more satu-
rated blues, reds and purples than tele-
vision. But these are minor differences, 
especially since the eye is not critical of 
errors in saturation at these extremes. 
Much more important is a difference 

which the color triangle in Fig. 1 hides, 
namely thelimits on luminance that are 
imposed by the respective systems in the 
highly saturated colors. To show the 
luminance range, it is necessary to con-
sider a 3-dimensional solid in color 
space, of which Fig. 1 is merely the top 
view. Three sections taken through this 
solid are shown in Fig. 2. At the left is a 
slice through the solid from magenta to 
green, shown from left to right, and with 
increasing luminance upward (corre-
sponding to decreasing density upward); 
the middle slice is from cyan to red; the 
slice at the right from yellow to blue. 

In each case we find that at high levels 
of luminance, below an equivalent 
density of about 0.5, the television sys-
tem is capable of producing more highly 
saturated colors than is the motion-pic-
ture system. This is explained by the 
fact that each of the film dyes absorbs in 
regions outside that of its major absorp-
tion. 
Here is a weapon in the hands of the 

television engineer. He can make more 
vivid (more highly saturated) bright 
colors than can his brother in the photo-
graphic art. To show this fact in another 
way, we can take a horizontal slice 
through the color solid at the 0.5 level of 
density, as shown in Fig. 3. Here the 
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Fig. 3. Color gamuts bounded by 

a density of 0.5. 

inner figures represent the performance 
of the photographic dyes, the triangle 
that of the television phosphors. 

It must not be inferred from this that 
the television system has no trouble in 
reproducing highly saturated colors at 
high luminance. Such colors are trans-
mitted by chrominance signals of high 
amplitude which may not be properly 
handled in the system. The signal for 
yellow at maximum luminance, for ex-
ample, actually exceeds the amplitude 
range of the transmitter and must be 
clipped off, resulting in reproduction at 
lower saturation. Moreover, the demand 
on the transmitter for high-saturation, 
high-luminance colors varies widely ac-
cording to the system of gamma cor-
rection adopted, and the gamma-correc-
tion standard is at the moment indefi-
nite. Nor must it be inferred that the 
superior ability of color television to deal 
with highly saturated bright colors is an 
overwhelming advantage, since such 
colors are not prominent in nature and 
hence are seldom presented to the 
camera. But, in a side-by-side compari-
son, it is a fact that television has an 
advantage over motion pictures in the 
rendition of bright vivid colors, when use 
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Fig. 2. Three sections of the color solid showing density and saturation. These correspond to the traces shown in Fig. I. 
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Fig. 4. Relationship between exposure 
and density in typical reversal color 

film processes. 

is made of the full capabilities of the re-
spective media. 

Referring again to Fig. 2, it should be 
pointed out that the data shown indicate 
that the motion-picture system has a 
greater density (contrast) range than 
television and hence is capable of ren-
dering a higher degree of saturation at 
low brightness than is the television sys-
tem. Since recent improvements in the 
contrast performance of color tele-
vision tubes have more nearly equalized 
the contrast range of the two media, the 
outlines in Fig. 2 are somewhat mislead-
ing. In any event, high saturation is of 
particular importance in the higher lu-
minance ranges, much less so in the shad-
ows. In consequence, the upper regions 
in Fig. 2 are the significant ones, and 
they indicate a definite superiority for 
color television when highly saturated, 
bright colors are to be reproduced. 
The next item in colorimetry is the 

ability of the systems to reproduce the 
gray scale without introducing color 
tints at any of the luminance levels. 
White and gray are reproduced by mix-
ing definite proportions of the repro-
duction primary colors, and this pro-
portion must be maintained precisely, at 
all levels of luminance, if the repro-
duced gray scale is to be truly neutral 
in color. Stated differently, the transfer 
characteristic relating intensity of a 
primary color before the camera to in-
tensity of the same primary on the re-
ceiver screen must have the same shape 
as that for the other two primaries. 
To reproduce a tintless gray scale, it is 
not necessary that the transfer curves 
be straight lines (gamma unity); but 
the three curves must have the same 
shape. (To reproduce a mixture color 
other than gray, the gamma of the sys-
tem should be close to unity, in order to 
preserve the specific proportions of the 
primary colors at all levels of luminance.) 

In this matter of primary-color trans-
fer, the curves shown in Fig. 4 show the 

relationship between exposure and den-
sity in the cyan, magenta and yellow 
dyes in a typical reversal color film proc-
ess. The three curves are closely simi-
lar in shape. One would expect, there-
fore, that the gray scale reproduced on 
such film would display a high degree of 
neutrality throughout the full range of 
luminance demanded of the system. 
This expectation is realized in 16mm 
Kodachrome shots of the RETMA 
Resolution Chart. 
The color-television receivers now 

available to the public (as of early 1955) 
do not perform so well in this respect. 
The difficulty lies in the fact that the 
three electron guns of the shadow-mask 
color tube used in such receivers are 
operated in dissimilar fashion. The red 
phosphor is substantially less efficient 
than the green and blue phosphors, so 
the red gun is operated at its maximum 
current capability while the other two 
guns are backed off to produce the proper 
white balance. Under these conditions, 
it is very difficult to secure similarly 
shaped transfer characteristics for the 
three primaries. The grid biases of the 
guns are adjusted to obtain as good a 
match as possible, but in most color sets 
a shift in the color of the raster is clearly 
evident as the brightness control is ro-
tated through its full range. This effect 
is difficult to avoid when a 3-gun tube is 
operated so as to attain maximum 
brightness. Eventually the quality of the 
televised gray scale will match that of 
the photographed gray scale, but further 
development is needed. 
Another colorimetric requirement is 

uniformity of color over the area of the 
image, commonly referred to as "flat-
field" uniformity. This may be tested in 
photography by exposing the film to a 
uniform white area and placing optical 
filters of various colors in succession in 
front of the lens. (During the oral de-
livery of this paper a 16mm Kodachrome 
film was projected to show flat color 
fields taken in this manner. There was 
very little evidence of color nonuniform-
ity, either as a function of position over 
the image area or as a function of time.) 

Color shifts with time are, in fact, often 
detectable during the running of color 
films in theaters. For example, flesh 
tone may change from pale to ruddy and 
back again within a few seconds as a re-
sult of minor variations in exposing, 
printing or processing the corresponding 
frames of the film. Usually such effects 
are hidden by the changes in illumination 
that accompany motion of the subject or 
camera. Those technicians who enjoy 
looking for the cue marks at the end of 
each reel may further amuse themselves 
looking for such color shifts, particularly 
between successive reels, during their 
next visit to the local motion-picture 
theater. A print that does not show them 
has been very well printed, even by mod-
ern standards. 

Color nonuniformity is present to a 
considerably greater degree in the 3-gun 
color tube. One cause, which may be 
built permanently into the color tube, is 
localized lack of balance in the effi-
ciency of the three sets of phosphor dots. 
Close inspection of a color tube, illumi-
nated by a blank white raster, will show 
some of this effect in the form of slight 
color tints in certain areas of the screen 
which appear irrespective of other ad-
justments of the receiver components. 
Another cause is misadjustment of the 
color purity coils or magnets, which 
allows the electrons from one gun to 
stray onto the phosphor dots assigned to 
the other two guns. Malfunctioning of the 
circuits — for example, poor 15-kc re-
sponse in one of the primary-signal video 
amplifiers — can produce the effect. 
Finally, localized unbalance in the photo-
sensitivity of the three camera tubes used 
in the color camera can, and all too of-
ten does, contribute a major share of 
nonuniformity. Since there are so many 
possible sources of this difficulty in color 
television, we must assign the superior 
position in color uniformity to motion 
pictures. 

Next, consider the reference-white 
question. The axiom in color studios is: 
Use film balanced for the white light 
used in the studio, take care with the 
flesh tones and trust your luck for the 
rest. The first step, balance for white. 
has led to the double inventory problem 
in vending color film to amateurs. One 
type of film is balanced for average day-
light and is used out of doors; the other 
(Type A) is balanced for tungsten light 
and is intended for shots under artificial 
illumination. The color film enthusiast 
does not live who has never made a 
mistake in keeping his film and his 
illumination straight. Using the wrong 
film, or the wrong filter, with the illumi-
nation actually on hand is, in fact, one of 
the standard initiatory rites into the 
sacred precincts of the domestic color 
motion picture. 
Here the amateur motion picture 

comes off second best, because the color 
balance has to be built into the film, and 
only two conditions can be accommo-
dated in the commercial distribution 
system. Professional motion pictures are 
somewhat more flexible. 

Color television has almost unlimited 
flexibility in this respect, since manual 
adjustments in the studio can balance the 
camera for a wide variety of studio 
illuminations, assuming proper gamma 
correction. Strangely enough, not until 
the NTSC was finished with its delibera-
tions on the compatible color standard 
was it realized that permission to make 
such adjustments had not been written 
into the proposed standards. Such 
rigidity would have had the effect of 
forcing the broadcaster to use a daylight 
taking characteristic with tungsten light. 
which might have been just as disruptive 

34 



as taking Kodachrome Type A film off 
the market. The omission was forthwith 

corrected, and the final standard reads: 

"The radiated chrominance signal shall 
vanish on the reference white of the 

scene." This correction put the technical 
director of a color-television production 

back in business. The fact that the color-

camera taking characteristics are capable 
of electrical control is a blessing, but not 

an unmixed one. The balance knobs are 
there; but it takes some fortitude to keep 
one's hands off them, once the white 
card has been held before the camera and 
the balance has been set. 

Finally, in this discussion of colorim-
etry, consideration may be given to 
errors of chromaticity transfer introduced 
by the respective systems. Here it is diffi-
cult to make a precise comparative as-
sessment, except to acknowledge that the 
motion-picture people have been worry-
ing about this problem for twenty years 
longer than their television brethren and 
are therefore presumably in the lead. 

Errors of chromaticity are shown by 
arrows in the CIE chromaticity diagram. 
One end of the arrow shows the hue and 
saturation presented to the camera, the 
other end the corresponding hue and 
saturation presented to the viewer. So 
long as these arrows are small compared 
with the dimensions of MacAdam's 
ellipses of least perceptible color differ-
ence, the system is above reproach from 
the scientific point of view. But in an 
artistic medium, such accurate rendition 
of hues and saturations is often positively 
undesirable. To create the illusion of 
reality, or to improve on reality, most 
producers and directors of professional 
color motion pictures strive for some sort 
of controlled distortion of chromaticity 
transfer. When one tries to assess the 
validity of the distortion, one quickly 
finds oneself in an argument with an 
artist, which is entirely unprofitable. 
Producers and directors of color tele-
vision shows have the same problem and 
attack it in the same way, with the same 
disregard for Robert's Rules of Order. 
The distinction between television and 

motion pictures is the degree of control 
available in the distortion of chroma-
ticity. Here photography wins, at least 
for the time being. The manufacture of 
film and its processing are much more 
standardized than are the corresponding 
processes of signal generation and trans-
mission in color television. For example, 
the vagaries of electronic gamma correc-
tion are real, honest vagaries at present. 
So the producer of motion pictures more 
often sees what he wants, in the color 
values displayed by release prints, than 
does the producer of color television on 
the monitor screen. Time will bring the 
two media closer in this most important 
matter of pleasing color rendition; but 
as of now the burden of rapid progress is 
definitely on the television engineer. 

Image Structure 

We come now to the differences among 
the systems in the structure of the images 
they provide. The first. item is resolution, 

one of the few matters on which reason-

ably specific numerical comparisons can 
be made. We shall take as the basis of 

comparison the standard definition of 
television resolution, namely, the maxi-
mum number of adjacent black and 
white lines that can be discerned in a 
distance equal to the height of the 
image. (This is twice the number of lines 
as defined in optical measurements.) 

Experience abundantly confirms that 
the resolution of black-and-white tele-
vision is limited by the system standards 
to about 350 lines vertically, and to about 
320 lines horizontally. In compatible 
color, assuming that registration of the 
primary images is not at fault, the cor-
responding figures are about 350 lines 
vertically and about 280 lines horizon-
tally. The 12% degradation in horizontal 
resolution in the color system is imposed 
by the restricted bandwidth available for 
the luminance, necessary to accommo-
date the chrominance signal. 
The resolution of a typical amateur 

home motion-picture system, using Ko-
dachrome reversal film, has been meas-
ured by the writer in a manner strictly 
analogous to the television case by photo-
graphing the RETMA Resolution Chart, 
projecting the processed film and reading 
the resolution wedges on the resulting 
image. Care was taken with focus of 
camera and projector, and it is believed 
that the results fairly represent the capa-
bilities of the home motion-picture sys-
tems. Results: the 16mm system has a 
resolution of about 490 lines, vertically 
and horizontally; the 8mm system about 
230 lines. We thus find that the color 
system falls between the film systems, 
rather nearer the 8mm level than the 
16mm. This finding will be subject to 
argument from many quarters; it is 
typical rather than definitive. But the 
writer feels that reading the wedges as 
one finds them is worth a pound of 
theory. If the numbers are correct, the 
directors of color television spectaculars 
can get much valuable (and sobering) 
practice by taking up 8mm color motion 
pictures as a hobby. (The final section 
of the 16mm film projected at the con-
vention illustrated the resolution capa-
bilities of the system.) 

Professional motion pictures using 
35mm film with the 4 : 3 aspect ratio are, 
on the same basis, capable of 1000-line 
resolution. There is some degradation 
when, as is usual, the release print is 
made by the imbibition (Technicolor) 
process owing to minor losses of resolu-
tion in registering the dye images. Fur-
ther degradation occurs when the image 
is anamorphically expanded, as in the 
CinemaScope process, which lowers the 
horizontal resolution by a factor of 

approximately two. The Vista Vision 
process of exposing (and, in large the-
aters, projecting) the 35mm film twice as 
fast as normal, and thus getting more 
than twice the area per frame, more than 
meets the resolution needs of the wide 
screen. It is perhaps pointless to pursue 
the matter beyond this point. Professional 
motion pictures win easily on resolution, 
compared with the other color systems. 
The only competition they have is that 
provided by other professional motion-
picture systems. 

Closely related to resolution is the 
rendition of texture. This is not merely 
the difference between rough and smooth. 
It includes such subtle distinctions as the 
sheen of metals, variations in the weave 
and surface treatment of textiles and im-
pressions conveyed by small highlights. 
It appears that high resolution is not so 
important in reproducing texture as is 
high contrast range in small areas. A 
color display capable of reproducing 
the highlights on the eyeballs of an actor, 
for example, gives an impression of 
realism lacking when highlight compres-
sion is present. Similar contrast distinc-
tions in the shadows are essential to de-
picting the texture of coarse woven sur-
faces. Both television and photography 
have sufficient contrast range for this, but 
tonal compression is more prominent in 
television. This fact, coupled with higher 
resolution, gives the superior position in 
reproduction of texture to professional 
motion pictures. 
The sharpness of reproduced images is 

limited fundamentally by the hetero-
geneous nature of the fine structure of the 
image. In photography, assuming that 
no limit has been imposed by the optics 
of exposure, printing and projection, 
sharpness is limited by the graininess of 
the emulsions and dyes used. Photo-
graphic graininess is affected by the proc-
essing conditions as well as the density 
of the film. But graininess has at least 
the simplicity of being a quantity specifi-
cally associated with a given type of film 
stock and its processing. 
The corresponding heterogeneous 

quantity in television, noise, is more in-
volved. If noise were totally absent, the 
sharpness of television images would be 
limited by the scanning apertures of 
camera and picture tube, and by the 
amplitude and phase responses of the 
transmission system. Needless to say, 
television images are never entirely free 
of noise. For one thing, color cameras 
require from three to five times as much 
light as monochrome cameras for the 
same signal-to-noise ratio. This means 
that extra lighting has to be installed in 
converting a studio for color productions. 
Additional lighting sufficient to over-
come camera noise under all conditions 
is hardly justified, even if it were possible. 
So close inspection of color monitor 
images usually shows camera noise at 
luminance levels below middle gray. 
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If this were the end of it, there would 
be little cause for complaint. But at 
every succeeding stage in the transmis-
sion process up to the transmitting an-
tenna, designers of equipment have 
necessarily contented themselves with 
noise figures less than perfect. The 
RETMA standard for noise in transmis-
sion amplifiers and relay amplifiers is no 
help. Neither is the FCC standard on the 
same subject. Both standards, in fact, 
are entirely nonexistent. In general, 
it is considered good if when the pic-
ture signal leaves the transmitter, it 
has a video signal-to-noise ratio, peak 
white to root-mean-square noise, of 
better than 40 db ( 100-to-1 voltage 
ratio). 

Possibly such noise performance is 
good enough, but its visible effect is sub-
stantially greater than that of the grain 
in the average Technicolor release print, 
so here again photography wins. 

Progress in this line is particularly diffi-
cult for television engineers, because a 
large and increasing segment of the tele-
vision audience lives more than 20 miles 
from the transmitter, and/or uses an 
indoor antenna, and/or is located in a 
natural or man-made canyon below line 
of sight—all of which conditions bring 
into prominence the noise introduced by 
the television receiver itself. 
To serve this segment of the audience, 

designers of television tuners have been 
in quest of the lowest possible noise figure. 
In 1947 figures ranged from 15 to 25 db, 
but the vhf tuner of today hits better 
than 10 db, and 6 db is a good bogey 
figure. On some channels, some tuners 
actually go to 3 db, which is very, very 
good (such a tuner adds noise power to 
the signal passing through it to the ex-
tent of only two times the level of thermo-
dynamical perfection). Uhf tuners are 
worse than the vhf variety, by 6 db in a 
good tuner, by more like 10 db in the 
average uhf tuner produced in the past 
two years. 
The general introduction of good noise 

figures in receivers has meant that a 
very much larger portion of the audience 
gets reception uncontaminated by re-
ceiver noise, and a great many more 
square miles within which a recognizable 
image is receivable are added to the 
coverage of the station. The television 
industry is so conscious of this problem 
that continued effort can be confidently 
anticipated. 

It must be admitted that the noise 
problem in television is fundamentally 
different from the grain problem in 
photography. The home motion-picture 
addict gets his grain given to him by 
experts; so does the theater exhibitor. 
But the owner of a television set finds a 
layman, himself, in the act. Ignorance of 
the causes and effects of noise in tele-
vision reception is widespread. The en-
gineers cannot force the owner in an 
outlying district to put up a better an-

tenna, or to move in closer to town. 
Therefore, noisy pictures are all too 
common in the major part of the area 
claimed as served by the broadcasters. 
Fortunately, this part of the area is 
sparsely populated; the majority of tele-
viewers can get pictures free of receiver 
noise as long as they confine their atten-
tion to local stations. This fact justifies a 
lot of work on camera and network noise. 
We in the United States can well afford 
to adopt the high standard set by the 
British Broadcasting Corp. in the matter 
of noise introduced prior to radiation of 
the signal. 
The next topic under image structure 

is geometric distortion. In photography, 
the dimensions of the scene, as focused 
within the camera, are reproduced on the 
viewing screen in correct proportion 
unless very special means are taken to 
prevent it. It is possible to use lenses or 
shooting angles to distort perspective. 
But whatever are the shapes of things as 
the image lands on the negative, just so 
are the shapes as they fall on the viewing 
screen. 

In television the situation is almost re-
versed. It is not too strong to state that 
the shapes of objects on the television 
viewing screen are not in correct propor-
tion to those focused on the camera tube 
unless very special means have been 
employed to make them so. This trouble 
arises from the necessity of analyzing the 
image into the vertical and horizontal 
components of scanning. Unless the ve-
locities of scanning in the receiver match 
the corresponding velocities in the camera 
geometric distortion occurs. Result: 
Circles appear as circles in film reproduc-
tion, but they all too often have the shape 
of an egg in television reproduction. 

This problem has been recognized for a 
long time, and it must be acknowledged 
that the major stations and networks are 
taking a great deal more trouble with 
linearity of camera scanning than they 
did ten years ago. Friends in the network 
headquarters assure us that most camera-
scanning systems have a positional lin-
earity error under 2% (that is, the posi-
tion of the picture elements never de-
parts from the correct position by more 
than that amount, except accidentally 
and in emergencies). 

Receivers do not fare so well. It ap-
pears, in fact, that horizontal scanning 
circuits as presently designed have posi-
tional linearity errors on the order of 4% 
(corresponding to scanning velocity 
errors of 10% or more). This is not to say 
that better linearity is not achieved in 
particular cases; it is to say that the 4% 
figure is accepted as a design objective. 
Nor is this designer's choice an arbitrary 
one. Careful study of the problem has 
shown that the means to improve hori-
zontal linearity to the level of excellence 
now offered by the broadcasters are so 
expensive in components and power con-
sumption that they are not justified in 

the highly price-competitive atmosphere 
of the television receiver industry. 

These remarks apply to monochrome 
broadcasting and reception. In color 
television, since the camera has three 
camera tubes whose scanning systems 
must match each other with great pre-
cision, adjustments and operating pro-
cedures are available for a substantially 
improved grade of scanning linearity. 
Moreover, in studios where live color 
programs are produced, it appears that 
the standard is high in this respect. In 
color receivers of the type currently 
available to the public, however, there is 
no particular need for extra care in the 
scanning circuits, and the performance is 
not noticeably better than that of black-
and-white receivers. The conclusions arc: 
Photography inherently preserves the 
shapes of objects; television tends to dis-
tort them, and the burden of correcting 
this situation lies principally with the de-
signer of the receiver scanning circuits. 

Consider next the principal color error 
in the structure of the image, that is, 
misregistration of the primary colors. 
In monopack film, there is no chance for 
this error to occur, so the typical amateur 
color motion picture is distinguished by 
substantially perfect registration. Pro-
fessional motion pictures taken by color 
separation negatives offer an opportunity 
for misregistration; so also do release 
prints made by the imbibition process. But 
the fact is that the registration problem in 
these processes has been taken in hand and 
solved by the designers and operators of 
the equipment. Prints having such errors 
simply are not released to the exhibitors, 
at least to judge by critical examination 
of the product now showing in theaters. 

Registration errors do occur in color 
television, so much so that the writer has 
to date never seen a live color broadcast 
that was completely free of them. The 
problem at the studio lies in keeping the 
rasters of the three camera tubes precisely 
alike in width and horizontal centering, 
height and vertical centering, angular 
orientation, vertical linearity and hori-
zontal linearity. Color film televised by 
the flying-spot method gets around this 
difficulty, since only one source of light, 
the scanning spot, is used. A similar cor-
rection-in-principle is needed to remove 
the problem in live cameras; what is 
needed is a single-gun color camera tube. 

In receivers using the shadow-mask 
color tube, misregistration comes from 
another cause known as convergence 
errors. These may be simply described 
as excessive differences in the angles at 
which the three beams pass through a 
given aperture in the shadow mask, 
which arise from the fact that the three 
beams do not originate from the same 
point. Dynamic correction is used to 
bend the beams so that at the edges of the 
picture they appear to have originated 
from the same sources as at the center of 
the image. As the maximum deflection 
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angle has increased from 50 ° in the early 
tubes to about 70 ° in the latest version, 
the problem has become worse, and 
more sophisticated convergence correc-
tion methods have become necessary. 
When in good adjustment, the conver-

gence correction system keeps misregis-
tration down to a small amount, say 
about in. in a 21-in. tube. But exact 
registration, all over the face of the tube, 
appears to be practically unattainable, 
as anyone who has wrestled with conver-
gence correction while observing a dot 
pattern can testify. Misregistration of 
this amount is readily tolerated when 
viewing a color image from the normal 
distance, but it does detract from the 
overall excellence of the image when 
black-and-white programs are viewed 
on the color tube. What is needed to cor-
rect the situation is a color tube free, 
in principle, of convergence errors. Con-
clusion: On excellence of registration, 
score one for photography. 
The final comment on the relative 

structure of the color images relates to 
the simultaneous utilization of the whole 
area of the motion-picture frame, com-
pared with the sequential nature of tele-
vision scanning. Since the television 
image is composed of two sets of lines 
laid down alternately, two minor de-
fects of image structure are present: 
virtual pairing of interlace and jagged 
edges of vertical boundaries. These are 
visible on close inspection, even if the 
scanning system is otherwise faultless, 
whenever the eye moves in following the 
motion of the image or as any other mo-
tion of the head occurs. For example, the 
difference between scanning and area-
type displays is never more evident than 
when the viewer is eating peanuts. This 
pastime has little effect on the appear-
ance of a motion-picture image; but the 
chewing motion moves the head suffi-
ciently to cause the television image to 
appear to move about, in localized bumps 
and grinds. If you have never noticed 
this, try it at the next opportunity. 
Peanut brittle is an appropriate confec-
tion for the purpose. 

Image Continuity 

We come to the last of our categories, 
the differences in the apparent continuity 
of motion and illumination inherent in 
the frame repetition rates of the three 
systems. Home motion pictures are ex-
posed at 16 frames/sec., professional 
motion pictures at 24/sec. and color 
television at 30/sec. As these numbers 
suggest, television outperforms the color 
motion-picture systems, particularly the 
home motion-picture system, when it 
comes to fusion of motion. Actually tele-
vision has a further advantage in that 
each frame is divided into two fields, 
which are separately exposed and repro-
duced, and the motion in the image is 
thus cut up into 60 segments/sec. Pro-
fessional motion pictures have only 24 

such segments; the shutter action in the 
projector (which projects each frame 
twice) is helpful only in removing flicker, 
not in smoothing out fast motion. 
The camera operator in television thus 

has substantially less stringent limitations 
in the speed with which he can pan the 
camera, compared with the motion-
picture cameraman. The wide screen 
adds to the problem because there is cor-
respondingly more ground to be covered 
in the horizontal direction. In fact, it is 
my observation that the outstanding 
technical shortcoming of wide-screen 
motion-pictures is the jerkiness of motion 
apparent when an actor moves across the 
full width of the screen at an above-
normal pace. In the older "narrow-
screen" productions, panning of the 
camera would have been used to transfer 
the jerkiness from actor to background. 
This camera technique is apparently not 
popular in wide-screen productions. 

Continuity of illumination, that is, 
control of flicker, is also heavily stacked 
on the side of television by its high repeti-
tion rate. Here the appropriate numbers 
are 60 fields/sec for television, 48 screen 
illuminations/sec for professional mo-
tion pictures. Since the threshold of 
flicker is a logarithmic function of bright-
ness, the permissible screen illumina-
tions in the two systems are widely dif-
ferent, typically 180 ft-L for television 
and 20 ft-L for professional motion pic-
tures. In home projectors, the screen is 
illuminated three times per frame (typi-
cal of 8rrun projectors) or four times per 
frame (used in some 16nun machines), 
making flicker rates of 48 and 64/sec, 
respectively, when the film is run at the 
standard rate of 16 frames/sec. The 
home projector thus approximates or 
exceeds professional motion pictures in 
flicker performance. 
These brightness limits of television 

and motion pictures are closely related to 
the viewing conditions discussed at the 
beginning of this paper. Screen bright-
ness less than 20 ft-L is the rule in motion 
pictures, not only because it is difficult 
to make large images brighter than this, 
even with the most powerful light sources, 
but also because of the flicker problem. 
Television can handle any image bright-
ness likely to be demanded indoors, 
without fear of flicker. 

Both television and the motion pic-
tures have passed the day when the sta-
bility of the frame as a whole was a serious 
problem. Worn sprocket holes and mis-
adjusted claws are, of course, always a 
potential source of jitter. Optical mis-
alignment can cause weave in the im-
mobilizer type of projectors used in 
flying-spot scanners. But ordinary care 
of film and alignment suffices to produce 
completely steady projection, even on 
amateur equipment. In television, raster 
stability is a function of horizontal and 
vertical synchronization circuits. These 
have been so improved during recent 

years that the raster remains steady even 
when the signal is so weak that the pic-
ture can barely be discerned against the 
noise. Critical friends who view motion 
pictures regularly say that film jitter is by 
no means totally absent and state that 
television is superior in this respect. Ac-
cepting this judgment, we give the edge 
to television in the matter of frame 
stability. 
The final item under image continuity 

is color break-up, that is, the appearance 
of separately colored images when an 
object is in rapid motion. This effect 
cannot appear when all three primary 
images are present simultaneously in 
camera and image reproducer. So color 
break-up is no problem in color motion 
pictures or the simultaneous form of 
color television cameras, nor is it in tele-
vising color film. It can appear when a 
sequential type of camera is used, such 
as that used in the Chromacoder type of 
live pickup chain. But in that case, the 
color field rate is so high (about 180 
fields/sec) that color break-up is visible 
only when the motion is very rapid, and 
even then it is likely to be noticed only 
by those keeping a sharp eye out for it. 
So we can cross out color break-up as a 
factor in the present-day systems of 
photography and television. 

Summary 

This completes the list of comparisons. 
A summary has been attempted in Table 
III. Each of the several areas of compari-
son mentioned in this paper is listed at 
the left and the superior system identified. 
Study of this table reveals that color 

motion pictures come off best in most of 
the technical items, as might well be 
expected. After all, we are comparing 
color motion-picture systems which have 
enjoyed twenty-five years of steady de-
velopment with a color-television system 
having less than five years of comparable 
technical activity. Very few of the dis-
tinctions (of which only one, resolution, 
is a major factor) are fundamentally 
rooted in system standards. Perhaps the 
most significant differences arise from 
the facts that the 35mm motion-picture 
system is under professional control from 
start to finish, and that price competition 
is not a large factor in the design of its 
equipment. 
Two conclusions are unmistakable: 

First, television engineers have a long way 
to go to produce a color system that 
works as well as color motion pictures, 
and the task is not made easier by the 
requirement that the receiver perform 
well in the home where lighting condi-
tions are not under control, and where 
the knobs are set by laymen. Second, 
omitting only the resolution limit im-
posed by the width of the television chan-
nel, there is no technical reason why the 
television engineer cannot meet the 
competition. In many cases, the needed 
improvements can be found without hay-
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Table HI. Summary of Color System Characteristics. 

Characteristic Superior System Remarks 

tinning situation: 
Choice of viewing position 

Viewing angle 
Aspect ratio, flexibility of 
Ambient light and surround 

Image photometry: 
Highlight brightness 
Contrast 
Tonal gradation 
Errors of tonal transfer 

Image colorimetry: 
Gamut of hues and saturations 
Gray scale, neutrality of 
Flat-field uniformity 
Reference white, control of 
Chromaticity transfer distortion 

Image structure: 
Resolution 
Noise, graininess 
Geometric distortion 
Misregistration of primary 

colors 
Systematic structure errors 
Texture 

Image continuity: 
Fusion of motion 
Flicker 
Frame (raster) stability 
Color fusion 

Television 

Film 
Film, 35mm 
Television 

Television 
Television 
Film 
Film 

Television 
Film 
Film 
Television 
Film 

Film, 16mm & 35mm 
Film, 35mm 
Film 
Film 

On basis of viewer comfort and conveni-
ence 

At median viewing position 
Wide-screen professional motion pictures 

In presence of high ambient light 

Particularly at high luminance 

As applied to camera 

Film Due to sequential nature of scanning 
Film 

Television 
Television 
Television 
Film 

All systems highly satisfactory 
Not a significant factor 

ing to surmount economic barriers. In 
other cases, the toughest engineering job 
of all must be faced: finding a better 
technique at no increase in cost. 
We may then terminate the discussion 

with a question: What are the chances 
that the needed improvements in color 
television will be recognized, the needed 
support for research and development 
provided and the results put into pro-
duction? The answer involves, I think, 
two distinct periods in the years ahead. 
Initially, the performance of color tele-
vision receivers may actually be de-
graded, in certain respects which are 
acceptable to the buying public, in the 
process of reaching a price sufficiently 
low to permit every American family who 
really wants a color set to own one. 

Following this, the television industry 
will be faced with the situation that has 
faced the automobile industry in recent 
months: a highly saturated market with 
buyers looking for something better, in 
looks and performance, than they now 
have. Then, it is to be devoutly hoped, 
the television industry will respond as the 

automobile industry has responded, with 
a steady upgrading of performance, ac-
companied, if necessary, by a corre-
sponding upgrading of price. In this 
second phase of development, it is cer-
tain that those items of performance in 
a color receiver that are important to the 
customer, whether or not they enjoy a 
similar reputation among engineers, will 
receive concentrated attention. 
During the same period, the motion-

picture industry will not be standing 
still. Enjoying freedom in system stand-
ards, this industry will continue its 
forays into territory not likely to be in-
vaded by a television system bound by 
the confines of compatibility. Two re-
sults seem certain: (1) engineers and 
physicists who understand color will 
enjoy steady employment, and (2) the 
public will enjoy the show. 
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Supplement 

The 16-mm motion-picture film shown 
with the reading of this paper at the 
Convention was produced on 16mm 
Kodachrome Type A using a Cine Spe-
cial Camera, Model 1. The following 
notes serve to amplify the preceding text. 

Text reference, page 286: 

Eastman Kodak reflection gray scale 
with lens aperture varied from maximum 
(f/1.9) to minimum (f/16). 

Text reference, page 286: 

White paper photographed through 
the following color filters: 

1. Exposed for white at 1200 ft-L, 
8 frames, at f/5.6. 

2. K-2 yellow filter, 8 frames, f/4. 
3. Wratten F-29 red, 8 frames, f/ 2.7 . 
4. Wratten N-61 green, 8 frames,f / 2.7 
5. Wratten C-4 blue, 8 frames, 112.7. 
6. Through filter for photoflood (light 

blue), 8 frames, f/5.6. 
7. Filter for outdoor exposure with 

Type A Kodachrome, 8 frames, 
f/5.6. 

Text reference, page 287: 

RETMA Resolution Chart at four 
levels of exposure. The following are 
readings of horizontal and vertical reso-
lution: high exposure, 400 lines dis-
cernible, 350 lines with good contrast; 
medium high exposure, 500 lines dis-
cernible, 450 lines with good contrast; 
medium low exposure, 550 lines dis-
cernible, 500 lines with good contrast; 
low exposure, 600 lines discernible, 550 
lines with good contrast. 
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On the Quality of Color-Television 

Images and the Perception of Color 

Detail 

A theoretical and experimental study of the NTSC color system supported by color 
photographs shows that contrast range and color saturation obtained with com-
mercial tricolor kinescopes provide a larger color space than provided by color 
motion pictures. In fine detail more than 60% of full color information is trans-

mitted and reproduced by the NTSC system, because the bandwidth restrictions 
of the electrical color signals (I, Q) do not affect definition in the vertical dimension 
and have a smaller effect on the reproduction of horizontal color detail than 
indicated by earlier evaluations which disregarded the two-dimensional nature 

of the image. 
The detail color reproduction appears adequate to the eye, because the color 

errors remaining are small although perceptible. This fact is significant because 
the spatial sine-wave response functions of the color discriminators of the visual 
system are found to be substantially independent of the color of light and similar 
to the spatial sine-wave luminance response function of the eye. 
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A. ELECTRICAL AND OPTICAL CHARACTERISTICS OF NTSC COLOR 
TELEVISION SYSTEM 

1. General Characteristics of 
Color Systems 

The reproduction of color in a tele-
vision or photographic system is based 
upon the trichromatic theory. The analy-
sis of color in a television or photographic 
camera requires a discriminator mech-
anism having three different spectral 
sensitivities, resulting in three integrals 
or "primary signals" R. G, B* (or any 

* The spectral sensitivities or wavelength func-
tions f(X) should be such that the primary sig-
nals are approximately proportional to the 
tristimulus values of the object, the tristimulus 
values being those of the receiver primaries. 

Presented on October 22, 1958, at the Society's 
Convention at Detroit .by Otto H. Schade, Sr., 
Electron Tube Div., Radio Corp. of America, 
415 S. Fifth St., Harrison, N.J. This paper is also 
appearing in the December 1958 issue of RC.I 
Review. 
(This paper, first received on May 9, 1958; 
received in final form on November 5, 1958.) 

linear transformation thereof, such as 

the NTSC values Y, I, Q) which are 
independent two-dimensional intensity 
functions of the object point coordinates. 
In the synthesis of a colored image, 
luminance and color of all image points 
are restored by letting the primary sig-
nals control three properly chosen " pri-
mary lights": the reproducing primaries 
red, green and blue. The reproduction 
of color by a linear or a nonlinear sys-
tem must be independent of illumination 
intensity to conform with the require-
ments of vision. A stable color balance 
necessitates a constant ratio of the three 
signal functions, which requires: 

(a) matched transfer characteristics, 

(b) matched spatial frequency spectra 
of the system, and 

(c) matched noise-levels 

These specifications express a registry 
requirement. The registry of three transfer 

By OTTO H. SCHADE, SR. 

characteristics is an old problem in pho-
tography and a new problem in television, 
demanding high precision in maintaining 
relative and absolute gain and black-
level stability in linear or nonlinear 
amplifiers as well as in camera tubes and 
kinescopes, where sensitivity or response 
within the image area must be highly 
uniform. Registry of the spatial frequency 
spectra of three color images requires 
accurate time-delay and phase equal-
ization in electrical channels and a 
closely matched image geometry in three 
scanning rasters. Matched noise levels 
become important when the signal-to-
noise ratios are low, because unmatched 
levels result in a mismatch of transfer 
characteristics. 

For the reason of "compatibility" 
in television, the color information must 
be transmitted without increase of video 
bandwidth together with a luminance 
signal suitable for monochrome receivers. 
The two additional color-transmission 
functions (I, Q) are, therefore, restricted 
to smaller passbands than the luminance 
function ( Y). (See Sect. 5.) 
The present analysis does not concern 

itself with faults of a temporary nature in 
the operation of a color system, but with 
the range and purity of colors obtainable, 
in particular with the unequal passbands 
of NTSC television signals and with 
commercially available color kinescopes. 
The computed colorimetric performance 
is checked by measurements, supported 
by visual observations (color photo-
graphs), and interpreted with reference 
to the performance of color photography 
and the visual system. 

2. Color Television System for 

Measurements and Visual Tests 

The color signals are generated by a 
light-spot slide scanner (see Fig. I) 
followed by three gamma-correction 
amplifiers and band-limiting filters feed-
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ing the cross-mixing network or Matrix I 
(RCA "colorplexer") for translation of 
the input signals ER, EG and ER into 
signals Ey, El and EQ. The matrix 
coefficients for the system are given in 
Table I. After band-limitation by /-
and 0-filters in the colorplexer. the sig-
nals are translated back to ER'EG'EB' 
in the inverse Matrix II. The primes 
indicate that each signal is now a fre-
quency-dependent mixture of compo-
nents from three unequal passbands as 
indicated in Table I and discussed later. 
These signals are then modified by the 
transfer characteristics and frequency 
characteristics of the electron guns of the 
color kinescope and superimposed on the 
kinescope screen, where they are con-

verted to light energy. Modulation and 
demodulation circuits (not shown) can 
be switched in at point M to observe 
effects introduced by transmissicrn of the 
multiplexed NTSC signal over a single 
channel as discussed briefly in Sect. 5. 

For measurements of the dynamic 
transfer characteristic of the system, the 
light intensity in a fixed small area on the 
kinescope screen is observed by a multi-
plier phototube while a calibrated step 
tablet image is slowly drifting over this 
area in a vertical direction. The step 
signal is generated by a color transpar-
ency having the characteristics indicated 
in Fig. 2. The slow vertical drift is 
generated by synchronizing the vertical 

Table I. Voltages in NTSC Color System. 

oscillator of the light-spot scanner with 
a stable oscillator differing very slightly 
in frequency from the field frequency. 
The screen of the kinescope is thus illu-
minated continuously in its entire area 
by the drifting colored test-pattern pic-
ture, while the monochrome step inten-
sities are traced on a recorder. The 
optical step signal is generated in two 
sections. The main step tablet (a) 
covers a 70-to-1 range, and a 10- to-1 
neutral filter strip (b) extends this range 
to 700. Measurement of the electrical 
signal steps at intermediate points of 
the system furnishes the various transfer 
characteristics shown in Fig. 3. 

3. Picture-Tube Transfer Characteristics 

The dynamic transfer characteristic 
shown in Fig. 3 was measured several 

years ago un a 21AXP22 metal color 
kinescope. It follows a power law 
(close to a square law) with an additive 
constant Bo, which expresses the black-
level illumination or light bias on the 
screen resulting in a " toe" in the char-
acteristic. The light bias is caused by 
diffuse electron excitation (secondaries), 
optical diffusion in the screen and ambi-
ent light. It is variable, therefore, and 
has its lowest value for a dark viewing 
room and for pictures having a high ratio 
of peak-to-average luminance. For nor-
mal picture material, the range of the 
transfer characteristic is similar to that 

measured with the colored test pattern 
(Fig. 2), i.e., approximately 600 to 1 in 
a dark room.* This range is much 
higher than that obtained in motion-
picture theaters (60 to 100 to 1) where 
the light bias Bo is caused by projection 
lens flare and ambient light; in fact, it 
is even higher than the contrast range of 
the color film positive itself,* which is 
in the order of 470 to 1.t The large 
range of the color kinescope cannot be 
photographed in its entirety on Koda-
chrome or Ektachrome film, and is fur-
ther reduced by the color printing process 
in the various illustrations. 

4. Excitation Purity (Color Saturation) 

The degree of color saturation obtain-
able in a color image is determined by 
the reproducing primaries and the con-
trast range of the reproducer. The red, 
green and blue primaries of the color 
kinescope are located in the CIE dia-
gram as shown in Fig. 4. A straight line 
drawn through the white point (illumi-
nant C) intersects the spectrum locus at 
two points. The excitation purity S of a 

• The reader may compare these values with 
those given in Ref. 2, showing transfer char-
acteristics of early (1954) color kinescopes cover-
ing a range of hardly more than 20 to 1. 
t Today's color kinescopes (2ICYP22) have an 
even higher contrast because of reduced electron 
diffusion by secondary emission. 

Transmission primaries (Matrix 1) 

Color E Ey EQ 

E' Components from Matrix II 
Sum E' in freq. range Luminance factor for linear 

(mc) system 

Gun 
(Y ÷I (Y+1) Y 

Y I Q =0-.0.6 0.6-.1.8 1.8-.4 tos 

1.0 
Red - .299 .596 .211 

Green 

Blue 

1.0 .587 - .274 - 523 

1.0 

1.0 
White 1.0 

1.0 

.114 - .322 . 312 

1. o 

1.0 
Yellow 1.0 . 886 322 - 312 

Cyan 

Magenta 

1.0 .701 - . 596 - 211 
1.0 

1.0 

1.0 
.913 .274 .523 

Red 
Green 
Blue 

Red 
Green 
Blue 

Red 
Green 
Blue 

Red 
Green 
Blue 

Red 
Green 
Blue 

Red 
Greel 
Blue 

.30 

.30 

.30 

.59 

.59 

.59 

.11 

.11 

.11 

1. 
I. 
1. 

.89 

.89 
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color located on such a line is by defini-
tion' the ratio of the distance from the 
color point to the white point, to the 
distance from the spectrum locus to the 
white point. The excitation purity is 
thus specified by a mixture of a spectral 
light with white light. The fixed light 
bias (Bo) caused by ambient or scattered 
light will be assumed to have the neutral 
color of illuminant C. The addition of 
this white light moves all color points 
toward the white point and decreases 
the excitation purity of the color from 
the value & computed for Bo = O (see 

Table II) to a smaller value S. The purity 
reduction by a fixed white-light energy 
is obviously dependent on the excitation 
level of the color and its relative stimulus 
energy, defined as follows: 
The maximum luminance /t„,.„ in a 

color system is that of the white light 
= 1u, fl,„,,) obtained when the 

three primary lights (phosphors) are 
excited to selected maximum luminance 
values ( Y, .„„, Y, „,„„, Y0 giving 
the specified white light ( Illuminant C 
for color television). The maximum 
luminance of a color (c) is therefore ob-
tained when at least one of the primary 
lights reaches the excitation limit estab-
lished for maximum white-light excita-
tion. 
The excitation level of a color is hence 

specified by the excitation factor 

= 1,/Y, illfOr (1) 

The maximum luminance of a color 
relative to the maximum luminance is 
expressed by the luminance factor 

Ir = re maxi FIC max (2) 

and the relative tristimulus energy of a 

color is given by the product 

Icavc = Y Z)c „,„‘/(X Y 

3 2 IDO 
NEUTRAL DENSITY 

Fig. 2. Test pattern for measuring transfer character-
istics. 

FREQUENCY TRANSFER 
SPECTRUM 

= ± 1 /C (7) 

Inspection of Eq. (6a) shows that only 
an ideal color reproducer having an 
absolute black level (wo = 0) provides a 
constant excitation purity for all colors, 
independent of excitation (4). A plot of 
excitation purity (S) as a function of 
relative luminance ( Y/Y.,„„) for all 
possible colors furnishes a color space 
in which arc tan y/x is the vectorial 
direction of the color from the white 
point (see Figure 4), excitation purity is 
the vector length and relative luminance 
is the elevation.2 The axis of this space, 
erected over the white point, represents 
the gray scale, and vertical sections 
through this axis furnish color planes 
such as shown in Figs. 5 to 7. The bound-
aries of these color planes include all 
possible colors and permit a comparison 
of different reproducers. 

Given the NTSC primaries and con-
stants (Table II) and the contrast range 
C of the picture tube (see Sect. 3), the 
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Fig. 1. Block diagram of color system. (Modulator and demodulator system (not shown) 
can be inserted ahead of Matrix II at point M.) 

The tristimulus energy factor w, can 
be expressed in terms of trichromatic 
coefficients (y) and the luminance factor 
lc by the simple relation 

tvc//. = y./ye (4) 

The tristimulus energy factor wo of 
the light bias is specified by the maximum 
contrast ratio C, 

wo = w./C = 1/C ( 3) 

The mixture ratio kcw,/wo of the 
relative tristimulus energy of the color 
to the fixed relative tristimulus energy of 
the light bias is equal to the distance 
ratio SAS, — S), which gives the desired 
purity relation 

SIS, = k,wc/(k,w, wo) (6a) 

and with Eq. (5) 

SIS, = kew,/(kwe 1/C) (6b) 

The total relative luminance of the 
color and light bias energy is the sum 
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Fig. 3. Transfer characteristics of color system. 
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0.2 0.4 0.6 0.8 

X 

Fig. 4. CIE diagram showing location of 
television receiver primaries (R, G, B), 
I- and Q-axes and color planes. 

lower boundary of television color planes 
is constructed by selecting a color on 
the color triangle (Fig. 4) and computing 
the coordinates S, (Y/Y,„„„) of points on 
the boundary curve with Eqs. (6) and 
(7) by assigning values between zero and 
one to the parameter k,. 
The computed boundary extends up 

to the relative luminance 1, + 1/C 
at full excitation (4 = 1) of the primary 
color (or two-component mixture). 
Higher luminance values in the par-
ticular color plane can therefore be 
obtained only by adding light of comple-
mentary color which combines with a 
certain fraction k' of the color energy 
to a partial white excitation, having the 
relative stimulus energy k'wo,. The 
remaining relative stimulus energy of 
the color is (1 - ki)wc. The excitation 
purity is hence determined by the mix-
ture of the remaining color amount 
(1 - Ow, with the amounts of white 

wo = k' 1/C, which leads 
to the expression for the upper boundary 
of the color space, 

SIS‘ = ( 1 - k')w,/f(1 - k')w, 
k' 1/CJ (8) 

where k' ≤ 1 (white excitation factor). 

The relative luminance is given by 

= ( 1 - k')1, k' 1/C (6) 

EXCITATION PURITY S 
LO 03 o 03 

Table II. Tristimulus Energy Factors u 

(S,), NTSC Standards. 

Color 

Luminance Factors (I» and Excitation Purity 

Dominant X 

(mp) sc 
Trichroma tic coefficients 

Y 

(See 
Fig. 4) 

White 
Red 
Green 
Blue 
Yellow 
Magenta 
Cyan 

1.00 
0.286 
0.261 
0.453 
0.547 
0.739 
0.714 

1.0 
0.299 
0.587 
0.114 
0.886 
0.413 
0.701 

611 
535 
470 
573 
535 compl. 
490.5 

0 
1.0 
0.85 
0.88 
0.88 
0.625 
0.52 

0.31 
0.67 
0.21 
0.14 
0.45 
0.345 
0.165 

0.316 
0.33 
0.71 
0.08 
0.512 
0.177 
0.31 

Munsell Lightness Value (V) and Luminance ( Y) 

V 10 9 8 7 6 5 4 3 2 

0.374 
0.00 
0.08 
0.78 
0.038 
0.48 
0.525 

1 0.5 0.2 

Y(0/0) 102.56 78.66 59.1 43.06 30.05 19.77 12. 6.56 3.126 1.21 0.581 0.237 

The relative (per cent) luminance 
scale in Figs. 5 to 7 is distorted, because 
a better appreciation of the contrast 
range and color purity of a reproducer 
is obtained by using the psychophysical 
Munsell lightness scale ( V) which divides 
the dynamic luminance range of the 
visual system into uniform lightness 
steps. (The conversion from per cent 
luminance to lightness (V) is given in 
Table II.) 
A "perfect" color reproduction re-

quires an absolute black level (C = co) 
and reproduces all spectrum colors with 
100% purity; i.e., the color triangle is 
replaced by the spectrum locus. The 
lower boundaries of "perfect" color 
planes are therefore rectangles, indicated 
byC= co and S = 1 up to the relative 
luminance for the spectral color point 
as exemplified by the red television 
primary. The upper boundary of the 
"perfect" color plane is determined by 
Eqs. (8) and (9) with 1/C = 0 and ze.), 
equal to the tristimulus energy factor for 
the spectral color point. Because their 
form is not strongly dependent on the 
contrast C, the upper boundaries of the 
television color planes R, G, B and Y 
approach those of the " perfect" color 
planes for the corresponding spectral 
color points. It is seen from Fig. 4 that 

Fig. 5. Red-cyan color plane of additive TV process 

(Shadow-Mask Kinescope, C = 500), solid lines, and 
subtractive M.P. process (C -= 71), broken lines.2 

the cyan and magenta regions of the 
color triangle lie approximately halfway 
between the spectrum locus and the 
white point. The corresponding color 
planes in Figs. 5 and 6 have therefore 
approximately one-half the width of 
the corresponding "perfect" color planes. 
It is further evident that the 600-to-1 
contrast range obtained with a color 
kinescope comes much closer to a " per-
fect" color reproduction than a motion 
picture does. The color space bound-
aries of a color motion picture (broken 
lines taken from Ref. 2) are by com-
parison much more restricted and illus-
trate the basic fact that a subtractive 
process rapidly loses saturation at higher 
luminance values, because an increase 
in film transmission reduces the dye 
concentration and its color filter action. 
To approach the chroma obtainable 

by the additive color television reproduc-
tion, color film could be modified to have 
a neutral density range of approximately 
3.7, to be used with a minimum neutral 
highlight density near unity to retain a 
sufficiently high dye concentration. Un-
fortunately this modification leads to 
the requirement for ten times more light 
from the projector coupled with heating 
and other film problems. 
The difference in performance of 

(*CO-P.1'10N PURITY S 
LO 03 0 0.5 

plane of additive TV Fig. 6. Green-magenta color 
(Shadow-Mask Kinescope, C = 500), solid lines, and sub-
tractive M.P. process (C = 71), broken lines.2 
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normal color film and color television 
can be demonstrated strikingly by color 
photographs of television images having 
constant luminance (constant Y-signal) 
and various degrees of color saturation, 
obtained by a progressive increase of /-
and Q-signals (chroma control). Photo-
graphs were taken with chroma signals 
1, 2 and 3 times normal. The 2 times 
chroma value produced very high 
color saturation on the kinescope. The 
corresponding color photographs, how-
ever, taken with normal exposures, show 
only minor increases in chroma, as 
illustrated by Plates I and II and ex-
pected from the color diagrams Figs. 
5 to 7, while the denser photographs 
reproduced in Plates III and IV, taken 
with one-half normal exposure, give a 
better reproduction of the kinescope 
chroma at the expense of a shorter 
distorted contrast range. Relative chroma 
values are fairly well reproduced in the 
prints, although the color purity is lower 
than in the transparencies and con-
siderably less than in the original kine-
scope image. 

5. Sine-Wave Spectra and Optical 
Passbands 

The transmission of color requires 
three independent video signals as com-
pared to a single one for a monochrome 
image. Equal definition in a color image 
requires thus in theory a transmission 
system having 3 times the information 
capacity of a monochrome system. An 
appraisal of the total information ca-
pacity of the NTSC color system can be 
obtained by comparing its information 
capacity with that of a color system 
having three equal independent chan-
nels, taking into account a number of 
nonideal conditions arising in practical 
systems and deserving particular atten-
tion. 
The electrical frequency spectrum of a 

stationary monochrome television picture-
signal is a line-spectrum of discrete fre-

EXCITATION PURITY S 
0.5 0 0.5 

quency components which are harmonics 
of the frame frequency (30 cycles). 
Because of this fact a second line-spec-
trum, the color signals (1, Q), can be 
added to the monochrome or luminance 
signal (Y) by interleaving its frequency 
components with those of the Y-spec-
trum. Interleaving is accomplished by 
modulation of a color carrier frequency 
(3.579545 mc) which is made an odd mul-
tiple of the half-line and half-frame fre-
quencies. To permit separation of color 
signals by synchronous demodulators in 
the receiver, one color signal (Q) is 
transmitted with double sidebands. It is, 
therefore, limited to a 600-kc bandwidth, 
and a 600-kc filter is required after 
demodulation to eliminate all higher 
cross-product frequencies. The other 
signal (I) (also double-sideband up to 
600 kc) can have its bandwidth extended 
by single-sideband transmission. It is 
restricted to one-half the color carrier 
frequency, i.e., a bandwidth of 1.8 mc, 
and a 1.8-mc filter is required after 
demodulation to eliminate crosstalk. 
A perfect separation of the interleaved 

luminance and chrominance signals can 
be achieved with interleaved comb-filters 
when the image is stationary. The in-
expensive continuous passband filters 
used in practical receivers, however, 
give rise to spurious color signals upon 
synchronous demodulation in the /-
and Q-channels, caused by high-fre-
quency Y-signal components, and the 
chrominance signal (modulated color 
carrier) produces periodic errors in the 
luminance signal. These errors change 

le 

Fig. 7. Yellow-blue color plane of additive 
process (Shadow-Mask Kinescope, C = 500), 
solid lines, and subtractive M.P. process (C = 71), 
broken lines.2 
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polarity in successive frames and would 
cancel out in a linear system when in-
tegrated (by the eye) over two frame 
periods (fly sec). Practical systems, how-
ever, are not linear (all kinescopes are 
rectifiers), and integration by the eye is 
incomplete, particularly for bright pic-
tures. The errors, therefore, do not cancel 
completely even in stationary pictures. 
They become larger for moving objects 
and attain full magnitude for random 
signals such as noise. 
The high-frequency crosstalk from the 

common 2-4-mc region of a "flat" 
Y-spectrum into the color demodulator 
band causes orange and blue color 
tinting of horizontal monochrome detail 
(coloring of resolution wedges in a mono-
chrome test pattern), and normally 
fine-grained camera noise in this region 
of the Y-channel is heterodyned into 
rather objectionable coarse color-noise 
("streaks") by the demodulators, as 
indicated by the large values of the 
broken-line cross-product curves in Fig. 
8b. 

These undesirable effects can be sub-
stantially eliminated by introducing a 
bandwidth limitation of 3.6 mc and a 
gradual "roll-off" into the Y-channel 
before synthesis of the NTSC signal in the 
colorplexer of the transmitting station 
as shown by the solid-line curves in 
Figs. 8a and 8b. Subsequent re-emphasis 
(aperture correction) of the Y-channel 
in the receiver (see Fig. 8c) after removal 
of the color carrier restores a good Y-
signal response. The various degrees of 
color crosstalk are illustrated in Plates 
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Fig. 8. Filter response and crosstalk in a color system ( see text). 
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Fig. 9. Sine-wave spectra of horizontal ( Y, / and 
passbands used in the analysis. 

V and \ 1 (The bluish background color 
of the " white" test pattern photographs 
resulted from the accidental omission of 
the ultraviolet filter on the camera 
lens.) The striking reduction of noise ob-
tained by the bandwidth limitation and 
roll-off is not reproduced because of inte-
gration by the time exposure. Considera-
ble improvement in noise crosstalk is ob-
tained by the bandwidth limitation alone. 
The complete elimination of the chro-

minance signal (modulated color carrier) 
from the Y-signal (in the receiver) is 
not possible with continuous filters. 
It is therefore common practice to suppress 
the color carrier and its lowest sideband 
frequencies in the receiver by insertion of 
a filter (trap) which limits the Y-channel 
response to 3.6 mc (see Fig. 8c). The 
carrier interference is thus completely 
eliminated in large areas, leaving only 
beat patterns of reduced amplitude 
(occurring near sharp vertical edges) 
from the remaining sideband components 
(I-amplitude in Y-channel, Fig. 8c) 
which generally contain little energy and 
permit aperture correction of the re-
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Fig. 11. Horizontal sine-wave-spectrum 
components at kinescope grid for green, 
red and blue camera signals. 
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Fig. 10. Two-dimensional sine-wave 
passbands). 

maining Y-channel at the receiver.* 
There are thus available three elec-

trical passbands for the transmission of 
color signals, which correspond to three 
two-dimensional optical passbands for 
the color image. Because of the recti-
linear scanning process, the three optical 
passbands in the "vertical" (a) coordi-
nate are alike. They are determined by 
the raster line number and have the theo-
retical equivalent passbands: 

= N.(I). = N.(Q), = 490 lines. 

The equivalent passbands in the horizon-
tal coordinate (h) are unequal and have 
the theoretical values 

• The aperture correction approximately doubles 
the chrominance signal amplitude in the Y 
channel. 
See Ref. 3. 
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Fig. 12. Horizontal sine-wave spectrum 
components at kinescope grid for yellow, 
magenta and cyan camera signals. 

spectra ( F-, /- and Q-

(y ) h = 320 lines for = 4 mc 
= 144 lines for etf = 1.8 mc 

N. (42)1, = 48 lines for f = 0.6 mc 

The equivalent symmetrical passbandst 

Ñ. = [(417r) N. (,) .V(à)P/2 

are hence 

(10) 

--/%7„ 5-1 = 446 lines 
= 300 lines 
= 173 lines 

Their sum, rx, 919 lines, is hence 
68% of the sum of three equal pass-
bands of 446 lines each. This simple 
appraisal of total information capacity 
in such a color system assumes theoret-
ical rectangular frequency spectra hav-
ing abrupt cutoff which are neither 
practical nor desirable for image trans-
mission (monochrome or color) because 
of strong edge transients and spurious 
signals generated iii the signal-separating 
process. 

The sine-wave response characteristics of 
practical electrical passbands used in the 
following analysis are shown in Fig. 9. 
Their equivalent spatial horizontal pass-
bands are Are(ni, = 260,t New, = 100 
and Neoh = 37. The spatial vertical 
passband is determined by the cascaded 
value of the camera and kinescope sine-
wave spectra and is in the order of 
:Vey) 200 for each of the three signals. 
The equivalent spectrum spaces for the 
three practical channels are the rectangular 
solids illustrated in Fig. 10. The equiv-
alent symmetrical passbands obtained 
with Eq. ( 10) form cylindrical spectrum 
spaces having the radii: 

S7.(y) 257 lines 
•=- 160 lines 

A7.. (?) 97 lines 

Because of the coordinate transforma-
tion or cross-mixing processes and un-
equal passband limitations, the electrical 
sine-wave spectra ("frequency re-
sponses") for different colors are not equal 
in this system and can be determined as 
follows. Referring back to Fig. I, it is 
seen that the electrical frequency spectra 

t This Y channel is somewhat wider than for re-
ceiver use (Fig. 8) because it does not contain a 
trap circuit for the carrier frequency. 
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of the color signals ER, ER, ER entering 
Matrix I are alike. The linear cross-
mixing process to Y-, I- and Q-signals 
and back to ER', ER', ER' in the inverse 
Matrix II does not disturb the signal 
ratios in the range up to 600 kc where 
the frequency response in the Y-, l-
and Q-channels is alike, i.e., ER' = 
ER, ER' = ER, ER' = ER. This range 
includes the complete electrical frequency spec-
trum required for transmission of the vertical 
spatial passbands of the three color functions, 
which remain therefore unaffected by the cross-
mixing processes. The horizontal passbands 
are normal in the 600-kc range, i.e., a 
green signal ER, for example, will result 
in a green signal ER' on the "green" 
kinescope gun and in zero signals on the 
other two guns as indicated in Table I 
under the column Af = O —4- 0.6. In the 
range from 600 kc to 1.8 mc, however, 
all Q-coefficients in Matrix II are zero 
because of the Q-filter cutoff. The matrix 
is no longer the inverse of Matrix I. 
and causes signal voltages to appear 
on all three kinescope grids as shown in 
Table I. Beyond 1.8 mc, both Q- and /-
coefficients are zero, with the result that 
all three kinescope guns receive equal 
signals. The last three columns of Table I 
show that the total luminance would 
remain constant in all sections of the total 
passband for a hypothetical linear kine-
scope, although the color or color mix-
ture does not remain constant because of 
"spurious" signals. The complete video 
frequency spectra (at the control grids of 
the kinescope guns) have been plotted 
in Figs. 11 and 12 for the seven colors 
listed in Table I. Note that all of them 
are different, and some of the spurious 
responses have negative lobes (negative 
signs of coefficients indicate a phase 
reversal). 

6. Effect of Unequal Passbands on Color 
Detail 

It is a rather widely accepted opinion 
that the NTSC color transmission pro-
vides a three-color presentation for large 
areas, a two-color presentation for 
medium-sized areas and a presentation 
of fine detail without color information. 
This cannot be true because full color 
information is transmitted in the vertical 
dimension up to the finest detail (see 
Section 5 above) which is not affected 
by the inequality of the electrical 
passbands. Detail color information is 
also transmitted in the horizontal dimen-
sion, because only the true or "funda-
mental" color signal components have a 
normal frequency spectrum including a 
d-c component, while the frequency 
spectra of the "spurious" color com-
ponents contain only horizontal a-c 
components and represent one-dimen-
sional high-pass filters. It is improper to 
disregard the difference in d-c compo-
nents and conclude from Fig. 11, for 
example, that a vertical line group in a 
green sine-wave test pattern (for which 
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Fig. 13. Intensity function and components (broken lines) of green 
sine-wave images on the kinescope screen (top), and of red sine-
wave images (bottom). 

the blue and red camera signals are 
zero) would appear in black and white in 
the fine detail "mixed-high-frequency" 
region of line numbers ArR> 200. 

Actually these lines appear green 
because only the green a-c signal is 
raised completely above the black level 
by a d-c component, while the spurious 
color signals (E(R)' and E(5) ') have an 
electrical zero-level axis, are rectified by the 
kinescope, and can only produce light of 
much lower intensity during positive 
half-cycles. In computations of color 
mixtures for small areas it must be 
remembered that the normal Fourier 
relations between impulse forms, unit 
functions and their spectra do not hold in 
systems containing nonlinear elements 
such as a kinescope. 
To obtain the correct answer, it is 

necessary to convert frequencies to in-
tensity functions (waveforms) at the input 
terminals of nonlinear elements, such 
as the kinescope guns, project the 
waveforms over the nonlinear transfer 
characteristics, pass them through the 
low-pass filters representing the gun and 
optical performance, and then combine 
the light signals to color mixtures as 
indicated in Fig. 1. The general eject 
of the kinescope "spot" size on fundamental 
color signals is a reduction of high-
frequency components as indicated by 
broken-line curves in Fig. 11 for small 
signals. The spurious color signals, 

however, are rectified by the kinescope, 
so that each sine-wave frequency is 
replaced by a series of even-order 
harmonics which is attenuated more 
rapidly by the kinescope low-pass spec-
trum than is indicated by the dotted 
lines, which lose their meaning as a 
sine-wave response. 
The observed transfer characteristic 

of the actual kinescope is substantially a 
square-law characteristic. The intensity 
function of the fundamental green sine-
wave pattern on the kinescope screen 
(neglecting kinescope spot size) can 
hence be calculated by squaring the 
instantaneous sine-wave grid-signal 
values measured from the current cutoff 
point, as illustrated in Fig. 13 (top) for 
two frequencies (points P1 and P2 in 
Fig. 11). Because of the missing d-c 
component, the squared spurious red 
and blue a-c signals become very small 
and only their positive half-waves pro-
duce light which adds to the green sine-
wave light on the kinescope screen, 
diluting its chroma as indicated. Similar 
conditions prevail for test patterns of 
other saturated colors (see Fig. 13, 
bottom) as summarized in Table III. 
The fine line groups in the "mixed-

high-frequency" region retain, therefore, 
substantially the color of the funda-
mental signal, although they acquire a 
spurious tint. Their relative amplitude 
and luminance are determined largely 

Table III. Color of Horizontal Sine-Wave or Periodic Line-Patterns (See Fig. 13) 

Object 
color Pl P3 

Green 
Red 
Blue 
Yellow 
Magenta 
Cyan 

Bluish-green (20% blue) 
Red (1.5% green) 
Blue (1.8% green) 
Yellow (5% blue) 
Magenta (3% green) 
Cyan (2% red) 

Light green (26% white) 
Light red (17% white) 
Light blue (22% white) 
Yellow (10% blue) 
Magenta (4% green) 
Cyan (8% red) 

Green 
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Plates I to IV. Ektachrome Performance in recording constant luminance images. Plate I, normal chroma, normal exposure; Plate II, 2X chroma, normal exposure; Plate III, normal chroma at It 
exposure; Plate IV, 2X chroma at exposure. 

Plates V and VI. Monochrome test pattern reproductions by NTSC system. Plate V, left, 4-mc flat Y-channel input, demodulators off (no crosstalk); Plate V, right, 4-mc flat Y-channel input, de-
modulators on; Plate VI, left, 4-mc gradual roll-off Y-channel, demodulators on, subsequent re-emphasis; Plate VI, right, 3-mc flat Y-channel, demodulators on, normal Y-response in receiver. 

Plate VII. Samples of three line-object reproductions, 4-mc Y-channel and standard NTSC l- and Q-channels; pure color signals obtained from a white pattern by turning off unwanted color 
channels in camera. 

Plates VIII to XI. Effects of unequal passbands and luminance weighting on kinescope image. Plate VIII, Three independent 4-mc channels (R, G, B); Plate IX, Y -F I Q signals, standard NTSC 
matrix and filters as in Fig. 1; Plate X, Y / -F Q signals and filters, but G and B reversed to Matrix I and from Matrix II; Plate XI, Y I Q signals and filters, but R and G reversed to 
Matrix I and from Matrix II. 
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of the color signals ER, ER, ER entering 
Matrix I are alike. The linear cross-
mixing process to Y-, I- and Q-signals 
and back to ER', ER', ER' in the inverse 
Matrix II does not disturb the signal 
ratios in the range up to 600 kc where 
the frequency response in the Y-, /-
and Q-channels is alike, i.e., ER' = 
ER, E0' = ER, ER' = ER. This range 
includes the complete electrical frequency spec-
trum required for transmission of the vertical 
spatial passbands of the three color functions, 
which remain therefore unaffected by the cross-
mixing processes. The horizontal passbands 
are normal in the 600-kc range, i.e., a 
green signal ER, for example, will result 
in a green signal ER' on the "green" 
kinescope gun and in zero signals on the 
other two guns as indicated in Table I 
under the column af = O —› 0.6. In the 
range from 600 kc to 1.8 mc, however, 
all Q-coefficients in Matrix II are zero 
because of the Q-filter cutoff. The matrix 
is no longer the inverse of Matrix I, 
and causes signal voltages to appear 
on all three kinescope grids as shown in 
Table I. Beyond 1.8 mc, both Q- and /-
coefficients are zero, with the result that 
all three kinescope guns receive equal 
signals. The last three columns of Table I 
show that the total luminance would 
remain constant in all sections of the total 
passband for a hypothetical linear kine-
scope, although the color or color mix-
ture does not remain constant because of 
"spurious" signals. The complete video 
frequency spectra (at the control grids of 
the kinescope guns) have been plotted 
in Figs. 11 and 12 for the seven colors 
listed in Table I. Note that all of them 
are different, and some of the spurious 
responses have negative lobes (negative 
signs of coefficients indicate a phase 
reversal). 

6. Effect of Unequal Passbands on Color 
Detail 

It is a rather widely accepted opinion 
that the NTSC color transmission pro-
vides a three-color presentation for large 
areas, a two-color presentation for 
medium-sized areas and a presentation 
of fine detail without color information. 
This cannot be true because full color 
information is transmitted in the vertical 
dimension up to the finest detail (see 
Section 5 above) which is not affected 
by the inequality of the electrical 
passbands. Detail color information is 
also transmitted in the horizontal dimen-
sion, because only the true or "funda-
mental" color signal components have a 
normal frequency spectrum including a 
d-c component, while the frequency 
spectra of the "spurious" color com-
ponents contain only horizontal a-c 
components and represent one-dimen-
sional high-pass filters. It is improper to 
disregard the difference in d-c compo-
nents and conclude from Fig. 11, for 
example, that a vertical line group in a 
green sine-wave test pattern (for which 

reduced in amplitude as summarized in 

Table IV and substantiated visually in 
the color photographs (Plate VII) by 

comparison with the normal color re-

production of horizontal line-objects. 

The illustration shows small sections of 
5f-in. by 7-in, picture reproductions. 

(The faint blue tint in the vertical green 

lines is barely visible.) 
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REDDISH MAGENTA 

Color transitions at sharp edges can be 
synthesized in the same manner from 
the component step-functions shown in 
Fig. 18. The results are plotted in Figs. 
19 to 23. Inspection shows that both 
color and waveform distortions vary with 
color and are again relatively smaller 
in high-contrast transitions than in low-
contrast transitions because of the square-
law kinescope characteristic. 

LARGE SIGNALS 
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Fig. 17. Relative intensity of yellow, magenta, and cyan line-images. 
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Fig. 18. Unit step-function components from Matrix I and of kinescope. 
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0.3 

Fig. 19. Relative intensity of step-function 

components and sums forming the green 

step-function image. 

E(B5 

E 2 ) (B 
It should be pointed out that the 

effect of camera-tute and kinescope-
-5 beam sizes and also the i-power gamma 

10 
o 0 e correction for the kinescope have not 
-0.1 been included in the line-image and 

-0.2 step-function evaluations. The gamma-

-0.3 correction amplifier itself would not 

change an ideal unit impulse or a step 

G+W+B function, but it does round off the low-
\ level corner of the actual S-shaped step-

LO 1.0 function from the camera relative to its 

high-level corner, thus making the large 
*--S.:::::  

n SMALL STEP signal step-functions more symmetrical 
LARGE STEP 

,_. 

\ (LINEAR) and all step-functions less steep with 
0.5 i 0.5 (RECTIFIED AND SQUARED) :se reduced transient ripples. To include the 

-e -5 -__ 
re.' effect of the kinescope beam size, it is 

necessary to perform a convolution of 

10 -5 o 5 10 15 its line-image or its step-function response 
with the computed response forms. The 

finite kinescope beam size broadens the 

line-images and transitions somewhat 

more and further reduces high-frequency 

o s e transients. The visibility of the luminance 

1.0 errors caused by the unequal passbands 

ER' of the NTSC system can be assessed by 

computing the visual lightness of hori-

,. ----- --- 1 0.3 0.3 2 E(G') zontal step-functions and line-images for 
0. ------ ...y 0.2 E (e) red, green and blue as shown in Fig. 24. 

Cl. ------- _ 0.1 ‘ 
E 2(G') 0.1 Constant-bandwidth vertical step-func-

---------- 5 10 0.5 tions and line-images are shown for 

o comparison and indicate that the errors 
-0.1 -0.1 in the blue are readily visible as con-

-0.2 -0.2 firmed by observation (compare color 

plate VII). 
It can thus be concluded that con-

0 siderable color information is transmitted 

e RED SATURATED and reproduced even in fine horizontal 

R#G+B 

o 5 
1.0 1.0 

0.5 

detail with NTSC color signals and that 

SMALL STEP LARGE STEP a high gamma (square-law) kinescope trans-

(LI NEAR) RECTIFIED AND SQUARED) fer characteristic is a definite asset be-

BLUE 

-s o 5 -5 o 5 

Fig. 20. Relative intensity of step-function components and sums forming 

the red step-function image. 

cause it reduces the cclor distortion intro-

duced by unequal color-transmission channels. 

Furthermore, the fact that relatively 

small color changes can be seen in the 

fine detail of color television images 

raises doubts that the eye's color mecha-

nism does not function when observing 

io fine detail, and suggests a reappraisal 

1.0 of the capabilities of the visual system at 

normal luminance values. 
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Fig. 21. Relative intensity of step-function 

components and sums forming the blue 

10 step-function image. 
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Table IV. Horizontal Line-Image Characteristics. 

Object 
color 

Incremental impulse 
(linear) color* 

Large-signal impulse (rectified, 
squared) color* 

Rd. 
brightness 

Rd. 
sharpness 

Green 
Red 
Blue 
Yellow 
Magenta 
Cyan 
White 

Light blue-green (60% white) 
Red, orange tint (29% green) 
Greenish-blue (17% green) 
Yellowish-white (27% blue) 
Reddish-magenta (25% green) 
Bluish-cyan (20% red) 
White 

Bluish-green (36% white) 
Red, slight orange tint (7% green) 
Blue, green tint (7% green) 
Light yellow (21% blue) 
Reddish-magenta (17% green) 
Bluish-cyan (12% red) 
White 

Normal: 
Reduced: 
Low: 
Normal 
Reduced 
Good 
Normal 

Normal: 
Fair: 
Blurred: 
Normal 
Fair (blue haze) 
Normal 
Normal 

*The per cent color admixture refers to the area under the main lobe of the impulse or line. Incremental impulse color refers to the increment, not to the 
total which depends on the color of the setup level. 
:See Fig. 24. 
:See Plate VII. 

B. SOME CHARACTERISTICS 

1. Transfer and Wavelength Functions; 

Incremental Sensitivity for 

Luminance and Color 

The visual system is a very complex 
system which terminates in a "com-
puter" (the brain) having random 
connections, and very little is known 
about its memory and interpreting 
processes.* There is ample evidence that 
the system is nonlinear in many of its 
sections. It is well known that both hue 
and lightness of colored objects are func-
tions of the surrounding background, 
although there is no spectral or colon-

* An interesting theory on this subject is dis-
cussed in Ref. 4. 
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metric change. It is also known that the 
apparent "lightness" of a color mixture 
does not necessarily agree with the 
luminance value computed as the linear 
sum of component luminances. (A 
bluish-white screen, for example, ap-
pears brighter than a screen of equal 
luminance illuminated by a low-color 
temperature light source.) Observations 
made by the author on equiluminous 
sine-wave mixtures (considered later in 
this paper) indicate likewise that the 
fixed relation of lightness and luminance 
given in Table II does not necessarily 
apply to incremental amounts of the 
components in a mixture of primary 
colors, but that it is strongly dependent 

LARGE STEP 

(RECTIFIED AND 
SQUARED) 

O 

LARGE STEP 
(RECTIFIED A, ND 

SQUARED) 

LARGE STEP 
(RECTIFIED AND SQUARED) 

Fig. 22. Relative intensity of yellow, magenta and cyan step-function images. 

on the relative total amounts of the 
primaries. 
As to chromatic sensitivity, it is knoN% n 

that the just-perceptible amounts of pure 
color added to white are about 1% for 
red and blue and about 2% for yellow 
and green.° The chromatic sensitivity 
fiat or XACLX of the eye for spectral 
colors° has two peaks (less than 3 : 1) 
at yellow and cyan above a substantially 
uniform level from red (650 mg) to blue 
(430 mg). From the system analysis 
point of view, it does not appear likely 
that the wavelength functions of the 
eye's color discriminating system are 
as simply related to the wavelength 
function of its luminance channel as they 
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Fig. 24. Step functions and line-images (NTSC) in Munsell lightness values. Solid curves 
horizontal, broken-line curves vertical coordinate. 
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Fig. 25. Response of visual system to single-color sine-wave patterns. 
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Fig. 26. Response of visual color discriminator system to constant brightness 

sine-wave patterns {purity modulation). 

are in a photographic or color television 
system, because the eye's luminance sys-
tem continues to operate at light in-
tensities far below the threshold for color 
vision. 

It has been demonstrated that the eye 
can see all the calculated defects in the 
color detail reproduction of the NTSC 
system, including those in low luminance 
colors, such as blue, for which the 
eye's "acuity" is low. It is important 
to understand clearly that acuity and 
resolving power are not determined by 
the spatial sine-wave response alone,. 

because they are strongly dependent on 
the noise level as well. The remarkable 
visual constancy of color mixtures over 
a large part of the photopic range 
may be taken as an indication that the 
transfer characteristics, spatial sine. 
wave response characteristics and noise 
levels of the eye's color discriminating 
system are well matched (see Sec. 1 in 
part A above). Similar noise levels in 
turn indicate that the "discriminators" 
receive similar signal levels, or more 
likely, similar signal differences from the 
photo receptors in at least three principal 
regions of the visual spectrum. Their 
spatial sine-wave response appears to be 
well matched, because there is no evi-
dence to the contary in their performance 
(no color fringes, transients or "smears"). 

It was therefore decided to determine 
the spatial frequency passbands of the 
visual color discriminators by sine-wave 
response measurements, following a pro-
cedure previously described for the lumi-
nance channel of the eye.7 

2. Sine-Wave Response Functions 

There have been general observations 
to the effect that resolution and sharpness 
of images (in microscopy, for example) 
do not change appreciably with blue, 
green or red illumination, and that the 
readability of colored print of equal lumi-
nance is fairly independent of color, 
with red slightly better than green or 
blue. These observations are not con-
vincing, because they relate to an inter-
pretation of signal combinations (de-
pending on noise level and sine-wave re-
sponse) from the luminance as well as 
the color mechanism. The same criticism 
can be applied in part to the single-color 
sine-wave response characteristics, Fig. 
25, measured by the author on an ob-
server having normal vision. The re-
sponse of a luminance system can, how-
ever, be eliminated by the use of equi-
luminous sine-wave objects, which pro-
vide a sinusoidal variation of excitation 
purity at constant luminance. A red 
purity change, for example, is repre-
sented in the red color plane (Fig. 5) 
by a sinusoidal modulation of the radius 
length (horizontal distance), which can 
be centered near the white axis (near-
white background) or may be moved out 
toward a higher purity point. The gen-
eration of such sine-wave patterns on a 
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color kinescope screen is relatively simple, 
as discussed in the Appendix. 

Sine-wave patterns of constant lumi-
nance were set up by measuring the sine-
wave luminance distribution with a 
luminance meter,* and adjusting the 
component intensity for a constant 
reading. It was observed immediately 
that luminance does not have a constant 
relation to visual brightness. The adjust-
ment for constant luminance (by cal-
culation or meter) differed from the 
incremental brightness, particularly for 
equiluminous blue purity sine-waves in 
a near-white background where the in-
crement-component ratio was in error by 
several hundred per cent. The flicker 
test for equal brightness was made by 
reducing the temporal (electrical) sine-
wave modulation frequency to 20 or 
25 cycles and adjusting, for example, the 
blue component (see Appendix) for 
minimum flicker. Because of the possi-
bility of errors arising from the difference 
in phosphor decay time for different 
kinescope primaries, the brightness equal-
ity of the positive and negative purity 
half-waves was judged visually at a 
higher modulation frequency producing 
a wavelength of about 2 cm on the 
kinescope screen. It was found to agree 
with the flicker test. When such a station-
ary wave-pattern is observed while one 
component is varied, a sudden phase 
shift seems to occur in the sine-wave 
position when constant brightness is 
reached. 
The constant-brightness condition near 

the white point requires more nearlyt 
equal stimulus energy than equilumi-
nance of the components, as is most 
strikingly evident from blue purity 
modulation tests. It approaches equi-
luminance when the operating point 
(background color) is moved toward 
the spectrum locus, which is to be ex-
pected because the luminosity curve is 
determined from spectrum colors by 
brightness equality tests. This observa-
tion may well explain observed discrep-
ancies in color noise visibility with the 
NTSC color system, because equal 
luminance increments do not guarantee equal 
increments in visual brightness. 

At the time of this writing only one 
set of sine-wave response-measurements 
taken near the white axis (Bw = 7 
ft-L) is available. The designations red, 

* Weston Foot-Lambert Meter, New Candle 
Model 931 with Viscor Filter, corrected for visual 
response. The meter is designed for kinescope 
measurements and gave correct luminance 
readings on the phosphor primaries and their 
mixtures. The readings agreed with compara-
tive readings taken with a Macbeth Illumi-
nometer. 

t This might be expected from a discriminator 
near its neutral point. A more extended quan-
titative study of incremental luminance and 
brightness ratios in sine-wave objects would be of 
value. The author is aware of many publications 
(in the Journal of the Optical Society of America 
and elsewhere) discussing discrepancies in the 
total luminance of a color from standard sums. 
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Fig. 27. Positive and negative sine-wave spectrum components of visual color 
discriminator system. 

green and blue in Fig. 26 refer to the 
color plane in which the purity modula-
tion occurs, although the color in the 
areas of reduced "negative" purity 
(negative half-cycles of sine-wave) ap-
pears to the eye as a complementary 
color in comparison with the color of 
adjacent areas of higher "positive" 
purity, even at a larger distance from the 
white point. (The negative blue bar 
appears yellow, negative green appears 
magenta, etc.) Lacking a luminance 
change, the bars appear to have a con-
stant purity as if produced by a square-
wave rather than a sine-wave modula-
tion. 

The measured sine-wave response-functions 
of the color discriminator elements in the 
visual system deer from one another by 
much smaller factors than the "standard" 
luminance values. All show a loss of low-
frequency and d-c response as in the 
luminance channel. An analog of the 
visual system9 contains therefore a high-
pass filter or a negative frequency-
limited feedback loop which superim-
poses a negative image of low definition 
on the normal image, "inhibiting" the 
normal low-pass filter response by addi-
tion of a negative response as recon-
structed in Fig. 27 (see Appendix). 
The feedback is least for red light and 
largest for green light, with blue inter-
mediate. More data are required to sup-
port a more quantitative analysis of the 
details of these results. 

S. Equivalent Passbands and Number of 
Receptors in Effective Retinal 
Sampling Areas 

The equivalent passbands (Are+) of the 
main low-pass characteristics give infor-
mation on the effective discriminator areas in 
the retina and appear to be in general 
agreement with Polyak's anatomically 

well-founded deductions9 that the red 
end of the color spectrum is signaled over 
direct "private line" connections between 
optic nerve fibers and.cones and that it 
has the best detail response, while green 
and blue signals involve more diffuse 
matrix networks in the order stated. The 
effective sampling area a (area of equiva-
lent constant intensity point-image) can 
be computed from the equivalent pass-
band by a = 1.16/N.2 (see Ref. 3). 
It has been shown in Ref. 7 that at a 
luminance of 7 ft-L the equivalent pass-
band of the eye's lens is New = 50 tele-
vision lines/mm on the retina. The effec-
tive sampling area al, of the optical point-
image produced by the lens of the eye or 
the retina includes, therefore, 88 2.2-
micron cones at this illumination as illus-
trated in Fig. 28. The normal positive 
sine-wave response function (Fig. 27) of 
the visual system is the product of the 
sine-wave response function of the lens 
and the sine-wave response function of 
the color discriminator neuron system. 
Since the equivalent area of the final 
point-image in a cascaded system is sim-
ply the sum of the equivalent areas of its 
cascaded components, the equivalent 
areas ad of the color discriminator system 
are obtained as the difference 

ad = am — aL 

where ad = effective area of discriminator 
neuron system, am --= 1.16/(N.(+ )4/4.25)2 
= equivalent area of entire system: 

:The equivalent passband )4 of the overall 
sine-wave function (Fig. 27) is measured at an 
object distance equal to four length units (in-
dicated by the index 4); since the effective dis-
tance to the retinal image is 17 mm (effective 
focal length of lens), this length unit corresponds 
to 17/4 mm = 4.25 mm on the retina, requiring 
division by 4.25 to obtain lines per millimeter on 
the retina. 
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and aL = 1.16/ N,L2 = 1.16/2500 mm2 

= equivalent sampling area of lens. 
The diameters obtained for equivalent 

circular sampling areas ad of the color 
discriminator neuron systems are listed 

in Fig. 28.* The red discriminator re-
ceives signal contributions from approx-

imately 12 cones, while the more diffuse 

green and blue discriminators collect 
signals from equivalent areas containing 

about 39 and 59 cones, respectively. The 
intensity distribution in the actual point-

image of the lens and the chromatic sam-
pling areas is approximately gaussian, as 

illustrated in Fig. 28, and the actual areas 
include a larger number of cones with 
partial signal contribttions. The rela-
tively large number of cones associated 
with a single point-image area does give 
a logical explanation to the known fact 
that the retina contains a much smaller num-
ber of matrix units (bipolar and ganglion 
cells) than cones and that this ratio is adequate 
to derive color signals from the receptors, with 
only minor effects on the overall passbands. 

4. System Concepts Unresolved 

The complexity of the visual system, 
much of it unexplained, leaves room for 
much variety with regard to its possible 
functioning as a color system, and many 
different theories can be found in the lit-
erature.t The number of possible sys-
tems, however, is reduced by the high 
"quantum efficiency" of the eye? " 

*The signal integration computed from the 
measured sine-wave spectra agrees in order of 
magnitude with the number of synaptic connec-
tions from optic nerves over specialized types of 
ganglion and bipolar cells to the cones in Ref. 9. 

t Excellent discussions are given in Refs. 8 and 
10. 

Fig. 28. Diameter 8, 
(microns) of equivalent 
round sampling area of 
optical point-image and 
color discriminators of 
visual system relative to 
the diameter (2.2 µ) of the 
photoreceptors (cones). 

which does not seem to agree with systems 

of area-sharing receptors, where each 
covers only a narrow region of the visible 

spectrum. Given supersensitive recep-

tors, even slight dissimilarities in three 
spectral response characteristics similar to 

a luminosity function are quite sufficient 

to produce excellent color discriminators 
by signal subtraction and to retain full 

luminance sensitivity by addition. Like 

the eye, such a system will continue to 
"see" images in monochrome when the 
scene illumination becomes insufficient 
for operation of its discriminators .4 
The nonlinearity and the matrix sys-

tem of the retina allow for variation of 
amplitudes and weighting of respective 
gains (negative feedback) in combination 
with the luminance signal, so that the 
"computer" (the brain) assigns less im-
portance to signals from dark-colored ob-
jects in a bright surrounding than it does 
to small-component signals in a color 
mixture, or when the general "lightness" 
of all colors in the viewing field is more 
balanced. A similar mechanism is effec-
tive for pure neutral-luminance signals, 
where lower-intensity signals are sup-
pressed near strong ones, to enhance con-
trast by creating a subjective black-level. 
In such cases one could replace the low-
intensity surrounding of an object by a 
black surrounding without introduction 
of error, but this obviously does not per-
mit the omission of all low-intensity sig-
nals. For the same reason one cannot re-
place blue or for that matter any dark-
appearing color by a dark neutral or 
black except under specific conditions. 

At still lower illumination (scotopic range), 
cone vision ceases and only the rod system re-
mains in operation. 

5. Choice of Color Axes in External 

Systems Having Unequal Passbands 

It follows from the discussion of the vis-

ual system that, given three unequal pass-
bands for an external color-reproducing 
system, a preferred assignment to particu-
lar colors cannot be made on the basis of 

the eye's spatial frequency response, since 

there are apparently no major inequali-

ties between color and luminance pass-

bands in the visual system. One must look 
toward other characteristics, such as the 

chromatic aberrations of its lens, the 
lightness weighting and the subjective 

black-level (or feedback) mechanism, 

which, in a comparison, cause it to at-
tach less importance to "dark" colors, 

thereby permitting errors in their repro-

duction to be noticed less frequently. 
In the NTSC system the translation of 

the camera primaries R, G, B into the 
transmission primaries Y, I, Q containing 
a luminance channel (Y) was essential 
to establish compatibility with mono-
chrome receivers. Matrix I also assigns a 
percentage of the full video passband to 
each color. In view of the above analysis 
it appears that a somewhat more pan-
chromatic distribution of these percent-
ages (higher blue content in Y) could be 
of some advantage. 
Having assigned the normal wide pass-

band to the luminance channel of the 
NTSC color system, there will be no in-
equality of optical passbands in the re-
production of black-and-white objects. 
The axes for the remaining two theoret-
ically nonluminousil color signals (I, Q) 
must pass through the white point, and 
thus affect pairs of complementary 
colors, such as red and blue-green, 
orange and cyan, yellow and blue, 
yellow-green and purple, green and 
magenta. A balanced psychological 
weighting condition might be indicated 
by letting the Q-component be larger for 
high-luminance colors (which have a 
large wideband Y-component), but ex-
cept for the red and blue-green color-
pair, all pairs contain one higher and one 
lower luminance color. The choice of l-
and Q-axis directions is thus not very 
critical. The two color axes should 
include in general a large angle, and the 
Q-axis should not come too close to the 
low-luminance blue primary on one side 
and should point toward the high-
luminance green region on the other 
side of the white point. These considera-
tions place the /-axis in the orange and 
cyan region, helping the medium-
luminance red. The NTSC system axes 
have these locations (see Fig. 4). 

§The axial chromatic aberration (J. Op. Soc. 
Am., 47, No. 6, 1947) of the human eye is ap-
proximately 2 diopters from 400 to 550 mp 
and less than I diopter from 500 to 700 mp. 
II Because of the nonlinearity in an actual system, 
the l- and Q-signals cause small luminance 
components. 
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Conclusions 

The above analysis as well as visual 

tests indicate that the bandwidth restric-
tion in the I- and Q-channels causes 

small red-colored objects to lose some 
intensity and blur slightly (relative to 

white); green- and yellow-colored ob-
jects are sharp but lose some saturation, 
while small blue-colored objects have 
good saturation but lose intensity and 
sharpness. Because these effects are 
smaller in high-luminance colors, dis-
appear toward white, and occur in one 
(horizontal) direction only, the degrada-
tion in a normal two-dimensional color 
picture transmitted by the NTSC system 
is relatively small in comparison with a 
color transmission over three equal 
independent channels as illustrated by 
Plates VIII and IX. The relatively 
uncritical nature of the bandwidth 
assignments can be appreciated by de-
liberately disturbing the luminance 
weighting by an interchange of red, blue 
or green signal connections at the input 
to Matrix I, making the corresponding 
change after Matrix II, and observing 
the results visually at the kinescope 
as illustrated by Plates IX to XI. The 
reversal of luminance weightings for 
green and blue by interchange of matrix 
connections (Plate X) can be detected 
only by the appearance of a transient 
(following the right-side edge of the hat). 
The reversal of luminance weightings for 
red and green by interchange of matrix 
connections (Plate XI) gives no detect-
able effect for this subject as compared 
to the normal reproduction in Plate 
IX. Critical observation of test-pattern 
slides reveals that the defects caused by 
unequal passbands are readily visible 
and change to different colors when the 
above interchanges are made, and that 
there is a preference toward the NTSC 
choice. In a direct demonstration on a 
kinescope, most observers (engineers) 
were unable to recognize the equal 
bandwidth condition or the interchange 
of matrix connections when shown a 
variety of outdoor and indoor color 
pictures (SMPTE test series and many 
others). 
The analysis has shown that com-

mercial color kinescopes have a color 
contrast range resulting in a color 
space which is larger than that of a com-
mercial color motion picture, that color 
reproduction errors caused by the un-
equal passbands of the system in fine 
detail are relatively small, and that they 
are considerably reduced by rectification 
in the nonlinear kinescope. It has 
also been shown that the spurious signals 
generated in the practical separation of 
chrominance and luminance signals from 
the composite (NTSC) signal can be 
minimized by proper choice of amplitude 
response in the various band-limiting 
filters at the transmitter and receiver, 
and result in a relatively small loss of 

Fig. 29. Optical modula-
tion intensities required 
for threshold vision (cor-
rected for kinescope re-
sponse). U
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bandwidth and picture sharpness, as 
illustrated by Plates XII and XIII. The 
relative sharpness is well reproduced in 
the color plates. (Note the slight horizon-
tal edge transients in the NTSC repro-
duction, Plate XII.) The color satura-
tion, however, is considerably reduced 
by the printing process. 
Regarding the performance of com-

mercially available color receivers, it can 
be stated that the contrast of the color 
picture tube is as good as that of the 
tube used in these tests. Pictures received 
from commercial color broadcasts can be, 
and on many occasions have been, as 
good as those observed in these tests. 
However, with color even more than with 
black-and-white reception, performance 
depends on proper adjustments of the re-
ceiver controls and, of course, the am-
bient light level. The fine-detail mono-
chrome performance should be close to 
the values given (again assuming correct 
adjustments), but the horizontal color 
detail is not quite as good, because it is 
present practice to use a common inter-
mediate bandwidth for both I- and Q-
channels in the receiver. 

APPENDIX 

Generation of Equiluminous and 

Constant-Brightness Sine-Waves 

A white background is set up first by 
adjustment of d-c components. The color 
gun (or guns) producing the desired hue, 
red for example, is then modulated with 
a sine-wave signal to generate a vertical 
sine-wave field, and the guns producing 
a complementary signal (white minus 
red equals blue plus green) are simul-
taneously modulated by negative sine-
wave signals (opposite phase) of the 

BOO 

same frequency.* To adjust the proper 
mixture, all guns are first modulated in 
phase to produce a "white" sine-wave, 
after which the red gun signal is reversed 
in phase and adjusted in amplitude for 
constant luminance or constant visual 
brightness of the pattern. It is observed 
that this adjustment varies with the 
background color (horizontal distance 
from the white axis) which is, therefore, 
adjusted first by change of d-c compo-
nents. 
The adjustment for constant bright-

ness (red sine-wave amplitude) must be 
made for the actual observer to make his 
luminance mechanism inoperative, be-
cause the values ( Y) computed from the 
CIE "standard observer" curve are in 
error near the white axis as mentioned 
in Sec. 7. This error is surprisingly large 
for blue (seven different observers). 

Measurement of Sine-Wave Response 
Functions and Interpretation of Data 

The observer views from a fixed dis-
tance a uniformly illuminated field on 
which an extended sine-wave bar pattern 
is faded in slowly by a master control 
ahead of the potential dividers for the 
component ratios. The pattern becomes 
visible when the brain receives a just-
perceptible signal. A plot of the required 
optical input signal modulation is shown 
in Fig. 29. The operating point in the 
color plane was near the white point and 
had a total luminance indicated in Fig. 
29 by B, = 7 ft-L. Since the modulation 
is given in relative units of the color 

SA noninterlaced raster of 500 lines is used to 
obtain a direct proportionality of optical and 
electrical frequencies (see Ref. 12). 
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Fig. 30. Effect of signal-to-noise ratio, ocular tremor 
and transient motion on threshold sensitivity. 

under test and relative stimulus values are 
close to the values, wR/wo/w8 = 1/ 
0.92/1.57 of the white point, the mini-
mum perceptible stimulus increments of 
the three colors differ by less than a 
factor of two from one another at any 
spatial frequency. The normalized re-
ciprocal values of the sine-wave input 
signals plotted as a function of spatial 
frequency f, or line-number N = 2f, 
furnish the sine-wave amplitude re-
sponse of the visual system (Fig. 26), 
provided the threshold criterion is in-
dependent of frequency. Otherwise a 
correction is needed. Upon examination, 
one finds that the visual threshold is 
noise limited and that detection of any 
object area requires a certain constant 
signal-to-noise ratio. Because the area 
of sine-wave bars of constant length and 
one-half cycle width decreases in inverse 
proportion to their line-number, signal-
to-noise ratio (R)0 and sensitivity should 

be proportional to 1/VN- , as illustrated 
by curve 1 in Fig. 30. It is known, how-
ever, that the eye must vibrate (ocular 
tremor) in order to see detail; i.e., it 
must generate a-c signals for transmission 
to the brain (its analog contains a 
blocking capacitor). The deflection am-
plitude of the tremor is quite small, 6 µ 
on the average,n which does not degrade 
the image, but is sufficient to generate 
strong a-c signals at line numbers where 
the half-cycle length 1/N of the retinal 
sine-wave image is in the order of the 
deflection amplitude. The a-c signal, 
however, decreases toward lower line-
numbers and goes to zero at N = 0. 
The average a-c signal developed at 
different points on the retina due to 
ocular tremor is therefore a function of 
line-number, and calculations indicate 
the function shown by curve 2 in Fig. 30. 
The deflection amplitude is specified by 
its reciprocal value, expressed as a tele-
vision line-number NT (4) for an object 
distance equal to four length units.* 

*The reciprocal distance on the retina in tele-
vision lines per millimeter is given by N/mm = 
N(4) /4.25. 

The action of the tremor counteracts 
the sensitivity change due to the varying 
signal-to-noise ratio as shown by the 
product curve 3, but overcompensates at 
low frequencies. This deficiency is de-
creased by a partial d-c response7 and by 
the continuous jerky motion of the 
eyeball when a larger image is observed. 
One becomes conscious of this motion 
and its effect in generating a-c signals 
when a barely visible large object or 
pattern is viewed, because the pattern 
fades out when fixed steadily. The signal 
generation in this case is a series of de-
tached transients (a continuous large 
deflection would blur the image). A 
transient image appears after the sudden 
motion stops, just as in tests where ocular 
tremor and image motion are prevented 
artificially and transient vision is ob-
tained after a change of image content. 
The dashed curves in Fig. 30 show that a 
constant threshold requires only a 
relatively small increase in a-c signal at 
the low-frequency end of the response 
curve, which is obtainable by intermit-
tent excitation. 

In view of these facts, it appears justi-
fied to assume a constant threshold 
criterion in the upper portion of the sine-
wave response characteristic of the eye 
which is thus obtained directly from the 
measured data. The lower portion is less 
well defined, but indicates that an analog 
system contains a high-pass filter in 
cascade, with the normal low-pass 
filter representing the optic and retinal 
structure of the eye. The low-frequency 
section of the low-pass filter response can 
be extrapolated by matching the high-
frequency section to a possible lens-plus-
grain-structure response characteristic 
(see Fig. 27). 
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Discussion 
William L. Hughes (Iowa State College): Would 

you expand your statement on the interchange-
ability of blue, green and red? 

Dr. Schade: I'll be glad to: I have shown you 
the circuit diagram, Fig. 1, which shows red, 
blue, and green signals going into Matrix I for 
conversion to Y, I and Q signals at its output and 
then through Matrix II back into red, blue, and 
green signals. The terminal on the matrix, 
labeled green, leads to a luminance weighting of 
59% — the one labeled blue, to 11.4%. By 
interchanging the input signals, the blue and 
green weightings are interchanged. To obtain the 
correct colors on the kinescope, the output ter-
minals blue and green from Matrix II have to 
be interchanged also. Because of the matrix con-
nections and filters, the blue is now treated like 
green in terms of its weighting and the green, like 
blue. The net overall result comes out the same 
as far as large area colors are concerned but the 
frequency weighting is reversed. Reversal of red 
and green connections at the input of Matrix I 
and at the output of Matrix II similarly inter-
changes the weighting of the red and green 
signals. 

Dr. Hughes: Would one conclude from this, 
then, that for the NTSC system they really had 
many choices for a narrow band and for wide 
band, that after you've selected your luminance 
signal, of course, they are really not too impor-
tant? 

Dr. Schade: Yes: It is not very critical what 
luminance you assign to the color; but as shown 
by the analysis, a somewhat higher luminance 
channel percentage of the blue, say 20% instead 
of only 11%, might be advantageous. It would 
give a little more even frequency weighting, so 
that, for example, a blue-lettered label on a box 
would be less blurred. But in general this defect 
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is not very serious and the NTSC choice is in the 
correct direction as discussed in the paper. 

Dr. Hughes: Would you go so far as to say then 
that in forming the luminance signal one might 
have taken equal luminance from all three 
channels and not be very far off? 

Dr. Schade: I think the effect would probably 
hardly be noticed in pictures. There is, however, 
a compensating effect: the green signal has a 
high luminance and it is getting a large percent-
age, 59%, of the 4-mc channel. On the other 
hand it also gets a high percentage of the narrow-
band Q-channel, while the blue signal, which 
gets a low percentage of the 4-mc channel, gets 
the highest percentage of the medium channel /-
signal. So it is partly compensated by that 
choice — you can't just make a flat statement. 

J. R. Popkin-Clurman ( Telechrome Mfg. Co.): 
Would you now advocate that the luminance 
channel bandwidth be restricted as a great 
improvement in picture performance? 

Dr. Schade: I assume that you mean from the 
standpoint of crosstalk. In the studio, the cameras 
all have wide bandwidths, perhaps 6 or 8 mc 
wide. This wide-channel signal (and noise) is 
put directly into the colorplexer without band-
limiting filters. On a studio monitor, which 
shows the black-and-white picture, you therefore 
see a little more definition. In a normal receiver, 
however, the wide Y-channel causes crosstalk. 
Now, if you insert a filter into the Y-channel 
after Matrix I to limit its bandwidth to that of 
the receiver in the home, you eliminate most of 
the crosstalk; but in the studio the picture won't 
look quite as good. I advocate as the simplest 
change to insert a Bode-type filter having a 31-mc 
cutoff into the luminance channel at the trans-

miner, and most of the color noise will disappear 

in the receiver without loss of definition, because 
no commercial receiver exceeds this bandwidth. 
Mr. Popkin-Clurman: Your curve showed a 

considerable cut, starting at around 11 mc. 
Dr. Schade: Yes, one of the curves showed a roll-

off requiring aperture correction in the receiver. 
With that you get very drastic reduction: in cross-
talk. But the last one of the four color slides I had, 
illustrated a " flat" channel with a sharp cutoff 
at 3 mc with no aperture correction in the re-
ceiver. No change was made otherwise and you 
could see that the difference wasn't very large. I 
have shown many pictures with this arrangement 
to a number of our engineers and they all liked it 
because it requires no change in the receiver and 
no change at the transmitter except for one filter. 

Mr. Popkin-Clurman: In respect to the color 
pictures, in reversing the red for the green, the 
green for the blue, etc., one of the things, of 
course, that doesn't show up in these pictures is 
that the noise gets integrated. Normally we're 
used to seeing blue noise rather heavily — low-
frequency blue noise if you turn up the chroma 
and you have an excessively noisy system. 

Dr. Schade: That is the crosstalk I was talking 
about. 

Mr. Popkin-Clurman: Now what happens when 
you reverse, say, blue and green? Does the blue 
noise change to green noise or red noise? Doesn't 
this become more objectionable from a subjective 
standpoint than would be apparent from looking 
at the pictures? 

Dr. Schade: The point I'm trying to make here is 
not that we should reverse the matrix. This is 
just to show you that the picture in general — 

forgetting the noise — doesn't change. 1f you go 
through forty or fifty different subjects you can 
divide them into two quality groups and for any 
condition you get two groups — one judged 
better, one poorer — which are about equal in 
size, your choice depending slightly upon the 
subject. There isn't very much preference. Now 
with respect to noise, if its visibility was according 

to luminance, it should not look blue. It does look 
blue because, particularly near the white point, 
luminance and apparent brightness increments 
don't correlate, as discussed in the paper. 

Mr. Popkin-Clurman: I believe you stated that 
in the NTSC system, the color pictures have an 
added resolution due to resolution in the vertical, 
even though it may not be present in the horizon-
tal? 

Dr. Schade: I'll restate this. In the vertical 
direction the resolution, or better, the sine-wave 
response of any television system is determined 
entirely by the spot size in the camera tube, the 
number of lines in the raster, and the spot size 
in the kinescope. In other words, it has nothing 
to do with the electrical channel, only with the 
choice of raster line numbers and the size of the 
spots. Because all the signals in any vertical cross 
section are transmitted in the lower portion, up 
to 100 or 200 kc, the video band which is always 
flat in this range never affects these signals. Since 
the three color signals, Y, I and Q, are alike up 
to 600 kc, there is no limitation by the electrical 
portion of the system at all. We have full vertical 
definition in all colors. Now, horizontally, you 
need a wide bandwidth for the higher frequencies 
to reproduce fine detail and that's where the 
inequality of the channels comes in. 
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The Resolving-Power Functions and Quantum 

Processes of Television Cameras 

The extensive paper by O. H. Schade, Sr., (RCA Review, vol. 28, pp. 460-535, 
September 1967) is summarized. The resolving power of an imaging system is 
described in terms of a series of "resolving power functions"; these relate the 
resolution to the exposure as a critical variable. The successive functions vary as a 
number of other significant parameters are changed. The treatment permits pre-
diction of resolving power performance of TV camera and other imaging sys-
tems under a variety of operating conditions. Experimental confirmation of the 
analysis is mentioned. 

ANI EXTENSIVE original paper has been 
published in the RCA Review.' The paper 
is highly detailed and particularly de-
signed to be read by the close specialist in 
this field. The general philosophy and 
method of approach expounded in the 
paper are important to the art; and to 
enable the reader who is less specialized 
to obtain the essential gist of it a tutorial 
summary of the work is presented here-
with. No attempt is made even to outline 
the very large amount of detailed infor-
mation contained in the original. The 
summary must simply be taken as an 
abstract sketching out the main trend 
of the author's thesis, and indicating the 
general nature of his principal conclu-
sions. 
The work is essentially an analysis of 

the factors that affect resolving power in 
television camera systems, to the point 
where predictions can be made of what 
performance, in this sense, can be ex-
pected of such systems, under different 
design conditions. The end product of 
the analysis is a series of functions, which 
the author calls "resolving power func-
tions," that relate the resolution per-
formance to the exposure, which the 
author takes as a critical variable. The 
specific trend of these functions varies 
with a number of other significant para-
meters. 
The author considers the case where 

the dominant element of a television 
system, insofar as resolving power is 
considered, is the camera system, and 
envisages the analysis of the remainder 
of the aggPmblage as a separate study. 

Dr. Otto 1-1. Schade, Sr., is Research and De-
velopment Engineer, Radio Corp. of America, 
32 Francisco Ave., Caldwell, N.J. 07006. This 
summary was received on February 12, 1968, 
from Dr. Pierre Mertz, Chairman of the SMPTE 
Board of Editors, 66 Leamington St., Lido, 
Long Beach, L.I., N.Y. 11561. 

He gives some attention to the influence 
of the scanning-line pattern in terms of 
line-spread functions, and this leads to a 
lower limitation on raster-line density 
for the camera. However when observing 
the resolving power of the camera he 
notes that the beam diameter is much 
larger than the raster-line pitch. This 
leaves the scanning-line influence rela-
tively negligible. He generalizes the 
study, at various places, to include the 
analysis of photographic cameras. 
The definition of resolving power used 

is based on the threshold of visuar de-
tection of the lines in a 3-bar test pattern 
as described in more detail in a previous 
paper.2 Specifically, it is the smallest 
pattern in the group in which the lines 
can be resolved. In that earlier paper it 
was found that this threshold of detection 
occurred, fairly closely, when the "signal-
to-noise ratio" in the luminance of the 
bar pattern was 3.6. In the simple case 
where the dark bar was black, the 
"signal" was the light flux coming from 
the light bar. This was averaged over a 
number of such bars in preliminary 
calibrating measurements. The "noise" 
was the rms deviation of this light flux, 
in the individual measurements, from 
the average. 
The above relation to signal-to-noise 

ratio covers.the viewing of a fixed single 
test frame. Where a continuous "live" 
image is viewed the threshold signal-to-
noise ratio for detection was found to be 
approximately 2. 
Under extreme low conditions of scene 

illuminations and consequent low den-
sity, on the photosensitive surface, of ex-
cited grains or photoelectrons in a photo-
graphic or television camera, the signal-
to-noise ratio is distinctly a function of 
exposure (as measured, say, in meter 
candle seconds). For under these condi-
tions the basic " noise" would be de-
termined by the electron shot noise re-

By OTTO H. SCHADE, SR. 

A Tutorial Summary by PIERRE MERTZ 

sulting from the effect of the incident 
light (measured by E, the exposure). 
The signal S would be proportional to 
the product EW2, where W is the width 
of the test bar (and therefore W2 is 
proportional to the area of the single 
bright test bar or sampling aperture). 
The noise interference I, by simple 
statistical theory, would be proportional 
to Ei W, and signal-to-noise ratio to 
S// or Ei W. 
The spatial frequency N (in cycles per 

mm) on the test pattern is equal to 
11(2W). If over a range of exposures one 
sets a fixed signal-to-noise ratio, at the 
threshold of spatial frequency resolution, 
then N is found to be proportional to 
El. 
The plot of this straight line, on log-

log paper, forms what is called the 
"absolute photon limit" resolving power 
function. This is illustrated by curve 1 
of Fig. 1* (for image orthicons used in a 
continuous exposure mode). 
The author, however, warns at several 

points that "a one-to-one correspondence 
of electrons and exciting photons has yet 
to be demonstrated." Thus an absolute 
limit conditioned only by photons is 
hypothetical. What does happen, how-
ever, is that the different photosensitive 
surfaces used in various camera equip-
ments do show an effective quantum 
efficiency e less than unity. Thus, if this 
were the only phenomenon applicable, 
the excited electron rendering would 
show a granularity coarser than obtained 
from the shot noise. If e were constant 
over the exposure range, it would lead to 
a straight line parallel to and below 
curve 1 of Fig. 1 — something like curve 
2 (though curve 2 includes additional 
phenomena). 

* Figures in this summary, numbered Fig. 1 
through 6, were, respectively, Figs. 14, 12, 15, 
16, 19 and 28 in the author's paper. 
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These additional phenomena are the 
secondary emission gain of the image-
orthicon target and the readout efficiency. 
Curve 2 is called by the author the 
quantum limit. 
The maximum charge potential that 

can be read out by a low-velocity elec-
tron beam is limited to a few volts, be-
cause of electron reflection and secondary 
emission at the storage surface. This 
means that the tube is limited in the 
maximum exposure that it can convert 
into a signal. When translated into meter 
candle seconds, this is the meaning of 
the E1 shown in the figure at 1.22 X 10 -3 
mcs. It indicates the maximum mean 
level exposure and the peak highlight 
exposure comes at twice this value. 

Obviously also the resolving power is 
limited by the modulation transfer func-
tions (MTFs) that are encountered in the 
tube operation. The allowance for these 
is a little tricky because one runs into 
implicit equations. They can be solved 
graphically or by methods of successive 
approximation, as briefly noted by the 
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Fig. 4. Quantum limits and resolving power of vidicon 
(curves 2, 3, 4) and of intensifier vidicons (curves 21, 31, 
41). 

100 

author. The curves 3 to 5 make allow-
ances for a variety of assumed MTFs, 
ranging from numbers 1 to 5. These 
cover lens properties and the properties 
of various types of electron beams. The 
MTFs are plotted in Fig. 2. The specific 
cases covered, referred to by number in 
Fig. I, are listed in the legend in Fig. 2. 

So far the discussion covers only a test 
pattern of full contrast. The effects for 
low-contrast resolving powers are in-
dicated by the curves 2' and 5'. 
The author then discusses the effects 

of adding an intensifier stage to the 
image orthicon. These do not appear on 
the figure, and essentially comprise a 
small improvement in light sensitivity 
and a reduced lag at very low light levels, 
but at the expense of a reduced resolving 
power. 
The curves for vidicons used in the con-

tinuous exposure mode are shown in Fig. 
3. Here curve 1 represents the absolute 
photon limit, as labeled, and curve 2 
the quantum limit, as discussed for Fig. 1. 
A new factor, the dark current, now 

appears. At low exposures, this con-
siderably reduces the resolving power; 
and it effectively changes the 4- power 
law to a first power law, between ex-
posure and resolving power. It is illus-
trated by curve 3 in Fig. 3. At high ex-
posures the effect of the dark current 
diminishes, and as shown curve 3 merges 
into curve 2. When typical MTF effects 
(not specifically identified with those 
illustrated in Fig. 2) are included with 
curve 2 they lead to curve 2F. When in-
cluded with the linear part of curve 3 
they lead to curve 3F; and when in-
cluded with the complete curve 3 that 

merges with curve 2, they lead to 
curve 4. The maximum mean level ex-
posure is shown at El. The functions 
2.1, 2.1F, 3.1 and 4.1 show the effects of 
halving the photoconductor efficiency 
by a reduction of target voltage. 
The author shows the effects of adding 

an intensifier stage to the vidicon in Fig. 
4. Here curves 1, 2, 3 and 4 are merely 
copied from Fig. 3 for comparison. 
Curves 21, 31 and 41 illustrate the effects 
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Recommendations of the National Television 

System Committee for a Color Television Signal 

I. INTRODUCTION 

The work of the National Television 
System Committee on color television 
has probably constituted a fundamental 
and major advance. This report of the 
NTSC's accomplishments is the author's 
view, and not an official statement on 
behalf of that Committee. 
To assist in the understanding of the 

significance of the several elements in 
the total contribution, a review of some 
of television's history is useful. 

In 1949 the Federal Communications 
Commission issued a Notice of Proposed 
Rule Making1 dealing with color tele-
vision, and held a hearing on the subject 
which lasted many months. The Com-
mission appears to have had two pur-
poses in this course of action. First, it 
certainly wanted to bring about a color-
television service to the public at an 
early date. Second, and perhaps from 
its point of view, equally important, it 
wanted to establish whether or not color 
television would require different treat-
ment in frequency allocation than did 
monochrome television. It had become 
apparent before the issue of the notice 
that the 12 channels then available for 
television were insufficient to satisfy the 
Commission's objective of a nationwide 
and competitive television broadcast 
service. Additional channels in excess 
of 50 were going to be required. An un-
committed portion of spectrum known 
to be reasonably suitable for television 
broadcasting lay below 1000 mc, suf-
ficient in extent for 70 added channels if 
6 mc was sufficient channel width. No 
other frequency space gave promise of 
being available within the foreseeable 
future for televigion broadcasting. This 
state of affairs is shown in Fig. 1. The 
Commission was faced, therefore, with 
the difficulty " If color television cannot 
be done in a 6-mc channel, we must 
either have less channels than needed 
for a nationwide competitive service or 
we must postpone color television into 
the indefinite future"; and there had 
been evidence, in 1947, that color-tele-
vision broadcasting of quality compa-
rable to monochrome television would 
require 12- to 15-mc channels. 
The Commission concluded, from the 

evidence presented in the hearing, that 
color television could be broadcast in a 

Presented on October 6, 1952, at the So-
ciety's Convention at Washington, D.C., 
by A. V. Loughren, Hazeltine Corp., Little 
Neck, L.I., N.Y. The author has reviewed 
the entire Convention transcript and 
brought salient points from the oral discus-
sion into this presentation, brought up to 
date for the Journal. 

6-mc channel, that the field-sequential 
method of color-television broadcasting 
was the only method which at that time 
had been demonstrated both to give pic-
tures with some prospect of viewer ac-
ceptance and to be practicable with ap-
paratus then readily available, and the 
Commission adopted that method.2,3 

In response to the Commission's 
notice of the hearing a large number of 
interested parties in the television broad-
casting and television apparatus manu-
facturing industries established a Na-
tional Television System Committee to 
provide a means for the industry to assist 
the Federal Communications Commis-
sion by making information available 
to it in the course of the hearing. Be-
fore, during, and following the hearing, 
some of the members of this committee 
had made substantial progress with both 
the theoretical and practical aspects of 

VHF 
12 Channels 
of 6 Mc 

in 
Commercial 

Use 

1 

By A. V. LOUGHREN 

a method of color-television broadcast-
ing quite different from the field-sequen-
tial method. In the fall of 1950 the 
NTSC set up a six-member Ad Hoc 
Committee to investigate the progress of 
these developments and to report back a 
recommendation as to whether or not 
NTSC should work actively toward the 
completion and experimental verifica-
tion of a color-television signal based on 
all of these developments. In the spring 
of 1951 the Ad Hoc Committee turned 
in its report. The committee found 
that the developments had indeed 
reached the point where it seemed highly 
likely that further work would lead to 
a most advantageous form of color-tele-
vision broadcast signal. The commit-
tee's report recommended that the 
NTSC proceed actively to study the sig-
nal, to arrange for such tests as were nec-
essary to select the signal characteristics, 
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Known to Be 

Readily Usable 

Remote UHF 
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If Ever 
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Fig. 1. Existing and potential television allocations, as of 1949; 
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and to pursue a program of field tests of 
such scope as to show clearly beyond any 
doubt whether or not the signal result-
ing from these choices was in fact pos-

sessed of the advantages claimed for it. 
The National Television System Com-

mittee approved the report of its Ad 

Hoc Committee and it proceeded in ac-
cordance with that report to establish 

additional panels organized specifically 

for the several tasks involved, as pre-

sented in Fig. 2. Panels 13 and 14 are 
responsible for establishing the signal 
specifications, Panels 15, 16 and 17, for 
the independent testing of the recom-
mendations of the first-named two pan-
els, and the remaining panels provide 
for important functions auxiliary to those 
already described. In the ensuing 
months the signal specification has been 
established, been subjected to extensive 
studies in both laboratory and field, 
and has been modified to make certain 
minor improvements. The committee's 
work is now at the point where the final 
field tests are expected to start in the 
immediate future. 

II. THE BASIC PRINCIPLES 

Out of the work in this field certain 
principles have emerged which appear to 
be basic to a system of color-television 
broadcasting if that system is to show 
full utilization of the portion of the fre-
quency spectrum allocated to it. Among 
these principles are the following: 

1. The electrical quantities in the sig-
nal shall represent the transmitted color 
ih terms of its luminance, dominant 
wavelength and purity; alternatively, 
these may be thought of as brightness, 
hue and saturation. 

2. The spectrum space occupied by 
the luminance information must be 
shared by the color information without 
adversely affecting the transmission of 
either. 

3. The color-television signal must 
provide satisfactory black-and-white pic-
tures on the present monochrome sets if 
color broadcasting is to grow rapidly 
into an important public service. 

These principles are, worth examina-
tion in some detail. 

The Electrical Description of Color 
There are many ways of including in 

an electrical signal three quantities 
which when taken together can be used 
to represent a color. Only two of these 
need concern us here. In the first of 
these, separate elements of the signal are 
used to represent the respective intensi-
ties of three primary colors — for ex-
ample, red, green and blue — which 
taken together will produce a resultant 
color which to the eye is a match for the 
original color. This method of electri-
cally describing a color appears to be 
simple and straightforward, and it can 

100% 

BO 

o 
17: 

CC 

tu 60 

o 

o 

u, 
cr 40 

o 

20 

025 03 LO 20 0.1 

SKILLED 
OBSERVERS 

?KILLED s INSTRUCTED 
OBSERVERS 

UNINSTRUCTED 
GROUP 

4.0 

CROSSOVER FREQUENCY IN MEGACYCLES 

Fig. 3. Comparison of "Satisfactory Picture" curves for various skills. 

Courtesy, Proc. I.R.E. (Ref. 6, Fig. 7). 

be shown to have the further advantage 
that the three indications may be pre-
sented successively rather than simul-
taneously without altering too greatly 
the visual result, at least over a limited 
range of conditions. It is therefore pos-
sible by fairly easy modifications of a 
black-and-white television system to ar-
range for the display of one field of the 
picture in each of the primary colors suc-
cessively. Theoretical and experimen-
tal studies of such a system appear to 
have established the following system 
properties: 

1. If the color-television system is to 
exhibit essentially the same resolution 
as that of a typical monochrome system, 

it must present as much information for 

each of the three primary colors as the 

monochrome system presents; it must 

therefore transmit three times as much 

total information and use three times as 
much bandwidth. 

2. If the color system confines itself 

to the same bandwidth as the mono-
chrome system, it must as a practical 
matter exhibit decreased resolution and 
must also operate with different scan-
ning standards than the monochrome 
system. 

Considering now the electrical de-
scription of color in terms of brightness, 
hue and saturation, we note first that 
these quantities must be presented simul-
taneously; there is no mechanism in the 
eye which permits these quantities to be 
accepted successively in the fashion that 
persistence of vision permits red, green 
and blue intensities to be accepted suc-
cessively. Next we find that the visual 
acuity for the brightness component of 
color, that is, the ability to perceive fine 
detail, is exactly the same as that for the 
brightness component of a monochrome 
image, but visual acuity for changes of 
color unaccompanied by changes of 
brightness is very much poorer than the 

eye's acuity for brightness detail; this 
indicates that the amount of information 
which must be transmitted to add color 
to a black-and-white picture is very 
much smaller than the amount of infor-
mation required to produce a satisfac-
tory black-and-white picture in the first 
place, if the color is added by informa-
tion which describes hue and satura-
tion.4.6 

Panel 11 of the NTSC conducted a 
careful set of experiments,6 the results of 
which are summarized in Fig. 3. In 
making these tests all pictures were pre-
sented with a bandwidth for the lumi-
nance component extending out to 4 mc. 
The additional information required to 
insert color into the picture may be 
thought of as "color-difference" sig-
nals; two color-difference signals taken 
together can be used to tell how far 
from gray and in what direction from 
gray a particular color is, relative to a 
gray of exactly the same luminance. 
If the color-difference signals have a 
narrower bandwidth than the luminance 
signal, then color gradations are not as 
sharp on the picture although the full 
sharpness of luminance gradations is pre-
served. The horizontal coordinate (on 
the chart, called "crossover frequency," 
in reference to the specific apparatus of 
the test) is the amount of bandwidth 
devoted to each of the two color-differ-
ence signals in a particular observation. 
The vertical coordinate refers to the per-
centage of the number of observations 
in which the various classes of observers 
rated the picture quality as "satisfac-
tory.". The curves indicate that even 
with a luminance bandwidth of 4 mc, 
and the observers permitted to sit where 
they wished, there was no significant 
improvement in pictorial quality ob-
tained by increasing the bandwidth de-
voted to color-difference signals above 1 
mc. The curves also show that this 
statement is true both for skilled and for 
lay observers. 
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Fig. 4. Small section of the spectrum, region in the vicinity of the 82nd and 83rd 
harmonics of the line scanning frequency. 

Courtesy, Electronics (Ref. 9, Fig. 1). 

In the tests made by Panel 11 both 
color-difference signals had the same 
magnitude in any one observation. Sub-
sequent tests, the results of which have 
not yet been published, have indicated 
that along a particular direction of 
color difference the bandwidth may be 
decreased to approximately mc without 
noticeable impairment of the picture, 
especially if the bandwidth in another 
direction is retained at the value of 1 mc 
or perhaps slightly greater. 
We also note that the eye responds 

only slowly to changes in color; thus 
small rapid fluctuations about a correct 
color value go unperceived, whereas 
corresponding fluctuations about the 
correct brightness value would be per-
ceived immediately as flicker. This 
latter point indicates that greater ex-
posure to electrical disturbance may be 
permitted the color component of the 
signal without impairment of perform-
ance than may safely be permitted to 
the monochrome component of the sig-
nal. 

Sharing of the Channel 

The luminance component of a color-
television signal has the task of control-
ing, element by element, the brightness 
of the received image. It is most impor-
tant for successful color-television trans-
mission that this task be well discharged. 
The standards of the Federal Communi-
cations Commission for monochrome 
television provide the means for dis-
charging this task well, and the use of 
these standards should certainly be ex-
amined as a basis for a successful color-
television system. 

It has been known for a long time that 
a normal monochrome television signal 
by no means completely fills its chan-
nel;7.8 the spectrum consists in general 
of a component at each harmonic of the 
line-scanning frequency, with each such 
component being accompanied by a 
cluster of smaller components spaced 
from the main component by the field-
scanning frequency. Figure 4 illus-
trates a small section of the spectrum, 

showing the region in the vicinity of the 
eighty-second and eighty-third harmon-
ics of the line-scanning frequency. The 
dotted line half-way between the groups 
illustrates the absence of any signal in-
formation at this region. The signal 
spectrum consists therefore of groups of 
components at the successive harmonics 
of the scanning-line frequency, or bet-
ter, at the even harmonics of one-half 
the scanning-line frequency, and gaps 
corresponding to the odd harmonics of 
one-half the scanning-line frequency. 
We see, therefore, that a second television 
picture could be transmitted within the 
same spectrum occupied by our lumi-
nance picture if its signal components 
could be so transformed as to lie at odd 
harmonies of the scanning-line frequency. 

It is also found that even if compo-
nents are artificially injected into the 
signal spectrum in positions correspond-
ing to the dotted line of Fig. 4, a normal 
television receiver will not reproduce 
these components. The diagram of Fig. 
5 illustrates the reasons for this. In the 

MODULATION 
FREQUENCY 
IS EQUAL TO 

A- EVEN HARMONIC 
OF I/2 [LINE FREQ] 

6- ODD HARMONIC 
OF I/2 [LINE FREO] 

Fig. 

LINE 1 

upper line of the figure a signal is shown 
at the third harmonic of the line-scanning 
frequency and therefore at the sixth, an 
even harmonic of half the line frequency. 
Three full cycles of this signal appear in 
traversing a single scanning line, and the 
next scanning line shows three full cycles 
again. The section at the right of the 
figure is labeled "Line 3" or " 526," and 
of course line 526 is the first line of the 
next picture, and therefore lies exactly 
on top of line I one-thirtieth of a second 
later. The second horizontal line in the 
diagram shows how line 1 and line 526 
add directly to produce an augmented 
result. In the lower half of the diagram 
a signal is shown at the third harmonic 
of one-half the line frequency. This 
odd harmonic signal repeats in line 3 
and also in line 526 exactly opposite in 
polarity to the position which it took in 
line I. The lowest section of the dia-
gram at the right shows that when line I 
and line 526 are superposed, the brighter 
than average regions in line 1 land on 
darker than average regions in line 526, 
and vice versa, and therefore the total 
contribution to brightness tends to be 
the same all along the line; the compo-
nent is therefore not effectively repro-
duced. If the reproducing device is 
linear, and if the eye remembers fully 
for two picture intervals, then this can-
cellation is exact and complete; in the 
practical case neither of these require-
ments is fully met, and so the cancella-
tion is theoretically incomplete but of 
great practical value?' 

It is worth emphasizing that we have 
thus established the fact that a good 
monochrome television signal, suitable 
for use additionally as the luminance 
component of a color signal, has gaps 
in it in which additional information 
may be transmitted without affecting 
the use of that signal as a luminance sig-
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5. Principle of interference cancellation by frequency interleaving. 

Courtesy, Electronics (Ref. 9, Fig. 2). 
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na! either for color or for monochrome 
receivers. 

Compatibility Considerations 

We have seen that the signal for mono-
chrome television and the luminance 
component of a color-television signal 
must satisfy the same set of require-
ments; we have also seen that idle inter-
vals exist in the transmitted band of this 
signal in which another signal may be 
placed, and we shall presently find that 
the color components of the color-tele-
vision signal may be placed there; we 
have also seen that a signal placed in 
these idle intervals is essentially invisible 
on a black-and-white receiver. There 
is no disadvantage then in adopting for 
the luminance component of a color-
television transmission identically the 
same standards which have been found 
suitable for a high-grade monochrome 
transmission. And we should bear in 
mind that the performance capabilities of 
the black-and-white television signal 
represented by the FCC's standards, are 
likely to equal or exceed any demand for 
performance to be encountered in the 
foreseeable future. 

But there is more to this than the mere 
absence of a disadvantage. If our color-
television signal consists of a luminance 
component conforming exactly to the 
present monochrome standards and an 
interleaved color component which is 
essentially invisible on monochrome re-
ceivers, then our color-television broad-
cast is also an acceptable black-and-
white broadcast, and the potential audi-
ence for any such broadcast includes not 
merely those who have at the time of the 
broadcast equipped themselves with 
color-television receivers, but also all 
viewers equipped with black-and-white 
receivers. A signal for color television 
which bears this relation to an existing 
signal for monochrome television, is said 
to be compatible with the monochrome 
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signal; the importance of compatibility 
in bringing about early and widespread 
adoption of color television, once the 

color standards have been accepted and 
established by the Federal Communica-
tions Commission, is thus seen to be ex-
tremely great. With compatibility, color 
television can be given a flying start by 
its parent, monochrome television; with-
out compatibility, color television must 
start from a complete standstill; it must 
face the terrible economic difficulty rep-
resented by the situation " too few 
viewers, therefore very little sponsor 
money, therefore poor programs, there-
fore too few viewers." 

Important though compatibility is to 
the rapid introduction of color tele-

vision, it is perhaps not important enough 
to justify of itself the adoption of a color-
television system markedly inferior to a 
system which could be developed dis-

regarding compatibility. We should 
note however that we are not faced with 

this question; instead, we have the situ-
tion in which the basic technical consid-

erations important in the design of a 
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color-television signal coincide with 
those controlling the design of a mono-
chrome signal, and in satisfying these 
considerations we find compatibility as 

an automatic by-product. 

III. GENERATION OF THE SIGNAL 

A block diagram of the essential ele-
ments of the transmitting apparatus is 
shown in Fig. 6. A camera at the left 
generates three signals which collec-
tively represent the luminance, hue and 
saturation of the scene, element by ele-
ment; in the example shown the actual 
camera outputs correspond to the red, 
green and blue components. Gamma 
correction — to improve the signal-to-
noise ratio and incidentally to match ap-
proximately the receiver picture-tube 
curvature — may be introduced at this 
point. 
The resulting signals are electrically 

added, in the proportions of their re-
spective luminances, to form the mono-
chrome or luminance signal. Normal 
adjustment for the system is such as to 
make the three signals from the camera 
equal if the color represented is that cor-
responding to standard Illuminant C; 
under this condition the luminance sig-
nal Ey' is also equal to the gamma cor-
rected voltages E,', ER' and ER'. 8 
The negative of the luminance signal 

is developed by the phase inverter; in 

the two adders shown below it, this sig-
nal is added to the red and the blue color 
signals, respectively, thus forming in the 
adder the two color-difference signals 
corresponding to these two primaries. 
Examining the red color-difference signal 
in some detail, it is noted that this signal 
was generated by addition and subtrac-
tion of the signals originally produced by 
the camera. These signals, of course, 
have their components at even harmonics 
of one-half the line frequency like the 
components shown solid in Fig. 4; of 

* See the Appendix for definitions of sym-
bols and formulas not explained in the 
text and illustrations. 
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course, addition and subtraction of such 
components does not change their fre-
quency into the positions of the low-
visibility, odd-harmonic components, 
and yet we want these components to 
be translated into odd-harmonic com-
ponents so that they may be inter-
leaved between the components of the 
luminance signal for transmission. If 
we generate a subcarrier frequency at 
such a frequency value as, for example, 
the 455th harmonic of one-half the line 
frequency, it will be a low-visibility sig-
nal, like the dotted line in Fig. 4. If we 
then use our red color-difference signal 
to modulate this subcarrier, the side-
bands which appear with the subcarrier 
as a consequence of the modulation proc-
ess, will be separated from the subcarrier 
frequency by the same interval that 
separates the original sidebands from 
zero frequency; in other words, all of 
the components of the red color-differ-
ence signal which were generated as 
even harmonics of one-half the line fre-
quency, will appear as sidebands of the 
subcarrier at odd harmonics of one-half 
the line frequency, and will therefore 
exhibit low visibility if they are applied 
to any normal television reproducing 
system. This frequency transformation 
is illustrated in Fig. 7. Row A shows 
the luminance signal and its components 
in solid lines to represent their being 
even harmonics of one-half the line fre-
quency. Row B shows a color-differ-
ence signal as generated, again with 
solidly drawn components representing 
even harmonics of one-half the line fre-
quency. Row C shows this same signal 
appearing as modulation on a subcarrier 
f1,. The spacings of the components are 
still the same but the subcarrier itself 
being an odd harmonic, all of the other 
components must themselves be odd 
harmonics also. Finally, Row D of the 
drawings shows the solid lines of the 
first section and the dotted lines of the 
third section interleaved as they are in a 
normal transmission. 
Some other characteristics of the sig-

nal may be noted by further reference to 
Figure 6. For example, since the red 
signal and the signal E,' are equal on 
white, the output of the adder in the red 
channel, the red color-difference signal, 
must equal zero on white. It will have 
an amplitude which we may call posi-
tive when the scene is red and an ampli-
tude which we may call negative when 
the scene is the complement of red, or 
cyan. Now, if the modulator of Fig. 6 
is a balanced modulator, it can be ar-
ranged so that its output will also vanish 
on white; it is advantageous to design 
the system in this fashion, since this re-
duces still further the residual percepti-
bility of the low-visibility components 
represented by the dotted lines of Figs. 
4 and 7, especially in picture highlights 
which are generally white or relatively 
unsaturated color. We find, however, 
that a transmission whose output van-

ishes when the modulating signal van-
ishes, is a transmission in which the car-
rier frequency has been suppressed, 
leaving only the modulation sidebands. 
For correct detection of such a transmis-
sion the carrier must be resupplied at the 
detector of the receiver, and we shall 
provide a synchronizing pulse in the 
transmission to enable receivers to gener-
ate a suitable carrier. The resupplying 
of a properly synchronized carrier in the 
receiver offers us another advantage: 

it permits us to distinguish successfully 
between phase modulation and ampli-
tude modulation of a single subcarrier; 
alternatively, we may say that it permits 
us to modulate two subcarriers at the 
same frequency 90°' apart in phase and 
transmit their sidebands over the same 
circuit and yet distinguish each set of 
sidebands from the other in the receiver. 
It will be seen that we make use of ex-
actly this property to permit the trans-
mission of the blue color-difference signal 
as modulation sidebands on the very same 
subcarrier frequency as the red color-
difference signal, with the two subcar-
riers differing merely by 90° in phase at 
the subcarrier frequency. 

Finally, the two sets of subcarrier side-
bands representing respectively red color-
difference information and blue color-
difference information, are combined 
and are then added to the luminance 
signal as illustrated frequency-wise in 
Fig. 7. The resulting signal is then ap-
plied to the transmitter. Let us note 
again that this signal is in all respects a 
perfectly normal monochrome television 
signal to which there has been added, in 
a fashion which makes it essentially in-
visible on normal monochrome receiv-
ers, the color-difference information 
which can be used in a color television 
receiver to reconstruct the original image 
in full color. 
The transmission of two independent 

sets of modulation sidebands based on 
the same subcarrier frequency over the 
same circuit requires that the transmis-
sion be on a double sideband basis if the 
two sets of modulation components are to 
be separated at the receiver. Conse-
quently, the maximum frequency which 
we may choose for the subcarrier is a 
frequency enough lower than the top fre-
quency of the expected passband of the 
system to satisfy this requirement for 
double sideband transmission. Now, if 
one of the modulation components has a 
bandwidth of a half megacycle, while 
the other had a bandwidth of a mega-
cycle or greater, the necessity for double 
sideband transmission extends out only a 
half megacycle away from the nominal 
frequency of the subcarrier; this fact, 
together with the practical requirements 
of receiver construction, dictates a sub-
carrier frequency in the vicinity of 3.5 
mc. The exact value of the subcarrier 
frequency must be, of course, an odd 
harmonic of one-half the line-scanning 
frequency; there is an additional minor 

advantage to be gained by making the 
difference between the subcarrier fre-
quency and the frequency at which 
sound is transmitted be also an odd mul-
tiple of one-half the line-scanning fre-
quency. The choice of a subcarrier 
frequency of 3.579545 mc satisfies these 
requirements without involving any 
change in the separation between picture 
and sound carriers as currently specified; 
a decrease in line-scanning frequency of 
0.1% from the presently specified value 
results from this choice but this decrease 
is negligible compared to the tolerance 
presently permitted to the line-scanning 
frequency itself. 

IV. THE COLOR RECEIVER 

Color-television receivers are not the 
direct concern of the NTSC; the Com-
mittee's primary objective is the specify-
ing of a signal for color-television broad-
casting which is believed to be a sound 
basis for the founding of a nationwide 
color-television service, and the recom-
mending of that signal to the Federal 
Communications Commission after ade-
quate testing. (Receivers are of interest 
to the Committee indirectly, however, 
for two important reasons: first, it is 
essential that the color-television signal 
which the Committee recommends be 
suitable for use with receivers which can 
be built practically and sold commer-

cially at prices which will interest the 
public; second, the verifying of the suit-

ability of the Committee's proposed 
signal is an experimental process and 
must use both physical transmitters and 
physical receivers for that verification. 
A detailed discussion of receivers would 

therefore be inappropriate in this report 
of the work of the NTSC. A few words 
about the general scheme of receivers 
for use with the NTSC signal may, how-
ever, be appropriate. 

Figure 8 shows the elements of one 
form of receiver for the proposed NTSC 
signal. In this receiver a three-gun 
picture tube has been used; other forms 
of display device are entirely possible.') 
The receiver includes all of the usual 
elements of a monochrome television 
receiver such as radio and intermediate 
frequency circuits, detector, video fre-
quency circuits to feed the picture tube 
grid, and the usual scanning and high 
voltage supply circuits for the picture 
tube. The color circuits are energized 
from a tap off the main video circuit of 
the receiver through a filter which passes 
only the portion of the video spectrum 
containing the color components. This 
selected signal includes the modulation 
sidebands which were generated in the 
transmitter by application of the original 
color difference signals as modulation 
to the color subcarrier; it also includes 
the components of the luminance signal 
which appear in the selected frequency 
band. The luminance components are, 
of course, even harmonics of half the line 
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frequency while the color sidebands are 
odd harmonics. A local oscillator in the 
receiver reproduces the subcarrier fre-
quency which was suppressed at the 
transmitter; it is kept accurately in 
phase by reference to the periodic "burst" 
of the color subcarrier frequency which 
is transmitted during the synchronizing 
interval. The local oscillator signal and 
the color signal selected from the re-
ceiver output are both applied to the 
red color-difference demodulator; its 
output contains the beat between these, 
and it is found that one component of 
that complex beat is the original video-
frequency, color-difference signal. The 
frequency conversion occurring in the 
production of this beat signal has trans-
formed all of the color modulation side-
bands which were odd harmonics of one-
half the line frequency as transmitted 
into even harmonics as the signal appears 
in the output of the demodulator. These 
even harmonics are, of course, suitable 
for producing a visible image on the 
cathode-ray tube and we therefore apply 
them to the red gun of that tube. Simi-
lar procedure is followed with respect to 
the blue color-difference signal and the 
blue gun, the only difference being that 
the phase of the locally generated sub-
carrier as applied to the blue demodula-
tor is 90° away from the phase in which 
that signal is applied to the red demodu-
lator. The green color-difference sig-
nal is obtained by a proper addition of 
the red and blue signals, giving due re-
gard to the algebraic signs of the signals 
and the required output; alternatively, 
it may be obtained by the use of a third 
demodulator if the phase of the local sub-
carrier applied to that demodulator is 
properly chosen. 

V. CONCLUSION 

In its work on color television the Na-
tional Television System Committee has 
now formulated a proposal for a color-

I.F. 

2nd DET. 

•--COLOR SIGNAL 

2 3 4 

television broadcasting signal.* The 

design of the signal is based upon careful 

study of the information need of the 

human viewer, and it is believed that the 
signal is capable of adequately satisfying 

that need. The signal is transmitted 
in the same 6-mc channel as our present 
signals and has the incidental but im-
portant feature of being compatible 
with present monochrome television 
signals. Transmitting, networking, and 
receiving apparatus suitable for use with 
the signal is now becoming available in 
sufficient quantity to permit thorough 
field testing of the proposal. It is my 
expectation that the field test will show 
conclusively the suitability of the signal 
for color-television broadcasting. 

VI. REFERENCES 

1. FCC Public Notice 49-948 of July 11, 
1949. 

2. FCC Public Notices No. 50-1064 and 
50-1065 of Sept. 1, 1950; FCC Public 
Notice No. 50-1225 of Oct. 11, 1950. 

3. P. C. Goldmark, J. W. Christensen 
and J. J. Reeves, "Color television— 
U.S.A. Standard," Jour. SMPTE, 57: 
336-381, Oct. 1951. 

4. A. V. Loughren and C. J. Hirsch, 
"Comparative analysis of color TV 
systems," Electronics, 24: 92-96, Feb. 
1951. 

5. A. V. Bedford, "Mixed highs in color 
television," Proc. I.R.E., 38: 1003-
1009, Sept. 1950. 

6. K. McIlwain, "Requisite color band-
width for simultaneous color-television 
systems," Proc. I.R.E. 40: 909-912, 
Ate. 1952. 

7. F. Gray, U.S. Patent 1,769,920; filed 
Apr. 30, 1929; issued July 8, 1930. 

8. P. Mertz and F. Gray, "A theory of 
scanning and its relation to the char-
acteristics of the transmitted signal in 
telephotography and television," Bell 
Sys. Tech. J., 13: 464-515, July 1934. 

COLOR SIGNAL:. 

0 2 3 4 MC 
COLOR CHANNEL 

8.R F. 

2 9-43K4c 

L.P. 
F ILTER 

* See the Appendix. 

O I 2 3 4 MC 

MONOCHROME CHANNEL 

DIFFERENCEHL'P E 
DEMOD. Hc 

RED COLOR-

* 
COS Not 

e-

COLOR 
REFERENCE 

GEN. 

sin t. 

BLUE COLOR-
- DIFFERENCE 

DEMOD. 

L.P.F. 

0-I hic 

o 

MIXER 
AND 

IN  

Y 

J. 4.R.K[E>ie 

E 

-[E ( 
frle 

• G•KLEGej 

V 

% EB.e 
-[E 8" -E] 

CHROMATICITY 
ONLY 

Fig. 8. Elements of one form of receiver for the proposed NTSC signal. 

Courtesy, Electronics (Ref. 9, Fig. 7). 

eliPK[E8 ]1 

9. C. J. Hirsch, W. F. Bailey and B. D. 
Loughlin, " Principles of NTSC com-
patible color television," Electronics, 25: 
88-95; Feb. 1952. 

10. C. S. Szegho, "Color cathode-ray tube 
with three phosphor bands," Jour. 
SMPTE, 55: 367-376, Oct. 1950. 

E. W. Herold, et al; "Direct-view color 
kinescopes: a series of eleven papers," 
Proc. I.R.E., 39: 1177-1263, Oct. 
1951. 

D. G. Fink, " Phosphor-strip tricolor 
tubes," Electronics, 24: 89-91; Dec. 
1951. 

L. C. Jesty, British Patent 443,896; 
application date Oct. 6, 1934; issue 
date Mar. 10, 1936. 

Additional References 

D. G. Fink, "Alternative approaches to 
color television," Prot. LR.E. 39: 1124-
1134, Oct. 1951. 

W. T. Wintringham, "Color television and 
colorimetry," Proc. I.R.E. 39: 1135-
1172, Oct. 1951. 

B. D. Loughlin, "Recent improvements in 
band-shared simultaneous color-tele-
vision systems," Proc. I.R.E., 39: 1264-
1279, Oct. 1951. 

N. Marchand, H. R. Holloway and M. 
Leifer, "Analysis of dot-sequential color 
television," Proc. I.R.E., 39: 1280-1287, 
Oct. 1951. 

R. B. Dome, "Spectrum utilization in color 
television," Proc. I.R.E., 39: 1323-1331, 
Oct. 1951. 

APPENDIX: Revised Specifications for 

Field Test of NTSC Compatible 

Color Television 

Test Specifications—Group I 

1. The image is scanned at uniform 
velocities from left to right and from top 
to bottom with 525 lines/frame and 
nominally 60 fields/sec, interlaced 2-to- 1. 

2. The aspect ratio of the image is 4 
units horizontally and 3 units vertically. 

3. The blanking level is fixed at 75% 

(±2.5%) of the peak amplitude of the 
carrier envelope. The maximum white 

(luminance) level is not more than 15% 
nor less than 10% of the peak carrier 
amplitude. 

4. The horizontal and vertical syn-
chronizing pulses are those specified in 
Sec. 3.682 of Subpart E of Part 3 of the 
FCC Rules Governing Radio Broadcast 
Services (as amended April 11, 1952; 
effective June 2, 1952), modified to pro-
vide the color synchronizing signal de-
scribed in Specif. 21 (Group II of these 
specifications). 

5. An increase in initial light intensity 
corresponds to a decrease in the ampli-
tude of the carrier envelope (negative 
modulation). 

NOTE: These revised specifications were 
formally released on Feb. 4, 1953, by W. R. 
G. Baker, Chairman of NTSC, c/o General 
Electric Co., Electronics Park, Syracuse, 
N.Y., with the advice that a comprehensive 
field test would soon be inaugurated. Dr. 
Baker will welcome comments. 
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6. The television channel occupies a 
total width of 6 mc. Vestigial-sideband 
amplitude-modulation transmission is 
used for the picture signal in accordance 
with the FCC Rules cited in Specif. 4, 
above. 

7. The sound transmission is by fre-
quency modulation, with maximum de-
viation ± 25 kc, and with pre-emphasis 
in accordance with a 75-µsec time con-
stant. The frequency of the unmodu-
lated sound carrier is 4.5 mc ± 1000 
cycles above the frequency of the main 
picture carrier actually in use at the 
transmitter. 

8. The radiated signals are horizon-
tally polarized. 

9. The power of the aural-signal trans-
mitter is not less than 50% nor more than 
70% of the peak power of the visual-
signal transmitter. 

Test Specifications - Group 11 

10. The color picture signal has the 
following composition: 

Em = Ey' + 1EQ' sin (cut + 33°) 
E1' cos (cot -I- 33°)1 

where 

EQ' = 0.41 (Ez' - EY') 
+ 0.48 (ER' - Ey') 

E/' = -0.27 (ER' - Er') 
▪ 0.74 (ER' - Ey') 

Ey' = 0.30 ER' + 0.59 E0' 
+ 0.11 E8' 

The phase of the color burst is sin (ut 
180°) 

Notes: For color-difference frequencies 
below 500 kc, the signal can be repre-
sented by 

Em = Ey' ± liri 1.14L1.78 (Ea' - Ey') 

sin 0.it -I- (ER' - Ey') cos ut] 

In these expressions the symbols have 
the following significance: 

E„, is the total video voltage, corre-
sponding to the scanning of a particular 
picture element, applied to the modula-
tor of the picture transmitter. 
Ey' is the gamma-corrected voltage of 

the monochrome (black-and-white) por-
tion of the color picture signal, corre-
sponding to the given picture element. 
ER', EG', and ER' are the gamma-

corrected voltages corresponding to the 
red, green and blue signals intended for 
the color picture tube, during the scan-
ning of the given picture element. 
EQ' and Er' are the two gamma-cor-

rected orthogonal components of the 
chrominance signal corresponding, re-
spectively, to the narrow-band and wide-
band axes. 

co is 27 times the frequency of the 
chrominance subcarrier. The phase ref-
erence of this frequency is the color syn-
chronizing signal (see Specif. 21 below) 
which corresponds to amplitude modula-
tion of a continuous sine wave of the 

form sin (cot 180°) where e is the time. 
The portion of each expression be-

tween brackets represents the chromi-
nance subcarrier signal which carries the 
chrominance information. 

It is recommended that field-test 
receivers incorporate a reserve of 10-db 
gain in the chrominance channel over 
the gain required by the above expres-
sions. 

11. The primary colors referred to by 
ER', EG,', and ER' have the following 
chromaticities in the CIE system of speci-
fication: 

Red (R) 
Green (G) 
Blue (B) 

0.67 
0.21 
0.14 

V 

0.33 
0.71 
0.08 

12. The color signal is so proportioned 
that when the chrominance subcarrier 
vanishes, the chromaticity reproduced 
corresponds to Illuminant C = 0.310, 
y = 0.316). 

13. Gamma correction is such that the 
desired pictorial result shall be obtained 
on a display device having a transfer 
gradient (gamma exponent) of 2.75. 
The equipment used shall be capable of 
an overall transfer gradient of unity with 
a display device having a transfer gradi-
ent of 2.75. The voltages Ey', ER', 
E0', ER', EQ' and E,' in the expression 

e I 
o , 
0 

P 088P 

.02H 

L IN 

of Specie'. 10, above, refer to the gamma-
corrected signals. 

14. The color subcarrier frequency is 
3.579545 mc ± 0.0003% with a maxi-
mum rate of change not to exceed I lly 

cycle/sec/sec. 
15. The horizontal scanning frequency 

is rb  times the color subcarrier fre-
quency. This corresponds nominally 
to 15,750 cycles/sec (the actual value is 
15,734.264 ± 0.047 cycles/sec). 

16. The bandwidth assigned to the 
monochrome signal Ey' is in accordance 
with the FCC standard for black-and-
white transmissions, as noted in Speed. 6 
above. 

17. The bandwidth assigned prior to 
modulation to the color-difference sig-
nals EQ' and is given by Table I. 

18. Ey', ER', 4 1, ER', EQ', and 
are all matched to each other in time to 

Table I 

Q-Channel bandwidth 
at 400 kc less than 2 db down 
at 500 kc less than 6 db down 
at 600 kc at least 6 db down 

I-Channel bandwidth 
at 1.3 mc less than 2 db down 
at 3.6 mc at least 20 db down 

0.075 H 

f0.005H 

------f 

0.90 
-ro 1. S 

i 

O .. 
'è; 8 cvci.Es 1 -_1 
o MIN. 

-- 0.125 H. MAX.  

0.145 H. MIN.   

0.15 H. MAX.  

Fig. 9. Revised specifications for field test of NTSC 
compatible color television. 

NOTES 

I. The radiated signal envelope shall 
correspond to the modulating signal of 
the above figure, as modified by the 
transmission characteristics of Specif. 6. 

2. The burst frequency shall be the fre-
quency specified for the chrominance 
subcarrier. The tolerance on the fre-
quency shall be ±0.0003% with a 
maximum rate of change of frequency 
not to exceed 1 cycle/sec/sec. 

3. The horizontal scanning frequency 

shall be 2/455 times the burst frequency. 
4. Burst follows each horizontal pulse, 

but is omitted following the equalizing 
pulses and during the broad vertical 
pulses. 

5. Vertical blanking 0.07 to 0.08 v. 
6. The -dimensions specified for the burst 

determine the times of starting and 
stopping the burst, but not its phase. 

7. Dimension P represents the peak-to-
peak excursion of the luminance signal, 
but does not include the chrominance 
signal. 
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within ± 0.05 µsec. This is a tentative 
tolerance to be established definitely 
later. 

19. The overall transmission band-
width assigned to the modulated chro-
minance subcarrier shall extend to at 
least 1.5 mc below the chrominance sub-
carrier frequency and to at least 0.6 
mc above the chrominance subcarrier 

frequency, at an attenuation of 2 db. 
20. A sine wave, introduced at those 

terminals of the transmitter which are 
normally fed the color picture signal, 
shall produce a radiated signal having an 
envelope time delay, relative to 0.1 mc, 
of zero microseconds up to a frequency of 
2.5 mc; and then linearly decreasing to 
4.3 mc so as to be equal to — 0.26 µsec 

at 3.579545 mc. The tolerance on all 
these delays shall be + 0.05 µsec relative 
to the delay at 0.1 mc. 

21. The color synchronizing signal is 
that specified in Fig. 9. 

22. The field strength measured at any 
frequency beyond the limits of the as-
signed channel shall be at least 60 dl) 
below the peak carrier level. 
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The Work of the E.B.U. Ad-hoc 

Group on Colour Television 
The E.B.U. Ad-hoc Group on Colour Television was formed towards the end of 
1962, with terms of reference requiring it to undertake an objective comparison of 
the several systems of color television and to make proposals for the discussions 
of a unique standard for color television in Europe. 

After a preliminary examination, the Ad-hoc Group took three systems into 
consideration, namely the NTSC, SECAM and PAL systems. The functional prin-
ciple e that these three systems have in common, and also the different manners in 
which the color signals are processed at the transmitting and receiving ends, are de-
scribed in this article. All three systems give satisfactory results under correct con-
ditions, differences mostly became apparent only with critical pictures and abnormal 
transmission conditions, therefore very detailed comparison trials are at present 
being undertaken. As the task of the Ad-hoc Group has not yet been finished, it is 
still too early to publish any conclusions. 

W ITH THE DEVELOPMENT of novel 
principles of transmission about ten years 
ago, a new technique, ready for applica-
tion, was created for color television. We 
owe this development to the remarkable 
research work undertaken in the United 
States of America. In 1953, after the 
official introduction in the United States 
of the so-called NTSC system, interest in 
color television increased in other coun-
tries, and in Europe, particularly, more 
and more attention has been given to this 
attractive extension of television broad-
casting, which will inevitably be intro-
duced sooner or later throughout Europe. 

However, in the European countries, 
the introduction of color television was 
not at first considered urgent. The dis-
cussions at technical and scientific meet-
ings and at international conferences on 
electrical communications were restricted 
to recommendations that the available 
time be used, first of all, for further ex-
periments and investigations. New sys-
tems and variants of the technical appli-
cation of the principles underlying the 
NTSC method were proposed, tested and 
put to discussion, such as, for example, 
the double-carrier system (TSC), the 
"double message system" (LEP), the 
Valensi system, the Henri de France/ 
SECAM system, the FAM system and, 
most recently, the PAL system. 
Work done in developing these systems 

has enriched and deepened our knowl-
edge and experience in the field of color 
television, and the discussions have been 
kept alive. In the meantime, the general 
situation in Europe had been changing. 
The normal monochrome television serv-
ice was well established, new frequency 
bands were added for further programs 
and, after the welcome agreement on a 
uniform number of 625 lines for UHF tele-

Reprinted with the permission of G. Hansen, 
Director, European Broadcasting Union, 32 Ave. 
Albert Lancaster, Brussels 18, from the E.B.U. 
Review, Part A, No. 80: pp. 138-141, Aug. 1963. 
Prof. R. Theile, the Director of the Institut für 
Rundfunktechnik, Munich, is the Chairman of 
the E.B.U. Ad-hoc Group on Colour Television 

vision broadcasting in Europe, the desire 
for a uniform color-television standard 
became particularly pressing. The time 
seemed to be ripe to exploit jointly the 
experience gained with tests made with 
the NTSC system and its variants and to 
undertake an exact, objective comparison 
of the different systems, for the pur-
pose of drafting, as soon as possible 
for discussion within the C.C.I.R. In 
this way, the E.B.U. Ad-hoc Group on 
Colour Television was formed towards 
the end of 1962, after preliminary discus-
sions between the E.B.U. Technical 
Centre — special mention should be 
made of the initiative shown by G. Han-
sen, its Director — and the specialists 
from the countries where work on color 
television had for some time been going 
on intensively. Details of participation, 
organization, sub-groups and of the meet-
ings held so far are known to the readers 
of the E.B.U. Review* and will not be re-
peated here. It is particularly satisfac-
tory that the circle of collaborators did 
not remain restricted to Members of the 
E.B.U., but that representatives of the 
Telecommunication Administrations and 
the radio manufacturers take part and, 
in this way, many leading experts are 
participating in this important task. 
The work was everywhere taken up 

with great enthusiasm and is now in full 
swing. It would be rather difficult and 
also not appropriate to give a general re-
port on the results of the comparisons, as 
the work has not yet been completed. 
Since, however, inquiries are often made 
concerning the functioning of the color-
television systems under discussion, it 
would appear to be reasonable to give a 
summary, explaining and comparing the 
principles of the systems under study. 
Evidently, such a representation, as it is 
made in the following text by means of 
schematics, must necessarily be restricted 
to fundamentals and assumes a certain 
basic knowledge of the NTSC system. 

• See E.B.U. Review No. 76-A, p. 298, No. 77-A, 
p. 44 and No. 78-A, P. 92. 

By RICHARD THEILE 

As a result of the initial discussions and 
demonstrations, three systems were cho-
sen for study; the original NTSC sys-
tem (modified for 625 lines) and two var-
iants, SECAM and PAL. The three sys-
tems have much in common, as they are 
all based on the new fundamentals of 
compatible color-television transmission, 
which were introduced in the develop-
ment of the NTSC system. However, they 
differ in the manner of transmitting the 
two chrominance components with a sub-
carrier within the video band. Figure I 
shows the common principles, Figs. 2 to 4 
explain the differences. 
Among the transmission characteristics 

that are common are: ( 1) the separation 
of the luminance and chromaticity infor-
mation; (2) the transmission of the chro-
maticity information in the form of two 
chrominance signals (color-difference sig-
nals) which modulate a color subcarrier; 
(3) the choice of the color-carriel fre-
quency in the upper range of the lumi-
nance signal, that is to say, the insertion 
of the frequency bands carrying the 
chrominance information into the avail-
able video band of the luminance signal 
(band-sharing technique). 

Figure 1 shows in schematic form the 
practical accomplishment of this kind of 
color-television transmission. On the left, 
the three primary-color signals (after 
gamma-correction) R', G' and B' arrive 
from the picture generator. In a matrix 
circuit there are produced, by weighted 
summation, the luminance signal Y', as 
well as the two color-difference signals 
R' - Y' and B' - Y', or the two linear 
combination signals and Q' derived 
therefrom. These signals modulate the 
color carrier h via M. The modulated 
color carrier is added in A to the Y' sig-
nal. The frequency spectrum of the com-
bined color-television signals is indicated 
at the bottom of Fig. I. 

After transmission by radio, the color-
television signal is reconstituted in the 
video band via transmitter T and the 
radio-frequency section of receiver R. A 
bandpass filter BP filters out the band of 
the modulated color carrier and feeds 
this information to the demodulator D. 
From the color-difference signals ob-
tained by demodulation, the primary-
color signals R', G' and B' are finally 
reproduced via the reciprocal matrix 
with the total video signal Y' (from which 
the color carrier was removed). In addi-
tion, in the transmission are inserted 
auxiliary signals which are needed for 
synchronizing the modulation with the 
demodulation in suitable form. So far, 
everything is common to the three sys-
tems. We now come to the differences, 
which relate to the method of transmit-
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Fig. 1. Schematic of the common transmission principles of the three color-television systems under consideration. 

ting the two color-difference signals over 
a single subcarrier, that is to say, to the 
technique of modulation M and demod-
ulation D. 

Figure 2 compares the different forms 
of modulation. In the NTSC system, we 
find a simultaneous double-amplitude 
modulation with suppressed carrier. The 
carrier frequency is fed to the modulators 
for the two color signals in two phase con-
ditions that are displaced by 7/2, the 
modulated color-carrier components be-
ing added. In this way, a carrier is ob-
tained with amplitude and phase modula-
tion. The amplitude is a measure of the 
color saturation, the phase of the hue. 
In order to obtain an offset position of the 
color carrier, the frequency h has a value 
chosen correspondingly (odd multiple of 
half the line frequency, h = 4.4296875 
mc/sec.) An oscillation of frequency f, 
(the "color burst") is inserted during the 
period of the back porch of the horizontal 
scanning, as auxiliary signal for the neces-
sary synchronous demodulation. 
The modulation process in the PAL 

system is rather similar. An additional 
measure is the periodical alternation of 
the phase of one of the modulation com-
ponents by the amount of ± 7/2 from 
line to line. The carrier frequency h has 
here, too, an offset (which, however, dif-
fers slightly from that of the NTSC sys-
tem). In order to identify the alternation, 
it is necessary to insert, as auxiliary signal, 
a switching pulse in addition to the color 
burst; this occurs at the end of the vertical 
scanning period. 

In the SECAM system only a simple 
frequency modulation of the carrier is 
used. Since the information of the two 
color-difference signals can no longer be 
transmitted simultaneously, an electronic 
change-over switch alternately feeds one 
signal or the other to the modulator. The 
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Fig. 2. Comparison of the different ways of modulating the color carrier with the two 
color-difference signals in the three systems. 
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alternation occurs from line to line. An 
identification pulse for the switching sense 
is inserted as an auxiliary signal during 
the period of 'the vertical scanning inter-
val. It should be mentioned, furthermore, 
that the phase of the color carrier is 
changed by the value i with every third 
line and also from field to field. 

So much for the different forms of 
modulation. The methods compared in 
Fig. 3, for demodulating and reconstitut-
ing the two color-difference signals at 
the receiving end are also cor-
respondingly different. With the NTSC 
system, a synchronized amplitude de-
modulation ADM produces the two par-
tial signals by adding the regenerated 
carrier h, synchronized by the burst, in 
two phase positions displaced by 7/2. 
With the PAL system, demodulation 

may be done in the same way (see the in-
terrupted line direct to ADM) with the 
change of the phase of one of the addi-
tional carriers by the value of ± w/2 
from line to line, where the correct sense 
of the alternations is maintained by 
means of the switching pulses sent at the 
same time. A better method of obtaining 
the signals uses, before the demodulator, 
a sum and difference operation of the di-
rect signal with the same signal after it 
has been delayed by about 64 µsec (al-
most exactly the period of a line). As 
may be seen in Fig. 3, a delayed signal 
is derived from the modulated carrier 
signal via a highly stable delay line 
accurately adjusted to produce the delay 
T. The delay-line is adjusted in such a 

way that, by subtracting (—) from and 
adding (+) to the direct signal, 
there is obtained in one branch 
the components of the color carrier mod-
ulated with periodical phase change, and 
in the other branch only the components 
modulated without phase change. The 
signal components separated in this way 
are then demodulated in ADM with the 
addition of a synchronous carrier. Re-
ciprocally to the switching process in 
the modulator, the phase of the additional 
carrier is alternated in one of the 
branches. 
The reconstitution of the signals of the 

SECAM system occurs through a 
delay line (delay-time one horizontal 
period) and a synchronized switching 
circuit. In this way, the two color-differ-
ence signals sent line-sequentially are 
simultaneously available, in the right or-
der, in the receiver, one of them being di-
rect and the other from the previous line 
via the delay line r. The two partial sig-
nals then reach the frequency demodula-
tor FDM after limitation. In addition, we 
find in the SECAM transmission system 
certain special methods of forming the 
signals, as shown in Fig. 4. These are the 
pre-emphasis (Pr) and the de-emphasis 
(De) of the color-difference signal and an 
amplitude correction SH (shaping) de-
pendent on frequency after the frequency 
modulation FM and a corresponding cor-
rection SH before demodulation D in the 
feed to delay-line r and to the electronic 
switch SW. In addition, provision has 
been made for an amplitude modulation 

AM which is controlled by those parts 
of the luminance signal Y' that lie within 
the band of the color carrier modulation 
(derived via a bandpass filter BP and rec-
tification). 
As has already been mentioned, only 

the basic principles of operation are given 
in the schematics. All further details 
and more accurate quantitative infor-
mation for the three transmission systems 
are set out in various documents and 
specifications; they are very voluminous, 
one of the reasons being that three dif-
ferent 625-line standards (having different 
spacings of the vision and sound carriers) 
had to be taken into account. Further de-
tails may be found also in the original 
publications concerning the systems. 
The above explanation of the various 

functions was purposely given without 
stating the reasons and without mention-
ing the advantages and disadvantages 
that result. The reason for this is that a 
detailed discussion of the problems was 
not possible within the framework of this 
brief article, and also it was particularly 
desired to avoid any premature ap-
praisals that might be deduced from 
the simple mention of the advantages and 
disadvantages. 

All three systems work well in practice 
and give excellent picture quality under 
correct transmission conditions. Differ-
ences are found only as concerns cer-
tain parameters of the transmission proc-
ess; they are very slight in general and 
mostly become apparent only with criti-
cal pictures and abnormal transmission 
conditions. The task of comparing the 
systems is therefore not an easy one. The 
necessary bases for the final evaluations 
and recommendations will be founded 
mainly on analyses, experiments and dis-
cussions in the sub-groups. In addition, 
general comparative tests and demonstra-
tions have enabled the members of the 
Ad-hoc Group to expand even further 
their experience. Thus, impressive and 
instructive demonstrations were given in 
January, 1963, at Hannover, in March, 
1963, in Paris and in May, 1963, at 
Eindhoven, as well as, upon a large scale 
(not restricted to members of the Ad-hoc 
Group) in July, 1963, in Britain. With 
all these contributions and when the con-
clusive reports of the six sub-groups are 
available, the Ad-hoc Group will be well 
equipped to take up in the autumn the 
evaluation of the material available. 

Apart from the utility of the work done, 
it may be stated that this kind of coopera-
tion between experts in Europe sets an 
excellent example; the good relations 
thus developed between the experts will 
prove to be very favorable for cooperation 
on other television problems. 
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Considerations in Color Film 

Production for Color Television 
A joint subcommittee of the Television and Color Committees has been working 
to establish recommended practices for density and contrast range for color films 
for color television. During the subcommittee's work it became evident that opti-
mum control of release print density range could be achieved only if the original 
photography were carefully controlled; therefore, it was felt essential to provide 
an appendix to the recommended practice which would discuss in some detail the 
"considerations in color film production for color television." 

Certain factors in color TV film transmission and reception make it desirable to 
control the characteristics of the color print. The degree and type of controls that 
can be applied are affected by properties of the color film. The density range of the 
color print is most effectively and economically controlled in the staging and photog-
raphy, rather than in the final printing. Reflectance of fully illuminated scene ele-
ments that are to be reproduced with good detail should be held between recom-
mended maximum and minimum limits to control the "reference white" and 
"reference black" of each scene, and face tones should be properly related to 
these limits. For a fully lighted day interior scene, a lighting ratio of 2 : 1 is recom-
mended. Higher ratios may be .used for special effects and night scenes. 

' HIS PRESENTATION is intended to fur-
nish practical suggestions for the produc-
tion of color motion pictures for color 
television and is given to better enable 
production personnel — such as directors 
of photography, set and costume de-
signers, etc. — to ensure a more effec-
tive translation of their skills and artistry 
into the final picture as received on the 
home television set, irrespective of 
whether the reception is in color or 
black-and-white. It is only by proper 
understanding and control at all stages 
in the production of color film for televi-
sion that the optimum relation of the 
photographic art with the technical 
requirements of television can be 
achieved. 
Much of this material as presented will 

be equally applicable to photography 
with black-and-white films for presenta-
tion on black-and-white television sys-
tems. 

These suggestions are made to take 
into account the limitations of the sys-
tems involved in the process of repro-
ducing an original scene onto the home 
receiver while still permitting the use of 
economical procedures throughout. 

Considered use of these suggestions 
should contribute to the accomplish-
ment of the following: 

(1) better and more consistent gray-
scale reproduction on home receivers, 

A report of the Society's Color & TV Subcom-
mittee, presented April 13, 1964, at the Society's 
Technical Conference in Los Angeles, by Edward 
P. Ancona, Jr., for John M. Waner, Chairman 
of the SMPTE Color Committee, c/o Eastman 
Kodak Co., Motion Picture Film Dept., 6706 
Santa Monica Blvd., Hollywood 38, Calif. 
(This report was received in final form on April 
6, 1964.) 

(2) enhanced sharpness and detail 
rendering on the home receiver, 

(3) minimized need for corrective 
video adjustment in transmission, 

(4) minimized variations in the nega-
tive in order to simplify production of 
quality prints, 

(5) better matching of color balance 
and contrast among various types and 
sources of prints, and 

(6) the presentation of pleasing pic-
tures with as wide a brightness and color 
gamut as possible. 
The procedures to be used in making 

color motion pictures for color television 
are similar to those used for theatrical 
production, but with certain variations 
from those techniques. As in theatrical 
film production, the best professsional 
guidance, equipment and methods are 
to be recommended if successful results 
are to be obtained. 

Television System Characteristics 

From a technical standpoint, it is 
important to recognize certain properties 
of the television system that necessitate 
control in the making of a film print 
suitable for color television transmission. 
Among these are the following: 

(A) Control of transmission (video 
control) is directly related to the ex-
tremes of highlight and shadow densities 
of each scene of the print. The control of 
these densities must be exercised st 
various stages of production, starting 
with the design of sets and costumes, 
followed by lighting of the scene and 
exposure of the camera film, to the mak-
ing of the print. 

(B) Lowlight (shadow) reproduction 

A Committee Report, JOHN M . W ANER, 

Subcommittee Chairman 

suffers in television transmission and re-
ception through a combination of ef-
fects: flare in the projector optics; in-
correct "black-level voltage" adjust-
ment; flare in the receiver picture tube; 
but primarily, incorrect receiver bright-
ness setting by the home viewer, and 
ambient light falling on the home pic-
ture tube tend to degrade the delinea-
tion of detail in the darker areas of the 
images. Careful control of the print 
shadow densities by use of proper tech-
niques in stage practices and photog-
raphy will improve detail of these darker 
areas. 

(C) •Home color television viewing 
utilizes characteristically small viewing 
angles in which the eye can make ex-
tremely critical color judgments; further-
more, the high degree of color satura-
tion available in the television system 
often tends to exaggerate any color 
mismatches. Additionally, because of 
constant reference. room illumination, 
usually not a factor in theaters. the home 
viewer cannot readily accept changes in 
program color balance, thus necessitating 
increased accuracy in color balance from 
show to show, or even from station to 
station. Therefore, color prints for tele-
vision demand scene to scene color 
timing at least as accurate as the high 
standards applied to theatrical release 
prints. 

Color Film Characteristics 

Conversely, certain properties of color 
films and the manner of their use in tele-
vision affect the degree and type of 
controls that can be applied. 

(A) In a black-and-white print, printer 
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exposure (print density) and the extent 
of development (contrast) may be altered 
to assist in obtaining a densityand contrast 
range optimum for television. In color 
printing and processing, such modifica-
tions are not easily available, or con-
trolled, and may produce undesirable 
side effects, such as changes in color 
balance or saturation and failure to pro-
duce a uniform gray reproduction from 
white to black. 

(B) The problem of consistent color 
balance throughout an entire show be-
comes particularly acute in some in-
stances; for example, in reel-to-reel 
balance, and particularly in those cases 
where commercials, trailers, etc., which 
are printed at one laboratory are intercut 
into the main body of a show printed at 
another laboratory or printed on a 
different type of release print material. 

Observations of trained technicians 
indicate that intercut print material, 
including reel-to-reel differences, should 
be within approximately ± 0.04 log E 
(approximately a ± 0.05 color correction 
filter) in color balance differences and 
±0.04 log E (approximately ± 1 printer 
point) in density variations. 
Recommendations for color balance 

for the various intercut components 
of the show (or from show to show) can-
not be made in terms of densitometi ic 
readings of a neutral test chart, since 
various dye systems represented by 
different film products will rarely result 
in the same visual appearance of a 
neutral object when faces have been 
timed to match, and, conversely. 
An approach to the solution of this 

problem of balancing intercut print 
material includes correlation among 
laboratories by means of exchange of 
representative material or careful co-
ordination by the consumer among his 
several sources of supply. 

(C) It is important to recognize that 
the reproduction of the original scene 
by the film in regard to hue, saturation 
and brightness range is not necessarily 
required to be exact; it is usually re-
quired only that it be "pleasing." 
Where more exact color reproduction 
is required, as, for example, in commer-
cial product packages, it is suggested that 
a photographic test be made. The test 
should include the product package, 
a normal face and a gray scale, if pos-
sible. Ideally, the evaluation of such 
a test would include closed-circuit view-
ing of a timed color print, either from 
the original negative or from a duplicate 
negative if a duplicate is required to 
produce the commercial. 

Since there are certain colors and com-
binations of colors which cannot be 
accurately or even approximately 
matched by a film-and-television process, 
it may be found necessary, if a close 
match is required, to photograph a 
"dummy" object (with changed or 
enhanced color) to obtain a reproduction 

which matches the color of the original. 

(D) In the day-to-day production of 
television-films, a great number of varia-
bles enter into the images appearing 
on the negative from which the final 
prints are to be made: shooting may be 
done in bright sunshine, or on overcast 
days; different types of lighting units 
may be utilized from time to time on 
different sets; an almost infinite variety 
of sets, set decoration and wardrobe will 
be encountered; and a wide assortment 
of different flesh colors will be seen in 
the various actors, guest stars and extras 
appearing in the scenes. Superimposed 
on all this are the different artistic ex-
pressions in lighting and staging which 
are employed by the photographers and 
directors; and the economic and time 
limitations which may, in the last in-
stance, influence and sometimes limit 
the scope and quality of the final result. 

Additionally, there are usually varia-
tions in camera exposure, small varia-
tions in color balance or contrast be-
tween different emulsions or between 
different film manufacturers' products 
and variations in processing from day to 
day. 

Obviously, the particular densities of 
various areas shown in a color print, 
which is a record of the brightness and 
color of corresponding subject areas, 
are not a property of the print alone; 
they are the end-product of a sequence 
beginning with the materials (that is, 
wardrobe and set selection, make-up, 
etc.) on the stage, and including the 
intensity, type and distribution of light-
ing, negative exposure, negative proc-
essing, printing and print processing. 

Color prints are timed and balanced 
in a laboratory on the basis of subjective 
viewing by direct projection. However, 
in view of the few controls which are 
feasible to employ in color printing 
(primarily density and color balance for 
scene-to-scene correction), it is the intent 
of this paper to emphasize that the most 
effective way to control the quality of 
a television print is to exercise control in 
the stage practices. Therefore, this paper 
includes a description of some practical 
stage techniques and procedures that 
will make possible production of prints 
that will meet the limitations of the cm-
plete system. 

Stage Practice Recommendations 

The images on a color film may be con-
sidered to consist of two independent 
visual components: first, the gray scale 
or brightness (luminance) values, and, 
second, the color (chromaticity) values. 
Of the two, the brightness component 
is the more important factor to be con-
trolled in the photography for optimum 
television reproduction. This brightness 
component becomes the signal displayed 
by black-and-white receivers tuned to a 
color broadcast, and it is the chief param-
eter monitored during the picture trans-

mission by the video operator. Therefore, 
if high quality picture transmission (video 
operation) and optimum gray scale 
rendering (good highlight and shadow 
detail and effective placement of face 
tones) are to be easily obtained, then 
the integral density range of the print 
must be controlled within a certain 
range as dictated by the limitations of 
the color film and color television sys-
tems. 
The film densities are 'a direct function 

of the reflectances of the elements that 
are photographed, of the intensity and 
distribution of light and of the camera 
exposure. Control of these factors results 
in a negative from which satisfactory 
prints can be made. 

Reflectance of wardrobe, set decora-
tion and title artwork materials should 
be controlled to eliminate or "gray 
down" the lighter whites and to avoid 
the darker tones where any texture or 
detail is to be seen. For color television 
photography using professional color 
motion-picture films, it is recommended 
that the reflectance of important fully-
illuminated objects be held between 60% 
maximum and 3% minimum. 

Neutral reference material of these 
reflectance values* are useful for evalua-
tion of wardrobe, set, or artwork re-
flectance values. 
The brightest element in any scene 

(excluding a few glints or areas smaller 
than about 1% of the area of photo-
graphed image) becomes the "reference 
white" of that scene, and is adjusted by 
the video operator or automatic video 
control to 100% signal voltage. 
The recommended maximum reflec-

tance of 60% is intended to apply to 
any fully illuminated white object which 
will be the "reference white" of the 
scene. (This might be, for instance, a 
white collar in a medium close-up, a 
white tablecloth in a long shot, etc.) 

If the reflectance of this element has 
been properly controlled during photog-
raphy, then face tones and other scene 
elements will have good placement on 
the gray scale and will have optimum 
color saturation. 

If any object in the scene becomes 
brighter than the recommended "ref-
erence white" it will either lose texture 
and detail in its reproduction or will, 
by action of the video control, become an 
improperly high "reference white," caus-
ing the remainder of the scene to be re-
produced unnaturally dark and with low 
contrast. On the contrary, if the scene 
does not contain a "reference white," 

* Such reference material can be obtained from 
the Munsell Corp., 2441 N. Calvert St., Baltimore 
18, Md.; and Container Corporation of America 

(Ostwald), 11 Dearborn St., Chicago 3, Ill. 
Approximately 60% reflectance is equivalent to 
a Munsell N8.0/ or an Ostwald C. Approxi-
mately 19% reflectance is equivalent to a Munsell 
N5.0/ or an Ostwald G. Approximately 3% 
reflectance is equivalent to a Munsell N2.0/ or an 
Ostwald P. 
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action of the video control may choose 
an improper reference point, causing the 
scene to be reproduced unnaturally 
bright and with too much contrast. 
(Note: This factor is more important in 
systems using automatic gain control.) 

Almost any scene will have shadowed 
or unilluminated black areas and these 
black areas (excluding areas of less than 
about 1% of the photographed area) 
become the "reference black" of the 
scene and are normally adjusted by the 
video operator or automatic video con-
trol to 0% picture signal voltage. 
The recommended minimum reflec-

tance value of 3% is intended to apply 
to any fully illuminated dark areas or 
objects in which detail is to be seen and 
which are to be identified as lighter 
than " reference black." 

If the brightness of the dark areas in 
which detail is to be seen are properly 
controlled during photography with respect 
to the darkest (unilluminated) blacks, 
then the shadow detail of the image will 
have good visibility on the receiver. In 
a scene containing a proper "reference 
white," any objects or areas darker than 
a fully illuminated 3% reflectance ob-
ject will be reproduced with little or no 
contour or detail and will not be dis-
tinguished or separated from the un-
illuminated blacks. 

Furthermore, with "whites" and "dark 
areas" controlled as outlined in the pre-
ceding paragraphs, the resulting color 
print will transmit with a minimum of 
picture transmission (video operation) 
problems. 
One of the most important considera-

tions that arise in shooting color films 
for television is that, currently, a majority 
of the receivers tuned to a color broad-
cast will be black-and-white receivers. 
It should be noted that materials which 
have contrasting colors might have 
similar brightness values in their re-
production on a black-and-white re-
ceiver, and, therefore, have very little 
effective separation or contrast. In 
addition to providing good color separa-
tion or "color contrast" on the stage, 
therefore, care should be taken to pro-
vide good brightness separation in 
lighting and in choice of set decoration 
and wardrobe. 

Effective brightness values of colored 
materials may be estimated after some 
experience by viewing the materials 
through an approximately 2.0 neutral 
density filter. The effective brightness 
values that will actually appear in a 
black-and-white receiver can of course 
be seen by a closed-circuit evaluation 
from a timed color print. 

If dailies (rushes) are made on black-
and-white release print stock from a 
color negative, it should be noted that 
this stock produces what is, in effect, 
a "blue separation" equivalent and, 
therefore, does not give any indication of 
the tone or gray-scale reproduction to 

be seen later on black-and-white re-
ceivers as transmitted from the final color 
print. Additionally, such dailies are an 
inadequate medium from which to 
judge make-up, wardrobe and other 
color values. For day-to-day evaluation 
of exposure, set color values, lighting, 
etc., it is suggested that color Cinex 
(or timed pilot) tests be obtained if 
color daily rush prints are not made. 
To answer questions with respect to 
overall photographic quality of the pro-
duction, that is, with relation to cos-
tuming, make-up, etc., it is often de-
sirable to make timed color dailies on 
selected scenes. 

For television generally, and color 
television in particular, faces are the 
dominant point of interest, and the small 
viewing angles require that the natural 
highlighting and contours of the faces be 
preserved. Make-up should enhance 
these natural features of the face, and 
excessive flatness of make-up is neither 
necessary nor desirable. Even though, in 
real life, people have flesh tones of greatly 
different color and density, there is less 
viewer tolerance for such differences 
under the restricted conditions of home 
color television viewing. Therefore, make-
up should also be used to reduce such 
differences except, of course, where 
racial or other particular characteristics 
are involved. 

It is not within the province of this 
technical article to state rigid specifica-
tions for such a highly subjective factor 
as flesh tones; however, as a guide line 
it can be stated that, for effective color 
television reproduction, the average 
reflectance of properly made-up flesh 
tones will be approximately less than 
one-half of the recommended value of 
60% reflectance given for the " ref-
erence white." Thus, the film densities 
(or range of video voltages) produced by 
face images would be near those pro-
duced by images of 18 to 25% reflectance 
reference materials which were photo-
graphed in the same illumination.t 

Lighting Recommendations 

A "fully lighted" day interior scene 
should employ a lighting ratio of about 
2 to 1 (key light plus fill light to fill light 
alone) in the key position. This ratio is 
somewhat lower than that typically used 
for theatrical photography (although 
still commercially acceptable for theat-
rical release) and is advisable to control 
contrast range in order to avoid a loss of 
background shadow detail in television 
transmission and reception. 
To assist reproduction of facial detail, 

backgrounds should generally be held 
down in brightness, i.e., to be less bright 
than the face tone. This means that back-

t For a more detailed description of make-up 
techniques, a suggested reference is Elements of 
Color in Professional Motion Pictures, published by 
the Society of Motion Picture and Television 
Engineers. 

ground illumination in a set of average 
reflectance should be about one-half of 
the foreground illumination. 
The low lighting ratios and restricted 

subject reflectance that have been recom-
mended are not meant to imply that the 
picture should be "flatly lighted." Higher 
lighting ratios can be employed for effect: 
night scenes may use very high ratios; 
and backlight and modeling give a sense 
of sharpness and saturation to the picture. 
The use of specular, rather than diffuse 
key light, will provide better highlight 
detail and enhance image sharpness. 
Therefore, it is suggested that the two 
types of key lights should not be inter-
changed between scenes, particularly on 
cut-back scenes. Although the range of 
recommended subject brightnesses is some-
what limited, the photographic artist can 
have a wide freedom to employ many 
different lighting effects. Whenever the 
actors are walking around on the set, it 
is advisable to keep the faces in as con-
stant illumination level as possible; when 
a departure from this condition exists, it 
is preferable to have the faces pass 
through an area of lesser rather than 
greater illumination. 

Exterior day scenes will contain many 
elements of uncontrolled brightness, such 
as white clouds and unilluminated 
shadow areas. Here it is essential that 
supplementary lighting be used to bring 
face tones or other points of interest up to 
correct relationship with the brightest 
parts of the scene (the "reference 
white"); this will then represent the best 
compromise for control of this type of 
situation. The color temperature of this 
supplementary lighting should approxi-
mate that of the surrounding daylight 
illumination. 

Night effects are best obtained by ad-
justment of the lighting contrast rather 
than by shooting "day for night" and 
"printing down" (overprinting). The 
ideal night-effect photography for tele-
vision would result in prints that have the 
same density range as a print for a day 
scene. The use of little or no fill light on 
the key position, sketchy background 
illumination, lighted windows, etc., — 
all create the effect of a night scene without 
the necessity of "printing down" the 
particular scene. This technique will 
eliminate the need for special cuing and 
minimize the need for making video ad-
justments. 

Although "day for night" scenes are 
generally not recommended for an opti-
mum night effect on television, economic 
and physical limitations in production 
will often prohibit the shooting of the 
more effective but more expensive " night 
for night" scenes. Therefore, the follow-
ing paragraphs outline procedures which 
can achieve effective results from "day 
for night" scenes. 

(A) To create the illusion of night, 
two of the essential requirements for any 
exterior night scene are that the sky 
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should appear dark and that shadow 
areas appear generally without detail. In 
black-and-white photography this is par-
tially accomplished by the use of a filter 
that darkens the blue sky. In color pho-
tography, the sky can be darkened in 
some instances with a polarizing filter. 
Other techniques would include the use 
of a graduated (or "wedged") neutral 
filter, or selection of a camera position 
that avoids having the sky in the frame. 
(These techniques might limit the stag-
ing, but should be strongly recommended 
by the cinematographer if the illusion of 
the night scene is to be maintained.) 

(B) The color negative should be 
underexposed from 1 to 2 stops and the 
natural or supplementary lighting should 
create an effect of high-contrast lighting. 
The inclusion of a lighted window or 
lamp (of warmer color) in the scene will 
assist in creating the illusion of night. It 
is desirable to " break up" the direct sun-
light and artificial illumination with 
random patterns to emphasize the light-
ing contrast subjectively associated with 
night. 

(C) It is often traditional to print night 
scenes colder (blue) to enhance the night 
effect. If this is desired, it is best done by 
print timing in the laboratory and not by 
omitting the recommended daylight con-
version filter during the photography 
with tungsten balanced films. In some 
combinations of 16mm photography and 
printing, scene-to-scene color timed 
prints may not be readily available and 
the cinematographer should consider this 
in his original photography. 
• It is important that the different 

sources of illumination which are used 
to light and fill the faces are essentially 
equal in color temperature. The excep-
¿ions would constitute the cases of special 
effect lighting, such as "warm" firelight 
or "cold" backlight in night scenes. 
The use of a professional color temper-

ature meter is helpful and advisable; 
however, care should be exercised in 
reading light sources which have emis-
sion characteristics different from tung-
sten lamps, which have a continuous or 
"black-body" type of radiation. In par-
ticular situations where unusual types of 
light sources (such as fluorescent lamps) 
are employed, it would be desirable to 
make a photographic test. 

In the event that special color lighting 
effects are desired, unless a "normal" 
reference of proper illumination is in-
cluded in the scene, the final print will 
generally be color timed to eliminate the 
desired effect, or the effect could be in-
advertently eliminated by the video con-
trol operator or home viewer. 

Title artwork and animation exists in 
one plane and is lighted with completely 
flat illumination. Here, subject reflec-
tance alone determines the subject con-
trast and the .artist should use nothing 
lighter than a 60% neutral reflectance 
material and, where "shadow" detail is 

to be seen, nothing darker than a 3% 
reflectance material. Areas darker than 
3% reflectance (equivalent to unillumi-
nated areas in a stage setting) may be 
used for effect and should be used in at 
least a small portion of every scene to 
establish a "reference black" for the video 
operator. 

Titles often use "burn in" letters over 
artwork or an action scene. These "burn 
in" titles are considerably lighter than a 
photographed 60% neutral reflectance ma-
terial and, therefore, constitute an im-
properly high "white reference" that can 
result in a desaturated or flat reproduc-
tion of the underlying artwork or action 
scene. If effective reproduction of the 
underlying scene is considered to be im-
portant, the title letters should be printed 
as a color or as a white no brighter than 
the recommended "reference white." 
Although this article has described 

procedures which are most adaptable to 
day-to-day television film production, it 
is not intended to imply that more exten-
sive controls could not be applied either 
in photography, printing or television 
transmission. Photographic exposure and 
lighting contrast could be controlled to a 
high degree of accuracy by use of a spot 
photometer; the laboratories could apply 
densitometric control of scene-to-scene 
highlight densities; contrast control of 
color films may be made practical some 
day; or specialized systems of video con-
trol could be developed. 

Conversely, it is realized that in day-
to-day production, owing to physical or 
script limitations, it is not always possible 
to adhere completely to these recom-
mendations. Under such conditions, the 
photography in general should follow 
these recommendations as closely as pos-
sible. 
There is no sharp dividing line between 

color prints which would be generally 
regarded as acceptable for television 
transmission and those which would be 
considered unacceptable. The particular 
recommendations for color television 
films which are described herein repre-
sent observations taken from films with 
scenes which did reproduce well on a 
typical color television system. Deviation 
from these recommendations should be 
accompanied with caution and should be 
undertaken only if a particular effect is 
desired or if tests show that good color 
television, reproduction can be obtained 
from such films and that they can be 
printed and intercut properly with films 
which are known to transmit successfully. 

Summary 

Certain factors in color television film 
transmission and reception have a direct 
bearing on the effectiveness of the repro-
duction of a color motion-picture film. 

Considering these factors, it is desirable 
(1) to limit the density range of the color 
print and (2) to include a "reference 

white" and "reference black" in the 
scene. 
The recommended maximum and 

minimum reflectances of fully illuminated 
materials which are to be reproduced 
with good detail are 60% for whites and 
3% for blacks with existing film products 
and techniques. 

For a fully lighted day interior scene, a 
lighting ratio of 2:1 is recommended. 
Higher ratios may be used for special 
effects and night scenes. 

It is emphasized that the most impor-
tant, practical and effective way to con-
trol the density range of the color print 
is in the staging and photography, rather 
than in the final printing. 

Discussion 

Lawrence L. Werner (Screen Gems, Inc.): We have 
had some problems in color transmission of our 
films in recent years; I know you are well aware 
of them. It seems to me that what was just 
stated in this report is at some variance with a 
previous paper which you read. You are going 
toward the automatic chain. I understand that 
you will be going toward it in color. Now I 
know from the way you time our shows that you 
print color film for good flesh tone; yet the auto-
matic chain will take the lightest and brightest 
point in the scene — irrespective of flesh tone — 
and make of it reference white. Now, how can 
you correlate these two things? If the control 
changes the pedestal or the gain, it is going to 
change the color value of the flesh tones. And 
it is going to be a very disturbing jump from cut 
to cut. 
Edward P. Ancona, Jr. (Session Chairman): 

In a color television system, an automatic gain 

control or a video operator, in adjusting the 
lightest element of the scene to 100% signal 
voltage, would not change the hue of the face 
tone but would only change the apparent satura-
tion, as transmitted. 
Mr. Werner: Wouldn't that be equally dis-

turbing, to change the saturation? If the face 
has a good pleasing rosy quality in one cut, and 
in the next cut is a very pale, washed-out, almost 
deathlike mask, wouldn't that be very disturbing 
to the continuity of the scene? 
Mr. Ancona: Anything which makes the picture 

unpleasing is certainly not to be recommended — 
and I don't think this Committee paper, or my 
earlier paper, advocates any system of video 
operation which would make the transmitted 
picture less pleasing. That certain field conditions 
do make the picture less pleasing may be the 
case; but this Committee paper is not advocating 
any particular system of video control. I think 
that both of these papers attempt to describe 
conditions as they exist and which the photog-
rapher might encounter. 

Mr. Werner: The reason I'm bringing this up, 
actually, is that we have had a relatively good, 
transmission of our color shows recently. But 
we've had some bad experience in black-and-
white on the automatic chain, and I am wonder-
ing if the automatic chain is not going to create 
more problems than it solves? 

Mr. Ancona: I think both of the papers em-
phasized that the problems that were given to 
the photographer will be more serious and more 
difficult to handle, if he is to successfully antici-
pate the action of the automatic video control. 
In terms of picture quality the automatic video 
control is certainly no substitute for a competent., 
human video operator. And what you say is 
true; the automatic video control may very 
well give you at times an incorrect adjustment 
and an unpleasing transmission. What both of 
these papers attempted to point out is that the 
photographer should realize this and that any 
time he knows his picture is to be played on a 
system using automatic video control, he is best 
advised to use certain techniques given here. 
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In the production of pleasing pictures, there 
is no substitute for what the photographer can 
do. The Committee paper attempted to empha-
size that the control of the print and successful 
transmission depend very greatly upon the stage 
practices. What the laboratory can do and what 
takes place later in the video chain are secondary, 
and the photographer, by following these rec-
ommendations, can go far toward insuring the 
best possible reproduction of his films. 

Frank Baird-Smith, Jr. (National Broadcasting 
Co.): The design of the automatic control systems 
is by no means frozen. It is apparently quite wide 
open at this point. 
One of the techniques, among those which are 

possible in color television and which are not 
possible in a film system, is color correction which 
does not affect neutral areas; or, to put it an-
other way, the automatic device can be caused to 
set pedestal and gain to be the same in all three 
channels, red, blue and green. And then, from 
there, you can achieve color shifts, in the color-
plexor, by operating on the I and Q signals, 
without operating on the Y signal. By doing 
this, if you have included a neutral object in 
the original scene and even if there is an error 
in the printing or the negative system, the error 
will be cancelled out by the automatic gain con-
trol, so that the original neutral will appear 
neutral in the television system. At this point 

corrections could be made. However, since the 
correction would have to be subjectively judged, 
there would have to be a system set up whereby 
such correction could be put in, scene by scene, 
and switched in some way to follow the scene 
changes. That is quite a bit ahead of the state of 
the art right now; we are nowhere near that; 
but eventually it could be done. I think the 
earlier discusser was wondering whether you 
could have automatic gain control in the three 
channels — and not destroy deliberately colored 
scenes, such as, an all-red scene. That can be done 
too — automatically — and it probably will 
be, in eventual automatic systems. 

SMPTE Color Television Subjective Reference 

Test Films and Slides — Issue No. 3 

This paper describes the content of the SMPTE Color Television Subjective Refer-

ence Test Film and Slides, Issue No. 3. Much of the technical material, history 

and general discussion relating to Issue No. 2,5 and which applies to Issue No. 3, 

has been included in this paper. 

BOTH theater projection of color films 
and color television transmission of color 
films place certain limits on the variation 
of color and density balance between reels 
of a feature presentation or between the 
different intercut materials which make 
up a complete television show. While these 
limits may be the same in both cases, the 
problem of achieving such control is 
much more apparent in color television 
because of the nature of television pro-
graming. 

In a theater, a single feature can be the 
only color material projected, and it may 
be run for several weeks. Competent film 
laboratories can, of course, make this one 
feature consistent in color balance 
throughout, and the opportunity for com-
parison with other color films from other 
sources would not ordinarily arise. 

In color television, however, a single 
presentation usually has commercials 
spliced in. Throughout a day's or even-
ing's programing there may be several 
different color films run consecutively, 
each with spliced-in commercials. The 
various shows and commercials may have 
come from different laboratories, may 
have been made at different times, and 
may have been printed on different types 
of release print material. The problem of 
consistent color balance is, therefore, 
particularly acute. 
Recommendations for color balance of 

the various intercut components of the 

A report of the joint subcommittee of the SMPTE 
Color and Television Engineering Committees, 
submitted on May 17, 1967, by John M. Waner, 
Motion Picture and Education Markets Divi-
sion, Eastman Kodak Co., 6706 Santa Monica 
Blvd., Hollywood, Calif. 90038; and Edward 
P. Ancona, Jr., National Broadcasting Co., Bur-
bank, Calif. 

show (or from show to show) cannot be 
made in terms of densitometric readings 
of a neutral chart, since the various dye 
systems used in different film products 
will rarely result in the same appearance 
of a neutral object when faces have been 
timed to match, and conversely. The sub-
jective color balance of prints (visual appear-
ance) is the necessary criterion for satisfactory 
television use. 

In view of the difficulty of expressing 
print color balance in terms of densito-
metric readings, it has been customary to 
express the accuracy of a subjective 
match between a given color print and a 
reference standard print in terms of the 
printing filter or printer exposure correc-
tions estimated to be necessary to achieve 
the closest possible match. Printers of 
different design may, of course, use differ-
ent increments of exposure control. 
Typical subtractive printers may use 
color correction filters graduated in steps 
of 0.04 density difference, which produce 
approximately a 0.04 log exposure differ-
ence (equivalent to about 1/7 f-stop). 
Typical additive printers may use some-
what smaller control increments which 
produce approximately a 0.025 log expo-
sure difference. Due to the rather high 
gamma or contrast of color print mate-
rials. a 0.04 log exposure difference can 
result in a print density difference of 0.10 
(at a total density level of about 1.0). It 
should be understood, therefore, that 
while two color prints can be compared 
on the basis of density readings, the ac-
curacy of the "match" between the two 
prints should be expressed in terms of the 
estimated printing corrections necessary 
to achieve the closest possible match, the 
estimation being made by trained and ex-

By JOHN M. WANER and 
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perienced personnel on a subjective com-
parison of the two prints under standard 
review room conditions. 

Observations of experienced techni-
cians indicate that the subjective balance 
of intercut print material should be 
within ± 0.04 log exposure (approxi-
mately ± 0.05 color correction filter) in 
printing color balance differences, and 
± 0.04 log exposure (approximately ± 
one printer point) in printing density dif-
ferences. These tolerances apply to the 
subjective match of scene-to-scene, reel-
to-reel, and show-to-show, and to the sub-
jective match of any show to the SMPTE 
Subjective Reference Test Films. 

Committee Work 

In July 1962, a joint subcommittee of 
the SMPTE Color and Television Engi-
neering Committees was formed. Its first 
assignment was to determine recommen-
dations for the density and contrast range 
for color film in its use in color television 
broadcasting. Additional roles of the 
Committee were to prepare recommen-
dations and to assist in obtaining a refer-
ence set of SMPTE color test slides for use 
by the industry. A subsequent assignment 
was the preparation of color motion pic-
tures in both 35mm and 16mm. 
Because the solution of the problem of 

balancing intercut print material includes 
close correlation among laboratories, rep-
resentatives from these organizations 
were requested to work with the subcom-
mittee. 
During the subcommittee's work, it be-

came evident that optimum control of re-
lease print contrast and density range 
could be achieved best if the original 
photography were carefully controlled; 
therefore, it was felt essential to provide 
an appendix to any future recommended 
practice which would discuss in some de-
tail the problems of color film photog-
raphy for color television. A paper en-
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titled " Considerations in Color Film 
Production for Color Television," was 
presented as a joint subcommittee re-
port.' 

Another result of subcommittee work 
was the article by H. N. Kozanowski en-
titled " Infrared Transmission Character-
istics of Various Color Release Prints and 
Their Effects on Color Television Repro-
duc tion ."2 

Color Television Test Reels and Slides 

The initial 35mm color negative pho-
tography was accomplished in August 
1964 and resulted in the release in 1966 of 
Issue No. 2, an updating of Issue No. 1, 
which had been photographed in 1954. 
Many of the comments received concern-
ing Issue No. 2 were used to photograph 
new material in June 1966 using earlier 
recommendations.' This new material 
combined with the scenes from Issue No. 
2 resulted in Issue No. 3. 
The aim for color balance and density 

timing of prints of Issue No. 3 will be the 
same as Issue No. 2, originally agreed 
upon at the 98th Technical Conference in 
Montreal in 1965 and confirmed at the 
100th in Los Angeles in 1966 by the Color 
and Television Engineering Committees. 
The color balance and density of these 
materials have been established so that 
optimum reproduction on color television 
will be obtained in addition to a good 
quality on direct projection.3. 4 

These films and slides are intended to 
fulfill two separate functions. First, they 
should serve as the "subjective reference 
prints" mentioned above. The use of 
these films in the laboratory can be as a 
reference for the subjective evaluation of 
color balance and density of prints being 
prepared for color television transmis-
sion. A reference print can be screened 
simultaneously with the print being re-
viewed, using identical projection sys-
tems, or it may be screened immediately 
prior to the print being reviewed. By this 
reference method the color timer can cor-
rect the overall balance of the print in a 
direction which will produce a good sub-
jective match with the reference print 
(using, of course, the 35mm motion-pic-
ture reference print for 35mm motion-
picture timing; the 16mm reference print 
for 16mm motion-picture timing, etc.). 
Wide use of these reference prints in this 
manner can result in a more consistent 
balance of the color print material de-
livered for color television transmission. 

Second, these films and slides should be 
used by broadcasters for subjective evalu-
ation of the performance of a color televi-
sion film transmission system, after the 
system has been properly set up. Satis-
factory reproduction of these films and 
slides should assure satisfactory reproduc-
tion of other films and slides of similar 
color balance and contrast range. 

Contents 

The contents of the 35mm and 16mm 
test reels, which have a running time of 
slightly over 4 minutes, are identical and 
consist of the SMPTE Universal Leader. 
titles (beginning and end), and 18 
scenes, including exterior, interior day 
and night, and special purpose scenes. 
The 16mm reel is a contact print from a 
16mm color duplicate negative which was 
made from 35mm separation master posi-
tives. The 35mm reel is a contact print 
from the original 35mm color negative. 
No soundtrack has been provided for 
Issue No. 3. The 2 X 2 inch slides are 
printed from an original color negative 
with a scene content essentially the same 
as that of the Subjective Reference Mo-
tion-Picture Films. 
These color prints and slides, as sup-

plied by the SMPTE, are inspected visu-
ally — primarily for the more important 
areas of flesh tones. Tolerances for ac-
ceptance are identical to or less than those 
published earlier.' It should be empha-
sized that these films and slides are de-
signed for subjective reference and not as 
alignment tools to set up a color television 
film reproduction system. Suitable test 
films are either in existence or in prepara-
tion by the SMPTE for this latter pro-
cedure. 
Each of the scenes was chosen and pho-

tographed using stage practices recom-
mended earlier' and demonstrating typ-
ical conditions which the television sys-
tem may be required to reproduce. Cer-
tain effect-type scenes demonstrate that 
artistry and mood-type photography can 
be accomplished satisfactorily • for color 
television transmission. 

Scene 1 and 2 are exterior sunlight 
scenes of a group of bathers. The contrast 
in these scenes is typical of exterior sun-
light conditions. 

Scenes 3 through 6 are a day interior 
sequence of a couple in a large living 
room, the sequence including a long shot, 
medium 2-shot, and two close-ups. Spot 
luminance readings in this scene showed a 
luminance range of approximately 25:1, 
with the reference white at 1.00% relative 
luminance, female face at 30-35%, male 
face at 20-30%, and lowest measurable 
dark area at 4% relative luminance. 

Scenes 7 through 10 are a night interior 
sequence of another couple in the same 
living room, the sequence including a 
light change to low-key night and two 
close-ups with low-key night lighting. 
Spot luminance readings in this sequence 
again showed an approximately 25:1 
luminance range, with the reference 
white at 100% relative luminance, fe-
male face at 8-45%, male face at 10-
40%, and lowest measurable dark area 
at approximately 4% relative lumi-
nance. 

Scene 11 is a stage "exterior" night 
scene which is a long-shot of a couple on a 
balcony. Scene luminance range is similar 
to the night scenes above, with reference 

white at 100%, faces at approximately 
40%, and lowest measurable dark areas 
at 4% relative luminance. Torches used 
in a portion of this scene, however, 
showed a relative luminance of 500%. 
Optimum video gain setting for this scene 
would place the reference white at 100% 
video level and allow the signal from the 
image of the torches to go into the clipper. 
Automatic video gain control systems 
may, of course, produce a considerably 
different gain setting. 

Scenes 12, 13, and 14 are of a young 
lady in a smaller living room, the se-
quence including a long shot with normal 
— as opposed to low-key — night interior 
lighting, a direct cut to day interior light-
ing, and a close-up with day interior 
lighting. Transmission of all the above 
scenes should require little or no manual 
gain or pedestal adjustment. Black-and-
white receivers without dc restoration can 
give an acceptable reproduction of the 
night scenes because of the subjective 
effect of the lighting contrast. The trans-
mission system should not evidence any 
bounce or drift of black level in the cuts 
between the day and night scenes. 

Scenes 15 through 19 are a group, each 
of which is designed to provide particular 
demonstration or test material. 

Scene 15 is similar to scene 14, except 
that a three-step gray scale of Munsell 
neutrals of values 8.0 (60%), 5.0, and 2.0 
(3%) has been added for a check on the 
general appearance of neutral color and a 
demonstration of the reproduction con-
trast obtained from a 20:1 subject con-
trast. Insofar as the various dye systems 
represented by different film products 
will rarely result in the same visual ap-
pearance of a neutral object when faces 
have been timed to match, it should be 
noted that the gray scale in this subjective 
reference test film is not intended as an 
alignment tool for balancing the color 
television camera. The aim for this scene 
should be for an acceptable subjective 
color balance of the model's face and sur-
rounding areas of the set and not neces-
sarily for perfect tracking of the three-step 
gray scale. 

Scene 16 is a medium shot of a girl in a 
green dress against a neutral background. 
In this scene, the large area of back-
ground should appear uniform in color. 
Field impurity, either in the color camera 
or in the co.or monitor, will show up as a 
lack of uniformity of color in the back-
ground. 

Scene 17 is of a young lady working in 
a kitchen. Wardrobe and set colors used 
in this scene have provided good color 
contrast but relatively low brightness con-
trast. Reproduction on black-and-white 
monitors may appear somewhat flat. 

Scene 18 is a long traveling shot in 
which the camera moves past a group of 
10 bolts of cloth of different colors. A 
girl's hand remains in the frame to pro-
vide a constant flesh tone reference. Spot 
luminance values of the various colors 
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ranged from 100% to 10% relative 
luminance, with the girl's hand at ap-
proximately 25% relative luminance. 

CAUTION° 

Users of these Color Television Tes 
Films are cautioned that the dyes in these 
films, like other dyes, may in time change 

Motion-picture prints are normally 
subjected to the heat and intensity of the 
projector beam for only a fraction of a 
second during projection. If these prints 
are used in slide projectors, they receive 
prolonged exposure to the heat and in-
tensity of the projector beam. Under 
these latter circumstances changes in the 
dyes will take place more rapidly. The life 
of these reference test films when pro-
jected as slides can be prolonged by insur-
ing that a filter absorbing the infrared be-
yond 700 nanometers is inserted in the 
projector optical system. 

The motion-picture and television in-
dustries owe a debt of gratitude to many 
organizations and individuals for accom-
plishing a nearly impossible but highly 

• 

necessary task. The Society, speaking for 
all concerned, wishes to acknowledge 
with appreciation the hundreds of diffi-
cult hours contributed by the subcommit-
tee members as well as the valuable ser-
vices of their and other organizations.5 
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Infrared Transmission Characteristics of Various Color Release 

Prints and Their Effects on Color Television Reproduction 

A Report to the SMPTE Color Committee by H. N. KOZANOWSKI 

N SEPTEMBER, 1963, K. D. Erhardt of National Broadcasting 
Co., Burbank, made preliminary tests on vidicon color tele-
vision film chains which indicated that the annoying changes 
in color rendition between Eastman Color Print Film, Type 
5385, and Technicolor 35mm (Imbibition Print) film can be 
minimized by including an infrared cutoff filter in the red vidi-
con channel. 
To obtain a better understanding of the mechanism of these 

changes we, at Radio Corp. of America, Camden, measured 
the visible and infrared transmission characteristics of identical 
selected frames of Eastman and Technicolor 35mm prints 
supplied by John M. Waner. These were mounted in slide-
holders and could be observed both on direct projection and 
on a Color Television Monitor after transmission through a 
three-vidicon color television system. Typical measurements 
(Figs. 1 and 2) of dark areas in the film show that in the region 
of 700 to 750 millimicrons, Technicolor Film is 5 to 6 times 
more transparent than Eastman film. 
On direct projection the scenes appear identical. Yet, through 

a color television system this increased infrared transparency 
for Technicolor Imbibition Print Film produces an undesired 

Submitted on October 6, 1964, for publication; prepared for the SMPTE 

Color Committee by H. N. Kozanowski, TV Camera Advanced Develop-
ment, Radio Corp. of America, Bldg. 10-3, Camden 2, N.J. 
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red-signal which can be described as red "flare" throughout 
the raster. This can be subtracted from the television signal 
by suitable red pedestal control. However, the procedure leads 
to difficulties because Eastman Color Print Films now shown 
without system readjustment will be deficient in reds. Thus 
the color chain must be readjusted to eliminate the unwanted 
signals produced by the product of the vidicon sensitivity and 
the infrared film transmission characteristics. 
By choice of a suitable infrared cutoff filter, for example as 

shown in Fig. 3, the response of the vidicon tube at 680 milli-
microns and beyond can be reduced to practically zero, the 
effects due to the differences in infrared transmission vanish 
completely, and the problem disappears. 
The tests were repeated at NBC, New York and verified the 

conclusions just stated. However, detailed checks showed that 
an early 1954 model RCA infrared filter shown in Fig. 3 
built into the equipment has inadequate infrared rejection. 
The experimental Technicolor T-1247 and F-S (Fish-Schur-
man) infrared cutoff filters are both well behaved. 
At the suggestion of Mr. Erhardt we made available a 

combined red-trim and infrared cutoff filter disc having the 
overall characteristics shown in Fig. 4. This eliminates one 
element in the optical path which tended to produce "ghost" 
reflections. 

This filter disc has been tested and has minimized the prob-
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lem of infrared flare. Edward P. Bertero has informed that 
NBC has installed it in all their film chains. RCA has made 
this filter available to all Broadcasters who wish to use it. 

We wish to thank the members of the SMPTE Color and 
Television Committees who have generously provided the 

test films and who have assisted in the solution of the problem 
and the evaluation of the color television performance. 

Edit. Note: Tests were made at Radio Corp. of America, 
Camden, N.J., to provide the data for Figs. 1-3 on Oct. 10, 
1963, and on Jan. 23,1964, for Fig. 4. 
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Colour Films for Colour Television 
By C. B. B. WOOD 

Although a high proportion of colour television programmes includes films made 
specially for television presentation, the technical characteristics of the prints 
shown still tend to be suited more to optical projection than they are to the newer 
medium. The long experience of the motion-picture industry enables it to produce 
prints which are wholly acceptable to cinema audiences from the viewpoints of 
contrast, detail and colour fidelity but broadcasting organisations are finding that 
their requirements are not identical with those of the cinema theatre. Technical 
characteristics which are desirable for the cinema do not necessarily suffice for 
colour television. There are many problems to be dealt with before colour film and 
colour television can successfully be married, and this paper describes some of the 
difficulties encountered. 

Contrast 

It is, at the moment, unfortunately 
true that few of the many colour films 
which look quite good by optical projec-
tion reproduce well on colour television. 
There seem to be two main reasons for 
this. The first lies in the poor ability of 
the television display to handle high-
contrast pictures. (It should be noted 
that the word contrast is used in the tele-
vision sense, meaning the ratio of the 
highlight brightness to that of the darkest 
discernible detail in the picture.) The 
contrast-handling ability of a colour 
television system is limited primarily by 
the display cathode-ray tube. If the tele-
vision picture is viewed in complete dark-
ness, the blacks in an average scene will 
probably be raised to about 1/60th of 
peak brightness by flare in the face-plate 
of the colour cathode-ray tube. As this 
flare is caused by internal reflections of 
light from other parts of the picture, the 
exact figure will depend on picture con-
tent as well as on the characteristics of 
the face-plate glass. If we now consider 
domestic viewing conditions and allow a 
typical amount of ambient light to fall 
on the tube face, the contrast will drop 
still further, possibly to about 20:1. The 
contrast-handling ability of a colour 
television system under ordinary home-
viewing conditions is therefore likely to 
be somewhere between 20:1 and 30:1. 
In a cinema, the viewing conditions are, 
of course, carefully controlled and hardly 
any ambient light is allowed to fall upon 
the screen. The figure for contrast in 
typical optical projection is about 
160:1. 

If the contrast of any television display 
or optical projection of film is reduced by 
the addition of a constant due to ambient 
light falling on the screen, the brightness 
range of the original scene is no longer 

This paper, slightly abridged, by C. B. B. 
Wood, Research Dept., British Broadcasting 
Corp., Kingswood Warren, Tadworth, Surrey, 
England, is reprinted from the June 1967 issue of 
The Photographic Journal, by permission of the 
publishers, The Rbyal Photographic Society of 
Great Britain, L. E. Hallett, Secretary. 

reproduced correctly and the detail in the 
dark shadows of the scene is compressed 
in its brightness scale to give a noticeable 
distortion in the picture. One might ex-
pect that films intended for the high 
available contrasts of optical projection 
would be given a contrast characteristic 
which neglects any limitations due to 
flare in the projection because this will 
affect only the very darkest shadow de-
tail, if it has any effect at all. Neverthe-
less, it is found advantageous to reduce 
the slope in the highlights and lighter 
greys by working around the toe of the 
characteristic of the print film; the 
darker parts of the picture are then of 
steeper relative slope, and this compen-
sates for the small amount of flare in 
optical projection. In colour television, 
where the contrast of the display is so 
much reduced by the flare and the un-
favourable viewing conditions, the "flat-
tening" of the brightness characteristic 
in the darker tones is very pronounced 
and for good subjective presentation of 
the picture information it is necessary to 
transmit signals with a considerably 
higher slope in the dark shadow detail. 

It may also be noted that films of 
much greater contrast than can be 
handled by the television system often 
appear also to have incorrect colouring in 
the shadows and highlights. The most 
pleasing way in which a high original 
scene contrast may be compressed into 
the restricted contrast of colour television 
is to re-distribute the compression of the 
brightness scale so that shadow detail 
does not suffer too severely. Obviously, 
it is impossible to reproduce, say, 160:1 
of scene contrast upon a display of 30:1 
contrast without some distortion, but it 
seems better to compress the lighter 
tones than the dark ones. 

Print Characteristics 

The problem of picture reproduction 
within a restricted contrast range is not 
new; it has always existed in photography 
where it is desired to make prints on 
paper. A typical paper print is capable of 
a contrast of about 28:1 and it is there-
fore very similar to a typical colour 

cathode-ray tube. In an attempt to find 
colour films to suit the special require-
ments of colour television, it would seem 
that one may be able to profit from the 
efforts of the photographic industry to 
find the ideal characteristic for paper 
prints. Television displays and paper 
prints both require the principle of steep-
slope in the shadow detail operating at a 
much lower contrast than that required 
for optical projection. The light-trans-
mission characteristic of the film should 
be so shaped that shadow detail is not 
lost by being unduly compressed in 
contrast by the television display, while 
at the same time preserving good colour 
reproduction over the whole contrast 
range. The realization of such a charac-
teristic may be difficult because the 
characteristics of colour films cannot be 
amended in the same way that one raises 
or lowers the gamma of a black-and-
white film by different developing tech-
niques. Whether a fully satisfactory 
result can be achieved with existing 
conventional film stocks seems rather 
doubtful; for first-class results we need a 
special television film material. 

For most documentary films and fea-
tures, a negative/positive process is used, 
and therefore we must have available a 
film print stock capable of giving the 
special characteristic required for tele-
vision presentation. The ideal arrange-
ment would be a single colour negative 
which may be printed on conventional 
colour print film for optical projection, 
and on special colour print film for tele-
vision presentation. Already the require-
ment is being met by film manufacturers 
and special low-contrast film print ma-
terials have been produced for television 
presentation in Europe. These produce a 
print from a normal negative which goes 
a long way towards giving the overall 
characteristic of scene brightness to film 
transmission best suited to the needs of 
colour television presentation. It is hoped 
to improve still further on this situation 
and a draft specification for colour film 
has been drawn up in which the overall 
characteristic of scene brightness to film 
transmission is based upon the concept of 
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scene of contrast 160:1 to be compressed 
as pleasantly as possible into a television 
display of only 30:1. The required 
characteristic. is very similar to that for 
paper prints. 

It is expected that 16mm reversal film 
originals will be used for news actualities, 
but a duplicate of the camera original will 
be used wherever possible. In any case, 
reversal duplicates will be made for re-
peat broadcasts, archives and distribu-
tion. The technique of making reversal 
prints from a reversal original can give 
very good results. Certain reversal ma-
terials of low contrast, duplicated on to a 
low-contrast reversal print material can 
sometimes give most acceptable prints 
for television presentation. There are, 
however, objections to the use of the re-
versal film. In the first place it has less 
exposure latitude than colour negative, 
and for news operations in particular this 
is an important disadvantage. Secondly, 
it is difficult to maintain consistently a 
high standard of colour accuracy, with 
low contrast, in a reversal duplicate. The 
negative/positive process is a much 
better-tempered system. 

Colour Accuracy 

Assuming that a print of suitable 
quality became available, the broad-
caster would usually attempt to deal 
with the film objectively; that is to say, 
he would endeavour to make the com-
bined performance of his television film 
scanner and the receiver as nearly like 
that of an optical projector as possible. 
In the BBC the thought has been along 
somewhat different lines. The informa-
tion carried by the film is turned into 
three electrical signals and this opens up 
possibilities for corrections which are not 
possible in optical projection. The three 
signals relate to the red, green and blue 
components of the scene and are re-
ferred to as colour-separation signals. 

In a practical colour television system 
the colour accuracy is limited at both 
the analysis and reproduction stages. 
The colours of the three fluorescent 
screens in a colour cathode-ray tube 
must place an absolute limit on the range 
of colours that can be reproduced by the 
receiver. From a knowledge of the pri-
mary colours which may be reproduced 
by the cathode-ray tube in the receiver, 
it is possible to calculate the optimum 
characteristics for the red, green and blue 
colour-analysing filters to be used in the 
television camera or the film scanner to 
separate the red, green and blue com-
ponents of the scene. Similarly, the three 
optimum colour-sensitivity curves for a 
colour film material can be deduced from 
a study of reproducing dyes in the posi-
tive print and all the associated pro-
cesses. In practice, the analysis character-
istics of a colour film material are a little 
different from those in a colour television 
camera, but in either case the scene is 
analysed into three images related to the 

three chosen primary colour components. 
It will be noted that when a colour 

film is reproduced by colour television 
there is a grave danger of trying to per-
form the analysis operation twice. The 
colour negative film used in the cine 
camera has already analysed the scene 
into the three primary colour contribu-
tions and therefore it is undesirable that 
the positive print film should reassemble 

the three sets of information into a rather 
imperfect reproduction of the original 
scene, followed by a repetition of the 
analysis operation in the colour television 
film scanner. This doubk-analysis is the 
second main reason why there is often 
disappointment when colour film is re-
played by television. It would be desir-
able to use the colour print as though it 
were three entirely separate records of 
the three sets of colour information ac-
quired by the negative. There have been 
proposals in the past to make special 
films for television by using three sepa-
rate films or triple colour-separation 
frames of about 16mm film frame size 
fitted into a 35mm frame on black-and-
white material. 

Such proposals, reminiscent of the 
early days of colour photography, seek 
to use the ability of television to re-
assemble a colour picture from three 
sets of monochrome information. There 
is, however, no reason against the use of a 
conventional integral tripack colour 
film, provided the three layers can be 
read quite independently of each other. 
The advantage of a standard film, suit-
able also for optical projection, is thus 
retained. Difficulty arises, however, be-
cause the dyes used to produce the pri-
mary colour images in colour film are 
fundamentally unable to act over one 
part of the visible spectrum without 
having some unwanted effect upon the 
remainder of the spectrum. Figure 1 
shows a graph of the density of three 
typical dyes used in colour print ma-
terial. It will be seen that each dye 
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absorbs some light of wave-lengths other 
than those over which it is required to 
exercise control and hence each dye-
image influences colours that it should 
not affect at all. The more saturated a 
reproduced colour should be, the more 
it is affected by the other dyes because 
they are required in greater density. 

Electrical Correction 

The physical characteristic of available 
dyes makes it impossible to manufacture 
a colour film in which the three sets of 
colour information, the yellow, magenta 
and cyan images, do not interfere with 
each other. The television engineer would 
call this cross-modulation. The result of 
this cross-modulation is that colours 
become distorted; that is to say, colour 
of the original scene are reproduced with 
a loss of saturation, and high-luminance 
colours are usually reproduced with 
reduced brightness because of unwanted 
absorptions by the dyes. The straight-
forward process of colour photography 
thus distorts the brightness of objects 
and reduces the saturation of the repro-
duced colours. Experience shows, of 
cotose, that for optical projection this 
distortion is acceptably small if it is 
carefully controlled by the film manu-
facturer. If the distortions of the tele-
vision process are added, however, then 
the overall result may well be unaccept-
able. 

It can also be seen that the film must 
be a perfect reproduction of the original 
scene, and not merely a pleasing repre-
sentation, if the television picture is to 
have the same appearance as it does 
when a live colour television camera is 
used. If the colour-analysis process is 

allowed to occur twice, the facts that the 
film reproduces the scene with the aid of 
imperfect dyes and that the result is then 
analysed in the television system with 
imperfect analysis characteristics will 
render a perfect reproduction impossible. 
The film and the television processes 
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Fig. 1. Density of dyes used in typical colour positive print film. 
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must be treated as an integral whole. 
The film must be allowed to perform a 
colour analysis of the original scene, and 
the television system must be allowed to 
make a reproduction of that scene from 
information that it obtains from the film, 
but the intermediate processes should be 
completely free from cross-modulation 
and errors, as though there were three 
completely separate, insulated conduc-
tors conveying information from the 
colour negative film direct to the cathode-
ray tube. Although this cannot be 
achieved in that manner, the same effect 
may be obtained by making corrections 
to the electrical signals derived from 
scanning the film. If the cross-modulation 
in the film due to the dye characteristics 
is known and an equal amount of cross-
modulation, but of opposite polarity, is 
deliberately introduced into the electrical 
signals, the errors will be cancelled. 
Measurements are made of all colour 

film materials to determine the distor-
tions occurring in the reproduction of 
the original scene. A calculation of the 
effects of the cross-modulation between 
the three dyes in the colour print and 
also of the errors due to imperfect colour 
analysis of the scene indicate the errors 
fundamental to each type of film. Each 
type of film requires a different com-
pensation, depending on the character-
istics of the dyes used; and in the film 

scanner switched circuits labelled with 
the names of the different film stocks will 
introduce the appropriate electrical 
correction for the colour distortion which 
has been measured, calculated and found 
to occur in that particular material. The 
correction remains a calculated value 
applied to every print made on that film 
material and it is independent of the ex-
posure of the film, the picture content or 
even the processing of the film, provided 
the dye characteristics remain un-
changed. 

The process of electrically correcting 
for errors due to cross-modulation is 
called electronic masking, deriving its 
name from the process which is used 
when colour film duplicates are made by 
photographic means. The cross-modula-
tion due to the unwanted absorptions of 
the dyes is a function of the density of 
each dye and is a logarithmic quantity; 
it is therefore necessary to pass the signal 
through a logarithmic amplifier before 
applying the corrections. After adding or 
subtracting the corrections, it is neces-
sary to take the antilogarithm of the 
corrected signal with the aid of a suitable 
non-linear amplifier. The instrumenta-
tion of this technique is difficult and calls 
for sophisticated apparatus: in particular 
very high stability of black-level and 
precision clamping to peak-white signal 
are essential features. 

With a television film scanner equipped 
with electrical correction for the errors 
known to be introduced by the film, we 
are now in a specially privileged position. 
We no longer set out to reproduce the 
film as the eye sees it on optical projec-
tion, but we can now aim to reproduce 
the colours of the original scene more 
accurately than they appear in the film. 
A very important benefit of electronic 

masking in television is that it makes 
possible the use of filmed sequences inter-
cut with live television drama. This tech-
nique is used a great deal in Britain — in 
all outdoor scenes and in many other 
sequences where it increases the opera-
tional flexibility in the studio, the action 
is shot on film in advance of the studio 
production and is intercut at the appro-
priate times. In colour, the high colour 
saturations and accuracy of the live tele-
vision cameras would make it impossible 
to cut to a filmed sequence with much 
lower colour saturation and an additional 
set of errors. It is found that with accurate 
electrical correction we can make the 
film-plus-television process a good match 
for the television-only process. 

Acknowledgement: The author wishes to 
thank the Director of Engineering of the 
BBC for permission to publish this paper. 
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Some Considerations in the Television 

Broadcasting of Color Film 

It is desirable that television films have characteristics specially suited to the viewing 
conditions and contrast-handling ability of the TV system. With modern telecine 
techniques, a wide range of contrast in films can be handled successfully. Electronic 
enhancement of the color saturation in the reproduced picture is now in operational 
use. Despite these improvements, it is desirable that television films should have 
characteristics specially suited to the s iewing conditions and contrast-handling ability 
of the television system. 

TIIE PROPERTIES of the conventional 
color television system are such that 
when it is used to display color mo-
tion-picture film, it places constraints 
upon the technical characteristics of 
films that may be handled successfully. 

It would seem unrealistic to modify 
the characteristics of motion-picture 
color film to suit the deficiencies of 
color television without at least giving 
very careful consideration to the prop-
erties of the system and making sure 
that the broadcaster is doing all that is 
possible to avoid distorting the pic-
tures. Some of the constraints imposed 
on film by television presentation are 
inevitable: they stem from the basic 
differences between viewing conditions 
in the home and those in the cinema 
theater, but in other cases further im-
provements in technology could better 
equip the television film scanner to 
deal successfully with color films. 
Some of the deficiencies of the color 

television system may readily be ob-
served by a simple comparison 
between the optical and the television 
presentations of the same roll of film: 
after being disappointed by the televi-
sion display of what had seemed opti-
cally to be a film of reasonably good 
picture quality it is interesting to re-
turn immediately to the optical review 
theater and see the film again. This 
time the magenta shadows, unnatural 
skin tones and other defects so obvious 
on television will be noticeable, al-
though to a lesser extent. One impor-
tant result of presenting a film by col-
or television is to exaggerate defects 
which pass unnoticed on most occa-
sions of optical projection, but this is 
not all: the telecine (in conjunction 
with the kinescope display) does not 
have the spectral response associated 
with the human eye and therefore 
does not view the film in the same way 
that it is seen in optical projection. 
Television presentation of films by 

Presented on November 13, 1968, at the Society's 
Technical Conference in Washington, DC, by 
C B. B. Wood, Research Dept., The British 
Broadcasting Corp., Kingswood Warren, Tad. 
worth, Surrey, England. 
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means of unsophisticated film scanning 
apparatus may thus create errors for 
which the film cannot be blamed. It is, 
however, possible to overcome some of 
the present difficulties and possible 
courses of action will be suggested. 
The principal picture defects ob-

served during television reproduction 
of color motion-picture film may be 
classified as follows: 

(a) Increase of Contrast: This al-
most invariably results in distortions 
of the luminance scale since the con-
trast-handling ability of the television 
system is limited. 

(b) Color-Balance Errors: The 
subjective impression gained from op-
tical review is not repeated upon televi-
sion presentation. 

(c) Color-Saturation Errors: The 
imperfect color saturation performance 
of color motion-picture film is further 
degraded upon television presentation. 

Contrast Distortions 

Film Contrast Characteristics 

Many of the defects observed in tele-
vision reproduction of color motion 
pictures arise from the fact that the 
brightness contrasts of the original 
scene, already distorted in the film, are 
further distorted when the film is re-
produced by television. Sensitivity to 
errors in the reproduced brightness of 
colors is linked with the accuracy of 
reproduced color saturation. The inev-
itable loss of color saturation is 
substantially offset subjectively by an 
increase in the contrast of the film; 
therefore, in an average color film, the 
overall characteristic relating density 
with log brightness of the original 
scene is found to have a slope of be-
tween 1.5 and 2,0 in the straight por-
tion of the characteristic. Experience 
has shown that this exaggerated con-
trast, combined with the practical 
color saturation of typical color films, 
achieves an acceptable result even if it 
is not objectively accurate. However 
this approach has so far been based 
upon the assumption that the film will 
be presented to the viewer by optical 

projection. 

By C. B. B. WOOD 

Television Camera Contrast 
Characteristics 

The light output of a shadow-mask 
color kinescope tube is related to the 
input signal by a close approximation 
to a pure power-law. The index of this 
power-law varies a little from one tube 
manufacturer to another and is de-
pendent upon the way in which the 
signals are applied to the tube elec-
trodes; but a typical value of gamma 
for the color tube is 3.0, considerably 
in excess of the nominal value of 2.2 
stated in the NTSC specification. An 
electrical correction for the light trans-
fer characteristic of the receiver 
kinescope tube is, of course, always in-
cluded in the parameters of the trans-
mitted television signal, but it is very 
rarely of such a form that it represents 
the reciprocal of the law of that tube. 

In the case of monochrome televi-
sion cameras employing the image 
orthicon pickup tube, accurate gamma 
correction is rarely practiced since the 
output signal of the camera tube nei-
ther is linear nor does it conform with 
any pure power-law. Nonlinear 
("black-stretch") corrections are ap-
plied to the signals before transmission 
but they result only in crude approxi-
mation to any characteristic which 
might have been preicribed mathemat-
ically. 
Some color television cameras em-

ploying the Plumbicon pickup tube (a 
linear device) introduce gamma 
correction which gives a close approxi-
mation to a pure power-law over 
contrast ranges of 30: 1 or 40 : 1. It is, 
however, unusual for television cam-
eras to be corrected more completely 
than to conform to a power-law of 
1/2.2. The choice of this value is in 
part traditional since it represents the 
complete correction of the nominal 
(and effectively nonexistent) color 
kinescope of the NTSC specification. 
A more practical limitation is im-

posed by the visibility of random fluc-
tuation noise in the darker parts of 
the picture if gamma correction is car-
ried to the correct mathematical con-
clusion. Complete gamma correction 
necessitates very high relative amplifi-
cation in those parts of the signals 
representing the darker parts of the 
picture: the inevitable noise accompa-
nying the signal is also greatly in-
creased. Furthermore, it is a property 
of the Plumbicon tube (and also the 
vidicon) that an object moving in the 
scene is, at low light levels, portrayed 
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as being followed by a trail of incom-
pletely-erased picture information 
relating to its position in earlier fields. 
Complete gamma correction increases 
the visibility of this lag signal. 
Hence, a color television system us-

ing a modern high-grade color televi-
sion camera and a typical shadow-mask 
color kinescope display will have a 
contrast characteristic such that the 

slope is approximately 3.0 X 1/2.2, i.e. 
about 1.36. It is unlikely to be less 
than this value and in many cases will 
be more, but over 30 : 1 or 40 : 1 it 
should conform reasonably well with a 
simple power-law. The increased con-
trast in the reproduction of the 
original scene is usually acceptable to 
the viewer and does not often give rise 
to serious degradation of the picture. 

Telecine Contrast Characteristics 

In Europe where the television field 
rate is 50 fields/s, the flying-spot tele-
cine is generally preferred; this uses 
photomultipliers which give primary 
signals linearly related to the light 
transmitted by the film. The primary 
signals are then gamma corrected by 
means of nonlinear amplifiers, and as 
a rule conform fairly closely to a pow-
er-law of index 1/2.2. Again a reason 
for this choice is the amplification of 
noise in the darker tones of the picture. 
In the case of a photomultiplier out-
put, however, the noise is not a 
constant added to the signal as in the 
Plumbicon or vidicon camera, but var-
ies as the square-root of the signal; the 
effect of extreme amplification of sig-
nals relating to very dark areas of the 
picture is less objectionable. 

In countries where the television 
field rate is 60 fields/s and the flying. 
spot principle is inconvenient, vidicon 
pickup tubes are generally used in 
telecine machines. The correction of 
the signals to compensate for the high 
gamma of the kinescope tube is car-
ried out in a manner similar to that of 
the live television camera. The objec-
tions to complete correction for the 
gamma of the kinescope tube arise, as 
before, partly from noise in the dark 
tones of the picture and partly from 
increased visibility of lag signals. 

Contrast Limitations Imposed 
by Television 

The important outcome of a consid-
eration of present gamma-correction 
techniques is that the contrast charac-
teristic of a color television system has 
a slope of not less than 1.36 and that 
this slope is much the same whether a 
television camera is used to view a nat-
ural scene or whether a telecine chain 
reproduces a color film. The natural 
scene viewed by the camera has a con-
trast characteristic slope of 1.0, but the 

telecine is viewing a scene as 
reproduced on the film which already 
has a slope of between 1.5 and 2.0. It 
is the subsequent increase in contrast 
of an already high-contrast reproduc-
tion which causes the overall film-
plus-television system to run into se-
vere distortion. 
The shadow-mask color kinescope 

tube has a restricted ability to handle 
high-contrast scenes, partly because 
flare in the faceplate of the tube re-
duces the ultimate contrast which may 
be displayed and partly because it is 
almost invariably viewed under higher 
ambient light conditions than those 
obtained in the optical projection 
theater. Furthermore, the electrical cir-
cuits of typical color television receiv-
ers do not maintain a true black level 
with the accuracy required to repro-
duce high-contrast and low-contrast 
scenes with equal fidelity. 

Estimates of the contrast-handling 
ability of a color television system vary 
considerably and, of course, much de-
pends on the precise viewing 
conditions, but it is substantially less 
than that achieved by good optical 
projection. Thus, even if the television 
system did not increase the contrast of 
the film at all, there would still be a 
danger that films successful in optical 
projection would be shown with black 
crushing or other distortion on color 
television. The enhancement of con-
trast by the television system places a 
serious constraint upon the contrast 
which may exist in films intended for 
color television. 

Color Balance 

Television White-Point 

For 35mm films the projector light 
sources have correlated color tempera-
tures lying in the region between 
5000°K and 6000°K; it is therefore 
logical that color film characteristics 
should have been designed to give the 
best subjective results when used in 
conjunction with these light sources. 
The specified white point of the 
NTSC color television system is Illu-
minant C (6770°K) but more recently 
opinion has been in favour of 
Illuminant D (6500°K) as the white 
point for color television. It is unfor-
tunate that very many television re-
ceivers are not balanced to either of 
these standards but have a white point 
between 9000°K and 10,000°K. The 
color signal specification assumes that 
white or gray is displayed when the 
color separation signals are of equal 
magnitude (i.e., R = G = B). If the 
broadcaster adjusts the telecine so that 
the three signals are in fact equal for 
a neutral gray in the film, then the 
effective projection color temperature 
is determined by the balance of the 
television receiver. 

Color temperatures much in excess 
of 6500°K have a particularly bad ef-
fect upon the reproduction of skin 
tones; it is most desirable that the re-
ceiver white point should not be sig-
nificantly different from that intended 
in the production of the filin. Some 
subjective tests carried out in the BBC 
Research Department (see Fig. 1) in-
dicated that observers preferred the 
white point of a television display to 
lie between 5000°K and 6000°K, even 
when viewing was carried out under 
quasi-domestic conditions with a typi-
cal level of ambient illumination de-
rived from tungsten light sources. The 
presence of tungsten ambient illumi-
nation lowered the preferred color 
temperature by about 500°K but it 
nevertheless remained within the 
bracket already stated. It would there-
fore seem that there is no great incom-
patibility in respect to color balance 
between films intended for optical 
projection and those intended for tele-
vision presentation, provided the 
television receiver is balanced in ac-
cordance with the NTSC specification. 
There is, however, likely to be some 
difference between the acceptable tol-
erances for color balance, depending 
on whether the film is to be viewed 
under television or review-theater con-
ditions. 

Film White-Point 
If a film is viewed by optical projec-

tion in an otherwise completely dark 
theater the eye will adapt to a white 
point which may be substantially dif-
ferent from the preferred value in the 
region of 5500°K and the viewer will 
be reasonably satisfied with the result. 
Domestic viewing of color television is 
generally carried out in the presence 

5400°K 
ambient 

illumination 

2400° k 
ambient 

illumination 

15 9 6 5 4i 4 

colour temperature (1000 k) 

Fig. 1. Subjective test results: viewers' 
preferences for color television receiver 
white point; 30 observers, indoor and 
outdoor scenes, total 10,850 observa-
tions. 

86 



of substantial level of ambient illumi-
nation. The presence of familiar 
objects within the field of view seems 
to act as a stabilizing reference for the 
eye which becomes much more critical 
of changes of color balance in the tele-
vision picture and does not adapt so 
readily as it does in a darkened projec-
tion theater. 

It follows that neutrals in the color 
film print intended for television must 
be balanced to a closer tolerance than 
is perhaps strictly necessary for optical 
projection. 

Telecine Color-Analysis 
Characteristics 

Aside from the necessity of achiev-
ing subjectively accurate neutral 
balances in films intended for televi-
sion presentation, there is another 
problem associated with television re-
production of these films. Color film is 
made up of three light-absorbing dyes 
which operate on various parts of the 
'visible spectrum of light emitted by 
the projection source. The sum total 
of the three absorption curves does 
not, however, create equal attenuation 
of all wavelengths of light. Some wave-
lengths are attenuated more than 
others and when a subjectively neutral 
balance is achieved with the conven-
tional tripack color film it can only be 
a metameric match with a true neu-
tral. This is the case where the eye in-
tegrates the energy at all wavelengths 
of light and judges the effect to be 
identical with that produced by a true 
neutral-density filter which attenuates 
uniformly throughout the spectrum. 
The analysis characteristic of the tele-
cine (taken in conjunction svith the 
kinescope display) must therefore be a 
strict analog of the human eye if it is 
to reproduce the film exactly as in op-
tical projection: in particular, it must 
produce equal color separation signals 
to represent parts of the film which 
are metameric matches for a true neu-
tral density. 

If the telecine is to have analysis 
characteristics which precisely match 
those of the human eye for all colors 
contained within the triangle bounded 
by the synthesis primaries, then nega-
tive responses must necessarily be in-
cluded in the analysis and the 
required characteristic is shown in Fig. 
2. It is, of course, theoretically possible 
to design a telecine to have this char-
acteristic; the negative lobes would be 
achieved by analyzing positively in 
separate sensors and, afterwards, 
changing the sign of the minor signals 
before adding them into the appropri-
ate primary color separation signals. 
Given that this characteristic were 
achieved, the telecine would reproduce 
films as they are seen upon optical 
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Fig. 2. Ideal analysis characteristic for typical 
and white point set to Illuminant D 6500. 

projection, excepting any limitations 
imposed by the shadow mask display. 

In any practical color analysis ar-
rangement for a telecine, the light is 
divided into three contributions relat-
ing approximately to the red, green 
and blue components of the input. 
(This refers only to the color sections 
of the analysis system. Light to create 
a separate luminance signal in four-
tube telecines will have been collected 
before color analysis.) The simple 
analysis characteristic therefore consists 
of three " positive-only" lobes of suita-
ble spectral sensitivity: it would be 
largely fortuitous if the light transmit-
ted by a color film which has only a 
metameric match with a true neutral 
density were to cause the three sensors 
to produce three precisely equal sig-
nals. It is possible to adjust the gains 
of a simple "positive lobes only" tele-
cine so that any particular color or 
neutral at any particular luminance 
level is correctly reproduced but it 
does not follow that other luminance 
levels and other colors will also be cor-
rect. The technique of adjusting for 
optimum facial skin tones after a gen-
eral line-up of the telecine has grown 
out of the inability of the simple anal-
ysis characteristic to reproduce the film 
as it is seen by the human eye. 
More sophisticated methods of color 

analysis of the light transmitted by the 
film are available and in use. These 
will be discussed later. 

700 

modern color television lc( ei%er phosphors 

Color Saturation 

It is well known that the dyes avail-
able for the manufacture of color filin 

materials are far from ideal. Each dye 
would desirably influence only one 

part of the visible spectrum of light 

transmitted by the film and remain 
completely transparent to other wave-
lengths of light. This is not possible 
because each of the three dyes in prac-
tice has unwanted absorption of light 
of wavelengths to which it should be 
transparent so that the luminance of a 
wanted color of high saturation is al-
ways diminished by unwanted attenua-
tions imposed by the dyes which are 
necessarily present. Conversely, the de-
sired absorption of light by any one 
dye is incomplete over the total band 
of wavelengths which should be re-
moved from the light transmitted by 
the film. Attempts to reproduce a satu-
rated color are therefore not 
completely successful: saturated colors 
suffer some dilution by wavelengths 
which should not be present; they are 
also subject to reduction of luminance 
by unwanted absorptions. When this 
somewhat imperfect reproduction of 
the original color is reanalyzed in the 
telecine there is usually a further desat-
uration. The television display is thus 
a reproduction of a reproduction and 
unless suitable action is taken in the 
design of the telecine to compensate 
electrically for the loss of saturation 
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due to reanalysis of the reproduced 
scene, the total desaturation may well 
be unacceptable. 

In the most up-to-date technical ap-
proach to telecine design, the losses of 
saturation due to unwanted absorp-
tions of the dyes used in the 
manufacture of the film are also com-
pensated, so that the reproduction of 
the original scene by the overall film-
plus-television system can now be 
made superior in color fidelity to that 
which is achievable by film alone. 

Action Possible by the Broadcasters 

Having outlined some of the techni-
cal problems concerned with 
reproduction of color motion-picture 
film by color television, it may be use-
ful to consider what can be done to 
bring about improvements. It is always 
difficult to embark upon any large-
scale modification of existing broadcast 
equipment since the design of any one 
part of the apparatus is usually influ-
enced by the remainder. Major 
improvements to telecine performance 
must usually await the introduction of 

new machines of integrated design in-
corporating all possible technical im-
provements. It might, however, be pos-
sible to improve some existing 
machines by piecemeal modification. 

Telecine Gamma Correction 

It would seem that a substantial im-
provement could result from the re-
duction of gamma in telecines. Experi-
ence indicates that if the contrast law 
correction of a telecine can be reduced 
from the present value of 1/2.2 to 1/3, 
there is a surprising improvement in 
freedom from distortions due to exces-
sive contrast. It is, of course, a rela-
tively simple matter to construct new 
gamma-correctors for the telecine which 
conform to a power law of 1/3. Unfor-
tunately, the introduction of this mod-
ification in isolation is very likely to 
show an objectionable increase of ran-
dom fluctuation noise in the darker 
tones of the picture and, in the case of 
vidicon scanners, there may also be an 
increase in the visibility of lag signals. 
To reduce noise, and thereby permit 
the use of revised gamma correctors, 
an ambitious program of modification 
might very well include new preampli-
fiers for a vidicon telecine. With mod-
ern field-effect transistors it is possible 
to achieve signal-to-noise ratios consid-
erably better than those which were 
the best available a few years ago. 

A useful method of reducing visibil-
ity of noise in the darker tones of the 
picture is to use level-dependent aper-
ture correction. This technique is used 
in Plumbicon color television cameras 
where the comparatively low resolu-
tion of the Plumbicon tube is 
electrically corrected only when the 

signals are of greater magnitudes than, 
say, half the maximum value. The 
subjective sharpness of the picture is 
not noticeably diminished by the ab-
sence of aperture correction in the 
dark tones but a very useful reduction 
in the visibility of noise is achieved. 
This technique alone can make the 
application of complete gamma correc-
tion practicable where otherwise the 
noise would have been intolerable. 

Color Balance and Saturation 

Modification of the color analysis 
characteristic of a telecine is not, as a 
rule, a simple matter. An expert 
knowledge of colorimetry is required 
and most colorimetric calculations in 
this field are best carried out by op-
timization programs in a computer. It 
is sometimes possible to calculate the 
coefficients of a simple 3 X 3 matrix 
of the color signals' to bring about a 
substantial improvement in the color 
analysis of a telecine without replace-
ment of the dichroic light splitters and 
shaping filters. In the 3 X 3 matrix of 
the color signals, each separate signal 
has certain fractions of the remaining 
two signals added or subtracted in 
such a way that the total effect is to 
give the analysis a characteristic nearer 
to being the analog of that represent-
ing the human eye. The linear matrix 
technique is successfully used in Plum-
bicon color television cameras and 
although it does not give precise 
corrections in a telecine, it can never-
theless substantially improve the abili-
ty of the apparatus to reproduce film 
in a manner closer to that associated 
with optical projection. 
The suggestion has been made that 

there should be a "standard telecine 
characteristic" which would always be 
used when appraising films for televi-
sion. This suggestion underlines the 
findings of broadcasters that different 
telecines can give quite different re-
productions of the same film. The vari-
ations arise from differing color analy-
sis and differing gamma correction 
characteristics. To some extent it 
seems to be a matter of chance that a 
given film will be satisfactorily repro-
duced. Much would depend on the 
scene, the film contrast, the film dye 
characteristics and the presence of any 
slight color casts which might compen-
sate or reinforce the errors due to tele-
cine analysis of the film. A standard 
telecine would be very desirable if it 
could be agreed to represent the best 
possible technical approach to broad-
casting color film but it would not be 
progressive to aim the technical quali-
ty of films to suit the constraints of 
the present telecine performance. 
A recent approach to the design of 

telecines employs comprehensive elec-
trical correction of the signals derived 

from scanning the film.2 The objective 
is to derive signals proportional to the 
quantities of dye present in each of 
the three layers of the film and then 
to modify these signals to compensate 
for the known deficiencies of analysis 
and film-dye characteristics. Initially, 
signals proportional to the light trans-
mitted by the film are derived in the 
conventional manner; these are then 
passed through logarithmic amplifiers. 
Once the three signals, log R, log G 
and log B, have been obtained, it is 
possible to compensate for the un-
wanted absorptions of the dyes in the 
film. The technique, known as elec-
tronic masking, not only gives the 
scanner an effective analysis character-
istic very close to the optimum but is, 
in brief, a method of deliberately in-
troducing equal but opposite errors 
into the electrical signals as compensa-
tion for the measured errors due to 
the physical properties of the film. 
The theory was described as long ago 
as 1954,3 but it is only comparatively 
recently that the technology of film 
scanning has advanced to the point 
where it can be employed operation-
ally on a wide scale. 

The modern telecine incorporating 
electronic masking is usually equipped 
with fairly wideband optical color 
analysis characteristic and yet can 
produce color fidelity in the reproduc-
tion superior to that obtained by other 
means. The creation of signals 
proportional to the logarithm of the 
light transmitted by the film is a mod-
erately difficult task requiring very 
high relative amplification of signals 
relating to darker parts of the scene. 
An extremely stable black-level refer-
ence is necessary from which to origi-
nate the signals. The technique has 
successfully been worked out in 
connection with flying-spot telecines 
and comprehensive electronic masking 
with low gamma transmission of the 
signals derived from color motion-pic-
ture film and is now in operational 
service with the BBC. It is not known 
whether the black level of signals de-
rived from a vidicon film-chain cam-
era, taking account of flare, etc., would 
be sufficiently stable to be used 
sucessfully in connection with classical 
electronic masking techniques. It 
might be that some improvements to 
the balance and color saturation of 
color films could be made by matrix 
treatment of the gamma-corrected sig-
nals rather than by the creation of the 
theoretically necessary logarithmic sig-

nals, but the following observations 
seem to be undeniable: 

(1) that a simple "positive lobes 
only" telecine is not technically capa-
ble of giving an accurate reproduction 
of color film, 
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(2) that a simple 3 X 3 matrix of 
signals which are proportional to the 
light transmission of the film may im-
prove color accuracy in the reproduced 
picture, and 

(3) that comprehensive correction 
of the color analysis of the film by the 
telecine and the restoration of bright-
ness levels and saturation losses due to 
the physical qualities of the dyes used 
in the film can only be made by means 
of a sophisticated telecine. This re-
quires that linear signals are passed 
through logarithmic amplifiers before 
the calculated matrix operations are 
carried out upon the signals. This type 
of scanner is a practical possibility and 
is in operational service. 

Action Possible in Color 
Film Production 

It seems that more thought has been 
given to the production of color films 
to suit the constraints imposed by 
color television than has been given to 
the relaxation of those constraints. An 
excellent SMPTE committee report* 
outlines the problems, gives sound ad-
vice on color film characteristics and 
makes useful recommendations for 
lighting and stage practice. There is 
need for further investigations into 
characteristics of color film materials 
suited to color television presentation: 
it is hoped that film manufacturers 
will undertake this work as quickly as 
possible. 
The greater-than-unity gamma of 

color television further increases the 
already high contrast of the conven-

tional color motion-picture process to 
the point where it is almost inevitable 
that there will be black-crushing and 
color distortion due to the inability of 
the television system to handle these 
contrasts. Even where the broadcaster 
is able to reduce the overall gamma of 
the television system to a value of un-
ity, or thereabouts, with new telccine 
apparatus of sophisticated design or by 
the modification of existing equip-
ment, it is still desirable, from the tel-
evision point of view, to have a 
low-contrast print because the con-
trast-handling ability of the television 
kinescope is less than that of optical 
projection. Hence, the need is for a 
low-contrast color print material hav-
ing a characteristic curve shape spe-

cially designed to reduce the 
unwanted effects of flare and other dis-
tortions in the television system, and 
to give the best subjective impression 
of the scene when it is televised. These 
requirements are not compatible with 
the optimum print for optical projec-
tion and it seems that two print mate-
rials, one for optical projection and 
one for television presentation should 
be available. It is, however, desirable 
that a common color negative material 
be used for either process. It is antici-
pated that the emphasis in designing a 
new color film material for television 
would be on characteristic curve 
shape, while the film would also be de-
signed to yield a satisfactory print un-
tler conditions of both high-contrast 
and low-contrast original scenes. It is 
only an expedient to suggest that 

lighting and stage techniques be re-
stricted to permit the production of 
suitable films by means of existing 
high-contrast print materials; in many 
cases, particularly in Europe, shooting 
for television takes place on locations 
where there is very little control over 
the lighting. 
The precise shape of the chosen 

haracteristic curve of the photo-
graphic process can probably only be 
determined by subjective appraisal in a 
modern telecine since the undoubted 
requirement for lower contrast must 
not be allowed to cause losses of other 
desirable picture characteristics. It is, 
for example, well known that low con-
trast in high-luminance detail spoils 
the subjective impression of sharpness. 
The optimum curve shape is by no 
means an obvious choice. 
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Subject-Lighting Contrast for 

Color Photographic Films in 

Color Television 

Set-lighting in making motion pictures for color television is described. It was 

found that optimum television picture quality was obtained when the subject-

lighting contrast was reduced to correspond more nearly with the range of bright-

ness which can be reproduced over a color-television system. 

EVER SINCE the first photograph was 
made over a century ago, photographers 
have been concerned by the fact that 
many of the scenes they tried to repro-
duce had a brightness range (or, in mod-
ern terminology, a luminance range) 
much greater than the photographic 
process was capable of handling. Lu-
minance ranges in nature may exceed 
300 to I, while most photographic trans-
parency processes will only reproduce 
satisfactorily a range of approximately 
100 to 1. The common "soot and white-
wash" effect of most amateur snapshot 
prints shows what happens when the 
luminance range of the process is greatly 
exceeded by the range in the scene; 
the highlights are washed out and the 
shadows are barren of detail; even the 
reproduction of the middletones is un-
satisfactory. A similar situation exists 
when photographic films having a lumi-
nance range of 100 to 1 are used as a 
source of material for monochrome tele-
vision, which will not reproduce a 
luminance range greater than about 30 
to 1. When motion-picture films are 
projected onto a television film camera 
for subsequent transmission, and these 
films have a greater luminance range 
than the television system will accept, 
it results in (a) excessive compression 
effects that render shadow detail in-
visible and (b) a general degradation of 
picture quality. The compression effects 
become acute when the problem of 
shading, signal storage and signal-to-
noise ratios are taken into consideration 
in the operation of a television film 
camera. 

In the artificially lighted scenes that 
are commonly used for television, the 
photographer controls the luminance 
range of the scene by the intensity and 
posiiton of his lamps. Here he must de-
part from standard motion-picture tech-
nique and limit the luminance range 
recorded on the motion-picture film by 
proper subject-lighting contrast. Sub.. 

Communication No. 1670 from the Kodak 
Research Laboratories, by F. T. Percy and T. 
Gentry Veal, Research Laboratories, Eastman 
Kodak Co., Rochester 4, N.Y. This paper was 
presented by Mr. Veal on May 7, 1954, at the 
Society's Convention at Washington, D.C. 
(This paper was received on July 2, 1954.) 

ject contrast might be considered as a 
property of the scene before the camera 
lens. However, it should be remem-
bered that the term subject-lighting con-
trast should not be confused with sub-

By F. T. PERCY 

and T. GENTRY VEAL 

ject contrast or subject-brightness range. 
The subject contrast or subject-bright-
ness range is usually much higher than 
the subject-lighting contrast, since it 
takes into account the difference in re-
flectance of the various elements of the 
scene. 

Figure 1* shows a subject illuminated 
with two lamps. The first lamp, known 
as the key-light, sets the general level of 
illuminance and the distribution of shad-

* Figures 1 through 14 were rephotographed 
particularly for this printing. The original fig-
ures for this paper were made in 1953 and 
could not be located for this reprint. The 
authors wish to thank Earl Kage for his efforts 
and suggestions in remaking the photographs 
for this publication. 

Fig. 1. Subject-lighting contrast 4 to 1. 

Fig. 2. Subject-lighting contrast 2 to 1. 
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ing over the subject. The second lamp, 
known as the fill-light, is placed to fill 
in the shadows suitably and to soften the 
effect. In this figure, total illuminance on 
the subject from the key- and fill-light is 
four times luminance from fill-light a-
lone, or, in photographic parlance, sub-
ject-lighting contrast is 4 to 1. This is 
common practice in making ordinary 
motion pictures for theaters. In Fig. 2 
is the same subject when the subject-
lighting contrast has been reduced to 
2 to 1. This picture could be repro-
duced by monochrome television satis-
factorily, and it is good practice to run 
the contrast to 2 to 1 for this purpose. 
In both pictures, supplementary illumi-
nation has been added to the back-
ground. 

At first thought, there seems to be a 
wide discrepancy between a subject-
lighting contrast of 2 to 1 and the lumi-
nance range of 30 to 1 that a television 
system will transmit. However, this 
discrepancy is only apparent, as can be 
seen in Fig. 3. In the figure, the man's 
shirt reflects 110 times as much light 
as his suit, when both are illuminated by 
the same amount of light. In the pres-
ent instance, the subject-lighting con-
trast is 4 to 1; the shirt is in the most 
brightly illuminated region and part of 
his suit is in the deepest shadow. The 
luminance range of the entire scene is 
not 4 to 1 or even 10 to I, but 110 to I, a 
range too great for any commercial tele-
vision system to reproduce. To cor-
rect this scene for television transmission 

Fig. 3. Subject-lighting contrast 4 to I. 

Fig. 4. Subject lighting with key light only. 

would require either limitation of mini-
mum reflectances by the choice of wear-
ing apparel or supplementary lighting of 
regions of low reflectance. 
The effect of varying the subject-

lighting contrast can be clearly seen from 
from the next three figures. A key-
light alone was used for Fig. 4, so the 
only light in the shadows was the light 
reflected from the walls of the room. A 
fill-light has been added for Fig. 5 to 
lower the subject-lighting contrast to 4 
to 1, as in black-and-white motion-pic-
ture photography for theaters. Never-
theless, the luminance range is still too 
great to be reproduced satisfactorily even 
in monochrome television. Figure 6 
shows the effect when the subject-light-
ing contrast has been lowered to 2 to I. 
The key-light was at an angle of about 
45° from the camera; the fill-light was 
near the camera. For Fig. 6, no supple-
mentary illumination was used on the 
background, as was done for Figs. 4 and 
5, which explains why the impression of 
depth is less marked in Fig. 6. 
The advent of color television has re-

stricted the permissible luminance range 
still further because the maintenance of 
proper color balance requires a fixed re-
lationship as well as a degree of similarity 
between the transfer characteristics of 
the three color channels. The only con-
trol common to all three channels is the 
iris diaphragm in the light path of the 
three light-sensitive receptors. By hold-
ing the luminance range on the motion-
picture film to a range the color-televi-
sion system will accept, the control opera-

tor is able to operate the system at an 
optimum level to provide the best picture 
quality obtainable. The transfer char-
acteristics of the three color channels in 
a television system must be adjusted to 
give proper color balance or gray scale 
throughout the luminance range. It is 
not practical to correct for neutral bal-
ance with luminance changes. 

It is normal monochrome practice 
to allow the image orthicon and icono-
scope to operate in such a manner that 
the scene highlights are allowed to ex-
tend beyond the knee of the transfer 
characteristic curve. Color cameras, 
whether used for live pickup or film pick-
up, should be operated with the high-
lights certainly not beyond the knee of the 
transfer characteristic curve. If they 
are operated beyond the knee, a loss of 
color balance will result. This is also 
true if the range of photomultipliers is 
exceeded when used in flying-spot scan-
ners, although the range is considerably 
greater than with storage tubes. This 
factor alone indicates the desirability of 
holding highlight brightness and over-
all brightness range well within the 
brightness limitations of the color-
television system. The effect of varying 
the subject-lighting contrast in color 
television can be seen from Figs. 7-9. 
In Fig. 7, the lighting contrast is 3 to 1. 
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This reproduction is fair, but still the 
contrast is somewhat high. Figure 8 
shows the same subject when the light-
ing contrast is 2 to 1. We have made 
many tests, and our conclusions are that, 
in general, this contrast is the most 
suitable for reproduction by color tele-
vision. In Fig. 9, an attempt has been 
made to reduce the lighting contrast to 
1 to I. It is difficult to obtain such a 
low contrast when several lamps are used 
without resorting to diffusing materials 
on the lamps, and despite the care taken 
in lighting this scene, the lighting con-
trast probably was not exactly 1 to 1. 
Even so, the scene is not unpleasant or 
abnormally flat. 
But there is another feature of the scene 

that is important in securing a pleasing 
and lifelike representation. That is the 

Fig. 5. Subject-lighting contrast 4 to 1. 

tone of the background, as has been 
pointed out in passing. In Fig. 10, 
the background is illuminated only by 
lights used to illuminate the subject herself. 
The scene appears to have little depth, 
and the subject looks like a paper cut-
out pasted against the background. 
Figure 11 is the same scene but with 
adequate background lighting, and one 
now realizes that the subject is standing 
about six feet in front of the background. 
Figures 12, 13 and 14 show a typical 
commercial subject under the same con-
ditions. No extra lighting was used on 
the background in Fig. 12. Additional 
back-lighting was used on Fig. 13 to 
create depth. Figure 14 certainly gives 
a stronger sense of nearness to the ob-
server. In all of these scenes, the sub-
ject-lighting contrast was 2 to 1, in ac-

cordance with our recommendations. 
In conclusion, we recommend that, 

when color films are used as a source of 
material to be transmitted in color by a 
television system, the subject-lighting 
contrast be of the order of 2 to 1, unless 
the conditions are unusual. Further-
more, we recommend that the back-
ground be lighted adequately to give a 
sense of depth to the scene. These recom-
mendations are not dependent on the 
type of photographic material or on the 
type of television film camera used. 
This also includes flying-spot scanners. 
Masking techniques have been described 
recently for improving the purity of the 
colors on the television screen, but there 
is no reason to believe that the adoption 
of such techniques will require the altera-
tion of our recommendations. 
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Fig. 7. Subject-lighting contrast 3 to 1. 

Fig. 9. Subject-lighting contrast 1 to 1. 

Fig. 8. Subject-lighting contrast 2 to 1. 

Fig. 10. Subject-lighting contrast 2 to 1, no background illumination. 



Fig. 11. Subject-lighting contrast 2 to 1, with background illumination. 

Fig. 13. Subject-lighting contrast 2 to 1, with back light. 

gets clothes Bleach Clean Bleach Boolit 
IMF 

Fig. 12. Subject-lighting contrast 2 to 1. 

gets clothes Blench Cleaa Bleach Bred 
Itle II 

Fig. 14. Subject-lighting contrast 2 to 1, with back light and 
additional background illumination. 
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A Survey of Camera Tubes for 

Television Broadcasting 

The evolution of television camera tubes is traced with major changes and im-
provements described. The survey covers dynode structure change, image section 
change, and target changes brought about through use of the electronically con-

ducting glass target. 

Tins paper deals briefly with the 
vidicon and image-orthicon types of 

television camera tubes. 
Since its introduction some twenty 

years ago the image orthicon has under-
gone little basic design change. The 
5820 design of 1949' is still very popular 
after a very long operational life and 
is now being used in color cameras. 

Vidicon 

The vidicon, in spite of considerable 
processing advances in recent years, 
does not seem to have become established 
as a general purpose broadcast tube. 
It has not fulfilled its early promises of 
extreme simplicity and economy. Even 
in the industrial field its acceptance has 
been a very slow process largely because 
of its chief defects — picture lag and 
insensitivity. Of late, however, it is being 
applied increasingly to the field of 
educational television, where its broad-
cast limitations are less important. The 
newest member of the photoconductive 
group, the Plumbicon2 introduces the 
concept of a reverse biased photodiode 
as applied to a large area. Its sensitivity 
is higher and it has lower lag properties 
but introduces new features such as the 
absence of an inbuilt signal attenuator at 
the higher levels. 
There have been only two important 

design changes in the vidicon. First, the 
uniformity of the photoconductor was 
improved with the introduction of the 
cold seal technique for the faceplate? 
Second, the early 6326 tube with pro-
vision for improving corner resolution by 
focus modulation has developed into the 
8625 in which improved uniformity of 

picture response is achieved by applying 
a separate potential only to the field 
mesh of the tube (Fig. 1). The demands 
of the 4-tube color camera will un-
doubtedly produce future photocon-
ductive layers with different spectral 
sensitivities until the industry settles 
down to an acceptable system of color 
pick-up. Figure 2 shows typical examples 
of currently available spectral sensi-
tivities. 

Presented on April I, 1965, at the Society's 
Technical Conference in Los Angeles by Walter 
E. Turk, English Electric Valve Co., Ltd., 
Chelmsford, Essex, England. 
(This paper was first received on August 3. 1965, 
and in final form on February 28, 1966.) 
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Fig. 2. Typical examples of spectral 
sensitivities available with present-day 

vidicons. 

Image Orthicon 

With the image orthicon the. picture 
is different it can be said that the 
image orthicon still has the edge on the 
vidicon! Edge enhancement of picture 
detail at the image-orthicon target, due 
to the unavoidable redistributed elec-
trons, produces a sharpness which can-
not be obtained in a vidicon. It is this 
edge effect which has received so much 
attention in the last decade4 and which 
was one of the reasons for the emergence 
and success of the 44--in. image orthicons 
since in 3-in, tubes it assumes undesir-
able magnitudes. It is well known that 

By WALTER E. TURK 

Fig. 3. Picture of model taken with 
panchromatic celluloid film. 

the 4fin. tube optimizes edge effect by 
combining a close spaced target with a 
field mesh and the tube has changed 
very little since its successful launching 
ten years ago. This indicates the effi-
ciency of its basic design. However, 
changes have been made to the gun 
structure to prevent its limiting aperture 
appearing on picture. Also, new mate-
rials, such as magnesium oxide, are being 
used to coat the first dynode electrode to 
increase its gain factor. A decrease in its 
visibility on picture has also been 
achieved by reducing its grain structure. 
The 3-in, image orthicon is being 

made by at least a dozen manufacturers 
and it is therefore not surprising that 
it has appeared in a number of variants. 
The most important are the introduction 
of the higher sensitivity tri-alkali photo-
cathode and nonstick targets such as mag-
nesia and elcon. The new photocathode, 
developed by Sommer,6 can have sensi-
tivities up to about 300 µA/Im compared 
with a reasonable maximum of 100 
nA/lm for the bismuth-silver-caesium-
oxygen photocathode. The relative quan-
tum efficiencies are about 20% and 7% 
respectively. While this higher sensitivity 
gives an apparent increase of more than 
one operational lens stop, it is regrettable 
that most of this lies in the red spectral 
region so that, with tungsten lighting, 
an unnatural tone rendition results. 
For example, Fig. 3 is a photograph of a 
model taken with panchromatic cel-
luloid film. Figure 4 shows the same 
model holding a photographic color 
chart and taken with a television camera 
using an image orthicon with a BiAg 
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Fig. 4. Picture of model taken with a television camera using 
an image orthicon with a BiAg photocathode. 

photocathode. Figure 5, is again the 
same object when a tri-alkali image 
orthicon is used in the camera. It can 
be seen that in the latter case, the lips 
have an unnatural appearance. The 
higher red sensitivity is also indicated 
on the color chart which has on its left 
side a series of colored chips, red at the 
top through yellow to blue at the bottom 
and on its right their monochrome 
equivalents when panchromatic film is 
used in a camera in daylight. Corrective 
optical filtering is of no avail since all 
the increase in sensitivity is lost by the 
natural absorbtion in the filter. One 
manufacturing problem with the potas-
sium. sodium, caesium, antimony mix-
ture which constitutes the tri-alkali 
photocathode is the inability of the 
normal soda glass target of the image 
orthicon to withstand exposure to the 
vapors of these materials at the high 
temperatures necessary for photocathode 
formation. The 7037 failed for this 
reason, some years ago. 

If the spectral response curve of the 
tri-alkali photocathode is examined to-
gether with that of the above mentioned 
BiAg and the older SbCs, it is seen in 
Fig. 6 that, in the blue region, an output 
much higher than that of the best alter-
native can be obtained. In a color 
camera, therefore, an increase of at 
least one stop of operational sensitivity 
can be realized if such a photocathode 
is used for the tube in the blue channel. 
This increase has, in fact, been achieved 
and serious consideration is being given 
to such a possibility. It is also becoming 
customary to utilize the SbCs photo-
cathode for the blue channel. The final 
choice — without taking into considera-
tion the advent of the Plumbicon — will 
depend entirely on the desired blue 
passband of the optical-splitter system 
in the camera. If the preference is for 
the tri-alkali layer, then as mentioned 
earlier, normal soda glass cannot be 
used as a target material and a new 
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Fig. 5. Picture of model taken with tri-alkali image orthicon 
used In the cansera. 
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Fig. 6. Comparison of spectral response 
curves of the tri-alkali, Bi-Ag and Sb-Cs 
photocathodes. 

material, such as the new nonstick glass 
recently announced by the English 
Electric Valve Co., must be incorpo-
rated.' 
At this point it is perhaps interesting 

to consider a few historical facts. Before 
the last war it was obvious that no form 
of the high-velocity-scanned iconoscope 
could survive- as a television pick-up 
tube. Low velocity scan was considered 
essential as a first step towards better 
picture uniformity,8 and then, as a 
second step, a double-sided storage 
mosaic was necessary. This mosaic 
would be charged from one side and 
discharged from the other. Its structure 
would allow infinite conductivity from 
back to front and infinite resistance 
across either surface. It was to be a 
lamina of stacked, or bundled, mutually 

insulated conductors. However, such an 
ideal target proved impossible to manu-
facture. Space does not permit a detailed 
account of experimental targets made 
variously from mesh based membranes, 
thin film oxides, etc. Eventually Rose 
and lams of RCM proposed an elegant 
solution to the problem — the use of a 
glass film of micro-thickness. That glass 
film had the disadvantage of deteri-
orating in performance with life. Al-
though not perfect, it worked, was 
popular and was the basis for what has 
become the most widely used camera 
tube — the low-velocity-scanned 3-in. 
image orthicon. However, there was 
one obvious problem: the aging process 
of the target. This had to be eliminated. 
A suggested remedy introduced a few 
years ago was the thin film magnesium 
oxide target for the 3-in, image orthicon. 
A decided improvement in camera 
sensitivity also resulted. However, the 
target, due probably to its extreme 
thinness, was particularly susceptible to 
shock microphony and has seen only 
limited use in the entertainment field. 
The new English Electric target, 

based on a titania glass, does not have 
the disadvantages associated with mag-
nesium oxide. Its thickness is approx-
imately one-half that of a "standard" 
target and conventional target spacings 
are possible. 

Its invention may be considered to 
end the search for an ideal image-
orthicon target started some thirty 
years ago. 

Tests on this target, both in the field 
and in the laboratory have, so far, been 
very encouraging. Absolute statistics are 
difficult to obtain but many operators 
have reported lives up to 6000 hours 
compared with 1500 to 2000 hr obtained 
with conventional target tubes. This 
seems to be the general pattern - tube 
life is extended to up to three times that 
formerly experienced. 

In addition to longer life, sensitivity 
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has proved to be more stable. Compared 
with the usual two stops formerly 
accepted, elcon target tubes show a fall 
less than half a stop after 500 hr of use. 
A small proportion of these tubes has 

been reported to show a slight fall in 
resolution after some hundred hours of 
operation and research is currently 
being undertaken to investigate the 
claims. It is possible that the nonstick 
facility has led to slightly less care being 
exercised in operating the tube. On the 
subject of resolution it may be opportune 
to consider whether it will be necessary 
for future camera designs to have more 
reliable and accurate temperature con-
trol in order that tube developments in 
this and other areas may be fully ex-
ploited. Transistorization of cameras is 
of considerable interest in this respect. 
Two other small changes have been 

made to the 3-in, image orthicon during 
the past few years. These are in the image 
section. The first arose from televised 
pictures of ice hockey which showed a 
second image of the puck. The unwanted 
one was an electronic ghost produced 
by photoelectrons being specularly re-
flected at the target and returning to it 
at a different point. The problem was 
solved by a modification to the shape of 
the image sections electrodes, Fig. 7 
shows the change. The new design 
almost eliminates electronic ghosting by 
changing the electric field so that 
reflected photoelectrons return to the 
target at their point of reflection. Figure 8 
shows the traditional candle with and 
without its ghost image. A second change 
was made in the field mesh tube to 
render the field mesh less visible — this 
was to place it between the decelerator 
and the target instead of using it as a 
termination to the beam focus electrode. 
The new design allows much better 
utilization of the decelerator and also 
makes the decelerating field in front of 
the target stronger or more uniform. 

Plumbicon or Lead Oxide Vidicon 

The Plumbicon has been discussed 
elsewhere and has been used on an 
appraisal basis in many organizations 
over the past year and is being used very 
successfully in three tube color cameras 
and is also a strong contender for the 
luminance tube in a four tube camera. 
The tube combines a sensitivity 

comparable with that of the 4i-in. 
image orthicon — adequate for the 

Fig. 8. Image of candle with and without ghost image. 

majority of purposes — with a small 
size which simplifies the design of the 
optical splitter system and enables over-
all a camera of reasonable size and 
weight to be produced. The three or 
four tube Plumbicon color camera is 
approximately the same size as a 44.-in. 
image orthicon monochrome camera. 
The Plumbicon has no image section 

and the light transfer characteristic is 
quite constant from tube to tube. Both 
these features allow fairly easy line-up 
and tracking of the component tubes in 
color cameras. Geometrical matching 
errors are minimized to give more faith-
ful color separation in the final kinescope 
picture. 
The author has little personal expe-

rience of the practical performance of the 
Plumbicon but partly as a result of 
laboratory work and partly from general 
but limited experience in the field, 
several interesting facts are emerging. 
The tube is difficult to make and the time 
and temperature stability of the myriad 
of photodiodes which may be said to 
constitute the photoconductive layer 
has still to be learned from operating 
experience but results to date are by no 
means discouraging. 
The transfer characteristic of the 

doped lead oxide photoconductor is 
substantially linear2 and, while this is of 
mathematical convenience to the cir-
cuit engineers, it also presents some 
problems. Apart from the CPS Emitron 
or orthicon, camera tubes so far have had 
a self limiting type of transfer charac-
teristic which meant that any highlight 
overload was conveniently suppressed 
within the tube leaving the head ampli-
fier completely unaffected. This new 
material on the other hand, does not 
limit its output except by its beam cur-
rent, and this has to be more than 
adequate for full white visibility to 
avoid certain other unpleasant features. 
Circuit engineers are having to evolve 
new techniques to control gamma, etc., 
under these conditions. 

One other feature of the lead oxide 
tube which has come as a disappoint-
ment to some camera designers is the 
inability to use target voltage as a sensi-
tivity control as is possible with conven-
tional vidicons. Evidently, unless a 
certain minimum field is established 

across the p-i-n layer one cannot realize 
the full performance characteristics. 
Of course it could be argued that it is 
advantageous not to have to control 
target volts. 
There has been much criticism of 

the spectral sensitivity of the lead oxide 
photo-surface, mainly of its low output 
at the red end of the spectrum as indi-
cated in Fig. 9. This is an aesthetic 
problem. In a color camera any defi-
ciency can usually be remedied by 
increasing the gain of the red channel; 
an easy solution in a studio using tung-
sten light provided that the rendition 
of deep reds is not too important. For 
outdoor daylight remotes the problem 
may be a little more difficult to over-
come. The low red response is of greater 
importance in monochrome work. It is 
suggested that only in operations where 
very strict control over face tones is 
required and darker lips are considered 
objectionable, i.e. the locations where 
the 7735A type vidicon is not used 
because it is too red sensitive, will the 
lead oxide type of tube not be accepted. 
On the other hand there are many 
broadcasters who are not so worried 
about this detail and who will welcome 
the obvious advantages of a simple 
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Fig. 9. Relative spectral recponse curve 
of the Plumbicon. 
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small size camera. There are certain 
additional difficulties in producing red-
sensitive Plumbicons" but it is unlikely 
that the nonarrival of such tubes will 
prevent the fairly large scale adoption 
of this new tube with its promises of 
extreme economy and stability of opera-
tion. 
Other pick-up tubes incorporating 

p-i-n type layers have been demonstrated 
(RCA Selenicon) and it is clear that the 
achievement of the extremely delicate 
balance between the several constit-
uent materials of these complicated 
films is, and will probably remain, a 
severe manufacturing problem. 
To conclude this paper it is perhaps 

appropriate to mention a tube which 
combines the design features of both 
the image orthicon and the vidicon, 
namely the S.E.C. Vidicon.'2 This tube 
has an image-orthicon type of construc-
tion where the target is a material in 
which conductivity is induced by sec-
ondary electron emission, and the signal, 
unlike that of the image orthicon, is 
taken from the conducting membrane 
attached to the support of the special 
target. Instead of signal multiplication 
in a separate multiplier system, this is 
accomplished within the target itself 
where gains of about 200 times are 

claimed. One may expect that the noise, 
halo effect, and poor resolution of the 
image orthicon together with the lag, 
lack of sensitivity, and poor resolution of 
the vidicon will be eliminated in this 
new tube but one has yet to see whether 
operational samples live up to these 
claims. 
The trend of future design is difficult 

to forecast. One tube, the image isocon," 
has been described many times and has 
many attractive features which may 
justify a re-examination of its present 
disadvantages. 
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The Plumbicon: A Camera Tube With a 

Photoconductive Lead Oxide Layer 

The photosensitive layer of the Plumbicon is an evaporated microcrystalline layer 
of lead monoxide. The most significant advantages of the Plumbicon are the low 
dark current, the high speed of response, which is independent of light intensity, 
and the high sensitivity. In the Plumbicon, every picture gives a signal that is 
dependent solely on the light-intensity projected on that particular picture element 
within the proper time-limits and is unaffected by disturbing effects known from 
other pickup tubes. This new tube is expected to prove especially suitable for 
color television. 

THE PLUMBICON* is a small, light-
weight television camera tube which 
utilizes the photoconductive properties of 
lead-monoxide (Pb0) (Figs. 1, 2) instead 
of Sb2S3 or Se as is normal for camera 
tubes of the vidicon type. The photo-
conductive layer is applied to a trans-
parent and conductive SnOrlayer which 
is deposited on the tube face and is used 
as a signal electrode. The photoconduc-
tor is an evaporated microcrystalline 
layer of the red, tetragonal modification 
of Pb0, which has a bandgap of 2.0 ev. 
The thickness of this layer is 10 to 20 
microns, and the crystallites are needles 
with dimensions of about 0.1 to 1.0 
micron. 

Externally a Plumbicon tube is 20 
cm long (8 in.) and 3 cm (11 in.) in 
diameter. The useful sensitive area is 
2 cm (0.8 in.) in diameter. From these 
figures it can be concluded that neither 
the thickness of the layer nor the di-
mensions of the crystallites limit the 
resolution of this camera tube, since the 
distance between two adjacent television 
lines is about 20 microns. 
The principles of operation of this 

pickup tube are as follows: Each picture 
element represents a capacitor, one 
plate of which is at the positive potential 
of the signal electrode and the other float-
ing, that discharges as a result of leakage 
through the layer. The amount of charge 
which leaks through the layer depends 
on the illumination; hence there appears 
on the gun side of the entire layer sur-
face a positive potential pattern com-
posed of the various element potentials, 
corresponding to the pattern of light 
whose image is formed on the layer. 
When this positive potential pattern 
is scanned by the electron beam, elec-
trons are deposited from the beam on 
the layer until the surface potential is 
reduced to that of the cathode of the elec-
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tron gun. These charging currents of the 
capacities of individual picture elements 
constitute the video signal. Complete 
storage of the information present in the 
light beam will be achieved if the dis-
charging time constant of the target 
capacity is greater than the frame period. 
From this follows the requirement that 

the specific resistance of the photoconduc-
tor must be greater than 1010 ohm/cm. 
There are of course requirements for all 
the parameters of this type of camera 
tube which have necessarily to be fulfilled 
simultaneously in order to make it a use-
ful pickup tube in practice. The most 
important parameters are: 

(1) dark current or other spurious 
signals; 

(2) resolution; 
(3) sensitivity: (a) sensitivity to in-

candescent light determining to a large 
extent the signal-to-noise ratio; (b) 
spectral sensitivity; 

(4) speed of response. 
It will be obvious that the above 

parameters are determined to a large 

Fig. 1. The Plumbicon tube. 

TRANSPARENT CONDUCTIVE LAYER PHOTOCONDUCTIVE LAYER 
MESH 

By E. F. DE HAAN 

and A. G. VAN DOORN 

extent by the physical properties of the 
photoconductive layer. The photocon-
ductor of a Plumbicon tube consists in 
principle of three layers. The layer in the 
middle is almost pure lead-oxide; in 
other words, it is an intrinsic semi-
conductor. In the layer on the gun side 
the lead-oxide is transformed by an 
appropriate doping process into a p-type 
semiconductor, and on the side of the 
signal electrode (Sn02) into an n-type 
semiconductor. The doped areas are 
both thin in comparison with the total 
thickness of the lead-oxide layer. 
This means that the photoconductive 

layer of a Plumbicon tube is, in principle, 
when the tube is in operation, a p-i-n-di-
ode connected in the reverse direction 
(Fig. 3). The fact that the Plumbicon 
can satisfy the stringent demands of 
broadcast television is largely the result 
of this special p-i-n-diode structure of 
the photoconductive Pb0 layer. 
As expected, the dark current of a 

Plumbicon has a diode characteristic 
(Fig. 4), which means that it becomes 
saturated as target potential increases. 
As a result of this very low dark current 
the absolute variation of the dark current 
will also be small, therefore the black 
level uniformity is extremely good. 
This becomes especially important when 
the Plumbicon tube is used in color-TV 
cameras. 
An ideal pickup tube would be one in 

which every picture element gave a 

• 10V DEFLECTION COIL 
Fig. 2. Diagram of the Plumbicon. 

ANODE 300V GUN C (EARTH). 
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Fig. 3. The p-i-n diode structure of the Plumbicon tube. 

Fg. 5. Effect of light scattering in 
the photoconductor on resolution. 

signal which was solely dependent on the 
light intensity projected on that par-
ticular picture element in the proper 
time limits and which would be un-
affected by disturbing effects such as 
dark current and persistence of the photo-
conductor (Sb2S3 vidicon), dark halo 
and shading-signals (image orthicon). 
In this respect a Plumbicon is superior 
to all pickup tubes now used in practice. 
The sensitivity of a Plumbicon tube is 

due to the intrinsic part of the diode of 
the photoconductor which is situated 
between the p- and n-type region. In 
this intrinsic region the conductivity is 
low and the electrical field strength 
high, which means that all the liberated 
charge carriers in this area of the 
lead-oxide will contribute to the photo-
current if the target potential is high 
enough. 

If a common p-n junction had been 
used the sensitivity would have been 

0-3 
Output 

0.2 

0.1 

o 
20 40 60 80 100 

target potential (V) 

Fig. 4. Photocurrent of a Plumbicon versus target potential 
(ordinate on the left) exposed to incandescent light of 2870 K 
(W). Dark current versus target potential (ordinate on the 
right). 

Fig. 6. Light transfer 
characteristic of an 
average Plumbicon tube. 
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low because the effective intrinsic area 
would then have been very thin. 
A high sensitivity can therefore be 

obtained by making the i-region as thick 
as possible. The optimal thickness is 
determined by the desired resolution, 
especially for red light (Fig. 5). The 
scattered light will cover an area with a 
radius comparable with the thickness of 
the layer. 

It will be clear that, like the dam cur-
rent, the photocurrent will show a diode 
characteristic and become saturated 
with increasing target potential (Fig. 4). 

It can be understood that, if the tube 
is used at a target potential where the 
photocurrent saturates, beam landing 
errors will not introduce signal non-
undo!. inities. 
From the light transfer characteristic 

(i=L') (Fig. 6), which is the photo-
current-output as a function of the in-
candescent light intensity on the face-
plate in lux ( 10 lux 1 ft-c), it can be 
concluded that the gamma is constant 
and has a value between 0.8 and 1 up 
to a photocurrent of 1 µamp. For this 
reason it is possible to give in one figure 
the sensitivity of the tube in micro-
amperes per lumen without specifying 
what light-intensity has been used. For 

the Plumbicon tube a sensitivity of 300 
gamp/Im(2870K) can easily be obtained. 
This means that even at light levels of 
10 to 12 ft-c on the scene high-quality 
images can be obtained at a lens setting 
of f/2.8, which is comparable to image-
orthicon cameras at f/5.6 for the same 
depth of focus. The constant gamma of 
the Plumbicon tube makes the tube 
especially suitable for color TV, because 
excellent color-rendition can be ex-
pected over a large range of varying 
lighting conditions. 
The spectral response curve (Fig. 7) is 

to a large extent determined by the fact 
that the red modification of Pb0 (band-
gap E = 2.0 ev) is used; this means that 
the edge wavelength of the red sensi-
tivity is about 6400 A. The maximum 
sensitivity of a Plumbicon is at 5000 A. 
The fall-off in sensitivity in the region of 
shorter wavelength is due to the fact 
that the absorption of this type light 
takes place mostly in the thin n-type 
region which is an almost field-free area 
where the rate of recombination is ac-
cordingly high. 
The resolution of a TV camera tube is 

usually defined by expressing the modula-
tion depth at 5 mc/sec (in the European 
625-line system corresponding to 400 
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Fig. 7. An equal energy relative spectral response curve of 
an image orthicon, a Sb2S3 vidicon, a Plumbicon tube and 

the human eye. 

lines per picture height) as a percentage 
of the value at 0.5 mc /sec (Fig. 8). A 
modulation depth of 50% can be ob-
tained with a Plumbicon. This is com-
parable with the resolution of a standard 
3-in, image orthicon. This can only be 
obtained if the cathode region of the 
photoconductor, despite being strongly 
p-type, has a very low conductivity along 
the surface on the gun side. 

In a Plumbicon tube the persistence 
of the photoconductor is hardly notice-
able. This can be shown by the follow-
ing experimental figures obtained at a 
target potential such that the photo-
current is saturated. If the light inten-
sity changes from L1 to L11, the photo-
current i will attain the value in ± 0.1 
(ii-i ir) after 3 frames, and after 10 frames 
the value ill, independent of light in-
tensity. The absence of objectionable 
persistence is due, first, to the fact that 
the capacitance of the layer is chosen as 
low as possible to avoid a slow response 
due to the beam resistance, and second 
to the elimination of disturbing trap 
centers in the intrinsic region; with in-
creasing target potential the persistence 
of the photoconductor decreases and at 
50 le is fully acceptable. 
The life of tubes of the Plumbicon 

type is quite satisfactory. Most charac-
teristics have been found to remain un-
changed after the tube has been operated 
for several thousand hours. It can be 
concluded that a Plumbicon has the 
advantage of simple construction and 
operation, with a high sensitivity and a 
low dark current together with freedom 
from objectionable persistence, thus 
ensuring an excellent final gradation of 
high-contrast pictures. These properties 
make this tube suitable for a large num-
ber of television applications. Especially 
for color TV cameras, the Plumbicon 
tube is almost the ideal pickup tube. 

In fact, the reason why development 
of this tube was started, a few years ago, 
was the urgent demand for pickup tubes 
suitable for color television. 

Several 3-Plumbicon color TV cameras 
have been built on a laboratory basis 
(Fig. 9). These Plumbicon cameras have 
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Fig. 8. Modulation depth from a square-wave test 

pattern as a function of the number of lines. 

Fig. 9. Experimental 3-plumbicon color camera with zoom lens. 

the advantages of small size, easy op-
eration, excellent stability, good color 
rendition and a high sensitivity. 
With a lighting level of 100-150 ft-c 

fully saturated color-pictures can be 
obtained at a lens setting of 1/2.8. In 
that case, the signal-to-noise ratio in the 
Y-channel will be better than 40 db. 

Discussion 

irayne T. Hogue (General Dynamics Corp.): 
Are these tubes on the market and how does the 
cost compare with others? 

Dr. De Haan: The Plumbicon will be available 
at the end of this year. Coming from the Re-
search Laboratories, I can only say that I think 
it will be cheaper than the image orthicon. The 
tubes are expected to be available from Amperex 
and the cameras also are expected to be supplied 
by North American Philips. 

Mr. lingue: Would there be any trouble 
from particles if the tube looked straight down? 

Dr. De Haan: I would not advise doing it with 
any pickup tube. The difficulty of operating a 
camera tube like this is always that if there is, 
for example, some dust in the tube there is a 
possibility that this will result in a spot in your 
pictures. This holds for every camera tube, 
not only the Plumbicon. 

Mr. Hogue: Some tubes have recently been 
made with a particle catcher. 

Dr. De Haan: There is a particle catcher in the 
Plumbicon; but I would still emphasize that it is 
very dangerous to use a camera tube upside 
down. 

Joseph Roizen (Ampex Corp.): What is the-
expected life of the Plumbicon? 

Dr. De Haan: In the Research Laboratory 
we do not know exactly what the guarantee will 
be. It will be longer than any other pickup tube 
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now in use. In our laboratory, we have had the 
tube running for several thousands of hours. 

Mr. Roizen: There is apparently a very straight 
curve on the tube, which means the gamma is 
not too good for monochrome. Is this being 
changed for monochrome work? 

Dr. De Haan: A gamma correction will be 
built into the camera. That has to be done with 

any tube in order to obtain pictures with a good 
gradation. 

Hal Kuerschner (Academic Communications UCLA): 
Will the anode voltage on the Plumbicon be 
similar to that of the vidicon? 

Dr. De Haan: Yes, you can choose the anode 
voltage: for example, 300 volts; if you want to 
increase the resolution a bit, you can increase 

it to 600 volts. It is the same type of tube as the 
vidicon as far as the handling of the tube is con-
cerned. 

John G. Downes (J. M. Schuller Import-Export): 
Could you tell us the limits of faceplate tempera-
ture for satisfactory operation? 

Dr. De Haan: We have used the tube up to 
70 °C. I don't know exactly what the limitations 
are. 
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Optimum Color Analysis Characteristics and Matrices for Color 

Television Cameras With Three Receptors By A. H. JONES 

The color fidelity of a color television signal source may be substantially improved 
if a linear matrix is included in the signal chain. This improvement is greatest 
when the optical color analysis characteristics of the source are chosen together 
with the matrix coefficients. This paper describes computations made to deter-
mine the optimum matrix for use with a given set of color analysis characteristics. 
The method is then extended to enable the analysis characteristics and the matrix 
to be optimized together. The resulting characteristics are found to give an im-
provement not only in color fidelity but also in noise performance, when com-
pared with the characteristic giving best color fidelity when a matrix is not per-
mitted. 

Introduction 

For accurate reproduction of color 
within the gamut of the primaries of a 
system of additive synthesis, such as color 
television, the signals controlling the re-
producing primaries must be derived us-
ing particular spectral sensitivities. The 
characteristics shown in Fig. 1, curves 
(a), for instance, define the analysis nec-
essary for accurate color reproduction 
when the standard NTSC primaries are 
used. 
These ideal characteristics are how-

ever very difficult to achieve in practice. 
If each of the subsidiary as well as the 
main lobes were to be accurately instru-
mented, a large number of receptors 
would be needed, each having an optical 
path whose spectral transmission char-
acteristic is suitably adjusted. Both this 
requirement, and also the necessity for a 
relatively high sensitivity in the "red" 
and "green" color channels at the spec-
tral region where the major lobes of the 
corresponding characteristics cross, 
would imply a very inefficient photo-
electric conversion. 
The fundamental method of signal 

generation employs three receptors only, 
one for each color channel. Such an ar-
rangement involves errors of color 
reproduction because the system's anal-
ysis characteristics can have only positive 
lobes. 

If the analysis characteristics are 
wholly positive, the resulting color errors 
can be reduced by making the curves 
somewhat narrower than the major 
positive lobes of the ideal curves, as for 
example, curves (b) of Fig. I. Use of these 
narrower analysis curves results in a loss 
of sensitivity. Most manufacturers have 
therefore tended to use broader curves, 
such as curves (c) of Fig. 1. This effects a 
compromise between sensitivity and color 
fidelity. It has been calculated that the 
errors* resulting from analysis according 

A contribution submitted on February 21, 1967, 

by A. H. Jones, The British Broadcasting Corp., 
Research Dept., Kingswood Warren, Tadworth, 

Surrey, England. 

* A quantitive definition of the errors is given 

in the next section. 

to curves (c) may on average be expected 
to be about 30% greater than would have 
resulted from curve (b). 

It has long been realized' that the 
analysis obtained using three receptors 
only could be improved if a linear matrix 
were included in the circuitry at some 
point at which the three color signals 
have magnitudes that are proportional 
to the incident light flux. Wintringham 
has pointed out that certain color mix-
ture curves are wholly positive. One 
might therefore aim to instrument a set 
of response curves of this type and then 
operate upon the resulting signals by 
applying to them the linear matrix nec-
essary to convert the positive-only color 
mixture curves to the ideal characteristics 
given in Fig. 1(a). Such color mixture 
curves, however, have even greater major 
lobe overlaps than do the NTSC curves. 
Therefore this approach would also lead 

to an inefficient photoelectric conver-

sion.2 
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If, however, some inaccuracy in the 
instrumentation of the ideal character-
istics given in Fig. 1(a) may be tolerated, 
a somewhat simpler approach to matrix 
correction may be adopted. The ideal 
"green" analysis characteristic for ex-
ample, has a negative lobe peaking at 
about the same wavelength (448 nm) as 
does the major positive lobe of the ideal 
"blue" characteristic. Thus a receptor 
designed to produce the major portion of 
the "blue" signal could be arranged to 
feed a small amount of negative signal 
into the " green" channel. This would be 
equivalent to introducing a negative lobe 
into the characteristic of the "green" 
channel. Similar considerations apply to 
the other subsidiary lobes shown in Fig. 1, 
curves (a). When a correction of this 
nature is made, however, there is a dete-
rioration in signal-to-noise ratio (SNR). 
This is because the noise components of 
the two signals are uncorrelated. Their 
noise powers are added, while their 
signal amplitudes are subtracted. Hence 
this procedure can only be employed 
when the original signals have a more 
than adequate SNR. 

Until the introduction of the Plumb-
icon, the principal tube used in studio 
color cameras had been the image orthi-
con. For a number of reasons, the usual 
practice was to operate such a camera so 
that the charge on the target for peak 
white was the same as the predetermined 
value for all three tubes. It follows that 
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sensitivity and SNR are independent and 
cannot be exchanged. Since the SNR 
is in any case barely adequate for color, 
a further loss due to matrixing is unac-
ceptable. 
The Plumbicon tube, if provided with 

sufficient light, can give a SNR in excess 
of the minimum requirement. There is a 
useful range of light inputs in which SNR 
and sensitivity can be exchanged. It fol-
lows that the increase in noise caused by 
matrixing might be offset by avoiding 
the loss of light implicit in the use of the 
narrow analysis curves, shown in Fig. 1, 
curve (b). Moreover, the Plumbicon has 
a linear transfer characteristic so that the 
introduction of a matrix causes little 
difficulty. The matrix would, in fact, 
precede gamma correction. The intro-
duction of this tube therefore points to a 
reexamination of the possiblity of 
matrixing. 
This paper describes calculations made 

to determine the optimum linear matrix 
for use with a particular Plumbicon 
camera. It shows how the calculations 
were extended to optimize (within prac-
tical limits) the transmission character-
istics of the optical system by which the 

three input signals to the matrix are 
derived. Primary analysis characteristicst 
and matrix values enabling a highly 
accurate reproduction of color are given. 

Optimization of Matrix to Suit 
a Given Analysis 

Method 

The method used to determine the 
optimum linear matrix involved an opti-
mization of the reproduction of a number 
of test colors. Three sets of test colors 
were used. It was hoped that each set 
would be a fair representation of the very 
large range of colors encountered in 
practice. The close agreement between 
the results obtained suggests that this was 
indeed so, considering that the sets were 
chosen in quite different ways. 
The first set comprised the seven 

Courtauld fabric colors adopted by the 
European Broadcasting Union for use 
when comparing color television systems.3 
The second set comprised sixteen colors, 
the eight used in the BBC Color Test 
Light Box, t and eight others of a hue 
similar to those in the Light Box but of 
about half the saturation. The third set 
comprised 27 entirely fictitious colors. 
Twenty of these were the colors produced 

t To prevent confusion, the expression "primary 
analysis characteristics" will be reserved for a 
description of the analysis made by the optical 
elements and receptors that generate the original 
color signals. The overall analysis obtained by 
the action of the matrix on these primary charac-
teristics will be described in terms of "effective 
analysis characteristics." 

A device for testing cameras and containing 
nine differently colored filters illuminated from 
the rear. 

by twenty different materials having 
approximately Gaussian-shaped spectral 
reflectance curves, each one superim-
posed upon a uniform reflectance of 9%. 
The other seven were the magentas pro-
duced by materials with trough-like 
spectral reflectance curves. The troughs 
were situated at seven different wave-
length positions and had Gaussian-
shaped sides with flat bottoms of 20-nm 
width. 
Assuming the use of an illuminant C 

light source, the chromaticities and 
luminances relative to that of peak white 
of each of the test colors in a set were 
cálculated, together with the unity-
gamma signal voltages R, G and B nec-
essary to reproduce them without error, 
using NTSC primaries. The signal volt-
ages RI, GI and B1 resulting from the 
analysis corresponding to curves (c) of 
Fig. 1 were then calculated. The chro-
maticities and relative luminances of the 
uncorrected reproductions were derived. 
The mean error was obtained as: 

n = [ne2 fiL2illnd§ 
where n, is the mean chromaticity error 
and ñL is the mean luminance error. For 
each color: 

= [(uo — u1)2 (vo — v1)2] 1/0.00384 

(Ut, vo) and (ul, ze1) being the chromaticities 
of the original and reproduced colors ex-
pressed in terms of the 1960 CIE-UCS co-
ordinates, and 

= I log.Li — log,L01/0.01980 

Lo and L1 being the luminances of the 
original and reproduced colors relative to 
that of peak white. 

The object of inserting the matrix was 
to reduce the mean error n as far as 
possible, that is, to convert RI, G1 and Bi 
arising from the actual camera analysis 
into R, G and B, the signals required if 
the color in question were to be repro-
duced accurately. 
The matrix coefficients were derived 

by means of a computer program that 
was divided into two parts. An approx-
imate solution was first obtained by ap-
plying the method of least squares4 to sets 
of equations linking R, G and B with RI, 
G1 and B1. This was done partly to save 
time and partly to enable the accuracy 
of the result so obtained to be subse-
quently assessed. 
The matrix required to transform RI, 

G1 and B1 into the three new values that 
we would like to be equal to R, G and B 
may be expressed as follows: 

[C]  ra = b e cl RI 

B out g h iJ1Bi _Ji,, 

where a to j are constants. 

§ Just noticeable differences. The expression used 
to calculate n gives only an approximate measure 
of the observed color difference, but the ac-
curacy is regarded as sufficiently good to enable 
an optimum analysis to be determined. 
This is an expression of the Weber-Fechner 

Law, the Fechner fraction ilL/L being assumed 
to be constant over the range of luminances con-
sidered, i.e. La/Lo = (1.02)"L. 

In order not to alter the reproduction 
of white, a unity matrix was ensured by 
putting a -F b -Fc --= d+e+f=g+ 
h + j = 1. Therefore: 

R =- aR, -F bG1 + ( I — a — b)Bi etc. 

Upon substituting the calculated values 
of R, G, B, R1, GI and B1 into the above, 
three sets of N equations in two unknowns 
were obtained, N being the number of 
test colors used. Clearly if N> 2 the equa-
tions cannot in general all be satisfied 
simultaneously. Nevertheless, the method 
of least squares enables a " best fit" 
solution in one sense to be obtained. 
The ultimate aim was not to mini-

mize the errors existing between RI,Gi and 
B1 and R, G, B but to minimize n. The 
values a, b, c, etc. thus derived were then 
used as starting values in a slightly mod-
ified form of the Elliott 803 Library 
Program for System Optimizationl The 
computer was supplied with the sets of 
values, uo, vo, Lo, RI, G1 B1 together with 
the approximate values of a, b, c, etc. and 
instructions for calculating the mean 
error n. The quantities a, b, c, etc. were 
then allowed to vary in a controlled 
manner, after exploratory variations of 
a, e and j in steps of 0.1% and of the 
others in steps of 0.25% until the min-
imum value of n was reached. This 
minimum value, together with the asso-
ciated matrix coefficients and the chro-
maticities and luminances of the colors as 
reproduced using the matrix, was printed 
out. 
The whole procedure was carried out 

three times, using the three sets of test 
colors defined above. 

Results 

It was found that a substantial im-
provement in the reproduction of all 
three sets of test colors could be obtained 
by the use of a matrix. Moreover the 
residual errors when the matrix was in-
serted were much less than would have 
resulted from an analysis using the opti-
mum positive-only characteristics. 
Very similar results were obtained 

from the three calculations. Those to be 
quoted relate to the second set of test 
colors. 

The optimum linear matrix was as 
follows: 

[BR out 1.12 — 0.16 0.041 [RI] 
G1 = [ —0.02 1.23 — 0.21 CI 

—0.02 — 0.01 1.03 Bi 

The improvement achieved us ng this 
matrix is indicated by Table I which 
gives the values of n obtained. Also in-
cluded for comparison is the value of n 
corresponding to an analysis using the 
optimum positive-only curves (Fig. 1, 
curves (b)). 

The method employed is a refined gradient 
technique similar to that described by J. R. 
Dickinson in Transactions of the Engineering Insti-
tute of Canada, 2: No. 4, Dec. 1958. 
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7 

Figures 2 and 3 show on a chromatic-
ity diagram the reproduction of the 
second set of colors obtained before and 
after the matrix is included. 
The optimum matrix effectively mod-

ifies the analysis characteristics of the 
camera in the manner shown in Fig. 4. 
With the matrix connected, curves (b), 
the analysis approximates much more 

closely to the ideal, curves (c), and neg-
ative lobes are produced in the region of 

the larger negative lobes featured in the 

ideal analysis. 

When NTSC phosphors are used, the 
luminance of the displayed color is given 
by: 

Y = 0.299R + 0.587G -1- 0.114B 

In the absence of a matrix, therefore, 
the relative contributions of equi-energy 
spectral components in the displayed 
luminance are given by: 

Y(X) = 0.299R( X) 
0.587G( X) -F 0.114B( X) 

where R( X), G(X) and B(X) are the anal-
ysis characteristics of the camera. 

The luminance characteristic of an 
uncorrected camera using the analysis 
curves (c) of Fig. 1 is plotted as curve (a) 
of Fig. 5. It should be compared with 
curve (c) which shows g(x), the photopic 
response of the eye, this being the ideal 
luminance characteristic of a color repro-
ducing system. 
When the matrix is used, Y(X) becomes 

equal to: 
0.321R(X) -1- 0.673G( X) -I- 0.0068(X) 

which is plotted as curve (b) of Fig. 5. 
It will be seen that the formerly excessive 
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Table I. Improvement Using Matrix. 

Mode of analysis 

Color 
error, 
n, jnd 

Uncorrected analysis. . 
Optimum positive-only 

analysis 
Corrected analysis using 

optimized matrix . . . . 2.01 

. . 7.88 

6  35 

blue response has been reduced. The 
characteristic now approximates more 
closely to the ideal. 

Optimization of Analysis and Matrix 

Method 

These calculations were similar to 
those described above, except that the 
number of unknown parameters was 
increased from six to fifteen so as to in-
clude a description of the optical trans-
mission characteristics that determine the 
primary analysis of the system. 
The specification of a proposed pri-

mary analysis characteristic could in-
volve the use of many independent 
parameters. For instance, if it is to be 
expressed by a series of quantities rep-
resenting its magnitudes at particular 
wavelengths, these quantities may in 
theory be chosen independently of one 
another. Moreover, the total number of 
possible values that could be ascribed to 
each one is inversely related to the ac-
curacy with which the quantities need to 
be specified. 

In practice, however, only certain 
analysis curve shapes can easily and 
efficiently be instrumented. This effec-
tively limits the number of parameters 
necessary to define a possible curve. Four 
separate curve shapes were used to form 
the optical transmission characteristics 
investigated. The optimum solution, 
however, was shown to be relatively 
insensitive to the shape of curve used. 
Therefore only results relating to one 
curve, the best of the four, will be given. 
This curve shape is shown in Fig. 6. It is 
typical of what can be produced using 
available types of dichroic and shaping 
filters. 
The curve shown in Fig. 6 was 

stretched or compressed in the wave-
length direction and positioned against a 
wavelength scale in such a way as to 
build up independently the abutting " low-
wavelength" and "high-wavelength" 
sides of each of the three peak-normalized 
optical transmission characteristics. Thus 
a total of six different scale factors, three 
positive and three negative, were applied 
to the one curve shape. The parameters 
used to control this process are defined in 
Fig. 7. They comprise the wavelengths Xb, 
X9, X„ 4, and X„ at which the peaks and 
crossovers of the peak-normalized char-
acteristic were to occur, the heights hb, 
and h„ of the crossovers, and the wave-
lengths X, and X, at which the low wave-
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length side of the " blue" curve and the 
high wavelength side of the " red" curve 
were to have 50% peak transmission. 
The choice of these particular nine 
parameters was made because previous 
calculations had indicated that they had 
a particularly sensitive influence on 
color fidelity. 
Three separate sets of initial values 

were then proposed for the above param-
eters. It was felt that if the final values 
obtained by the optimization were inde-
pendent of the initial values used, a 
genuine optimum reproduction of the 
test colors would have been reached. The 
initial values proposed were those best 
approximating to the ideal analysis (Fig. 
1, curves (a)), to the optimum positive-
only analysis (Fig. 1, curves (b)), and to 
the analysis (Fig. 1, curves (c)), for which 
a matrix had already been calculated. 

(The results were in fact found to de-
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Fig. 6. Curve shape used to define trans-
mission characteristics. 

pend to a small extent on the starting 
values used. Since n is a complicated 
function of fifteen parameters, the search 
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Fig. 7. Diagram indicating 
mission characteristics. 

used to define parameters 

for a minimum value of n amounts to an 
exploration to find the lowest point of a 
fifteen dimensional hypersurface. The 
results obtained suggest that this surface 
in fact has a cluster of local minima 
situated within the region immediately 
surrounding its lowest point, so that the 
minimum actually reached depends on 
the direction from which the region is 
approached, and hence on the starting 
point. However, the resulting differences 
in the final values of the parameters were 
well within instrumental tolerances, and 
were therefore negligible from a prac-
tical point of view.) 
Having been formed up in the manner 

described above, the initial transmission 
characteristics were first multiplied by 
the spectral sensitivity of the camera tube 
and the spectral energy distribution of the 
illuminant. The resulting primary analy-
sis characteristics were then normalized 
to ensure that equal output signals would 
result from exposure to a white in the 
scene. It was considered of interest to find 
the optimum effective analysis character-
istics for two types of signal source. The 
first was supposed to incorporate an ideal 
camera tube whose response is constant 
throughout the visible spectrum. These 
results could also be used for a system in 
which the photoelectric devices had a 
nonuniform response that does not re-
strict the choice of low wavelength 
"blue" or high wavelength "red" char-
acteristics. Thus the primary analysis 
characteristics themselves, as well as the 
transmission characteristics that helped 

to form them, were assumed to be subject 
to the curve shape shown in Fig. 6. 

For this calculation it was assumed 
not only that the display device was ad-

justed in accordance with normal prac-
tice to give a white that matched illum-

inant C, but also that this illuminant was 
used in lighting the original scene. 

The second calculation related to 

signal sources that employ Plumbicon 

trans-

7 
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3 
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Fig. 8. Product of response characteristic of typical Plumbicon 
camera tube and spectral emission characteristic of 3000 K 
source. 

camera tubes and are used with interior 
lighting. 
A typical Plumbicon camera tube 

(Philips type 55875 B) has a spectral 
sensitivity which when multiplied by the 
spectral emission of a tungsten source 
operated at 3000 K produces the char-
acteristic shown in Fig. 8. When a camera 
employing such tubes is used together 
with a 3000 K illuminant, its primary 
analysis is given by the product of the 
above characteristic and the spectral 
transmission characteristics of its optical 
system. Thus these conditions of opera-
tion were taken into account by replacing 
the illuminant C spectral energy char-
acteristic that had been used to multiply 
the optical transmission characteristics 
by the characteristic shown in Fig. 8. 

(Note that although a tungsten source 
at 3000 K was now supposed to illum-
inate the scene, the display was still 
assumed to be set up so that its white 
matched illuminant C. The system was 
therefore required to reproduce the 
original scene as it would have appeared 
if illuminated by illuminant C. This 
cannot, even in theory, be done with 
complete accuracy except with the aid 
of a color temperature raising filter. The 
unavoidable errors introduced, however, 
are generally quite small.) 
An initial linear matrix to work with 

the initial primary analysis characteristics 
described above was calculated using the 
method of least squares.' The error figure 
n relating to reproduction of the test 
colors using the initial set of effective 
analysis characteristics thus defined was 
then determined. This error was then 
reduced as far as possible by means of the 
optimization program. In these calcula-
tions the values not only of quantities a, 
b, e, f, etc. but also of 4, X5, Xbo, etc., 15 
parameters in all, were allowed to vary. 
The test colors used were those that com-
prised sets 1 and 2 in the previous calcula-
tions. 

In the choice of initial values, and in 

all but one of the optimizations, a further 
practical limitation was imposed. An 
ideal optical system having no loss of 
light at wavelengths corresponding to 
the peaks of the transmission character-
istics can only comply with the principle 
of the conservation of energy if the sum 
of the three characteristics is never 
greater than the height (100%) of their 
peaks. In a practical system, however, 
the dichroic filters used have regions of 
unwanted reflection and transmission, 
while the shaping filters have regions of 
unwanted absorption. Consequently, the 
peaks of the transmission characteristics 
must always be less than 100%. Under 
certain circumstances, therefore, and in 
crossover regions, the sum of the three 
characteristics could exceed individual 
peaks. An excess of this nature would be 
indicative of an inefficient analysis, how-
ever, while any attempt to promote or 
increase it could be made only at a sub-
stantial cost in terms of sensitivity or 
noise performance. It was therefore 
considered that, subject to colorimetric 
requirements, a high optical efficiency 
would be ensured by preventing the 
crossover heights ht,„ and h„ from rising 
above 50% of the peak height to which 
the transmission characteristics were 
normalized. 
An additional calculation made with 

the 50% limit removed indicated, how-
ever, that although it did operate as a 
restriction, its small adverse effect on 
color fidelity was outweighed by its bene-
fit to noise performance. 
Note that the calculations assumed 

that the display device would use NTSC 
primaries. When other primaries are 
envisaged, a close approximation to an 
optimum analysis may be obtained by 
using the recommended optical trans-
mission characteristics and pre-multiply-
ing the recommended linear matrices by 
the matrix necessary to convert signals 
suitable for NTSC primaries to signals 
suitable for the primaries to be used. If, 
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Fig. 11. Comparison of (a) equivalent luminance characteristic 
obtained using effective analysis characteristics shown in 
Fig. 10 with ( b) ideal ( photopic) curve. 

for instance, sulfide phosphors are en-
visaged, the necessary conversion matrix 
is: 

[ R] [ 1.292 - 0.207 - 0.0851[R 
G = -0.052 0.977 0.075 G 
LB J00 -0.009 -0.097 1.106 B 

Results 

Optimum Characteristics for Use Where the 
Spectral Response of the Camera Tube Does 
Not Limit the Analysis 

The optimum transmission character-
istics derived assuming these conditions 
are shown in Fig. 9. They are intended 
to be used in conjunction with the fol-
lowing linear matrix: 

[R 1.06 - 0.09 0.03 -1 [R1 
Gl = [-0.03 1.20 -0.17 G, 
LB ]001 -0.01 -0.04 1.05 

This coml ination gave a minimum error 
figure n of 1.50 jnd. This error figure 
should be compared with the figure of 
6.92 jnd that results from use of the opti-
mum positive-only characteristics shown 
in Fig. 1 curves (b) with these test colors. 
The resulting effective analysis char-

acteristics are shown in Fig. 10, curves 
(a). It %ill be seen that a quite close 
approximation to the ideal curves (b) has 
been achieved. There is some discrepancy 
between the curves in the region of the 
negative lobe of the " red" characteristic, 
but this is to be expected since the pri-
mary analysis ivhich, with the matrix is 
used to produced the negative "red" 
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Fig. 10. Comparison of effective analysis characteristics ob-
tained using primary characteristics shown in Fig. 9 together 
with the optimum matrix and ideal characteristics for NTSC 
primaries: (a) effective analysis; ( b) ideal analysis; error 
figure n = 1.50 jnd. 
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Fig. 12. Optimum transmission characteristics calculated using 
characteristic shown in Fig. 8. 

lobe, is also required in forming the major 
positive lobe of the "green" character-
istic. 

It is of some interest that the "red" 
analysis characteristic is not required to 
extend beyond about 660 nm, whereas 
the ideal "red" analysis extends to be-
yond 700 nm. A series of calculations 
was therefore made to ascertain the rea-
son for this. The results of these cal-
culations suggested two possible explana-
tions. 
The first was that the negative lobe in 

the optimum red characteristic could be 
produced only in the region of the main 
green lobe and was therefore at a higher 
wavelength than the ideal. The positive 
red lobe was therefore forced to com-
mence at a higher wavelength than ideal. 
To compensate for this, the curve rose 
steeply ta a high peak. This in turn could 
have necessitated a sacrifice of response 
in the deep red region. 
The second explanation was that the 

CIE distribution functions 2,g and 2 have 
reached quite low levels by 660 nm. 
Moreover the spectral reflectance of 
most objects does not change appreciably 
within the range 660 to 700 nm. It there-
fore appears profitable to concentrate the 
red analysis around 600 nm (which is the 
position of the peak of 2) and to adjust 
the multiplying factor within the matrix 

to make some allowance for the deep red 
part of the spectrum that is not analyzed. 
The error introduced by this procedure 
would, in most cases, be extremely small; 
colors whose spectrum was zero mag-
nitude until 660 nm would, of course, 
produce no response, but such colors are 
outside not only the color gamut but also 
the contrast range of present-day tele-
vision displays. 

Figure 11 shows (curve (a)) the equiv-
alent luminance characteristic obtained 
using the proposed analysis; it should be 
compared with curve (b) which is the 
ideal or photopic curve. 

Optimum Characteristics for Use in Cameras 
Fitted With Plumbicon Tubes and Used With 
Interior Lighting 

The optimum transmission character-
istics derived assuming these conditions 
are shown in Fig. 12. They are intended 
to be used in conjunction with the fol-
lowing linear matrix: 

[R 1.14 - 0.18 0.04 RI 
Gl = [- 0.06 1.23 - 0.17 G, 
B out -0.03 0.02 l.Ol JL B, in 

This combination gave a minimum error 
figure n of 1.66 jnd. The resulting effective 
analysis characterise:es are shown in Fig. 
13, curves (a). These should be compared 
with the ideal characteristics reproduced 
as curves (b). 
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Fig. 13. Comparison of effective analysis characteristics ob-
tained using characteristics shown in Figs. 8 and 12 together 
with the associated matrix, and ideal analysis characteristics 
for NTSC primaries: ( a) effective analysis; ( b) ideal analysis; 
error figure n = 1.66 jnd. 

Comparison With Present-Day Camera 

It is interesting to assess how the color 
accuracy achieved using the above analy-
sis and matrix compares with that which 
can be attained if a matrix is incorpo-
rated in a present-day Plumbicon camera. 
The result quoted in the first part of this 
paper is not directly comparable with 
that given above, however, because it 
was obtained using different test colors 
and a different illumination. Using the 
same method, therefore, a matrix was 
optimized to suit a typical Plumbicon 
camera working in illuminant 3000 K and 
viewing test color sets 1 and 2. It was 
found that without the matrix the error 
figure n was 5.81 jnd, and that this figure 
was reduced to 2.07 jnd when the optimum 
matrix was inserted. The potency of the 
matrix is clearly demonstrated by this 
result. It is clear also that the primary 
analysis carried out by this particular 
camera is close to the optimum for use 
with a matrix. An inspection of the opti-
cal transmission characteristics confirmed 
this point. 

Matrices have been optimized to suit a 
wide range of primary analyses. In each 
case a marked improvement in color 
rendering was produced. Therefore, if a 
matrix is used, the shape of the optical 
transmission characteristics becomes 
much less critical, and differences in the 
color rendering of cameras having differ-
ing transmission characteristics may be 
substantially reduced. It is therefore pro-
posed that after an attempt has been 
made to instrument the above optimum 
characteristics a matrix be computed to 
work with the characteristics actually 

achieved. 

Noise Performance Attainable Using Recom-
mended Analyses 

It is of interest to determine what 
change in SNR would be incurred by 
using the recommended transmission 

characteristics with their matrices instead 
of the optimum positive-only analysis 
shown in Fig. 1, curves (b), or instead of 
the typical camera analysis just con-
sidered. 

In practice, the change in SNR de-
pends not only on the shapes of the 
analysis characteristics used but also on 
the optical efficiencies achieved and on 
any differences in the sensitivities or noise 
performance of the three receptors. The 
comparisons made here are therefore 
based on certain assumptions that may 
not apply in a given practical situation, 
nevertheless the results obtained are 
believed to give a reasonable indication 
of the changes to be expected. 
The rms noise voltage present at the 

output of Plumbicon tube head ampli-
fiers rises almost linearly with frequency. 
Moreover the coding system by which the 
color signal is transmitted to the viewer 
contains low-pass filters which limit the 
bandwidth of the chrominance compo-
nents. Thus the noise visible to the viewer 
is almost entirely conveyed by the lumi-
nance component. In this discussion no 
account is taken of the results of the shar-
ing of the luminance band by the modu-
lated chrominance signal. 

Calculation Relating to Characteristics Deter-
mined for Use With an "Ideal" Camera Tube 

It is here assumed that the photo-
electric devices have combined responses 
that are rectangular and equal for each 
color channel and independent of wave-
length within the channel and that a 
given peak transmission is achieved in 
each of the optical paths irrespective of 
which characteristic is being imple-
mented. It is further assumed that the 
three channels generate noise signals 
having magnitudes that are equal and 
independent of the light incident on the 

receptors. 
When normalized with respect to 

illuminant C, the characteristics shown 

in Fig. 9 have peak heights of 1.87 units 
(red), 1.42 units (green) and 1.51 units 
(blue). If the same normalization pro-
cedure is applied to the optimum positive-
only characteristics (Fig 1, curves (b)), 
the resulting peak heights are 2.40 units 
(red), 2.15 units (green) and 1.74 units 
(blue). 
Therefore if equal peak optical effi-

ciencies are maintained in each channel, 
the output signals R1, G1 and B1 resulting 
from the analysis of a white in the scene 
according to the characteristics given in 
Fig. 9 are proportional respectively to: 

1 1 1 
- units, and - units 

units' 1.42 1.51 

The channel gain controls are now used 
to make R1 = G1 -= B1 = 1 for white. 
Therefore the noise signals observed at 
the outputs of the gain controls are pro-
portional to: 

1.87 units, 1.42 units, and 1.51 units 

Similarly if the optimum positive-only 
characteristics are used, noise signals 
proportional to: 

2.40 units, 2.15 units, and 1.74 units. 

respectively, are produced. 
These figures indicate that prior to 

matrixing, the broader analysis char-
acteristics shown in Fig. 9 give SNR im-
provements of 2.2 dB (red), 3.6 dB (green) 
and 1.2 dB (blue) as compared to the 
optimum positive-only analysis, assuming 
the above conditions. The matrix, how-
ever, reduces these advantages. 
The "red" signal R obtained from the 

matrix is given by: 

R = 1.06R1 - 0.09G1 0.03B1 

The noise signal present in the " red" 
channel at the output of the matrix is 
therefore proportional to: 

[(1.06.1.87), 
- 0.09 • 1.42)2 ± (0.034.51)2] 

i.e. to 1.99 units. 
Similarly the noise signals present in 

the "green" and "blue" channels at the 
output of the matrix are proportional to: 

1.72 units and 1.59 units 

respectively. 
Therefore when the matrix is con-

nected, the analysis shown in Fig. 10 
gives SNR improvements of 1.7 dB (red), 
2.0 dB (green) and 0.8 dB (blue) as com-
pared with the optimum positive-only 
analysis (Fig. 1 (b)) assuming the above 
conditions. 
These are the differences in SNR that 

would be measured in the three color 
channels at the inputs to the gamma 
correctors. If gamma correction were not 
necessary, the above figures would indi-
cate also the improvements in luminance 
noise observed when saturated colors 
are displayed. In practice, however, the 
luminance noise at the output of a color 
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camera in regions of saturated color is 
caused predominantly by noise originating 
in the channels carrying low-level picture 
signals because this noise is considerably 
amplified by the relatively little excited 
gamma correction circuits. The amount 
of noise actually observed depends on the 
characteristics of the circuits used. 
Calculations made assuming typical cir-
cuit parameters have indicated that a 
reduction in luminance noise of about 2 
dB would be observed in high saturation 
regions if the recommended analysis 
characteristics were used in place of the 
optimum positive-only characteristics. 
We now calculate the luminance noise 

associated with desaturated regions. 
Assuming that no matrix is present, the 
luminance of the output display is given 
by: 

0.299/21 0.587G1 -F 0.114B1 

Therefore if the optimum positive-only 
analysis is used the luminance noise 
present in a displayed white is propor-
tional to: 

1(0.299 - 2.40)2 + 

(0.587 2.15)2 (0.114.1.74)211 

i.e. to 1.47 units. 

If the recommended analysis were 
used without the matrix, the luminance 
noise in a white would be proportional 
to: 

1(0.299.1.87)2 

(0.587.1.42)2 + (0.114.1.51)211 

i.e. to 1.02 units. 
When the matrix is used, however, it 

modifies the proportions of RI, GI, and B1 
that make up the luminance of the dis-
played color. Thus the luminance be-
cornes: 

0.298R1 0.673G1 0.029B1 

Therefore if RI, GI and B1 are generated 
using the characteristics shown in Fig. 
9, the luminance noise present in a 
displayed white is proportional to: 

[(0.298.1.87)2 -I-
(0.673 . 1.42)2 -F (0.029 • 1.51)211 

i.e. to 1.11 units. 
Thus the matrix causes a loss of 0.7 dB 

in the SNR corresponding to white. This 
deterioration in SNR is small because the 
signals from which the luminance com-
ponent is composed are accompanied by 
noise signals which, when a matrix is 
used, are no longer completely uncor-
related. For example, the noise present at 
the green signal output terminal of the 
matrix contains a component contributed 
by the blue camera channel. When the 
luminance component of the composite 

Table II. Summary of Results. 

Analysis 

Signal-to-noise ratio (in dB), relative 

G 

Color 
error, 

White n, jnd 

"Ideal" camera tubes, original scene in 
illuminant C 
Optimum positive-only analysis . • 0 
Optimum analysis incl. matrix . • 1.7 

Plumbicon camera tubes original scene 
in illuminant 3000 K 
Optimum positive-only analysis . 
Typical camera with optimized 

matrix I  8 
Optimum analysis incl. matrix . 1.0 

0 0 
2 . 0 0. 8 

O 

2.5 1.50 
6.92 

0 0 0 5.81 

1.4 2 . 3 
1.7 0.8 

2.0 2.07 
2.6 1.66 

signal is subsequently composed, there is 
a partial cancellation of such antiphase 
noise components. If this cancellation had 
not occurred, the SNR for white would 
have deteriorated by 1.4 dB. 
Comparing the above noise levels of 

1.47 units and 1.11 units, we find then 
that the proposed analysis, including the 
matrix, gives an improvement of 2.5 dB 
in the SNR in desaturated areas as com-
pared with the optimum positive-only 
analysis. 

Calculation Relating to Characteristics Deter-
mined for Use With Plumbicon Tubes 

This calculation was based on the 
previous one with the exception that the 
three receptors were now assumed to have 
spectral responses subject to the char-
acteristic shown in Fig. 8. Having been 
normalized so as to have equal areas 
when multiplied by this characteristic, 
the recommended transmission char-
acteristics shown in Fig. 12 have peaks of 
6.78 units (red), 1.90 units (green), and 
6.00 units (blue). The transmission 
characteristics, which when multiplied 
by the characteristic shown in Fig. 8 give 
the optimum positive-only analysis simi-
larly normalized, where found to have 
peaks of 8.68 units (red), 3.14 units 
(green) and 6.66 units (blue). The optical 
transmission characteristic of the typical 
camera for which a matrix was optimized 
assuming the use of illuminant 3000 K 
had peaks of 6.70 units (red), 2.20 units 
(green) and 4.42 units (blue) when simi-
larly normalized. 

This data was used in a calculation 
similar to that just described. It was 
deduced that the characteristics shown in 
Fig. 12 together with the associated 
matrix would give SNR improvements as 
compared with the optimum positive-only 
characteristics (Fig. 2) of 1.0 dB (red 
channel), 1.7 dB (green channel), 0.8 dB 
(blue channel), and 2.6 dB (white). If 
the typical camera were used with its 
optimized matrix, the corresponding im-

provements would be 1.8 dB (red chan-
nel), 1.4 dB (green channel), 2.3 dB 
(blue channel) and 2.0 dB (white). The 
latter includes an impairment of 0.3 dB 
in the SNR associated with white due to 
the linear matrix. 
The above results are summarized in 

Table II. 

Conclusions 

A substantial improvement in the 
color rendering obtained from a television 
camera employing three receptors may 
be gained by the inclusion of a linear 
matrix in the signal processing. Optimum 
optical transmission characteristics for 
use when a linear matrix is envisaged 
have been recommended. These char-
acteristics are much broader than those 
giving best color fidelity when a matrix is 
not included. Their use, therefore, results 
in an improvement in noise performance 
also. Nevertheless, the addition of a 
linear matrix produces a marked im-
provement in the color fidelity of devices 
having wide range of primary analysis 
characteristics, and in so doing greatly 
reduces the differences in color rendering 
observed when switching from one such 
device to another. 
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Analysis of Color Errors in 

Color Television Cameras 

In the configuration of color television cameras, at least three systems have been 
used. The first, and most familiar, makes use of three tubes whose spectral response 
corresponds to the red, green and blue components, respectively, of the scene. 
A second type substitutes a tube having a spectral response proportional to the 
luminosity curve, y, for the green tube. Still a third makes use of four tubes which 
correspond to the three primaries as well as the luminosity curve. Due to the 
gamma correction, the latter two systems theoretically result in chromaticity and 
luminance errors in the reproduced picture. An analysis is made of the nature of 
these errors. Calculation is also made of the chromaticity shading which results from 
shading of the output of one of the three (or four) tubes. Experimental results 
are also described. 

Introduction 

Most color television cameras have 
until now been designed using three 
camera tubes, having color filters in 
front of them corresponding to red, 
green, and blue, respectively. These have 
been fairly satisfactory; the necessity, 
however, of providing good registration 
produces an operational problem. In 
order to alleviate this problem, varia-
tions have been made in which one of 
the tubes has a spectral sensitivity pro-
portional to the luminosity curve of the 
human eye. The output of this tube is 
then used to provide the luminance 
component of an NTSC-encoded signal. 
The result is a sharper picture, since the 
luminance component comes from only a 
single tube, instead of three registered 
tubes. Because of the inability of the eye 
to discern fine detail in chromaticity 
patterns, the registration tolerance of 
the tubes is increased. 
There are, in turn, two approaches to 

the design of a color camera having a 
luminance tube. One is to substitute the 
luminance tube for the green tube; 
the other is to use four tubes, one of which 
is the luminance tube, and the other three 
of which pick up the red, green and blue 
components of the scene. Tests were made 
in which the sharpness of a picture from a 
luminance-tube system was compared 
with that of a picture from a red-green-
blue system. The luminance-tube system 

proved to be clearly superior in this 
regard. 
The choice between the two lu-

minance-tube systems lies in their respec-
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tive colorimetric performance. Two 
criteria of colorimetric performance 
exist. One is simply the accuracy of 
reproduction of chromaticities; the 
other is the relative sensitivity of the two 
to chromaticity shading, caused by ampli-
tude shading in one or more of the tubes. 
A colorimetric analysis was made for 

the two types of luminance-tube cameras. 
Using both of the above criteria, the four-
tube camera was found to have superior 
performance over the three-tube camera. 
In addition, experimental tests were 
consistent with the conclusions of the 
analysis. 

Colorimetry of a Television Camera 

To a first approximation, a color 
television camera is a form of colorim-
eter; that is, its function is to produce 
three signals whose values represent, 
either directly or indirectly, the color 
coordinates of objects in its field of view. 

By I. C. ABRAHAMS 

well as considerations of non-linearities 
or gamma. It is only the unwitting tol-
erance of the human eye and mind that 
permits a satisfactory solution to the 
problem of transmitting colored images! 
A corollary to this statement is that a 
knowledge of the nature and degree of 
this tolerance is helpful if not essential 
in the successful design of a color tele-
vision system. Such was indeed the case 
when the NTSC system was specified. 

If the camera is considered as a form of 
colorimeter, it is desirable that at least 
three camera tubes be used. The respec-
tive spectral responses should be ad-
justed by means of colored filters, so that 
each one is some linear combination of 
the CIE tristimulus response curves 
5,, and z). In particular, if the chroma-

ticity coordinates of the three reproduc-
ing colors are given, then the curves given 
by the following matrix should preferably 
be used: 

[SR] [(yGZB — yero) ( XBIG — XG211) (X0B — XBYG) 

= (yle R YRZB) (XRZB RBZR) (XBYR xRyls)][1.1 (1) 
(yRza — yozR) (xozR — xRzG) (xRyG xeR) 

However, certain additional character-
istics immediately complicate the prob-
lem of colorimetric design. In the first 
place, the -camera must measure the 
color, not merely of a single object, but, 
if necessary, of thousands of objects 
(i.e., picture elements) in a very rapid 
succession. This introduces problems of 
bandwidth, noise, shading, and registra-
tion. Moreover, the output signals are 
not merely connected to a meter, but 
must be transmitted, received, and dis-
played as an image in which the repro-
duced chromaticities should be the same 
as those in the original scene. This gives 
rise to problems • involving the use of 
taking and reproducing primaries, as 

In this matrix, (xR, ys, zit), (xo, yo, zo), 
and (x8, yR, z8) are the chromaticity 
coordinates of the three primaries (red, 
green, and blue, respectively), and 
SR, SG, and SB are the spectral responses 
of the three color filters. For the FCC 
primaries, the coordinates are as follows: 

Y 

Red 
Green 
Blue 
White 

0.67 0.33 0.00 
0.21 0.71 0.08 
0.14 0.08 0.78 
0.310 0.316 0.374 

(Note that X -I- y + z = 1.) 

While it is theoretically permissible 
to use spectral responses which are 
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Fig. I. RGB transmission system. 

identically k, 5,, and z, and then make the 
matrix transformation electrically, the 
signal-to-noise performance would suffer. 
This is because of the necessity of sub-
tracting some of the signals since some of 
the coefficients in Eq. ( 1) will be nega-
tive. By the same token, the curves 
SR, SG, and SB will have negative values 
for some portions of the spectrum. Thus, 
in choosing color filters, some com-
promise must be made; the filters can 
never be made theoretically correct. 
The chromaticity errors resulting from 
such a compromise have been analyzed 
and tabulated by Epstein.' 

For a camera which is to be used 
only for televising transparent slides and 
films (a fitm chain), more freedom of 
choice of spectral response of the filters 
is possible. This is because the spectral 
distribution of the film dyes is known; 
and while these distributions will differ 
among the various color films, there is 
still far less variation in the spectral 
distribution for a given color than may 

INPUT 

Dm 

Fig. 2. Receiver for standard FCC signal. 

DR r ER- Ey' 

DB 

Ey. = 0.30 ER+ 0.59 Ed + 0.1 I Ed 

EM Ey' 

be encountered in "live" material. This 
is to say that fewer (if any) metamers 
will be encountered with transparencies 
than with the original source of light. 
The colorimetric characteristics of such 
a film chain will then be mainly deter-
mined by the spectral response of the 
film emulsions. This is probably fortu-
nate, since most color film manufacturers 
have given great attention to this prob-
lem, in order to obtain pictures which 
are pleasing to the viewer, an endeavor 
which transcends (but nevertheless in-
cludes) the principles of pure colorim-
etry. 
The subsequent analysis in this paper 

assumes that the "red," "green" and 
"blue" signals from the camera are 
colorimetrically correct; that is, in a 
linear system in which each of the three 
signals controls a respective primary 
light, the color of the resulting light 
would be an accurate reproduction of 
the corresponding color in the scene. 
Thus, while the results of this analysis 

RED 

DISPLAY 

BLUE 

0 

DISPLAY 

GREEN 

DISPLAY 

ER" = DR + Em 

ED" = Em -0.51 DR -On DB 

EB" DB + EM 

may not completely describe the color-
imetric performance of the color TV 
camera, they will comment on possible 
errors due to the special configurations 
which are being used or proposed in the 
system design. 

RGB Camera 

As a start, it is instructive to analyze 
the case of a camera using three pickup 
tubes, corresponding to red, green and 
blue, respectively (RGB Camera). Figure 
1 is a simplified block diagram of a 
transmission system which uses such a 
camera. The transmission of an NTSC 
signal is assumed, although the analysis 
could be adapted for other types of 
encoding. The gamma correction may be 
partially or even completely in the 
camera tubes themselves; for purposes of 
this analysis, it makes no difference. 
Then, 

ER = k, Ri 

EG = ki Gi 

ER = lc, Bi 

(2a) 

(20 

(2c) 

where Ri, G1 and Bi are the input lights 
and k, is a constant. It should be noted 
that k, may be different for each of the 
three channels if the reference white of 
the transmitted signal is to differ from 
that of the original scene. For purposes of 
this analysis, however, a reference white 
corresponding to Illuminant C at both 
scene and receiver is assumed, so as not 
to obscure the figures to be derived 
concerning chromaticity errors. 
The output of the matrix circuit will 

be assumed to be given by 

= E'y (3a) 

where 

and 

D8 = — E'y 

E'y = 0.30 E'R 

0.59 E'0 -I- 0.11 E'R 

EM = E'Y 

(3b) 

(3e) 

(3d) 

The primes indicate that gamma-
corrected signals are being considered; 
that is, e n --== ER1/1', E'0 •-•- - E011-V and 
E'R E811 . It should be noted also 
that expressing DR and DB as in Eqs. 
(3a) and (3b) instead of in terms of I 
and Q, causes no error or lack of gen-
erality in the analysis, since only large 
areas of color (lower frequencies of video) 
need be considered for the analyses given 
in this paper. The advantage of this 
approach is that it simplifies the algebra. 
A block diagram of a standard receiver 

is shown in Fig. 2. The three signals, 
DR, DB and Ex, are recovered by the 
decoder. The matrix must perform the 
following transformation: 

E'8 = DR ± Em (4a) 

E».0 = Em — 0.51 DR — 0.19 DR (4h) 

E"B = DB Em (4c) 

Whence, using Eqs. (2) 

e l? = (5a) 

E•G = (Sb) 

E'R = e lf (5c) 
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Due to the power-law response of the 
color picture tube grids, the output lights 
are given by 

Ro = k2(E" R)P 

G. = k2(E"G)P 

= k2(E"B)P 

(6a) 

(6b) 

(6c) 

Under the FCC standards, y is chosen 
to be equal to p. Hence, it can easily 
be shown that 

where 

R. = k Ri 

Go = k Gi 

Bo = k Bi 

k = k17 k2 

(7a) 

(7b) 

(7c) 

Therefore, since the output lights are 
each proportional to the corresponding 
input light, there would be no color 
error in the system. Note that the term 
"color" refers to both luminance and 
chromaticity. 

RBY Camera Errors 

A similar analysis can be made for 
certain other proposed camera configura-
tions. One system which has been pro-
posed2 is the "RBY" camera. In this 
arrangement, one of the three camera 
tubes has a filter which gives it a spectral 
response corresponding to the luminance 
of the scene, rather than the green com-
ponent. (The filters of the red and 
blue tubes remain the same.) The pur-
pose of this approach is to permit obtain-
ing a luminance signal which comesfrom a 
single tube, rather than all three, and is 
therefore independent of registration. 
The result is a luminance signal having 
greater sharpness, for pictures reproduced 
either on a color receiver or a mono-
chrome receiver, when using an NTSC 
or similar system. The luminosity curve 
is shown in Fig. 3. The filter used must 
be such as to give this spectral response 
to the luminance tube, when the spectral 
characteristics of the camera tube and 
the light source are taken into account. 
The green signal is then derived by sub-
tracting the red and blue components 
from the luminance signal. A block 
diagram of this system is shown in Fig. 4. 
In this case, the three signals are given 
by 

and 

DR 

DR 

EM 

= E'R - Ey1/"Y 

= - Ey 

= Er1PY 

(8a) 

(8b) 

(8c) 

where Ey1/2. is the gamma-corrected 
signal from the luminance tube. 

Also, due to the luminance filter, 

Y, • = 0.30 R, ± 0.59 G, ± 0.11 B, (9) 

and Ey = klY, (10) 

The receiver, of course, must be 
assumed to be the same as before (Fig. 2), 
and hence, Eqs. (4) and (6) still hold. 
Whence, it can be shown that 
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E'8 = R (11a) 

E'R = (11b) 

and E"G = 1.70 E 1/7 - 
0.51 E' R - 0.19 el; ( 11C) 

Thus, the relation between input and 
output lights for each of the three pri-
maries is 

Ro = k R, (12a) 

Bo = k B. (12b) 

Go = k [1.70 (0.30 R, + 0.59 G, 
0.11 B,)1/-y - 0.51 R0/1. - 0.19 B,1/q-r 

(12e) 

As might be expected, for a linear 
system (y = 1), there would be no color 
distortion, since each output primary 
light would be proportional to the cor-
responding input light. In practice, 
however, y = 2.2, according to FCC 
standards. Hence errors will be present 
both in luminance and chromaticity. 

In order to compute these errors, one 
starts with the desired CIE chroma-
ticity coordinates (xi, y i) of the input 
light. An input luminance of Yi is also 
assumed. Then, the values of Ri, Gi 
and Bi will be given by 

_ [R1 1.910 - 0.533 - 0.288 

C1 = Yi -0.985 2.000 - 0.028 

Bi 0.058 - 0.118 0.896 

These values of Ri, Gi and Bi may then 
be inserted into Eqs. ( 12), giving the 
values of Ro, G„ and Bo. Also, Y. may be 
computed from the equation 

Y. = 0.30 Ro + 0.59 G. + 0.11 B. (14) 

The resulting output chromaticity (x., 
y.) can now be computed from 

650 700 

0.607 Ro + 0.174 G. 0.201 B. 
x° (1906 R. + 0.827 G. ± 1.432 Bo 

(15a) 

- 0.299 R. ± 0.587 C. 0.114 B. 
v.  0.906 R. 0.827 C. + 1.432 B. 

(15b) 

The Luminance Error Factor is the ratio 
of Y. to the luminance of a distortionless 
system having the same luminance input, 
Yi. 
Hence 

L E.F -  0.30 R. + 0.59 G. ± 0.11 B.  .  
k(0.30 R, ± 0.59 G, + 0.11 B, ) 

(16) 

The chromaticity errors are defined as 

(17a) 

(17b) 

In order to give some assessment of 
the importance of the values of Ax 
and Ay, it is desirable to take into account 
the ability of the eye to detect small 
differences in chromaticity. Figure 5 
gives a CIE chromaticity diagram, show-
ing the perceptibility of chromaticity 
differences, as a function of chromaticity.3 
Each ellipse represents a shift of 100 times 

(13) 

the minimum perceptible difference. 
The diagram shows that the detectable 
error depends on both the starting 
chromaticity and the direction (as well 
as magnitude) of the error. These 
data refer mainly to perceptible dif-
ferences in two side-by-side colored 
areas. Nevertheless, the data serve as 
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Fig. 4. RBY transmission system. 
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a useful guide for detei mining per-
ceptibility of reproduction errors. A 
series of diagrams' has been provided 
by MacAdam, permitting determination 
of the equations of the ellipses represent-
ing the minimum perceptible color 
difference. This makes it possible to 
compute as, the number of units of mini-
mum perceptible difference, when x, 
y, ax, and ay are specified. 

Table I is a chart of the errors in some 
of the more important chromaticity 

0.00 
0.00 .10 .20 .30 

AND 

RA 
N 

OUTPUT 

DR ER' Ey 

DB EB' - Ey f)". 

EM Ey 

points for the RBY camera. A value of 
as of 10 or 20 is probably permissible for 
color reproductions. The actual value 
depends on a number of psychological as 
well as psychophysical factors. Some 
idea of the permissible maximum in as 
can be obtained from Epstein's paper.' 
In calculating chromaticity errors in 
cameras due to omission of negative 
lobes in the color filters, a range is given 
in as of 4.1 to 18.2 for the red (depending 
on the spectrum of the original); 5.6 

.40 .50 .60 .70 0.80 

Fig. 5. Approximate perceptibility of differences on the (x,y)-chromaticity diagram.3 

Table I. Errors in Chromaticity Points 
in RBY Camera. 

Lumi-
nance 
Error 

Color .d.x Ay .dis Factor 

Red -0.07 +0.03 49 1.37 
Green 0 0 0 1.89 
Blue +0.01 +0.05 65.7 1.87 
White 0 0 0 1.00 
Skin -0.001 +0.002 1.8 1.02 

to 17.7 for the green; and 27.0 to 80.1 
for the blue. This type of performance has 
been found to be quite satisfactory 
since all past and present designs per-
force omit the negative lobes on the color 
filters. The RBY system, however, does 
exhibit rather large errors in the red, in 
the direction of orange, as shown in 
Table I. Similarly, blue is pulled in the 
cyan direction by a rather large amount. 
The skin color has coordinates xi = 

0.38, yi = 0.33, as given by MacAdam.5 

YRGB Camera 

In view of the rather large chroma-
ticity errors in the RBY camera, another 
system has been suggested, and is now 
being used by the General Electric Com-
pany in a film chain. This is a four-tube 
system (YRGB camera) in which all 
three primaries, as well as luminance, 
are utilized. 
A schematic diagram of the optical 

arrangement of this system is shown in 
Fig. 6. The color image from the pro-
jector is focused (into the relay lens, 2. 
(The image target is used only to facili-
tate focusing, and is not part of the nor-
mal operation.) The light is then split 
achromatically, in such a manner that 
part is transmitted in the direction of the 
luminance tube, and the remainder in 
the direction of the other three (chro-
maticity) tubes. An equal split has been 
used, although other choices of filters 
could require a different ratio. The 
trimming filter, 6, of the luminance 
camera is chosen to have the charac-
teristics described above. The dichroic 
mirror, 4, reflects the blue component 
of the light in the direction of the blue 
camera and transmits the remainder 
(essentially yellow light). The dichroic 
mirror, 5, reflects the red component 
of this remainder to the red camera, and 
transmits the remainder (essentially 
green light) to the green tube. The re-
spective trimming filters, 6, are chosen as 
described above. 
A simplified block diagram of this 

system is shown in Fig. 7. In this case 

and 

DR = - E'y 

DR = 

Em = Ey1/7 

(18a) 

(18b) 

(18e) 

Again, the receiver is the same as 
before, as shown in Fig. 2. Thus, by the 
same algebraic procedure as shown for 
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the RBY case, the input and output lights 
are related as follows: 

R. = k [0.70 - 0.59 Gil/Y 
- 0.11 B,1/7 -I- ( 0.30 Ri 
± 0.59 G, ± 0.11 Bi)1/7]-y (19a) 

= k [- 0.30 R,1/7 + 0.41 Gill-, 
- 0.11 &LP./ + (0.30 Ri ± 0.59 Gi 
+ 0.11 Bi)1/1]7 (19b) 

B. = k [ -0.30 Ri!, - 0.59 C*1/y 
+ 0.89 Bi1/7 + (0.30 R, 
+ 0.59 G, 0.11 B,)1/117 (19c) 

Using the technique for calculating 
color errors which has been already de-
scribed, Table II has been derived. 

Table II. 

Color Az 

Lumi-
nance 
Error 

Ay As Factor 

Red -0.04 0.00 16.7 1.85 
Green +0.01 -0.02 3 . 6 1.50 
Blue +0.01 +0.01 21.6 2.06 
White 0 0 0 I.00 
Skin -0.001 - 0.002 0.9 1.02 

The chromaticity errors shown for the 
primaries represent only a very slight 
shift in dominant wavelength; most of 
the shift (such as there is) is in the direc-
tion of white; this is much less objection-
able than the shifts occurring in the 
RBY system. Also, the values of As are 
smaller, except for saturated green. For 
greens actually likely to be encountered, 
the chromaticity shift would be much 
smaller. It should also be emphasized 
that for only slightly desaturated chro-
maticities, the Luminance Error Factor 
falls to less than 1.5 for red and blue. 
A method for reducing the chroma-

ticity shift to zero has been suggested to 
the CCIR by the Japanese. This calls for 
multiplying the chrominance signal, 
DR and DR, by a factor, F, in which 

EM 
F = 

Ey 

where Em is the output of the fourth 
camera tube (which can have any 
spectral response, not merely luminance), 
and Ey' is defined by Eq. (3c), in which 
ER', E00, and Eh ' have been derived 
from the other three camera tubes. In 
this case, the Luminance Error Factor 
will be larger than that shown in Fig. 9, 
even though Az and Ay are reduced to 
zero. It remains to be seen whether the 
technical difficulty of deriving a signal 
representing the ratio, F, is warranted 
by the possible improvement in 
performance. 

Considerable experimental work has 
been done with the four-tube color 
camera. Results have shown that the 
color fidelity, using a large variety of 
slides, is equal to that of a three-tube 
camera. At the same time, the sharpness 
of the pictures, as viewed on both a 
color and a monochrome receiver, was 
noticeably improved. 
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Fig. 6. Optical schematic of 4-vidicon color camera. 

This is illustrated in Figs. 8 and 9. 
Figure 8 is a monochrome reproduction 
of a photograph of the picture on a color 
monitor, in which the green tube was 
deliberately mis-registered. An RGB 
system was used. When the system was 
switched over to use the luminance tube 
(in addition to the three color tubes), 
the. picture in Fig. 9 resulted. (The green 
tube was still mis-registered.) Although 
some color fringing was still present, the 
picture was much sharper with the four-
tube system. 
The situation for the monochrome 

image is illustrated in Figs. 10 and 11. 
These were taken from a monochrome 
monitor, using conditions of extreme mis-
register of all three color tubes. Figure 10 
shows the picture from an ROB camera, 
and Fig. 11 that from a YRGB camera. 
While the examples given are for 
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Fig. 7. YRGB transmission system. 

BLUE 

e 

cases of mis-register in order to show the 
relative performance of the two systems, 
the 'four-tube system has superior per-
formance even when a "reasonable" or 
"normal" degree of registration is used. 
Such is the case in Figs. 12 and 13. A 
monochrome reproduction of a color 
monitor, fed by a three-tube system 
having good registration, is shown in 
Fig. 12. The same conditions, but using 
a four-tube system, are shown in Fig. 13. 
The increase in sharpness, especially at 
the edges, is definitely noticeable. The 
difference is much more striking when 
the screen is viewed directly, rather than 
in a photographic reproduction. 

Effects of Shading and Unbalance 

Another question which arises in con-
nection with the colorimetry of cameras 
is the sensitivity to slight amounts of 

E 

OUTPUT 

DR = ER' - Ey' 

DR s EE; - Ey' 

Em. Ey 7 
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Fig. 8. A picture taken from a color monitor using the RGB 

system with green tube of camera mis-registered. 

Fig. 10. A picture taken from a monochrome monitor using 

the RGB system with green tube of camera mis-registered. 

Fig. 12. A picture from a color monitor using the RGB system 
with normal registration of camera. 

Fig. 9. Same condition as in Fig. 8, using the YRGB system. 

Fig. 11. Same condition as in Fig. 10, using the YRGB system 

Fig. 13. Same condition as in Fig. 12, using the YRGB System. 
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unbalance and/or shading, in the region 
of white. Thus, for example, if there is a 
slight amount of shading in one or more 
of the camera tubes, there will be a 
shading of chromaticity in the repro-
duced picture, which is apt to be quite 
noticeable. It is useful to know the 
magnitude of this effect, especially to 
permit comparison of the several camera 
systems. For purposes of this paper, a 
linear system will be assumed. This will 
permit the desired comparison, while 
maintaining reasonable simplicity of the 
calculations. 

It can be shown that, for chro-
maticities in the region of Illuminant 
"C," i.e., where ER', EG' and ER' are 
about equal, and for a linear sytem, 

AER 
Ax„ = 0.103 - - 0.026 - 

ER EG 
dER 

- o 077 
• ER 

AEG Ay„ = 0.004 AER -1- 0.103 -  
ER En 

dER 
- 0.107 - (20b) 

ER 

where AEI?. AEG, and AER are small 
changes in ER, EG, and ER, respectively. 
Using Eqs. (20), it is possible to compute 
the change in chromaticity due to shad-
ing or unbalance in either the ROB or 
YRGB systems, in the vicinity of white. It 
should be noted that, for the four-tube 
camera, no chromaticity shading is 
caused by the luminance camera in this 
case. 

For the RBI' system, by invoking the 
equation for Ey in terms of ER, EG and 
ER, it can be shown that 

(20a) 

AEy Az„ = 0.116 AER - 0.044 
ER Ey 

dER 
- 0.072 -ER (21a) 

dER dEy 
dy0 = 0.049 -ER + 0.175 - 

- 0.127 -dER (21b) 
ER 

The change in chromaticity due to 
shading or unbalance in the RBY camera 
can be computed by the use of Eqs. (21). 

Again, by using the methods described 
by MacAdam,' the chromaticity shift 
can be calculated in terms of As, the 
number of minimum perceptible units. 
In the case of shading errors, the value 

Table III. Effect of Drift and/or Shading 

ROB or YRGB 
For a 1% ,àxo etyo 
change in ( X 10') ( X 10') da 

RBY 

.1X0 

(X 101) 
Ayo 

( X 104) da 

Red 

Green 
Blue 
Y 

10.3 0.4 
- 2.6 10.3 
- 7.7 -10.7 

1.08 

0.89 

0.58 

11.6 - 4.9 

- 7.2 - 12.7 

- 4.4 17.5 

1.40 

0.62 

2.20 

of .às is particularly significant, since a 
side-by-side comparison of chromaticity 
difference appears on the screen. Table 
III gives the computed results for a few 
special cases. For example, for one per-
cent shading in the green tube for the 
ROB or YRGB cameras, a chromaticity 
shift of 0.89 minimum perceptible units 
results. A similar amount of shading in 
the luminance tube of the RBY camera 
gives a shift of 2.2 units. Therefore, the 
latter system is 2.5 times as sensitive as 
the former to shading in the green (or 
luminance) tube. For the nonlinear case, 
the ratio would probably be even higher, 
especially if some of the gamma correc-
tion took place within the camera tube 
itself. 

Actual experiments have confirmed 
these results qualitatively. It was found 
that green-magenta shading was a 
problem in a camera using the RBY 
system. 

Therefore, from a colorimetric point 
of view, both in terms of accuracy of 
chromaticity and shading or drift effects, 
the four-tube (YRGB) camera is pref-
erable to the three-tube (RBY) camera. 
Both analytical and experimental re-
sults confirm this statement. 

At the same time, a system using a 
luminance tube is to be preferred over 
the conventional ROB system, since the 
picture obtained has greater sharpness 
and less susceptibility to mis-register. 
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Discussion 
David M. Taylor ( Radio Corp. of America): Have 

you ever made an analysis of the four-tube 
camera using gamma correction in only the 
monochrome channel? 

Mr. .4brahams: No, but it might be very perti-
nent. The results would probably be worse, 
because the four-tube system really isn't much of 
a departure from the three-tube system in 
practical operation. I mean that gamma-cor-
rection is required in the red, green and blue, as 
well as the monochrome for proper results. 

H. N. Kozanowski ( Radio Corp. of America): 
Would you comment on the applicability of this 
system to the live-camera program? 

Mr. Abrahams: It certainly is applicable to the 
live camera work. The point has been made that 
there is a question of how good register you can 
get in a color camera. In other words, theoreti-
cally, if you can get perfect register anyway, then 
there's no advantage in using four tubes; but, as 
a practical matter, when do you get perfect 
register? It's one of the difficulties we have in 
proving the advantage, because actually, the 
register can be made good with enough effort. 
Thus, in connection with a system like this, the 
question naturally arises: Why don't you just get 
good register, and then you won't need a four-
tube camera? The answer is that, in actual 
practice, the registration may be somewhat less 
than perfect. 

Dr. Kozanowski: How does it meet the spirit and 
letter of the NTSC specifications for color and the 
FCC specifications? 

Mr. Abrahami: A very good question. Of 
course, the purpose of this paper was to discuss 
the adherence of the four-tube system to the 
NTSC standards; there is no question but that it 
does. The manner of deriving the color signals 
is not the important point in judging adherence 
to the standards. Only possible color or luminance 
errors in the picture reproduced on a standard 
receiver need be considered. I have shown that 
these errors (clue to the use of four tubes, I mean) 
are far less than those encountered due to the 
color filters presently used in color cameras. 
In addition, the slides and films may have 
considerable color error, some of it deliberately 
introduced to improve the picture. In other 
words, the transmitted signal from a four-tube 
system is entirely standard. There can be negligible 
distortion of colors due to its use, betueen the 
original scene and the image reproduced on a 
standard receiver. 

Frank .tlarx (Session Chairman): It just seems to 
me that s, hat we are buying in another tube, 
either in live or film chain, is a much easier 
operating tool in turning out day-to-day color. 
And those of you who have had experience with 
the 3-tube monsters I'm sure si ill agree si ith that. 

119 



Review of Work on Dichroic Mirrors and 

Their Light-Dividing Characteristics 

By MARY ELLEN WIDDOP 

During World War Two, the application of thin films to glass surfaces pro-
gressed from experimental laboratory work to practical application in optical 
devices. At present, virtually all lenses are coated to reduce reflection. Plates 
coated-with multilayer films, known as dichroic mirrors, are also being applied 
as efficient light dividers. The recent use of dichroic mirrors in experimental 
color television equipment is one of the best known applications. The purpose 
of this paper is to review briefly the interference phenomenon involved and to 
describe the results obtainable with several dichroic mirror designs. 

ABOUT FI FTEEN years ago scientists 
began to experiment with the application 
of very thin multilayer films to glass, in 
order to reproduce the effects of color 
selective reflection and transmission 
strikingly exhibited in nature by certain 
crystals. Since that time, the use of 
this method to produce mirrors which 
efficiently divide light has become well 
known. One of the first applications 
of interference mirrors was in photocell 
monitoring of sound recording for motion 
pictures. During World War Two, 
quantities of dichroic interference mirrors 
were used in range finders and radar 
cameras. They are now used in both 
military and civilian products. In 
the RCA compatible system of color 
television, dichroic mirrors are used to 
divide light into primary colors and to 
combine the primary colors for monitor-
ing. 

Like the colors of soap bubbles, thin 
films of oil on water, oxide films on 
heated steel and certain crystals such as 
chlorate of potash, the light-dividing 
characteristics of dichroic mirrors result 
from interference in reflected and trans-
mitted light. Interference films are 
also used to produce neutral light divi-
ders, or to reduce reflection from glass. 
The films are applied to glass by the 
deposition of vaporized material on the 
glass surface, in a vacuum. The thick-
ness of a deposited film may be controlled 
by observing the changes in intensity of a 
beam of light reflected from the glass, 
through a filter, into a photocell. The 
intensity fluctuates, reaching a maximum 
or minimum whenever the thickness of 
the deposited film is effectively equal to 
a multiple of .1 of the wavelength of the 
control light. 
To review the interference effects of 

thin films, we will first consider the effects 
produced by single thin films, as shown 
in Fig. I. These diagrams represent 
plane parallel, nonabsorbing films on 

glass surfaces, and their effect on an 
incident light ray. The film thickness 

in both cases is effectively equal to I of 

Presented on October 7, 1952, at the Soci-
ety's Convention at Washington, D.C., by 
Mary Ellen Widdop, Radio Corporation of 
America, RCA Victor Div., Engineering 
Products Dept., Camden 2, N.J. 

the wavelength of the incident light ray. 
The film in diagram (a) has an index of 
refraction higher than that of glass, while 
the film in diagram (b) has an index of 
refraction lower than that of glass. 
Any light ray incident on such a film 

becomes the source of two sets of almost 
superimposed parallel rays. These rays 
tend to cancel or reinforce each other by 
destructive or constructive interference. 
The type of interference which occurs 
depends on the relative phase of the 
interfering rays. The phase of the 
reflected and transmitted rays is deter-
mined by the optical path through the 
film and by phase reversals which occur 
on reflection from a denser medium. 
In these diagrams, phase is indicated by 
solid and broken line segments. For 
simplicity, the angle of refraction is 
ignored. 
The high-index film produces rein-

forcement for a specified wavelength in 
the reflected light and cancellation in 
the transmitted light. Here, the only 
phase change due to reflection from a 
denser medium occurs at the air-film 
boundary. 
The succe,ssive rays, proceeding toward 

the right, are less and less intense; hence 
the effects of the first two reflected rays, 
and the first two transmitted rays, are 
dominating. The phase reversal of 
alternate succeeding rays modifies the 
effect of the first two rays, therefore 
neither cancellation nor reinforcement 
is complete. 

In the low-index film, there is a phase 
change in the initial reflection from the 
air-film boundary and at each reflection 

A X 

from the film-glass boundary. As a 
result, an effective film thickness equal 
to of the wavelength here produces 
cancellation in the reflected light and 
reinforcement in the transmitted light. 
The amplitude of the reflected rays, 

tor a specified angle of incidence, is 
determined by the relative indices of 
refraction of the materials on either side 
of the boundary from which reflection 
occurs. Therefore, if the relative indices 
of refraction of the air, film and glass 
were of such value that the amplitude 
of the ray initially reflected at the air-
film boundary equalled the sum of the 
amplitudes of the other reflected rays, 
no light of the specified wavelength would 
be reflected from the film in diagram (B), 
since the rays are 180° out of phase. 
The maximum reflectance obtainable 

from a single film is determined by the 
index of refraction of the film. In order 
to increase the reflectance for a certain 
wavelength, multiple alternate layers of 
high- and low-index materials are ap-
plied. The film thickness for each layer 
is controlled so that the initial reflected 
rays, of the control wavelength, from 
each film boundary are in phase when 
they leave the film. The reflected 
intensity for that wavelength is then 
equal to the square of the sum of the 
amplitudes of the reflected rays. 
A diagram representing a seven-layer 

film and its effect on an incident light 
ray is shown in Fig. 2. In this film, each 
layer is effectively equal in thickness to 

wavelength. The initial reflected 4 
rays from each boundary emerge from 
the film exactly in phase. The strongest 

Al B1 Dl El Fl_ _ A. x 
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Fig. 1. Interference effects in single À films on glass. 

120 April 1953 Journal of the SMPTE Vol. 60 



INCIDENT BEAM 
WAVELENGTH (Xl« X 

P
E
R
C
E
N
T
 
O
F
 
T
R
A
N
S
M
I
T
T
A
N
C
E
 

60 

6 

4 

2 

Fig. 2. Interference 

effects in a multi-

layer film on glass. 

4 4 4 4 4 4 
AIR 

NH 

/ 
/ 

— -... /...." ' 

/ 
• / NORM AL 

, 

.._ , •••... / 
/ 

\ 

\ 

\ 

\ 

\ 

\ 
\ 
\ 

\ 

\A— 
..., 

-..... .... --

4000 3000 6000 

WAVELENGTH IN ANGSTROMS 

Fig. 3. Characteristics of a seven I X-layer dichroic. 

transmitted rays resulting from interfilm 
reflections are 180° out of phase with the 
initial transmitted ray. In addition to 
the strongest set of reflected and trans-
mitted rays, there are many weaker rays 
resulting from interfilm reflections. 
Some of these rays are out of phase with 
the stronger rays but since they are so 
much weaker they, of course, cannot 
cancel the effect of constructive inter-
ference in reflected light and destructive 
interference in transmitted light for 
wavelength X. 
The film design shown in Fig. 2 is a 

standard design which, when composed 
of the materials most commonly used, 
reflects over 90% of the light at the con-
trol wavelength. The effect of this film 
on light of other wavelengths is deter-
mined by the relative phase of the reflec-
tive rays and of the transmitted rays as 
they leave the film. Transmission char-
acteristics in the visible range for a film 
of this design, controlled for maximum 
reflectance at 6350 A at 45° angle of 
incidence, are shown in Fig. 3. There 
is no appreciable absorption: therefore, 
all light not transmitted is reflected. 
A dichroic of this type is used to reflect 
red light in the color-television camera. 
As shown in Fig. 3, the transmission 

curve shifts toward the short wavelength 
end of the spectrum when the angle of 
incidence is increased. This shift is 
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due to the change of path difference with 
change of angle, making the film effec-
tively thinner as the angle of incidence 
is increased. The path difference pro-
duced by a film is greatest at normal 
incidence. The diagrams in Fig. 4 
represent two light rays incident on a 
thin film in air, and illustrate the fac-
tors which determine path difference. 
If a ray strikes the film at normal inci-
dence, the path difference between the 
ray reflected from the first surface and 
those reflected from the second is equal 
to the product of the index of refraction 
of the film and twice the film thickness. 
Diagrams 1 and 2 represent rays inci-
dent on the film at two different angles. 
In both cases, dotted lines AC and DB 
represent successive positions of a wave-
front. Therefore, the optical paths AD 
and CB must be equal, AD (in air) = 
N (CB), and the difference in optical 
path at wavefront DB, where the reflec-
tion from the second surface leaves the 
film, is equal to N (AFC). It can be 
shown that the path difference =- N 
(2d cos r), thus as the angle of incidence 
increases, the angle of refraction increases, 
the cosine of r decreases and the path 
difference decreases. 
Such a shift of light-dividing charac-

teristics with change of angle of incidence 
is sometimes objectionable because of 
resultant shading in transmitted and re-
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‘„ NL 

NH 

\\\:\:S\ NL 

NH 

GLASS 

flected images. Shading from one side 
of an image to the other, due to large 
field angle, can be compensated for by 
tapering the deposited film. To do this, 
the glass is placed in the evaporating 
equipment at an angle to the plane of the 
evaporator, rather than parallel to it. 
The films deposited are then wedge 
shaped instead of plane parallel. The 
resultant mirror is then positioned in 
use so that the thickest part of the film 
receives light at the greatest angle. 
By varying the number of deposited 

layers, the thickness of each layer, the 
control wavelength and the angle of 
control, a wide variety of dichroic 

(I) (2) 

Fig. 4. Path difference of rays reflected 
from the two boundaries of a thin film. 
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mirrors is obtainable. In Figs. 5 and 6, 
transmission characteristics are shown 
for a number of designs used to fulfill 
various light dividing or combining 
requirements. These designs consist of 
various combinations of I-, 4- and - 
wavelength film thicknesses. 

In general, designs made with layers 
thicker than I wavelength have a nar-
rower band of reflection than 1-wave-
length designs. The heavy solid line 
in Fig. 5 is the transmission curve for a 
mirror of the type used to reflect blue 
light in the color camera. 
To illustrate a way in which the inter-

ference mirrors are used, a diagram of the 
optical system of an RCA Color-Tele-
vision Camera is shown in Fig. 7. When 
light entering the camera through the 
lens system reaches the dichroic cross, 
red light is reflected from mirror J to 
totally reflecting mirror M and then to 
the image orthicon in the red channel. 
Blue light is reflected from mirrors I and 
K, totally reflecting mirror L and then 
to the image orthicon in the blue channel. 
Green light passes through both mirrors 
to the image orthicon in the green chan-
nel. Each reflector efficiently transmits 
the other two primary colors. In this 
application, the dichroics are assembled 
in sandwiches with the reflecting surface 
on the inside, covered by another plate 
of the same thickness as that on which 
the dichroic film is deposited. The 
light path through the glass is then equal 
for all channels. The blue reflecting 
mirrors are carefully aligned so that the 
reflecting surfaces are in one plane and 
perpendicular to the red reflecting sur-
face. With this arrangement, astigma-
tism introduced by the glass can be com-
pensated for by placing two plates, E 
and F, at right angles to each other in 
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Fig. 6. Light-dividing characteristics of several dichroics. 
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Fig. 8. Transmission characteristics of absorption-interference filters. 

front of the relay lens. The line of inter-
section of these plates is at right angles 
to the center line of the optical system 
and to the line of intersection of the 
d ich roics. * 

Materials which absorb light can some-
times be used advantageously. in inter-
ference films. In Fig. 8, transmission 
characteristics of efficient red and green 
transmission filters are shown. These 
filters are made by depositing alternate 
layers of high- and low-index materials 

on glass, but in this case one of the mate-
rials used has the combined properties of 
very high index of refraction and strong 
absorption in the blue region of the spec-
trum. In the resultant films, blue 
light is removed by interference and 
absorption while the red and green por-
tions of the spectrum are efficiently 
divided by interference. 
When the reflected and transmitted 

light is to be divided in a way which is 
difficult, or impossible, to achieve with 
any single film design, sets of layers may 
be combined on one plate. For the 
final characteristics of a film to be the 
product of two different designs, the 
sets of layers must be separated from 
each other sufficiently to prevent much 
of the interference between the sets. The 
curve shown by the broken line in Fig. 9 
is that of a plate coated with two sets of 
layers, one having peak reflectance for 
blue light and the other having peak 
reflectance for red light. In this case, 
the sets of layers were separated from 
each other by a thick evaporated layer of 
material. The solid-line curve in Fig. 9 
is the resultant characteristic of two 
similar sets of layers deposited on opposite 
surfaces of a plate. Here the elimina-
tion of interference between the sets of 

* L. T. Sachtleben, D. J. Parker, G. L. 
Allee and E. Kornstein, "Image orthicon 
color television camera optical system," 
RCA Rev., 13, No. 1: Mar. 1952. 
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layers is more nearly complete. Highly 
reflecting films can be applied to both 
surfaces of a glass plate advantageously 
in many cases; however, this scheme 
cannot be used in any case where double 
images are undesirable. 

Transmission characteristics for an 
interference mirror which reflects effi-
ciently through the visible spectrum and 
efficiently transmits infrared radiation 
are shown in Fig. 10.* In this case, 
several sets of layers controlled for maxi-
mum reflection at different positions in 
the visible range, are deposited on one 
surface of a plate. In this case, no 
attempt is made to prevent interference 
between the sets of layers. Interference 
between the sets of layers improves the 
efficiency of the film. 

* G. L. Dimmick and M. E. Widdop, 
"Heat transmitting mirror," Jour. SMPTE, 
58: Jan. 1952. 
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Fig. 9. Light-dividing characteristics obtained by depositing 

two sets of dichroic films. 
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Interference mirrors can be made 
which reflect all wavelengths of the 
visible spectrum with approximately 
equal intensity. Such mirrors can be 
made to reflect as much as 45% of the 
incident light. A relatively thin layer 
of low-index material is first deposited 
on the glass surface, followed by a thicker 
layer of a material with a high index of 
refraction. The interference effects of 
such a film design cause all wavelengths 
of the visible spéctrum to be reflected 
with approximately equal intensity be-
cause of the relative thickness of the 
component layers for each wavelength. 
The reflectivity of such a film is plotted 
with respect to the film thickness in Fig. 
11. 
The low-index film is slightly less than 

1--wavelength thick for blue light. The 
high-index material is deposited until a 
reflection maximum is passed and the 
reflection drops to about 85% of the 
maximum. Since the low-index layer 
is not i-wavelength thick at the point of 
maximum reflectance, the interfering 

rays are not exactly in phase. This 
maximum is, therefore, not as high as it 
would have been if the low-index film 
had been i-wavelength thick. 

For longer-wavelength green light, the 
effective thickness of the low-index film 
is less than for the blue light. The maxi-
mum intensity obtainable for this wave-
length is, therefore, less than it was for 
blue. For these film thicknesses then, 
the reflected intensity for green light has 
just passed its maximum point, and is 
approximately equal to the intensity 
for the blue. And for the red light, 
having the longest wavelength, the inter-
ferring rays are at a point of maximum 
reinforcement, but the resultant intensity 
is equal to that of the green and blue. 

FILM THICKNESS IN WAVELENGTHS 

1-1IGH-INUE X 
MATERIAL 

Fig. 11. Design of an achromatic film. 
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Fig. 12. Characteristics of an achromatic light divider. 

The transmission characteristics of a 
mirror of this type are shown in Fig. 12. 

Discussion 

A. V. Loughren, Chairman of the Session 
(Hazeltine Corp.): The importance of these 
dichroic mirrors in the development work, 
which has been going on recently both at 
RCA and many other places in color tele-
vision, is something to which I can certainly 
testify personally. Our own developments 
at Hazeltine came along far faster than they 
would have otherwise because it was pos-
sible to make arrangements to get some of 
the dichroic mirrors designed by Miss Wid-
dop and use them in our own work. I have 
no doubt myself as to their importance. 

L. L. Ryder (Paramount Pictures Corp.): Is 
any work being done in conjunction with 
these mirrors for high-intensity light levels, 
for instance where they're used in conjunc-
tion with arcs and similar light sources? 
Miss Widdop: Well, the heat-transmitting 

mirror which was the last design shown, 
was developed primarily with that idea in 
mind, that it would efficiently reflect the 
visible light and transmit heat, but it never 
has actually been applied to that purpose. 

Mr. Ryder: The real question is will the 
coating material stand up against these 
extreme heats of the arc? 

Miss Widdop: We don't feel that the films 
could be used as front surface mirrors. If 
they were on the back of the mirror or if 
they were protected, the heat would not 
bother them, as far as our experience has 
shown. We haven't actually had such a 
mirror in use for a long period of time in a 
high-intensity arc, but we have made tests 
with it when it has been in a number of 

7000 

hours. I realize this wouldn't compare with 
the number of hours a mirror would be 
used in practice. The difficulty with put-
ting such a coating on the back surface of a 
curved mirror is that it has to be very uni-
form or a pronounced color will be re-
flected. But the coating could be put on 
the inside surface and another glass put in 
front to protect it. Or a projector could be 
redesigned so that the beam is reflected at 
an angle from a flat mirror and then 
through the film. 
Mr. Ryder: A question pertaining to the 

resolving power of lenses or lens systems 
which have the dichroic mirrors: How do 
lens systems using dichroic mirrors com-
pare with lens systems with no reflection 
mirror? My interest is lens systems for 
motion picture or television cameras. 

Miss Widdop: I'm not sure that I can 
answer that question. The glass on which 
the films are deposited has to be very flat, 
and compensating plates are used to correct 
for astigmatism introduced by the thickness 
of the glass and the angle of the mirrors. 
The films themselves do not introduce any 
distortion. 

Ralph Heacock (RCA Victor Div., Camden, 
N.J.): In answer to Mr. Ryder's comment 
on heat-reflecting mirrors from a practical 
field viewpoint, we made use of some heat-
reflecting mirrors and found that they 
would not satisfactorily stand up in the field 
under high-intensity arc light projection. 
More recently, however, we find with the 
heat-reflecting, inclined mirror, that if a 
draft of cool air is directed over the reflec-
tor, it operates satisfactorily over long 
periods of time. The maximum amperage 
that they have used them under, as far as I 
know, has been about 105 amp with a 10-
mm positive carbon. 
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CBS Color-Television 

Staging and Lighting Practices 

Color-television program production requires more stringent studio practices 
than does monochrome television. Camera and system adjustments must be made 
more precisely, the maximum scenery reflectance level must be reduced, the color 
balance of the studio illumination must be controlled, a higher light level must be 
provided and effects light ratios must be reduced. Careful attention to these 
aspects, in accordance with procedures outlined in this paper, together with an 
understanding of the fundamental difference between color and luminance con-
trast, makes possible satisfactory simultaneous reproduction in both color and 
monochrome. 

COLOR TELEVISION transmission of 
live performances requires an extension 
of those studio practices which have 
proven effective in monochrome opera-
tion.'.2 The color signals transmitted 
must provide satisfactory reproduction 
in monochrome as well as in color in 
keeping with the scanning compati-
bility of the present U.S. standard 
(National Television System Commit-
tee) color-television system.3 This calls 
for the direct application of most of the 
well-established monochrome practices 
together with meticulous attention to 
several aspects which are especially im-
portant in color. Spectral balance, 
transfer characteristics, and image sharp-
ness require the well-informed, coopera-
tive efforts of all production personnel 
to achieve high quality, truly compatible 
color-television programs. These and 
other more specialized aspects are dis-
cussed in this paper under three divisions 
of technical production: camera opera-
tions, staging and lighting. 

Color Television Camera Operation 

In a color television camera, the 
optical image is divided by means of 
filters into red, green and blue images. 
These are converted to video signals 
which are handled through three paral-
lel channels in the camera equipment. 
These signals are encoded, for trans-
mission, into a luminance signal which 
contains all brightness information (lumi-
nance) and into a chrominance signal 
which contains all color information 
(hue and saturation). The two signals 
are combined by means of frequency 
multiplexing within the normal tele-
vision broadcasting channel bandwidth. 

Presented on May 7, 1954, at the Society's Con-
vention at Washington, D.C., by Richard S. 
O'Brien, CBS Television, 485 Madison Ave., 
New York 22. 
(This paper was received on May 21, 1954.) 

In a monochrome receiver, only the 
luminance signal is used. In a color 
receiver, the luminance and chrominance 
signals are decoded to obtain counter-
parts of the original red, green and blue 

signals. These are applied to a color 
picture tube wherein they excite red, 
green and blue phosphors. Combina-
tions of these three " primary" colors 
enable reproduction of a wide gamut of 
colors. 
To achieve satisfactory performance, 

camera facilities must be adjusted to 
provide proper spectral response, ac-
curate matching of red, green and blue 
channel amplitude-transfer character-

By RICHARD S. O'BRIEN 

istics, accurate registration of the three 
images and sharp focus. The same 
basic requirements apply with surpris-
ing similarity to the two types of color 
studio-camera systems in use at the out-
set of color broadcasting. As shown in 
Fig. 1, one of these is the tri-tube camera 
in which the primary color images are 
applied directly to three image-orthi-
con tubes.' The other is a field-sequen-
tial camera& whose sequential signas 
are subsequently converted in the CBS-
Chromacoder ta device equivalent to a 
tri-tube camera) into parallel, red, green 
and blue signals. In this paper, prac-
tices are outlined and rules stated which 
apply to both camera systems, sperific re-
quirements for a particular system being 
noted as they arise. 

Spectral Balance. The red, green and 
blue signal voltages produced by a color-
television camera are influenced by the 
spectral distribution of the illumination, 
by the spectral reflectance of the scenery 
surfaces, and by the spectral response of 
the camera tube and color-filter combi-

Fig. 1. A tri-tube color television camera on the left is compared with a field-sequen-
tial camera used in conjunction with the CBS-Chromacoder system. 
systems produce color signals conforming to the FCC color standards. 

Both camera 
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Fig. 2. Camera Spectral Response Characteristics. The spectral response of a 
typical image-orthicon camera tube is essentially complementary to the spectral 
energy distribution of a typical incandescent source as shown by the solid-line 
curves. The relative response of the taking primary channels of a tri-tube 
camera are shown by the broken-line curves. 

nations. In order for the several cam-
eras in a studio to produce matching 
images, it is necessary that the camera 
spectral response be carefully balanced 
against the spectral distribution of the 
studio illumination. It is the practice 
to adjust the relative response of the red, 
green and blue channels to produce 
equal vicko voltages from a gra test 
object placed in the normal studio illumi-
nation. To insure uniformity in ampli-
tude-transfer characteristics. such spec-
tral-response adjustment must be under-
taken optically, ahead of the image-
orthicon tubes, rather than by video-
channel adjustments. 
The spectral-response characteristic 

of presently available image-orthicon 

tubes, although sufficienily uniform 
among tubes for monochrome operation, 
must be individually corrected for color 

operation. In the tri-tube camera, 
each of the three tubes is required to 
respond to only a limited portion of the 
visible spectrum as shown in Fig. 2. 
In this case, spectral balance may be 
obtained by inserting neutral-density 
(colorless) filters in the optical paths of 
the more sensitive co:ors, until, as a 
convenient comparison, each channel 
reaches saturation at the same exposure 
level. Densities should be balanced to 
within a density step of 0.05 ( 10(jc" trans-
mission). Alternately, color-correction 
filters may be inserted at a point in the 
optical path common to all three chan-
nes, this being the practice in adjust-
ment of field-sequential cameras. 

It should be noted that a change in 
the color balance of the illuminant 
(as would be encountered in taking a 
studio camera outdoors) requires a dif-

Fig. 3A. A typical, linear reflectance step gray-scale test 
chart placed in the normal studio illumination for observation 
through a camera system. 

ferent choice of neutral-density or color-
correction filters. For example, to cor-
rect a camera initially adjusted for 
3000 K studio illumination for use under 
a range of typical outdoor conditions. 
Wratten filters Nos. 83, 85B, 8613 and 
the 81EF series together with a No. 2 
haze filter may be found useful. 

Trançfer Characteristics. As implied 
above, uniformity in amplitude-trans-
fer characteristics among the three 
channels of a color camera is essential. 
If the characteristic of one channel 
differs from the other two, the repro-

duced colors will vary in hue as lumi-
nance values change. For example, if 
the grecn-channel transfer were too 
"steep," a performer's face might change 
from its normal hue toward green as the 
performer moved into brighter light or 
toward magenta in shadow areas. It is 

especially difficult to obtain the neces-
sary uniformity of transfer " tracking" 
in cameras using image orthicons, 
since it is well known that the transfer 
characteristics of these tubes are varia-

ble. As a result of the electron-redistri-
bution process, the characteristics may 
follow anything from a square-root law 
to an essentially linear curve depending 
on target voltage setting, average expos-
ure, highlight-to-average exposure ratio 
and other parameters. To minimize 
these variations the tubes must be ad-
justed so that highlights fall below the 

saturation point or "knee" in tri-tube 
devices rather than above as is common 
in monochrome operation. This mini-
mizes dectron redistribution and pro-
vides a fairly stable, almost linear, trans-

fer, but reduces the output-signal level. 
This in turn requires that the close-
spaced target, type- 1854 tube be used 
in tri-tube devices in place of the familiar 
type 5820 to obtain a satisfactory sig-
nal-to-noise ratio.6 

Also, to maintain the best possible 
signal-to-noise ratio, careful monitoring 
and adjustment of overall exposure must 

Fig. 3B. The red, blue and green video signals from the chart 
shown in Fig. 3A as seen on a gated waveform display. Color-
balancing filters are inserted to cause the top steps of each 
signal to reach saturation concurrently. 
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be carried on throughout a performance. 
For this purpose, a remote-controlled 
iris or equivalent must be provided in 
the common optical path of each camera. 
As outlined in the preceding section, 

the three channels of a color camera may 
be adjusted to reach saturation at the 
same exposure level (common-path iris 
adjustment). In making this adjust-
ment, the target voltages of the three 
image orthicons must first be carefully 
set by means of a voltmeter to a chosen 
potential above cutoff. Higher voltages 
(e.g., 3.0 17) than used in monochrome 
are recommended to further minimize 
electron redistribution effects. Satura-
tion may be observed by noting the con-
currence of compression of the top steps 
of the signals from a gray-scale test 
chart (see Fig. 3A) as the exposure is 
varied equally in the three channels. 
After this adjustment is made, the top 
steps may be set just below saturation 
and the shape of the step-wave signal 
obtained from the gray scale observed on 
the camera-control waveform monitor. 
The monitor should include an elec-
tronic gating system whereby the three 
camera channel signals may be "over-
laid" or placed side by side as in Fig. 3B 
to facilitate tracking adjustment. Small 
departures at lower levels may be com-
pensated for by slight readjustment of 
one or two of the target voltages, and 
by careful adjustment of parameters 

affecting flatness of fields and shading. 

Large departures require selection of one 

or more replacement image-orthicon 

tubes. Shading adjustments must be 
made to achieve flat shading on neutral 
gray backgrounds of 15 to 20% lumi-
nance reflectance and also to achieve 
symmetry of the crossed gray-scale 
waveforms. 
As noted, the tri-tube camera transfer 

characteristic is essentially linear. Thus, 
a linear reflectance gray scale, Fig. 4, 
is desirable as it provides an almost 
linear step-wave display on the camera 
waveform monitor. However, it is a 
specification of the National Television 
System Committee (NTSC) that the 
camera system be corrected to an over-
all gamma of 0.45 ( 1/2.2) to compensate 
for the nonlinearity of the reproducing 
picture tube. A gray scale which follows 
the inverse of this law (gamma = 2.2) 
is useful where a linear waveform dis-
play is desired at a point in the system 
which follows the electrical gamma-
correction device. This scale is also 
of value in scenery-reflectance calibra-
tion and in direct visual observation on 
a picture monitor because its steps ap-
pear nearly equal to the eye. Observa-
tion of either of these gray scales on a 
well-adjusted color monitor provides 
a critical check of transfer tracking which 
can be made quickly and easily. Proper 
reproduction of a neutral gray scale 
is among the most severe tests for trans-
fer tracking in a color system. 
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line scale is a linear reflectance gray scale suitable for camera 

adjustment. The solid-line gray scale is arranged to produce a 

linear wave-form display after gamma correction and is recom-

mended for use in scenery luminous reflectance calibration. 

In connection with overall system 
gamma. it is to be noted that the unity 
gamma relation between input light and 
output light values which is theoretically 
necessary for the best color fidelity pro-
duces rather low contrast, washed-out 
monochrome reproduction. As a com-
promise, an overall gamma of up to 1.5 
may be used requiring an electrical 
gamma correction of 0.7 to 0.8. 

Image Resolution. The three images in a 
tri-tube device must be held in excellent 
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registration to achieve good resolution 
and to avoid color fringing. In making 
adjustments it is common, first to adjust 
the scanning size and linearity of the 
green çhannel which contributes the 
largest portion of fine detail information 
to the luminance signal. The red and 
the blue channels are then adjusted to 
overlay the green channel throughout 
the raster. As an indication of the 
accuracy required, Fig. 5 shows that a 
0.1% horizontal misregistration of the 
red channel results in a 20% reduction in 
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\ 

Fig. 5. Effect of Misregistration on Resolution. The response of tri-image devices to 
fine detail is influenced by the accuracy with which the three images are scanned in 
proper registration. Ideal aperture correction is assumed in this plot to clearly show 
the relative loss in detail response caused by misregistration. 
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Fig. 6. Coarse camera registration is accomplished by over-
laying the three images of the rectangular grid pattern. Fine 
adjustment must seek to obtain the maximum resolution on 
the fan-shaped resolution wedge over the major portion of the 
raster. 

luminance signal response for a 280-line 
resolution test pattern, while a 0.5% 
misregistration produces a loss of 30% at 
line numbers 75 and 255. The rectan-
gular grid pattern on the test chart 
shown in Fig. 6, may be used for coarse 
adjustments, the lines being 0.031 in. 
wide (whereas 0.1% is only 0.024 in. on 
the chart). The resolution wedges, 
however, must be used for fine ad-
justment, resolution of at least 450 
lines being necessary. Registration ad-
justments may be observed on mono-
chrome monitors, the camera monitor-
ing equipment being equipped if possible 
to display camera channels singly, in 
pairs or all superimposed. 
The same procedure applies to the tri-

tube portion of the Chromacoder, the 
test chart being transmitted to the trans-
lation unit through a sequential camera. 

In addition to the loss in resolution in-
curred by slight misregistration, further 
degradation occurs in tri-tube devices 
from the operation of image orthicons 
with highlights below the knee. Opera-
tion above the knee which is normal in 
monochrome applications tends to en-
hance edge contrasts through electron 
redistribution. These enhancing effects 
cannot be achieved in tri-tube color 
devices, because the conditions of opera-
tion whereby they are obtained also 
produce intolerable nonlinearity and 
variability in transfer characteristics. 

In place of these effects, the effective 
sharpness of a color camera is improved 
by the introduction of aperture correction 
which boosts the higher video frequen-
cies. The intent of aperture correction 
is to compensate for the inherent loss in 
fine detail which occurs when the image 
is scanned by an electron beam having 
a diameter (effective scanning aperture) 
which is only slightly smaller than the 
image detail structure. Over and above 
correct adjustment of the aperture cor-

rection amplifiers, it is essential in color 
camera operation that all optical and 
electrical focus adjustments be monitored 
with great care. 

Suggested Camera Operating Rules. 
1. Operate image orthicons in tri-

tube devices below the "knee," riding 
exposure control to hold highlights at the 
proper level. 

2. Accurately set image-orthicon tar-
get-screen voltages to equal voltages 
above cut-off, (e.g., 3.0 v) varying from 
this only slightly to improve transfer-
characteristic matching as determined 
by reproduction of a gray-scale chart. 

3. Balance exposures at the image 
orthicon "knee" on the three color chan-
nels to be coincident within a 0.05 den-
sity step. 

4. Adjust for flat shading of back-
grounds on a gray surface having a 15 to 
20% luminance reflectance value. 

5. Adjust image registration prior to 
making final transfer-characteristic ad-
justments, using the green channel as a 
reference. Adjust to obtain detail reso-
lution to at least 450 lines. 

6. To compensate for limited resolu-
tion, be meticulous in adjusting and 
monitoring optical and electrical focus. 

7. To the greatest possible extent make 
all adjustments correctly in advance of an 
operation and make only emergency 
changes during operation. 

Color Television Staging 

Whereas it is an objective of camera 
operation to generate signals which 
faithfully reproduce the hue, saturation 
and brightness of the original scene, it is 
the purpose of staging and lighting to 
achieve prescribed artistic effects. In-
tentional distortions may be required 
to obtain a certain effect. For ex-
ample, enhancement of color contrasts 
may be required, as is true also in photog-

raphy and pictorial painting, to create 
the illusion of a three-dimensional scene 
on a flat viewing surface. The practice 
of such compensations requires a mutual 
understanding of the problems and close 
cooperation among technical, staging 
and lighting personnel so that adjust-
ments may be made in the most appro-
priate way. 

Fortunately, the more realistic ap-
pearance of color reproduction makes it 
somewhat easier to predict the end result 
than in the case of monochrome. How-
ever, the idiosyncrasies of the television 

facilities detract somewhat from this 
predictability and call for certain allow-
ances in staging practice. Specifically 
to be avoided are: certain colors which 
are reproduced inaccurately, condi-
tions wherein colored backgrounds in-
teract on foreground objects and exces-
sively fine detail which is beyond the 
capability of the system. In addition, 
there is the ever-present requirement 
that a balance be achieved between color 
contrast and luminance contrast to in-
sure satisfactory reproduction in mono-
chrome as well as in color. Proper 
solutions to these and other staging prob-
lems require an understanding of the 
manner whereby staging materials re-
flect light of various wavelengths to pro-
duce sensations of hue, saturation and 
luminance. 

Reflectance of Surfaces. An opaque sur-
face in a scene appears to have color as a 
result of the particular way in which it 
reflects light. Visible light is known to 
include radiant energy components hav-
ing wavelengths ranging from 4000 to 
7000 A (A = Angstrom unit = 0.1 mg 
= 1/4,000,000,000 in.). If these single-
wavelength components were observed 
individually, they would produce color 
sensations ranging from violet (about 
4000 A) through blue, cyan, green, 
yellow and orange to red (above 6000 
A) — the so-called spectral colors. If 
the light reflected from a surface con-
tains relatively stronger components in 
a particular region of the spectrum, it too 
may produce the sensation of a character-
istic color or hue. Such a hue may be 
identified in terms of the particular or 
dominant wavelength of a single com-
ponent which would produce the same 
sensation. The degree to which the 
actual reflected light components are 
concentrated near the dominant wave-
length determines the saturation. A 
highly saturated color has a relatively 
narrow spectral-energy distribution and 
may be thought of as having a high pur-
ity of the dominant wavelength. The 
total strength of the reflected light de-
termines its brightness or luminance 
value. 
Luminance value is measured with ref-

erence to the amount of radiant energy 
which falls within the spectral region of 
the standard luminosity curve. This 
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curve, included in Fig. 7, has been 
chosen by international agreement to 
represent a standardized spectral-sensi-
tivity characteristic for the human eye. 
In monochrome television, the camera 
spectral sensitivity corresponds approxi-
mately to this curve, and the camera 
output signal thus provides a direct 
measure of luminance values. In color 
television, additional steps are involved. 
To obtain a measure of the hue and sat-
uration of colored surfaces, the color-
camera response is broken into rela-
tively narrow portions of the spectrum 
as indicated in Fig. 2. The relative 
amplitudes of the video signals obtained 
from each of these three primary color 
regions are then compared to obtain 
video signals representing color differ-
ences and thus conveying hue and satura-
tion information. Also, the signals from 
the three channels are added together in 
proportions established by their spectral 
positions on the standard luminosity 
curve to form a video luminance signal. 
This luminance signal is essentially simi-
lar to that generated directly by a mono-
chrome camera. It is to be noted 
that the camera basic spectral response 
combined with the spectral distribution 
of the incident light may be assumed for 
the present to be uniformly balanced 
throughout the spectrum, the staging 
problem being concerned with the 
spectral reflectance of surfaces. 

Selection of Colored Surfaces. The selec-
tion of materials and paints for a given 
scene is complicated by the divergent 
requirements of color and monochrome 
reproduction. Color reproduction calls 
for a reduced range of luminance values 
to allow scope for the color-signal com-
ponents. In this case, the lack of lumi-
nance contrast is more than compen-
sated by color contrast, i.e., differences 
in hue and saturation. In monochrome 
reproduction of the same signal, however, 
the benefits of the color contrasts are not 
present and the reduced luminance 
range results in a relatively low-con-
trast image. This conflict between 
color and monochrome contrast will be 
a problem as long as monochrome re-
ceivers are in use. It may be resolved 
by using somewhat desaturated colors, 
and by making up for reduced large-
area luminance values by including 
small, bright, white highlights in the 
scene. 
As in the case of monochrome studio 

practice, the luminance-reflectance scale 
is chosen with respect to the typical 
reflectance of a performer's skin. The 
reflectance of skin differs for various 
spectral wavelengths as shown in Fig. 7. 
That is, it has color — a desaturated 
yellow-pink. However, its luminance 
value of reflectance, measured against the 
luminosity curve as shown, for typical 
fair-skinned individuals falls between 
30 and 40%. The gray scale shown by 
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Fig. 7. Spectral and Luminous Reflectance of Skin. The spectral reflectance of 
human skin varies among individuals, among different areas of each individual 
and as a function of exposure to the sun. The range shown is representative, but 
not all inclusive. The luminous reflectance of any surface is its relative reflecting 
efficiency as measured against the standard luminosity curve and as compared 
to a perfect reflector. 

the solid line in Fig. 4 has been chosen to 
have its top step at about 60%, the en-
tire scale having been shifted downward 
as compared to that recommended for 
monochrome. Large areas of the scene 
should not be allowed to exceed this 
60% luminance reflectance and pref-
erably should be held between 20% 
and 50%, a range of 21 to I. This 
applies to areas which appear larger 
than about one-quarter of the area of a 
performer's face in the camera image. 
This restriction is necessary in order to 
insure that overexposure of the camera 
tubes may be avoided and that there will 
be ample headroom available for super-
imposing the chrominance signal on the 
luminance component in transmission. 
However, it is desirable to allow small 
white highlights to exceed this value in 
order to enhance the luminance con-
trast in monochrome reproduction. 

Scenic design is facilitated if a cata-
log of precalibrated samples of scenery 
materials is made. The samples may 
be calibrated for luminance reflectance 
against the color gray scale as Observed 
through the camera system after the 
manner outlined for monochrome.2 In 
making such calibration, the encoded 
signal should be observed on a mono-
chrome monitor. 

Precalibration of samples with respect 
to their color aspects, hue and satura-
tion, is a little more cumbersome be-
cause of the great number of possible 
combinations of these factors. However, 
it is possible, by means of an electronic, 
vector display of an encoded color signal 
to obtain numerical quantities which 

specify hue and saturation. Hue is 
expressed as a vector angle, saturation, 
as an amplitude in a display which pro-
vides a close analogy to the familiar 
ICI (International Commission on Il-
lumination) chromaticity diagram as 
shown in Fig. 8. An alternative method 
for precalibration could be evolved 
using one of several commercially avail-
able, material color standards as a 
reference for comparison. In the Mun-
sell System, for example, letter and num-
ber designations are assigned to over 
400 samples covering a wide gamut of 
hue and saturation and of luminance 
values as wel1.2.2 Actually, if luminance 
values are held within bounds, very 
little restriction on hue exists and satura-
tions need be kept low in only a few 
cases. At this stage of the art, it is felt 
that any elaborate system for color 
precalibration is unnecessary, so long as 
luminance reflectance values are prop-
erly controlled. Only a few colors may 
cause trouble, particularly those having 
both high luminance and high satura-
tion such as yellows and cyans and oc-
casionally those having very low lumi-
nance such as dark blues and reds. 
Such few colors may be noted and used 
with due care as to luminance condi-
tions. 

Background Surfaces. In large area 
backgrounds, it is important to avoid 
high luminance values in highly satu-
rated colors, particularly those having a 
hue near one of the three camera pri-
maries or its complement. A pre-
dominance of energy in one color may 
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cause overexposure and consequent shift 
in the transfer characteristic in the 
corresponding camera channel (or dur-
ing the corresponding period in a se-
quential camera). The effect is to 
cause foreground objects to shift in hue 
as they are moved in front of the back-
ground color area or as the camera-lens 
acceptance angle is changed, changing 
the relative area covered by the colored 
background in the final image. A 
case to be particularly avoided is a 
high-luminance, high-saturation cyan 
background which, if it overexposes the 
green and blue camera channels, may 
cause faces to turn red. This electronic 
effect is independent of direct optical 
contamination of foreground object color 
by light reflected from nearby colored 
surfaces. 
The use of desaturated or pastel 

colors, matte surfaces, and medium 
luminance values will solve part of the 
background problem. The inclusion 
of patterns or pictorial details in which a 
more or less equal amount of reflectance 
is provided in the three primary colors 
also will help. Scenic backdrops which 
include well-distributed, desaturated. 
primary colors usually reproduce well 
in both color and monochrome. Ex-
cessively busy backgrounds should, of 
course, be avoided. In general, tan, 
beige or pink areas reproduce satis-
factorily and have a minimum effect on 
the most important foreground object 
--- a performer's face. Uniform gray 
areas which contain equal amounts of 
energy in the three primaries are some-
%% hat difficult to use because slight de-
partures from an intended neutral gray 
are easily noted by a viewer. Gray may 
be used in smaller areas. Low key effects 
may be used if the dark areas are partially 

filled in with objects or areas providing a 
reasonably high though not necessarily 
continuous reflectance in all three pri-
mary color regions. Outdoor scenes 
should avoid using the open sky with its 
very high luminance as a background, a 
building, trees or other less luminous 
areas being more satisfactory. 

Clothing and Make-up. Clothing, which 
appears adjacent to a performer's skin is 
subject to the same general considera-
tions as backgrounds. Where the cloth-
ing is intended to be colored, care must be 
taken to avoid saturated colors which 
might cause differential overexposure 
and adverse effects on adjacent skin areas. 
Where clothing is intended to appear 
white, " tattle- tale gray" must be sub-
stituted for the light blue or tan garments 
used to achieve reduced luminance in 
monochrome practice. The "white" 
clothing should have a luminance re-
flectance which does not exceed the 60% 
step of the gray scale. With respect to 
the texture of woven material, the swirl 
pattern which results from the beat be-
tween the texture pattern and the camera 
scanning lines may show up in distracting 
rainbow effects in the color system. To 
avoid this, the material may be replaced 
or the picture composition altered to 
change the relative dimensions of the tex-
ture as compared to the camera raster. 

In addition to being influenced by 
surrounding areas in a scene, the repro-
duction of skin color is complicated by 
the variation of the spectral reflectance 
of skin among individuals (see Fig. 7). 
Also, the color will vary from one part of 
a person to another depending on sun tan 
and other factors. Thus, the objectives 
of make-up for color television are to 
make all visible areas of each performer 

look the same and to achieve reasonable 
uniformity of coloration among the 
several performers. The principal cor-
rection required among individuals in-
volves slight variations along a green-to-
magenta axis. The amount of make-up 
required is normally small enough so that 
the appearance of the performer is quite 
natural on direct observation. In apply-
ing make-up, any direct visual judgments 
should be done under illumination of the 
same type and color balance as that used 
in the studio. A final, on-camera ob-
servation is desirable. 

Ident¡fiable Surfaces. The familiar and 
easily identified packages and trade-
marks of well-known products may re-
quire particular attention to insure their 
reproduction with good color fidelity. 
In some cases, retouching may be re-
quired to achieve the desired final result. 
A number of packages include high-
luminance white areas which may have to 
be toned down toward gray to conform to 
the luminance range limitations. Colors 
can usually be accommodated satis-
factorily although in some cases it will be 
desirable to raise or lower the relative 
luminance of a particular color by re-
touching with black or white paint. In 
addition to the use of direct retouching of 
the packages, slight errors in color rendi-
tion can sometimes be rectified by the use 
of color filters on the camera lens or on 
the light source. This is, of course, re-
stricted to cases where the package is 
viewed alone. In general, it is not ad-
visable to attempt corrections by camera 
adjustment although this, too. may be 
required in special cases. 

Image Sharpness. It has been recom-
mended in monochrome practice' that 
close-up views be used where facial m-
other fine detail is important. In color, 
the need for this is even greater because 
the system imposes a slightly lower limit-
ing resolution than that of monochrome. 
The present-day camera and receiver 
equipment further degrades signal trans-
mission, the overall resolution limit being 
about 15% lower in typical operation 
than for the monochrome system. This 
figure should be kept in mind as a guide 
to how much larger a given object should 
be made in the final image to insure detail 
rendition commensurate with that ex-
pected in the familiar monochrome sys-
tem. It should also be noted that resolu-
tion and sharpness will be further en-
hanced if color saturation is kept low, 
particularly for viewing on monochrome 
receivers. 

Slight additional detail degradation 
will accompany motion because of rela-
tively long storage time in the camera 
tubes (operating without redistribution) 
and because of the slow decay times of 
certain of the color picture-tube phos-
phors. Another factor relating to image 
sharpness is the practice of opening the 
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camera lens aperture one stop wider than 
in the case of monochrome, to compen-
sate partially for the losses in camera sen-
sitivity. This causes a reduction in 
depth of focus making it a more critical 
matter to keep the camera in focus and 
reducing the depth of playing area 
which may be kept in focus simultane-
ously. The increased importance of 
this problem makes it desirable to ex-
amine proposed scenes with a view to 
using shallow playing areas. 

Suggested Staging Rules. 
I. For optimum color reproduction, 

large area surfaces should have a lumi-
nance reflectance not over 60% and pref-
erably between 20% and 50%. 

2. Small white highlights may be 
allowed to exceed these limits in order to 
achieve acceptable luminance contrast 
for monochrome viewing. 

3. Samples of colored materials and 
paints should be precalibrated as to 
luminance value against a gray scale. 

4. Backgrounds should be low in 
saturation, matte-surfaced and of 
medium luminance. Patterns or pic-
torial material which provide reflectance 
in all three primary colors should be dis-
tributed through a scene -- particularly 
in low-key backgrounds. 

5. White clothing must not be worn, 
gray shirts should be used to represent 
white, in place of blues or tans used in 
monochrome practice. 

6. Make-up should be judged "on-
camera" or at least under lighting of the 
same type used in the studio. Care 
should be taken to make all exposed skin 
match. 

7. Identifiable product packages may 
require slight corrective retouching, 
particularly in high luminance whites, in 
order to reproduce correctly in both color 
and monochrome. 

8. Close-up shots should be tightened 
about 15% as compared to monochrome 
to retain equivalent fine detail, when it is 
desired, in the image. Also, scenes may 
have to be designed with shallow playing 
areas. 

Color Television Lighting 

As noted, the hue, saturation and 
luminance signals derived from a colored 
surface depend on the character of the 
incident light as well as the reflectance 
characteristics of the surface itself. Color 
television reproduction, like color photog-
raphy, is influenced by the color quality 
of the light used in the studio. Whereas, 
in monochrome television, the color 
balance of the studio lighting has only 
secondary effects on the gray rendition of 
colored objects, in color television, varia-
tions in illuminant color can result in 
drastic changes in color reproduction. 
Therefore, in addition to the careful ad-
justment of the base light levels and ef-
fects-to-base light ratios, particular care 
must be given to the nature of the light 

1.6 

1.5 

1.4 

3 

1.2 

1.0 

.9 

.6 

tei .7 

id 3  

.4 

.3 

.2 

O 

2850•X 
INCAND / 

1 

/ 

/ I N GCATD"  

à( 

. 

/ 

/ 

/ 

/ 

---1 
.r.......• ••...  1 

• ••••.... 

/.." 

/ 

/ 

••••••• •••..... 
••,..... 

/ TYPICAL DAYLIGHT 
/ " AYL1GHT ' CARBON ARC 

/ 

/ 

/ 

/ 

/ 

/ 

/— 

/ 

/ 
/ 

..• / s' 

4000 4500 5000 5500 6000 
WAVE LENGTH— ANGSTROMS 

6500 70 

VIOLET BLUE GREEN YELLOW RED 

INCANDESCENT LAMP AT 3000. IC 

— — INCANDESCENT LAMP AT 2E1506 K 

TYPICAL MIXED DAYLIGHT 

•—••—•••• "DAYLIGHT CARBON ARC 

O 

Fig. 9. Spectral Energy Distribution of Typical Light Sources. The spectral energy 
distribution of the typical light sources shown are sufficiently smooth for use in color-
television lighting. Intermixture of incandescent lamps and carbon arcs or daylight 
requires filter-correction of one of the two sources. 

source itself. The problems. however, 
are in no way mysterious and are amen-
able to straightforward solutions. 

Sources of Light. Sources of light in 
color television studios must be capable of 
producing relatively high illumination 
levels, must be easily adjusted to the same 
color balance among different units and, 
above all, must have a spectral energy dis-
tribution which follows a smooth curve. 
The narrow, high-amplitude peaks which 
are contributed by the low-pressure mer-
cury arc which excites the phosphor in 
fluorescent lamps, for example, can cause 
serious distortion in the rendition of cer-
tain colors. Although fluorescent lamps 
have been used in some color television 
demonstrations and for industrial appli-
cations, sharply peaked, discontinuous 
spectra of this type should be avoided 
where color fidelity is important. 

Sources which have sufficiently smooth 
spectral-energy distributions include in-
candescent lamps, sunlight and some car-
bon arcs. Representative spectra for 
these sources are compared in Fig. 9. 
If sources having widely differing spectral 
distribution are to be intermixed, they 
must, of course, be corrected by means 
of filters to match in relative energy level 

throughout the visible spectrum. In-
candescent sources are the most suitable 
for present-day television-studio opera-
tion because, in addition to a smooth 
spectrum. they are convenient to handle 
and maintain, they are readily available 
in a wide range of sizes and types and 
they may be easily adjusted to obtain a 
spectral match among units. 

Incandescent Lamps. Although the 
spectral distribution of incandescent 
lamps follows a smooth curve, there is 
not an equal amount of energy in all 
parts of the spectrum. In general, the 
energy is higher at the red end of the spec-
trum and includes components in the 
invisible, infrared region. There is, 
however, ample relative energy in the 
blue end of the spectrum to enable color 
correction to be introduced optically at 
the camera to give the effect of an equal 
energy distribution. The correction is 
facilitated because the camera pickup 
tube has its highest sensitivity in the blue 
region so that the camera response and 
the illuminant distribution are somewhat 
complementary (Fig. 2). It is of greatest 
importance that the spectral distribution 
be made essentially the same for all light 
sources so that the correction introduced 

131 



3.0 

2.8 

2.6 

2.4 

2.2 

20 

2 

1.0 

.8 

.4 

.2 

o 

.6 

LUMENS 

LUMENS / WATT 

REL BLUE CONTENT 

-1-

LIFE 

2600•K 2800°K 3000°K 3200°K 3400•K 
NOMINAL COLOR TEMPERATURE 

Fig. 10. Incandescent Lamp Parameters. Relative values of incandescent-lamp 
parameters are arbitrarily set at unity for a nominal lamp color temperature of 3000 
K to show the relations between total light output (lumens), efficiency (lumens/watt), 
the relative energy at the dominant wavelength of the camera blue primary compared 
to that at the red primary (relative blue content) and (life) as the lamp color tempera-
ture is varied. 

at the camera will be usable throughout 
the studio area. This places some re-
strictions on the choice of lamps and on 
dimming adjustments. 

Light is produced in an incandescent 
lamp by passing an electrical current 
through a small filament of tungsten 
wire, heating the wire to the point where 
it glows. As the current flow is in-
creased, the heat of the filament is in-
creased and the metal progresses from 
being "red-hot" to being "white-hot." 
As it is characteristic for the spectral dis-
tribution of the radiated energy of glow-
ing, incandescent material to follow a dis-
crete curve for any particular tempera-
ture of the material, it is common prac-
tice to describe energy spectra for incan-
descent lamps in terms of "color-tem-
perature." Thus, a 2850 K lamp has a 
spectrum similar to that which would be 
produced by a sample of idealized radiat-
ing material heated to a temperature of 
2850 K. The Kelvin scale of tempera-
ture has degree units equal to those of the 
Centigrade scale, but has its zero at — 273 
C. As the temperature is increased, the 
relative energy level in the blue region 

increases somewhat, causing the pro-
gression from a reddish toward a whiter 
color balance as noted above. 
There are intrinsic relations for a given 

size of lamp (size and shape of filament 
wire) among the total light output, the 
efficiency, the color temperature (and 
thus spectral distribution) and the life of 
the lamp.9 These relations are plotted 
with respect to color temperature in Fig. 
10, from which it is apparent that the 
higher color-temperature lamps (such as 
the 3200 K color photography series) 
produce more and somewhat "whiter" 
light with a drastically reduced life. In 
color television studios there appears to 
be no reason to use other than the 
general service series of lamps which 
range from 2870 K to 3000 K in color 
temperature, there being ample blue 
energy present to enable the camera to be 
properly color balanced even with color 
temperatures as low as 2300 K. The 
important point is to hold all lamps in a 
studio within a limited range which per-
mits them to be intermixed. 
As a rule of thumb, the color tempera-

ture of a lamp may be assumed to 

change about 10 K for every volt depar-
ture from normal applied line voltage 
(120 y). In practice, it is possible to 
intermix lamps which are within a range 
of ± 100 K, requiring voltage to be held 
within ± 10 y for a given type of lamp. 
This allows a reasonable range of dim-
ming adjustment for purposes of balanc-
ing levels and ratios, a 10-v reduction in 
applied voltage corresponding to a 30% 
reduction in light level. However, 
greater amounts of dimming adjustment 
should be used sparingly because they 
produce a large enough change in color 
balance to be noticed through the 
television system. The relative spectral 
energy distributions for several lamp 
operating conditions are compared in 
Fig. 11. Dimmer adjustments may be 
used within limits to balance out dif-
ferences among lamps of different watt-
age ratings which have different normal 
color temperatures, to compensate for 
aging effects (a drop off of as much as 50° 
sometimes taking place), or to compen-
sate for color changes introduced by the 
fixtures (as much as ± 50°). In critical 
work, such adjustments may be made by 
noting relative photocell meter readings 
through red and blue filters, such as 
Wratten No. 25, red; and No. 47, blue. 
Color-temperature meters have been de-
scribed'° which provide a convenient, 
calibrated means for making this type of 
measurement. Meters capable of read-
ing red, green and blue spectral reflect-
ance are useful where these three regions 
of the spectrum are desired to be meas-
ureen 

Some improvement in light-to-heat 
energy ratio on the stage area may be 
obtained by fitting all incandescent fix-
tures with infrared absorbing filters. 
For example, Aklo #3962, cut into 1-in. 
strips and held loosely in frames to pre-
vent fracture from heat-induced strains is 
suitable for this purpose. The nuisance 
of the added element on each light fixture 
must be weighed against the slight im-
provement in comfort for the performers. 
There is no advantage with respect to 
camera performance. 

Lighting Levels. The primary color 
filters in the color television camera re-
duce the amount of light energy reaching 
the camera tube for any one color to less 
than I the amount which reaches the 
tube in a monochrome camera. Addi-
tional losses occur in added optical ele-
ments and in the compensating filters used 
to achieve balanced spectral response. 
The net result is to make the color camera 
sensitivity for correct exposure conditions 
about that of a monochrome camera. 
This applies to both the Chromacoder 
field-sequential camera and to the tri-
tube camera. Although a less sensitive 
pickup tube is used in the latter it is 
operated at a relatively lower exposure 
with respect to its saturation point and 
thus requires a similar light level. It is 
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recommended that about half of this de-
crease in sensitivity be made up by open-
ing the camera lens one stop and the re-
mainder by increasing the light level by a 
factor of 2.5:1. As compared to the rec-
ommended monochrome lighting level' 
of 120 ± 10 lm/sq ft (footcandles) with a 
lens stop of f/8 the color lighting level 
should be 300 ± 20 lm/sq ft with a lens 
stop of f/5.6. For areas which are in-
tended to be reproduced similarly, the 
tolerance should be observed over the 
entire playing area including the back-
ground and due consideration should be 
given to uniformity for all camera angles. 

It is worth noting that this increase in 
base-light level requires an increase from 
60 w/sq ft of actual studio playing area to 
150 w/sq ft for color. It is suggested 
that a minimum of 50 w/sq ft of total 
studio floor area be provided in color 
studios, playing area normally utilizing 
of the total floor space. 
Effects light should be employed as in 

monochrome except that ratios of effects-
light components such as back light, 
modeling light, key light and eye light to 
the base light must be reduced slightly 
over those used for monochrome al-
though at some sacrifice in the contrast of 
the monochrome reproduction from the 
color signal. Compromises must be 
made in individual cases on an artistic-
judgment basis, observing the result on 
both monochrome and color-picture 
monitors. As target values for effects-
light components, it is recommended 
that back light be set between 4 and 1 
times base light and that modeling light, 
key light or other side light be set be-
tween 1 and 14 times base light. Eye 
light and other specular highlight sources 
must be adjusted to achieve the desired 
effect, small, sharp highlights serving to 
enhance the apparent monochrome con-
trast. Care must be taken to maintain 
the level of the light reflected from back-
ground areas within a range from 4 to 1 
times the light reflected from performers' 
faces, requiring that the incident light 
level on the background be about equal 
to that on the performer for normal 
scenes. 
The relative incident light levels may 

be measured with ordinary photoelectric 
exposure meters in the manner used in 
monochrome television. That is, base 
light should be measured first and the 
effects lights added and measured indi-
vidually. In cases where unusual care is 
required, supplementary measurements 
of reflected light may be made, the ratio 
of the lightest to the darkest areas of the 
scene being held to not exceed 5:1 for 
large areas and 20:1 for small areas. 

Special Effects. The possibilities for 
special effects in color lighting are almost 
unlimited. The few precautions which 
must be observed include: (1) Effects 
should be avoided which, although satis-
factory in color, are meaningless or even 
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confusing in monochrome reproduction; 
(2) Care should be taken to prevent pur-
posely colored effects-light from optically 
spilling into adjacent areas of the scene 
thus distorting the color rendition of 
familiar objects; (3) As in the case of 
staging, strong saturated background 
colors which might interact on camera 
tube transfer tracking should be avoided. 

Fixtures equipped with dyed-gelatin 
filters (stage "gelatins") may be used to 
provide readily changed background 
colors on a gray cyclorama backdrop. 
Three sets of fixtures fitted with red, 
green and blue gelatins and so positioned 
as to have overlaying coverages, may be 
differentially dimmed to produce almost 
any desired color at any desired level of 
luminance. It is to be noted that there 
is almost no shift in color as a filtered 
lamp is dimmed because the filter passes 
only a very limited bandwidth within 
which lamp spectrum variations are neg-
ligible. Dimming of color-filtered 
lamps may, therefore, be done without 
restriction. 
Low key effects may be handled by the 

color television system although it is 

desirable to avoid large dark areas be-
cause very slight differences in camera 
shading signals may show up as color-
shading effects. A "fade-to-black" may, 
if shading and setup adjustments are not 
very precisely made, become a fade-to-
magenta; on the other hand, if camera 
adjustment is correctly done, the tri-tube 
camera will be less subject to the spurious 
effects often encountered in monochrome 
operation. To be safe, lighting and stag-
ing should be arranged to insure the pres-
ence of at least some luminous area in all 
parts of the picture raster. The dark 
areas may be allowed to go as low as 
100 lin/sq ft in incident light. 

Spotlight effects can be used if they are 
adjusted to produce a total front light— 
including base light — which does not 
exceed 14 times the normal base-light 
level. Also, the background which ap-
pears behind the performer in the picture 
should be lighted to have a reflected lum-
inance between 4 and 1 times that of 
the performer's face. Arc spotlights, of 
course, must be color corrected with fil-
ters or gelatins to produce a color match, 
as observed visually, with the incandes-
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cent lamps used in the studio unless a 
colored effect is desired. The carbon-
flame arc and high-intensity arc have 
sufficiently uniform spectra to make such 
correction and intermixing possible.i2 

Similarly, the light from rear-pro-
jection devices using arc lamps must nor-
mally be filtered to match the studio il-
lumination in color balance. As an ex-
ample, a 90-amp carbon-arc slide pro-
jector used with a neutral screen has been 
found to be satisfactorily corrected with 
the equivalent of a Wratten No. 86B 
filter. In rear projection, arc sources 
will generally be required for the cover-
age of any area larger than 20 sq ft be-
cause of the high ambient studio light 
and the need to balance foreground and 
rear-projection luminance levels more 
closely for color. Precautions must be 
taken to obtain steady, flicker-free illu-
mination from arc sources. Additional 
color correction will often be required to 
obtain the desired effect from any partic-
ular color slide being used. 

Suggested Lighting Rules. 

1. Use light sources which have 
smooth spectral energy distribution 
curves, such as incandescent lamps. 

2. The standard service series of in-
candescent lamps, having spectral distri-
butions corresponding to color tempera-
tures of between 2800 K and 3000 K, are 
recommended. 

3. Maintain the color balance among 
source units and fixtures within ± 100 K 
(corresponding to ± 10 y). 

4. Do not dim unfiltered lamps to 
lower than 90% of rated voltage (which 
corresponds to 70% of rated lumen out-
put). 

5. Use a base-light level of 300 ± 10 
lm/sq ft. 

6. Use a back-light level of to 1 
times the base-light level. 

7. Use a side-light level (modeling or 
key) of I to 14 times base-light level. 

8. Measure reflected-luminance levels 
with a spot brightness meter in critical 
work and hold large areas of the scene 
within a 5:1 range. 

9. Use "gelatin" filters on three in-
termixed sets of background or cyclorama 
lighting fixtures to obtain a wide gamut 
of background colors. 

10. Correct with light filters the light 
from carbon arcs used in rear projection 
or spotlights to match the light from the 
incandescent studio lights. 

Summary 

As compared to monochrome prac-
tices, color-television live-studio opera-
tion requires a much more careful and 
critical approach. Cameras and as-
sociated equipment must be carefully ad-
justed as to spectral response, transfer 
characteristics, tri-channel registration 
and resolution. Staging must be de-
signed to make the most out of the pres-
ent facilities in order to produce artistic 
results in both color and monochrome. 
Luminance values must be relatively 
lower than in monochrome studios and 
color saturation must be played down in 
large areas. However, color can be 
used almost without limit in smaller 
areas and objects. Lighting, in turn, 
must be controlled as to spectral energy 
distribution and a higher and more 
evenly distributed base level must be 
provided. Effects-light ratios are slightly 
reduced. Dimming is restricted some-
what except in the case of color-filtered 
fixtures used for special effects. Almost 
unlimited color effects are possible 
through combinations of staging and 
lighting control so long as the transmitted 
signal provides the luminance contrast 
required for monochrome reproduction 
as well as the color contrast (with reduced 
luminance range) desirable in color re-
production. 

Future progress in color-television 
studio operation depends to a large de-
gree on the development of cameras 
having better resolution, improved sta-
bility of transfer characteristic and a 
greater luminance acceptance range. 
Improvements in color picture tubes are 
also needed to realize the full potenti-
ality of the NTSC system of transmis-
sion. However, even with present 
equipment, good results can be obtained 
through careful attention to details in 
camera operation and in studio staging 
and lighting practices. 

Acknowledgment 

The author gratefully acknowledges 
the stimulative and helpful suggestions 
offered by William B. Lodge, Vice-
President in Charge of Engineering, and 
by Howard A. Chinn, Chief Audio-
Video Engineer for CBS-Television, in 
the preparation of this paper. The ex-
tensive help in establishing certain facts 
rendered by members of the CBS-Tele-
vision color operations groups, particu-

larly by John L. Koushouris, E. Carlton 
Winkler, Charles G. Barkley and Salva-
tore Bonsignore, is greatly appreciated. 

References 

1. Richard S. O'Brien, "CBS Television stag-
ing and lighting practices," Jour. SMPTE, 
55: 243-264, Sept. 1950. 

2. Howard A. Chinn, Television Broadcasting, 
McGraw-Hill, New York, 1953, chaps. 4 & 
7. 

3. FCC Public Notice, "Final Color Television 
Decision," No. 53-1663, mimeo., 98948. 

4. "Terminal Equipment for the RCA Color 
Television System," Petition of RCA and 
NBC, Inc., for Approval of Color Standards 
for the RCA Color Television System, Ex-
hibit 9, p. 435. 

5. P. C. Goldmark, J. W. Christensen and 
J. J. Reeves, "Color television-U.S.A. 
Standard," Jour. SMPTE, 57: 336-381, 
Oct. 1951. 

6. R. G. Neuhauser, A. A. Rotow and F. S. 
Veith, "Image orthicons for color cameras," 
Proc. IRE, 42: 161, Jan. 1954. 

7. Ralph M. Evans, "An Introduction to Color, 
John Wiley and Sons, New York, pp. 215-
218. 

8. Optical Society of America, The Science of 
Color, T. Y. Crowell Co., New York, 1953, 
pp. 334-340. 

9. General Electric Co., "Lamp Bulletin," Bul-
letin LD-1, Oct. 1950, pp. 19 & 55. 

10. G. H. Dawson, D. E. Grant and H. F. Ott, 
"A precision color temperature meter for 
tungsten illumination," Jour. SMPTE, 59: 
309-312, Oct. 1952. 

11. F. F. Crandall, Karl Freund and Lars Moen, 
"Effects of incorrect color temperature on 
motion picture production," Jour. SMPTE, 
55: 67-87, July 1950. 

12. F. T. Bowditch, M. R. Null and R. J. 
Zavesky, "Carbon arcs for motion picture 
and television studio lighting," Jour. 
SMPE, 441-453, June 1946. 

Discussion 

Stuart M. Cadan (Naval Photographic Center): 
As in the case of monochrome television, when 
you increase target voltage you must increase the 
beam current proportionately to discharge the 
target. This increases the noise level. What is 
the effect of this on the color television image? 

Mr. O'Brien: One must achieve a compro-
mise adjustment. Because noise is increased, it 
is common to run beam current at the lowest 
value which will just discharge highlights. Inci-
dentally, the use of a limited range of luminance 
values in the stage setting, by holding highlights 
down, makes it possible to keep beam current 
low. 
An interesting additional point to note is that 

the noise components from the three camera 
channels add in quadrature, whereas the lumi-
nance portions of the signals are combined 
linearly providing a gain in effective signal-to-
noise ratio. Also, the close-spaced (target to 
target-screen spacing) type image orthicon used 
in tri-tube devices has an inherently better 
signal-to-noise ratio than the tube more com-
monly used in monochrome cameras. 
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Discharge Lamps and 

Color Television 

New types of high-efficiency discharge lamps are being used increasingly to light 

many areas, including sports stadiums and arenas where color TV pickups are 

often made. Colorimetric calculations and live TV tests show that, despite some 

color distortion due to the light-source spectra, TV color quality is adequate for 

remote pickups of sports and other events. Suggestions are given for lighting-system 

design and for meeting operational problems related to remote pickups under 

discharge lamps. 

NEW TYPES of high-intensity discharge 
lamps are being used more and more for 
general lighting in areas where color-
television pickup occurs. Mercury vapor 
lamps have long been accepted in street 
lighting and industrial lighting applica-
tions. Now the introduction of high-
pressure sodium and metal-halide dis-
charge sources, plus better color correc-
tion for mercury lamps, has brought these 
sources to sports arenas, stadiums and 
exhibition halls. Their high efficiency, 
good optical control and long life result 

A contribution submitted on October 14, 1968, 
and in final form on February 20, 1969, by 
Richard E. Putman and Joseph F. Wiggin, 
Visual Communication Products Dept., General 
Electric Co., Electronics Park, Syracuse, NY 
13201; Charles N. Clark and H. G. Williams, 
Large Lamp Dept., General Electric Co., 
Nola Park, Cleveland, 011 44112. 

By R. E. PUTMAN, J. F. WIGGIN, 

C. N. CLARK and H. G. WILLIAMS 

in lighting systems that produce more 
light, less heat and a lower overall cost 
per lumen-hour than incandescent lamp 
systems. 

Color television requires higher levels 
of illumination — particularly on vertical 
or near-vertical planes — than general 
lighting systems usually supply. Levels in 
the range of 200 to 300 fc maintained in 
service are presently suggested for sports 
events in several reports published by 

Illuminating Engineering Society com-

mittees and members." Satisfying these 

requirements with incandescent lighting 
alone could result in excessive heating 
loads for air-conditioning equipment and 
the possibility of uncomfortable radiant 
heating effects even if the air is cooled. An 
all-incandescent lighting system also in-
volves relatively expensive wiring and 

Fig. 1. Examples of 400-W high-intensity discharge lamps. 
Lrft: clear mercury lamp ( Deluxe White mercury lamp has 

phosphor coating of outer bulb); center; LucaloxTm high-

pressure sodium lamp; right: Multi-Vaporni metal-halide 

lamp. 
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high electrical energy costs because of 
the wattage required. The discharge 
sources, then, are particularly desirable 
for supplying high levels of illumination 
over large areas where lighting will be 
designed for color television as well as for 
the seeing requirements of the spectators 
present. 

Questions remain of what effect these 
sources will have on picture color quality 
and of what practices to follow to insure 
best results when televising with light 
from those sources. The effects of the 
color properties of three important dis-
charge sources (Fig. 1) on a color tele-
vision system are examined and com-
pared with the effects of incandescent 
lamps. The results of both theoretical 
calculations and live tests are reported. 
Suggestions for lighting system designs 
and operational considerations for tele-
vising with these sources are given. 
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Fig. 2. "Deluxe White" phosphor-coated mercury lamp — 

initial spectral power distribution of typical 400-W size. 
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Fig. 3. Metal-halide lamp — initial spectral power distribution 
of typical 400-W size. 

The Sources 

The arc in a mercury vapor lamp 
generates "lines" of energy in the ultra-
violet, blue, green and yellow portions of 
the spectrum. In the newest mercury 
lamps (called "deluxe white"), an 
europium-doped yttrium-vanadate phos-
phor coating of the outer bulb converts 
the ultraviolet energy to red light. The 
result of the added red is a white light 
that, to the eye, is fully as acceptable in 
color quality as that from any of the 
standard white fluorescent lamps. The 
efficacy of deluxe white mercury lamps in 
the 400-W size is 54 lumens per watt 
(lm/W) initially. In service, the average 
efficacy is 39 to 48 lm/W depending on 
whether lamps are group replaced or 
allowed to burn out. Efficacy of the 
1000-W size — often used in high-
mounted installations — is about 8% 
higher initially. Apparent color tempera-
ture of the light is about 3600° K. Figure 
2 shows the spectral power distribution. 
A second discharge lamp type (called 

"Multi-Vapor"*) uses metal halides in 
addition to mercury to produce a large 
number of spectral lines. These lines are 
located throughout the spectrum, pro-
ducing white light with an apparent 
color temperature of about 5000° K. 
Initial efficacy of 400-W metal-halide 

* Registered trademark, General Electric Co. 
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Fig. 4. High-pressure sodium lamp — initial 
distribution of typical 400-W size. 

lamps is 79 lm/W; average in-service 
efficacy is 58 lm/W. Initial lm/W of the 
1000-W size is about 14% higher. Figure 
3 shows the spectral power distribution. 

High-pressure sodium lamps (called 
"Lucalox"*) are the most efficient of the 
high-intensity discharge sources. Operat-
ing a sodium-vapor arc at high pressure 
results in white light but requires an arc 
tube material that will not be corroded 
by the sodium. The quartz used in 
mercury and metal-halide arc tubes is 
attacked by sodium vapor, so a new 
material — a pure form of aluminum 
oxide — is used to contain the arc. Initial 
efficacy of the 400-W lamps is 105 lm/W; 
in service the mean efficacy is 96 lm/W. 
Apparent color temperature of the lamps 
is about 2200° K. Their spectral power 
distribution is shown in Fig. 4. 

Incandescent tungsten and tungsten-
halogen (Quartzline*) lamps have an 
efficacy of about 21 lm/W when operated 
at 3000° K, and about 27 lm/W at 
3200° K. Typical spectral power distri-
butions are shown in Fig. 5. In comparing 
the efficacies of incandescent vs. discharge 
lamps, power consumption of the dis-

3200 K 

300 350 !WO 

3000 K 

450 SOO 550 600 650 

WAVELtNUTH (Nanometers) 

Fig. 5. Incandescent or tungsten-halogen lamps — spectral 
power distribution at various apparent color temperatures. 

700 750 

650 7123 

spectral 

750 

power 

charge lamp ballasts should be taken into 
account; they were not included in the 
efficacies cited earlier. A broad general 
comparison of incandescent and tung-
sten-halogen lamps with all types of dis-
charge lamps suitable for television 
lighting was made in an earlier paper.' 

Color Calculations 

The effect of these three types of 
discharge lamps on the televised colors of 
eight test objects was investigated. The 
intent was to predict the type and size of 
color shifts resulting from the use of these 
lamps alone and in combination with 
tungsten lamps, when viewed on the 
monitor of a TV chain adjusted for white 
balance in each case. The reference for 
color shift was tungsten illumination.8 

Such predictions, combined with 
actual viewing under laboratory and field 
conditions, should provide helpful guid-
ance in application of the lamps and 
operation of the TV system. Further-
more, such a calculation procedure 
could possibly lead to a "TV Color 
Rendering Index" analogous to the Color 
Rendering Index6 now being applied to 

400 500 600 

---- WHITE 

-- BLUE 

GREEN 

  RED 

WAVELENGTH - NANONETER5 

Fig. 6. Relative spectral sensitivity of the three color channels 
plus the white ( or luminance ) channel for a typical 4-tube color 
camera. The j, curve is the spectral luminous efficiency of the 
normal human eye (USAS Z7.1-1967). Curves are all normalized 
to peak at 1: 00; therefore, differences in absolute sensitivity 
are not depicted. 
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Fig. 7. Spectral characteristics of four test colors. 
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Fig. 9. Spectral reflectance of human 
cheek, without makeup. Data are for a 
weighted average of the U.S. populace 

in 1948, including variations in geo-
graphy, race, occupation and selc.5 

light sources for ordinary visual situa-
tions. 
The camera-response curves used are 

shown in Fig. 6, and spectral data on the 
test objects are shown in Figs. 7, 8 and 9. 
The skin color used was the "weighted 
average American."5 
The chromaticities of the eight colors 

were calculated as reproduced on a color 
monitor adjusted for a chromaticity 
equivalent to D5500 and fed from a four-
tube color camera using 55875 tubes. 
The electronic processing equipment was 
assumed to be error-free so that gamma 
correction, encoding, decoding and track-
ing would introduce no errors in color 
reproduction. The computations were 
based on the assumption that the camera 
was adjusted for white balance — that is, 
all four signal voltages would be at the 
reference level of 100 IRE units on the 
waveform monitor when the camera was 
viewing a white card. This implies that 
there is plenty of reserve gain in the 
processing amplifiers and that no signal-
to-noise ratio or lag problems exist due 
to shortage of light of any color. 
The reproduced chromaticities of the 

colors were computed for the CIE Uni-
form Chromaticity Scale color triangle 
(the so-called "u,v, diagram")'2 in order 
that chromaticity shifts would have 
nearly equal weight for all the test 
objects, no matter where they fall in the 
triangle. The standard of comparison 
used was a system with the monitor set 
to match the chromaticity of Illuminant 
D6500 and the scene illuminated by 
3000° K tungsten light alone. These con-
ditions are used as a base of comparison, 
because we felt that reproduction by the 
camera and monitor would thus be ac-
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Fig. 8. Spectral characteristics of four test colors. Wratten .85 

is only a moderately good approximation to skin color, but is 
useful as a convenient, reproducible laboratory representation 

of the color of human skin. 
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1960 C.I.E. uniform chromaticity scale diagram 

Fig. 10. 1960 CIE Uniform Chromaticity Scale diagram. 

= object color 
blackbody 
directly. 

= object color under 3000°K 
tungsten lamp, viewed on color 
monitor trimmed at 6500°K 
white. 

X = object color under test lamp or 
combination of lamps, viewed 
on color monitor trimmed at 
6500°K white. 

= measure of hue shift of color 
sample under test source vs 
3000°K tungsten, both viewed 
on monitor 

=- measure of hue shift when color 
sample under 3000°K tungsten 
source LI viewed on monitor at 
6500°K white, vs same sample 
viewed directly under 6500°K 

ceptable by most observers. We recognize 
that this system is not perfect, but we 
believe that it does provide the most 
direct and readily understandable base. 

For purposes of comparison, we 
assigned numerical values to the com-
puted chromaticity shifts. The units are 
based on distances on the u,v diagram — 
each unit representing 0.001 in any 

under 6500°K 
source, viewed 

aT 

bL 

TX 

LT 

blackbody source. In effect, this 
is a measure of the inherent 
hue shifts due primarily to the 
color transfer characteristics of 
the TV chain. 

-= a measure of saturation change 
due to test lamp vs 3000°K 
tungsten lamp. 

= a measure of saturation change 
inherent in the TV system. 

= vector chromaticity shift of 
color sample under test lamp 
vs 3000°K lamp, viewed on 
monitor. 

= vector chromaticity shift of 
color sample viewed on monitor 
vs viewed directly. 

Luminance changes are not shown in this diagram. 

direction on the diagram (Fig. 10) or 3ío 
the width of one of the small squares. In 
terms of perceived color, a shift of 5 units 
would approximate the amount of color 
change introduced by a Wratten color-
correcting (CC) filter of 0.05 d to 0.10 d, 
depending on the exact chromaticity 
involved. We believe that, for average 
observers, a hue shift of 10 units or a 
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saturation shift of 15 units would repre-

sent the threshold of significant color 
change of typical scenes on a TV monitor. 

Color shifts less than these would, in 
many cases, not even be noticed. 

The results of the calculations are 
shown in Table I and can be summarized 

as follows: The most significant effect is 
the relative weakness of the red signal 
when the colored subjects are illuminated 
by any of the discharge lamps. As a 

result, magenta colors are shifted toward 
blue, yellows toward green and reds are 
desaturated by significant amounts as 
compared to tungsten illumination. In 
addition, cyans are shifted toward blue, 
greens toward yellow and blues toward 
magenta, but these shifts are generally 
small enough so that the resulting color 
reproduction would be judged good. Hue 
shifts in the red region are all very slight. 
As would be expected, an equal-lumen 
mixture of tungsten with a discharge 
lamp approximately halves the size of 
the shifts, so that only the desaturation in 
the reds would be considered a significant 
effect on color reproduction. 

Perhaps most significant of all the 
calculated results are those obtained for 
the skin color of Fig. 9 which are shown 
in Table II. 

Although in all cases reproduced color 
was shifted in hue slightly toward yellow 
and was slightly desaturated compared to 
tungsten, the shifts were so small as to be 
considered of negligible importance. 
The choice of 10 units in hue and 15 

units in saturation as the limits for sig-
nificant color shifts is, of course, arbi-
trary. Seeking confirmation of their 
appropriateness, we set up colors similar 
to the test colors in the laboratory and 
televised them under conditions approxi-
mating those assumed for the calcula-
tions. The opinion of several observers 
was that the color shifts observed on the 
monitor matched the predicted direc-
tions, and that only the larger shifts were 
noticeable. Complexions observed at the 
same time appeared acceptable under all 
the lamps, confirming the calculated 
prediction that complexion shift would 
be relatively small. 
The vector shifts in Table I represent 

the total chromaticity change (hue and 
saturation combined) for each color. 
Averaging the vector shift gives a rough 
measure of the total "color distortion" of 
the source. It is interesting to note the 
vector shifts for tungsten light, which 
indicate the color distortion inherent in 
the TV system. The average hue shift for 
tungsten is 5.2, the saturation shift is 
32.5 and the vector shift is 33.1. The 
shifts for the discharge lamps are in 
addition to these shifts, and are generally 
smaller. It should be noted that the shifts 
for tungsten light only represent the TV 
system as we know it now. All calcula-
tions and results are based upon the phos-
phors that are similar to what is being 

Table I. Calculated Chromaticity Shifts of Eight Color Samples. ( Units are thousandths 
on u,v diagram.) 

Hue Shifts 

Average 
absolute 

Lamp shift 
Samples shifted 
over 10 units 

Saturation Shifts 

Average 
absolute Samples shifted Average 

shift over 15 units absolute 

Vector 
Shifts 

Sodium 

Metal-Halide 

Deluxe Hg 

Tungsten 

8.8 Mag Cyan Blue 20.2 Blue -F Red-Yellow- 24.8 
Yellow —* Gr 

9.3 Mag Blue 18.5 Red- 23.8 

9.9 Gr —› Yel, Yel --> Gr 7.6 Blue Yellow-
Mag Cy —9. BI, BI 
Mag 

Mag —› Blue 

5.2 Blue —› Cyan 

13.4 

32.5 All but Yellow 33.1 

used in color kinescopes today. The co-
ordinates used were: 

G 

u 
0.489 
0.181 
0.122 

0.351 
0.107 
0.373 

This compares with the NTSC phos-
phor coordinates of: 

0.477 0.352 
0.156 0.134 
.076 0.384 

If the original NTSC values had been 
used the errors for tungsten light would 
have been reduced. The use of electronic 
masking will greatly reduce the shift in 
hue and saturation, and improvements in 
spectral sensitivity of the pickup tubes 
will further reduce the shift. A combina-
tion of improved spectral response of the 
system and the use of electrical masking 
will give much-improved system per-
formance. 
The exact values obtained by the cal-

culations discussed here will obviously 
depend on the television system spectral 
sensitivity, transfer characteristics, moni-
tor adjustments and tolerances on all 
elements. The test colors used are of great 
importance. The influence of such other 
factors as luminance shifts and observer 
adaptation when viewing the monitor, 
has not been explored, and may need to 
be taken into account in any future 
studies. Thus, the calculations should 
probably be taken as indicative, but not 
conclusive. 

Lighting Experiments 

To help define the requirements for 
color televising of indoor sports in arenas 
and gymnasiums using discharge sources, 
informal experiments were conducted 
using a four-tube color camera system, a 
monitor and various types of light sources. 
The work was done in an industrial 
lighting demonstration area, where vari-
ous discharge lamps are used in ceiling-
mounted industrial lighting equipment 
of the type frequently used for lighting 
arenas and gymnasiums (see Fig. 11). 

Live subjects were televised under 
"deluxe white" mercury, metal halide 

Table II. Calculated Chromaticity Shifts 
of Weighted Average American Com-
plexion. (Units are thousandths on u,v 
diagram.) 

Hue shift 
of skin 

Sodium  2 yellow 
Metal Halide  4 --> yellow 
Deluxe Mercury  5 —› yellow 
Tungsten  0.7 —+ red 

Sat. 
shift of 
skin 

7 — 
6 — 
1 — 

16 — 

and high-pressure sodium sources in the 
overhead luminaires, both with and 
without supplementary lighting from 
tungsten-halogen incandescent lamps in 
portable lighting equipment. 
The camera chain was balanced for 

each lighting condition and a photograph 
was taken of the subjects on the monitor 
for that condition. Daylight negative 
color film (Ektacolor CPS) was used 
without camera filters; when slides and 
prints were made from the negatives, 
each was processed equally. Figures 12 
and 13 illustrate the types of photos 
obtained. 
The tungsten-halogen supplementary 

lighting was used in anticipation of the 
dual problem of insufficient vertical-
surface illumination and poor modeling 
effects when overhead lighting is used 
alone. Figure 12 shows the subjects under 
the first row of overhead fixtures, simu-
lating a sideline location on a basketball 
court that has lighting equipment only 
over the court. Adding supplementary 
lighting at 45° was necessary to eliminate 
the deep shadows and make the vertical 
surfaces properly visible (Fig. 13). The 
problem is, of course, not as serious at 
locations within the court. The ratio of 
horizontal-surface illumination to verti-
cal-surface illumination for the various 
scenes tested was between 3 to 1 and 
10 to 1 without supplementary lighting, 
between 1 to 1 and 3 to 1 with it. The 
ratio varies according to subject location 
within the court. Horizontal-surface il-
lumination from the overhead discharge 
sources alone varied from 200 to 500 fc 
depending on the source. Vertical sur-
face-illumination from the overhead and 
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Fig. 11. An overall view of the test site. Discharge sources were used in overhead 
industrial-type lighting equipment, with supplementary lighting from portable tung-
sten-halogen units seen at upper left. 

supplementary sources together varied 
from 100 to 400 fc. 
The reactions of those observing the 

test were that all the televising under the 
discharge sources, both with and without 
supplementary lighting, produced pic-
tures with color quite acceptable for in-
door sports coverage. This checks with 
the results of the calculations and lab-
oratory observations noted above. Fur-
thermore, lighting with different sources 
from different directions did not produce 
noticeably unnatural color effects on the 
subjects. This should not be surprising, 
because we are accustomed to seeing key 
and fill light of different colors outdoors. 

It was also concluded that supplemen-
tary lighting should be added to typical 
arena overhead lighting systems to 
achieve good modeling and sufficient 

vertical-surface illumination — par ticu-
larly for sideline locations. 
The desirable levels of illumination 

were found to agree with those stated by 
others.' -3 While a picture, of sorts, 
could be obtained with about 50 fc on 
vertical surfaces, a latitude of at least two 
additional aperture stops (four times the 
footcandles) is desirable for close-ups 
using lens-extenders, for variable field 
conditions such as low-reflectance scenes, 
for better depth of field, and to overcome 
variations in camera sensitivity and 
depreciation of electronic equipment. 

Lighting System Design Considerations 

Lighting system requirements for color 
televising sports events has been docu-
mented elsewhere,' -3 and installations 
have been described.7-'0 Specific lighting 

Fig. 12. A photograph of the monitor with lighting in the scene 
coming from overhead discharge sources alone. This simulates 
a sideline position of players with no lighting equipment located 
ahead of the subjects. The ratio of horizontal to vertical surface 
illuminatioa is about 10:1. 

design considerations will be presented 
here — particularly as applied to indoor 
sports. 
The overhead lighting system in the 

typical gymnasium, arena or field-house 
supplies insufficient quantity and quality 
of illumination for color television. When 
high-intensity discharge sources are used, 
they are generally in typical industrial 
luminaires which concentrate light down-
ward. The resulting vertical-surface il-
lumination within the lighted area will 
be one-fourth to one-third the horizontal 
illumination. If lighting is located only 
over the playing area, the illumination 
at the sideline on a vertical surface facing 
outward can be less than one-tenth the 
horizontal-surface illumination. 

For an existing installation using over-
head lighting or a proposed installation 
where televising will be infrequent, a 
separate supplementary lighting system 
is suggested, based on the tests described 
above. The best choice is probably 
a system employing tungsten-halogen 
lamps, because of its low initial cost — 
the major consideration where televising 
is infrequent. If televising will be fre-
quent, a discharge source should be con-
sidered because of its lower operating 
cost. Here, the high-pressure sodium or 
metal-halide lamps may be more appro-
priate than phosphor-coated mercury 
lamps because of their better optical 
control. 
The supplementary lighting system 

must control light accurately so as to 
produce maximum illumination where it 
is needed most (usually at the sideline) 
and to prevent glare. Figure 14 shows a 
suggested location for supplementary 
lighting equipment. An elevation of about 
45° above the near sideline will permit 
effective amounts of light to be directed 
to this area without excessive glare. 
Shielding of the lamps should be provided 

Fig. 13. A photograph of the monitor with overhead lighting 
from discharge sources as in Fig. 12, and with added front 
lighting at 45° elevation from tungsten-halogen lamps. The 
ratio of horizontal- to vertical-surface illumination is about 

1.5:1. 
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Fig. 14. A suggested approach to lighting a gymnasium for television pickup. Light from 
supplementary equipment, added to light from the overhead system, solves problems 
of low illumination level and poor modeling effects. Care needs to be taken to shield 
the supplementary equipment, to prevent glare for spectators on the opposite side of 
the gymnasium. 

for spectators on the opposite side. Some 
light should be provided toward one or 
both end zones if camera sight lines are 
through the ends of the court. 

If lighting is desired for televising the 
spectators, additional lighting equipment 
should be located at an angle of about 
45° above the spectators' eyes. 

If an overhead lighting system pro-
duces too little light relative to that 
coming from a supplementary system at 
the side, the results can be strong shadows 
of the players cast across the floor, flat 
lighting with no highlights and a low 
visual adaptation level for spectators and 
players, making them more conscious of 
the supplementary lighting. Proper quan-

tities of illumination from overhead 
lighting both for spectator enjoyment and 
television pickup will probably require 
discharge lamps because of operating cost 
and heat considerations. A ratio of hori-
zontal to vertical surface illumination 
between 1:1 and 3:1 is generally appro-
priate. 

Consideration should be given to light-
ing indoor sports areas, particularly 
where color televising is frequent, in a 
manner similar to that used in stadium 
lighting. Directing light into the playing 
area from several sides will improve visi-
bility of the game both for spectators and 
television. Care must be taken to shield 
the sources and keep the equipment at 
an angle high enough to prevent glare. 
Light should come from both sides of the 
playing area for proper highlighting and 
shadow fill. Discharge sources would be a 
logical choice for such an approach. 
Minimum illumination level recom-

mendations for color television generally 
assume the use of incandescent sources, 
and will not necessarily be applicable for 
discharge sources. A factor should be 
applied that accounts for sensitivity of 
the camera to the spectrum of the par-
ticular source. In the typical four-tube 
camera system studied, the following 
relative luminance-signal-per-lumen fig-. 
ures were obtained by calculation: 

Incandescent (3000° K) 
High-pressure sodium 
Metal halide 
"Deluxe White" mercury 

1.00 
0.72 
1.05 
0.91 

Footcandle recommendations based on 
incandescent lighting should be divided 

by the appropriate figure to find the foot-
candles needed from discharge lamps to 
provide an equal video luminance signal. 
The exact figures will, of course, vary 
among different brands and types of 
cameras. 

Uniformity of spectral quality through-
out a scene is desirable, especially on 
close-ups of people, as at conventions; it 
may be a less severe requirement at sports 
events. Spectral uniformity throughout a 
scene is also important when a camera is 
panned. Therefore, the lighting designer 
should plan for as intimate and uniform a 
mixture of light as possible when com-
bining different sources in the same 
installation. 
Where daylight will be an appreciable 

factor in the lighting system at times 
when color TV will be used (as in sky-
lighted arenas and outdoor stadiums), 
there may be advantages in using dis-
charge lamps of relatively high apparent 
color temperature. This would minimize 
color shifts during the transition from day 
to night and also would reduce the color 
contrasts that could result from uneven 
mixtures of daylight and electric light 
within the televised scene. 

Operational Considerations 

Lag and Noise 

In all the calculations discussed earlier, 
the procedure used automatically bal-
anced the color camera for white. In 
other words, if there was a deficiency in 
blue light, the blue gain was increased to 
compensate for it. From a colorimetry 
point of view, this is correct; the camera 
is balanced. However, from a practical 
point of view, this changes many of the 
operating parameters of the camera 
chain. 

Table III. Camera Signal Currents for 
Constant TV Luminance. ( 3000 °K Tung-
sten = 1.00; Typical 4-tube camera.) 

Lamp Red Green Blue 

Sodium  1.69 0.84 0.55 
Metal Halide . .   0.74 0.92 1.75 
Deluxe Mercury 0.85 0.89 1.59 

Table III gives the camera signal 
currents for the red, blue and green 
channels for the three discharge lamps. 

In the camera design, the three signal 
currents are made as nearly equal as 
possible for tungsten light, in order to 
minimize color lag. When the spectral 
quality of a lamp results in reduced color 
signal current, there is a tendency to 
introduce two unfavorable effects: 

First, since gain must be raised to 
balance for white, there will generally be 
a decrease in signal-to-noise ratio in that 
channel. This is because the primary 
source of noise is that of the input stage, 
and not the pickup tube. 

Second, since signal current is lower, 
lag will be greater for this color channel. 
Thus, in the case of the sodium lamps, 
there would be blue (or yellow) lag on 
fast-moving subjects. The reverse is true 
for the metal-halide and mercury lamps 
where red (or cyan) lag would occur. 
When discharge sources are blended with 
each other or with tungsten, the signal 
unbalance is reduced. 

However, despite the theoretical prob-
lems with lag and noise, no serious 
problems were observed in the laboratory 
tests referred to earlier. Obviously 
though, the objectionability of such 
effects is subjective and would also 
depend on the program quality level 
required. The effects are also dependent 
on the particular camera design — 
three-tube vs four-tube, design values of 
color-channel signal current, etc. 
Camera color filters to balance the 

discharge lamp spectrum nearer to tung-
sten could eliminate any possibility of 
noise or lag problems. (This is generally 
done to balance the camera for daylight.) 
But such filters would, in effect, reduce 
the light level and offset some of the 
advantages of the high-efficiency dis-
charge sources. 

Scene Shifts 

One of the common TV field problems 
results when the same camera is used to 
cover both an announcer from close-up 
and the field or arena, either simultane-
ously or successively. Obviously, if the 
camera is balanced for the discharge 
lamps lighting the large arena, ordinary 
incandescent supplementary lighting on 
the announcer will be out of balance. 
One possible answer is to use similar 
lighting on the announcer. Discharge 
lamps can generally be put in scoop-type 
units and could be adapted into other 
types of portable lighting equipment. A 
second possibility is the use of color-
compensation filters, which can be incor-
porated into the camera filter wheel. The 
specific filter would have to be selected by 
trial or calculation to fit the lighting 
condition. Finally, suitable filters could 
be used over the incandescent lighting 
units to approximately balance their 
color to that of the discharge lamps. 

This problem is very similar for an 
arena or stadium at night and for an 
outdoor scene in daylight. In the first 
case, the playing area and announcer 
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may be lighted by lamps of different 
spectral quality; in the second case, part 
of the field may be in full sun and the 
announcer lighted only by skylight 
and/or artificial fill. However, with all-
electric illumination, there is a good 
opportunity for controlling the differ-
ences. A little advance planning will help 
ease the problem, if not eliminate it. 

Gray Scale 

One of the common problems in field 
pickups is lack of a readily available gray 
scale for white-balancing the camera 
chain to the actual lighting in use. Having 
such a known reference available is a 
definite aid in compensating for color 
shifts during daylighted scenes, and is a 
necessity for preliminary balancing with 
either daylight or electric lamps. A large-
size black-and-white target (or a black, a 
white and a gray) is recommended to be 
used under the actual scene illumination 
during the initial setup: It would be 
desirable to incorporate a gray scale into 
the televised scene so that it receives 
average illumination, to be used for re-
balancing from time to time, especially if 
the lighting is variable (such as daylight). 
Failing this, some neutral object in the 
scene receiving the general illumination 
should be selected as a reference. Where 
electric light sources — discharge or 
incandescent — are in use, it may be 
practical to build a lightbox or lighted 
gray scale using the same lamps, and use 
it close to the camera for white balancing. 

Color Photography 

The still photographer, in general, uses 
the same illumination as the television 
cameras, although he may at times sup-
plement and even override the general 
illumination with his own flash. He does 
not have a great problem if his flash over-
rides the discharge lamp general illumi-
nation. However, if he only supplements 
the general illumination, then differences 
in color quality may become apparent 
in his finished product. With experimen-
tation, the photographer can find suitable 
filters for his flash equipment to approxi-
mately match the color quality of its 
supplementary light to the general area 
lighting. If he is not using flash, then 
camera filter recommendations are avail-
able" to balance his reversal-type color 
film to the discharge lamps. Of course, 
color-negative films can be compensated 
in printing, provided the scene lighting is 
uniform in color quality. 
The motion-picture photographer will 

have the same difficulties as the still 
photographer. If he uses supplementary 
lighting, it would be desirable to color-
correct it to match the discharge lamps, 
since it is not likely that he can override 
them outside a very limited area. If he 
works with available light, filter recom-
mendations are available" for balancing 
reversal-type color motion-picture film to 
discharge lamps. Some experimentation 
is generally necessary. Mutual coopera-
tion between TV people, photographers 
and the management of arenas, stadiums, 
etc., could be very helpful in providing 
filter recommendations for a particular 
installation to all interested parties. 

Warm-up and Restrike 

Most types of discharge lamps require 
a few minutes after turn-on to reach full 
output. Furthermore, after turn-off they 
require up to several minutes of cooling 
before they will " restrike" and begin 
warming up again. These lamp charac-
teristics should be taken into account in 
planning the timing of programs, espe-
cially if any on/off cuing of lighting is 
required. Some types of lamps may not 
reach color stability until a few minutes 
after the light output has stabilized. 
There are differences in timing depending 
on lamp type, wattage, ballasts and fix-
tures, so the characteristics of each instal-
lation should be checked. For safe crowd-
handling, many discharge lamp instal-
lations include some incandescent or 
fluorescent lamps that will relight imme-
diately after any momentary power 
interruption. 

Strobe Effects 

On single-phase power systems, dis-
charge lamps may have objectionable 
stroboscopic effects for both players and 
spectators in case of fast-moving action. 
However, we have heard of no cases 
where strobe effects show up on video. 

Conclusions 

Based on our calculations and test 
observations, plus experiences reported in 
actual installations, 1.7 -9 it appears that 
the three new discharge sources can 
provide acceptable color quality for tele-
vision remote coverage of sports and 
other events. When the camera chain is 
balanced for each of the discharge sources 
separately or in combination with in-
candescent lamps, the magnitudes of 
color shift do not appear to be great 
enough to cause problems where color 
rendition is not highly critical. For color-

critical applications in studio work, the 
suitability of discharge sources would 
need to be investigated thoroughly. 

Because lighting for sports areas is 
usually not designed specifically for tele-
vision coverage, problems occur in regard 
to sufficient vertical-surface illumination, 
modeling effects and uniformity of il-
lumination, as well as spectral qualities of 
light sources that are unfamiliar to tele-
vision technicians. 

Lighting advice needs to be given to 
the operators of arenas and stadiums for 
adding to existing lighting or for the 
design of new lighting. Television tech-
nicians and technical directors need to 
anticipate possible problems involved 
with lamp restrike and lamp warm-up 
characteristics, and scene shifts that in-
volve changes in light source. 
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Modification of the Pulse-and-Bar Test Signal With Special 

Reference to Application in Color Television 

It is proposed to modify the pulse-and-bar test signal, which has been used in 
England to measure linear waveform distortion in TV systems, by a special 20T sine-
squared pulse. This pulse is formed by the linear addition of a 20T-pulse to the 
pulse modulated on the color subcarrier. Transmission distortions can thus be 
recognized at the upper end of the video band. The deformation of the envelope 
of such a pulse indicates various transmission distortions of the luminance and 
chrominance channels. The combination of this 20T-pulse with the elements of the 
existing pulse-and-bar test signal is also suggested. 

THE TV TRANSMISSION TECLINIQUE has to 
solve the problem of leading the electric 
signals of a pickup system to the home 
receivers without substantial impairment 
of picture quality. The allowable wave-
form distortions on the way from the TV 
pickup system to the home receivers 
primarily depend on the allotted degree 
of picture quality impairment. 

Pulse-and-Bar Test Signal in Use 
up to the Present 

In recent years the so-called pulse-and-
bar test signal has been introduced for 
measuring the linear transmission char-
acteristics of TV equipment.1-6 This test 
signal consists of a sine-squared pulse with 
a half-amplitude duration of 2T (2T-
pulse) and a line bar waveform with a 
rise-time also of 2T (Fig. 1). T is the so-
called transient time constant of the TV 
system and is defined as T = 1/2f, where 
fu is the upper video-frequency limit. In 
the 525-lines standard fu is approximately 
4 MHz and T = 0.125 µsec. The pulse-
and-bar test signal is composed of the 
essential elements of a TV picture which 
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are lines, edges and areas of constant 
brightness. This is the main reason why 
this signal has proved extremely useful: 
Distortions of actual TV pictures can be 
recognized directly by the distortions of 
the pulse-and-bar test signal. 

Figure 2 shows that the spectra of the 
2T-pulse and the bar waveform do not 
exceed the upper video-frequency limit. 
The amplitude/frequency spectrum of 
the line bar waveform has an especially 
large amount of energy at the lower fre-
quencies. Therefore that signal indicates 
transmission distortions up to some hun-
dred kilocycles per second. In that fre-
quency range transmission distortions 
produce a very disturbing smearing when 
large areas of constant brightness are 
transmitted. The 2T-pulse, which can be 
seen as a small vertical line on the TV 
screen, indicates clearly transmission dis-
tortions up to 60 to 80% of the nominal 
upper video-frequency limit. The spectra 
of the 2T-pulse and the bar waveform 
show that these two signals are not sensi-
tive to transmission distortions at the 
upper end of the video band. This fact is 
not of great consequence when black-and-
white TV is considered, because the spec-
tra of usual black-and-white TV signals 

have a small amount of energy near the 
upper video-frequency limit. An experi-

-100'1. 

- 60 '1. 

o 

-43 '/. 

Fig. 1. The existing pulse-and-bar test signal. 

1 -= T or 2T sine-squared pulse 
2 = bar waveform 
T = 1/2 f. = transient time constant of the TV system 

fu = upper video-frequency limit 
(when f. = 4 MHz, T -= 0.125 µs; when f. --- 5 MHz, 
T = 0.100 ps) 
H = line period 

100 
o 

By PETER WOLF 

ment has been made to demonstrate this 
fact (Fig. 3): A very small vertical line 
was taken by several 625-lines TV cam-
eras and the output signal was observed. 
Care was taken that the shape of the out-
put signal depended only on the trans-
mission response of the camera. The out-
put signals of the TV cameras have a 
nearly sine-squared shape with a half-
amplitude duration of about 0.13 µsec. 
This experiment was made under labora-
tory conditions. Certainly the pulses will 
be wider if the cameras are tested under 
TV studio conditions. In this case they 
may reach the width of a 2T-pulse that is 
shown at the bottom of the figure (on the 
right). Therefore the 2T-pulse represents 
in a good approximation the details 
which occur in usual black-and-white TV 
pictures. 

Occasionally there are also black-and-
white TV signals which — compared to 
the majority of signals — have an un-
usually high amount of energy at the up-
per end of the video band. In all cases 
color TV signals have high energy at the 
upper video-frequency limit. All these 
signals are distorted by transmission errors 
at the upper end of the video band, and 
they are not indicated by the 2T-pulse-
and-bar test signal. 

In order to recognize waveform distor-
tions at the upper video-frequency limit, 
English authors have proposed the use of 
a sine-squared pulse of a half-amplitude 
duration of T.1-3 This T-pulse, which in 
the 525-lines standard has a half-ampli-
tude duration of 0.125 µsec, has spectral 
components up to twice the upper video.. 
frequency limit (Fig. 2). Therefore the 
T-pulse has the fundamental disadvan-
tage that it is also distorted by an ideal 
TV-transmission system (that has the 
characteristic of an ideal 4.2 MHz low-
pass filter). In a TV transmission system 
whose waveform response is not ideal, the 
distortion of the T-pulse has two different 

1 
BAR WAVEFORM 

04 0.6 08 1 1.2 1.4 
— 1/1. 

UPPER VIDEO- FREQUENCY LIMIT ( fu) 

Fig. 2. Amplitude/frequency spectrum of the pulse-and-bar 
test signal. Zero dB corresponds to the peak amplitude of the 
test signal. 
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Fig. 3. TV-camera transmission of a very small vertical line ( 625-line standard). 
Smallest pulses produced by several 625-line TV cameras under laboratory conditions. 

causes: transmission errors inside the 
video band and transmission distortions 
outside the video band. The result is that 
one cannot derive immediately the dis-
tortion of real TV signals from the distor-
tion of the T-pulse. 

Modulated 20T-Pulse 

If practically a high amount of spec-
tral energy appears n.tr the upper video-
frequency limit, then it is caused by 
frequency bursts which result from scan-
ning very small graticules—for example, 
scanning a strip pattern—or, if color TV is 
concerned, it is caused by the modulated 
color subcarrier. 

20T PULSE mO3u.ATED 
ON THE COLOk• 9,BCApp,Ep 

ilarllr BOTH 

SIGieLS 

ADDED 

The waveform distortions of such fre-
quency bursts can be detected immedi-
ately if the test waveform is similar to 
these signals. For example, such a test 
waveform would be the color subcarrier 
which is modulated by a sine-squared 
pulse. The half-amplitude duration of the 
modulating pulse has to be chosen so that 
the sum of the highest spectral frequency 
of the pulse and the color subcarrier 
frequency does not exceed the upper 
video band limit. When these conditions 
are met, then the test signal is trans-
mitted by an ideal TV transmission sys-
tem without distortions. If transmission 
errors appear, the test waveform is dis-

111 
20 T -Pu_SF mCC.,141- 1.) 10V- P,,L' 

Fig. 4. Generation of the modulated 20T-pulse. 
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torted in the same way as black-and-
white TV signals with high spectral en-
ergy near the upper video-frequency limit 
and in the same way as color TV signals. 

Figure 4 shows a test waveform with 
the features just described (proposal of 
the IWO.' The color subcarrier is 
modulated positively to a depth of 100% 
by a 20'1' sine-squared pulse. The half-
amplitude duration of the 20T-pulse is 2.5 
µsec. The 20T-pulse has an amplitude/ 
frequency spectrum up to 10% of the 
video band width, that is, 400 kHc in the 
525-lines standard. This modulated signal 
is added linearly and in proper phase to 
the Immodulated 20T-pulse. The right-
hand side of the figure shows the re-
sulting waveform: a 20T-pulse filled out 
with cycles of the color subcarrier. In 
the following text we will call this test 
waveform a modulated 20T-pulse, al-
though this term is not completely cor-
rect. On the TV screen the modulated 
20T-pulse is displayed as a strip pattern 
with lines of different brightness if it 
is transmitted in every TV line and if 
the carrier frequency is phaselocked 
with the line frequency. But the locked 
phase relation between carrier fre-
quency and line frequency is not de-
sirable, because in this case the oscillo-
scope display does not show the envelope 
of the modulated 20T-pulse clearly. The 
amplitude 'frequency spectrum of the 
modulated 20T-pulse is shown in Fig. 5 
in a linear scale. Because the unmod-
ulated 20T-pulse is added to the mod-
ulated waveform there are two spec-
tral ranges of the modulated 20T-pulse: 
the first one reaches from nearly zero up 
to 10% of the whole video band (that is, 0 
to 400 kHc in the 525-lines standard); 
the second one is color subcarrier fre-
quency plus or minus 10% of the whole 
video band ( that is, 3.58 ± 0.40 MHz in 
the 525-lines standard). 
Hence the spectral lines of the modu-

lated 20T-pulse cover the frequency 
ranges, in which the main information of 
the luminance channel, on the one hand, 
and the chrominance channel, on the 

other hand, are situated; different trans-
mission responses in both channels are 

02 Cs 
f 

• 

Fig. 5. Amplitude/frequency spectrum of the modulated 20T-
pulse. f „ = upper video-frequency limit; f, = color subcarrier 
frequency. 
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indicated by characteristic deformations 
of the envelope of the modulated 20T-
pulse. Some examples may demonstrate 
this fact. Figure 6 shows what happens if 
there is some gain difference between 
luminance and chrominance or, other-
wise expressed, if there is some gain 
difference between low and high fre-
quencies: The lower envelope of the 
modulated 20T-pulse is bent symmetri-
cally with respect to the vertical axis of the 
pulse. (The continuous line at the top 
indicates the amplitude of the corre-
sponding undistorted waveform.) The 
amplitude of the cosine-shaped lower 
envelope indicates directly the gain 
difference of the chrominance channel 
with regard to the low frequencies of the 
luminance channel. The relative ampli-
tude of the color subcarrier (n) is given by 

= 1 — (1) 

where a is the relative amplitude of the 
cosine-shaped lower envelope (referred to 
the amplitude of the undistorted wave-
form—continuous line at the top). 
A 10% loss of gain at the color sub-

carrier frequency produces a 5% ampli-
tude cosine-shaped deformation of the 
lower envelope of the modulated 20T-
pulse. 

Figure 7 shows what happens if there is 
some time delay between luminance and 
chrominance or between low and high 
frequencies: The lower envelope of the 
modulated 20T-pulse is bent asym-
metrically with respect to the vertical 
axis of the pulse. (The continuous line at 
the top indicates the amplitude of the 
corresponding undistorted waveform.) 
The amplitude of the sine-shaped lower 
envelope corresponds to a definite enve-
lope delay difference between the chromi-
nance channel and the low frequencies of 
the luminance channel. This envelope 
delay difference (14,1) is given by Eq. (2). 

b. 
= 0.1 0.06 ( in ,.L.see) (2) 

where b is the relative amplitude (pp) of 
the sine-shaped lower envelope (referred 
to the amplitude of the undistorted wave-
form). Equation (2) is valid up to delay 
time differences of some 0.1 µsec and only 
for the 525-lines standard where the 20T-
pulse has a half-amplitude duration of 2.5 
µsec. Equation (2) shows that a 0.1 µsec 
envelope delay difference produces a sine-
shaped deformation of the lower envelope 
of 6% amplitude. Finally. Fig. 7 indi-
cates that a mere delay time error causes 
no change in the amplitude of the upper 
envelope of the modulated 20T-pulse. 

Modified Pulse-and-Bar Test Signal 

These two examples have shown that 
the waveform distortions of the modu-
lated 20T-pulse indicate very clearly 
linear transmission errors at the upper 
end of the video band. To get a test signal 
which enables the detection of waveform 
distortions in the whole video band, the 
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Fig. 6. Distortion of the modulated 20T-pulse caused by gain difference between lum-
inance and chrominance. The amplitude of the deformation of the lower envelope 
corresponds to the change in the amplitude of the upper envelope. 

N
V
E
L
O
P
E
 
D
E
L
A
Y
 

CHROMINANCE DELAYED BY 0.05 us 

0 05e.is 

CHROMINANCE DELAYED BY 0.1 itiç 

0.1,us 

0 0.2 0.4 06 08 13 1 / f„ 

fu : UPPER VIDEO— FREQUENCY LIMIT 

Fig. 7. Distortion of the modulated 20T-pulse caused by time delay between luminance 
and chrominance ( 625-lines standard). 

modulated 20T-pulse has to be com-
bined in a suitable way with the elements 
of the existing pulse-and-bar test signal. 
Figure 8 shows a proper combination of 
the 2T-pulse, the modulated 20T-pulse 
and the bar waveform—the mcdified 

pulse-and-bar test signal. The three sig-
nals are carried on successive lines. 
During one line the bar waveform is 
transmitted arid daring the next line the 
modulated 20T-pulse and the 2T-pulse 
are transmitted. If the oscilloscope is 
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Fig. 8. Modified pulse-and-bar test signal. 
1 = bar waveform, a = rise-time 2T 
2 = modulated 20T-pulse, b = half-amplitude duration 20T 
3 = 2T-pulse, c = half-amplitude duration 2T 
T = 1/,f„, f„ = upper video-frequency limit 
(when f. = 4 MHz, T = 0.125 as; when f = 
H = line period 

triggered by every successive line syn-
chronizing pulse, the bar waveform is 
displayed above the modulated 20T-
pulse and the 2T-pulse (Fig. 9). This 
oscilloscope display is very suitable, 
because the amplitudes of the two sine-
squared pulses are referred usually to the 
bar amplitude. Figure 10 shows the am-
plitude/frequency spectrum of the modi-
fied pulse-and-bar test signal in a semi-
logarithmic scale. It can be seen that the 
spectral lines cover the whole video band 
and do not exceed the upper video-
frequency limit. 
The modified pulse-and-bar test signal 

also indicates linear transmission errors in 
the chroininance channel. Transmission 
distortions of this kind produce cross-talk 
between the Q- and I-signal which cause 
disturbing color edges in color TV pic-
tures.8-0 In Fig. 11 a network which 
consists mainly of a resonant circuit 
tuned to the color subcarrier produces a 
linear transmission distortion in the 
chrominance channel. At the top, Fig. 11 

0.4 h ai-

5 MHz, T = 0.100 as) 

- 100% 

- 50'/. 

pulse-and-bar signal indicates very 
clearly by the distortions of the modu-
lated 20T-pulse nonlinear gain errors 
(Fig. 12). If linear gain errors appear, 
the amplitude of the cosine-shaped 
deformation of the lower envelope cor-
responds to the change in the amplitude 
of the upper envelope (Fig. 12 at the top). 
If nonlinear gain errors are involved— 
for example, SSB-distortion—this cor-

o•,'. respondence no longer prevails (Fig. 
12 at the bottom). But it is a precondi-
tion for the discerning of nonlinear gain 
errors with the modulated 20T-pulse 

- 4354 that in each case, the bar waveform is 
transmitted as reference amplitude. It 
may be mentioned that an experienced 
observer is able to detect nonlinear 
transmission characteristics by the distor-
tions of the bar waveform too. 

75/. 

shows the amplitude/frequency and 
phase/frequency responses of the net-
work. In the middle, the lacing of the 
envelope of the modulated 20T-pulse 
suggests that the modulated part of the 
signal is distorted considerably. In the 
modified pulse-and-bar test signal only 
the modulated 20T-pulse clearly indi-
cates this transmission error in the 
chrominance channel. 

If linear transmission characteristics 
are to be measured, care must be taken 
that nonlinear transmission characteris-
tics do not falsify the result. Before 
linear transmission characteristics are 
tested, another measurement has to be 
carried out which ensures that nonlinear 
effects are negligibly small in the chosen 
range of the video signal. The modified 

Fig. 9. Oscilloscope display of modified pulse-and-bar test 
signal. The bar waveform is displayed above the modulated 20T-
pulse and the 2T-pulse. 
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Conclusion 

Summing up, it can be said that the 
modified pulse-and-bar test signal has 
the advantages of the existing pulse-and-
bar test signal without its disadvantages. 
If the T-sine-squared pulse is replaced 
by the modulated 20T-pulse, the whole 
test signal is transmitted by an ideal TV 
transmission system without distortions. 
Because the spectral lines of the 
modulated 20T-pulse cover the frequency 
ranges in which the main information 
of the luminance and chrominance 
channels is situated, the waveform distor-
tions of that pulse indicate the character-
istic distortions of color TV signals. Be-
cause the modified pulse-and-bar test 
signal is composed of the essential ele-
ments of a TV picture, it is distorted 
in the same way as all actual TV signals. 
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Testing of Television Transmission Channels 
By R. E. MALLON With Vertical Interval Test Signals and A. D. WILLIAMS 

The choice and use of test signals for in-service testing of video transmission facili-
ties during the vertical interval (VITS) are based on several considerations. The 
sine-squared pulse, having a half-amplitude duration of 1/8 gs, often called a T 
pulse, is not a good choice for the quality rating of a television channel. Computed 
results from transmission response of actual facilities and echo-rating theory show 
that this signal may fail to detect poor channels and will on occasion indicate that a 
good channel is bad. The T pulse correlates poorly with the results of subjective 
tests. Alternative signals analyzed as to their spectrum and application include the 
2T pulse, a step function having a controlled rise time and the 20T modulated 
pulse for evaluating the color-carrying capabilities of a channel. On the basis of re-
sults of measurements made on operating transmission systems the next steps are 
recommended in the development of an optimum set of vertical interval test signals. 

Introduction 

Many papers' have appeared through-
out the television world in the past few 
years discussing waveform testing of 
television facilities. The more recent 
papers have been concerned not only 
with waveform testing, but waveform 
testing on an in-service basis using test 
signals placed in the vertical interval of a 
composite video signal. This paper will 
discuss the use of these waveforms, par-
ticularly with respect to facilities used 
for the transmission of video signals over 
an extensive intercity network. 
The choice of an individual vertical 

interval test signal (VITS) should not be 
made without a consideration of the 
other signals in the set. While this paper 
will use this principle in discussing verti-
cal interval signals, it will limit its dis-

cussion to those signals used for de-
termining the linear distortion in a trans-
mission path. This paper does not pro-
vide a definitive answer as to the " best" 
set of signals to be used, but hopefully 
sets up a basis for continuing work in the 
field, work that will lead to a choice of 
satisfactory signals. 

Waveform testing on a full-frame basis 
has been used since the start of intercity 
television service. The first Bell System 
signal generator used in the testing of 
commercial video channels provided a 
60-Hz square wave and a rectangular 

waveform occurring at a 15.75-kHz 
rate. These waveforms were used to 
quickly evaluate the performance of a 

Presented on May 10, 1968, at the Society's 
Technical Conference in Los Angeles by R. E. 
Mallon (who read the paper) and A. D. Wil-
liams, Bell Telephone Laboratories, Holmdel, 
N.J. 07733. 
(This paper sas received on April 11, 1968.) 

channel in the low- and middle-fre-
quency range. Sinewave measurements 
were then used in correcting the trouble. 
As color transmission became more 
dominant throughout the network, the 
waveforms available from the original 
generator were supplemented by a T 
pulse and a multiburit signal. 

These full-frame signals were only 
used on an out-of-service basis. As net-
work usage increased it became de-
sirable to monitor the condition of a 
channel on an in-service basis. Fortu-
nately, the use of vertical interval test 
signals had been implemented in Europe. 
Since the 1950's these VIT signals (Fig. 
1) were applied to U.S. facilities by thé 
Broadcasters. The occurrence of these 
signals on a horizontal line limits their 
usefulness to evaluations of the middle-
and high-frequency response of a chan-
nel. 

This use of waveform testing, i.e., to 

examine the gain and phase response of 
a facility, assumes that the gain and phase 

response is directly related to picture 
quality and that corrective measures on 

these parameters will lead to good 
pictures. As waveform testing evolved 

the concept of directly relating picture 

quality to waveform response itself, with-

out a definitive examination of the gain 

and phase response, came into being.2* 
Waveforms could then be chosen for one 
of two criteria, i.e., either as a direct 
measure of the frequency response or as a 
direct measure of picture quality. This 
duality has led to some inconsistencies in 
the choice and evaluation of test signals, 
particularly with respect to the T pulse. 

Presently Used Test Signals 

The characteristics and capabilities of 

the test signals presently used to measure 
linear distortion will now be discussed. 

T Pulse 

The T pulse is a sine-squared pulse 
identified by its half amplitude duration 
expressed in terms of T microseconds. 
T is related to the nominal cutoff 
frequency of the television system under 
discussion by the expression T = 
(MHz). For the U.S. 525-line NTSC 

* A test set based on this concept was developed 
by the Bell Telephone Laboratories in 1961. The 
9A set determines the echo rating of a channel by 
measuring the distortion produced by a channel 
on a rectangular pulse occurring at a 15.75-kHz 
rate.' 

PAULTIBURST 

:-Rj\SE TINE JO 

SINE SQUARED PULSE A BAR 

10 125/£ SEC PULSE 1 

Fig. 1. Vertical interval test signals the 
multiburst and bar signals ). 
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Fig. 2. T pulse response, with K rating 
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—40 dB. 
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Fig. 3. T pulse response. Here K rating 
equal to 7.9',i and echo rating equal to 
—30 dB. 

system fc is 4.0. The T pulse can be 
written as 

1 _L. 1 pet 

= 2 2 cc's T 
< T 

= 0 otherwise 

Transmission information can be ob-
tained by measuring parameters of the 
received pulse. These parameters include 
the timing and amplitude of its over-
shoots, its height, width and symmetry. 
The present practice in using the T pulse 
is limited to the measurement of the 
undershoot and overshoot of the response. 
These measurements are used as a good— 
bad test of the channel. Presently used 
Broadcaster limits suggest that a trans-
mission channel having a pulse response 
with a first overshoot greater than 15% 
(negative) and/or a second overshoot 
greater than 10% (positive) is bad. This 
evaluation can lead to misleading results 
about the quality of a video channel 
because the T pulse has about 30% of its 
energy above the nominal video band. 
T pulse response is thus the result of 
channel characteristics outside the video 
band as well as those within the band. 
In many channels the characteristics 
outside the band are the controlling 
factors in determining the ringing ampli-
tude of the T pulse. Therefore, the T 
pulse should not be used to measure 
channel quality without removing the 

extraneous information in the pulse 
response. 

Figures 2 and 3, which show the T 
pulse response of two actual video 
channels, give an example of the mislead-
ing results obtained when T pulse ringing 
amplitude is used to measure quality. 
Both channels show large ringing am-
plitudes. When evaluated in terms of 
equivalent echo performance, channel A 
(Fig. 2) has an echo rating of —40 dB 
while B ( Fig. 3) has a 10-dB worse echo 
( — 30 dB). Bell System intercity facilities 
are designed to have an echo rating of 
—40 dB or better. The significant differ-
ence between the channels is that A has 
major deviations outside the video band 
while B has major deviations within the 
video band. Ringing amplitude of the 
T pulse does not detect this 10-dB 
difference and indicates that both chan-
nels may be bad. 
Any measure of good or bad should be 

based on the results of subjective testing. 
Preliminary tests have been completed 
on the correlation of picture quality to 
T pulse response. Table I gives the results 
of these tests. 
The tests were made under standard 

conditions' using the comment scale 
shown in Table I. Home color receivers 
would give results equivalent to those of 
the color monitor and it can be seen that 
overshoots that would be rated excessive 
by current tolerances do not subjectively 
impair a picture beyond the " Just Per-
ceptible" comment. 

Although the T pulse. as used in this 
country, is not desirable as a quality 
rating test signal it can be used to de-
termine quality utilizing a method sug-
gested by Lewis.5 This method requires a 
detailed analysis of the T pulse response. 
In this analysis the out-of-band energy is 
eliminated mathematically. Quality is 
then determined in terms of a K rating 
factor. A channel having a rating of K% 
is subjectively equivalent to a channel 
with a well displaced echo of K%. Ap-
plication of this method to the T pulse 
responses of Figs. 2 and 3 results in K 
ratings of 2.1% and 7.9%4 This shows 
that if properly used the T pulse can 
show up the differences in quality be-
tween channels. The work involved in 
this method is too difficult to do on a 
routine basis. 
The K rating was calculated for a 

number of video channels and compared 
to the T pulse response of the channel. 
The results are shown in Fig. 4 as a 
scatter plot of K rating vs. overshoot of 
the T pulse. This figure shows the lack of 
correlation between the quality rating of 
the -channel in terms of K rating and the 
T pulse response. 

t K ratings as determined by the 1.eu is method 
are based on the properties of the British 405-line 
system. As a result of this these K ratings differ 
born echo ratings computed for 525-line U.S. 
systems. 

Bar Signal 

The bar signal (Fig. 1) has most of its 
energy within the video band; therefore 
it does not have many of the problems of 
the T pulse. Through the use of a prop-
erly designed graticule the bar response 
can be used to directly measure the 
quality of a video channel in the middle-
frequency region. Evaluation of the bar 
response is usually accomplished by 
measuring its tilt. The leading edge of 
the bar contains information about the 
high-frequency region of the channel and 
many European countries use this fact in 
evaluating that region.' 

Multtburst 

The multiburst signal ( Fig. 1) gives 
information about the gain response of 
the channel. This test signal complements 
the others and can be used as a check on 
conclusions drawn from them. It has the 
further advantage of being easy to under-
stand. While the information in the 
multiburst is somewhat iredundant, it 
seems reasonable to continue its use until 
a more urgent need develops for the lines 
on which it is placed. 

Alternative Test Signals 

Examining the presently used test 
signals in terms of measuring the quality 
of a video channel shows that: ( 1) the 
T pulse is not a good pulse for measuring 
the quality of the channel in the high-
frequency region because of the tedious 
calculation required to properly account 
for the effects of out of band energy; (2) 
the bar signal can directly give informa-
tion about the quality of à channel in the 
middle-frequency region and may also be 
used to measure the high-frequency 
region; and (3) the multiburst, while not 
a quality rating test signal, can be used 
to give supporting information to the 
quality test signals. 

If the T pulse is not acceptable as a 
test signal to directly measure the quality 
it is necessary to consider alternative 
waveforms. There are two possibilities 
that have received much attention in the 
literature and these are the leading edge 
of the bar and the 2T pulse. Both of these 
test signals have been adopted by Euro-
pean countries in conjunction with the K 
rating method and should be good test 
signals for the high frequency region. The 
bar signal has the advantage of having 
the reference white level well defined, 
while the 2T pulse shows how a narrow 
pulse would be transmitted. 
An objection that has been raised to 

the 2T and the bar signal is that both 
test signals have little energy in the region 
of the color subcarrier. They are not 
particularly sensitive to transmission 
deviations in that region. This objection 
apparently led to the initial choice of the 
T pulse over the 2T pulse because of the 
high energy content of the T pulse 
around 3.6 MHz. Any attempt to find a 
baseband test signal having energy 
around 3.6 MHz and also little out-of-
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Fig. 5. The 20T modulated pulse signal 
and its spectrum. 

band energy leads to a complicated time 
function for the test pulse. 
A different approach to satisfying the 

need for determining the transmission 
performance in the color subcarrier 
region has been taken recently.' This 
approach is to develop a separate test 
signal for the color channel. When testing 
the chrominance channel it is sufficient 
to determine the gain and delay differ-
ences between the chrominance and the 
luminance channels. They are a direct 
measure of the effect of linear distortion 
on the chrominance signal. Note that in 
this case the objective of the test is to 
measure the transmission characteristics 

Table I. Subjective Test Results. 

7 8 

Y2' Y MAx 

Fig. 6. A method of determining the gain and delay 
differences between the luminance and chrominance 
channels from the baseline response of the 20T modu-
lated pulse. 

of the channel and not to directly mea-
sure quality. 

The chrominance test signal receiving 
the most attention is the 20T modulated 
pulse. This signal is generated by adding 
a baseband 2.5-gs sine-squared pulse 
to a color subcarrier modulated by a 20 T 
pulse. The composite signal and its 
spectrum are shown in Fig. 5. Gain and 
envelope delay differences between the 
luminance and chrominance channels 
will distort the baseline of the 20T 
modulated pulse. 
Rosman 8 has developed a method of 

determining the gain and delay differences 
between the luminance and chrominance 
channels from the baseline response of 
the 20T modulated pulse. Curves used 
in this process are given in Fig. 6t Ys 
represents the maximum positive devia-
tion of the baseline envelope of the 20T 
modulated pulse. Y2 represents the 
maximum negative deviation of the same 
envelope. Y„,„„ represents the received 
pulse height. The determination of these 
three parameters allows the use of the 
curves of Fig. 6 to determine the desired 
gain and delay differences. A positive gain 

t The curves of Fig. 6 have been calculated for 
the NTSC 525-line system. Those presented by 
Rosman' were for a 625-line system. 

T-Pulse response 
Average comment (3 Pictures) 

Ringing First 
frequency overshoot 
MHz -% 

Color 
monitor 
(color 

picture) 

Monochrome 
monitor 

(monochrome 
picture) 

4.3 
4.3 
5 

10 
25 
35 

1.4 
1.4 
1.9 

1.7 
2.3 
3.1 

Comment Scale 

1. Not perceptible 
2. Just perceptible 
3. Definitely perceptible, but only 

slight impairment 

4. Impairment, but not objection-
able 

5. Somewhat objectionable 
6. Definitely objectionable 
7. Extremely objectionable 

difference indicates that the chrominance 
channel experiences more gain than the 
luminance channel. The order of occur-
rence of Y1 and Y2 determines whether or 
not the chrominance channel leads or 
lags the luminance channel. In the 
example given in Fig. 6 Y1 occurs first. 
This indicates that the chrominance 
channel is delayed with respect to the 
luminance channel. Note that when the 
gain difference is 1 dB or greater the 
method is very insensitive to small 
delays. 
Another approach to finding the gain 

and envelope delay difference from the 
20T pulse response is to measure the 
baseline envelope at r/2 ss (XI) and 
-r/2 its (X2) from the peak. r is the half 
amplitude duration of the 20T pulse and 
is 2.5 gs for the NTSC system. This 
method is described in the Appendix. 
Curves for determining the gain and 
delay differences using XI and X2 nor-
malized to the 20T pulse height, Xr„,,„, 
are shown in Fig. 7. This method has a 
better sensitivity to delay for large gain 
differences than using the peaks of the 
deviations as described earlier. An 
example using both methods is shown in 
Fig. 8 for a channel with 1.3-dB gain 
difference and 43 ns delay difference. 

Table II. Comparison of 20T Modulated Pulse and Frequency 
Domain Measurements. 

Frequency domain measurements 
Slope across the 

chrominance band* 
Gain and delay 20T modulated pulse 

difference t measurements 

Gain, Delay, 
dB as 

AG, AD, 
dB os 

AG, AD, 
dB ns 

0.13 
0.22 
.30 

80 
170 
200 

0.30 
0.42 
0.55 

105 
160 
210 

0.28 
0.45 
0.58 

104 
157 
208 

• Slope across the chrominance band is the gain or delay at 4.2 MHz minus 
the gain or delay at 3.0 MHz. 

t Gain and delay difference is the gain or delay at 3.6 MHz minus the gain 
or delay at 15.75 kHz. 
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Fig. 7. Another approach to finding the gain and envelope delay 
difference from the 20T pulse response. 

Test Results 

To determine the feasibility and opera-
ting characteristics of the 20 T modulated 
pulse as a test signal, a series of tests were 
made using passive networks and actual 
video transmission channels. Figures 6 
and 7 are based on the assumption that 
the luminance and chrominance com-
ponents of the test signals are only dis-
placed in time and changed in amplitude 
with respect to one another. In an actual 
video channel there may also be other 
linear distortions that will effect the 
received waveshape in addition to the 
assumed deviations. Calculations of 20T 
response have shown that even for 
deviations up to 3 dB and 300 ns across 
either the luminance or the chrominance 
band Figs. 6 and 7 can still be used. 
When there is distortion across the 

band there is a question as to how to de-
fine the gain and delay differences be-
tween the two bands. Gain and delay 
differences were defined, for the purposes 
of calculations, as the difference between 
the 15.75-kHz and the 3.6-MHz values. 
To check the calculations the 20T 
modulated pulse response was measured 
for various combinations of 5-MHz sharp 
cutoff filters and compared with fre-
quency domain measurements. For each 
combination Fig. 7 was used to determine 
the gain and delay differences from the 
20T pulse response. Frequency domain 
parameters, gain and envelope delay, 
were measured with a 36B set. 9 This set 
measures gain and envelope delay from 
0.2 to 10.0 MHz. Table II shows the gain 
and envelope delay difference between 
luminance and chrominance found with 
the 36B set and the 20T modulated 
pulse as well as the gain and delay 
deviations across the chrominance chan-
nel. There was no measurable distortion 
in the luminance band. 
Table II shows good agreement be-

tween the 20T pulse results and the 
frequency domain measurements which 
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Fig. 8. An example using both methods illustrated in Figs. 
6 and 7. 

indicates that linear distortion across the 
band will not seriously affect results 
obtained from the 20T modulated pulse. 

Other factors of concern in the use of 
the 20T modulated pulse are channel 
characteristics such as nonlinear distor-
tion and noise. Intercity video facilities 
are intended to have a delay difference of 
less than 50 ns between the chrominance 
and luminance channel and a gain differ-
ence of less than 0.75 dB. This means that 
the distortion of the 20T modulated 
pulse baseline will usually be less than 
3% of the peak amplitude. It is possible 
that noise and nonlinear distortions 
could affect the baseline of the 20T 
pulse. In tests on four 2000-mile video 
channels with the 20T modulated pulse, 
the gain and delay differences between 
the luminance and chrominance channels 
as measured with the 20 T pulse changed 
by about 0.3 dB and 30 ns for a 4-dB 
change from nominal testing level. These 
variations of the 20T pulse responses 
with level are comparable with the linear 
distortions to be measured. The tests 
were made on a full-frame basis so that 

the average level of the test signal was 
constant. If the 20T pulse is used in the 

vertical interval of a video signal the 
average picture level changes could 
cause the 20T baseline to vary with pic-
ture content and mask the desired results. 
Additional work is needed to determine 
how the 20T modulated pulse behaves as 
a VIT signal and at what level it should 
be used. 

Although lowering the level of the 20T 
modulated test signal may reduce the 
effect of nonlinear distortion it would 
increase the effect of noise. Consider a 
channel having a 40-dB SNR and using a 
one-volt 20T modulated test pulse. The 
SNR at the baseline of the 20T pulse for 
3% distortion will be only 10 dB. Any 

reduction in signal level reduces this 
value, making the baseline envelope 
difficult to evaluate. The 20T pulse 
generator used in these tests did not have 
gain and delay networks to determine the 
characteristics of the channel. Such a 
20T pulse receiver would probably in-
crease the precision of the measurements, 
but would still be subject to the problems 
of noise and nonlinear distortion. 

Since baseline distortion depends on 
the test signal pulse width it is apparent 
that the noise performance can be im-
proved by narrowing the pulse. A reduc-
tion in pulse width by a factor of two can 
increase the baseline distortion by a 
factor of two. The gain in baseline distor-
tion magnitude with a reduction in pulse 
width may be enough to overcome the 
problems of noise and nonlinear distor-
tion in the video channel. The disadvan-

tage in reducing the pulse width, say from 
20T to 10T, is an increase in the band-

width of the test signal. This makes the 
signal more susceptible to linear distor-

tion across the band and allows energy to 

occur outside the nominal chrominance 
channel bandwidth. However, looking at 

the spectrum of the 10T pulse shows that 

its spectrum is down 6 dB at about 400 
kHz; therefore most of its energy is still 

within the chrominance band. In addi-

tion, the deviations that are to be mea-
sured are so small that they should not 

affect the accuracy of the method. 
Further measurements of the 20T 

modulated pulse response on video 

channels and correlation with frequency 

domain measurements are needed to 
fully evaluate the 20 T pulse. In addition, 

other pulse widths should be considered 

to make the test pulse less susceptible to 

other channel deviations. 
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Conclusions and Recommendations 

Vertical interval testing is used to 
directly measure the quality rating of 
equipment and facilities on a routine 
real-time basis. The test signals used in 
the vertical interval should be chosen so 
their response is easy to interpret and is 
directly related to the quality of the chan-
nel. The T pulse does not meet these 
requirements and therefore should not be 
used as a vertical interval test signal. A 
possible replacement is the 2T pulse. 
Another alternate would be the bar 
signal. 

Evaluation of the test pulse response 
should be in terms of the K quality rating 
factor. K rating graticules are not univer-
sally applicable to all television systems, 
but must be designed to fit each individ-
ual system's characteristics. Therefore, 
K rating graticules should be developed 
which are directly applicable to the U. S. 
4.2-MHz system. 

Characteristics of a channel in the color 
subcarrier region of the frequency band 
should be measured with a test signal sep-
arate from the luminance test signals. 
Although the 20T modulated pulse seems 
like a good test pulse for this purpose, 
more information must be known about it 
before it is adopted as a standard test 
signal. Particularly important is the 
susceptibility of the 20T pulse to non-
linear distortion in the channel. Nar-
rower pulses such as the 10T pulse also 
have merit and should be evaluated. 
Further investigations should be carried 
out on both a full-frame and a vertical 
interval testing basis on actual video 
facilities. 
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APPENDIX 

Analysis of 20T Modulated Pulse 
Response 

In this Appendix a method of obtaining 
the gain and envelope delay difference 

between the luminance and chrominance 
channels will be discussed. The upper 
and lower envelopes of the 20T modu-
lated pulse can be written as the sum and 
difference of a baseband 20 T pulse passed 
through the luminance and chrominance 
channels. Let f(t) represent the baseband 
20T pulse, u(t) the upper envelope, and 
/(t) the lower envelope of the 20 T modu-
lated pulse. If the gain of the chromi-
nance channel with respect to the lumi-
nance channel is k and the envelope delay 
is r, the upper and lower envelopes are: 

u(t) = f(t) kfit — r) (1) 

1(t) = f(t) — — r) (2) 

The baseband 20T pulse, f(1), can be 
written as 

1 1 rt 

1(1) = 4 m 4 et's T, II < T, 

= O otherwise 

where'n = 2.5 us for the NTSC system. 
Then 

u(t) = 
[1 1 irt I I r(t — r)1 
± cos - cos 

4 4 T, j 

(3) 

/co = 
ri ut k k rr(t — Tri 

(4) 

Consider /( t) at ± T,./2 normalized to the 
upper envelope at t = 0, u(0). Let u(0) 
= X1 = l( — T,/2), and X2= l( T2/2). 
Then 

X.., = u(°) = 21 ± 4Á cos 
7iT 
T, 

1 ± k 
for r/T, << 1 (5) 

XI/Xmx. = 1( — T ,/ 2) / u(0) = 
ri k k sin Trri 

I -I- k L2 — 2 -r 2 

= 1(T,./2)/u(0) 
k k in rri 

I -I- k L ri 2 — 2 — 
Taking the sum of Eqs. ( 6) and ( 7) and 
solving for k yields; 

X2/X.n.„ 

(6) 

(7) 

1 — XI/Xmax  X2/Xmaz 
k — , , -t- (8) AI/Amax X2/X05 

Taking the difference of Eqs. ( 6) and ( 7) 
and solving for r yields for r/T << 1 

r 2T, (  XI/Xmas — X2/Xmns ) (9) 
71" 1 — X2/Xmax XI/Xinsx 

Letting à = — X2/X„,„„ and 
Z = X2/X„,„„ Xi/X„, Eqs. ( 8) and ( 9) 
can be rewritten as 

1 — 
(10) 1 + 

—  r 1 — (11) 

To summarize, this method yields the 
gain and delay of the chrominance 
channel with respect to the luminance 
channel by taking two measurements and 
using Eqs. ( 10) and ( 11). Note that for 
pure gain distortion /(t) is an even func-

tion about t = 0 (à = 0) while for pure 
delay distortion 1(z) is an odd function 
(Z = 0). 

Equations (6) and (7) were used to 
derive Fig. 7. For no distortion the peak of 
the upper envelope and u(0) are equal 
while for expected value of channel they 
are close enough for measurement pur-
poses. 

Discussion 

Frank Davidoff (CBS TV Network): You men-
tioned that you had difficulty in using the 20 
T-pulse because of channel nonlinearity. Did you 
investigate the effect of nonlinearity on other 
test signals such as the sine-squared pulse and 
multi-burst? 
Mr. Mallon: No, we did not. 
Mr. Davidoff: Should linear test signals possibly 

be transmitted at half amplitude to isolate the 
effects of nonlinearity? 

Mr. Mallon: Reduction of the testing level 
might reduce the effects of nonlinearity. There 
are problems in general correlating the results 
of linear distortion test signals, and apparently 
the problems stem from the nonlinearities 
of the channel. In particular, we use the T-pulse 
response of a channel to find the gain and enve-
lope delay characteristics of the channel. These 
results should have correlated with other mea-
surements such as the 20-T modulated pulse 
results and frequency domain measurements. 
There were difficulties in correlating these dif-
ferent methods of measuring essentially the same 
thing. The nonlinearities seem to contribute to 
this problem. 

James Walter ( Radio Corp. of America, Camden, 
N.J.): In your evaluation of the signals you 
referred to the T-pulse as not being suitable for 
use as a vertical interval test. What about the use 
of these signals as 100% on-line testing when the 
line is available to transmit them line by line? 
What is their usefulness then? 

Mr. Mallon: I think it depends on what you 
want to get out of the test. The T-pulse is a very 
valuable test signal if you have enough time to 
evaluate the response properly. The T-pulse 
response contains information about the channel 
from zero to about 7 or 8 MHz. However, to 
obtain this information requires a rather de-
tailed analysis to find the channel characteristics. 
In the vertical-interval testing method, the main 
objective is to determine— on a real-time basis— 
how good the channel is for transmitting video in-
formation. One of the objectives is to have a rela-
tively simple testing signal and evaluation 
method, so that a trained observer is not needed. 
In the case of the T-pulse, because of all its extra 
energy and extraneous information, you cannot 
do this very simply. However, the T-pulse, if 
properly used, is a good testing signal. We use it 
now through a Fourier transform to obtain the 
gain and the envelope delay characteristics of 
the channel, which we could not do with 2-7'. 
Mr. Walter: Do you ever resort to the direct on-

line testings, such as a Wandel and Goltermann 
test set? Or something of that variety that will 
measure envelope delay? 

Mr. Mallon: Yes, we have measuring systems 
that were developed by the Bell System that 
give visual or oscilloscope presentations of gain 
and envelope delay characteristics of the channel. 
For these, of course, you have to have the channel 
full time. 

Mr. Walter: Do you find these more acceptable 
than the T-pulses? 

Mr. Mallon: It depends on what you u ant to 
measure on the channel. The frequency domain 
test sets give you information such as gain and 
envelope delay characteristics of the channel. 
If channel quality is of interest the step from 
frequency domain characteristics to actual chan-
nel quality is not an easy one. To find out some-
thing about the quality of the channel it is usually 
necessary to use waveform testing, such as 
transmitting signals representative of actual video 
signals and see how much they are distorted. 
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Integration of Technical Facilities in Black-and-White 

and Color TV Programming 

In a television plant, Technical Operations is frequently asked to provide facilities 
for handling programs involving the integration of combinations of film, video 
tape, live and outside or field program sources. In order to avoid picture disturb-
ances when switching to these various program sources, horizontal and vertical 
synchronization must be maintained between the sources at all times. In-plant-
timing, genlock, audlok, frequency standard lock, and standards conversion are 
all methods and procedures used to realize this synchronization both in color and 

black-and-white television. 

In-plant-timing 

It is normal procedure in the final 
stages of the installation of a TV studio 
plant to establish "in-plant-timing." 
This procedure times the TV synchroniz-
ing pulses in the plant to each camera 
and switcher so that switching between 
cameras and studios does not create 
picture disturbances in home receivers 
tuned to the station. 

Color TV requires six synchronizing 
pulses which must be timed. These 
pulses include: ( 1) 3.58-MHz (Mc/s), 
(2) vertical drive, (3) horizontal drive, 
(4) kinescope blanking, (5) synchroniz-
ing pulses, and (6) burst flag. These 
pulses are generated by the TV syn-
chronizing generator and are all time-
related to each other. In distributing 
these synchronizing pulses throughout a 
plant, varying delays between pulses are 
encountered, since the path lengths, and 
thus delays. are different. The color sub-
carrier 3.58 MHz signal is a sinusoidal 
wave that is easily corrected in delay by 
a 360° phase control. Vertical drive, a 
60-Hz (c/s) signal, ordinarily does not 
require cable length correction because 
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of its relatively long duty cycle. The 
timing of horizontal drive, horizontal 
blanking, horizontal sync and burst flag 
pulses, require accurate delay correction 
to comply with FCC requirements. Very 
accurate relationships must be main-
tained between all pulses to realize the 
proper width of front and back porches 
(Fig. 1). 

Since studio and switching systems 
differ both electronically in delay and 
physically in distance from the input to 
output terminals, a pulse distribution 
system must provide in-plant-timing so 
that the various video signals originating 
at different locations in the plant arrive, 
or are timed to be the same, at a particu-
lar reference location. Timing is difficult 
if the facilities are different. One studio 
may have a special-effects amplifier, 
whereas others may not. Furthermore, 

similar components, such as a special-
effects amplifier made by different manu-
facturers, do not all have the same delay. 
In short, the pulse timing and video 
delay of various equipment components 
in a signal path must be compensated for 
in each studio. 
To time a TV plant, the longest pulse 

and video path lengths must first be 
determined to establish a reference time 

VIDEO 

Fig. 1. The position of the horizontal sync pulse 
during horizontal blanking time is specified by 
the FCC. The leading edge of the sync pulse is 
used in receiver locking circuits. The trailing 
edge of sync is frequently used to trigger clamp 
circuits in broadcast equipment. 
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basis for the entire plant. Then, lump 
delays must be introduced in the pulse 
distribution system so that the path 
lengths in the shorter studios and switch-
ing systems match the pulse and video 
time reference initially established. In 
practice, in-plant-timing for black-and-
white TV is established using the kine-
scope blanking pulse. The timing of the 
blanking pulse and the position of the 
edges of this pulse must be very accu-
rately positioned by the use of proper 
delays, since these edges are what pri-
marily time the TV plant with the home 
receiver. In color TV the same pro-
cedure must be followed as in black-and-
white TV, and it is also necessary to time 
the 3.58-MHz color subcarrier within 
the plant. A simple two-studio plant is 
shown in Fig. 2. 

In-plant-timing is at best a time con-
suming, laborious task. It becomes more 
complicated when piggyback operation 
must be provided (i.e., when the output 
of Studio A which integrates live and 
tape segments must go through Studio B, 
which integrates the output of Studio A 
with live program and film commercials). 

Piggyback operation must be designed 
into the plant. Means must be provided 
for switchable pulse delays. The ap-
proach of in-plant-timing for piggyback 
operations is again to first establish 
maximum stacking of studios and thus 
pulse delays. A practical piggyback limit 
for a large network station is three studios. 
Beyond three-studio stacking, the switch-
ing of the pulse delays and possibly video 
delays becomes inordinately complicated 
and expensive. 
A simplified version of a TV plant 
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with video-tape and film facilities is 
shown in Fig. 3. If piggyback operation 
is anticipated, switchable pulse delays 
are required as shown in Fig. 4. The 
plant ordinarily can operate either with 
all delays in or all delays out. 
A hypothetical TV plant timed to 

operate in a two-studio piggyback mode 
is shown in Fig. 5. It should be noted 
that the pulse signals fed to switcher A 
are not delayed. Delay is added to the 
Studio B video source so that the output 
of Studio A and all the video sources of 
Studio B arrive at the input to Studio B 
switcher at time T2. 
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In-plant-timing is not something done 
only at the time of the installation of a 
TV plant. It is a continuing job. A 
change in switching systems, the addition 
of distribution amplifiers, new cameras 
or film chains, or any other change that 
will affect pulse or video timing must be 
carefully studied before integration into 
a plant. The mixing of cameras of dif-
ferent manufacture, or the integration of 

black-and-white and color cameras in a 
plant can create knotty problems. In 
general, the older the TV plant, the 
more difficult it becomes to expand 
facilities. 

Genlock 

The subject of remote timing comes up 
whenever the Program Department re-
quires mixing, fading or dissolving from 
the TV studio to a mobile field pickup. 
Then it is necessary to time-lock the TV 
plant sync generator to the mobile unit 
sync generator so that there is no picture 
disturbance when switching from studio 
to mobile unit or vice versa during a 
broadcast. A technique known as gen-
lock is used to operate two sync gen-
erators in series (or synchronism). In 
principle, the plant sync generator is 
locked to the mobile unit sync generator. 
A single line drawing of a genlock system 
is shown in Fig. 6A. The TV plant is 
made available to the mobile unit, in a 
time sense, so that the TV picture can 
originate at either the studio or the 
mobile unit with no disturbance in pic-
ture during switching or dissolving to and 
from either program source. The system 
works equally well in black-and-white 
or color TV. In color, of course, accurate 
phasing of the color subcarrier is required 
at the plant sync generator. This par-
ticular function is not required in black-
and-white operation. 

In practice, genlock adjustments be-
tween studio and the remote program 
sources are always done during the test 
period prior to the time of broadcast. It is 
not uncommon for a news program to 
consist of a local commentary and several 
remote program sources. In this case, 
genlock is not feasible except to one of 
the remote program sources. A vertical 
roll may be visible in switching to and 
from the remote program source not in 
the genlock mode. 

Superlok 

The technique of inserting names or 
subtitles in a television picture which is 
frequently done during a news program 
is called superlok. Superlok is a form of 
genlock but has the inherent advantage 
of always being genlocked with the pro-
gram source being viewed at the time of 
title insertion, even though the program 
source is not genlocked to the studio. 
A line diagram of technical facility 

requirements of a news program is shown 
in Fig. 6B. It is to be noted that no 
attempt is made to genlock to the remote 
program sources. A vertical disturbance 
may be viewed in switching. Shortly 
after switching, however, sync generator 
B is genlocked to the remote program 
source. The projected title or name to be 
used on the news segment being viewed 
is televised by the superlok camera. 
Energizing the superlok relay transfers 
the program output from the video 
amplifier to the special-effects amplifier 
output. On cue the title can be dissolved, 
or inserted and removed from the tele-
vised picture. Upon completion of title 
insertion the superlok relay is de-ener-
gized and program is routed in the nor-
mal fashion. Superlok title insertions can 
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be done either in black-and-white or in 

color. 

Audlok 

In a large TV plant, it often happens 
that video-tape recording, kinescope 
recording and TV broadcasting occur 
simultaneously. The TV plant may also 
be in genlock mode for a mobile unit 
pickup to be taped. The next program 
might, for instance, require integration 
of a show with program control in New 
York, with portions of the program from 
Washington, D.C., and Cape Kennedy. 
In such a situation it is necessary to 
switch, dissolve, etc., to each pickup 
point without picture disturbances. 
The problem is to time the program 

sources from Washington and Cape 
Kennedy to arrive at the same time in 
New York and be coincident with New 
York sync pulse time. Stated in another 
way, with New York as a basis of refer-
ence, Washington must be timed in 
advance of New York by the transit time 
of the signal between Washington and 
New York. Likewise Cape Kennedy 
must be timed in advance of New York 
by the transit time of the signal between 
Cape Kennedy and New York. 

It is not possible to use ordinary gen-
lock of pulse synchronization in this 
problem. Genlock is a forward type of 
locking and is the condition whereby the 
control studio locks to the outside pro-
gram source. Genlock might be used to 
synchronize New York to Washington, 
but it could not be used simultaneously 
to lock New York with Cape Kennedy. 
A system known as audlok has been 

devised to solve this type of synchronizing 
problem. Audlok might be described as 
a backward type of genlock that syn-
chronizes both Washington and Cape 
Kennedy to a New York time base. As 
the term implies, an audio frequency is 
used to time-lock synchronizing gen-
erators. In the system shown in Fig. 7, 
an audlok transmitter is located at 
Master Control in New York, and an 
audlok receiver to be synchronized with 
New York is located in Washington, D.C. 
Another audlok transmitter and asso-
ciated receiver are located in New York 
and Cape Kennedy, respectively. Each 
audlok transmitter and associated re-
ceiver is interconnected by means of a 
rented telephone circuit. The horizontal 
line frequency of the New York syn-
chronizing generator is processed by the 
audlok transmitter to produce a sub-
multiple audio-frequency sine wave of 
about 4000-Hz which can easily and 
quickly be phase-shifted by any desired 
amount. The audlok receiver in 
Washington processes the 4000-Hz tone 
from New York and multiplies it to lock 
the Washington sync generator. Then, 
by superimposition of New York and 
Washington pictures and by means of 
phase control the Washington sync gen-
erator can be accurately timed, both 
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horizontally and vertically, so that the 
Washington pulses are coincident with 
New York pulses at arrival in New York. 
With another audlok system the sync 
generator at Cape Kennedy can be sim-
ilarly adjusted so that the Cape Kennedy 
pulses are coincident with New York 
pulses. Thus, the timing problem be-
tween New York, Washington and Cape 
Kennedy is solved. Audlok has worked 
very successfully in black-and-white TV. 

Frequency Standard Locking Technique 

The success of audlok has suggested 
several other schemes to eliminate the 
need for time control circuits between 
pickup points and control location. One 
such scheme would use very stable 3.58-
MHz oscillators to control TV sync gen-
erators. The stability must be in the 
order of one part in 1011. It is reasoned 
that if a stable 3.58-MHz oscillator is 
used to time a New York sync generator, 
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and another 3.58-MHz oscillator is used 
to time a sync generator in the Washing-
ton, D.C., studio, it should be possible 
for New York, on viewing a TV picture 
from Washington, to arrange by tele-
phone for framing adjustment at one end 
or the other. Such a system is now in 
operation in black-and-white TV and 
requires only daily checking and minor 
adjustment of phase each morning. Tests 
in color TV indicate that at this stage the 
technique does not provide sufficient 
stability of color subcarrier reference to 
permit dissolves and special effects due to 
lag and short time phase delays in the 
intercity circuits. 

Translator 

Several systems of time locking two or 
more television synchronizing generators 
have been described. In all these sys-
tems, timing is the common denominator 
of the synchronizing process. Time syn-
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chronization is possible only when the 
horizontal line frequency and the picture 
frame rates are the same between two or 
more synchronizing generators and time 
is the only parameter that requires syn-
chronization. 
Many other disciplines have been con-

fronted with the problem of time syn-
chronization. In those instances where 
the timing differential has not been too 
large, some form of energy or informa-
tion storage has solved the problem. 
Such a system of video information 
storage, where time synchronization 
cannot be used, has been developed for 
use in television. The system is known as 
picture translation. That is, a TV picture 
on one time base is translated to a TV 
picture on a different but compatible 
time base by video information storage. 
Translation is accomplished in a device 
called a translator (Fig. 8), which consists 
of a high-quality TV monitor and a TV 
camera. The camera is adjusted for full 
monitor scanning. The monitor displays 
the nonsynchronous program televised 
from some distant source. The translator 
camera, operated on the local sync gen-
erator pulses, views the monitor. The 
reading and writing rates are the same in 
this optically coupled system, but differ 
in time reference. However, because of 
the information storage in this system, 
i.e., storage characteristics of the kine-
scope phosphor and the information 
storage of the camera tube, the difference 
in time reference or phase of the system 
is no longer a problem. In short, by 
means of video information storage, two 
time systems that differ only in phase 
can be coupled. Therefore, the trans-
lator camera can be integrated with any 
other program source originating in New 
York without any picture disturbance 
during switching time. 
The translator must be a unity device 

to avoid picture degradation. It is also 
necessary to keep noise to a minimum 
to minimize picture degradation. Such a 
system has been used by several major 
broadcasters for some time and has 
proven very successful in black-and-
white TV. It has been employed with 
some success in color TV using a tricolor 
kinescope and a color camera. However, 
considerably more development is re-
quired to realiie optimum translation in 
color. One recent example of the use of 
this system in conjunction with color 

Fig. 8. Translator. 
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genlock was the integration in New York 
of Gemini Titan VII from Cape Ken-
nedy and the Maryland-Penn State foot-
ball game originating in College Park, 
Maryland, into one composite picture to 
permit the viewer to observe the critical 
actions of both events without interrup-
tion. 

Standards Converter 

With the advent of video tape, the TV 
broadcaster has been faced with a more 
difficult timing problem: the integration 
of a video-tape recording made on any 
of the several European standards into a 
program to be broadcast on American 
TV standards. In this instance one must 
contend not only with a difference in 
horizontal line frequency but also with a 
difference in frame rate. The problem is 
handled by use of a specialized device 
called a standards converter. As the title 
implies, the device is used to convert from 
one TV frequency standard to another. 
In concept it is similar to the translator 
previously described. It differs from the 
translator in that instead of reading and 
writing on the same TV standard, it 
reads on one standard and writes on 
another. Storage minimizes the problem 
of reading and writing at different hori-
zontal frequencies. 
There is a problem, however, in read-

ing and writing at frame rates which 
differ by large time increments. If you 
read or write at a 60-Hz rate, and write 
or read at 50-Hz rate, the resultant dif-
ference of 10-Hz manifests itself as an 
annoying flicker. Circuits have been de-
veloped to minimize this 10-Hz flicker 
but it has not as yet been completely 
eliminated. Multi-standard video-tape 
machines and standards converters have 
been in use for many years in black-and-
white TV. As yet a color TV standards 
converter has not been made available 
to the broadcasting industry. Color 
translators and color standards converters 
can be made using the same approach 
used in black-and-white TV. But the 
complexity of demodulating a olor 
signal to display the red, green and blue 
components of the signal on three kine-
scopes and the reconstitution of the 
picture on the new standards results in 
serious degradation with currently avail-
able techniques. 

Successful translation of monochrome 
signals by wholely electronic means has 
been accomplished in Europe for hori-
zontal timing differences only, (e.g., 
translation of a 625-line, 50-Hz TV 
picture to a 405-line, 50-Hz TV picture). 
There is reason to believe that in the 
future a similar electronic approach will 

be developed to convert from European 
to American TV standards in color. 

Summary 

The average TV receiver can accept 
some minor discontinuity or timing error 
in synchronizing pulses both vertically 
and horizontally, which may occur dur-
ing the course of switching a program. 
When not tuned to a TV station, the TV 
set will scan a raster and utilize the syn-
chronizing signal from a station only to 
"lock in" the receiver vertical and hori-
zontal oscillators. Many components of 
equipment used in a broadcast plant, 
however, are "driven" by the synchroniz-
ing generator, and any discontinuity or 
timing error of the pulses can result in a 
serious discontinuity in the TV picture. 
The video-tape machine is one such de-
vice that is very sensitive to any syn-
chronizing pulse discontinuity or timing 
error. Experience indicates that syn-
chronizing pulse timing must be main-
tained within certain limits. The maxi-
mum timing error of vertical framing 
that can be tolerated during a program 
switch, cannot exceed the time of half a 
TV line or ± 32 »secs. On special effects, 
dissolves, wipes, etc, the timing tolerance 
of kinescope blanking must be main-
tained to ± .05 »sec to avoid yisible 
picture shift on the home screen. Finally, 
in color TV the phase of the 3.58-MHz 
color subcarrier during such an opera-
tion must be maintained to ±3 degrees 
or approximately 3 ns to avoid a notice-
able shift of colpr. These tolerances 
which must be maintained not only dur-
ing a program originating from a local 
TV plant but between all other program 
sources (including local mobile unit. 
intercity pickup, or a coast-to-coast 
pickup) that are synchronized by any of 
the methods described for color or black-
and-white TV. 

In timing TV synchronizing signals 
that are not identical in line rate or 
frame rate, a more fundamental problem 
in time is encountered. Standards con-
version, as described, is only a report 
on the state of the art. The technique for 
monochrome conversion is adequate but 
not considered the ultimate solution. 
Some thorough investigations have been 
made of this problem. Information 
theory offers some possible solutions. A 
solution is to sample or quantize video 
information on one standard and recon-
stitute a picture on the desired standard. 
Results of such approaches have been 
encouraging and are useful in some dis-
ciplines, such as space and military ap-
plications. As yet, however, the results 
have not been considered acceptable for 
commercial TV broadcasting. 

The author wishes to express his 
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Audio-Video and Maintenance Groups 
of the National Broadcasting Co. for 
assistance in the preparation of this 
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System Designing of Color 

Television Facilities 

The number of color receivers was greatly increased in Japan in 1966. The Tokyo 

Broadcasting System had predicted the necessity for a thorough redesign of 

facilities and established the detailed design targets by the end of 1962. The overall 

transmission characteristics were first set up by using eight parameters which 

affect the quality of the pictures received. These overall characteristics are di-

vided into program production facilities, local transmitter and intercity microwave 

linkages. The program production facilities are divided into seven blocks and these 
are further divided into each individual unit of equipment to complete the entire 

system design targets. These design targets have proved very helpful for the 

further development of high-standard equipments. The methods of establishing 

the design targets are described. 

AS THE LARGEST commercial broad-
casting organization in Japan, the Tokyo 
Broadcasting System had to be prepared 
for the many requirements associated 
with adapting its facilities to color and 
the complexity of program production 
techniques. By the end of 1962, the TBS 
Engineering Dept. had predicted the 
necessity for a thorough redesign of 
facilities and established the detailed 
design targets of every unit equipment, 

Presented on April 20, 1967, at the Society's 
Technical Conference in New York by Yutaka 
Itoh, Television Engineering Dept., Tokyo 
Broadcasting System Inc., Akasaka Minatoku, 
Tokyo, Japan. 
(This paper was received on March 14, 1967.) 

such as synchronizing pulse generator, 
pulse and video distribution amplifiers, 
cable equalizer, stabilizing amplifier, 
pulse and video delay lines and micro-
wave link. These design targets have 
proved helpful for further development 
of high-standard equipments. 

Overall Transmission Characteristics 

The overall transmission character-
istics were first set up from color en-
coders, where NTSC color picture signals 
are originated, to the RF output of a 
television transmitter by using the fol-
lowing eight parameters which will 
affect the quality of the pictures received: 
(1) dynamic gain and insertion gain van-

Table I. Design Targets of Overall Transmission Characteristics. 

system 

Item 
Program production 

facilities 

S T L 

(E0asial code 29Krn ) 
TransmItter Over — all NTT ( REFERENCE I 

Hypothetical reference circuit 2500Km 

E e 37e9ritn5di41 
paon 

± 0. 7 sib 20. I 0 b 2 0 2 db .t 1 d 0 Short- period variations 1 I eecl 20 3 rib 

Medium - period »Mahone 11 hi) 7. i 0 db 

(II 

Freq response 
4. 

" 4.1.1 el. 1 
•*2 

Colour •2 0 

L___/1____I 
F 

o. eel, erb 0(.. +" so 40 .00... 425964.5139 
0 1.--4...-—.1 

2 

. 1 .0 •, 0 
40 Mel. 3414. um e_t_4, . ( Reference 

.42Ide. .100101. .421114.1ah moan 4 UM. 
0 1--1---/--... 

100104, / 
', ....,...„:2,.11. el ..,..,-....2ie eel .\, 

\ - ' ° r  
-2.0 

121 lee 04 02 . 
le .04 1025 mo 

00100.10 

Pulse response 

G 1575«Hz 
250 KM, 

le IS 

102 0.4 Ohio 
ts 

02 04 06•4 .035 If5.01.4 
[ Rise lime 0 lirs I 

.02.e. --.. 1 

The tune s measured from SO% point 
et rising slope Line slope ± 5% 

frame slope ± 10 % 
Sin2 Moons* 

(21 Pulse ) K  • i or i it •• I lc - 2 

t) G (3) 

( APL. 10-90%) 10 % 2.9 % 7 5 % 2 0 % 10 % 

0 p (4) 

( APL 10-90%) 
5' 1. 4. 10 5. 

Dwelt*, €1•114191 
0 et:1= 1%Z%) t os mus t 5 my, 

as per 
the Rodlo Regulation Role ± 50 mss 30 mus 

up to 41911, Reehlhee 15 75104: 

hiuM 
o s/N { Periodic 

(6) 
Random 

41 dls p- pip- p 

41 db ti -Pirmi 

49 db p- pip- p 

60 db p- pt rats 

49db 0 -P/ 11-0 

iledb p - pi nits 

40 db p- pt p- p 

40 db lb - 1, , r rns 

Periodic noise 
• Poweheipply hirn ( Including the fundowantal 
frequency and kraercider Iiirmonics) - -- - -30db (1,04.0) 

• 9.09144141.19.14 mile Newer 1101e end weir 901b1pmppi 
• valued>) to sloth It. sign° to ...hoorah° tor 

Front porch 171 
• tReterence ‘ ± 0. i i 2 5 t 0 022ii i0002ii 10 12701 

single- liehmincy indeed°, decrease Wisely 
berm lea% ond fc   30db Isieppl 
but the signal-to- robe mho should not be bee Ron 
S000 at 3.4holz 

\ 9ine Pm Output) 
Re 0.0125es 

Pulse width 
f /Reference % 

+ 0 + 0 II SYNC ..., 

0 07514 - 0 00514 166%) 

flonden note* 
weighted - - - - - - - - - - • 54c1b1p-pmenet 
unweighted f Flat noise - - - - - 403dbip-pitwal 

,TrIonale rust eesseppemià 
Uwic gen CUtput i - S 4 % - 0 6 % 

By YUTAKA ITOH 

ations, (2) frequency response, (3) pulse 
response, (4) sine-squared pulse re-
sponse, (5) differential gain, (6) dif-
ferential phase, (7) envelope delay and 
(8) signal-to-noise ratio (SNR). The 
overall characteristic are set as shown 
in Table I. Of course, some of the above 
parameters are interrelated, but it is 
not easy to deduce or interpret one pa-
rameter from the others. 

The logic governing the above settings 
is as follows: 

(1) Dynamic gain and insertion gain 
variation: less than ± 1 dB. Dynamic gain 
is the gain fluctuation from APL 10% 
to 90%, taking APL 50% as a reference, 
and this specifies the gain fluctuation 
which varies with the amount of the dc 
component in the video signal. Moreover, 
this specification includes the gain vari-
ation resulting from the ambient tem-
perature, heating of the equipments 
themselves after being energized, ac 
power supply voltage fluctuation of 
± 5%, and therefore the ability of the 
stabilized power supply unit or units con-
cerning the equipments will also affect 
this value in some cases. 
The figure is deduced from the fact 

that the just-noticeable change in SNR 

(2) 
(31 

(41 

se al Pughfrequencies shall not 'ACM that of low frequencies 15i The enrol** delay with in transmitter is not included 

Beyond 06 u points, the Miocene' remain the some (61 Unweighted. 
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Fig. 1. Just-noticeable limit of tran-
sient waveform. 

is about 1 dB at a receiver located at just 
marginal field strength. 

(2) Frequency response: within ±2 dB 
in the range of 60 Hz to 4.2 MHz 
taking 100-kHz response as the reference. 
The frequency response above and below 
the specified frequencies should be of 
smooth-roll-off characteristics. Any boost 
in high frequencies will cause overshoot 
and ringing, and low-frequency boost 
will affect the bounce response, so no 
boost of any kind is allowed. The value 
of ±2 dB is based upon the Radio Regu-
lations of Japan. 

50 
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S1/ 3° 
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Fig. 2. 

thin. 

• 
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• 

(3) Pulse response: The framed limits 
shown in Table I in the overall character-
istics column define the pulse response. 

+15% at 0.05 ps 
+10% and — 6.5% at 0.1 ps 
+7.5% and — 5% at 0.2 ps 

±4% at 0.4 ea 
±2.5% at more than 0.6 ps 

(The time is measured from the 50% 
point of the rising slope.) 

This specification is based upon the 
experiments of J. Müller and the NHK 
Technical Research Laboratory, which 
are shown in Figs. 1 and 2, respectively. 
Figure 1 shows the just-noticeable limit 
as to the square waves of the known 
overshoots and ringings displayed on 
the picture tube.' Figure 2 shows the 
results of subjective tests on the allow-
able amount of reflection.' 
The test pattern signal from a mono-

scope is displayed on a picture tube 30 
cm in diameter, and artificial reflections 
of known delay-time and amplitudes 
are added to the original signal. 
A number of viewers observed the 

mixed signal and obtained the just-
noticeable and allowable limits of pic-
ture deterioration. The dotted curves 
shown in Fig. 2 are obtained when the 
SNR of the original picture is 33 dB 
(which roughly corresponds to the allow-
able limit for white noise content). 

A JUST- NOTICEABLE LIMIT 

B ALLOWABLE LIMIT 

TBS DESIGN TARGET OF OVER-ALL PULSE 
RESPONSE 

S/ N • 33 dB 
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A 
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Subjective test result of allowable amount of reflec-
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- IOOKHz j. LIMIT 
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— 1.2MHz 

3MHz 
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Fig. 3. Just-noticeable and allowable limits of beat inter-
ference. 

50 

Fortunately, the results of the above 
two tests gave very similar values, and 
the design target of the pulse response 
was set as shown by the dotted frame in 
Figs. 1 and 2. Smears, ringings and re-
flected waves should be kept within the 
specified frame. 

(4) Sine-squared pulse response: K = less 
than 2% with 2T pulse. At the moment, 
the NTT (Nippon Telegraph & Tele-
phone Public Corp.) transmission lines 
are measured by using a 2T pulse, but 
this method of measurement is not ade-
quate for color transmission character-
istics. The new method of employing a 
modulated 20T pulse was recently 
introduced by Peter Wolf.' This modu-
lated 20T pulse is being prepared for 
use by TBS. In this design target, K 
with 2T pulse is prescribed to be less 
than 2% as the overall response. 

(5) Differential gain: Less than ±20% 
at APL 10 to 90%. 

(6) Differential phase: Less than ± 10 
degrees at APL 10 to 90%. As to the above 
two items, our Radio Regulations recom-
mend that the amplitude and phase of 
color bar signals at the 75% level shall 
be within ±20% and ± 10 degrees re-
spectively. These figures were specified 
for the differential gain and differential 
phase. 

(7) Envelope delay: ±50 ns up to 4.2 
MHz taking 15.75 kHz as the reference. 
These values are taken from the Radio 
Regulations of Japan, which define the 
coincidence of Ey,, El. and EQ.. The 
envelope delay characteristics of ampli-
fiers, cables, and such equipment as the 
stabilizing amplifier which divides pic-
ture signals into the luminance and 
chrominance components, will affect 
the coincidence of Ey., El, and EQ.. 
Therefore, this value (50 ns) has to be 
taken care of by the whole system. The 
predistortion for color receivers pre-
scribed by the Radio Regulations is not 
included in this value. 

(8) Signal-to-noise ratio: 

(a) Hum, periodic noise: More than 40 

dB (13-13/P-1)). 

-- -- 

40 -1.1-....; --.-- :.............--:.\-..-.3,---- TBS DESIGN 
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.. 

\ \•. \\••• '"e"" JUST-NOT I E - 
\ \ ABLE LIMIT 

10 - \,•.: ALLOWABLE 
LIMIT 

O 
005 01 02 05 1 1 5 2 34 

f ( MHz) 

Fig. 4. Just-noticeable and allowable limit of single-
frequency interference where SNR = 40 dB. 
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Figure 3 shows curves of the just-
noticeable and allowable limits of the 
single-frequency interference.' The hori-
zontal axis represents the SNR (dB) of a 
measured video signal and the vertical 
axis represents the S/I ratio (dB). Where 
S is a peak-to-peak value of the picture 
signal of the video signal, N is the rms 
value of noise and I is the peak-to-peak 
value of the interfering sinusoidal signal. 

Figure 4 shows the variation of the just-
noticeable and allowable limits using a 
single frequency noise up to 4 MHz in 
the case of a SNR ratio of 40 dB.4As there 
were only three television engineers ob-
serving, maximum and minimum values 
were plotted with straight lines. 
From the test results shown in Figs. 3 

and 4, the overall design target is deter-

mined to be 40 dB (p-p/p-p) at 60 Hz 

to 4.2 MHz. The amount of crosstalk or 

leakage of color subcarrier is also defined 

by this specification. Noise in the blank-

ing period, with leakage of the clamping 
pulses, is not considered as a periodic 

noise and not defined by this value. The 

leakage clamping pulse, however, if 
superimposed on a burst signal, may 
cause jitter in color-genlock operation. 
As for the leakage clamping pulses, 40 dB 
(p-p/p-p) is considered the target for 

each unit equipment with clamp circuits 
(not as the overall specification). 

(b) Random noise: More than 40 dB 
(p-p/rms), unweighted. 

Table III. Design Targets of Each Block. 

When weighted, the above figure 
should be read as 46.0 dB for flat noise 
and 49.3 dB for triangular noise. 

Figure 5 shows the value of added 
noise in dB which causes just-noticeable 
and allowable changes in picture quality 
vs. the SNR of the original picture.' The 
curve is obtained from the subjective 
assessment, where 50% of the viewers 
admitted they noticed the just-noticeable 
and allowable limits. From these curves, 
it was found that pictures having a better 
than 40-dB SNR can be allowed slightly 
more noise before viewers become aware 
of the added noise; whereas pictures hav-
ing a poor SNR cannot be allowed any 
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additional noise before viewers notice the 
change in picture quality. 
The design target was set at the gradual 

bend in the curves in Fig. 5. The differ-
ence between color and monochrome was 
found to be only 1 dB. 6 (In color, the 
random noise is slightly more susceptible.) 

Assignment of Tolerances to Entire 

Television Transmission System 

The overall transmission characteristics 
defined in the above paragraph are 
divided or assigned to two large sections 
of the entire system. In the case of local 
transmission, these are the program pro-
duction facilities and the transmitter, in-
cluding associated S-T link. 

For the network feed, the two sections 
are program production facilities and 
inter-city microwave linkages. 
The assignment of tolerances to the 

above sections is shown in Table I. The 
first half of the above two cases, or the 

program production facilities, were fur-
ther divided into seven blocks, namely: 
(1) remote pickup block; (2) VTR block; 
(3) teleciné block; (4) studio subcontrol 
room block; (5) coordination subcontrol 
room block; (6) local master block; and 
(7) network master block, as shown in 
Table III. 
The tolerances assigned to each block 

are assigned further down to each indi-
vidual unit equipment and complete the 
entire system design targets, as shown in 
Tables IV to VIII. 

Law of Addition 

To assign tolerances to many sections, 
blocks or to unit equipments, the arith-
metical law of addition for frequency 
response, D.G., D.P., and envelope delay 
characteristics, was applied when the 
same kind of blocks or unit equipments 
are cascaded. The rms law is applied to 
the dynamic gain and insertion gain 
variation, pulse response, sine-squared 
pulse response and SNR. 
When cascading different kinds of unit 

equipments or blocks, addition of trans-
mission characteristics is made according 
to the laws shown in Table II, which are 
based on our experience and were estab-
lished in 1962. 

This setting of the laws of addition was 
found to be very close to the C.C.I.R. 
Recommendation Doc. CMTT/1009-E 
issued in July 1966,6 and the paper pre-
sented by K. H. Potts concerning sine-
squared pulse response, issued in April 
1963.7 Suppose a picture taken at a re-
mote location by a remote pickup unit is 
once taped and played back, then used 
as an insertion to a studio program with 
local superimposition of a commercial 
handled in a coordination sub-control 
room, the total number of blocks passed 
would become 5 (n = 5). The blocks that 
the picture passed would be: Block No. 1 
(remote pickup), No. 2 (VTR), No. 4 
(studio control room), No. 5 (coordina-
tion control) and No. 6 (local master 
switcher). 

As Blocks No. 4 and No. 5 have the 
same equipment composition in adding 
the characteristics of these two blocks, 
we must use the simple arithmetical 
addition; therefore, the number of blocks 
passed should be considered as 4 (n = 4) 
instead of 5, and by using the Table II, 
the a or discounting coefficient will be 

found to be 3/4. Or, in other words, 4/3 
times tolerances are allowed to the entire 
picture transmission path, by comparison 
with the tolerances obtained by using the 
purely arithmetical addition law. 

Other Characteristics to Be Noted for 

Unit Equipment 

(a) Input impedance: It is important to 
be acquainted with the characteristics of 
a 75-1/ coaxial cable. The impedance 
characteristic curve of cable rises abruptly 
at frequencies lower than 10 kHz and has 

a fairly large imaginary part even in the 
video-frequency band. 6 As an example, 
where the coaxial cable 5C-2V (RG-6/U) 
of 100 m is terminated with a pure re-
sistance of 75 fi ± 1% and the return loss 
is measured at the sending end, consider-
ably large standing wave is observed in 
video frequency band, as shown in Fig. 6. 
This standing wave varies with the length 
of a cable. 
To avoid the visible reflection caused 

by bridging connections, the length of 
cable must not extend more than 5 m, 
as the amount of reflection at frequencies 
lower than 200 kHz is about 26 dB, and 
overshoots and undershoots having widths 
shorter than 50 ns are not visible to the 
eye, as shown in Fig. 1. 

Since the return loss of the cable is 
about 32 dB at frequencies higher than 
200 kHz, the specification for the unit 

Table IV. Design Targets of Remote Pickup Block. 
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Fig. 6. Return loss characteristic of cable 5C-2V(RG-6/U), 
I00-m. 

equipment is also set at 32 dB up to 8 
MHz. Then a loading coil must be used 
for preventing the mismatching resulting 
from the stray input capacitance of a 
unit.8 

(b) Crosstalk between Signals: Figure 7 
shows the results of an evaluation test on 
picture crosstalk.2 The 90% curve is ob-

Table V. Design Targets of VTR block. 
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Fig. 7. Subjective test result of picture crosstalk. 

tamed by very sensitive observation and 
the crosstalk is noticed when it exceeds 
61 dB. 50% curve (observation by ordi-
nary people) shows that the viewer 
noticed the crosstalk at 58 dB. 58 dB was 
taken as the value of the just-noticeable 
limit, and set the standard at 57 dB as 

Sholl uniformly clips white peak at 110%, over 60 81441, 

the value corresponds to 1 mV in a video 
circuit having 0.7 V peak-to-peak. 

This value of 57-dB or 1-mV crosstalk 
has to be kept up to 4.2 MHz because 
otherwise the crosstalk of the color sub-
carrier will cause color contamination. 
Use is also recommended of 1-V p-p 

Table VI. Design Targets, Teleciné Block. 
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Fig. 8. Step-function response of video distribution amplifiers arranged in tandem. 

Table VII. Design Targets of Studio and Coordinate Subcontrol Block. 
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pulses to distribute all kinds of synchro-
nizing pulses to reduce crosstalk. 

(c) Bounce: Figure 8.shows an example 
of the step function response of cascaded 
video distribution amplifiers. As the num-
ber of cascaded distribution amplifiers is 
increased the time to the first half-cycle 
is shortened and amplitudes of the first 
and second half cycles are increased. If 
the time to the first half-cycle is reduced 
to more than 0.1 s, the sync separators in 
some picture monitors will not follow 
properly and will cause picture roll. 

The amplitude of the first half-cycle is 
specified as less than 25%, which is close 
to the calculated value of the bounce pro-
duced by an amplifier having three 
blocking condensers. Cause of instan-
taneous color change at the time of pic-
ture switching is often found as big 
bounce. 

(d) Strength of clamping action: A clamp-
ing circuit should always be provided at 
every interconnection point of the seven 
blocks of the program production facili-
ties. In order to reduce the amplitudes 
of hum, sag and bounce from 50% to 
2.5% (just-noticeable limit), the clamp-
ing strength is set at 26 dB. 

(e) Output isolation: When one of the 
three outputs of an equipment is opened 
or shorted (even at the receiving end of 
the output line) the variation of the fre-
quency response of the other two outputs 
has to be kept within ± 0.1 dB, and the 
reflected color subcarrier at the shorted 
or open end of the output line shall not 
affect the phase of the other two outputs. 
In order to achieve the above, a 40-dB 
isolation is required. 

(f) Output impedance: Since, as men-
tioned before, the return loss of a coaxial 
cable is 32 dB, the same value is applied 
to the output impedance. If the input and 
output impedances at each intercon-
necting point are 32 dB, the reflected 
signal level at the receiving end is —64 
dB compared to the original signal. This 
reflection is of fairly small value, but we 
have to consider the case mentioned 
below. 

If there are four long cable connections 
in the station (for instance, the four 
cables which connect the encoder to 
studio switcher, studio switcher to VTR 
input, VTR output to coordination 
switcher and coordination switcher to 
local master switcher) and all four have 
the same length and same reflection 
characteristics, the reflected waves may 
by chance have the same phase relation-
ship all together, so there will be de-
terioration of the original signal. This 
means the arithmetical addition of four 
reflected waves, each having —64 dB 
level, which in turn creates reflected 
waves of — 52 dB level. 

(g) Compensation for attenuation character-
istic of cable: The loss characteristics of 
the cables are shown in Fig. 9. When 
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the cable is terminated by a 75-2 resis-
tance at the receiving end, the attenu-
ation characteristics become flat at 
frequencies lower than 20 kHz in the 
case of 5C-2V (RC-6/U) and attenua-
tion compensation is required for the 
higher frequencies only. The step func-
tion response is calculated on the assump-
tion that the attenuation characteristics 
are proportional to root f, and the result 
is shown in Fig. 10. By applying to this 
calculation the just-noticeable limit of 
smear mentioned before, we can find the 
maximum extendable length of cable 
without using cable compensation. TBS 
is using 5C-2V (RG-6/U) cable exten-
sively, for connecting between rooms or 
racks, and the overall maximum allow-
able length of this cable without using 
compensation is only 44 m for the entire 
transmission system. NEC (Nippon Elec-
tric Co.) and TBS together developed a 
high-standard video distribution ampli-
fier which can take a plug in the cable 
compensation unit. A cable of any length 
from 0 to 200 m can be compensated 
precisely (±0.1 dB) and continuously 
by turning one control knob. This type 
of cable compensation is used at various 
points of the entire system to maintain 
the design targets. 

Specifications for Final Output 
Waveform Relations 

So far, we have been referring only to 
transmission characteristics; but we have 
also established a set of specifications 
concerning all the delay diagrams and 
pulse widths of the entire system which 
specifies the final output waveform re-
lations. 

Figure 11 shows the horizontal blank-
ing period of a color signal. The color 
standards specified by the Radio Regu-
lations are indicated. The figures in 
parentheses ( ) are TBS standard for 
optimum adjustments. The rise time of 
the leading and trailing edges of the 
horizontal blanking signal is not speci-

fied by the Regulations and is usually 

dictated by the camera control unit in 

use, and the actual value is found to be 

around 0.002 H. 

The minimum number of cycles of 
burst signal is 8 cycles, and if the rise and 

fall time of burst flag pulse are taken into 
account, the width of the burst flag pulse 

must be 9 cycles of color subcarrier 
frequency, or 0.04 H. Then the maxi-
mum duration left for the front porch is: 

0.175 — (0.145 0.002 X 2) = 0.026 H 

and the maximum duration between the 
trailing edge of the horizontal sync and 
the start of the burst (breeze way) is 

0.125 — (0.075 -I- 0.04) = 0.010 H 

From the above values, 0.022 H is 
assigned to the front porch, and the 
duration between the trailing edge of the 

Fig. 9. Characteristics of cable: attenuation vs. frequency. 

Table VIII. Design Targets of Local and Network Master Block. 
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Fig. 10. Step-function response of coaxial cable. The curve 
shows the waveform where the cable attenuation is 1dB at 1 

MHz. 

horizontal sync and the start of burst is 
set at 0.008 H. 
The tolerance in the width of the 

horizontal sync is 0.075 H ± 0.005 H as 
defined by the Radio Regulations, but 
the plus side of the allowance is not 
actually permitted from the above dis-
cussion. The allowance for the width of 
the horizontal sync pulse is then +0 
and —0.005 H. 

This tolerance must be divided or 
assigned to the maximum number of 
equipments cascaded in the entire system 
handling the distribution, regeneration 
and mixing of the horizontal sync pulse. 
Because of the absence of the plus side 
tolerance, the arithmetical law of addi-
tion must be applied. The specifications 
for variation of front porch and pulse 
widths are tabulated together with the 
corresponding transmission character-
istics. 

Color Subcarrier Distribution System 

When we want to mix or wipe two 
color pictures, the phase of the color 
subcarriers must be correctly aligned. 
Table IX shows the just-noticeable 
limits of phase error for each color of the 
color bar test signals.9 From the above 
subjective test, we set the tolerance of 
the phase error at ±1 degree. 

If we express this phase error by the 

à j.  01 8H 05 
(0.175H) 

a. 

03P 

59 m 166 m 

44 nt 125 RI 

28 nt-7 130 4, 

length of coaxial cable (5C-2V or RG-6/ 
U) it is only 15 cm, and if we want to 
keep the delay-time of each video distri-
bution amplifier within this tolerance, 
it may not be possible to keep the fre-
quency responses of the respective ampli-
fiers within the specifications. There-
fore, TBS is using the subcarrier distri-
bution system shown in Fig. 12, in which 
the picture originating block always re-
ceives its subcarrier from the block to 
which the picture is sent. 
We are now experimenting with the 

automatic burst phase detector which 
can be used with the 360° dc-controlled 
phase shifter now in use. 

Conclusion 

When the results from the above work 
were first derived, some of the figures ob-
tained were thought to be too tight to 
achieve. But with the help of some 
Japanese manufacturers, a series of equip-
ments to meet the above specifications 
have been completed, and the introduc-
tion of highband VTR brings the VTR 
specification much closer to design targets. 
The following is the list of newly de-
veloped high-standard equipment to our 
specifications. 

(1) Video distribution amplifier — 
with cable length compensator up to 

0.145" Min 

0.125" Max 
10.123") 

DC/2HW , > 0.0 t75 -0005  0.006"Min 

/,‘• i0002Hi {0.0k 
7 b°212e— 10 075H I (0.008") 

wm- M in - 
\ (0.039e w C/s 

Fig. 11. Horizontal blanking period as to the Radio Regula-

tions. 

MASTER 
CONTROL ROOM 

SUB-CARR I ER 
FEED 

200 m of 5C-2V (RG-6/U) and fixed 
time delay. 

(2) Pulse distribution amplifier — 
with no pulse width variations and fixed 
time delay. 

(3) Stabilizing amplifier — with no 
pulse width and front porch variations. 

(4) Passive cable equalizer — ±0.05 
dB up to 6 MHz at 120 m compensation 
for 5C-2V (RG-6/U) cable. 

(5) D. G. and D. P. compensator — to 
be used to improve the playback picture 
quality of the low-band VTR. 

(6) Delay boxes — for pulses; 50-ns 
steps, maximum delay time 2.55 ns for 
video and pulses; 5-ns steps, maximum 
delay time 0.605 ns for video; 1° steps at 
3.58 MHz, maximum delay time 11 °. 

(7) 360° phase shifter — constant 
output amplitude, remote-controlled by 
dc voltage. 

(8) Mixing amplifier — dc-controlled 
fader amplifier. 

(9) Sync pulse generator — with 
instantaneous genlock (1/30 s), bi-
directional slow genlock; when genlocked 
to a phase modulated vertical serration 
by which the output will not be affected. 
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Table IX. Just-Noticeable Limits of 
Amplitude and Phase Variation for 
Each Color in Color Bar Signals. 

IAMPLITUDE PHASE 
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Discussion 

Anon: You indicated that you were working 
on an automatic phase corrector for a sub-
carrier. Would this be in the video circuit or 
would this be in the subcarrier distribution? 

Mr. Itoh: The automatic phase corrector is to 
be inserted in the subcarrier distribution system. 
At present, we are using the dc-controlled phase 
shifters in the subcarrier distribution system. 
We are now developing a phase error detector 
which feeds the phase correcting dc voltage to 
the phase shifters. 
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Television Studio Performance 

Measurements 

Recent improvements in TV terminal equipment design and stability have en-
abled a much improved performance to be obtained. The increased accuracy of 
performance measurements required has shown some deficiencies in present 
measurement techniques. Improved methods are suggested, together with com-
ments on system design leading to better initial performance with faster and easier 

maintenance. 

THE INSTALLATION of television equip-
ment is normally followed by "accept-
ance" tests intended to prove that the 
equipment is performing to specification. 
After acceptance, routine maintenance 
tests are made to ensure that the specified 
performance does not deteriorate. With 
early equipment, and especially that 
using vacuum tubes, the performance 
was not too stable, necessitating wide 
tolerances in the specification, and cor-
respondingly coarse requirements for the 
test equipment. Similarly, tests could 
be made only over short paths of several 
units in cascade, or the statistical sum of 
the tolerances became too wide for use-
ful appreciation. 

In the last few years, equipment per-
formance and stability have become 
much tighter, requiring a better grade 
of test gear to measure the tolerances. 
At the same time the cumulative effects 
of many units in cascade has become use-
fully measurable and reasonably stable. 
In fact, the performance of individual 
units may now be so "excellent" that 
the main system errors come from sec-
ondary sources that previously have been 
ignored. Table I gives a comparison of 
some parameters for old and new equip-
ment. With this degree of improvement 
it now becomes worth while to pay at-
tention to the secondary sources of 
errors, and to bring whole systems to a 
performance figure that previously could 
only be maintained over a very short 
path. Test equipment requirements and 
routine testing methods need to be re-
examined. These in turn call for some 
extra attention during the original sys-
tem planning. 

Test Signals 

If equipment has been thoroughly 
tested in its design or approval stage, 
certain routine test signals give a clear 
idea of present performance. These sig-
nals may be applied continuously as 

Presented on September 19, 1967, at the Society's 
Technical Conference in Chicago, Ill., by M. W. 
S. Barlow, Studio Systems Dept., Canadian 
Broadcasting Corp., 7925 Côte St. Luc Rd., 
Montreal 29, Que., Canada. 
(This paper was received on October 25, 1967, 
and in final form on December 12, 1967.) 

Vertical Interval Test (VIT) signals, 
or used as "full frame" test signals when 
the equipment is not in use operationally. 
Two broad types of signal are in current 
use, the transient test, and the specific 
detailed, test signal. The former, typified 
by the sin2 pulse in its various forms, 
tends to give a type of Go/No Go answer: 
up to a certain degree of distortion, the 
path being measured is acceptable. It 
is usually impossible to directly establish 
exactly what deficiency in the path is 
responsible for the measured distortion. 
When the error is unacceptable, the 
specific test signals are applied to the 
path and its elements in turn to de-
termine the actual fault. The signals 
used for these purposes are the familiar 
modulated stairstep, sweep or multi-
burst, window and various more spe-
cialized signals as necessary. With these 

Table I. Typical Amplifier 
Characteristics. 

Parameter 1957 Value 1967 Value 

Freq. Re- +0.2 and +0 and 
sponse, dB —0.3 db at 6 — 0.1 db at 8 

MHz MHz 
Differential 2% Max. 0.5% Max. 
Gain 

Differential 0.5° Max. ±0.15° 
Phase 

Vertical 2% Max. 0.5% Max. 
tilt 

Table II. Typical Television Test 
Signals in Present Use. 

Measured 
Signal Measurement with 

Modulated 
Stairstep 

Multiburst 
of sweep 

Sin2 Pulse 

Sin2 
Window 

Differential Oscilloscope 
gain and high-

pass filter 
Differential Vectorscope 
phase 
Amplitude/ Wideband 
Frequency oscilloscope 

H. F. tran- Wideband 
sienta, etc. oscilloscope 

and cali-
brated 
graticule 

L.F. tran- DC oscil-
sients tilt, loscope 
etc. 

By M. W. S. BARLOW 

signals it is possible to measure the per-
formance of the system by splitting up the 
modulation spectrum into various parts 
and using the correct signal for each. 
Table II outlines haw each signal is 
used. 

It has been the custom to use these 
signals at nominally the same level as 
the video program signal, and to display 
and measure them at unity gain, es-
pecially when photographed, for ease of 
comparison between input and output. 
The differences between input and out-
put are now so small, however that this 
method of comparison is inexact. It may 
be argued that if the difference is so 
small as not to be easily visible in this 
manner, the result on the program signal 
will also be extremely slight. This is true, 
but there are sufficient other deficiencies 
in the overall TV system that every im-
provement is a help. In the case of TV 
studio terminal equipment such as 
switching and routing systems, it is 
relatively easy to hold the performance to 
very tight tolerances. This eases the re-
quirements on other parts of the system 
but gives an overall improvement. 

Referring again to Table II, it will be 
noted that the measuring oscilloscope 
now has extreme requirements including 
that of high gain to increase the visibility 
of errors. No longer is. it possible to rely 
on the ubiquitous Tektronix 524 of 
yesteryear for anything more than simple 
level measurements. Modern oscillo-
scope design is generally ahead of re-
quirements, but no one instrument in-
cludes all the features now necessary. 

Deficiencies in Present Test Gear 

Because the studio broadcasting sys-
tem is capable of being held to close 
tolerances more easily than the network 
connections or transmitter, it is usual for 
the smallest share of tolerance spreads to 
be allowed the studio system (see the Ap-
pendix). To test any subsection of the 
studio system, a measurement sensitivity 
some ten times that required for network 
testing, for example, is required. This 
increased accuracy is at the limit of some 
of the present-day test equipment. 
As outlined in Table II, differential 

gain is measured by feeding a modulated 
stairstep through the unit under test, and 
looking at the end result via a high-pass 
filter. Waveform monitors such as the 
Tektronix 529 have the filter built in for 
both A and B inputs. But they have 
barely enough vertical gain to give a sen-
sitivity of 5% differential gain per 10 
IEEE units of deflection. Measurements 
of 0.5% differential gain become a mat-
ter of guesswork. It is not possible to dis-
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TEST SIGNAL 
SOURCE 

(a) 

TEST SIGNAL 
SOURCE 

(b) 

E H 

G 

-A• •B. 

A 
E 

Fig. 1. Typical low-accuracy test methods. At ( a) is the case 
where the test signal is patched or switched directly to the oscil-
loscope and then via the unit uncter test. Cables AB, CD, EF and 
GH all affect the measured response. At ( b), cables are "teed" to 
the oscilloscope input terminals, and the oscilloscope input loading 
may mis-terminate the test signal source. Both inputs of the oscil-
loscope must be very accurately matched for this type of measure-
ment. 

play A and B inputs simultaneously, and 
it is necessary to photograph the results 
for comparison. Regular oscilloscopes 
with sufficient gain lack the built-in 
filter facility. 

Differential phase is measured with the 
same signal, but displayed on a vector-
scope. This requires either a phase-
locked burst to give a standard "color 
sync" signal, or a feed of the stairstep 
modulation to the vectorscope. A resolu-
tion of 0.2 degrees is obtainable with 
older vectorscopes, such as the Tektronix 
526; however, the vertical stability is 
insufficient for higher accuracy. 

Frequency response should not be mea-
sured with a multiburst signal except for 
the crudest indications. If the oscilloscope 
vertical gain is increased it becomes te-
dious to measure the peak-to-peak ampli-
tude of each burst because only one end 
of the trace will be visible at a time. 
Measuring the positive or negative peaks 
only is unacceptable because of possible 
axis shift. A sweep signal generator is 
preferable, but it may suffer from axis 
shift which would affect the accuracy at 
high magnifications. The most accurate 
method is a differential sweep. This in-
volves detecting both input and output 
sweeps and displaying the differential 
output on an oscilloscope as an "A-B" 
display. A simpler method is the use of a 
differential sweep generator, such as the 
Marconi Instruments TF1099, which is 
designed for this purpose. At a level of 
about 0.7 V peak-to-peak, a sensitivity 
of at least 0.05 dB/cm of vertical deflec-
tion is obtainable from 100 kHz to 
20 MHz. Only one cable is required be-
tween the TF1099 and the oscilloscope, 
and this is carrying only detected (LF) 
signals. It is therefore possible to use this 
system to measure physically long video 

TEST SIGNAL 
SOURCE 

A 
D 

Fig. 2. The preferred method of connection of all test signals. By 
using a distribution amplifier with identical outputs, and making 
cable CD equal to EF plus GH in type and length, an exact mea-
surement of the performance between points F and G can be 
made. As before, the two oscilloscope inputs must be accurately 
matched, or one input used only for both measurements. 

paths and yet have the oscilloscope at a 
convenient location. Present instruments 
of this type do not permit detection of 
composite sweep signals especially if de-
lays due to cable lengths are involved. 
With modern equipment the frequency 

response seems to be the most sensitive 
performance parameter. It is the one re-
quiring most attention to bring within 
specification. Other parameters outside 
specification usually imply a serious 
fault. 

Waveform tests using sin2 signals are 
adequately covered by present instru-
mentation but with marginal sensitivity 
for the scale of measurements being made 
in studio systems. Some systems in which 
luminance and chrominance information 
are processed separately may require 
small amplitude signals on a large setup 
to avoid spurious echoes being generated 
in filters and black clip circuits. 20T, 2T, 
T and T/2 pulses are needed to explore 
the system thoroughly. With modern 
equipment the pulse shape distortions are 
likely to be small. The window signal is a 
sensitive check of equalization in the 
100-kHz to 400-kHz region. Extra 
equalization may be required for long 
cables to correct these frequencies ade-
quately and reduce picture smear. The 
pulse-to-bar ratio is a sensitive check of 
balance between HF and MF equalizers. 
Low-frequency tilts at line or field rate 
are unlikely to be noticed unless several 
systems are cascaded. 

Test Methods 

The physical interconnection of the 
test signal generator with the equipment 
under test requires a closer look if ac-
curacy is to be increased by a factor of. 
say, 10 times. The precise method in use 
depends on local circumstances, par-

ticularly if the equipment has been re-
moved from its normal operating position 
to the maintenance shop. Probably one 
of the two methods outlined in Fig. 1 is in 
use. At Fig. 1 (a) is the typical case of an 
in situ measurement. The test signals 
from a central source are routed via 
switches, relays or patch cords to the 
oscilloscope, where they are examined 
for correctness. The circuit path to be 
examined is now included in the test 
route, and the scope trace re-examined. 
It is apparent that cables EF and GH are 
part of the test circuit. It may not be so 
obvious that the trace on the oscilloscope 
is not a true record of either the test 
generator output or the test signal actu-
ally applied to the test path. Allowance 
must be made for cables AB and CD. 

Figure 1 (b) is the popular method in 
the maintenance shop, using a scope with 
dual display facilities ("ALT" or 
"CHOPPED"). The various cables, and 
the terminating resistor, are connected 
by "T" adaptors to the oscilloscope in-
puts. Even if cables EF and GH are 
exactly identical, the "A" input will 
only be a true measure of the signal at 
point B, i.e., neither the generator output 
nor the input to the unit under test. The 
"B" input should be a true measure of 
the output signal if the termination con-
ditions are correct. If cable EF is of any 
appreciable length (say more than 12 
in.) then the input capacity of the 
oscilloscope will not appear across the 
termination but somewhere along the 
cable, thus mis-terminating the signal 
source. Also, the A and B inputs to the 
scope, and any internal circuitry involved 
in processing these inputs, must be very 
closely balanced for whatever measure-
ment is being made. It is apparent that 
the -A-B" display is not accurately a 
measure of the performance of the item 
under test. 

Apart from the oscilloscope perfor-
mance, the connecting cables contribute 
the major part of the measurement un-
certainties. To avoid this complication, 
the test arrangement of Fig. 2 is much 
preferred. This uses a distribution ampli-
fier (DA) to split the feeds to oscilloscope 
and unit or path under test. By making 
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VTR 

NET SWR 

VTR SWR 

K factor 
Diff. phase degs. 
Dit f. gain % 

Code 

T 0 .51 

3 3 1 1,5 

N 0 1.5 .5 

13 2 1 1 
T3N 3 2 1.5 
B 0 .5 .5 

7 0 .51 

V 0 .51 

137 1 1 1 

B7V 2 1,5 1,5 

Fig. 3. Part of a typical System Performance diagram. The various inputs, switchers and 
routing outputs are shown from left to right. The test results are entered at the far right op-
posite the code for the particular path. As paths are cascaded, the coding is changed and 
the total results are entered. Note that all jacks at the end of each path are in the saine 
jackfield permitting fast cascading of circuits with standard jack-cords for routine mainten-

ance measurements. 

cable CD equal in length and type to 
EF plus GH, a true measure of the re-
sponse between F and G can be found. 
It is necessary that both outputs of the 
DA are identical, easily checked by 
connecting F directly to G. The oscillo-
scope balance requirements are the same 
as for Fig. 1 (b). Cable AB can be any 
length, equalized if necessary, but the 
response of the DA to the test signal must 
not significantly affect the results. 

For high accuracy measurements such 
a system is essential. It should be included 
in all plans for monitoring or measuring 
systems, whether they be VIT or full 
frame, and whether the equipment is 

portable or installed in racks. 

Application to System Tests 

No details have yet been given of what 
the " test paths" might include. With 
early, wide-tolerance equipment, the 
test path might be a single piece of 
equipment such as a distribution ampli-
fier or a routing switcher. Such tests 
could be described as " unit tests." Sys-
tem tests were limited to such systems 
as a complete studio switcher, from input 
jacks to output jacks. The sum of the 
tolerances plus the clay-to-day drifts in 
performance made the results of little 
more than academic interest. With more 
stable equipment it is now possible to be 
sure that the measured responses will be 
maintained. Consequently, it is now 
worth while to improve the performance 
as much as possible at the time of instal-
lation. It is rare for a single system (such 
as a studio) to be used alone; it normally 
has external feeds into it (such as Net, 
VTR, Telecine), and various other sys-
tems being fed by its output (routing 
switchers, transmitter feeds, etc.). If each 
subsystem is trimmed for good perfor-
mance it is possible to cascade them into 

one large system and to make one set of 
measurements that will test the perfor-
mance of the entire equipment via a 
long but highly practical path. For ex-
ample, one test from a telecine chain 
through a studio and a routing switcher, 
measured at the transmitter input termi-
nals, will provide a complete idea of the 
true operation of the station under these 

conditions. 
Because a number of identical units 

such as DA's and equalizers are now in 

cascade, there begin to appear cumula-
tive errors which otherwise might not be 
noticed. Finally, by careful choice of 
cascaded systems, it is possible for the 
maintenance crew to repeat these system 
measurements routinely. A minimum 
number of measurements will then give 
maximum information quickly and in 
its most useful form. 
The practical details depend on local 

circumstances. The following example is 
based on experience at the CBC Toronto 
studios. It is most convenient if all 
measurements can be made from the 
same place with the same oscilloscope. 
In most stations there is a central jack-
field or central monitoring position which 
is suitable. In Toronto this is in Master 
Control. A high-grade switcher, pres-
ently fitted With 42 inputs, is used to dis-
play the outputs of all color sources, plus 
studio and net feeds, on a vectorscope, 
an oscilloscope, and a color monitor. 

Each feed is correctly timed through the 
switcher back to the jackfield. Any feed 

which appears to have the same color 
phase as another, as seen on the vector-

scope, will also be in phase at the jack-
field and can safely be mixed. These 

facilities also permit easy measurement 

and comparison of color burst and other 
waveform detail. Operator's arguments 

Fig. 4. Tracing of an oscilloscope camera 
trace showing a 10-MHz sweep ( from 
left to right, 1-MHz markers) through all 
Toronto color paths in cascade, code 

B3T12V7N. This is not an operational 
path but is a quick way of determining. 
whether overall performance has altered 
since the last routine measurement. 

as to what really is the level are quickly 
resolved. 
A System Performance Diagram, sim-

ilar to Fig. 3. was drawn up. A recent 
paper by N. R. Groverl shows how this 
diagram is used for theoretical studies 
of system performance. It is in a form so 
useful that it has been used also to record 
measured results. The Performance Dia-
gram is a type of one-sheet test report. 
It is used on installation tests and for 
routifte maintenance tests. The various 
inputs (VT R, telecine, net input) are 
shown in skeleton form, but detailing 
exactly which jacks are used for input 
and output. Where more than one system 
is available — for instance, there may be 
several nominally identical telecines — 
each will be tested exactly on installation. 
Subsequently, the diagram lists " aver-
age" performance. Studio switchers are 
shown next, and routing switchers and 
output arrangements to the right. These 
groups are staggered vertically on the 
diagram so that the performance figures 
can be listed in the chart at the right. 
The chart also lists the CBC acceptable 
limits as outlined in the Appendix. Each 
path is given a code (T for telecine, 3 for 
Studio 3, N for network output switcher, 
etc.). As each path is cascaded the code 
is noted and the figures added to the 
chart. Thus "T3" would indicate a 
measurement from telecine, which is 
patched as a regular input to Studio 3 
switcher, to the output of Studio 3 ap-
pearing in Master Control. "T3N" 
would indicate that this output is then 
routed through the Net switcher and 
measured at its output in Master Control. 
Long systems can be built up, described 
and measured very easily. Paths that are 
not even used in practice can be cascaded 
to emphasize cumulative system errors. 
Figure 4 shows the frequency response for 
every color signal path in the building 
in cascade: 4 switchers, 4 Proc. Amps., 
14 equalizers and 28 DA's. The overall 
response is not good, being of the order 
of +0.4 and — 0.6 dB. It compares with a 
single studio switcher response of some 
years ago. The LF saddle is mainly due 
to a slightly under-equalized line to 
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  IN 

TEST SIGNAL 
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Fig. 5. A method of utilizing a cue circuit to permit a loop measurement where no 
return path was directly available. At (a), the amplifier of one of two identical program 
paths to telecine was reversed to allow the line equalizers to be set. At ( b), the studio 3 cue 
system ( previously equalized) was selected at the telecine chain to permit the cue switcher 
equalization to be set. At (c) a spare cue line was corrected so that both ends of the final 
loop were available on the same jackfield. One loop measurement now checks the telecine 
cue system and the telecine program lines in cascade. 

Studio 7. Operational paths are trimmed 
to the performance limits shown in the 
Appendix. 

Studios, VTRs and Net input systems 
are simple and fast to measure because 
both ends of the system are available on 
the patchfield and central monitoring 
system. Allowances may have to be made 
for the physical lengths of jack cords for 
accurate measurements. With Toronto 
telecine, however, only the program 
output from the chains appears. At 
first sight there is no easy way of looping 
a signal up to the chain and back. The 
telecine chains are on a different floor, 
and the method of solving the problem 
may be of interest. 

Figure 5 (a) shows one of the telecine 
chains with its amplifier reversed so that 
the program lines could be correctly 
equalized. This is done with the differen-
tial sweep, dividing the required equali-
zation equally between the two lines, 
which are of equal physical length. This 
method could be used on a routine basis, 
but is awkward and involves recabling 
the amplifier for the duration of the 
test. As no other equalized line was avail-
able, an alternative route via the video 
cue system was used. 
At Fig. 5 (b), the sweep was fed into 

Studio 3 (previously equalized itself) 
and the Studio 3 output was selected as 
the Studio Cue feed to telecine. The 
cue feed was patched back into the pro-
gram line to master control. The cue 
switcher output could now be equalized. 

At Fig. 5 (c), the spare cue input, 
which appeared on the master control 

jackfield, was used instead of the Studio 3 
output and this enabled the Spare Cue 
input line .to be equalized. Once these 
adjustments have been made, it is pos-
sible to sweep from the jackfield to tele-
cine and back, checking both cue and 
program distribution simultaneously. In 
the absence of color cue facilities, an 
extra equalized line from master control 
to the telecine chain would be required 
to make this test. It should be included 
on future installations. 

Practical Results 

First measurements showed that most 
circuits were displaying a droop in 
frequency response around 2 or 3 MHz. 
This has also been reported in a paper by 
Davidoff of CBS.2 Tests showed that this 
was usually due to incorrect cable equali-
zation followed by excessive HF peaking 
to maintain correct color burst amplitude 
through the system. A cumulative droop 
in video DA's was also detected; each 
DA contributes less than 0.1 dB of droop 
but always at the same point. With 
many DA's in cascade, the problem be-
came serious. All DA's were therefore 
modified to include an adjustment to 
correct for this droop. 
With the DA's eliminated as variables, 

attention was turned to the equalizers 
(mainly type WE323 in program paths). 
These had originally been set either by 
known cable length or by multiburst 

measurements. Accurate differential 
sweep displays showed that in many cases 

the taps were wrong; there is a tolerance 
on these equalizers just as for any piece 

of equipment.The actual setting should 
always be chosen with a sweep. Because 
the taps are at 50-ft intervals (represent-
ing approximately 0.25 dB loss at 5 
MHz), the internal equalization of 
switchers and certain DA's was varied to 
give an overall flat response in conjunc-
tion with the equalizers. There have been 
comments that this prevents interchange 
ability of DA's, but this is not a serious 
problem because: (1) there have been no 
recorded failures amongst some 500 
DA's in service; (2) each DA is individ-
ually marked with its own location iden-
tity and always returns there; (3) DA's 
are individually adjusted for gain, so re-
ducing their interchangeability anyway; 
and (4) emergency interchange of DA's 
would only introduce a small fraction of 
a dB of errors in the frequency response. 
When all circuits involving lumped 

equalizers had been corrected, attention 
was turned to cascading various paths. 
It was found that the extra connecting 
lengths of unequalized cables were ruin-
ing the previous equalization. CBC 
practice is to lump equalize only to the 
nearest 50 ft. Units connected by short 
cables to a jackfield were therefore not 
equalized — but these units in cascade 
were now contributing to the overall 
errors. A typical example was a utility 
DA whose input and outputs appear at 
the jackfield. Adding this to a circuit 
dropped the color burst amplitude by 2 
IEEE units compared to the direct, 
equalized, feed. Systems such as these 
were therefore equalized (with their in-
ternal adjustments) for flat response 
measured between input and output 
jacks. Some 25 ft of cable compensation 
is possible with our present DA's. It 
would be useful if manufacturers would 
include in their specifications not simply 
the frequency response of a unit mea-
sured in a jig, but also the maximum 
length of cable that can be added with-
out exceeding the range of the frequency 
compensating adjustments. 

Particular care must be taken with test 
signal distribution paths, and VIT signal 
systems, to ensure that the signals reach 
their destinations without added dis-
tortion due to lack of equalization. The 
practice of putting all the test gear in one 
rack some distance from the central 
monitoring point is hazardous. CBC 
Toronto practice is to use only an equal-
ized test signal selector facility for this 
purpose, and does not attempt to use 
unequalized inter-rack trunk lines. 
Window signal tests showed that MF 

compensation of about 0.1-dB boost at 

400 kHz per 200 ft of cable was required 
to correct the shape of the top left and 

bottom right corners of the window wave-
form after the HF equalization had been 
completed. A switchable equalizer box 
was used to determine the required 

settings. Again it is emphasized that due 

to system tolerances, it will be more ac-
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curate to measure the required correc-
tion rather than to rely on the estimated 
cable lengths or the settings of the HF 
equalizers. Davidoff's paper gives an 
alternative measurement method of 
greater accuracy. In practice, even at 
maximum gain on the measuring oscillo-
scope, it is difficult to judge an exact 
match of window corner shape. Steps of 
0.1-dB boost at 400 kHz appear to be 
quite near enough. Suitable fixed equal-
izers could be added. Recent develop-
ments in DA's which include full-range 
equalizers for several hundred feet of 
cable offer an attractive alternative. 
None of the other parameters caused 

any concern even on the longest paths, 
as long as the frequency response was 
good. Indeed the frequency response, at 
high sensitivity, seems a sensitive indica-
tor of system performance for the upper 
part of the video spectrum. It may be 
possible to eliminate some other tests al-
together,. based on practkal experience. 
A valuable side effect of the accurate sys-
tem equalization is a reduction in argu-
ments as to which oscilloscope is "cor-
rect" when several are available in the 
same area. 

It is possible to go on and on refining 
the performance but there will often be 
some little overlooked problem which 
will bring the purist back to earth with a 
vengeance. After carefully correcting one 
studio to have a response flat to +0 and 
-0.1 dB at 8 MHz, it was a disappoint-
ment to find that the Scotch tape seal on 
the Proc. Amp. chrominance gain con-
trol was broken after 24 hr of use. It was 
finally discovered that the operators 
were in the habit of patching a utility 
color bar feed into the switcher for VTR 
reference purposes. This feed was not 
equalized correctly and to obtain a 
"standard" output, the chrominance 
gain adjustment was altered by some 
0.4 dB. Such an error would not be made 
with a sweep (or possibly multiburst) 

but is indicative of some of the opera-
tional problems that can arise. 

APPENDIX 

CBC Maximum Tolerance Specifications for Terminal Equipment. 

Distribu-
tion Am- Processing 
plifiers Amplifiers 

Routing 
Mixers Switchers 

VIT 
Genera-

tors 

Complete 
Studio 
System 
(via 

longest 
opera-
tional 
path) 

Differential Gain 0.5% 1.0% 2% 1% 
(at 10-50-90% APL) 

Differential Phase ±0.15° ±0.5 ° ±0.7° ±0.3 ° ±0.2° ±4° 
(at 10-50-90% APL), 
relative to blanking 

Freq. response dB +0 +0.1 +0.1 +0.1 +0 
to 8 MHz -0.1 -0.2 -0.2 -0.2 -0.1 

(System: +0.3, - 0.5 to 
Field tilt  0.5% 0.5% 1% l',; 1% 
Line tilt (This and items below not individually specified   
Window overshoots (T risetime) A- 3(:i , -2% 
K rating (T pulse) 1% 
Envelope delay ( relative to delay at 0.2 MHz) ±25 ns 
Signal to crosstalk ( p-p values, to 4.2 MHz) 45 dB 
Signal ( p-p) to random RMS unweighted noise to 8 MI lz 60 dB 
Signal (p-p to periodic p-p noise) to 8 MHz 40 dB 

4 KHz to 4.2 MHz 54 dB 
Transient bounce ( all black to all white video) first overshoot 30% 

second 10% 
third 0 

Input reflection to 4.2 MHz 5% 
above 4.2 MHz 10% 

Output reflection to 4.2 MHz 10% 
above 4.2 MHz 20% 

1% 5% 

+0.3 
-1.0 

4.2 MHz) 
3% 

2% 

Conclusion 

Careful attention to measuring tech-
niques enables systematic errors to be 
reduced considerably in television sys-
tems. Some test equipment is at the 
limit of its performance and must be im-
proved to obtain increased accuracy. 
Cascading television systems permits a 
rapid test of many units at once; the 
measurements can be made more easily 
by doing them from one central loca-
tion. The test procedures are equally 
useful for acceptance or maintenance 
tests. Some equipment may have to be 
individually treated to obtain system 
performance of very close tolerance. 
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Limitations of Nonphased Color Video-Tape 

Recording Systems in Television Broadcasting 

By A. J. BUXTON and C. P. GINSBURG 

The earliest method of broadcasting color television programs from magnetic tape 
attempted to preserve the time-base stability of the chrominance information 
with respect to a stable color subcarrier by treating the off-tape chroma infor-
mation separately from the luminance. This method has commonly been known as 
nonphased color because it characteristically fails to preserve the relationship be-
tween subcarrier and sync. The relevant FCC specifications and a typical non-
phased color system are described; an analysis of the output components shows 
the subcarrier to undergo full correction while the quadrature modulation is 
left uncorrected. A number of subjectively disturbing effects are identified, in-
cluding loss of dot cancellation, loss of luminance resolution and impairment of 
hue quality. 

VIDEO-TAPE RECORDING became a part 
of television broadcast operations in 
1956, but was restricted to black-and-
white pictures. Two years later, a method 
for handling color programs on tape was 
introduced and put into use. This 
method, which had two variants and 
which has been aptly called "nonphased" 
color, gave reasonably good results by 
the standards of the late 50's, but did not 
conform to the intent of the NTSC speci-
fications for color television transmis-
sion. Possibly because the method was 
the only way to use tape for the recording 
of color at that time, the FCC did not 
issue citations to stations which aired 
color programs from video-tape re-
corders. 
By 1962, a series of major technological 

breakthroughs culminated in the intro-
duction to the broadcast industry of a 
new system for recording and reproduc-
ing NTSC color from tape. This new 
method, referred to as the "direct color" 
system, as opposed to the nonphased 
method, resulted in substantially better 
pictures on the screens of both mono-
chrome and color receivers, and con-
formed to the intent of the NTSC speci-
fications. 

It is possible today to design a color 
video-tape recorder employing either the 
direct or the nonphased method. A 
recorder using the nonphased color 
system can be produced at considerably 
lower cost than one using the direct 
color system. This applies to both the 
four-headed transverse-scan configura-
tion and the helical-wrap diagonal-scan 

Presented on May 10, 1968, at the Society's 
Technical Conference in Los Angeles, by A. J. 
Buxton and C. P. Ginsburg, Video Engineering 
Dept., Ampex Corp., 401 Broadway, Redwood 
City, Calif. 94063. 
(This paper was received on May 10, 1968.) 

arrangement. The purpose of this paper 
is to explain why the NTSC specifica-
tions read as they do and what signifi-
cance actually exists in the deviation 
from these specifications through the use 
of a nonphased color video-tape re-
corder, and to draw a conclusion in re-
gard to the present and future use of 
nonphased color in U.S. television 
broadcasting practice. 

Key Specifications in Broadcast 
Color Recording 

On December 17, 1953, the Federal 
Communications Commission approved 
a set of technical signdl specifications 
formulated by the National Television 
System Committee as the technical 
transmission standards for commercial 
color TV broadcasting in the United 
States.* These standards were chosen by 
the NTSC in accordance with the phi-
losophy that the quality of the signal 
transmitted should be as good as, but not 
substantially better than, the quality 
which a TV receiver could utilize. 
The NTSC specifications which are of 

concern in video-tape color recording 
are those which define the exact value 
which the color subcarrier must have 
relative to the picture carrier, the maxi-
mum permissible deviation from this 
stipulated color subcarrier frequency and 
its maximum permissible rate of change, 
and the relationship of the horizontal 
scanning frequency to the color sub-
carrier. A tolerance is given for the hori-
zontal frequency, but it is the same 
tolerance given for the accuracy of the 
color subcarrier frequency, since the in-
tent of the NTSC specifications is that 
the horizontal scanning frequency be 
derived by direct countdown from the 

* Page 17, Vol. 42, January 1954, Proc. 

color subcarrier frequency. Finally, 
limits are defined for the phase error 
(relative to burst) in the modulated 
carrier. 
The color subcarrier frequency is 

specified to be 3.579545 MHz ±0.0003%, 
with a maximum rate of change not 
to exceed 1/10 Hz/s. The horizontal 
scanning frequency is specified at 15,734 
± 0.047 Hz, exactly 2/455 times the 
color subcarrier frequency, and the maxi-
mum permissible phase error of the 
modulated subcarrier referred to the 
burst phase is ± 16°. 
The specification then quotes, " Closer 

tolerances may prove to be practicable 
and desirable with advance in the art." 
Since ± 10° error does cause visible hue 
change, it has now become common 
practice to interpret the above speci-
fication as ± 5°. The purpose of these 
relationships, including the extremely 
stringent tolerance on color subcarrier 
frequency accuracy and rate of change, 
is: 

(1) to transmit a color subcarrier 
whose frequency is sufficiently accurate 
to stay within the lock-in range of the 
local oscillator in a color receiver, and 
whose rate of change is slow enough so 
that it can be followed by the local os-
cillator; 

(2) to minimize the effect of the dot 
pattern caused by the presence of the 
color subcarrier and its sidebands in the 
luminance channel; 

(3) to minimize the hue distortion 
caused by the presence of the high-
frequency luminance components in the 
chrominance channel; and 

(4) to keep hue distortion due to 
quadrature modulation phase shift 
within acceptable visual limits. 
Even with time-base error component 

rates as low as 10 Hz, the corresponding 
peak-to-peak time-base error has to be 
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Fig. 1. Schematic of nonphased color corrector. 

kept to a fraction of a nanosecond to 
meet a subcarrier stability of 1/10 Hz/s. 
This severe requirement is clearly beyond 
the capabilities of direct time-base cor-
rection of the subcarrier with conven-
tional recorders. Time-base correction 
of the chroma signal to within four nano-
seconds permits the error burst to be 
erased and replaced by a burst from a 
stable source without causing more than 
5° of relative phase error, but this paper 
will concern itself with an alternative 
approach, i.e., nonphased color correc-
tion. 

Basic Principle of NonPhased 
Color Corrector 

The reproduced signal containing the 
time-base error is applied to a comple-
mentary pair of high- and low-pass 
filters, with a crossover at approximately 
4 MHz (Fig. 1). 
The chrominance signal is applied to a 

double modulation circuit in which the 
chroma signal is frequency-shifted to a 
higher frequency (using the single side-
band multiplex principle) and then 
shifted down again to its original place 
in the frequency spectrum. 
The pseudo time-base correction oc-

curs by virtue of the choice of carriers 
driving the SSB modulators. While one 
modulator is driven from a stable source, 
the other is driven from a multiplier de-
rived from a lower frequency pilot re-
corded and reproduced together with 
the color signal. 

It is arranged that the frequency 
modulation pattern (and degree of 
deviation) carried by this modulator 
carrier, resulting from time-base error, is 
identical with the modulation pattern 
(due to time-base error) of the subcarrier 
burst. Since this particular SSB modula-
tor selects the difference product, the 
modulation is cancelled out in its output 
signal. It only remains to add the lumin-
ance and corrected chrominance together 
to complete the heterodyne corrector 

system. 
There are variants of this basic scheme. 

In one alternative, the time-base modu-
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lated carrier applied to the modulator is 
generated in a start-stop oscillator (one 
designed to, be phase-corrected by the 
color burst at the beginning of each line) 
locked to the subcarrier burst. The re-
sulting carrier will not, however, carry 
the continuous time-base shift during 
scan lines; it will continue to oscillate at 
a fixed frequency in phase with the burst 
that initiated the oscillation. 

In another variant, the double modu-
lation circuit is replaced by a demodula-
tor/modulator combination, this time 
applying the cancellation technique to 
the demodulator via the necessary de-
modulating carrier. 
As these variants do not change the 

main characteristics of the device to a 
marked degree, the heterodyne scheme 
will be used to demonstrate and clarify 
the limitations of this technique. 

Analysis of the Time-Base Characteristics 
of the Output Components 

Mathematical Treatment 

Except where indicated otherwise, the 
symbols used herein have the following 
significance: 
C„, = subcarrier modulated with chro-

minance 
g(t) = the / component of the chro-

minance signal 
h(t) = the Q component of the chro-

minance signal 
wac = the angular frequency of the sub-

carrier in radians/s 
f(t) =- time modulation component 

= modulated subcarrier C„, further 
time modulated by f(t) 

D1D2 = constants 
E = double modulation carrier containing 

time-base modulation 
H =- double modulation carrier with no 

time-base modulation 
Let the modulated subcarrier be repre-

sented by: 
= g(t) sin c,),,t h(t) sin x 

-F T/21 ( 1) 

Let us inject this signal Cm with time-
base error modulation. Let it be repre-
sented by Cmg 
Then = git + 1(5)1 sin co« it f(t)i -F 

hit + f(t)i sin [(Qu it + 

1.(1)1 ± T/4 (2) 

Let one of the double modulation car-
riers E be derived from pilot (off-tape) 
multiplier circuits. Let it be represented 
by: 

E = DI sin [co,,,t + (.0,4(0], (3) 

and let the other (H) be derived from a 
stable source. Let it be represented by 

H = D2 sin co„,t, (4) 

(Note that w„f(t) represents the phase 
deviation, due to time-base error at the 
subcarrier frequency.) 
As we have a complex signal being 

frequency-translated and frequency-
modulated in two successive mixers, and 
as we are interested in phase relation-
ships, we will analyze the mixing process 
based on the concept that the mixer has 
a second-order nonlinearity creating the 
upper and lower sidebands. The Ap-
pendix shows that if an input A sin 
(wit + 01) is applied to the double mixer, 
along with the heterodyning carriers B 
sin (w2t ± 02), and C sin (coe 03), then 
the required output is proportional to: 

ABC sin 1(w3 — (02 -I- wi)t 4- 03 
02 + 011 (5) 

Applying the necessary substitutions 
for A, B, C, 01, 02. 03. based on expres-
sions (2) (3) and (4), we get an output: 

git + f(t)iDiD2 sin {(0). — co.c)i — 
co.») co.cf(t)i 

+hit + f(t)iDiD2 sin )(co„, — w„, coJt 
— co,,f(t) + co.J(t) + w/2) 

Simplifying we get: 

gis + f(t)ipiD2 sin co,,,t -I- hit -I- 1(1)1 X 
DID2 sin (co.,ct r/2) (6) 

If we replace g(t) by a constant G, and 
h(t) by zero, in ( 1) then Cm t will reduce 
to G sin w„ I t f(t)1 and expression (6) 
will now be reduced to GD 1D2 sin co„t, 
and will represent the subcarrier burst 
output. 

This expression obviously carries no 
time-base error and we can therefore say 
that the nonphase color corrector effec-
tively stabilizes the subcarrier burst. 

Furthermore, examination of the full 
chroma output expression (6) tells us 
that the two carrier components (at 
right angles to each other) now carry 
no time-base error, yet the quadrature 
modulation carries the same time-base 
error modulation as the original signal. 
We can therefore deduce that the I and 
Q components will carry the same time-
base error as the luminance and will 
result in no hue distortion at sharp color 
transitions. 

Interprétation 

The subcarrier burst is completely 
stabilized and the IQ components, al-
though still carrying the original time-
base error, will still be exactly in phase 
with the luminance, and will therefore 
give the correct hue; the only distortion 
so far is limited to the familiar velocity 
error displacement pattern, varying from 
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line to line. We will next examine the 
effect of the nonphased color system on 
distortions resulting from the frequency 
interleaving of the chroma and lumi-
nance. 

Distortion of Sharp Black/White 
Transitions 

Higher frequency luminance com-
ponents are passed through the chroma 
channel along with the chroma signals. 
The following analysis demonstrates the 
distortion resulting from pseudo time-
base correction on such components after 
recombining with uncorrected lumi-
nance components. 

Let the luminance signal be that of a 
stationary object containing a sharp 
black/white transition (for example, a 
picture one-half white, half black, with a 
vertical pattern). 

Let this signal be represented by: 

A1 sin wit 
± AY sin we + es 
+ A3 sin toe -I- 03 
▪ sin co,,/ ± 8,, 

[where w2, co3 • • • w„ are multiples of col] 

After being subject to time-base 
modulation, it will become: 

At sin oh It f(t)) 
Ay sin 0,24 + /WI -F By 
A3 sin waft ± f(1)1 + 03 
A. sin oh, -F fit)) + 8,, (7) 

Let one of the higher frequency com-
ponents, A. sin wn It -I- f(t)1 0„, lie 
within the chroma channel. 

Using the results derived in the Ap-
pendix, and substituting modulation 
carriers of DI sin (tome + case)) and 
D2 sin (0.4 we have the wanted output 
represented by: 

A.D1D2 sin (oh. — tte„, w.t — w.1(t) -F 
ta„f(t) -F = A„DtD2 sin (to„t 

— w.,f(/) -I- 0.) (8) 

In a practical case. tt,„ =- 27(3.58.105, 
and co,, could equal 2T3. 10e. 

In this event, con — cos, = 0.16 of oh, 
and represents "84%" cancellation. 
If it had suffered no cancellation, it 
would still have had the form 

A. sin (.0. (t fit)) + On. 

and, together with its other associated 
luminance channel components, it would 
have created a sharp black/white transi-
tion at every line scan. 
With such high-frequency cancella-

tion, a dynamic time-base error is de-
veloped between these high-frequency 
components and the main luminance 
spectrum. This degrades the shape of 
both sync pulse and any black/white 
transitions, and edge definition will be 
lost. 

If, for example, the time-base error 
was one microsecond, the displacement 
in this case would be 840 ns (equivalent 
to 170 mils on a 12-in. screen). 

Dyttamie Variations From the 
Preferred Dot Pattern 

Brief Review of the Correct Dot Interlace and 
Its Equivalent Frequency Spectrum 

The chrominance signal contains con-
centrated bands of sidebands, spaced 
symmetrically on both sides of the sub-
carrier, with a separation equal to the 
line time. 
When these sidebands (plus subcar-

rier) are considered as spurious products 
in the luminance channel, they appear 
as odd-order harmonics of a funda-
mental equal to a half-line rate. We can 
therefore say that the composite spurious 
pattern has a period equal to two lines 
and, furthermore, as it contains only odd 
harmonics, will consist of a repetitive 
waveform in which the second half re-
peats the first half after inversion. 
There will thus be space integration 

over any one field with the line dot pat-
tern offset by 180° every line. The suc-
ceeding field will follow exactly the same 
pattern except for a vertical offset of 
half a line. This composite pattern, fully 
developed over the full frame, is then 
subject to time integration with each 
frame containing a dot pattern exactly 
in antiphase to the preceding frame. 
(This statement is strictly true only when 
the color pattern is repeated every line, 
but with slow changes in color from line 
to line it can be considered to be a fair 
representation.) 

Modified Dot Pattern After Heterodyne Cor-
rection of Time-Base Error 

Let us consider a color bar pattern 
which has been recorded. and is being 
displayed. At the input to the heterodyne 
corrector the 525 lines can be split into 
adjacent pairs with every pair identical, 
and this identity applies to the chromi-
nance overlay as well as to the lumi-
nance. The time-base error will of course 
modify the individual time bases, such 
that some are compressed and some are 
expanded corresponding to the rela-
tively slow rates of change of error, but 
the intimate relationship between the 
sync pulse and the following subcarrier 
is retained, thus preserving both space 
and time integration. Now let us ex-
amine these adjacent pairs after hetero-
dyning and recombining. 
The luminance (plus some higher 

order chroma side-bands) will pass 
through with no change. The main 
chrominance signal (together with high-
order harmonics of the luminance) will 
be modified according to expression (6). 
The two quadrature components no 
longer carry phase shifts due to time-base 
jitter and appear completely corrected. 
Only their amplitudes show the time-
base error. If this chrominance signal is 
now drawn (in the time domain) as an 
overlay on the unmodified luminance, 
the requirement for repetition after in-
version is now no longer met. Repetition 

will now occur only at time-base error 
periods (generally a multiple of the scan 
lines with a significant servo component 
whose period is many frames), and effec-
tive space and time integration is there-
fore invalidated. 

Crosstalk Within the Chrominance 
Channel 

The correct interleaving of chromi-
nance sidebands and luminance com-
ponents has other beneficial effects over 
and above the already mentioned dot 
pattern cancellation. It performs a 
similar effect within the chrominance 
channel. Unwanted luminance har-
monics will appear (to the subcarrier) as 
odd-order sidebands of a basic modula-
tion rate of half the line frequency. 
The significance of "odd order" is 

again that of repetition after inversion 
during the succeeding line, and will have 
the effect of minimizing the unwanted 
hue distortion due to modification of the 
I and Q components by the luminance 
breakthrough. 
The heterodyne corrector splits the 

full-frequency band into two channels. 
The crossover frequency is generally 
chosen as a compromise between the de-
sire to contain the full chrominance side-
bands within the heterodyned channel 
(which would in theory require a cross-
over at 2 MHz) and the need to keep 
the proportion of the luminance spec-
trum, subject to heterodyning, as low as 
possible, and thereby minimize the loss of 
resolution with sharp transitions. Taking 
a crossover of 2-¡- MHz as a typical 
choice, we have part of the chrominance 
band (the I signal) between 2 and 2¡ 
MHz which will not be subject to hetero-
dyning, and any luminance components 
in this region will not show the necessary 
hue distortion cancellation when de-
modulated against a carrier that has 
been subject to heterodyning. 
The visual distortion generated by 

this limitation will appear as a hue dis-
tortion along the vertical edges of a color 
bar pattern with a repetitive form de-
pending on the time-base period. 

Conclusion 

In some respects this simple and in-
expensive color corrector performs well: 
It does indeed stabilize the burst to 
within the specifications, and does so 
without developing an erroneous hue, 
since it corrects not only the burst but 
also the modulated subcarrier. 
On the other hand, it introduces a 

number of degradations of the original 
signal: 

(1) It offers poor resolution of black/-
white transitions. 

(2) It fails to maintain the optimum 
dot structure, and the resultant semi-
random strengthening and weakening 
of the dot structure is subjectively dis-
turbing. 

(3) It does nothing to reduce the true 
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time-base error of the sync pulse, the 
luminance, or the demodulated / and Q 
components, and does therefore maintain 
the time-base error in an equal degree for 
all three. 

(4) The luminance components in the 
2- to 24-MHz region will not be treated 
in the same way as the luminance com-
ponents passed through the heterodyne 
channel (24-4 MHz) within the chromi-
nance. There will therefore be impair-
ment of the hue error cancellation and 
pseudo-random color interference pat-
terns will be generated. 

The basic techniques and devices em-
ployed when the direct color system was 
first demonstrated in 1962 have not yet 
been superseded by methods employing 
less expensive components or devices. 
When and if such developments occur, 
they will be applicable to both helical-
scan and transverse-scan recorders. In the 
meantime, the use of nonphased color 
systems in video-tape recorders for com-

mercial television broadcasting is not yet 
recommended. 
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APPENDIX 

Let the mixer characteristic be repre-
sented by the expression: 

i = a by ± cy2 
where a, b, c are constants 
Let the two signals applied to the first 

mixer be: 

A sin (wit Os) and B sin (cast + Os) 
Selecting /he term containing the sum 

and difference frequencies, we get: 

2cAB sin (wit 02) sin (wit + 02) 

= cAB cos 42 — wit -I- Os — ei} 
(lower sideband) 

— cAB cos {w2 ± wit + OS + Oil 
(upper sideband) 

Picking out the lower sideband, and 
mixing it in a second mixer (same charac-
teristic) with a carrier C sin(wat Os), we 
get: 

2cC sin (cast -F Os)cAB cos {ws — wit -I-

OS — OS 

= c2 ABC sin lcas + cos — wit ± 

OS Os 

c2 ABC sin Iwo — co: ± wit ± 

OS — Os + Oil 

The lower sideband output is therefore 
proportional to: 

ABC sin Icas — cas wit + Os — 02 ± Oil 

and it should be noted that this is true 
even if A, B, C, Os, Os, 01, are themselves 
functions of t. 
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Standards and Recommended Practices 

PH22.55-1966, Specifications for Leaders and Cue Marks 

for 35mm and 16mm Sound Motion-Picture Release Prints, is 

a revision of the 1947 issue. The Universal Leader specified in 

this standard represents the culmination of many years of effort 

to design a leader which would satisfy both television and 
motion-picture requirements. 

American Standard Specifications for 

Leaders and Cue Marks for 35mm and 16mm 

Sound Motion-Picture Release Prints 

PH22.55-1966 

Rerition of 

Z22.55.1947 

' UDC 778 5 

1. Scope 

This standard specifies the make-up or as-
sembly of leaders and cue marks for 35mm and 
16mm sound motion-picture release prints for 
use in both motion-picture theaters and televi-
sion studios. 

2. Reduction Ratio 

The reduction ratio in the production of the 
head and foot leaders from 35mm motion-pic-
ture film shall be in accordance with American 
Standard 16-Millimeter Positive Aperture Dimen-
sions and Image Size for Positive Prints Made 
from 35-Millimeter Negatives, PH22.46-1946 
(Reaffirmed 1959). 

3. Orientation of Words 
and Numerals 

3.1 Orientation and dimensions of letters and 
numerals in this standard are with respect to 
35mm motion-picture film and are modified pro-
portionally for 16mm prints in accordance with 
Section 2. 

3.2 The third, fourth, and fifth frames of the 
identification sections containing the title of the 
film and reel number shall be printed in white 
letters on a black background so that they are 
read normally when the reel is uppermost and 
the leading end or head of the film hangs down 
ready for threading. 

Page 1 ef 6 

3.3 The words "Type of Sound," "Aspect Ra-
tio," "Picture Title," "Company," "Series," "Reel 
No.,""Prod. No.," and "Play Date" shall be 
printed lengthwise with the film in white letters 
on a black background. 

3.4 In sections where information is to be 
printed lengthwise with the film, light framelines 
shall be included and all such printing must be 
placed withii the outlined areas so that it can 
be read on 16mm reduction prints. 

3.5 In the trailer (foot leader), the title of the 
film and the reel number shall be printed so that 
they appear inverted when the remainder of the 
reel is uppermost and the film hangs downward 
as in projection. 

4. Head Leader (See Fig. 1) 

4.1 Protective Section. The protective sec-
tion of the 35mm leader shall consist of 8 feet of 
transparent or raw stock; for 16mm leader, 31/4 
feet. When the protective leader has been re-
duced to a length of 6 feet for 35mm film or 
21/2  feet for 16mm film, it is to be restored to 
its original length. 

The last frame of this section contains the 
words "Splice Here" and an arrow pointing to 
the frameline between this frame and Frame 1 
of the identification section. The letters should be 
at least Iâ inch high. 

Approved February 7, 1966, by the American Standards Association, Incorporated 

Sponsor: Society of Motion Picture and Television Engineers, Inc. 

10 La« 40. 500e, ri,, V.á. N. Y. IMO 
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4.2 Identification Section. The identification 
section of the leader shall be 42 frames in 

length. The frames may be of the 4 x 3 format or 

of a reduced height. 

4.2.1 Since many types of film may be used 
for leaders, exact densities have not been speci-

fied. For the purpose of this standard, the fol-
lowing approximate densities are suggested: 

White or low density 0.35 
Gray or medium density 0.65 

Black or high density 1.95 

4.2.2 The identification section, when viewed 
as specified in 3.2, shall be made up as follows: 

Frames 1- 2--Black. 

Frame 3--The printed word "Subject" with 
letters 116 inch high at top of frame in upright 
position, white on black background (4 x 3 for-

mat). 

Frame 4- —The printed word "Length" at top 
left side of frame and the printed word " Roll" 

at center of frame on left side. Lettering to be 
comparable to that in Frame 3 (4 x 3 format). 

Frame 5—The printed words " Reel No." at 
top left side of frame and printed word "Color" 
at center of frame on left side. Lettering, read 

upright, to be comparable to that in Frame 3. 

At bottom of frame printed word "Picture" 1/8 

inch high. 

Frames 6- 10—Five frames of black with light 

framelines on which the words "Aspect Ratio" 

and "Type of Sound" are plainly printed length-
wise with the film in Vg inch high white letters. 
Each group of words starting in the 10th frame 

and in two separate lengthwise lines reading 
through base of film from left to right with head 

end of film at right. 

Frame 10—Four letter O's vertically in line 

and opposite the sound track area approxi-
mately ?16 inch from the 35mm camera aperture 
centerline opposite the sound area. Letters to be 
1/8 inch high and 1/8 inch wide, white on black 

background (4 x 3 format). 

Frame 11—The printed word "Head" not less 
than 3/8 inch high in inverted black letters on 

white or low-density background. 
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Frame 12—A 1/4 -inch diameter black dot in 
center of 4 x 3 format. White or low-density 
background with narrow black framelines. 

Frame 13—The printed word "Picture" not 
less than "38 inch high in inverted black letters 

on white or low-density background. 

Frames 14- 15—Two frames in which the 
words "SMPTE Universal Leader" shall be 
printed. Letters to be not less than 1/8 inch high. 
Inverted white letters on a black background 

(4 x 3 format). 

Frame 16—Four letter X's vertically in line 

adjacent to sound track area approximately 
516 inch from the 35mm camera aperture center-
line toward sound area. Letters to be 1/8 inch 
high and 1/4  inch wide, white in black back-

ground (4 x 3 format). 

Frames 17- 18—Same as Frames 14-15. 

Frames 19-26--Eight frames of black with 

light framelines on which the words "Reel No.," 

"Prod. No.," and " Play Date" are printed length-
wise with the film in 1/8 inch high white letters 
in Frame 20. In Frame 26, on three lines length-

wise, reading left to right through film base with 
head of leader to right, the words "Picture," 

"Company," and "Series," using the same for-

mat as that in Frame 20. 

Frames 27-42—Sixteen frames of part titles 
are to be inserted here. In each frame ( 1) the 
reel number (Arabic numeral not less than 1/4 of 

frame height) and ( 2) the picture title shall be 
printed in black letters on a white background. 

If part titles are not available, these frames 

should be black of medium density with narrow 

framelines. 

4.3 Synchronizing Section. The synchroniz-

ing section of the leader shall be 218 frames in 
length. 

4.3.1 The cross- hair lines shall be black and 
the two large circles shall be white. Seconds 
count-down numerals shall project right side up. 

4.3.2 The synchronizing section, when viewed 
as specified in 3.2, shall be mude up as follows: 

PH22.55-1966 

Frame 1—The 16mm sound start indication 
shall be printed in white letters on a medium-
density background as shown in Fig. 2. 

Frames 2-6—Five frames of medium density. 

Frame 7—The 35mm sound start indication 

shall be printed in white letters on a medium-
density background as shown in Fig. 3. 

Frames 8-26—Nineteen frames of medium 

density. 

Frame 27—The words "Picture Start" shall be 
printed in black on a low-density background, 

the letters in the word "Picture" to be not less 
than 1/8 inch high and in "Start" not less than 
1/4 inch high. Visual count-down begins with this 

frame. 

Frame 28—The visual count-down continues 

with the figure "8" in black within a circle of 
low density on an over-all low-density back-

ground with a 15-degree wedge of medium den-

sity on the right of top center, as projected. In 
each succeeding frame, the wedge increases in 
15-degree steps, moving clockwise when pro-

jected. See Fig. 4. 

Frame 50—All background, except for a 15-
degree wedge at the top left center, is of me-

dium density. 

Frame 51—The numeral changes to "7" in 

black on a low-density background. On each 
side of the "7," there shall be in letters 1/8 inch 
high, white on a low-density background, "M" 

and "70" vertically to indicate 70mm magnetic 

sound start. 

r---

t_ I 

Fig. 2. 16mm Sound Start Identification Frame. 

NOTE: Section within frame lines as seen when projected. 
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Frame 52—The wedge again appears. 

Frame 55—The white "M35" appears in the 

same format as the "M70" appears in Frame 51. 

See Fig. 5. 

Frames 56-140—The sequence of numerals 

marking the seconds of film running time at 24 

fps (frames per second) continues to Frame 140. 

Frames 141-146—The moving wedge and 

numeral appear on Frames 141-146 but with the 
addition of the Gothic letters "C" and "F" on the 

left- and right-hand side of the circle, respec-
tively, to indicate the position in the leader 
where one to six frames may be removed and a 
similar number of control frames spliced in. 

Frames 147-170--The sequence of numerals 

and moving wedge marking the seconds of film 
running time continues through to Frame 170. 

Frame 171—The numeral "2" in black on a 

low-density background appears ending the 

visual count-down. 

Frames 172-210—Thirty-nine frames of dif-

fuse density 1.0 to 1.2 maximum. 

Frame 211—A single transparent dot shall be 
located as specified in 5.2. 

Frames 212-218—Seven frames of diffuse 

density 1.0 to 1.2 maximum. 

4.3.3 One additional frame follows with the 

words "Splice Here" and an arrow pointing to 

the frameline between Frame 218 and this 
frame. The letters should be at least 1/8 inch high. 

r 

Fig. 3. 35mm Sound Start Identification Frame. 

NOTE: Section within frame lines as seen when projected. 
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Fig. 4. Example of Visual Count-down. 

NOTE: Section within frame lines as seen when projected. 

5. Picture Section (See Fig. 1) 

5.1 Picture. It is recommended that picture ac-
tion start and finish on fades wherever possible. 
Otherwise, significant sound should be kept at 
least five feet for 35mm prints and two feet for 
16mm prints from the start and finish of the 
picture. 

5.2 Motor Cue. The motor cue shall consist of 
an opaque circular dot with a transparent out-
line or a transparent circular dot with an opaque 
outline, printed from -a 35mm negative which 
has had four consecutive frames punched with 
a die 0.094 inch in diameter. The position of 
this cue mark for release prints with aspect ratios 

up to 1.85:1 shall be as shown in Fig. 6. The po-
sition of the cue mark for release prints with 
aspect ratios from 2.35:1 to 21 shall be as 
shown in Fig. 7. 

Following the four frames containing the mo-
tor cue, there shall be 168 frames, or seven 
seconds running time, to the beginning of the 
changeover cue. 

5.3 Changeover Cue. The changeover cue 
shall consist of four frames containing circular 
dots of the same dimensions and position on the 
frame as those in the motor cue. 

Following the four frames of the changeover 
cue, there shall be 24 frames, or one second 
running time, to the beginning of the runout 
section of the trailer. 

- 
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Fig.  5. 35mm Magnetic Sound Start. 

NOTE: Section within frame lines as seen when projected. 

6. Trailer (Foot Leader) (See Fig. 1) 

6.1 Additional Frame. One additional frame 
follows with the words "Splice Here" and an ar-
row pointing to the frameline between the pic-
ture section and the trailer. The letters should be 
at least Vs inch high. 

6.2 Runout Section. The runout section of the 
trailer shall consist of 88 frames, 87 of which 
are to be of diffuse density 1.0 to 1.2 maximum. 
Frame 88 shall have the printed word "finish" 
not less than 3/8 inch high in upright black letters 
on white or low-density background. 

6.3 Identification Section. The identification 
section of the trailer shall consist of 53 frames. 

6.3.1 The identification section shall be made 
up as follows: 

Frames 1-7--Seven frames of black opaque 
without framelines. 

Frames 8-31—Twenty-four frames of part 
titles are to be inserted here. In each frame ( 1) 
the end of reel, (2) the reel number (Arabic 
numeral not less than 1/4  of frame height), and 
(3) the picture title shall be printed in black let-
ters on a white background. If part titles are not 
available, these frames shall be blank of me-
dium density with narrow framelines. 

Frame 32—Four letter O's vertically in line 
and opposite the sound track area approxi-

mately 516 inch from the 35mm camera aperture 
centerline opposite the sound area. Letters to be 
1/8 inch high and 1/8 inch wide, white on black 
background (4 x 3 format). 

Frames 33-37—Five opaque frames with light 
fromelines for reproduction of information writ-
ten on the negative. 

Frame 38—Opaque with four X's adjacent 
to the sound track, similar to Frame 16 of the 
head leader identification section. 

Frames 39-40--Similar to Frames 14-15 of 
head leader identification section with words 
"SMPTE Universal Leader," except that the words 
are upright. 

Frame 41—Similar to Frame 13 of head 

leader identification section, except that the 
word "Picture" is upright (not inverted). 

Frame 42—Dot similar to that in Frame 12 of 
head leader identification section. 

Frame 43—Similar to Frame 11 of head 
leader identification section, except printed 
word is "Foot" which is upright (not inverted). 

Frames 44-48—Five blank frames of opaque 
with light framelines upon which the words ( 1) 
"Picture Title" and (2) "End of Reel" are printed 
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Fig. 6. Position of Cu. Marks for Release Prints 
with Aspect Ratios up to 1.85:1. 

NOTE. Image as seen on the screen. 
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lengthwise with the film in Ve inch high white 
letters on black background. 

Frames 49-51— Three frames identical to 
Frames 5, 4, and 3, respectively, of head leader 
identification section, except that the letters are 
inverted. 

Frames 52-53—Two black frames. 

6.3.2 One additional frame follows with the 
words "Splice Here" and an arrow pointing to 
the frameline between this frame and Frame 53 
to indicate where the protective section joins the 
trailer. 

6.4 Protective Section. The protective sec-
tion of the trailer shall consist of 8 feet of trans-
parent or raw stock for 35mm prints and 31/4 
feet for 16mm prints. 

NOTE: The Society of Motion Picture and Television 
Engineers makes available leaders in accordance with 
this standard. Supplied on master positive motion-pic-

ture stock in 16mm and 35mm sizes, intended for repro-
duction as negatives, they are identified as SMPTE 
Universal leaders. 

Pre .382  
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Fig. 7. Position of Cue Marks for Release Prints 
with Aspect Ratios from 2.35:1 to 2:1. 

NOTE Image as seen on the screen 

Appendix 

(This Appendix is not o pad of Americon Standard Specificotions for 
leleose Prints. PH22.55.1966, but is included to (militate its use.) 

Al. The difference between projection rotes of 24 and 

25 frames per second is negligible in the normal usage 
of the leader. 

A2. Logos, trademarks, or other extraneous material, if 

absolutely necessary, should be inserted in the leader 

prior to the 16mm sound start cue or just preceding 

Frame 32 of the trailer identification section or both. 

Leoders and Cue Marks for 33rnrn and larrins Sound Motion.Picture 

A3. The outside diameter of the large white circle indi-

cates the height of the television safe action area speci-
fied in SMPTE Recommended Practice RP 13-1963, Safe 
Action Area for TV Transmission, Society of Motion Pic-
ture and Television Engineers. 

A4. The outside diameter of the small white circle is 

equivalent to the height of a projector aperture having 
an aspect ratio of 1.85:1. 

PH22.55—I966 PH22.55-1966 
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Film Image Area Used for Review Room Viewing 
of 35mm and 16mm Motion- Picture Prints 

Intended for Television Transmission 

1. Scope 

This standard specifies the dimensions of that 

part of the film image area used for review figures and table. 

room viewing of 35mm and 16mm motion- picture 

prints intended for television transmission, and 

the placement of this area. 

FILM 

PROJECTE_D 
IMAGE AREA 

ws—A 

wIt— C 

35mm 
Inches Millimeters 

0.713 max 18.11 max 

0.535 max 13.59 max 

0.050 1.27 
3.63 

REFERENCE 

EDGE 

TRAVEL 

16mm 
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2. Dimensions 

2.1 The dimensions shall be as specified in the 

k  FILM& PROJECTED 
IMAGE AREA 

REFERENCE 

EDGE 

TRAVEL 

Dimensions 

A 

B 

Inches 

0.331 max 

0.248 max 

Millimeters 

8.41 max 

6.30 max 

0.066 1.68 

2.2 Dimensions A, 8, and R are specified in con-

formity with SMPTE Recommended Practice RP 8, 

Safe Action and Safe Title Areas for TV Trans-

mission. 

NOTE: Related USA Standards that may be helpful 
in the application of this standard are: 

Projected Image Area of 16mm Motion-Picture Film, 

PH22.8-1957 

Aperture for 35mm Sound Motion- Picture Projectors, 

PH22.58-1954 

Dimensions for Television Image Area on 35mm Mo-

tion- Picture Film, PH22.95-1963 

Dimensions for Television Image Area on 16mm Mo-

tion- Picture Film, PH22.96-1963 

Appendix 

(This Appendix is nol o part of USA Standord SpaciAcotions for Fib. lino,. Area Used for R•siew Room Viewing of 33mrn and lernrn Motion•Pieturo 

Prints Intended for Telovition Transmission, PH22,148-1967, but is included to fosilitate its us.) 

Al. Viewing Conditions 

During preparation of motion pictures, the producer, 

the motion- picture film laboratory personnel, and others 

examine the film many times from the original test shots 

through many stages to the final release prints. The films 

are projected in a specialized theater known as a "re-
view room." These installations are designed to permit 

judgments of projected picture quality and determina-
tions of the suitability and acceptability of release prints, 
daily and work prints, production tests, printer and 

processing tests, etc. The rooms are constructed to ac-
commodate a small reviewing group of usually 10 to 

20 people. The actual picture size may be large or 

small, >depending upon the space available, but the 
viewing conditions are chosen to duplicate as nearly as 

possible actual conditions whether the print is intended 
for theatrical viewing or television transmission. All 

viewing conditions are capable of being precisely con-
trolled and should be held to a minimum tolerance. 

A2. Action Area 

This standard specifies a film area within which all 

significant picture action should take place, with the in-
tent of ensuring visibility of that action on a properly 

adjusted home receiver. Projectors used primarily for in-

spection of prints rather than for reviewing action ex-
pected to show in a typical home TV receiver should have 

apertures at least as large as required to project an 
image area of 0.792 in. by 0.594 in. from a 35mm mo-

tion- picture film (PH22.95) and of 0.368 in. by 0.276 in. 

from a 16mm film (PH22.96). (These ore the areas ac-
tually scanned during television broadcasting and, 
therefore, are available for reception by sets adjusted 

to this extreme.) For review room purposes, the dimen-

sions of the safe action area should be indicated at the 
screen and appropriate steps should be taken to ensure 

that the projected image on the screen is aligned prop-

erly so that only that part of the picture image area in-
tended to fall within the safe action area actuatly does 

so. Whatever the choice of image area to be projected, 
the need remains for assurance that projection conditions 

are maintained so that all action intended to fall within 

the "safe action area" reaches the projection screen 
and can be reliably recognized as such, relative to any 
additional picture information reaching the screen. Con-

sequently, during a screening, a fixed vertical position 

relationship must be maintained between the film image 

area and its associated perforations to avoid the need 

for further framing adjustments. 

PH22.148-1967 
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SMPTE RECOMMENDED PRACTICE RP 5-1964 ( Revision of RP 5-1960) 

Dimensions of Patch Splices in 2- In. Video 

Magnetic Tape 

Introduction 

This Recommended Practice originated in the Video Tape 
Recording Committee as a Proposed American Standard. At 
the November 12, 1958, meeting of the Committee it was de-
cided that industry needs could best be met in this instance 
by an SMPTE Recommended Practice which was subse-
quently published in the February 1960 Journal. The initiating 
committee revised the recommendation to include the slower 
tape speed of 7.5 ips. The proposal, approved by the Video 
Tape Recording and Standards Committees, was published 
for trial and comment in the November 1963 Journal. It 
received final approval by the Society's Board of Governors 
on February 14, 1964. 

Recommendations 

I. Scope 

1.1 This Recommended Practice specifies the dimensions 
and location of patch-type splices in magnetic video 
tape of 2-in. width. The recommendations are intended 
primarily for application in recording and reproducing 
studio practice. 

2. Location of the Splice 

2.1 The angle of the cut with respect to the guided edge of 
the tape shall be as given in the diagram and table. 

2.2 The cut shall be centered between two recorded video 

tracks and so located as to maintain continuity of video 
synchronizing pulse timing (Note 1). 

2.3 The separation between the two cut edges after splicing 
shall not exceed 0.001 in. at any point along the cut. 

2.4 The longitudinal distance between corresponding points 
on the recorded transverse video tracks immediately 
preceding and following the splice shall not depart from 
the average distance between successive tracks by more 
than ± 0.0005 in. (Note 1). 

3. Splicing Tape 

3.1 The dimensions of the splicing tape shall be as given in 
the diagram and table. 

4. Characteristics of the Splice 

4.1 The splicing tape on a finished splice shall not extend 
beyond the edges of the magnetic video tape. 

4.2 The guided edge of the magnetic tape on the two sides of 
the splices shall lie on a common straight line when the 
tape surface is constrained to lie in a plane. 

Not. 1: Paragraphs 2.2 and 2.4 apply only to recorded tapes. 

OM». TAPE MOTION 

Guided edge 

-\ \ TRACK AREA 

CIRCLED AREA 

thi  Ï,L, 
  v-.--- FIELD PULSE till - LOCATION OF CUT 

Magnetic surface facing 
the observer 

Splicing tope } 

Note: Drawing not to scale 

Dimensions* 
Rate of Tape Travel 

7.5 ips 15 ips 

A 
B 
C 
D 

a 

Width of splicing tape 
Thickness of splicing tape 
Width of magnetic tape 
Distance between 
recorded tracks 
Angle of cut 

0.25 nom 
0.0007 max 
2.0 nom 
0.0028 nom 

90° 17' ± 3' 

0.25 nom 
0.0007 max 
2.0 nom 
0.0056 nom 

90° 33' ± 3' 

* All dimensions in inches except a. 
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SMPTE RECOMMENDED PRACTICE 

Rtference Carrier Frequencies and De-Emphasis Characteristics 

for 2-In. Quadruplev Video Magnetic Tape Recording 

RP 6-1967 

Introduction 

In quadruplex television magnetic recording systems, the 
level of the reproduced signal is controlled by three fac-
tors, viz., (a) adjustment of the playback video ampli-

fier gain setting, (b) the reference frequencies to which 
the video signal deviates the carrier (at frequencies not 
affected by pre-emphasis). and (0 the combination of 
the video pre-emphasis used in recording and the video 
de-emphasis used in reproduction. In order to achieve 
uniformity in playback, it is essential that video tape 
recordings be made in accordance with the practices 

defined herein. It is also essential that all signals con-
tained in a composite recording made by electronic edit. 
ing or physical splicing of the recorded tape be recorded 
in accordance with the same one of the practices defined 

herein. 

I. Scope 

1.1 This recommended practice specifies the refer-
ence frequencies to which the carrier is deviated 
and the associated video de-emphasis. for each 
of the recommended modulation practices used 
in 2-in. quadruplex video magnetic tape record-
ing of U.S. standard color and monochrome tele-
vision signals. (The video pre.emphasis to be 
used in recording is specified indirectly by re-
quiring a flat input-to-output video response 
along with a specified de-emphasis in repro. 

duction.) 

2. Practice HB 

2.1 This practice is suitable for color and mono-
chrome signals. 

2.2 Recorded carrier frequenciesi 

(a) Reference white level 10.0 3: 0.05 MHz 
(b) Blanking level 7.9 ± 0.05 MHz 
(c) Sync tip level 7.06 zt- 0.05 MHz 

2.3 The general de-emphasis characteristic is de-

fined in Section 5 below. 

2.3.1 Values: 

(a) T = 0.600 microsecond 
(b) X = 1.5 

S. Practice LBM 

3.1 This practice is suitable only for monochrome 
signals. 

3.2 Recorded carrier frequencies: 

(a) Reference white level 6.8 ± 0.05 MHz 
(b) Blanking level 5.0 ± 0.05 MHz 
(c) Sync tip level 4.28 ± 0.05 MHz 

3.3 The general de-emphasis characteristic is de-
fined in Section 5 below. 

3.3.1 Values: 

(a) T = 0.132 microsecond 
(b) X=4.0 

-I. Practice LBC 

4.1 This practice is used for color signals. 

4.2 Recorded carrier frequencies: 
(a) Reference white level 6.5 ± 0.05 MHz 
(b) Blanking level 5.79 3: 0.05 MHz 

(c) Sync tip level 5.5 ± 0.05 MHz 

4.3 The general de-emphasis characteristic is de-

fined in Section 5 below. 

4.3.1 Values: 

(a) T = 0.240 microsecond 

(b) X=6.56 

Copyrighted, 1967, by 
SOCIETY OF MOTION PICTURE AN!) TELEVISION ENGINEERS 

9 East 41st Street, New York, N.Y. 10017 

Revision of 
RP 6-1960 

Approved March 1967 
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5. De-emphasis Chalactriistic 

00 KHz MHz 

FREQUENCY 

Graph A. N ideo Dr-rmpha..is Curses. 

5.1 The video de-emphasis characteristic curves are 
described in Graph A. 

5.2 The video de-emphasis curves are defined as the 
normalized impedance of the following • two-

terminal network: 

-= XR„ 

T = It.„C 

where T is time constant, R is resistance in ohms, 

and C the capacitance in microfarads. 

5.3 "the de-emphasis characteristic is i lllll Hinted fol-
lowing the demodulator in the signal plaluatk 
circuitry. (Co obtain a flat inputao-output video 
response over the passband of interest. a tom-
plementary video pre-emphasis t I fare teristic is 
introduced ahead of the frequent). modulator 
stage during recording.) 

Rb 

H8 

LEM 

LBC 

10 MHz 

Appendix 

II Ins Appendix is not a pit of SS! Pit Recommended ',make RP 64967, Relerence Carrie, Frequencies and De•Emphasis 
(hatacteristics for 2.1n. Quadruples Video Magnetic Tape Reroofing. butt is included to facilitate its use.) 

This recoil lllll ended practice ass lllll es that all pre-empha-

sis and dranuphasis is plated in the video portion of hut 
signal path and that the response of the RF portion of 
the signal path is flat over the pauband of interest. 
Ideally, the magnitude of the remanent flux on a re. 

corded tape should be independent of frequency over 
the passband of interest, but since there is no practical 

stay of measuring it, the most prat tical approach is to 
molt- that retitrul current in the video heads is intle• 
pendent il frc.t1ueticy ovcr the pauband of illterell. 



SMPTE RECOMMENDED PRACTICE RP 7* 

Density and Contrast Range of 

Black-and-White Films and Slides for Television 

This Recommended Practice originated in the Subcommittee on Density Requirements for TV Films and Slides of the 
Television Committee. The proposal, approved by the initiating committee and the Standards Committee, was pub-
lished for trial and comment in the December 1961 Journal. The recommendation received final approval by the 
Society's Board of Governors on April 29, 1962. 

The purpose of the recommendation is to promote uniform, high, technical quality of television programs on films 
and slides from any source by specifying density values which are most desirable for effective television transmission. 

The achievement of optimum picture reproduction requires not only proper print quality and density but also the co-
operation of the artist, production directors and technicians in matters such as make-up, composition, lighting and 

exposure of negative as well as proper adjustment of the television system. It has been the experience of the members of 

the committee that any attempt to correct for shortcomings in one step by introducing nonstandard techniques in 
another, will usually result disadvantageously. 

Films conforming to this Recommended Practice are intended to provide optimum quality when reproduced through 

a television system. However, they may not necessarily appear to be optimum when viewed by direct projection. 

1. Scope 

1.1 This recommendation specifies important density values 
of black-and-white 16mm and 35mm motion-picture 
films and slides intended for television transmission. 

2. Density Requirements 

2.1 The minimum diffuse density of highlight areas shall 
have a normal value of 0.4 to 0.3 but not less than 0.3 
for optimum reproduction in the television system. 
This value is not intended to apply to glint, specular 
highlights or other small areas where details need not be 
reproduced. 

2.2 The maximum diffuse density of lowlight areas shall 
have a normal value of 1.9 to 2.0 but not greater than 
2.0 for optimum reproduction in the television system. 
This value is not intended to apply to small areas where 
details need not be reproduced. 

2.3 The density of human faces, usually observed more in-
tently than other picture areas, shall be greater than the 
measured minimum density as specified in Section 2.1 
by a value not less than 0.15 or more than 0.5 unless 
special effects are desired. These density values are im-
portant in order to preserve the proper density relation-
ships between face tones and high-lights. 

3. Measurement 

3.1 The method of density measurement shall be in accord-
ance with American Standard Method of Determining 
Transmission Density of Motion-Picture Films, 
PH22.27-1960, or the latest revision thereof approved 
by the American Standards Association, Incorporated. 

3.2 Evaluation of the film under normal conditions of tele-
vision reproduction by means of an oscilloscope cal-

ibrated in terms of diffuse density may be used as an 

alternative method of measuring film density. The 
oscilloscope used shall be in accordance with the Insti-
tute of Radio Engineers Standard Measurement of 
Luminance Signal Levels, 58 IRE 23.S1, or the latest 
revision thereof. 

NOTES 

1. The following Society-sponsored American Standards apply to 
the dimensional values for films and slides for television: 

(a) Picture Area—Motion-Picture Film. The television picture 
area of 35mm and 16mm motion-picture film shall be in accordance 
with American Standard Television Picture Area-35mm Motion-
Picture Film, PH22.95-1954, and Television Picture Area—I6mm 
Motion-Picture Film, PH22.96-I 954, or the latest revisions thereof 
approved by the American Standards Association, Incorporated. 

(b) Soundtrack. The photographic sound record on 35mm and 
16mm motion-picture prints shall be in accordance with American 
Standard Photographic Sound Record on 35mm Prints, PH22.40-
1957, and Photographic Sound Record on 16mm Prints, PH22.41-
1957, or the latest revisions thereof approved by the American 
Standards Association, Incorporated. 

(c) Film Dimensions. The film width, perforations, etc., shall be 
in conformance with American Standards or SMPTE Recom-
mended Practices.* 

(d) Television Slides. The dimensions of slides to be used for tele-
vision transmission shall be in accordance with American Standard 
Slides and Opaques for Television Film Camera Chains, PH22.94-
1954, or the latest rsvision thereof approved by the American 
Standards Association, Incorporated. 

A copy of this Recommended Practice may be obtained without 
charge upon request to SMPTE headquarters. A complete index of 
American Standards is also available. 

188 May 1962 Journal of the SMPTE Volume 71 
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SMPTE RECOMMENDED PRACTICE 

Safe Action and Safe Title Areas for TV Transmission 

RP 8-1968 

I. Scope 

IT This recommended practice defities for TV 
transmission the safe action image area within 
which all significant al tion lllll st take place to 
ensure visibility of the ac tion on the average 
home receiver. 

1.2 The practice also defines the safe title image 
area within which the MOW important info!, 
cccation must be confined to ensure visibility of 
the inft lllll ation on the cccajmcrits of home re-
ceivers. 

2. Dimensions 

2.1 the dimensions shall be as given. in the figure 
and table. 

2.2 The ditnensions are given in terms of the per. 
(-engage of the nominal height of the scanned 
area transmitted by the television system. (See 
Appendix.) 

2.9 The height of the scanned area shall be as spe-
c died in USA Standards: 

Dimensions of "relevision Image Area on Dittun 
Slotion.ricture Film. P1122.96.1963 

I)imccemtsi.,ns of Television Image Area on 35min 
Slotion.Picture Film, PH22.911963 

Slides and Opaques for Televisicm Film Camera 
Chains, PH22.94-I954 

2.1 Significant action shall be kept within the safe 
action area defined by the 90 x 120 percent 
guidelines. 

SCANNED AREA HEIGHT 

100 % 80% 90%  
18Y DEFINITION) 

Dimensions of Safe Action Area 

Width 
(120%) 

Height Radius 
(90%) (24%) Medium 

0.331 in. 

0.713 in. 

1.013 in. 

0.248 in. 

0.535 in. 

0.759 in. 

0.066 in. 

0.143 in. 

0.203 in. 

16tum Film 

35mm Film 

r x 2" Slide 

S“unecl 
Height 
(100%) 

0.276 in. 

0.591 in. 

0.844 in. 

ims-- 106% 

Dimensions of Safe Title Area 

Width 
(106%) 

Height Radius 
(80%) (21%) 

0.294 in. 

0.634 in. 

0.900 in. 

0.221 in. 

0.475 in. 

0.675 in. 

0.059 in. 

0.127 in. 

0.180 in. 

Copyrighted, 1968, by 
SOCIETY Of MOTION PICTURE AND TELEVISION ENGINEERS 
9 East 41st Street, Neu, York, N.Y. 10017 

Revision of 
RP 8-1961 and 
RP 13-1963 
Approved Jima., 1968 
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2.5 Essential information shall be kept within the 
safe title area defined by the 80x 106 percent 
guidelines. 

3. Operating Procedures 

3.1 It is recommended that the appropriate area be 
outlined in camera viewfinders. 

3.2 Projectors used for production evaluation of 
prints intended for television transmission 
should be equipped with apertures in accord-
ance with USA Standard Specifications for Film 

RP 8-1968 

Tmage Area Used for Review Room Viewing of 
rouni and Ifinun Motion-Picture Prints Intended 
for Telet ision Trailmoission, PH22.118-1967. 

3.3 The safe title arca should be indicated on the 
review room screen. 

Note: Projectors used for print inspection should have 
apertures at least as large as the manned area. The di-
mensions of the safe action area and safe title area 
should be indicated on the projection screen. 

Appendix 
(This Appendix is not a part of SMPTE Recommended Practice RP IS 1908 Safe Action and Safe Title Areas for TV Transmission, 
but is included to facilitate its use.) 

It should be pointed out that the dimensions of the two safe areas remain as established in earlier issues. The 
method of specifying the dimensions in terms of the image height has been adopted to conform with current practice. 
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SMPIE RECOMMENDED PRACTICE 
Dimensicms of Double-Frame 35mm 2v2 

for Precise Applications in Television 

RP 9-/966 

Introduction 

The use of 2x2 :disk, has increased enormously in many 
television stations. Thy handling of these slides is or 
will be by automatic or rebote nietluxls. Slides contain. 
ing titles or geometric material must lust tilt. In many 
SINIUWICe3 slides bear related subject nutter and it is 
necessary to lap-dissolve between them. Under these 
conditions it is important that the material be accurately 
located on the film clip ansl thy film clip be as-

Curately located in the mount. This is achieved in this 
recommended practice by locating the picture informa-
tion relative to the sprocket isoles cif the film dip and 
then using the sprocket holes to locate the clip in the 
mount. The dimensions and tolerances specified lx-low 
arc based on the fact that inf ; Ii011 ois stuss-'si,r 
slides will register in a suitable television slide puns s.ss 
within the equivalent of ± 5 television lines in a iss s 
nuntal and vertical direction when the Dat lllll R nd 
Datum C edges of the mount arc against the stops in 
the projector. 

Television scanned area has an aspect ratio of 1:3. The 
mask dimensions shown in Figure 2 are sufficiently larger 
than those of tIse Ka011ed area to permit convenient use. 

I. Scope 

1.1 This recommended practice specifies dimensions 
and tolerances for a slouble.frame 35mm film clip 

and ass associated 2x2 inch lllll unt which are 
intended to ensure that picture inforusati llll is 
accurately and consistently positioned in a suit. 
able slide projector. 

1.2 The slide 11110IMI descrilwd in Section 3 repre-
sents one suitable method for attaining accurate T.m.. 
and annistent imsitioning of picture inform:, 
  its ss suitable slide projector. The use of Duncissons, lush, 111111 sorters 
alternate m xl etlus of lllll ting the film p cli .to 

. 1.196 0.00.1 38.011 0.10 within the same accuracy shall be considered as 
11,• 1.377 à19111 31.98 MHO meeting the requirements of this recommenclecl 

DUDEOCIDD 

R, 

WXYZ D, Ek. ‘ 

01110[11:11111[17-fr 

Fig. 1 
Location cd Imagy on Film 
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FRONT SEGMENT 
( NOT SHOWN IN FRONT 

VIEW ) 

02 

Az 

Fig. 2 
Slide Mount 

Table 2 

RP 9-1966 

u. 01 

INDICATES COVER 
GLASS LOCATION 
(see more e ma coves 
85.555 DATA) 

REAR SEGMENT 
FRONT REMOVED 

EMULSION DOWN FOR ORIGINAL 
CAMERA MADE CLIP 

EMULSION DOWN FOR OPTICAL 
PRINT FROM CAMERA NEGATIVE 

practice. C1 I.-129 -« 0.012 36.311 « 11.30 Dimensions Inches Millimeters Dimensions Inc has Millimeters 
D1 0.961 -« 0.012 2-1:19 -« 0.30 

A2 1.984 -« 0.004 50.39 ±-. 0.10 M, 0.1088 -« 11.0001 2.761 L- 0.013 1.3 This recommended practise is 110L illieMled to E,-F1 0 2..: 0.004 0 « 11.111 
replace or to void American Standard Slides and Gs.H. 0 -L- 0.004 0 -L- 0.10 

C2 0.3780 -±- 0.0020 9.601 ±- 0.051 0 2 90036 -± 0.0020 0.091 -±- 0.051 Opaques for Television Film Camera Chains, RI 0.016 max 0.-11 Issas 
D2 1.6060« 0.0020 10.792 -« Moil 11'; 0.180 suis 4.57 max PH22.94-1951, or American Standard Dimensions 

for Lantern Slides, Z38.7.19.1950. • lior illformati llll 011ly E; 0.5241 -L-. 0.0020 13.320 « 11011 (12 0.330 max 8.38 max 
F2 1.1496 « 0.0020 36.820 ± 0071 R., 0.062 max 1.57 max 
G; 0.8602 21- 0.0017 21.8-19 -« 0.018 Ba 1.57 max 
112 0.3681 -« 0.0020 9.35(1« 0.051 1011010128 ± suas  RI 0.16 -±- 0.05 
I; 0.5659 r.._ 0.0010 1.1.37-1 « 0.025 S, 0.150 max 3.81 max 
J.* 0,1831 « 0.0025 9.731 -« 0.061 I, 0.115 ± 0)815 2.92 -« 0.13 
112 0.0768 -1-. 0.0005 1.951 1-. 0.013 II, worm -± 0.002 1.52 « 0.05 

L2 0.0656 -n. 0.0010 1.666 L- 0.025 Nr 0.0e) .- 0.002 1.52 « 0.05 

Copyrighted, 1966, by 

SOCIETY OF MOTION PICTURE AND TELEVISION ENGINEERS 

9 East 4Ist Street, Neu York, N. Y. I0017 

Approved July'966 

B2 1.984 « 0.001 50.39 ± 0.10 N, 0.1000 ± 0.0010 2.510 -L- 0.025 

'See Note 6 
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2. Double-Frame 35mm Film clip 
2.1 The film for double-frame 35mm film clips to 

be mounted and used in compliance with this 
practice shall be in accordance with American 
Standard Dimensions for 35mm Motion-Picture 
Film, ES-1870, P1122.36.1964, and shall be of low. 
shrinkage safety film base. 

2.2 The camera used for exposure shall produce an 
image on the film the dimensions of which are 
in accordance with American Standard Picture 
Sires for Roll and 35mm Still-Film Cameras. 
PH3.39.1961. 

RP 9-1966 

2.3 The location of the image on the film and the 
length of the film clip shall be in accordance 
with Figure I and Table I. (See Note 11.) 

3. Slide Mount 

3.1 The mount for the double-frame 35mm film clip 
shall be manufactured in accordance with Figure 

2 and Table 2. 

3 2 Slide mounts produced in accordance with this 
recommended practice shall meet the dimen-
sional tolerances of Figure 2 and Table 2 for at 
least one year following manufacture. 

Notes 

I. The surfaces indicated by Datum A shall be plane 
within 0.002 in. (0.05mm). 

2. The edges indicated by Datums 11 and C and Edge 
D shall be straight within 0.002 in. (0.05mm). 

3. Datums R and C and Edge D shall be perpendicu-
lar to Datum plane A within I degree. 

1. Datum C and Edge D shall be perpendicular to 
Datum B within 0.002 in. (0.05mm). 

5. Dimensions Pa, Qa, Sa, and.V2 define an area within 
whicli a notch may be provided to indicate the 
proper 1x55i1i0n of the mount in a magarine or pro-
jectnr. %%Then tlte film is inserted in the sssssustt as 
shown in Figure 2 and the mount is placed in a 
normal Also projector to produce a proper image 
on the screen, the notch will be down and away 
from the lamp. In this positi llll the notc is may lie 
used as a ma 11 interlock. 

6. Pint 2 and 7 lllll st not depart from Dimension la 
by more than 0.00211 in. (0.05 lisini) with respect 
so each other. 

7. .1 lie pins   maintain their indicated dimensions 
at least 0.010 in. ((t.23mm) beyond the emulsion 

position. 

8. The pins should extend through the film clip hut 
snust not project beyond either exterior surface of 

the slide mount. 

9. Cover glass should be built into the mount on each 
sicle of the film surface. This glass should lie 
nominally 0.030 in. (0.76mm) thick and should be 
treatecl to reduce Newton's Rings where fins con-
tacts the glass. When the mount is assembled. there 
should be sufficient space between the cover glasses 
to accommodate a film thickness of 0.006 in. 
(0.15suni) in a snug manner. 

10. Material shrinkage and outer practical considera-
tions should be taken into account when choosing 
dimensions and tolerances for manufacturing pur-
iicites. The dimensions and tolerances in Table 2 
mot ide a guide for the final product. 

11. The retommemled emulsion position is that of an 
original reversal causera film. 

12. Slide mounts manufac lured in accordance with the 
reference edges specified :it fiatunis B and C will 
hate lll i ll i l stunt positi llll variations among different 
ussssssssts when these edges are against the projector 
stops. When Edges 11 and E are against the pro-
jector stops. slightly poorer positioning accuracy 
reitilti due to she added dimensional tolerances of 
.32 and hg. 

11».• 



SMPTE RECOMMENDED PRACTICE RP10* 

Signal Specifications for a Monochrome Video 
Alignment Tape for 2-In. Video Magnetic 
Tape Recording 

Early in its deliberations for a monochrome video test tape, the Video Tape Recording Committee established, as one of 
its objectives, the provision of an operational test tape that would permit rapid evaluation and operational adjustment 
of recording-playback equipment. Consideration was given to a series of tapes each with a separate test signal as well 

as a single tape with several signals recorded consecutively. Both from an operational and economical standpoint, 
this approach was dropped in favor of a test tape using a composite signal, made up of signals currently in use by TV 

broadcasters, arranged in a combination that would produce a kinescope presentation as well as provide a means of 
obtaining oscilloscope presentation for more minute evaluation of the equipment performance. 

A test tape made in accordance with this recommended practice will enable operators of television tape recorders to 
readily determine accurate quadrature and vacuum guide alignment, thereby establishing most effective operating 
conditions conducive to obtaining maximum head life and highest degree of tape interchangeability. 
The Practice was developed and approved by the Society's Video Tape Recording Committee and accepted by the 

Standards Committee. It was published in the May 1961 Journal, subsequently receiving the approval of the SMPTE 
Board of Governors in June 1962. 

I. Scope 

1.1 This recommended practice specifies the signals to be 
recorded on a magnetic video tape for use in evaluating 
and adjusting the performance of monochrome video 
tape recording and playback equipment on a routine 
operational basis. The characteristics which can be 
checked primarily are related to the video performance 
although a cursory check of the audio channel is 
included for operating convenience. 

1.2 Specifically, the recorded signals on the tape provide 
means for check of the following characteristics or 
adjustments: 
(a) video-head quadrature 
(b) tape vacuum guide position 
(c) video levels 
(d) video amplitude-frequency response 
(e) video transient response 
(f) video low-frequency tilt 
(g) video amplitude linearity 
(h) video-head playback sensitivity 
(i) relative noise banding 
(j) r-f carrier deviation frequencies 
(k) program and cue track audio levels 
(i) control track levels and phase 

2. Recorded Signal Characteristics 

2.1 The video signals recorded by the video heads shall 
occupy sequential bands from top to bottom in the 
reproduced picture, each of which corresponds to a 
single traverse of a video head across the tape. For the 
purpose of identification, these bands are designated 
as one through sixteen. The first band after that con-
taining the vertical synchronizing pulse interval shall 
be designated as band one. (Band one will contain 
fewer active lines than the other bands because it con-
tains a portion of vertical blanking.) The active picture 
portion of the horizontal scan shall be divided into 
eleven equal sections. For the purpose of identifica-

* A copy of this Recommended Practice may be obtained without charge 

upon request to SMPTE headquarters. A complete index of American 
Standards is also available. 
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tion, these sections are designated as zero through ten. 
Information shall be recorded as follows: 

Information Bands 

2.1.1 A stairstep signal consisting of a 
ten-step linear gray scale extending 
from blanking level to 100 IRE 
units respectively, as shown in Fig. 
1. 

2.1.2 A stairstep signal consisting of a 

1 through 4 

5 through 8 
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five-step linear gray scale extend-
ing from black level to 50 IRE 
units respectively, as shown in Fig. 
2. 

2.1.3 A series of five sine-wave bursts, as 5 through 8 
shown in Fig. 2, and described as 
follows: 

The time sequence of the burst 
frequencies shall be 4.2, 3.6, 3.0, 
2.0 and 1.5 mc..The axis of the 
multiburst shall be at 30 IRE 
units, and the peak-to-peak 
amplitude shall be 40 IRE units. 
Each burst duration will be at 
least 75% of the section width. 

2.1.4 A window signal at reference white 9 through 15 
level ( 100 IRE units) three sections 
wide and six bands high to be 
positioned horizontally in sections 
six, seven and eight, as shown in 
Fig. 3, and vertically between the 
centers of the ninth and fifteenth 
bands. The remaining section 
shall be at blanking level (0 IRE 
units). 

2.1.5 Vertical synchronizing pulse inter- Band 16 
val and a portion of vertical blank- Only 
ing. 

2.1.6 Sine-squared pulses of 1-micro- 1 through 15 
second width (measured at half 
level) and 50 IRE units in height at 
horizontal positions corresponding 
to the center of each of the first six 
sections. The base level of each 
sine-squared pulse shall be as 
follows: 
(a) Bands 1 through 8, the same 

as the accompanying stair-
step section level, as shown 
in Figs. 1 and 2. 

(b) Bands 9 through 15, at blank-
ing level, as shown in Fig. 3. 

2.2 The waveform of the composite signal shall appear 
as shown in Fig. 4. 

2.3 All synchronizing waveforms and signal amplitudes 
shall conform with EIA Standard RS-170 or the latest 

revision thereof. 
2.4 All video signals shall be within ± 1 IRE unit of speci-

fied amplitudes. 
2.5 Rise and decay time of the stairstep signal 

shall not exceed 0.003 H (0.3% of the horizontal 
scanning period) The leading and trailing edges of 
the window signal shall correspond approximately in 
shape and rise time to the sine-squared pulses specified 
in paragraph 2.14. such as may result from the use of 
the saine pulse shaping network for both sine-squared 
pulse and window signals. 

2.6 Overshoot of the stairstep signal shall not exceed 5% 
of the amplitude of transition. An exception is the trail-
ing edge of stairstep (leading edge of horizontal 
blanking) which is limited to 2% in accordance with 
EIA Standard RS-170 or the latest revision thereof. 

2.7 Multiburst frequencies shall conform with specified 
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Fig. 3. Bands 9 through 15. 
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Fig. 4. Composite waveform. Waveforms shown at the rate 

sweeps. 

values within 1%. Total harmonic distortion content 
of the multiburst frequencies shall not exceed 2%. 

2.8 The audio tone and cue records shall consist of an 
audio tone interrupted periodically with voice an-
nouncements. 

2.9 (a) The audio tone shall be 400 cps ± 2% recorded at 
a level 10 db below that corresponding to a 3% total 

harmonic distortion at 400 cps. 
(b) The audio response-frequency characteristics shall 
be as specified in Proposed American Standard Charac-
teristics of the Audio Records for 2-In. Video Magnetic 
Tape Recordings, VTR 16.5, or the latest revision 

thereof. 
2.10 The voice announcements shall be made at one-

minute intervals and shall not exceed 20 seconds in 
duration. The announcement shall provide identifica-
tion of the tape as regards the applicable SMPTE 
Recommended Practice, the tape issue number, and 
the manufacturer of the standard tape. Additional 
identification (such as serial number) may be included 

at the discretion of the manufacturer. 

3. Recording Conditions 

3.1 The video alignment tape shall conform with applicable 
American Standards and SMPTE Recommended 

Practices. 
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SMPTE Recommended Practice RP 11* 

This Recommended Practice originated in the Video Tape Recording Committee. The proposal, approved by the 

initiating committee and the Standards Committee, was published for trial and comment in the October 1961 Journal. 

The recommendation received final approval by the Society's Board of Governors on February 16, 1962. 

Tape Vacuum Guide Radius and Position 

for Recording Standard Video Records 

on 2-in. Magnetic Tape 

1. Scope 

This recommended practice specifies the tape vacuum guide 
radius and position for recording standard video records on 
2-in, magnetic tape. 

2. Mechanical Dimensions 

2.1 The radius of the tape vacuum guide shall be 1.0334, 
+0.0000, — 0.0005 in. (26.248, +0.000, —0.013mm). 

2.2 The position of the vacuum guide shall be set so that the 
eccentricity of its center of curvature with respect to the 
axis of rotation of the video heads is as indicated in the 
table. The eccentricity shall be such that the extension of 
a line joining the center of curvature of the vacuum guide 
and the axis of rotation of the heads intersects the tape 
at the midpoint of its width. The center of curvature of 

the vacuum guide shall lie between the axis of rotation of 
the heads and the vacuum guide. 

Vacuum Guide Radius 
Inches Millimeters 

1 . 0334 26 . 248 
1.0333 
1.0332 
1.0331 
1.0330 
1.0329 

26.246 
26.243 
26.241 
26.238 
26.236 

Eccentricity 
Inches Millimeters 
.0000 0.000 

0 . 0001 0 . 003 
.0002 0 . 005 

0 . 0003 0.008 
0 . 0004 0 . 010 
.0005 0.013 

Note: These dimensions are based on a nominal tape thickness 
of 0.0014 inch (0.0356mm) and a radius of rotation of the 
magnetic head pole tips of 1.0329 inch min. to 1.0356 inch max. 

APPENDIX 

The achievement of tape playback interchangeability requires, 
among other things, that means be provided to accommodate 
variations of ( a) the radius of rotation of the magnetic head pole 
tips, ( b) the radius of the vacuum guide and (c) tape thickness. 

* A copy of this Recommended Practice may be obtained without 
charge upon request to Society Headquarters. 

These effects are compensated by the stretching of the tape into a 
slot cavity in the vacuum guide by virtue of the radius of rotation 
of the magnetic head pole tips projecting beyond the unstretched 
oxide surface of the tape as held in the vacuum guide. Over the 
limits normally encountered, the stretching provides automatic 
compensation if the vacuum guide is positioned to give the mini-
mum geometric distortion in the reproduced picture. 
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SMPTE RECOMMENDED PRACTICE RP 16-1964 

Specifications of Tracking Control Record for 

2- In. Video Magnetic Tape Recordings 

Approved by the Video Tape Recording and Standards 
Committees, this proposal was published for trial and comment 
in the October 1963 Journal. The recommendation received 
final approval by the Society's Board of Governors in April 
1964. 

1. Scope 

This recommended practice specifies the recorded dimensional 
relationships among (a) tracking-control signal, (b) frame-
pulse signal, and (c) vertical synchronizing signal for 2-in. 
video magnetic tape recordings. 

2. Dimensions 

2.1 The dimensional relationships among the tracking con-
trol record, frame pulse record, and video record, not 
specified elsewhere in this practice, shall be as specified 
in Figs. 1 a and lb and in the table. 

2.2 Dimensions pertaining to the video, audio, and control 
records on 2-in, magnetic tape shall be as specified in the 
appropriate American Standards. 

3. Magnetic Coating 

With the direction of tape motion shown, the magnetic coating 
is on the surface facing the observer. 

4. Frame Pulses 

4.1 A pulse to identify the position of the vertical synchroniz-
ing pulse shall be superimposed on the tracking control 
signal. 

4.2 One pulse shall be recorded per television frame to 
identify the vertical blanking interval that is preceded 
by a full horizontal line when the tape is recorded at 15 
in./sec and to identify the vertical blanking interval that 
is preceded by a half horizontal line when the tape is 
recorded at 7.5 in./sec. 

4.3 The pulse shall be positioned so that the centerline of the 
recorded pulse and the extended centerline of the arca 
between the second and third video tracks after the track 
containing the vertical synchronizing pulse shall intersect 
within ± 0.002 in. at the reference edge of the tape when 
the recording is made at 15 in./sec tape speed (Fig. la). 
The pulse shall be positioned so that the centerline of the 
fifth video track after the track containing the vertical 
synchronizing pulse shall intersect within ± 0.002 in. 
at the reference edge of the tape when the recording is 
made at 7.5 in./sec tape speed (Fig. lb). 

4.4 The amplitude of the frame pulse current shall be greater 
than 150 percent of the peak-to-peak value of the track-
ing control signal current in the record head. 

4.5 The polarity of the pulse with respect to the tracking 
control signal shall be as shown in Figure la. 

5. Tracking Control Signal 

5.1 The frequency of the tracking-control signal shall be 

une 
reference edQe 

frame poise 
(of frame -pulse 

current waveform 
on record head 

- B 

Fig. la. 15 in./sec 

frame pulse 

masmehc surface 
fac,ng the Observer 

(of frame Pulse 

Fig. lb. 7.5 in./sec 

Di- 
men- 
sions 

A 
B 

Inches 
Min- Max- 
imum imum 

Millimeters 
Min- Max-
imum imum Seconds 

1.10 1.20 27.9 30.5 
60 msec" 
±10 eisec 

* Measured at 50 percent amplitude points. Widths observable and 
measurable on developed tape will vary with recording level and proper-
ties of developing solution. 

four times the field frequency of the television video 

signal. 
5.2 The amplitude of the tracking-control signal current in 

the recording head shall be such that the tape is driven 
to the verge of saturation. This amplitude can be es-
tablished by the method described in the Appendix. 

5.3 The tracking-control signal shall be positioned so that a 
point of maximum record current and the extended 
centerline of the area between the second and third 
video tracks after the track containing the vertical syn-
chronizing pulse shall coincide within ±0.001 in. at the 
reference edge of the tape when the recording is made at 
15 in./sec tape speed. 
The tracking-control signal shall be positioned so that a 
point of maximum record current and the extended 
centerline of the fifth video track after the track containing 
the vertical synchronizing pulse shall coincide within 
±0.001 in. at the reference edge of the tape when the 
recording is made at 7.5 in./sec tape speed. 

5.4 The point of maximum record current coinciding with 
the frame pulse shall be one that immediately follows 
an area on the control record to which a south-seeking 
pole of a compass will be attracted. 

5.5 The wave shape of the tracking-control signal current 
in the record head should be sinusoidal. 

APPENDIX 

(This Appendix is not a part of SMPTE Recommended Practice 
RP 16-1964, Specifications of Tracking Control Record for 2-In. 
Video Magnetic Tape Recordings, but is included to facilitate 
its use.) 

I. The transfer characteristic of magnetic tape is nonlinear. 
The B„ I, curve of the tape as recorded has a shape indicated in 
Fig. 2a. When a sinusoidal record current ( Fig. 2c) is applied 
to the record head, the resulting recorded flux density is as shown 
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in Fig. 2b. The playback voltage waveform ( Fig. 2d) is the first 
derivative of the recorded flux. Thus, the zero axis crossing region 
of the playback signal corresponds to the maximum recorded 
flux region. The verge of saturation is considered to be the con-
dition where the recorded flux waveform is just noticeably flat-
tened on its peaks. This flattening of the flux peaks results in an 
inflection in the playback signal waveform in the zero axis crossing 
region. The verge of saturation can thus be determined by 
increasing the record current until a just perceptible inflection 
occurs in the zero axis crossing region of the playback signal. 

2. Areas to which a compass is attracted (see Section 5.4) do not 
coincide with point of maximum record current. The com-
pass will be attracted to two areas ( X, as shown in Fig. 2) ad-
jacent to the point where the record current crosses the zero axis. 
The two areas will appear as bars when the track is developed 
with carbonyl iron or an equivalent material. 

3. The location of vertical sync and the frame pulse, as specified 
herein, will apply only if the recorder video head and capstan 
servos are referenced to the incoming video signal or its sync 
generator. Figure 2 
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SAIPTE RECOMMENDED PRACTICE 
Label Specifications for 2-In. Ouadruplex 

Vida) Magnetic :ripe Reconlings 

RP 26-1968 

I. Scope 

This recommended practice specifies the minimum information required on labels 
attached to reels asid reel containers of 2m. quadruplex video magnetic tape 

recordings. 

2. Specifications 

The following reptesents the mil t i lll uin information required on a video tape label. 
The label shall be affixed to both the reel and container: 

(I) Name of company or studio 

(2) Name nf program or commercial 

(3) Number nf program or commercial 

(4) Modulation practice— high band or low band 

(5) Color or black and white 

(6) Original or copy 

Copyrighted, 1968, by 
SOCIETY OF MOTION PICTURE AND TELEVISION ENGINEERS 
9 East ate Street, New York, NY . 10017 

A ppr000d January 1968 
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American Standard Specifications of 

Monochrome Video Magnetic Tape Leader 

àéà 

Reg. U.S. Pat. Off. 

C98.2-1963 

'UDC 681.85:621.397.5 

1. Scope 

This standard specifies the audio and video 
information that precedes and follows the re-
corded program material ( for purposes of 
insuring uniformity of reproduction), and pro-
vides the necessary identification "cue up" 
and "run out" information. The standard also 
specifies the minimum lengths of tape re-
quired to ensure proper "threading" and 
"wrap around" for monochrome video-tape 
recordings. 

2. Alignment Signal 

2.1 At the head end of the tape, at least 35 
seconds of test pattern shall be recorded at 
the same level and under the same condi-
tions of equipment adjustment used for re-
cording the video program material. ( It is de-
sirable that test pattern or test signal include 
reference black and reference white infor-
mation. The signal should be of such a nature 
as to facilitate vacuum guide adjustment, 
e.g., stairstep signal.) 

Pogo I of 2 pages 

2.2 Simultaneously, a reference level audio 
tone of 400 cps (cycles per second) 5 per 
cent shall be recorded at the same level and 
under the same conditions of equipment ad-
justment used for recording the audio portion 
of the program material. 

2.3 The alignment signal shall be preceded 
by at least 10 seconds of blank tape for 
"threading" purposes. 

3. Identification Information 

3.1 Visual identification information shall be 
recorded for at least 15 seconds following 
the video alignment signal specified in Sec-
tion 2. In a typical case, the identification 
might contain: 

(1) title 

(21 subject 
(31 production number 
(4) "take" number 

(5) recording studio name 
(6) date of recording 

DIRECTION OF TAPE TRAVEL  

r :Mu 

---//( i • 

• 
(READ) i ! Algt41. ! DkEED III 

/  

i _REFERICE LEW, au>. roorE, i'l dirks! i ' 
  i .  u  

jiALAITA VIDEO ALIGNMENT SIGNAL_ 
Tale 

c ( ON Tral(0.41 

A = Sound portion of video tape leader 

H  

I I 
ME/AMAMI 

o.414. 

I 4 ]  

èà • 

(TAIL) 

mee .AILLNL( 
le «9_ ILTM. I 11Afj., 

• =re i (TAIL) 

te ors use, 
Nam.. Num.. 

cro• Yoga, 

B = Video portion of video tape leader 

Note: The figures of picture and sound sequences are shown related on a time basis. There is separation of the 
picture and sound records on the recorded tape as defined in American Standard Specifications of the Audio Rec-

ords for 2- In. Video Magnetic Tape Recordings, C98.3-1963. 

Approved November 19, 1963, by the American Standards Association, Incorporated 
Sponsor: Society of Motion Picture and Television Engineers 

• Univerkal Decimal Cleesifkatioa 

10,1 by Do. knwrican Standard,. OseneioNoo. loror,rated 
10 Leon tOlb Street. Nrr. York 16. N.Y. -„Leee.u.età 

3.2 Simultaneously, an aural identification of 
the information specified in Section 3.1 should 
be recorded under the same conditions as 
defined in Section 2.2. 

4. Cue Timing Signals 

4.1 Audio cue signals, as described below, 
shall be recorded on the audio program 
track following the aural identification signals 
specified in Section 3. 

4.1.1 The audio cue tone signals shall consist 
of a series of 400 cps ± 5 percent bursts, 
each of /,-second duration, occurring at one-
second intervals over the range from ten or 
more seconds ahead of the program material 
to two seconds ahead. The recording level 
shall be as defined in Section 2.2. 

4.1.2 In addition, a steady component of the 
audio cue tone shall be recorded approxi-

mately 20 db ( decibels) below the level used 
in Section 4.1.1 above, starting with the first 
tone burst and ending with the last one, to 
leave a two-second silent interval before the 
start of program material. 

4.2 A visual signal shall be recorded during 

the entire period of the steady component of 

Paje 2 of 

the above-described audio tone signals. Sync 
(or sync and setup) only shall be recorded 
during the two-second interval from the end 
of the tone bursts to the start of program. 
The recording level shall be as described in 
Section 2.1. 

If a visual cue timing signal is used, it shall be 
coincident with and identify the tone burst in 
Section 4.1.1. 

5. Continuity of Recorded Signals 

Continuity of recorded signals, beginning 
with the video alignment signal, shall not be 
interrupted. This continuity shall be achieved 
by continuous recording or by equivalent 
splicing, provided that the requirements of 
Section 2.1 are fulfilled. 

6. Run-Out Signal 

6.1 There shall be at least 10 seconds of 

sync (or sync and setup) recorded immedi-
ately following the conclusion of program 
material. 

6.2 The run-out signal shall be followed by 
at least 10 seconds of blank tape for "wrap 
around" purposes. 

C98.2-1963 
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American Standard Specifications of the 

Audio Records for 2- In. Video Magnetic Tape 

Recordings 

ASA  
Pe, I. ¡'Ji 

C98.3-1963 

•UDC 681.85.621.397.5 

1. Scope 

This standard pertains to the audio records 
as defined in Proposed American Standard 

Dimensions of Video, Audio and Tracking 
Control Records on 2-In. Video Magnetic 
Tape, C98.6. 

2. Mechanical Characteristics 

The audio-video separation shall be 9.250 
in. ±0.100 in. with the audio record on the 

tape preceding the corresponding picture 
record. This tape path distance between the 
video and audio recording heads shall be 
taken as that between the point of intersec-
tion of transverse and longitudinal center 
lines of each magnetic gap, with the video 
head positioned at the angle of rotation 
which places it at the center of the audio 

track. 

db 

+ 25 

+ 20 

Pogo 1 of 2 page. 

3. Electrical Characteristics 

The reproducing characteristics as herein 

specified for the audio records on 2- in, video 

magnetic tape recordings apply to both 15 

in. per second and 7.5 in. per second linear 

tape speeds. The recordings shalt be made 

such that the proper reproducing character-

istic shall correspond to Section 2.80, Stand-

ard Reproducing Characteristic, of the Na-
tional Association of Broadcasters Recording 

and Reproducing Standards for Mechanical, 

Magnetic, and Optical Recording and Repro-
ducing- 1953. This section is reproduced 

below: 
'It shall be standard that a Standard Repro-

ducing System is one having an "ideal" re-
producing head,' the EMF of which is ampli-

6 db/ogl 

50,as 

20 00 1000 

FREOUENCY IN CYCLES PER SECOND 

10000 

!Fig. 6.1 NAB Magnetic Tape Standard Reproducing Characteristic at 15 in./soc, June, 1953. 

Approved November 19, 1963, by the American Standards Association, Incorporated 
Sqonsor: Society of Motion Picture and Television Engineers 

• I la•rrasl Iseranal Chssaufs.lans 

'..1';Vo'e'th:01r 1  
Pecazeó 

fled in an amplifier with a response curve 
having the following characteristic: 

At a tape speed of 15 "/second: The re-
sponse curve shall be that which results 
from the superposition of three curves; one 
that falls with increase of frequency at the 
rate of 6 db per octave; this curve to be 
modified at low audio frequencies by a 
curve thnt falls with decrease of frequency 
in conformity with the admittance of a 
series combination of a capacity and a re-
sistance having a time constant of 3180 
microseconds; and this same curve to be 

modified at high audio frequencies by a 
curve that rises with increase of frequency 
in conformity with the admittance of a 
parallel combination of a capacitance and 
a resistance having a time constant of 50 
microseconds. The combined curve is shown 
in Figure 6." 

l"An ..dear reproducmg head a defined os a reproducmg head 
the losses of halals ore neglog.ble. With a normal ferromogneta 
head lb., means that the gap a short and the arc of contact ,nth the 
tape a long compared ea the relesont wavelengths and the losses 
m the mater.ol of the head ore small. WIlh the rePraducmg heads 
used . t, proctae, on equalaahon to compensate for the head 

losses nu», be added to the replay ornphger.' 

C98.3-1963 
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American Standard Dimensions of 

2-In. Video Magnetic Tape Reels 

t S. Pet. 00. 

C98.5-1965 

'UDC 681.85.621297.5 

1. Scope 

This standard specifies the dimensions of reels 
in maximum capacities of 750, 1650, 3600, 
5540, and 7230 ft designed to accommodate 
the maximum thickness of 2-in, wide magnetic 
tape for television recording, as specified in 

American Standard Dimensions of 2-In. Video 
Magnetic Tape, C98.1-1963. 

Pees 1 ef 2 poses 

2. Reel Dimensions 

2.1 The dimensions of the reels shall be as spe-
cified in the figure and tables. 

2.2 Flange-fastening members shall be flush 
with or below the outer surface of the flanges, 

enlarged view 
of 3 identical 
slots 

Approved February 24, 1965, by the American Standards Association, Incorporated 
Sponsor. Society of Motion Picture and Television Engineers Inc. 

•Unitereal Decimal Chelan-alma 

Cup',1.1 166, Le the Amer.., Standards 1, ,e, Im.apurat..1 
10 Lau 4081 Slave,, Na, Yolk. N. V. 10016 

P',Z1a..VU 

page 2 ef 2 p.... 

2.3 The outside cylindrical surface of the hub 2.4 The outside diameter of the flanges (B 
(C diameter) shall be concentric with the center diameter) shall be concentric to the center bore 

bore (A diameter) within 0.002 in. (0.05mm) of the hub (A diameter) within 0.02 in. (0.5mm). 
and shall have a maximum taper of 0.0004 in. 
(0.010mm). 

Table 1 

Reel Dimensions 

Dimensions Inches Millimeters Degrees 

+ 0.004 
A 3.000 76.20 

- 0.000  
IS See Table 2 See Table 2 

C 4.500 ± 0.100 114.30 2: 2.54 
D 3.250 2z-. 0.002 82.55 -i-. 0.05 

0.003 + 0.08 
F 0.109 + 2.77 
G 0.00 

120 -1: 0.1 
11 0.025 maid 0.64 moot 
J 0.099 mast 2.51 mast 
K 3.600 mint 91.44 mint 

L 6.000 mint 152.40 mint 
M* 2.212 -± 0.003 56.18 -±- 0.08 

• The hub surfaces defined by M shall be parallel within 0.0002 in. (0.002,.,.) per inch and square with the hub outside diameter C 
within 0.001 in. (0.03rnns) at maximum diameter. 

1 The surface of the flanges front 8 to I. shall lie between the planes deAned by H ond J. 

I Outside surfaces of reel flanges between diem eeeee K and L shall not extend beyond the surfaces defined by Dimension M. 

Table 2 

Reel Capacities 

Maximum Playing Time in Min at 

Maximum Capacity,* 7.5 In. ( 19.05 Cm) 15 In. (38.1 Cm) Dimension 8 
Feet Meters Per Second Inches Millimeters 

750 228 20 10 6.50 --kz 0.010 165.1 ± 0.25 
1650 503 44 22 8.00 --. 0.010 203.2 -1: 0.25 
3600 1097 96 48 10.50 2_- 0.010 266.7 ± 0.25 

5540 1689 148 74 12.50 ±-. 0.010 317.5 .±.. 0.25 
7230 2203 192 96 14.00 2-.. 0.010 355.6 2: 0.25 

• maximum capacity is based on a minimum distance of 0 2 in. (Stnen) from the reel periphery to the tope sleds, utilising maximum thickness 
tope. 

Appendix 

(This Appendix is not o part of American Standard Dimensions of 2.In. Video Magnetic Tape Reels, C98.51965, but is included to facili• 
tede ih ow) 

The outside diameters of the flanges, 8, will give It is recommended that both flanges have oir escape 
reels the capacities suggested in Table 2. These capaci• holes. If provided, these holes should extend to the 
ties should be regarded as maximum, hub periphery and be of such size at this point as to 

facilitate easy threading. 

C98.5-1965 
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American Standard Dimensions of 

Video, Audio and Tracking Control Records 

on 2- In. Video Magnetic Tape 

)nA 
Reg. U.S. P.O. 0g. 

C98.6-1965 

•UOC 681 85 621 397 5 

Page I of 2 eeeee 

1. Scope 3. Magnetic Coating 

This standard specifies the locations and di-
mensions of the video, audio and tracking con-
trol records on 2-in, video magnetic tape. 

With the direction of tape motion as shown in 
Fig. 1, the magnetic coating is on the surface 
facing the observer. 

2. Dimensions 4. Video Track Curvature 

The dimensions shall be as specified in the Each video track shall not deviate from a 
figures and tables, straight line by more than 0.001 in. (0.03mm). 

Dimensions 

REFERENCE EDGE 

Fig. 1. Position of Records. 

Table 1 

Inches Millimeters 

A 0.045 zt 0.005 1.14 .7L- 0.13 
8 0.022 -.t 0.002 0.56 -17 0.05 
C 0.022 ± 0.002 0.56 --t. 0.05 
D 1.894 zt. 0.002 48.11 ±- 0.05 

1.872 ± 0. 005 .13 
E - 0.000 47'55 -+ 0 0.00 

0.0(X) 0.00 
F 0.057-+  0.005 1'45+ 

G 1.962 .:t 0.004 49.81 ±-. 0.10 
H 0.070 :1_.- 0.004 1.78 t 0.10 _   

Approved February 24, 1965, by the American Standards Association, Incorporated 
Sponsor: Society of Motion Picture and Television Engineers, Inc. 

•Uni I TYyrbnal ClaysifirMion 

1.4, by the Ameyicao Sunder& AsYucatb., Incurp.ralryl 
I0 4011. bbreet. Yoyk. N. Y. 00006 

Punted in USA 
ASA 151465/50 

Page 2 of 2 pages 

-.1 8 

E 

I 

É C 

P 

I 

E 

e 

I 

E 
I 
i 

-*I SY I. 

E E 

All010 2 

CONTROL 

REFERENCE EDGE 

Fig. 2. Detail of Video Tracks. 

Table 2 

Dimensions of Video Tracks ( 15 in./sec, 960 tracks/sec) 

Dimensions Inches Millimeters 

P -=-. R/4 Calc Cale 
R 0.0625 ,t 0.0010 1.588 :tr. 0.025 
W 0.0100 ± 0.0005 0.254 ± 0.013 
X W/2 .•. 0.0002 W/2 :2_.- 0.005 
on 90' 33' -± 3' 

Table 3 

Dimensions of Video Tracks (7.5 in./sec, 960 tracks/sec) 

Dimensions Inches millimeters 

P = R/4 Calc Cole 
R 0.0312 :_t 0.0010 0.794 -± 0.025 
W 0.0050 -± 0.0005 0.127 -± 0.013 
X W/2 -± 0.0002 W/2 ± 0.005 
r, 90' 17' - ' 

- 

Appendix 

(This Appendix is not a port of American Standard Dimensions of Video. Audio ond Tracking Control Records on 2- In, Video Magnetic 

Tope, C98.6.1965, boot is included to focilitate its sae.) 

A magnetic record or track is that area in which tions and dimensions is the use of carbonyl iron to make 
magnetization conveying the intended signal exists. them visible. 
A common technique for measurement of record loca-
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Color Video Magnetic Tape Leader 

1. Scope 

1.1 This standard specifies the minimum leader 
requirements for color video tape recording op-
eration to permit adjustment of equipment for 
optimum performance during reproduction prior 
to the start of recorded program material. 

1.2 The standard also specifies the audio and 
video information that precedes and follows 
the recorded- program material (for purposes of 
ensuring uniformity of reproduction), and pro-
vides the necessary identification cue up and 
run out information, and the minimum lengths 
of tape required to ensure proper threading for 
color video tape recordings. 

1 
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2. Color Bar Signal 

2.1 At the head end of the tape, at least 60 
seconds of color bar pattern, as defined by EIA 
Standard RS- 189, Encoded Color Bor Signals, 
shall be recorded with maximum luminance at 
77 IRE units corresponding to 75 percent chroma 
level, including a reference white bar and ref-
erence black bar. 

The recording shall be made under the same 
conditions of equipment adjustment as used for 
recording the video program material. For orig-
inal recording, the color bar signal shall orig-
inate in and be fed through the same studio 
and equipment used for the program. 

DIRECTION OF TAPE TRAVEL 
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NOTE: The figures of picture and sound sequences 

ore shown related on a time basis. There is separation 

of the picture and sound records on the recorded tape, 

e glee 

os defined in USA Standard Specifications of the Audio 

Records for 2.In. Video Magnetic Tope Recordings, 

C98.3-1963. 

2.2 Simultaneously with the color bar signal, a 
reference level audio tone of 400 Hz • 5 per-
cent shall be recorded at the same level and 
under the same conditions of equipment adjust-
ment used for recording the audio portion of the 
program material. 

2.3 The color bar signal shall be preceded by 
8 ft minimum of blank tape for threading pur-
poses. 

3. Identification Information 

3.1 Visual identification information shall be 
recorded for at least 15 seconds following the 
color bar signal specified in Section 2. The iden-
tification shall contain the following information 
(if known): 

(1) title 
(2) subject 

(3) production number 

(4) take number 

(5) name of recording studio 

(6) date of recording 

(7) broadcast date 

3.2 Simultaneously, an aural identification of 
the information specified in Section 3.1 shall be 
recorded under the same conditions as defined 
in Section 2.2. 

4. Cue Timing Signals 

4.1 Audio cue signals, as described below, 
shall be recorded on the audio program track 
following the aural identification signals speci-
fied in Section 3. 

4.1.1 The audio cue tone signals shall con-
sist of a series of 400 Hz ± 5 percent bursts, 
each of '5-second duration, occurring at one-
second intervals over the range from ten or more 
seconds ahead of the program material to two 
seconds ahead. The recording level shall be as 
defined in Section 2.2. 

4.1.2 In addition, a steady component of 
the audio cue tone shall be recorded approxi-
mately 20 dB below the level used in Section 
4.1.1 above, starting with the first tone burst and 
ending with the last one, to leave a two-second 
silent interval before the start of program ma-
terial. 

4.2 A visual signal shall be recorded during 
the entire period of the steady component of 
the above-described audio tone signals. Sync 
(sync, color burst, and setup) only shall be re-
corded during the two-second interval from the 
end of the tone bursts to the start of program. 
The recording level shall be as described in Sec-
tion 2.1. 

If a visual cue timing signal is used, it shall 
be coincident with and identify the tone burst in 
Section 4.1.1. 

5. Continuity of Recorded Signals 

Continuity of recorded signals, beginning with 
the color bar signal, shall not be interrupted. 
This continuity of sync, color burst, and control 
track shall be achieved by continuous recording 
or by equivalent splicing, provided that the re-
quirements of Section 2.1 are fulfilled. 

6. Run-Out Signal 

6.1 There shall be at least 10 seconds of sync 
(sync, color burst, and setup) recorded im-
mediately following the conclusion of program 
material. 

6.2 The run-out signal shall be followed by 8 
ft minimum of blank tape for wrap around 
purposes. 
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Bibliography of Additional Color-Television Papers 
in the journal of the SMPTE 

Articles on television which appeared in the Journal of the Society 
of Motion Picture and Television Engineers between January 1940 
and December 1969 are arranged chronologically in this Bibliography, 

under the following headings: 

CAMERAS 
Live Television 
Live/Film Camera Systems 
Telecine 

CAMERA PICKUP TUBES 

DISPLAY SYSTEMS 
Large Screen Projection 
Picture Monitors 
Receivers 

FILM FOR TELEVISION 
Film 
Projection Equipment 
Test Film 

GENERAL AND HISTORICAL 

LENSES AND OPTICAL SYSTEMS 

LIGHTING, STAGING AND PRODUCTION 
Film Studio 
Live Studio 
Remote Pickup 

MEASUREMENTS, TEST EQUIPMENT AND 
QUALITY CONTROL 

Audio 
Video 

MOBILE EQUIPMENT AND SYSTEMS 

NONBROADCAST TELEVISION 
Surveillance Systems 

a. Industrial Applications 
b. Scientific Applications 

Distribution Systems 
a. Educational 
b. Pay TV 
c. Theater 

RECORDING 
Film 

a. Electron Beam and Thermoplastic 

b. Optical 

Magnetic 
a. Disc 
b. Quadrature 
c. Slant Track 
d. Editing 

STUDIO SYSTEMS AND PLANTS 
System Design 
Special Effects 
Video Switching 

TELEVISION PHYSICS 
Colorimetry 
Filters 
Measurements 
Subjective Effects 

TELEVISION SYSTEMS 
Color 
International 

TRANSMISSION 
Automatic Control 
Digital 
Standards Conversion 
Transmitters 

For further references on the subject of Theater Television, see the 
Society report bearing that title, which included a bibliography of 
items (pp. 268-272, Mar. 1949). Reprints are often available from 
the author or his company. See the SMPTE Publications List for the 

costs of those back issues which are available. 
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CAMERAS 

Live Television 

Portable Television Pickup Equipment, G. L. Beers, O. H. 
Schade and R. E. Shelby, pp. 327-348, Oct. 1940 

Scanning Theory, S. Sabaroff, pp. 497-513, May 1941 

The Focusing Viewfinder Problem in Television Camera, 
G. L. Beers, pp. 181-196, March 1943 

The Orthogam Amplifier ( Abstract from RCA Review), pp. 
76-78, Jan. 1951 

The Design of a 4'4-Inch Image Orthicon Camera Channel, 
George E. Partington, pp. 92-97, Feb. 1960 

Analysis of Noise in the Image Orthicon, B. H. Vine, pp. 
432-435, June 1961 

Stability Criteria for Television Camera Tubes, K. Sadashige, 
pp. 419-421, June 1962 

Operationally Simplified Camera Channels, George E. Part-
ington, pp. 429-435, June 1962 

Power Supplies for Image-Orthicon Transistor Television 
Cameras, R. Matchell, R. B. Hale, G. E. Hayden-Pigg, pp. 
455-461, June 1963 

A New Crispener Circuit for Television Images, Earl F. 
Brown, pp. 849-853, Nov. 1963 

Video Circuits for Transistor Television Cameras, D. Bray 
and G. E. Hayden-Pigg, pp. 853-859, Nov. 1963 

A New Optical System and Camera for Color Television, 
Hiroshi Nomura, pp. 120-124, Feb. 1964 

A Study of Noise in Television Camera Preamplifiers, K. 
Sadashige, pp. 202-206, Mar. 1964 

Achieving Long Focal Television Lenses Electronically, 
Fred Himelfarb, pp. 240-242, Mar. 1965 

A Plumbicon Monochrome Broadcast Camera, Thomas J. 
Ray, Richard Q. Dunn and Donald Pounds, pp. 918-922, 
Oct. 1965 

A Plumbicon Color Broadcast Camera, E. F. De Haan and 
A. G. van Doom, pp. 922-926, Oct. 1965 

Advanced Developments in Studio Television Cameras, 
Donald A. Pay and Thomas Mayer, pp. 927-929, Oct. 
1965 

Design of a New Plumbicon Color Camera Chain, Michael 
Fisher, pp. 745-748, Aug. 1966 

CBS Experience With Plumbicon Color Cameras, Richard 
G. Streeter and Robert L. Cobler, pp. 749-751, Aug. 1966 

Optical Systems for Plumbicon Color Broadcast Cameras, 
A. G. van Doom, H. de Lang and G. Bouwhuis, pp. 
1002-1006, Oct. 1966 

Advanced Techniques for Plumbicon Cameras, F. W. De 
Vrijer, A. L. Tan and A. G. Van Doom, pp. 1080-1082, 
Nov. 1966 

An All-Electronic Field-Sequential Closed-Circuit Color 
Television System, T. Nishimura, M. Hibi, I. Mitomo and 
H. Etani, pp. 21-28, Jan. 1967 

Design of Components for High-Quality and High-Reliability 
Color Television, Y. Itoh, T. Katsuta, T. Imai, K. Saitoh 
and J. Hirate, pp. 96-107, Feb. 1968 

Improved Signal Processing Techniques for Color Television 
Broadcasting, R. H. McMann, Jr., and A. A. Goldberg, pp. 
221-228, Mar. 1968 

A Simplified Television Color Encoder, Csaba Koblos, pp. 
909-911, Sept. 1968 

A Simplified Color Television Canera, S. W. Athey and 
G. P. Hobbs, pp. 799-803, Aug. 1968 

Color Correction Techniques for Television Cameras, John 
F. Monahan and Robert A. Dischert, pp. 696-700, Sept. 
1969 

A Digitally Controlled Color Camera, Renville H. McMann, 
Jr., and Richard G. Streeter, pp. 931-937, Nov. 1969 

A Portable Color TV Camera System, Max Berry and John 
Poole, pp. 938-942, Nov. 1969 

Design of an Ultra-Portable Color Television Camera System, 
Max H. Mesner, Frank Lang, Derek Binge and F. I Bingley, 
pp. 943-949, Nov. 1969 

Live/Film Camera Systems 

Motion Picture Production for Television, J. Fairbanks, pp. 
567-575, Dec. 1950 

An Electronic-Film Combination Apparatus for Motion-
Picture and Television Production (Du Mont Electronicam), 
James L. Caddigan and Thomas T. Goldsmith, Jr., pp. 
7-16, Jan. 1956 

A 35mm Reflex Camera System Incorporating Video 
Monitoring and Recording, Edmund M. Di Giulio, pp. 
600-601, 611, July 1965 

A New Combination Camera Unit for 16mm Film Plus 
Vidicon Television, Frank G. Back, p. 1096, Dec. 1965 

A Simultaneous Video-Tape and Direct 16mm Film Re-
cording System, Warren R. Smith and Robert R. Ferber, 
pp. 586-588, June 1966 

Telecine 

Television Reproduction From Negative Films, E. Meschter, 
pp. 165-181, Aug. 1946 

Color-Television Film Scanner, Bernard Erde, pp. 351-372, 
Oct. 1948 

Image Tubes and Techniques in Television Film Camera 
Chains, R. L. Garman and R. W. Lee, pp. 52-64, Jan. 
1951 

Practical Use of Iconoscopes and Image Orthicons as Film 
Pickup Devices, K. B. Benson and A. Ettlinger, pp. 9-14, 
July 1951 

Dynamic Transfer Characteristics of a Television Film 
Camera Chain, W. K. Grimwood and T. G. Veal, pp. 249-
258, Sept. 1951 

Use of Color Filters in a Television Film Camera Chain, 
W. K. Grimwood and T. G. Veal, pp. 259-266, Sept. 1951 

Continuous Motion Picture Projector for Use in Television 
Film Scanning, A. G. Jensen, R. E. Graham and C. F. 
Mattke, pp. 1-21, Jan. 1952 

Film Projection Using Image-Orthicon Cameras, R. D. 
Chipp, pp. 1-8, Jan. 1953 

Television Camera Equipment of Advanced Design (General 
Precision Laboratory) L. L. Pourciau, pp. 166-180, Feb. 
1953 

New 35mm Television Film Scanner, E. H. Traub, pp. 
45-54, Jan. 1954 

Vidicon Film-Reproduction Cameras, Henry N. Kozanow-
ski, pp. 153-162, Feb. 1954 

Continuous All-Electronic Scanner for 16mm Color Motion 
Picture Film, Victor Graziano and Kurt Schlesinger, pp. 
294-305, Apr. 1954 

Flying-Spot Film Scanners ( Letter to the Editor), John C. 
Kudar, p. 140, Mar. 1955 

Flying-Spot Scanner for Color Television, R. E. Putman, 
pp. 324-325, June 1955 

Colorimetry Film Requirements and Masking Techniques 
for Color Television, H. N. Kozanowski, pp. 201-204, 
Apr. 1956 

Advanced Performance and Stability in Color TV Film 
Channel Amplifiers, M. H. Diehl, pp. 750-755, Dec. 1957 

Automatic Gain Control in Television Automation, M. H. 
Diehl, W. J. Hoffman and W. L. Shepard, pp. 755-757, 
Dec. 1957 
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Anamorphic Television Circuit Requirements, Madison 
Cawein, pp. 257-259, Apr. 1958 

A Flying-Spot Film Scanner for Color Television (Abridge-
ment), H. E. Holman, G. C. Newton and S. F. Quinn, pp. 
137-140, Mar. 1959 

An Improved Vidicon Focusing-Deflecting Unit, J. Castle-
berry and B. H. Vine, pp. 226-228, Apr. 1959 

A High-Resolution Television System, L. L. Pourciau, M. 
Altman, and C. A. Washburn, pp. 105-108, Feb. 1960 

Vidicon Light-Transfer Characteristics and Film Reproduc-
tion, R. G. Neuhauser, pp. 791-794, Oct. 1961 

Slow-Motion Playback of Television Film Recording, John 
R. Whittaker, pp. 578-579, Aug. 1962 

Letter to the Editor: Re: "Vidicon Light-Transfer Charac-
teristics and Film Reproduction," (pp. 791-794, Oct. 
1961), p. 418, May 1963 

A Review of Telecine Systems, D. R. Morse, pp. 548-560, 
July 1964 

New CBC Vidicon-Telecine Operating Standards With 
Particular Reference to the Gray-Scale Characteristic, S. F. 
Quinn and J. Bowie Dickson, pp. 1009-1015, Dec. 1964 

Exposure Meters and Measuring Techniques in Telefilm 
Exposure Control, Harold Wright, pp. 577-587, July 1965 

A Slow Scan Television Film Recorder, Henry Canvel, pp. 
770-773, Sept. 1965 

A Transistorized Color Television Film Camera, David M. 
Taylor, pp. 930-935, Oct. 1965 

Mechanical and Electronic Layout of a Color 16mm 
Scanner With Pneumatic Fast-Pulldown, Heinrich Zahn and 
Emil Sennhenn, pp. 535-539, June 1967 

Improving Automatic Sensitivity Performance in Color 
TV Film Cameras, Robert E. Brooks, pp. 792-794, Aug. 1967 

Colour Films for Colour Television - A Reprint, C. B. B. 
Wood, pp. 985-987, Oct. 1967 

High-Quality Color Rendition in Color Telecine, D. H. 
McRae, pp. 140-145, Mar. 1969 (see Errata, p. 887, Oct. 
1969) 

Some Considerations in the Television Broadcasting of 
Color Film, C. B. B. Wood, pp. 256-260, Apr. 1969 

A Portable Color TV Camera System, Max Berry and John 
Poole, pp. 938-942, Nov. 1969 

CAMERA PICKUP TUBES 

New Television Camera Tubes and Some Applications 
Outside the Broadcasting Field, V. K. Zworykin, pp. 227-
242, Sept. 1950 

The Image Iconoscope - A Camera Tube for Television 
(Abstracted by Pierre Mertz from Philips Technical Review, 
Nov. 1951), P. Schagen, H. Bruining and J. C. Francken, 
pp. 501-514, June 1952 

Vidicon for Film Pickup, R. G. Neuhauser, pp. 142-152, 
Feb. 1954 

Camera Tubes for Color Television Broadcast Service, R. G. 
Neuhauser, pp. 636-642, Dec. 1956 

Beam-Landing Errors and Signal-Output Uniformity of 
Vidicons, R. G. Neuhauser and L. D. Miller, pp. 149-153, 
Mar. 1958 

Improved Developmental One-Inch Vidicon for Television 
Cameras. L. D. Miller and B. H. Vine, pp. 154-156, Mar. 
1958 

Pickup Tube Performance With Slow Scanning Rates, 
Charles T. Shelton and H. W. Stewart, pp. 441-451, July 
1958 
Sensitivity and Motion Capturing Ability of Television 
Camera Tubes, R. G. Neuhauser, pp. 455-461, July 1959 

On the Detective Quantum Efficiency of Television Camera 
Tubes, R. Clark Jones, pp. 462-466, July 1959 

An Improved Image Orthicon, E. D. Hendry and W.E. 
Turk, pp. 88-91, Feb. 1960 

Analysis of Noise in the Image Orthicon, B. H. Vine, pp. 
432-435, June 1961 

Picture Characteristics of Image-Orthicon and Vidicon 
Camera Tubes, R. G. Neuhauser, pp. 696-698, Sept. 1961 

New Television Camera Tubes in Perspective, R. G. Neu-
hauser, pp. 979-988, Dec. 1961 

Letter to the Editor: Sensitivity of Image-Orthicon Tubes, 
Paul W. Shadle, p. 771, Oct. 1962 

An Electrostatically Focused Vidicon, J. E. Kuehne and 
R. G. Neuhauser, pp. 772-775, Oct. 1962 

The Design and Performance of a High-Resolution Vidicon, 
R. G. Neuhauser, B. H. Vine, J. E. Kuehne and G. A. 
Robinson, pp. 833-837, Nov. 1962 

Camera Tubes for Studio Use - A Semi-Technical Appraisal 
for Educators, John W. Wentworth, pp. 153-157, Mar. 1963 

Improved High Resolution Electron Gun for Television 
Cameras, S. Gray, P. C. Murray and O. J. Ziemelis, pp. 
729-794, Oct. 1963 

Resolution Capability of the Image-Orthicon Camera Tube 
Under Nonstandard Scan Conditions, William C. Livingston, 
pp. 771-786, Oct. 1963 

The Plumbicon: A Camera Tube With a Photoconductive 
Lead Oxide Layer, E. F. De Haan and A. G. Van Doom, pp. 
473-476, June 1964 

The Practical Testing of Television Camera Tubes, Walter 
E. Turk, pp. 841-845, Sept. 1966 

On a Novel Application of the Image Dissector, G. Papp, pp. 
782-783, Sept. 1965 

The Practical Testing of Television Camera Tubes, Walter 
E. Turk, pp. 841-845, Sept. 1966 

A Survey of Camera Tubes for Television Broadcasting, 
Walter E. Turk, pp. 1082-1085, Nov. 1966 

Vidicons for Space Applications, R. E. Hoffman, pp. 780-
782, Aug. 1967 

Some Problems of Pickup Tubes for Television Cameras, 
Walter E. Turk, pp. 1189-1193, Nov. 1968 

DISPLAY SYSTEMS 

Large Screen Projection 

Projection Television, D. W. Epstein and I. G. Maloff, pp. 
443-455, June 1945 

Optical Problems in Large-Screen Television, I. G. Maloff, 
pp. 30-36, July 1948 

The Eidophor Method for Theater Television, E. Labin, pp. 
393-406, April 1950 

An Experimental Electronic Background Television Projec-
tion System, W. R. Johnson, pp. 60-66, July 1950 

Characteristics of Motion Picture and Television Screens, 
F. B. Berger, pp. 131-146, Aug. 1950 

Improvements in Large-Screen Television Projection, T.M.C. 
Lance, pp. 509-524, Nov. 1950 

The RCA PT- 100 Theater Television Equipment, Ralph V. 
Little, Jr., pp. 317-331, March 1951 

Projection Kinescope 7NP4 for Theater Television, L. E. 
Swedlund and C. W. Thierfelder, pp. 332-342, March 1951 

A Direct-Projection System for Theater Television, F. N. 
Gillette, pp. 385-396, May 1952 

Instantaneous Theater Projection Television System, Victor 
Trad and Ricardo Muniz, pp. 125-139, Aug. 1952 
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Eidophor System of Theater Television, Earl I. Sponable, 
pp. 337-343, Apr. 1953 

The Fischer Large-Screen Projection System - A Reprint, 
E. Baumann, pp. 344-356, Apr. 1953 

An Apparatus for Aperture-Response Testing of Large 
Schmidt-Type Projection Optical Systems, D. J. Parker, 
S. W. Johnson and L. T. Sachtleben, pp. 721-730, Dec. 
1953 

Wide-Screen Television, Seymour Rosin and Madison Ca-
wein, pp. 404-406, July 1957 

Visual Amplification, H. J. Schlafly, pp. 163-164, Mar. 1958 

Survey of Large-Screen Television Projection Equipment, 
Frank N. Gillette, pp. 164-166, Mar. 1958 

Medium Screen Color Television Projection, S. L. Bendell 
and W. J. Neely, pp. 166-168, Mar. 1958 

The Projection of Color Television Pictures (Abridgment). 
T. Poorter and F. W. de Vrijer, pp. 141-142, Mar. 1959 

Picture Monitors 

Color Cathode-Ray Tube With Three Phosphor Bands, 
C. S. Szegho, pp. 367-376, Oct. 1950 

Characteristics of All-Glass Television Picture Bulbs, John 
L. Sheldon, pp. 65-74, Jan. 1951 

Color Television Reproducers, Harry R. Lubcke, pp. 22-27, 
Jan. 1952 

Grainless Phosphor Screens for TV Tubes and a Light 
Amplifier, Frank J. Studer, pp. 197-200, Apr. 1966 

Control of Fluorescent Screen Dot Size for Color TV, 
Sam H. Kaplan, pp. 407-410, Aug. 1956 

Some Considerations Concerning the Gamma of a Tri-color 
Picture Tube, Wilfrid F. Nilclas, pp. 546-551, Oct. 1956 

Color Tubes for Color Television Broadcast Service, R. G. 
Neuhauser, pp. 636-642, Dec. 1956 

A Stabilized Monitor for Color Television Picture Quality 
Control, E. E. Gloystein and N. P. Kellaway, pp. 157-162, 
Mar. 1958 

Development of the Thin Cathode-Ray Tube, William Ross 
Aiken, pp. 452-455, July 1958 

Development and Applications of Transparent Cathode-
Ray Screens, Charles Feldman, pp. 455-460, July 1958 

Effective Spot Size in Beam Scanning Tubes, Aurelius 
Sandor, pp. 735-737, Oct. 1960 

Dynamic Spot Formation Color Tubes, Aurelius Sandor, 
pp. 738-741, Oct. 1960 

Operational Adjustment of Picture Monitors in Television 
Studios, C. A. Siocos, pp. 11-14, Jan. 1965 

Receivers 

Component Arrangement for a Versatile Television Receiver, 
F. N. Gillette and J. S. Ewing, pp. 189-196, Aug. 1950 

Black Level - The Lost Ingredient in Television-Picture 
Fidelity, R. G. Neuhauser, pp. 597-601, Oct. 1957 ( Errata, 
p. 775, Dec. 1957) 

Television Receiver Picture-Area Losses, Charles L. Town-
send, pp. 758-759, Dec. 1957. 

Television Receiver Picture-Area Losses ( Letter to the 
Editor). Otis Freeman, p. 343, May 1958 

The Problem of the Unrestored Television Receiver, Robert 
J. Nissen, pp. 521-527, Aug. 1960 

Effective Spot Size in Beam Scanning Tubes, Aurelius 
Sandor, pp. 735-737, Oct. 1960 

FILM FOR TELEVISION 

Film 

Film in Television-Television Production as Viewed by a 
Radio Broadcaster, W. C. Miner, pp. 79-92, Aug. 1944 

Film - the Backbone of Television Programming, R. B. 
Austrian, pp. 401-413, Dec. 1945 

A New Film for Photographing the Television Monitor 
Tube, M. R. Boyer and C. F. White, pp. 152-164, Aug. 
1946 

Films for Television, Jerry Fairbanks, pp. 590-594, Dec. 
1948 

Films in Television, D. R. White, pp. 363-383, Apr. 1949 

Motion Picture Laboratory Practice for Television, A. J. 
Miller, pp. 112-113, Aug. 1949 

Television-Film Requirements, G. D. Gudebrod, pp. 117-
119, Aug. 1949 

Will Film Take Over the Television Commercial?, J. A. 
Moran, pp. 120-123, Aug. 1949 

A 16mm Rapid Film Processor, J. S. Hall, A. Mayer and 
G. Maslach, pp. 27-36, July 1950 

Specifications for Motion Picture Films Intended for Tele 
vision Transmission, C. L. Townsend, pp. 147-157, Aug 
1950 

Some Commercial Aspects of a New 16mm Intermediate 
Film Television System, Raymond L. Garman and Blair 
Foulds, pp. 219-226, Feb. 1951 

High-Temperature Film Processing - Its Effect on Quality, 
Richard Hodgson and Jack Hammer, pp. 261-263, M ar. 195 

New All-Purpose Film Leader (A Status Report, Apr. 1, 
1951, of the Subcommittee on Film Leaders of the Films 
for Television Committee), C. L. Townsend, Chairman, pp. 
562-567, May 1951 

Increasing the Efficiency of Television Station Film Oper-
ation, R. A. Isberg, pp. 447-460, Oct. 1953 

Laboratory Practices on Films for Television, Recom-
mended by the Association of Cinema Laboratories, pp. 
6-7, Jan. 1958 

Film in Television, Rodger J. Ross, pp. 374-378, June 1958 

Automatic Television Film Editing, Robert Grunwald and 
Richard Wallace, pp. 397-400, June 1958 

A New Additive Color System for Motion-Picture Photog-
raphy, Lionel H. Wheeler, pp. 747-749, Nov. 1958 

Making Black-and-White 2 by 2 Slides for Television, Ralph 
J. Olivieri, pp. 229-231, Apr. 1959 

3mm Sound Film: A Professional News Medium for Tele-
vision, Richard B. Rawls, pp. 575-577, Aug. 1962 

Factors Affecting Determination on Monochrome Television 
Film Exposure and Speed Indexing, Harold Wright, pp. 
305-313, Apr. 1964 

A New Film for Photographing the Television Monitor 
Tube, M. R. Boyer and C. F. White, pp. 152-164, Aug. 
1946 

Letter to the Editor Re: The New SMPTE Leader and 
Position of Sound, R. E. Putman, p. 595, June 1966 

Letter to the Editor: Coding and Packaging Film for 
Broadcasting, M. Barlow, p. 889, Oct. 1969 

Projection Equipment 

The General Electric Television Film Projector, E. D. Cook, 
pp. 273-291, Oct. 1943 

Film Projectors for Television, R. B. Little, Jr., pp. 93-110, 
Feb. 1947 
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Continuous Motion Picture Projector for Use in Television 
Film Scanning, A. G. Jensen, R. E. Graham and C. F. 
Mattke, pp. 1-21, Jan. 1952 

New Professional Television Projector ( RCA-TP-6A), W. E. 
Stewart, pp. 390-399, Apr. 1953 

16mm Projector for Full-Storage Operation With an Icono-
scope Television Camera (Model 250), Edwin C. Fritts, pp. 
45-51, July 1953 

Fast-Cycling Intermittent for 16mm Film, Warren R. Isom, 
pp. 55-63, Jan. 1954 

A Continuous Projector for Television (Eastman Kodak 
No. 300), Otto Wittel, pp. 319-321, June 1955 

Continuous-Projector Problems, Otto Wittel and Donald G. 
Haefele, pp. 321-323, June 1955 

Control of Light Intensity in TV Projectors, K. Sadashige 
and B. F. Melchionni, pp. 416-419, Aug. 1955 

New 16mm Television Magnetic/Optical Sound Projector 
for the Limited Budget (Bell & Howell 614 CBVM), J. S. 
Powers and G. F. Krtous, pp. 443-444, Aug. 1955 

A 16mm Projector for Operation With TV Film-Chain on 
Partial-Storage Basis (Eastman Model 250), Edwin C. Fritts, 
pp. 576-577, Oct. 1955 

35mm Intermittent Motion-Picture Projector for Color 
Television (RCA), W. F. Fisher and Warren R. Isom, pp. 
682-686, Dec. 1955 

Motion-Picture Laboratory Projection Facilities for Servic-
ing TV Film Programs, Don V. Kloepfel, pp. 676-678, 
Oct. 1958 

A New Television Opaque Projector Designed by Radio 
Tokyo, JOKR-TV, Eizo Suyama, pp. 413-414, June 1959 

A Simplified Method of Conversion of Standard Intermittent 
Motion-Picture Projectors for Use With Television Pickup 
Tubes, J. S. Chandler, pp. 102-104, Feb. 1960 

Continuous Motion-Picture Projector for Television Scan-
ning, J. F. Muller and L. K. Degen, pp. 344-346, Apr. 
1967 

Fast-Pulldown Mechanisms for Films Scanning, Rolf Moel-
ler, pp. 540-544, June 1967 

Adaptation of a 8mm Projector for Telecine Use, Georges 
Laporte, pp. 551-552, June 1967 

The Rolling Loop - A New Concept of Film Transport, 
P. R. W. Jones, pp. 21-23, Jan. 1968 

Prism Projection of Motion Pictures in Cartridge and Tele-
vision Applications, Leon W. Wells, pp. 29-31, Jan. 1969 

Test Film 
Television Slide Processing and Precision Registration 
Equipment, K. Blair Benson and J. R. Whittaker, pp. 15-18, 
Jan. 1965 

SMPTE Color Television Subjective Reference Test Film 
and Slides ( see Errata, July, 1966), John M. Waner and 
Edward P. Ancona, Jr., pp. 218-220, Mar. 1966 

Monochrome Test Patterns for Television, K. Blair Benson, 
pp. 1204-1205, Dec. 1967 

Monochrome Television Film Standards, K. B. Benson and 
J. R. Whittaker, pp. 1-5, Jan. 1,58 

Television Test Film: Operating Instructions, pp. 52-58, 
July 1953 

An Inquiry into Standards for Television Slide Production, 
Richard H. Hill, pp. 543-546, Oct. 1956 

An Engineering Approach to Television Film: Introduc-
tion, p. 739; Pt I, Standardized Gray-Scale Characteristic 
for Telecine, L. J. Murch, P. 740; Pt II, Telefilm Density 
and Exposure Control, Harold Wright, p. 744; Pt III, Con-
stant Density Laboratory Process for Television Film, Rodger 
J. Ross, p. 556, Nov. 1959 

A Method of Producing Telecine Test Materials of Specified 
Density, Leslie H. Holmes, pp. 699-700, Sept. 1961 

Television Test Films, pp. 209-218, Feb. 1950 

Television Test Film: Operating Instructions, pp. 52-58, 
July 1953 

SMPTE Color Television Subjective Reference Test Films 
and Slides - Issue No. 3, John M. Waner and Edward P. 
Ancona, Jr., pp. 686-688, July 1967 

TV Color Test Films and Slides ( news story), p. 392, 
July 1955 

A Method of Producing Telecine Test Materials of Specified 
Density, Leslie H. Holmes, pp. 699-701, Sept. 1961 

Color Telecine Alignment Slides, F. David E. Corley, pp. 
145-148, Mar. 1969 ( see Errata, p. 887, Oct. 1969) 

GENERAL AND HISTORICAL 

The Relation of Television to Motion Pictures, A. B. Du 
Mont, pp. 238-247, Sept. 1946 

Historical Sketch of Television's Progress, L. R. Lankes, 
pp. 223-229, Sept. 1948 

Effect of Television on Motion Picture Attendance, R. B. 
Austrian, pp. 12-18, Jan. 1949 

Report on Theater Television, D. E. Hyndman, pp. 243-
272, Mar. 1949 

Will Film Take Over the Television Commercial?, J. A. 
Moran, pp. 120-123, Aug. 1949 

Progress Report - Theater Television, Barton Kreuzer, pp. 
128-136, Aug. 1949 

Theater Television Today, J. E. McCoy and H. P. Warner, 
pp. 321-350, Oct. 1949 

Statement on Theater Television, D. E. Hyndman, pp. 
354-362, Oct. 1949 

Motion Pictures and Television, V. K. Zworykin, pp. 562-
566, Dec. 1950 

Effects of Television on the Motion Picture Theatre, Ben-
jamin Schlanger and William A. Hoffberg, pp. 39-43, Jan. 
1951 

Examination of Some Aspects of High-Quality Television 
for Motion Picture Industry Use, Blair Foulds and E. A. 
Hungerford, Jr., pp. 521-528, Dec. 1951 

The Early Days of Television, John V. L. Hogan, pp. 
169-173, Nov. 1954 

The Evolution of Modern Television, A. G. Jensen, pp. 174-
188, Nov. 1954 

A Short History of Television Recording, Albert Abram-
son, pp. 72-76, Feb. 1955 

The Television Society (Great Britain), pp. 394-396, July 
1956 

An Annotated List of Articles Pertaining to the History of 
Motion Pictures - 1950-1956 (Including Some Historical 
References to Television), Mildred B. Krainock, pp. 771-
775, Nov. 1958 

A Television Workshop as an Agency Client Service, War-
ren G. Smith, pp. 476-478, July 1959 

The National Space Program ( Intro. Glenn E. Matthews), 
pp. 1-8, Jan. 1960 

Electronic and Motion-Picture Systems in the Space Age, 
Barton Kreuzer, pp. 961-966, Dec. 1961 

Creating an Industry, Robert C. Bitting, Jr., ( Intro. Glenn 
E. Matthews), pp. 1015-1023, Nov. 1965 

SMPTE Winter Television Conference, June, p. 648; Aug., 
p. 842; Sept., p. 963; Oct. p. 1098; Nov., p. 1221; Dec., p. 
1342, 1968 
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LENSES AND OPTICAL SYSTEMS 

Ultra-Speed Theater Television Optics, L. T. Sachtleben 
and G. L. Allee, pp. 425-433, Nov. 1951 

Equipment for Evaluating Lenses of Television Systems, 
Edgar Hutto, Jr., pp. 133-136, Mar. 1955 

Optical Multiplexing in Television Film Equipment, A. H. 
Lind and B. F. Melchionni, pp. 140-145, Mar. 1956 

A Method of Measuring the Optical Sine-Wave Spatial 
Spectrum of Television Image Display Devices, Otto H. 
Schade, pp. 561-566, Sept. 1958 

A New Series of Lenses for Vidicon-Type Cameras, John 
D. Hayes, pp. 593-595, Sept. 1958 

Vidicon Camera Lenses, Gordon Henry Cook, pp. 596-
598, Sept. 1958 

Zoom Lenses for Closed-Circuit Television, Frank G. Back, 
pp. 598-600, Sept. 1958 

Television Zoom Lenses, Gordon H. Cook, pp. 25-28, Jan. 
1959 

Gamma Radiation Insensitive Television Camera Lenses, 
John D. Hayes, pp. 816-818, Dec. 1959 

The Performance of Television Camera Lenses, Gordon H. 
Cook, pp. 406-409, June 1960 

Basic Optics of a Television Film Chain, D. F. Lyman and 
A. E. Neumer, Jr., pp. 6-10, Jan. 1963 

Optical Systems for Plumbicon Color Broadcast Cameras, 
A. G. Van Doom, H. de Lang and G. Bouwhuis, pp. 
1002-1006, Oct. 1966 

The Surveyor Variable and Fixed Focal-Length Lenses, 
Carvyn Ellman, pp. 333-336, Apr. 1968 

LIGHTING, STAGING AND PRODUCTION 

Film Studio 

Production of 16mm Motion Pictures for Television Pro-
jection, R. B. Fuller and L. S. Rhodes, pp. 195-201, Sept. 
1942 

Film - The Backbone of Television Programming, R. B. 
Austrian, pp. 401-413, Dec. 1945 

Film in Television-Television Production as Viewed by a 
Motion Picture Producer, W. Cooper, pp. 73-79, Aug. 1944 

Film in Television - Television Production as Viewed by a 
Radio Broadcaster, W. C. Miner, pp. 79-92, Aug. 1944 

Economy in Small-Scale Motion Picture Lighting, A. L. 
Smith, pp. 180-188, Aug. 1950 

Techniques for the Production of Electronic Motion Pic-
tures, E. A. Hungerford, Jr., pp. 18-22, July 195 1 

Electrical and Photographic Compensation in Television 
Film Production, P. J. Herbst, R. O. Drew and S. W. John-
son, pp. 289-307, Oct. 1951 

Carbon Arcs for Motion Picture Studio Lighting, W. W. Lo-
zier and F. T. Bowditch, pp. 555-558, Dec. 195 1 

Shooting Live Television Shows on Film, Karl Freund, pp. 
9-19, Jan. 1953 

Subject-Lighting Contrast for Color Photographic Films in 
Color Television, F. T. Percy and T. Gentry Veal, pp. 90-94, 
Sept. 1954 

Color-Television Film Shooting Practices, William B. Lodge 
and Howard A. Chinn,. pp. 230-232, Dec. 1954 

Striped Magnetic Sound in CBS Television News Produc-
tion, R. C. Rheineck, pp. 410-413, July 1957 

Methods of Translating Used in Bilingual Films, Max G. 
Kosarin, pp. 139-140, Mar. 1958 

Future Trends in Multi-Voice Films for International Tele-
vision, Leon Shelly, p. 143, Mar. 1958 

A Method for Controlling the Gray-Scale Equivalent of 
Colors Used in Live and Filmed Television Scenic and 
Graphic Art, William J. Wagner, pp. 369-373, June 1958 

Filming for Educational Television, David W. Johnson, pp. 
396-399, June 1959 

The Silicon Controlled Rectifier Dimmer, Herbert R. More 
and Albert W. Malang, pp. 678-682, Oct. 1959 

New Type of Make-up Material for Color Motion Pictures 
and Color Television, Hidemitsu Seki and Akira Kodama, 
pp. 414-420, June 1960 (Errata p. 547, Aug. 1960) 

Cutting Feature Films for Television, John Lee Wiegand, pp. 
465-469, July 1960 

A New Approach to Location Recording Techniques, Jack 
J. Clink, pp. 96-98, Feb. 1961 

Elementary Motion-Picture Design Perspective, Wally Gen-
tleman, pp. 609-613, Aug. 1963 

Film Techniques for News in Television, Ron Laidlaw, pp. 
631-632, Aug. 1963 

Considerations in Color Film Production for Color Tele-
vision: A Committee Report, John Waner, pp. 411-414, 
May 1964 

Location and Newsreel Motion-Picture Equipment, Robin-
son P. Rigg, pp. 775-777, Sept. 1964 

Television Aids to Film Production Used in a Mobile Film 
Unit, Mike Metcalfe and Geoff Pryke, pp. 1079-1082, 
Dec. 1969 

Live Studio 

Remote Control Television Lighting, W. C. Eddy, pp. 268-
281, Sept. 1940 

The Photographic Aspects of Television Operations, H. R. 
Lubcke, pp. 185-190, Feb. 1941 

An Appraisal of Illuminants for Television Studio Lighting, 
R. E. Farnham, pp. 431-440, June 1946 

Carbon Arcs for Motion Picture and Television Studio 
Lighting, F. T. Bowditch, M. R. Null and R. J. Zavesky, 
441-453, June 1946 

Effect of Time Element in Television Program Operations, 
H. R. Lubcke, pp. 543-547, June 1947 

Television Studio Lighting, W. C. Eddy, pp. 334-341, Oct. 
1947 

The Showmanship Side of Television, R. B. Austrian, pp. 
395-404, Nov. 1947 

Television Studio Lighting, A. H. Brolly, pp. 611-624, Dec. 
1949 

Lighting Distortion in Television, Richard Blount, pp. 625-
634, Dec. 1949 

Television Cutting Techniques, Rudy Bretz, pp. 247-267, 
Mar. 1950 

Study of Sealed Beam Lamps for Motion Picture Set Light-
ing, Wayne Blackburn, pp. 101-112, July 1950 

CBS Television Staging and Lighting Practices, R. S. 
O'Brien, pp. 243-264, Sept. 1950 

Lighting Methods for Television Studios, H. M. Gurin, pp. 
576-589, Dec. 1950 

The Television Cameraman, Rudy Bretz, pp. 378-385, Apr. 
1951 

Television Studio Lighting Committee Report, Richard 
Blount, Chairman, pp. 69-70, July 1951 

TelePrompter - A New Production Tool, Fred Barton and 
H. J. Schlafly, pp. 515-521, June 1952 

Animation for Individual Television Stations, Ernest F. 
Hiser, pp. 293-299, Oct. 1952 
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Television Lighting Routines, William R. Ahern, pp. 189-
198, Mar. 1954 

CBS Color-Television Staging and Lighting Practices, Rich-
ard S. O'Brien, pp. 41-50, Aug. 1954 

Color Television Light Sources, Herman M. Gurin, pp. 5 I-
54, Aug. 1954 

Television Studio Lighting Committee Report, H. M. Gurin, 
p. 87, Feb. 1955; pp. 325-326, June 1955 

Color in Television Studio Lighting, Rollo Gillespie Wil-
liams, pp. 653-656, Dec. 1955 

Color TV Commercials by Use of Direct Artwork With 
Opaques, Phillip B. Laeser, pp. 284-286, May 1956 

Monochrome TV Lighting Survey and Report, William R. 
McCown, pp. 382-383, July 1956 

Color TV Lighting Survey and Report, Gerald F. Rester, pp. 
384-386, July 1956 

Carbon Arcs for Television Studio Lighting, R. B. Dull and 
J. G. Kemp, pp. 432-434, Aug. 1956 

The Art of Color TV, Salvatore J. Bonsignore, pp. 435-
436, Aug. 1956 

Lighting the Network TV Program, E. Carlton Winckler, 
pp. 494-495, Sept. 1956 

Camera Matching and Illumination Control for Color TV, 
Edward P. Bertero, pp. 496-497, Sept. 1956 

Lighting for Color Opaques on Television, H. N. Kozan-
owski, pp. 606-607, Nov. 1956 

Techniques of Television Lighting, David Thayer, pp. 212-
216, Apr. 1957 

New Variable-Color Luminous Studio Wall, Rollo Gillespie 
Williams, pp. 401-403, July 1957 

Design Improvements in High-Wattage Tungsten Filament 
Lamps for Motion-Picture and Television Studios, Leroy G. 
Leighton and Alfred Malculec, pp. 530-533, Aug. 1955 

A Flexible Lighting System for a Television Studio, William 
R. Needs and George Gill, pp. 124-126, Mar. 1959 

Preset Reloading - A New Approach to Television Lighting 
Control, William M. Riches, pp. 127-129, Mar. 1959 

Significant Developments in TV Studio Lighting Layouts, 
Rollo Gillespie Williams, pp. 545-547, Aug. 1959 

An Advertising Agency's Experience With Video Tape, 
Alexander Cantwell, pp. 656-658, Sept. 1959 

New Type of Make-up Material for Color Motion Pictures 
and Color Television, Hidemitsu Seki, and Akira Kodama, 
pp. 414-420, June 1960 (Errata, p. 547, Aug. 1960) 

Evaluation and Control of Brightness Levels for Television 
Studio Lighting, Rollo Gillespie Williams, pp. 470-473, 
July 1960 

Audio Scoring, Dubbing and Transfer Techniques Used in 
Video-Tape Productions, John D. Sliva, pp. 419-425, June 
1961 

Design of Lighting Control Consoles Used in British TV 
Studios, Frederick P. Bentham, pp. 814-821, Oct. 1961 

Studio Lighting in the BBC Television Centre, London: 
Equipments and Techniques, K. R. Ackerman, pp. 266-
268, Apr. 1962 

Scenery Handling Methods and Equipments Introduced at 
the BBC Television Centre, K. R. Ackerman, pp, 269-771, 
Apr. 1962 

Color Television Camera Matching Techniques, Edward P. 
Bertero, pp. 602-605, Aug. 1963 

Television Production Techniques With Video-Tape Re-
cording, Jack Lingeman, pp. 630-631, Aug. 1963 

Nomenclature TV Studio Lighting: A Committee Report 
George H. Gill, Sr., p. 495, June 1964 

Colorcasting Seminar, J. S. Brickenden, pp. 118-119, Feb. 
1966 

Television and Film Applications of Tungsten-Halogen 
Lamps, R. E. Levin and T. M. Lemons, pp. 124-128, Febru-
ary 1968 

Television Studio Luminaires With Selective Reflectors, 
Arthur I. Bodkins and William B. Elmer, pp. 86-88, Febru-
ary 1969 

Discharge Lamps and Color Television, R. E. Putman, I F. 
Wiggin, C. N. Clark and H. G. Williams, pp. 700-706, Sept. 
1969 ( see Errata, p. 888, Oct. 1969) 

Remote Pickup 

Television Pickup of the Pasadena Rose Tournament 
Parade, H. R. Lubcke, pp. 221-233, Sept. 1940 

Televising the National Political Conventions of 1940, H. P. 
See, pp. 82-100, Jan. 1941 

Some Engineering Aspects of Portable Television Pickups, 
H. R. Lubcke, pp. 384-390, Dec. 1942 

Television Remote Operations, A. H. Brolly, pp. 54-63, 
Jan. 1952 

Recent Improvements in Silencing Engine-Driven Genera-
tors, L. D. Grignon, pp. 43-52, Jan. 1952 

Televising a Symphony Orchestra, Rudy Bretz, pp. 559-571, 
May 1953 

Low-Frequency Noise Associated With Remote Television 
Pickups, Harry O. Saunders, Jr., pp. 71-73, Feb. 1957 

Preset Reloading - A New Approach to Television Lighting 
Control, William M. Riches, pp. 127-129, Mar. 1959 

Provision of Pickup Facilities for Special Events, R. W. 
Gast, pp. 474, 475, May 1967 

CBS Mobile Color Broadcasting Facilities for 1968 Political 
Conventions, G. I. Benkowsky, D. A. Cohn, D. Horowitz 
and V. E. Rocco, s5p. 534-540, July 1969 

MEASUREMENTS, TEST EQUIPMENT AND 

QUALITY CONTROL 

Audio 

Sound-on-Film Recording for Television Broadcasting, C. R. 
Keith, pp. 114-116, Aug. 1949 

A New Approach to Balanced Audio Levels in Television, 
Robert B. Monroe, pp. 538-541, Aug. 1959 

Video 

Quality in Television Pictures, P. C. Goldmark and J. N. 
Dyer, pp. 234-253, Sept. 1940 

Problems in Television Image Resolution, C. F. Wolcott, 
pp. 65-81, Jan. 1941 

Sensitomettic Aspect of Television Monitor-Tube Photog-
raphy, F. G. Albin, pp. 595-612, Dec. 1948 

Factors Affecting the Quality of Kinerecording, P. J. 
Herbst, R. O. Drew and J. M. Brumbaugh, Feb. 1952 

Safety Requirements in Projection Rooms and Television 
Studios, Samuel R. Todd, pp. 212-218, Sept. 1952 

An Apparatus for Aperture-Response Testing of Large 
Schmidt-Type Projection Optical Systems, D. J. Parker, 
S. W. Johnson and L. T. Sachtleben, pp. 721-730, Dec. 
1953 

Black Level - The Lost Ingredient in Television Picture 
Fidelity, R. G. Neuhauser, pp. 597-601, Oct. 1957 (Errata, 
p. 775, Dec. 1957) 

A Method of Measuring the Optical Sine-Wave Spatial Spec-
trum of Television Image Display Devices, Otto II; Schade, 
pp. 561-566, Sept. 1958 
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Rapid Film-Density Evaluation, John L. Boor, pp. 5-7, 
Jan. 1959 

An Engineering Approach to Television Film: Introduction, 
p. 739; Pt. I, Standardized Gray-Scale Characteristic for 
Telecine, L. J. Murch, p. 740; Pt. II, Telefilm Density and 
Exposure Control, Harold Wright, p. 744; Pt. III, Constant 
Density Laboratory Process for Television Film, Rodger J. 
Ross, p. 756, Nov. 1959 

A Television Imagery Simulator, J. P. Smith and J. F. Bau-
munk, pp. 27-32, Jan. 1961 

Video-Tape Analyzer, A. A. Goldberg and M. R. Hannah, 
pp. 85-88, Feb. 1961 

Black-and-White Television Monitoring and Video Levels, 
Harold Wright, Pt. 1, Basics of Picture Waveform Generation 
and Video Monitors; Pt. II, Black-and-White TV Monitoring 
and Video Levels, pp. 882-897, Nov. 1961 

Letter to the Editor: Black-White Television Monitoring 
and Video Levels, Michael W. Barlow, p. 166, March 1962 

Letter to the Editor: Video Graticules, Robert M. Morris, 
pp. 584, Aug. 1962 

New Method of Marking the Safe Title Area on Television 
Preview Monitor Screens, John I. Boor, pp. 700-701, Sept. 
1963 

Factors Affecting Determination on Monochrome Tele-
vision Film Exposure and Speed Indexing, Harold Wright, 
pp. 305-313, Apr. 1964 

A New Graticule for Measuring Television Transmitter 
Frequency Response, Michael W. Barlow, pp. 940-941, 
Nov. 1964 

New CBC Vidicon-Telecine Operating Standards With Par-
ticular Reference to the Gray-Scale Characteristics, S. F. 
Quinn and J. Bowie Dickson, pp. 1009-1015, Dec. 1968 

Spot Photometers in Exposure Control, Harold P. Field, pp. 
592-593, July 1965 

Two New Waveform Generators for Television Testing, A. 
J. Butt and G. D. Iles, pp. 1009-1013, Nov. 1965 

L etter to the Editor Re: Demand for Television Standards, 
Michael W. Barlow, pp. 1028-1029, Nov. 1965 

Modification of the Pulse-and-Bar Test Signal With Special 
References to Application in Color Television, Peter Wolf, 
pp. 15-19, Jan. 1966 

Television Transmission Testing, Michael W. Barlow, p. 81, 
Feb. 1966 

Vertical Interval Test and Reference Signals (VITS) in the 
CBC Television Network, C.A. Siocos, pp. 81-84, Feb. 1966 

Methods and Equipment Techniques for Multiline VITS 
Insertion in TV relays, J. B. Potter, pp. 89-93, Feb. 1966 

Monitoring of Vertical Test Signals, Charles W. Rhodes, pp. 
94-98, Feb. 1966 

A Television Bar Graph Generator, Glen Southworth, pp. 
99-102, Feb. 1966 

Letter to the Editor, Re: Measuring Signal-to-Noise Ratios, 
R. E. Putman, p. 221, Mar. 1966 

An 8- by 10-in Transparency Illuminator for Television, D. 
H. McRae and R. E. J. Halliday, pp. 846-847, Sept. 1966 

A New Method of Television Waveform Display, Glen 
Southworth, pp. 848-850, Sept. 1966 

Letter to the Editor, Re: Oscilloscope Method for Measur-
ing Signal-to-Noise Ratios, C. A. Siocos and S. F. Quinn, p. 
121,Feb. 1967 

Weighting Function for Evaluation of Random Television 
Interferences With Different Standards, Yukiya Yamaguchi, 
pp. 176-179, Mar. 1967 

A New Random Noise Measuring Instrument for Television 
Signals, Yukiya Yamaguchi, pp. 180-182, Mar. 1967 

TV Network Quality Control, H. C. Gronberg, p. 470, May 
1967 

Canadian Committees Affecting Network TV Transmission, 
C. A. Siocos, pp. 475-479, May 1967 

Functions of the Network Transmission Committee, R. A. 
O'Conner, p. 468, May 1967 

Network Transmission Coordination in US and Canada; 
Panel Discussion, p. 468, May 1967; Questions and An-
swers, p. 480, May 1967 

Improvements in Color Television Studio Video System 
Performance, Frank Davidoff, pp. 788-791, Aug. 1967 

A Method for Measuring the Spatial-Frequency Response of 
a Television System, Earl F. Brown, pp. 884-888, Sept. 
1967 

A Regenerated Sideband Demodulator for Television, J.K. 
MacDonald, and J.Y. Roy, pp. 888-892, Sept. 1967 

The Distribution of Average Picture Levels in Television 
Programs - A Technical Note (A Reprint), S. F. Quinn and 
P. M. Newman, p. 924, Sept. 1967 

Pluge Method of Adjusting Picture Monitors in Television 
Studios - A Technical Note (A Reprint), S. F. Quinn and 
C. A. Siocos, p. 925, Sept. 1967 

Monochrome Test Patterns for Television, K. Blair Benson, 
pp. 1204-1205, Dec. 1967 

The Color Signal Form of Sine-Squared Testing in Tele-
vision - A Technical Note, C. A. Siocos, pp. 1216-1217, 
Dec. 1967 

Measurement of Television Picture Impairments Caused by 
Linear Distortions (See Errata, p. 533, May 1968), Hans 
Schmid, pp. 215-220, Mar. 1968 

A Continuous Simplified Single-Line Color-Bar ( SLCB) Test 
Signal Facility in Color Cameras, J. S. Auld and G. V. Rao, 
pp. 228-232, Mar. 1968 

Measurement of Noise in Video Systems, Rudolf Feldt, pp. 
458-466, Apr. 1968 

The Quality Rating of Color Television Pictures ( See Errata, 
p. 1311, Dec. 1968), L. E. Weaver, pp. 610-612, June 1968 

Picture Quality: Film vs. Television, Albert Abramson, pp. 
613-621, June 1968 

Color Calibrator for Monitors in Television Studios, C. L. 
Sanders, W. Gaw and G. Wyszecki, pp. 622-623, June 1968 

Television Studio Performance Measurements, M. W. S. 
Barlow, pp. 91-95, Feb. 1968 

Design of Components for High-Quality and High-Relia-
bility Color Television, Y. Itoh, T. Katsuta, T. Imai, K. 
Saitoh and J. Hirate, pp. 96-107, Feb. 1968 

A Continuous Simplified Single-Line Color Bar ( SLCB) Test 
Signal Facility in Color Cameras, J. S. Auld and G. V. Rao, 
pp. 228-232, Mar. 1968 

Measurement of Noise in Video Systems, Rudolf Feldt, pp. 
458-466, Apr. 1968 

The Quality Rating of Color Television Pictures ( See Errata, 
p. 1311, Dec. 1968), L. E. Weaver, pp. 610-612, June 1968 

Picture Quality: Film vs. Television, Albert Abramson, pp. 
613-621, June 1968 

Color Calibrator for Monitors in Television Studios, C. L. 
Sanders, W. Gaw and G. Wyszecki, pp. 622-623, June 1968 

Testing of Television Transmission Channels With Vertical 
Interval Test Signals, R. E. Mallon and A. D. Williams, pp. 
789-793, Aug. 1968 

The Video Return-Loss Bridge, E. H. Friedman and Frank 
Davidoff, pp. 794-798, Aug. 1968 

Light Transfer Curve Traces for Establishing Television 
Camera Tube Characteristics, Hiroshi Nomura, pp. 707-708, 
Sept. 1969 
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Mobile Equipment and Systems 

Television Pickup of the Pasadena Rose Tournament Pa-
rade, H. R. Lubcke, pp. 221-233, Sept. 1940 

Portable Television Pickup Equipment, G. L. Beers, O. H. 
Schade and R. E. Shelby, 327-348, Oct. 1940 

Televising the National Political Conventions of 1940, H. P. 
See, pp. 82-100, Jan. 1941 

Mobile Television Equipment, R. L. Campbell, R. E. Kes-
sler, R. E. Rutherford and K. V. Landsberg, pp. 22-36, July 
1942 

Some Engineering Aspects of Portable Television Pickups, 
H. R. Lubcke, pp. 384-390, Dec. 1942 

Television Remote Operations, A. H. Brolly, pp. 54-63, Jan. 
1948 

Signal Corps Mobile Television System, John S. Auld, pp. 
462-471, Dec. 1952 

After Two Years of Local Color Origination, Philip W. 
Wygant, pp. 559-561, Oct. 1956 

A Mobile Videotape Recording System, J. Byrne Hull and 
H. G. Hummel, pp. 609-611, Sept. 1959 

Television Mobile-Unit Design, I. S. Rosner, pp. 514-517, 
June 1965 

Two Television Mobile Unit Designs, Paul Cono, pp. 
581-585, June 1966 

Low-Frequency Noise Associated With Remote Television 
Pickups, Harry O. Saunders, Jr., pp. 71-73, Feb. 1967 

CBS Mobile Color Broadcasting Facilities for 1968 Political 
Conventions, G. I. Benkowsky, D. A. Cohn, D. Horowitz 
and V. E. Rocco, pp. 534-540, July 1969 

NONBROADCAST TELEVISION 

Surveillance Systems 

a. Industrial Applications 

New Television Camera Tubes and Some Applications Out-
side the Broadcasting Field, V. K. Zworykin, pp. 227-242, 
Sept. 1950 

Closed Circuit Video Recording for a Fine Music Program, 
W. A. Palmer, pp. 195-201, Aug. 1953 

Underwater Observation by Television, Douglas Allanson, 
pp. 311-319, Jurje 1956 

Closed-Circuit TV Communications Progress, Nathan L. 
Halpern, pp. 378-380, June 1957 

Economic Considerations in Closed-Circuit Television Sys-
tem Design, Donald Kirk, Jr., pp. 661-671, Nov. 1957 

Television for Parade Control and Field Exercises, Hollis 
Darkin, Frederick L. Martin, Raul A. J. Bue and Jack R. 
Smith, pp. 461-463, July 1958 

Television for Use Under Rugged Environmental Con-
ditions, John P. Day and Frank R. Pike, pp. 470-472, July 
1958 

Television Viewing of Rocket Engine Tests, Jay P. Mitchell 
pp. 473-474, July 1958 

A Transistorized Vidicon Camera for Industrial Use, M. H. 
Diehl, pp. 795-800, Nov. 1960 

A Television Imagery Simulator, J. P. Smith and J. F. 
Baumunk, pp. 27-32, Jan. 1961 

Operations of Vidicons in Unusual Environmental Condi-
tions, G. A. Robinson, pp. 264-266, Apr. 1961 

High-Sensitivity Television as an Aid to Low-Light-Level 
Photographic Recording, Bernhard A. Bang, pp. 719-724, 
Sept. 1961 

Closed-Circuit Television System for X-Ray Inspection, Jay 
P. Mitchell and Merle L. Rhoten, pp. 444-447, June 1962 

The Television Installation on Board the S. S. France, P. M. 
C. van der Spank, pp. 552-558, July 1963 

Canadian Nationwide Closed-Circuit Television Meeting, 
Lou T. Wise and Maurice French, pp. 628-630, Aug. 1963 

Professional or Amateur Television, Charles A. Callaci, pp. 
769-770, Sept. 1964 

A Television X-Ray Image Amplifier, Brian R. Holmes and 
Ray Liggins, pp. 102-104, Feb. 1965 

Television: Versatile Servant of the Health Services, Michael 
T. Romano, pp. 107-109, Feb. 1965 

Closed-Circuit Television for Data Acquisition, Gordon D. 
Hill, pp. 249-251, Mar. 1965 

Cine and TV Methods of Analyzing Search in Roentgen 
Diagnosis, Majic S. Potsaid, pp. 731-736, Sept. 1965 

A Programable Integrating Television Camera for Astro-
nomical Applications, L. A. Boyer, L. E. Flory, J. M. Mor-
gan and W. S. Pike, pp. 760-765, Sept. 1965 

Requirements for a Wavefront Reconstruction Television 
Facsimile System, E. N. Leith, J. Upatnieks, B. P. Hilde-
brand and K. Haines, pp. 893-896, Oct. 1965 

Special Circuits for an X-Ray Television Camera Chain, T. 
Heise, J. E. Marquerinck and C. J. Seur,. pp. 645-648, July 
1966 

Audio-Visual System for Use in Cardiac Research, Edward 
R. McClellan and James Lieberman, p. 656, July 1966 

An All-Electronic Field-Sequential Closed-Circuit Color 
Television System, T. Nishimura, M. Hibi, I. Mitomo and H. 
Etani, pp. 21-28, Jan. 1967 

The Use of Television and Motion Pictures in Diagnostic 
Radiology, G. B. Skinner, and R. G. Fraser, pp. 225-227, 
Mar. 1967 

60 Frames/Second Film and Continuous-Motion Projector 
for PICTUREPHONE System Testing, J. E. Berrang and R. 
L. Eilenberger, pp. 341-344, Apr. 1967 

An All-Electronic *Field-Sequential Closed-Circuit Color 
Television System, T. Nishimura, M. Hibi, I. Mitomo and H. 
Etani, pp. 21-28 Jan. 1967 

An Articulated Optical Pickup for Scale Model Simulation, 
P. T. Kaestner, pp. 988-991, Oct. 1967 

A Study of the Effects of Vertical Jitter on Slow-Scan Vid-
icon Images, Elliot M. Silverstein and Robert M. Gagliardi, 
pp. 306-312, Apr. 1968 

Design Criteria of Underwater Motion-Picture and Tele-
vision Systems, Dimitri Rebikoff, pp. 354-356, Apr. 1968 

The Averaging-Aperture Model of an Electrooptical Scan-
ning System, J. R. Jenness, Jr., and J. A. Ake, pp. 714-720, 
July 1968 

Closed-Circuit Television Standards, M. Carlos Kennedy, 
Chairman TR-17, pp. 735-736, July 1968 

Obtaining Color Television Pictures From Space, Donald T. 
Heckel, Ronald L. Quandt and L. Harold Allen, pp. 905-909, 
Sept. 1968 

The Design of a Machine for High-Speed Duplication of 
Video Records, Racime J. van den Berg, pp. 709-711, Sept. 
1969 

A Random-Access Audio-Picture Retrieval System, May-
nard J. Kuljian, pp. 869-872, Oct. 1969 

b. Scientific Applications 

Applications of Television to Military Operations, H. C. 
Oppenheimer, pp. 150-152, Oct. 1954 

Combat Television, Edward L. Scheiber and Hugh C. Op-
penheimer, pp. 129-132, Mar. 1955 
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Television as a Military Intelligence and Communications 
Medium, Norman Gray and James C. Jangarathis, pp. 
415-418, Aug. 1956 

Pickup Tube Performance With Slow Scanning Rates, 
Charles T. Shelton and H. W. Stewart, pp. 441-451, July 
1958 

Technical and Production Problems in Military Television 
Recordings, Norman Gray, pp. 463-464, July 1958 

Army Television Research and Development, William A. 
Huber and Richard B. Le Vino, pp. 465-469, July 1958 

Some Aspects of the Application of Television to the 
Tracking of Guided Missiles, Howard L. Roberts, pp. 
475-477, July 1958 

Airborne Closed-Loop Television System, Arthur F. Flacco, 
pp. 477-479, July 1958 

Exchange of Air Defense Information by Closed-Circuit 
Television, Hollis Darkin and Paul A. J. Bue, pp. 329-331, 
May 1959 

Television and Lunar Exploration, S. W. Spaulding, pp. 
39-43, Jan. 1960 

Application of the TV Tape Recorder to Radar Signal Re-
cording, Anthony W. Severdia, pp. 401-403, June 1960 

Optical Tracking Methods and Instrumentation: Research 
and Development at BRL, Dirk Reuyl and Walter C‘arion, 
pp. 505-508, July 1961 

High-Sensitivity Television as an Aid to Low-Light-Level 
Recording, Bernhard A. Bang, pp. 719-724, Sept. 1961 

Video-Film - Defense Communications Tool, Robert B. 
Steel, pp. 149-151, Mar. 1963 

Television for Parade Control and Field Exercises, Hollis 
Dakin, Frederick L. Martin, Paul A. J. Bue and Jack R. 
Smith, pp. 461-463, July 1958 

Exchange of Air Defense Information by Closed-Circuit 
Television, Hollis Dakin and Paul A. J. Bue, pp. 329-331, 
May 1959 

A Narrow-Bandwidth Video-Tape Recorder for Use in a 
Satellite, Joseph A. Zenel, pp. 818-820, Nov. 1960 

Closed-Circuit Television as a Management Aid at Air Force 
Systems Command, Thomas E. Farmer, _pp. 148-149, Mar. 
1963 

Vidicons for Space Applications, R. E. Hoffman, pp. 780-
782, Aug. 1967 

The Surveyor Variable and Fixed Focal-Length Lenses, 
Carvyn Ellman, pp. 333-336, Apr. 1968 

Television Pictures of the Lunar Surface by Earthshine, L. 
E. Blanchard, pp. 351-353, Apr. 1968 

A Technique for Anticipating In-The-Field Performance of 
Low Light Level Television, T. L. Poppelbaum, pp. 22-25, 
Jan. 1969 

Distribution Systems 

a. Educational 

Experimental Utilization of TV Equipment in Navy Train-
ing Film Production. J. S. Leffen, pp. 15-17, July 1951 

Are We Educating By Television? Gertrude G. Broderick, 
pp. 20-21, Jan. 1956 

The Joint Committee on Educational Television - Its Aims 
and Purpose, Arthur E. Hungerford, Jr., pp. 22-23, Jan. 
1956 

A National Educational Television Program Service, Allan 
M. DeLand, pp. 24-25, Jan. 1956 

History at Bartlesville-Telemovies (staff report), pp. 
635-638, Oct. 1957 

Television-Technological Revolution in Education? Harvey 
Zorbaugh, pp. 671-676, Nov. 1957 

Washington County Educational Closed-Circuit Television 
Network, 1956-1957, William C. Warman, pp. 677-679, 
Nov. 1957 

Television in Washington County Schools, Hagerstown, 
Maryland, John R. Brugger, pp. 680-682, Nov. 1957 

Filming for Educational Television, David W. Johnson, pp. 
396-399, June 1959 

Implications of Continental Classroom for Open-Circuit 
Television Teaching, Edward P. Adkins, pp. 400-401, June 
1959 

A Study of Factors Influencing the Legibility of Televised 
Characters, Warren F. Seibert, Duane F. Kasten and James 
R. Potter, pp. 467-471, July 1959 

Closed-Circuit Television in School and Community: The 
Chelsea Project, Lawrence Creshkoff, pp. 764-768, Oct. 
1959 

A Comparison of Learning Resulting From Motion-Picture 
and From Closed-Circuit TV Presentations, J. F. McGrane 
and Morton L. Baron, pp. 824-827, Dec. 1959 

Training Motion-Picture and Television Technicians for 
Decades Ahead, John G. Frayne, pp. 641-642, Sept. 1962 

A Profile of Television Education in American Colleges and 
Universities, Richard J. Goggin, pp. 652-654, Sept. 1962 

Film and Television Education: A Marriage of Convenience 
or Necessity?Richard J. Goggin, pp. 654-655, Sept. 1962 

Television as a Means of Instructional Communications 
(Intro.), Ralph E. Lovell, p. 145, Mar. 1963 

Los Angeles and Educational Television, Rose Blyth, pp. 
145-147, Mar. 1963 

Application and Scope of Television Tape Recording in 
Educational Broadcasting, James L. Loper and Howard 
Stucker, pp. 151-153, Mar. 1963 

Quality Educational Television Production - Director or 
Instructor Controlled, James L. Loper and Rudy Bretz, pp. 
158-159, Mar. 1963 

Instructor-Controlled TV: Flexible, Economical "Self-
Directed" System at UCLA, Rudy Bretz, pp. 159-160, 
Mar. 1963 

Overhead Television - The Electronic Visual Aid, Rudy 
Bretz, pp. 161-164, Mar. 1963 

A High-Quality Instructional Television System Including a 
Mobile Video-Tape Record, Ken Winslow, R. A. Isberg and 
Roger Frye, pp. 168-170, Mar. 1963 

A New Design for Visual Communications Center at the 
University of Miami, C. Henderson Beal, pp. 170-174, Mar. 
1963 

The Midwest Program on Airborne Television Instruction, 
MPATI Staff, pp. 175-176, Mar. 1963 

Worldwide Training in Film and Television Production, Don 
G. Williams, pp. 279-281, Apr. 1963 

Training Army Personnel for Motion Pictures and Tele-
vision, Douglas W. Gallez, pp. 281-283, Apr. 1963 

Television and the University, Ray J. Stanley, pp. 287-289, 
Apr. 1963 

A Systems Engineering Approach to Educational Facilities, 
John W. Wentworth, pp. 659-663, Sept. 1963 

Design Factors of an Educational Television Program Pro-
duction Center and Random Access Audio-Video System, 
Sol Cornberg, pp. 663-667, Sept. 1963 

Director-Controlled TV: Quality Studio Origination at 
LASC, James L. Loper, pp. 158-159, Dec. 1963 

Contrast and Detail Perception in Television and Cine 
Systems for Medical Fluoroscopy, Edward W. Webster and 
Rosemarie Wipfelder, pp. 617-621, Aug. 1964 
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Motion Pictures, Television and Education: Introduction, 
Steve Knudsen, p. 753, Sept. 1964 

A Method of Time Compression of Instructional Materials, 
James L. Loper, p. 753, Sept. 1964 

Mobile Video-Tape Production for Educational Television, 
Russell Morash, pp. 764-766, Sept. 1964 

Developments in School Television Program Preparation, 
Alan R. Stephenson, pp. 767-769, Sept. 1964 

New Techniques in Closed-Circuit Television for Dental 
Teaching, S. A. DiSanto, pp. 770-772, Sept. 1964 

Medicine/Education/Motion Pictures/Television (Foreword 
to group of ten papers), Reid H. Ray, p. 729, Sept. 1965 

The Use of Dual-Monitor Closed-Circuit Television in 
Teaching Engineering Courses, A. A. Blatherwick, pp. 
745-748, Sept. 1965 

An 8mm Film System for Educational Television, George 
Stillman and Don Burgess, pp. 750-753, Sept. 1965 

Imaging of Human Surface Temperatures, Ray Lawson and 
Erik Pederson, pp. 641-644, July 1966 

Two-Camera Video Technique for Recording and Teaching 
Procedures Involving Fluoroscopy (see Errata, 1011, Oct.), 
Arthur C. Kittleson, Lawrence R. Griewski and Walter M. 
Whitehouse, pp. 652-654, July 1966 

Development of Instructional Television in the Public 
Schools of Rochester, New York, Thomas L. Russell, pp. 
1124/1128/1130/1132, Nov. 1966 

Television Systems for the State University of New York, 
Joseph W. Doherty, pp. 892-894, Sept. 1967 

The Delaware Educational Television Network, William C. 
Lewis, pp. 897-899, Sept. 1967 

Uses of Television Cystoscopy, Irving M. Bush, Lester J. 
Wilkey, Eugene A. Mayer and Lee Brandy, pp. 1088-1089, 
Nov. 1967 

Technology for Education, William C. Lewis, pp. 1031-
1033, Oct. 1968 

The Use of Television in Psychiatric Treatment and 
Education, James J. Onder, pp. 1034-1037, Oct. 1968 

An Evaluation of Nonbroadcast Television Facilities for 
Educational Institutions, E. B. Crutchfield, Jr., pp. 
1037-1042, Oct. 1968 

New York Network - A Progress Report, Joseph W. Do-
herty, pp. 1043-1046, Oct. 1968 

New Methods for Television Display of Roentgenological 
Information in Black-and-White and in Color, W. J. Oos-
terkamp, A. P. M. Van't Hof, W. J. L. Scheren and P. G. A. 
Teunissen, pp. 1290-1291, Dec. 1968 

Remodeling of Existing Classroom Space for Use With 
Multiple Audio-Visual Media, Glenn D. White, pp. 726-728, 
Sept. 1969 

Medical Television Instruction System, Melvin C. Shaffer, 
pp. 728-730, Sept. 1969 

Motion-Picture and Television Aids to Instruction: A Sur-
vey and Bibliography, E. B. Crutchfield, Jr., pp. 731-734, 
Sept. 1969 

A Film and Television System for Medical Students, Neil L. 
Reznikoff, pp. 838, 840, Sept. 1969 

The Central Inter-University Institute for the Development 
of Instructional Resources in the Netherlands, Jan W. 
Varossieau, pp. 866-869, Oct. 1969 

b. Pay TV 

Fundamental Problems of Subscription Television: The 
Logical Organization of the Telemeter System, Louis N. 
Ridenour and George W. Brown, pp. 183-194, Aug. 1953 

Subscription-TV in the Far East ( news story), pp. 716-718, 
Nov. 1957 

Key TV: A Participation Approach to Subscription Tele-
vision, Charles L. Townsend, pp. 157-160, Mar. 1962 

Telemeter Pay Television System, Patrick R. J. Court, pp. 
161-166, Mar. 1962 

c. Theater 

Statement of the SMPE on Allocation of Frequencies in the 
Radio Spectrum From 10 Kilocycles to 30,000,000 Kilo-
cycles for Theater Television Service, P. J. Larsen, pp. 
105-122, Feb. 1945 

Statement Presented Before Federal Communications Com-
mission Relating to Television Broadcasting, P. J. Lar-
sen, pp. 123-127, Feb. 1945 

Statement of the SMPE in Opposition to the Brief of the 
Columbia Broadcasting System as it Related to Theater 
Television, P. J. Larsen, pp. 263-274, Apr. 1945 

Some Economic Aspects of Theater Television, R. B. Aus-
trian, pp. 377-385, May 1945 

Problems of Theater Television Projection Equipment, A. 
H. Rosenthal, pp. 218-240, Sept. 1945 

Television and the Motion Picture Theater, L. B. Issac, pp. 
482-486, Dec. 1946 

Statement of SMPE on Revised Frequency Allocations, P. 
J. Larsen, pp. 183-202, March 1947 

Theater Television - a General Analysis, A. N. Goldsmith, 
pp. 95-121, Feb. 1948 

Developments in Large-Screen Television, R. V. Little, Jr., 
pp. 37-46, July 1948 

Development of Theater Television in England, A. G. D. 
West, pp. 127-168, Aug. 1948 

Theater Television System, Richard Hodgson, pp. 540-548, 
May 1949 

Demonstration of Large-Screen Television at Philadelphia, 
H. J. Schlafly and Roy Wilcox, pp. 549-560, May 1949 

Theater Television Today, J. E. McCoy and H. P. Warner, 
pp. 321-350, Oct. 1949 

Allocation of Frequencies for Theater Television Federal 
Communications Commission, pp. 351-353, Oct. 1949 

Effects of Television on the Motion Picture Theater, Ben-
jamin Schlanger and William A. Hoffberg, pp. 39-43, Jan. 
1951 

Theater Television Committee Report, D. F. Hyndman, 
Chairman, pp. 124-125, Jan. 1951 

A Comprehensive Proposal for a Closed-Looped Theater 
Television System, R. L. Barman and R. W. Lee, pp. 
473-486, May 1951 

Theater Television and the FCC, pp. 78-80, July 1951 

Data on Random-Noise Requirements for Theater Tele-
vision, Pierre Mertz, pp. 89-107, Aug. 1951 

Theater Television Progress, Nathan L. Halpern, pp. 140-
143, Aug. 1952 

Frequency Allocation: Decision on FCC Docket 9552, June 
24, 1953, p. 83, July 1953 

Networks for Theater Television, Frank A. Cowan, pp. 
306-313, Apr. 1954 

Large-Screen Color-Television Projection (RCA PT- 100-3C), 
Louis L. Evans and R. V. L ittle, Jr., pp 169-173, April 
1955 

Developments in Large-Screen Closed-Circuit Television, 
Nathan L. Halpern, pp. 335-339, June 1955 

Survey of Large-Screen Television Projection Equipment, 
Frank N. Gillette, pp. 164-166, March 1958 

Medium Screen Color Television Projection, S. L. Bendell 
and W. J. Neely, pp. 166-168, March 1958 
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Vidicons for Space Applications, R. E. Hoffman, pp. 
780-782, Aug. 1967 

Designing a Television Theater, Elmer E. Smalling III, pp. 
34-38, Jan. 1969 

RECORDING 
Film 

a. Electron Beam and Thermoplastic 

An Electron-Beam Television Recorder, Edward W. Reed, 
Jr., pp. 195-197, Mar. 1966 

Television Film Recording Using Electron Exposure, Rich-
ard F. Dubbe, pp. 191-194, Mar. 1966 

The Development of a Feasibility Model of an Electron 
Bean Film Recorder, W. J. Poch, pp. 778-782, Sept. 1964 

Photographic Data Recording by Direct Exposure With 
Electrons, A. A. Tarnowski and C. H. Evans, pp. 765-768, 
Oct. 1962 

High-Fidelity Video Recording Using Ultrasonic Light 
Modulation, Leo Levi, pp. 657-661, Oct. 1958 

Thermoplastic Recording Tape Systems, Norman Kirk, pp. 
666-668, Aug. 1965 

Thermoplastic Recordings: A Progress Report, W. E. Glenn, 
pp. 663-665, Aug. 1965 " 

Thermoplastic Recorders, W. E. Glenn, pp. 670-673, Sept. 
1962 ( Discussion, p. 837, Nov. 1962) 

Direct Electron-Beam Film Scanning of Photographic 
Images, K. F. Wallace, pp. 17-21, Jan. 1968 

b. Optical 

Television Transcription by Motion-Picture Film, T. T 
Goldsmith, Jr., and Harry Miholland, pp. 107-116, Aug 
1948 

Television Recording Camera, J. L. Boon, W. Feldman and 
J. Stoiber, pp. 117-126, Aug. 1948 

The Picture Splice as a Problem of Video Recording, F. N 
Gillette, pp. 242-255, Sept. 1949 

Television Recording Camera Intermittent, J. M. Wall, pp. 
732-734, June 1950 

Motion Picture Color Photograph of Color Television Im-
ages, G. J. Badgley and W. R. Fraser, pp. 735-744, June 
1950 

Television Film Recording and Editing, Albert Abramson, 
pp. 227-231, Feb. 1951 

New Video Recording Camera, F. N. Gillette and R. A. 
White, pp. 672-679, June 1951 

Kinescope Recording Film Exposure Control, Ralph E. 
Lovell and Robert M. Fraser, pp. 226-234, Mar. 1953 

Television Recording - Abstract, W. D. Kemp, pp. 
367-384, Apr. 1953 

Time-Zone Delay of Television Programs by Kinescope Re-
cording, Ralph E. Lovell, pp. 235-239, Mar. 1953 

New 35mm Single-Film System Kinescope Recording 
Camera, Robert M. Fraser, pp. 441-449, June 1954 

Electronic Shutter in Television Film Pickup, F. Cecil 
Grace, pp. 88-89, Sept. 1954 

Television Studio Practices Relative to Kinescope Record-
ing, Harold Wright, pp. 1-6, Jan. 1956 

Recent Improvements in Black-and-White Film Recording 
for Color Television Use, William L. Hughes, pp. 359-364, 
July 1956 

Color Kinescope Recording on Embossed Film, C. H. Evans 
and R. B. Smith, pp. 365-372, July 1956 (Erratum, p. 561, 
Oct. 1956) 

Densitometry of an Embossed Kinescope Recording Film 
(Eastman Type 5209) W. R. J. Brown, C. S. Combs and R. 
B. Smith, pp. 648-651, Dec. 1956 

The Marconi 16mm Fast Pulldown Television Recorder, M. 
E. Pemberton, pp. 87-90, Feb. 1959 

Slow-Motion Recorder for Television Pictures, H. Hiwata-
shi, E. Mio and T. Kitagawa, pp. 261-262, Apr. 1960 

A New Moderately Priced, Practical Television Film Re-
corder, William O. Crusinberry and Leslie P. Greenhill, pp. 
472-475, July 1959 

Exposure Control in Television Film Recording, Rodger J. 
Ross, pp. 580-586, Sept. 1960 

Shutter Cycles for Television Film Recording, F. N. Gillette 
and B. D. Plalcun, pp. 587-592, Sept. 1960 

Cathode-Ray-Tube and Photographic-Film Characteristics 
Related to Film Recording for Television, Meier Sadowsky, 
pp. 81-84, Feb. 1961 

Shutter-Bar in Television Film Recording, C. H. Evans, pp. 
898-903, Nov. 1961 

Novel Shutter and Intermittent for Video-Recording Cam-
era, W. A. Palmer, pp. 167-169, Mar. 1962 

A Status Report on Current Experimentation in Color 
Kinescope Recording, Vernon J. Duke, p. 711, Sept. 1963 

An Improved Method of Audio Level Control for Broad-
casting and Recording, James F. Lawrence, Jr., pp. 
661-663, Aug. 1964 

The Technical Problems of Television Film Recording (A 
Reprint), A. B. Palmer, pp. 1069-1084, Dec. 1965 

Magnetic 

a. Disc 

A Stop-Action Magnetic Video Disc Recorder, Adrian B. 
Ettlinger and Price E. Fish, pp. 1086-1088, Nov: 1966 

A New Approach to Color Slow-Motion Video Recording, 
Clarence Boice, pp. 1300-1302, Dec. 1968 

A Magnetic Disc Video-Scan Converter, Glen R. South-
worth, pp. 624-626, June 1968 

b. Quadrature 

Closed Circuit Video Recording for a Fine Music Program, 
W. A. Palmer, pp. 195-201, Aug. 1953 

RCA Video Recording ( news report with illus.), pp. 
101-103, Jan. 1954 

VTR, Bing Crosby Enterprises ( news report with illus.), pp. 
323-324, Apr. 1954 

A New Magnetic Video Recording System, Charles P. 
Ginsburg, pp. 302-304, May 1956 

Video Tape Recorder Design - Comprehensive Description 
of the Ampex Video Tape Recorder, Charles P. Ginsburg, 
pp. 177-182, Apr. 1957 

The Modulation System of the Ampex Video Tape Re-
corder, Charles E. Anderson, pp. 182-184, Apr. 1957 

Rotary-Head Switching in the Ampex Video Tape Re-
corder, Ray M. Dolby, pp. 184-188, Apr. 1957 

Status of Video Tape in Broadcasting, Howard A. Chinn, 
pp. 453-458, Aug. 1957 

Signal Translation Through the Ampex Videotape Re-
corder, Charles E. Anderson, pp. 721-725, Nov. 1958 

The Processing Amplifier in the Ampex Videotape Re-
corder, Ray M. Dolby, pp. 726-729, Nov. 1958 

Electronic Marking and Control for Rapid Location of 
Vertical Blanking Area for Editing Video-Tape Recordings, 
Joseph Roizen, pp. 732-733, Nov. 1958 
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Magnetic Tape for Video Recording, Robert A. Von Beh-
ren, pp. 734-737, Nov. 1958 

Washington D.C., Convention Discussion on Video-Tape 
Recording, pp. 737-739, Nov. 1958 

Interchangeability of Videotape Recorders, Charles P. 
Ginsburg, pp. 739-743, Nov. 1958 

Los Angeles Convention Discussion on Video-Tape Record-
ing, pp. 743-745, Nov. 1958 

A Progress Report on Video-Tape Standardization, A. H. 
Lind, pp. 612-614, Sept. 1959 

Video Tape Reports From Miami Beach Convention, Rose 
H. Snyder, pp. 650-652, Sept. 1959 

Mixed Blessings of Video-Tape Recorders, S. V. Stadig, pp. 
658-660, Sept. 1959 

A Color Videotape Recorder, Charles E. Anderson and 
Joseph Roizen, pp. 667-671, Oct. 1959 

A Transport Mechanism Design for the Television-Tape 
Recorder, Joseph G. Lee, pp. 98-101, Feb. 1960 

Double-System Recording and Editing With Video Tape, 
Oscar F. Wick, pp. 164-165, Mar. 1960 

A Progress Report on Television Magnetic-Tape Standard-
ization, C. E. Anderson, pp. 410-413, June 1960 

NTC Engineering Report: Video-Tape Signal Analysis, L. B. 
Davis, pp. 427-431, June 1960 

Video-Tape Recording Interchangeability Requirements, K. 
B. Benson, pp. 861-866, Dec. 1960 

A New Video-Tape Recording System, N. Sawazaki, M. 
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ler and H. N. Christopher, pp. 491-500, June 1952 

Color-Television Coaxial Cable Termination and Equaliza-
tion, W. B. Whalley, pp. 8-12, Jan. 1955 

Low-Power Telecasting, M. E. Williamson and Stanley E. 
Rodby, pp. 618-621, Nov. 1955 

Transmission of Color Over Nationwide Television Net-
works, Frank A. Cowan, pp. 278-283, May 1957 

The NARCOM Plan for Transatlantic Television and Other 
Wide-Band Telecommunication Services, William S. Hal-
stead, pp. 134-138, Mar. 1958 

Synthetic Highs - An Experimental TV Bandwidth Reduc-
tion System, W. F. Schreiber, C. F. Knapp and N. D. Kay, 
pp. 525-537, Aug. 1959 

Troposcatter Communications for Intercontinental TV 
Transmission, Edwin Dyke, pp. 81-87, Feb. 1960 

Television Signal Cable Transmission Techniques, N. Gor-
choff and I. S. Rosner, pp. 207-210, Mar. 1966 

Long-Haul Television Signal Transmission, Pierre Mertz, pp. 
850-855, Sept. 1966 

Generation of Artificial Television Frame Difference Signals 
- A Technical Note, Harry C. Andrews and William K. 
Pratt, p. 1201, Dec. 1966 

Characteristics and Extent of Networks, John Serafin, p. 
470, May 1967 

Canadian Committees Affecting_Network TV Transmission, 
C. A. Siocos, pp. 475-479, May 1967 

Television Bandwidth Reduction by Encoding Spatial Fre-
quencies, H. C. Andrews and W. K. Pratt, pp. 1279-1281, 
Dec. 1968 

Standards Conversion 

The B.B.C. Television Standards Converter, T. Worswick, 
pp. 130-134, Mar. 1959 

A Standards Converter for Television Exchanges Between 
Europe and North America ( Reprint), pp. 156-158, Mar. 
1961 

Television Standard Conversion in Japan (Reprint), pp. 
159-160, Mar. 1961 

CBS Television Standards Conversion Techniques, K. Blair 
Benson, pp. 628-631, Aug. 1961 

Electronic Standards Conversion for Transatlantic Color 
Television, E. R. Rout and R. E. Davies, pp. 12-16, Jan. 
1968 

Transmitters 

Operation of High-Power Television Transmitters in Paral-
lel, Michael W. Barlow, pp. 1-5. Jan. 1963 

Transient-Test Methods of Checking Television Transmitter 
Performance, Michael W. Barlow, pp. 114-117, February 
1965 

Quadrature Distortion Correction for TV Vestigial Side-
band Transmission, Siegfried Dinsel, pp. 20-25, Jan. 1966 

The Absorption of Mismatch Echoes in Television Trans-
mitting Antenna Feeders, William E. Beard, pp. 641-645, 
July 1967 

A Regenerated Sideband Demodulator for Television, J. K. 
MacDonald and J. Y. Roy, pp. 888-892, Sept. 1967 

New Antenna Installation on the Empire State Building, 
Steve De Satnik, pp. 1308-1311, Dec. 1968 
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Subject .Vo. Journal 

Film Dimensions 

8mm, Perforated super 8, 
1R-1667.  PH22.149-1967 Dec. 1967 

16mm, Perforated 8111111, 2R-
1500  PH22.17-1965*May 

16mm, Perforated super 8, 
2R-1664 ( 1 3). PH22.151-1967 Dec. 1967 
2R-1664 ( 1 4) PH22.168 Sept. 1967' 
2R-1667 ( 1 3)  PH22.150-1967 Dec. 1967 
2R-1667 ( 1 - 4)  PH22.167 Sept. 1967' 

16mm, 1R-2994   PH22.109-1965*Oct. 1965 
16mm, 1R-3000.  PH22.12-1964*Feb. 1965 
16mm, 2R-2994 PH22.110-1965*Oct. 1965 
16mm, 2R-3000  . PH22.5-1964*Feb. 1965 
32mm, 2R-2994 PH22.141-1965*June 1965 
32mm, 2R-3000.  PH22.71-1965*June 1965 
32mm, 4R-2994    . PH22.142-I965*June 1965 
32mm, 4R-3000   PH22.72-1965*June 1965 
35mm, Perforated 8iiiiii, 

5R-1500 RP 28-1968 Mar. 19682 
35mm, Perforated super 8, 

2R-1664 ( 1-0) PH22.169 Oct. 1967' 
5R-1667 PH22.165 July 1967' 

35mm, Perforated 16mm, 
3R-2994 ( 1-3-0).. . PH22.171-1968 Mar. 1969 
3R-3000 ( 1-3-0).. . PH22.170-1968 Mar. 1969 

35mm, Perforated 32mm, 
2R-2994 PH22.73-1966*Mar. 1966 
2R-3000.  PH22.138-1964*Feb. 1965 

35mm, BH-1866.  PH22.93-1964*Dec. 1964 
35mm, BH-1870.  PH22.34-1964*Dec. 1964 
35mm, CS-1870 PH22.102-1964*Dec. 1964 
35mm, DH-1870  PH22.1-1964*Dec. 1964 
35mm, KS-1866   PH22.139-1964*Dec. 1964 
35mm, KS-1870  PH22.36-1964*Dec. 1964 
65mm, KS-1866  PH22.145-1965*Oct. 1965 
65mm, KS-1870  PH22.118-1967 Feb. 1968 
70min, Perforated 65mm, 

KS-1870 PH22.119-1967 Feb. 1968 

Film Usage, Camera 

8mm PH22.21-1964*Dec. 1964 
super 8.  PH22.156-1968 Sept. 1968 
16mm, 2R.  PH22.9-1965*Aug. 1965 
16mm, IR .  PH22.15-1964*Feb. 1965 
35min.  PH22.2-1961 Nov. 1961 

R1967 

Film Usage, Projector 

8m111 PH22.22-1964*Dec. 1964 
super 8  PH22.155-1967 Dec. 1967 
16mm, 2R PH22.10-1964*Dec. 1964 
16mm, 1R   .PH22.16-I965*May 1965 
35mm  PH22.3-1961 July 1961 

RI967 
35mm (Anamorphic) . . PH22.103-1966*Mar. 1966 

1965 16mm  
35mm 

Subject .Vo. Journal 

Image Areas, Camera 

8mm PH22.19-1964*July 1964 
super 8  PH22.157-1967 Dec. 1967 

Nov. 1969' 
PH22.7-1964*July 1964 

 PH22.59-1966*Dec. 1966 

Image Areas, Printer 

16mm Contact ( positive 
from negative and 
reversal).  PH22.48-I965*May 1965 

16 jo super 8 ( negative/ 
positive and reversal). PH22.153-1967 Feb. 1968 

35mm to 16tnm ( 16mm 
positive prints) PH22.46-1946*Apr. 1946 

R1959 
35mm to 16mm ( 16inm 

dupe negative).  PH22.47-1946*Apr. 1946 
R1959 

16mm to 35mm Enlargement 
Ratio.  PH22.92-I953*Jan. 1953 

R1959 
35mm Release Picture-

Sound Continuous 
Contact.   . PH22.111-1965*Dec. 1965 

Image Areas, Projector 
8mm   PH22.20-1969 Dec. 1969 
super 8   PH22.154 Oct. 1968' 
16mm  PH22.8-1969 Dec. 1969 
16 & 35mm n TV Review 

Room PH22.148-I967 Dec. 1967 
35mm.  PH22.58-1969 Dec. 1969 
35mm (2.35:1) PH22.106-1965*Nov. 1965 
70mm PH22.152-1969 Dec. 1969 

Sound 

Photographic 
16min.  PH22.41-1957*Aug. 1957 

Apr. 1969' 
35mm  .PH22.40-1967 Sept. 1967 

Magnetic 
8mm 
Stripe  PH22.88-1963 June 1963 

R1969 
Reproducing Character-

istic.  PH22.134-1963*July 1963 
Sound Record PH22.135-1962*Nov. 1962 

Super 8 Stripe. PH22.161-1968 Sept. 1968 
Sound Record. . . PH22.164 July 1967 

16mm 
30 Mil-Stripe PH22.101-1963 June 1963 

R1969 
50-Mil Mag-optical 

Stripe.  PH22.127-1962 Nov. 1962 
R1969 
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Subject No. Journal 

100-Mil Stripe. PI122.87-1966 Aug. 1966 
200-Mil Record  PH22.97-1964*Mar. 1964 

16mm, Perforated 8mm.. . PH22.136-1963 June 1963 
RI969 

Perforated Super 8 
(1-4) PH22.162-1968 Sept. 1968 

Perforated Super 8 ( 1-3) PH22.176 Nov. 1968 1 
Picture-Sound Separa-

tion.  P1122.112-1958*June 1958 
35mm 
Four 150-Mil Records PH22.108-I958*June 1958 

R1965 
Four Records 

Release Prints PH22.137-I963*Jan. 1964 
Striping, 4-Track Re-

lease Prints P/122.177 Nov. 19691 
35/174mm 
1 or 3 200-Mil Records. . PH22.86-1962*May 1962 

35mm Perforated Super 8 
Stripe, 5R  PH22.163-1968 Sept. 1968 

Television 

Color Temperature.  RP 37-1969 Sept. 1969 
Image Area 
16mm Film    PH22.96-1963 Oct. 1963 

R1969 
35mm Film  PH22.95-1963 Oct. 1963 

R1969 
Slides and Opaques PH22.94-1954*May 1954 

Dec. 1960' 
Density and Contrast Range, 

Films and Slides   RP 7-1962 *May 1962 
Nov. 19691 

Safe Action and Title Area. .   . RP 8-1968 Mar. 1968 
2x2 Slide Mount RP 9-1966 Aug. 1966 
Slides and Transparencies 

for TV  PH22.144-1965*May 1965 
Test Patterns 

Alignment.  RP 27.1-1968 Aug. 1968 
Linearity RP 38.1 Sept. 19691 
Registration. RP 27.2 Sept. 19691 

Test Films 
Photographic 
8mm Registration.  RP 19-1965 *Jan. 1966 
Super 8 Registration RP 32-1969 Sept. 1969 
16mm 400-Hertz Signal Level. PH22.45-1962 *Nov. 1962 

3000-Hertz Flutter. . . . PH22.43-1961*July 1961 
Aug. 19691 

7000-Hertz}Sound Focusing 
5000-Hertz 

 PH22.42-1962*May 1962 
Buzz-Track  . P1122.57-1963 *June 1963 
Multifrequency P1122.44-1963*Feb. 1963 
Registration .  RP 20-1965*Jan. 1966 
Scanning Beam ...... Z22.80-1950*Nov. 1952 

Sept. 1965 1 
Sound Projector..  RP 18-1964 Nov. 1964 
Theater Test PH22.79-1950 Apr. 1950 
Withdrawn 1969 R1956 
Theater Test RP 35-1969 June 1969 

35mm 1000-Hertz Balancing..PH22.67-1960*Nov. 1948 
Oct. 19603 

7000-9000-Hertz Sound 
and Focusing.  PH22.61-1969 Aug. 1969 

9000-Hertz Sound 
Focusing.  PH22.62-1960 Nov. 1948 

Oct. 19603 
Withdrawn 1969 
Buzz-Track PH22.68-1962*May 1962 
Projector Test RP 33-1968 Dec. 1968 
Scanning Beam  PI122.65-1948*Nov. 1948 

RI953 Nov. 19681 
Theater Test. . .  PH22.60-1959 Nov. 1948 

Nov. 19593 
Withdrawn 1969 
Theater Test  RP 35-1969 June 1969 

Magnetic 
8mm Azimuth PH22.129-I962*Nov. 1962 

400-Hertz Signal 
Level.  PH22.130-1962*Nov. 1962 

Flutter PH22.128-1962*Nov. 1962 
Multifrequency .. PH22.131-1962*Nov. 1962 

16mm Azimuth Alignment... PH22.114-1959*July 1959 
June 19691 

Multi-Azimuth.. ... . PH22.126-1961 Nov. 1961 
Withdrawn 1969 

Subjoct 

400-Hertz Signal 
Level PH22.132-1963*June 1963 

Flutter PH22.113-1966*Aug. 1966 
Multifrequency.  131122.140-1965*May 1965 

35mm Azimuth Alignment .131122.99-1955*May 1955 
June 19691 

Flutter PH22.98-1963*Oct. 1963 

Test Methods, 16mm Sound Distortion 
Cross Modulation, Variable-
Area  PH22.52-1960 Oct. 1954 

R1967 Dec. 19603 
Intermodulation, Variable-

Density PH22.51-1961 July 1961 
R1969 

Video Magnetic Tape Recording (Quadruplez) 
Labels RP 26-1968 Mar. 1968 
Leader, monochrome.  C98.2-1963 Dec. 1963 

R1969 
color. C98.9-1967 Sept. 1967 

Modulation Practices RP 6-1967*July 1967 
Patch Splices.  RP 5-1964 *Apr. 1964 
Records, Characteristics of Audio 
 C98.3-1963 Dec. 1963 

Aug. 19691 
Record Dimensions, Video, Audio 
and Tracking Control C98.6-1965*Apr. 1965 

Record, Tracking Control. ..  RP 16-1968 Sept. 1968 
Reels C98.5-I965 Apr. 1965 

Nov. 19691 
Speed   C98.4-1963 Dec. 1963 

Aug. 19691 
Tape Dimensions C98.1-1963 Dec. 1963 
Tape Vacuum Guide  RP 11-1968 Aug. 1968 

Test Tapes 

Multifrequency ( 15 In./s) C98.8-1969 May 1969 
(7.5 In./s). . . C98.11-1969 May 1969 

Primary audio level ( 15 In./s) C98.7-1969 May 1969 
(7.5 In./s).C98.10-1969 May 1969 

Signal Specifications for Alignment 
Tape.  RP 10-1969 Sept. 1969 

Video Frequency, 
15 In./s, LBM RP 29-1968 Sept. 1968 
7.5 In./s, LBM RP 30-1968 Sept. 1968 
15 In./s, LBC RP 31-1968 Sept. 1968 

No. Journal 

MISCELLANEOUS 

Cartridge, Super 8 Camera 
Aperture, Pressure Pad, 

Film Position PI122.159.2-1968 May 1968 
Cartridge, Cartridge-Camera 

Fit  P/122.159.1-1968 May 1968 
Film Length, Camera Run 

(50 ft. Capacity)... . P1122.159.5-1968 May 1968 
Notches  .P1122.166 Sept. 19671 
Pressure Pad Flatness, 

Aperture Profile. .. . P1122.159.3-1968 May 1968 
Take-Up Core Drive... .. PH22.159.4-1968 May 1968 

Cores for Raw Stock Film 

16mm.  PH22.38-1964*Mar. 1964 
35mm.  PH22.37-1963*Jan. 1964 

Density Measurements 

Calibration of Densitometers .... RP 15-1964Apr. 1964 
Aug. 19691 

Spectral Diffuse  P1122.117-1968 Mar. 1969 
Transmission  PH22.27-1960*Mar. 1948 

Oct. 19603 
Edge Numbering, 16mm Film . PH22.83-1965*Dec. 1965 

Emulsion Orientation 

Print Winding RP 39 Nov. 19691 
Raw Stock Winding PH22.75-1953 Feb. 1954 

R1961 June 19681 

Film Length, 8mm Camera Spool 

(25 ft. Capacity) PH22.143-1965*May 1965 
Graph Paper RP 22-1966 Dec. 1966 

Lamps, 16mm and 8mm Projectors 

Base-Up Type PH22.84-1964*July 1964 
Base-Down Type  P1122.85-19643'July 1964 
Four-pin, Prefocus PH22.175-1969 Oct. 1969 
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Subject No. Journal SuFeet No. Journal 

Lenses 
Aperture Calibration PH22.90-1964*June 1964 
Focal Lengths, 

Markings, 35mm .PH22.28-1967 Feb. 1968 
Focus Scales, 16mm and 8mm 

Cameras PH22.74-1965*May 1965 

Lens Mounts 
16 & 8mm Cameras   . PH22.76-1960*Feb. 1960 

R1966 
High-Speed Motion-Picture 

Cameras RP 3-1957 Aug. 1957 3 
R1964 

Nomenclature, Film 
(Sections 1-4) PH22.56-1961*July 1961 
(Sections 5-7)   PH22.56a-1964*Mar. 1964 

Photometric Performance, 
Incandescent Lighting Units RP 4-1958 Sept. 1958 

Reels 
8mm  PH22.23-1969 Oct. 1969 
super 8  .PH22.160 June 1967 1 
16mm.  PH22.11-1966*Dec. 1966 
35mm PH22.4-1965*Aug. 1965 
70/35mm PH22.147-1966*Mar. 1966 

Release Prints ( Universal 
Leader) .    PH22.55-1966*Mar. 1966 

Reversal Color Film Speed ...... . PH22.146 Dec. 1964' 

Safety Film  PH22.31-1967 Feb. 1968 

Screen Brightness 
35mm Indoor Theaters  PH22.124-1961*Sept. 1961 

Apr. 1969' 
35mm Review Rooms PH22.133-1963 June 1963 

R1969 
Drive-In Theaters. RP 12-1962*July 1962 
16mm Review Rooms PH22.100-1967 Feb. 1968 

Sensitometric Strips. RP 14-1964*Apr. 1964 
Aug. 1969' 

Spindles 
16mm projector.  PH22.50-1960 Dec. 1952 

Withdrawn 1969 Oct. 19603 
16mm projector   RP 34-1968 Dec. 1968 
16mm camera RP 24-1967 July 1967 
35mm rewind.  RP 21-1966 Aug. 1966 

Splices 
16 & 8mm 

Laboratory type PH22.77-1965*Dec. 1965 
Projection type PH22.24-1965*Dec. 1965 

super 8 
Cemented  PH22.172.1 June 1968 3 
Tape PH22.172.2 June 1968' 
35mm  .PH22.178 Nov. 1969' 
70mm reinforcement.  RP 23-1967 July 1967 

Spools 
8mm, 25-ft capacity PH22.107-1964*June 1964 
Double 8, 100-ft capacity. 
16mm, daylight-loading, 

50- to 400-ft capacity 

Sprockets 
16mm and 8mm  RP 1-1950*Feb. 1950 

R1963 

.PH22.173-1969 Oct. 1969 

 PH22.174-1969 Oct. 1969 

35mm.   

Synchronization, sound-picture 

Unsteadiness, High-Speed 
Camera. 

PH22.35-1962 May 1962 
R1969 

RP 25-1968 Mar. 1968 

 RP 17-1964 May 1964 
R1969 

* Under Committee review. R—Reaffirmed. 
Proposed standard or recommended practice. 2 To be withdrawn. 

3 Essential technical content is included in the early publication date. The later date lists editorial or nontechnical changes agreed to 
by SMPTE engineering committees and subsequently incorporated in a revision of the standard. 
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