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TELEVISION SPECIFICATIONS SELECTED 

FROM THIS CHAPTER 

Type of Scanning for Camera Tube - - Magnetic 

Illumination for Transmission of 
Studio Scene - - 1500 Foot-Candles 

Representative Output of Camera Tube 
(Peak- to- Peak) 1 Millivolt 

Camera Beam Current - 0.1-0.3 Microampere 

Camera Beam Voltage - 

Cross-Sectional Diameter of Electron 
Beam at Mosaic 

- 500-1500 Volts 

7 mils 

Ampere-Turns for 500 Volts and 4 Inches 
Deflection ( Current in Peak- to-Peak Value) - - 90 

Average Diameter of Mosaic Particles - 1/5 Mil 

Area of Mica Covered with Particles - - - /40% 

Total Number of Mosaic Particles - 200 Million 

Number of Particles under Scanning Spot - - 500 

Photoelectric Sensitivity of Cesiated 
Silver in Vacuum 

Secondary-Emission Ratio for Cesiated 

- 20440 Microamperes per Lumen 

Silver at 500 volts - - 10 

Representative Value of Coupling Resistor - 6000 Ohms 

Thermal Noise in Coupling Resistor for 
3-Megacycle Band 

Minimum Signal-to-Noise Ratio 

17 Microvolts 

- - 20 Approx. 
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THE MOSAIC CAMERA TUBE  

(TELEVISION PRINCIPLES - CHAPTER 2) 

INTRODUCTION 

Scope of This Chapter  
In the preceding chapter of 

this series, Report 1776, we gave a 
general description of a modern television 
system, together with a discussion o f 
scanning, persistence of vision and 

flicker. The reader is now prepared to 

go into various aspects of television 
more fully, and accordingly the present 
report takes up particularly the parts 
and operation of the mosaic type of 

camera tube. At the present time this 

kind of camera tube is the most widely 

used means of converting scenes into 

electrical signals for transmission. 

Parts of the Camera Tube  
In Figure 1 we show a typical 

modern camera tube of the mosaic ty pe, 

such as used in the Hazeltine Laborator-
ies. The design here includes a cylin-
drical envelope for the main part, which 

is a recent change from the spherical 
shape. The general size of the tube may 
be seen by noting the tube base at the 

lower left, which is of normal receiving-
tube size, and from the fact that the 

main cylindrical portion of the tube has 
a diameter of about 7 inches. The cylin-
drical shape permits a better arrangement 
of the electron gun and the mosaic; this 

shape can be used with either a flat win-
dow, as shown in Figure 1, or a spherical 

window, thru which the image passes op-

tically to the mosaic. 

The chief parts of the camera 

tube are indicated in Figure 1. The elec-
tron gun consists of the cathode, grid, 
screen, and. first anode. The second anode 
will be seen to consist of a conducting 
lining inside the portion of the tube 

where the deflecting coils are placed, and 
extending along the underside to contact 
with a collecting ring which goes around 
the tube; electrically the collecting 
ring is therefore part of the second 

anode. It will be seen that the maximum 
potential difference for the tube is 500 

volts. Usage in this regard varies some-

what, some laboratories employing poten-

tials as high as 1500 volts. In any case, 

these values are small in comparison with 
the corresponding figures for the picture 

tubes used in receivers. The deflection 
of the electron path, by virtue of which 
it sweeps over the mosaic plate, is pro-
duced by the deflecting coils which fit 
closely around the neck of the tube as 

shown. 

The usual camera tube differs 
from all other types of vacuum tubes in 
having a mosaic plate, which consists of 
a very large number of silver particles 
deposited on a sheet of mic a and elec-
trically insulated from each other. On 
the back of the sheet of mica a conduct-
ing metallic film is deposited, and this 
is called the signal plate. 

GENERAL OPERATION A.ND CHARACTERISTICS 

Production of Signal by Camera Tube  

The individual particles of the 

mosaic, that is the particles on the front 
side of the mica, have both photoelectric 
and secondary-emission sensitivity. Photo-

electric sensitivity means that when light 
shines on a particle, electrons are given 
off; since electrons are negative charges, 

this leaves the particle po sit ive ly 
charged. Secondary-emission sensitivity 

means that when electrons strike the par-
ticle with a fair speed, additional elec-
trons are " splashed" out of the particle; 

if the speed of the incident electrons is 
sufficient, the number of electrons leav-
ing in this way will greatly exceed the 

number of incident ones. In this way the 
secondary- emission sensitivity of t h e 
particles of a camera mosaic causes them 
to experience a net loss of electrons when 
bombarded by the scanning beam. This sec-

ondary emission thus operates to make the 
particles assume a more positive potential. 
We see therefore that both incident light 

and the incident fast electrons of the scan-
ning beam cause the mosaic particles to 

assume positive charges. 

The scene to be transmitted is 

focussed on the mosaic by means of the lens. 

Each particle of the mosaic then gives off 
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Fig. I. Mosaic Camera Tube and Connections. 
(Tube Connections thru Base Shown 
Direct for Clarity) 
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electrons as a result of the photo-
electric character of the surface, and 
the extent to which this occurs depends 
on the illumination at the particular 

point. The brighter portions of the 

mosaic assume in this way more positive 

potentials than the darker portions. 

Some of the electrons produced 
by the photoelectric action and by sec-
ondary emission go to the collecting ring 

and thus complete the circuit which in-
cludes the high-voltage battery and the 
scanning beam of electrons. However, most 
of the electrons which leave the mosaic 
due to the photoelectric and secondary-

emission actions return to the mosaic as 

a "gentle rain" of low-velocity electrons. 
The velocity of these electrons is too low 

for them to produce secondaries, so they 
add negative charge to the portions of 
the mosaic where they strike. This rain 

of electrons on the various particles 

therefore opposes the positive-charge ef-
fects of photoelectric and secondary-
emission activity. The overall result 
is that just before being scanned the most 

intensely illuminated portions of the mo-
saic have a potential about equal that of 

the signal plate and collecting ring, while 
dark portions of the mosaic have a poten-

tial of about 1.5 volts negative. Portions 
of the mosaic where the shade of the scene 

is intermediate have, of course, poten-

tials between zero and - 1.5 volts. 

Let us now consider the action 
of the scanning beam. The effect of this 

is to establish a definite potential for 
the successive regions which it strikes; 

this potential has a value of about 3 volts 
positive. This one value of potential is 
obtained regardless of the light or dark 
condition of the particular part of the 

mosaic, that is, regardless of the orig-

inal potential of this part of the mosaic. 

This action is shown in Figures 2(A) and 
2.(H) for a case where the left half of the 
mosaic is illuminated and the right half 
is dark. It will be seen therefore that 
the amount of change of potential of each 

portion of the mosaic is dependent on the 
light on this part; this is shown in Fig-
ure 2(C). 

Each portion of the mosaic is 

capacitively coupled to the signal plate 

thru the mica. Therefore the change of 

potential of each portion of the mosaic, 

as it is scanned, induces electrostatic-

ally a corresponding change of potential 
on the signal plate. In this way the de-

sired video signal voltages are obtained 
across the 6,000-ohm load resistor of the 
camera tube. This is an alternating-
current wave, that is there is no direct-
current component, and it is shown in Fig-

ure 2(D) for the simple image we have been 
considering. 

This explanation accounts for 
the main action of the camera tube. How-

ever, it is well to realize that the dis-
cussion is simplified by the omission of 
various topics; in particular, the sub-
jects of keystone correction, shading ef-
fect, and surge are deferred to appropri-
ate positions in later sections. 

Characteristics of Camera Tube 
Three characteristics of the 

mosaic camera tube are evident from the 
description in the foregoing paragraphs. 

First, there is a cumulative or storage 
action in that light falling on any por-
tion of the mosaic has a relatively long 
time for the ejection of photoelectrons 
and the establishment of the potential of 
this portion of the mosaic while the scan-
ning spot is passing over other portions. 

In particular, the relatively long time 

of almost 1/30 second, the frame period, 
is employed in this way. This storage 
feature accounts for the improved sens-
itivity of the device in comparison with 

mechanical scanners where very much short-
er lengths of time are available, in par-
ticular only the time required to scan one 

picture element. 

An interesting result o f the 

storage feature is that the mosaic has a 
"memory". It may be illuminat ed momentar-

ily and then be scanned in darlaiess; in 
this case a satisfactory picture j s ob-

tained, and in fact this method is used 
for transmitting motion-picture film by 

television. The necessity for this type 

of operation in transmitting filmwith the 
mosaic tube arises from the fact that the 
intermittent mechanism in motion- picture 
projectors cannot operate fast enough to 

change frames during the field retrace; 

the normal intermittent mechanism for 3 5-
millimeter film requires about 1/4 x 

1/24 second, or 1/96 second for its action, 
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whereas the field retrace lasts only 
1/10 x 1/60 second, or 1/600 second. 

A second characteristic of the 
camera tube which may be seen from the 
description which is given above, is that 
the output signals contain no direct-
current component. This is evident from 
the fact that the output terminal connects 
internally only to the signal plate which 
is insulated by the mica and by air from 
all other parts. This capacitive coup-
ling naturally prevents any flow o f di-
rect current such as would be necessary 
to maintain a direct- current voltage 
across the 6,000-ohm load resistor. For 
this reason the camera tube itself gives 
only an indication of change in bright-
ness between parts of the scene; there 
is no indication of the reference level. 
The camera tube therefore does not give 
an indication of the average scene bright-
ness, and other apparatus is required 
for this purpose. 

The third characteristic of the 
camera tube which may be seen from the 
description of its action is that the out-
put signal has a negative polar ity. We 
have seen in Figure 2(D) that for illum-
inated points the camera tube produces a 
negative output voltage on the signal 
plate, and that for dark points it pro-
duces a positive output voltage. This 
polarity of a video signal is called neg-
ative, whence the statement that the mo-
saic camera tube produces a signa 1 of 
negative polarity. 

The general sensitivity of the 
mosaic tube is comparable to that of 
motion-picture cameras. For indoor scenes 
fairly intensive light is required for 

satisfactory operation in e it her case. 
With the usual studio scene, an illumina-
tion of 1500 foot-candles is representa-
tive; this gives the scene a brightness 
of .about 40 candles per square f o o t. 
Light from the scene passes thru the lens 
and produces an illumination on the mosaic 
itself of about 5 foot-candles. Und er 
these conditions a signal output of about 
1 millivolt is obtained from the camera 
tube, and a good picture is seen on the 
receiver. For satisfactory reproduction 
the minimum signal from the camera tube 
which can be used is about 1/3 of a mil-

livolt. 

DESCRIPTION OF PARTS 

Electron Gun of Camera Tube  

An electron gun is provided in 
the usual camera tube, such as shown in 
Figure 1, and also in the cathode-ray 
picture tube employed at the receiver. 
The function of the gun is to shoot out 
a beam of electrons for scanning the mo-
saic or the fluorescent screen. The beam, 
however, must converge to a very small 
point where it strikes, since otherwise 
the sharpness of definition will be im-
paired. The gun must have a suitable 
design to produce the electrons and also 
to control the number of them. In p ar-
ticular the electron gun of a camera tube 
must cut off the electron beam entirely 
during the field retrace interval, and in 
a picture tube it must cut off the beam 
during both field and line retraces and 
also control the number of electrons in 
accordance with the video signal w h i le 
the reproduction of each line is taking 
place. The scanning of the electron beam 
from the gm is accomplished by electro-
static plates or magnetic deflecting coils. 
In the case of electrostatic scanning, the 
plates may be mounted on the gun and can 
then be considered to be part of the gun. 
For magnetic scanning the coils are out-
side the tube and therefore considered to 
be separate from the gun. 

In a camera tube the electron 
gun is located in an auxiliary neck as 
shown in Figure 1. The angle between the 
neck and the optical axis, which is per-
pendicular to the mosaic plate, is 30 de-
grees. A gun for camera use must have a 
"depth of focus" of about 2 inches, since 
the distance from the gun to the center of 
the lower edge of the mosaic plate is 
shorter by about this amount than the dis-
tance from the gun to an upper corner of 
the mosaic plate. This depth of focus is 
obtained by making the various electrons 
in the beam have paths which intersect at 
about the average distance to the mosaic, 
and which differ in direction by only a 
very small angle. The amount of current 
required in the electron beam of a camera 
tube is small, usually 0.1 to 0.3 micro-
ampere. The focusing, that is the elec-
trical operating adjustment to obtain the 
necessary small size of spot, is made by 
variation of a direct- current potential, 
and in Figure 1 it may be seen that the 
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potential of the first anode is adjust-
able for this purpose. The parts of 
electron guns may be advantageously made 
of non-magnetic metal in order to prevent 
erratic effects from magnetization. 

The electron guns of picture 
tubes differ from those in camera tubes 
because of the marked difference in oper-

ating requireznents. In the picture tube 
a high degree of spot brightness is de-
sired, whence much higher current and 
voltages are used; also there is no depth-
of-focus requirement since all parts of 
the fluorescent screen are equally dis-
tant from the gun. The result of these 
different conditions is that guns for pic-
ture tubes have larger apertures and dif-
ferent spacings of the electrodes from 
camera guns. 

Electron guns may be made with 
various numbers of electrodes, the dif-
ferent types being somewhat comparable to 
triodes, tetrodes, pentodes, etc., in the 
family of ordinary vacuum tubes. The de-
sign in Figure 1 has given successful per-
formance in the Hazeltine Laboratories, 
and includes a grounded electrodewith an 
aperture located between the control-grid 
aperture and the first anode. This elec-
trode has a position corresponding to the 
screen of a tetrode, and for this reason 
is also called a screen. The control grid 
will be seen to consist merely of a plate 
with a central aperture. During the field 
retrace interval a negative potential of 
about 6 volts with respect to the cathode 
is applied to this grid by the retrac e-
suppressor circuit, and cuts off the elec-
tron beam. It has not been found neces-
sary to suppress the beam during the line 
retrace interval. 

The necessary sharpness of focus 
of the beam of a camera gun can easily be 
computed. If the height of the used por-
tion of the mosaic is taken as 3 inches, 
and this is divided into 1400 horizontal 

lines, the width of each line will be found 

to be 7.5 mils. However, the diameter of 
the electron beam must be smaller t h an 
this on account of the angle at which the 
beam strikes the mosaic plate. Upon mul-
tiplying 7.5 mils by the cosine of 30 de-
grees, to take this effect into account, 
we obtain a figure of 6.5 mils, which in 

round numbers we will call 7 mils. We use 

the figure of 1400 lines in this computa-
tion instead of /1141 in order to allow a 
loss of 10 per cent of the lines during 

the vertical retraces. 

The study of electron guns, by 

which electrons proceeding froma cathode 
in various directions may be brought t o 
a final sharp focus, has brought out a 
close resemblance to the focusing of rays 
of light from a source; from this anal-

ogy, the terra " electron optics" has been 
introduced as a name for this branch of 
applied physics. By suitable arrangement 
of concentric cylinders, having different 
sizes and operated at different potentials, 
it is possible to make electron paths con-
verge or diverge in the same way that rays 
of light are made to converge or diverge 
by suitable lenses. Focal lengths can be 
derived in electron optics having similar 
significance to the focal lengths of glass 
lenses in ordinary optics. One point of 
interest in electron optics is that the 
focal lengths of a system of two cylin-
ders, when expressed in terms of the gun 
diameter as a unit of length, depend only 
on the ratio of the two voltages and on 
the ratio of the diameters of the two 
cylinders. The gun diameter here is the 
diameter of the first cylinder, which is 

always smaller than the second. Such an 
electron lens is included in the tube of 
Figure 1 at the point where the first an-
ode stops and the second anode begins. 

Deflecting Coils for Camera Tube and  

Keystone Correction  
The beam of electrons produced 

by the electron gun in the camera tube 
is deflected horizontally and vertically 
for scanning by means of suitable magnet-
ic fields. These are produced by coils 
placed around the neck of the tube near 
the point of attachment. The electron 
beam must be deflected vertically 60 times 
per second, or once for each field of in-
terlaced scanning. The horizontal deflec-
tion of the beam must take place at a rate 
of hill lines for each of the 30 frames or 

  x 30 = 13,230 lines per second. This 
is, of course, equivalent to 220-1/2 lines 
per field. 

The number of ampere-turns (where 
the amperes are peak-to-peak of the saw-
tooth wave), with an air-core design, to 

scan a camera or picture tube having a neck 

• 

• 

• 

• 
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of 1.5 inches diameter is given appieee3nWe 
mately by the following formula: 

F = 8WV-T/D d, 

where F is the desired magnetomotive force 
in peal-to-peak ampere-turns, W is the 
total width of the desired deflection in 
inches on the mosaic or screen, V is the 
beam drop in volts, D is the disTance in 
inches along the bee:1i from where it enters 
the magnetic field to where it strikes the 
mosaic or screen, and d is the length in 
inches of the coil window along the neck 
of the tube. As an example of the use of 
this formula, we find that a four- inch 
deflection of a camera tube, with 500 volts 
and distances D and d of 8 inches and 1 
inch respectively, requires about 90 am-
pere-turns. In case a camera tube rated 
at 1000 Volts is to be scanned, other quan-
tities being the same, the number of am-
pere-turns will be 140 per cent greater, 
or about 130 ampere-turns. 

As a representative design for 
a 500-volt camera tube, the two coils for 
the horizontal deflection may each consist 
of 35o turns of e36 double- silk- cove red 
wire having a series-aiding inductance, 
measured as in use, of 2 0 millihenries. 
The windows measure 1 inch along the neck 
of the camera tube and 1-3,74 inches around 
the neck of the tube. The depth of wind-
ing is 1/16 inch. The current thru these 
coils, stated as peak-to-peak, may be 120 
milliamperes, corresponding to 84 ampere - 
turns. 

It is necessary to arrange the 
deflecting coils so as to avoid magnetic 
coupling between them, and in addition it 
is necessary to provide an electrostatic 
shield between them. These results are 
accomplished in practice by assembling 
all the coils into a scanning yoke thru 
which the neck of the tube is passed. In 
such a yoke the electrostatic shielding 
may be obtained by having the line de-
flecting coils next to the neck of the 
camera tube, then an electrostatic screen 
outside these coils, then the field de-

flecting coils outside this shield, and 
then a final electrostatic shield outside 
of the field deflecting coils. The shields 
are of course grounded. 

The two coils for the vertical 
deflection may each have 2000 turns of ii-38 

double- silk-covered wire. These are con-
. nected series-aiding and have a total in-
ductance of th p order of one henry. The 

windows of these coils measure 3/14 inch 
along the neck of the camera tube a n d 
2-014 inches circumferentially. The saw-
tooth wave of field scanning current may 
have a peak-to-peak value of 15 milliam-
peres. The peak current, measured from 
the alternating-current axis thru the 
center of the saw-tooth wave has of course 
a value of half this amount. 

The use of laminated iron in 
scanning yokes has been found to giv e 
little improvement in performance and to 
make the design and construction consider-
ably more critical. Powdered- iron cores, 

however, are not open to these objections, 
and are a means of lowering the reluctance 
of the magnetic circuit. These points are 
of chief interest in the scanning of pic-
ture tubes in television receivers and will 
be considered further in the appropriate 
later chapter of this series. At the pres-
ent time it is sufficient to note that 
deflecting yokes for picture tubes are con-
siderably different from those for camera 
tubes. One point of difference is that 

more ampere-turns are required for picture 
tubes; another point is that a transformer 
is sometimes used in receivers so as to 
operate with fewer turns and larger i—an-
fling current. 

The deflecting coils and their 
saw-tooth current supply must produce a 
magnetic field which changes almost ex-
actly linearly with time during the nain 
scanning portion of the cycle. If this 
requirement of linearity is not met suf-

ficiently closely, the received picture 
will be impaired. For example, a fault 
in the line- scanning linearity may make 
a man walking across the scene change from 
lean to fat. A fault in the vertical 
linearity may make a man of normal p r o-
portions appear long-faced and pot-bellied. 

In the above discussion of mag-
netic scanning of the camera tube we re-
fer to " saw-tooth" waveforms, but strictly 

speaking this has to be qualified on ac-
count of the fact that the mosaic plate 
is not perpendicular to the scanning beam. 
If no preventive measures were taken, the 
width of the scanned area would be wider 
at the top of the mosaic than at the bot-

tom, as shown by the dashed 1ines in 
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Figure 3(A). A rectangular figure on the 

mosaic would then be reproduced at the re-

ceiver with a prominent keystone appear-
ance, as shown in Figure 3(B). The phe-
nomenom is therefore called " keystone 

error", and its prevention by suitable 

means is called " keystone correction". 

Some further explanation of Fig-
ures 3(A) and 3(B) will be of interest. 
The original scene is not shown; this con-

sists of a rectangle, taller than it is 
wide, with diagonals and with a vertical 

line ir the upper portion. The lens of 

(A) 

, LLUMMMED MO5MC 
(AREA OUTSIDE DOTTED L INES MDT SC AIIIIED 

UNLESS KEYSTONE CORRECTION 
U5E5) 

(C) 

UNCORRECTED LINE SCANNING 

(D) 

REPRODUCTION WITHOUT 
KEYSTONE CORRECTION 

CORRECTED LINE -SCANNING 
WAVEFORM ENVELOPE WAVEFORM ENVELOPE ( EXAGGERATED) 

(E) (F) 

UNCORRECTED FIELD SCANNING 
WAVE FORM. 

CORRECTED FIELD SCANNING 
WAVEFORM 
(ExobGe RAI u) 

Fig. 3. Keystone Correction 
with Camera Tube. 

the television camera inverts the picture 
in projecting it onto the mosaic and also 

exchanges the left and right sides. This 
inversion causes the picture on the mosaic 
to look es in Figure 3(A). Since at the 
receiver the scanning is to be reproduced 

from top to bottom and from left to right, 
as one reads a book, it is necessary in 

scanning the mosaic that the field scan-

ning should proceed gradually up the mo-
saic from the bottom and that the 1 i ne 

scanning should proceed across each line 
from right to left. In this way a second 

inversion takes place between the camera 

and the receiver, and the picture is fi-

nally seen right side up. The side of the 
rectangle along the top of the mosaic in 
Figure 3(A) has a length equal to half of 
the scanning line, but the side of the 
rectangle along the bottom of the mosaic 
is more than half a scanning line in length 

because here the scanning line is shorter. 
This latter is the side having the perpen-

dicular to the center of the rectangle, 
and it is seen to be reproduced as a longer 

line in Figure 3(B). 

For keystone correction, the angu-

lar sweep of the scanning beam for the suc-
cessive lines, as the beam proceeds up the 
mosaic, must decrease in order to scan a 

rectangular area on the mosaic plate. This 
result is accomplished in the scanning 

generator, used to supply the line scan-
ning current for the camera tube, by modu-
lating the line scanning current with the 

field scanning current; in this way the 

successive saw-tooth impulses for line scan-

ning are gradually reduced in amplitude as 
the scanning spot approaches the t op of 
the mosaic, so that the length of the scan-
ning line on the mosaic remains constant 
as the spot scans successive lines from 
bottom to top. The diagrams of Figures 

3(0 and 3(D) show this correction of the 
amplitude of the line scanning. 

There is another effect associ-
ated with keystone correction. This is the 

unequal spacing of the scanning lines which 

will occur if the scanning spot moves ver-
tically upward at a uniform angular rate. 

It will be seen in fact that if the lines 
are correctly spaced at the center of the 
mosaic, they will be too close together at 

the bottom and too far apart at the top. 
For this reason it is desirable to avoid 
the use of a wave having a strictly saw-

tooth shape for the field scanning. In-
stead, the field scanning current, as shown 

in exaggerated form in Figure 3(F), must 
rise slightly more rapidly at the s t a rt 

than for a saw-tooth waveform, in order to 
spread out the lines at the bottom of the 

mosaic which would otherwise be too close 
together; the upward progress of the scan-

ning spot then continues at a gradually de-
clining rate so as to avoid leaving greater 
spaces than desired between the scanning 
lines in the upper part of the mosaic. 

Theoretical and practical study of the sub-

ject has led to the conclusion that the 

• 

• 

I 
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waveform should depart from linearity 
slightly and have approximately a shape 
given by A(1-et). 

In visualizing this control of 
the line spacing by the field scanning 

waveform, it is well to bear in mind that 
the desired relation between lines is a 
uniform spacing with just the proper room 

between the lines to accommodate the lines 

of the next field; in this way proper in-
terlacing is obtained. 

The Mosaic  

The mosaic on the front side of 
the mica insulator consists of a gre at 
number of separate silver particles, which 
may be seen on a mosaic that is not in-

side a tube by using a microscope giving 
moderate magnification. The size of the 
particles varies, but 1/5 of a mil may be 
taken as a representative value for the 
diameter of one particle. The number of 

particles is controlled in making the mo-

saic so as to cover about )40 per cent of 

the area of the mica. From these figures 

we may obtain the result that a mosa ic 
with dimensions of 3.6 inches by )4.8 in-

ches has a total of about 200 million sil-
ver particles. 

It is of interest t o consider 
the number of particles of the mosaic 
which are struck by the scanning beam at 

a given instant, that is the number of 

(A) TEST CIRCUIT 

Cathode of 
Cesiated Silver 

Colle ting 
Ring 

mosaic particles which lie within the el-
liptical area occupied by the scanning 

beam on the mosaic at a given moment. As 

mentioned above on page 28, this ellipse 
has a maximum diameter of 7.5 mils. As a 

satisfactory approximation we may say that 

the area of this ellipse is equal the area 
of a circle with a diameter of 7 mils. The 
ratio of spot diameter to particle diameter 
is then 7/0.2, or 35. The square of this 

ratio is about 1200, so that if the par-

ticles covered the entire mosaic there 
would be 1200 of them under the scanning 
spot. However only L;0 per cent of the area 

is covered by particles, so we may say that 
as a representative figure, 500 mosaic par-
ticles are struck by the scanning beam at 
one instant. 

It will be realized that if the 

discontinuous nature of the mosaic were 

very prominent, there would be appreciable 
fluctuations in the output- signal waveform 
as the scanning spot struck each new par-
ticle in its forward motion and as it left 

each particle; this would result in noise. 
However, a study of this subject has led 

to the conclusion that if the scanning 
spot covers 15 or more particles, no ise 

due to this cause will be inappreciable. 

The fiLure of 500 shows therefore that 
there is no problem of noise due to the 

discontinuous nature of the mosaic surftce. 
As a theoretical matter, such noise having 
frequencies far above any of interest must 
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Fig. 4. Photoelectric Characteristics of Cesium-
Silver- Oxide Surface. 
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be produced; the electron beam scans the 
silver particles at a rate of 35 billion 
per second. 

The preparation of the mosaic 

in making a camera tube consists of a num-
ber of steps, the first group of which pro-
duce the silver globules, and the second 
group of which sensitize the globules to 
increase their photoelectric and secondary-
emission sensitivities. The first step is 
to dust the mica with very fine silv er-
oxide powder; this is then heated in a 
furnace, whereupon the silver oxide i s 
chemically reduced to silver; this maybe 
made to form in the desired separate 
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droplets. Repetitions of this process may 
be made until /40 per cent of the area of 
the mica is covered by the droplets. The 

coverage after each treatment is measured 
by noting the optical transparency; at the 
end the transparency is 60 per cent of 
the value for the clear mica at the be-
ginning. All these operations are per-
formed before the mica is placed in the 
camera tube. 

The sensitization procedure is 
carried out after the tube is assembled, 
and is a cesium process similar to that 
generally used with photoelectric cells. 

After the tube is completed, the scanning 
beam must not be allowed to remain on one 
spot, since it would disturb the condi-
tions at this spot in regard to the ces-
ium sensitization. The scanning voltages 
must therefore always be operating when 
the beam is turned on. 

The capacitance between the mo-
saic particles and the signal plate can be 
computed from the dielectric constant o f 
mica, which is 7.3, and the thickness of 
the mica, which is in the neighborhood of 
1 or 2 mils. For dimensions of 3.6 by /48 
inches and a thickness of about 1.3 mils, 
the total capacitance is 10,000 micro-
microfarads, or about 600 micro-microfarads 
per square inch. In this computation ac-
count is taken of the fact that only/40 pEr 
cent of the area of mica is covered with 
silver particles. Generally it is advan-
tageous for the reduction of shading to 
avoid using the edge of the mosaic area; 
for example the used portion may measure 
3 x Li. inches. The capacitance for this 
area is of course less than for the entire 
mosaic. Taking the scanning spot to be a 
circle of 7-mil diameter, the capacitance 
to the mosaic is 0.02 micro-microfarad. 

PHOTOELECTRIC EFFECT AND 

SECONDARY EMISSION 

Photoelectric Effect  
The phenomenon known as the photo-

electric effect consists in the emission of 
electrons by metals when illuminated. Some 
metals exhibit the effect only if the light 
has a wavelength in the ultra-violet region. 
Other metals will respond to either visible 
or ultra-violet light. In a high vacuum 
the number of photo-electrons given off in 

• 
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unit time is always accurately propor-
tional to the intensity of the light. 

We are particularly concerned 
with the photoelectric characteristics 
of the cesiated silver surface used in 
camera tubes. In Figure 14(A) there is 
shown a circuit for measuring photoelec-
tric characteristics, and in Figure 4(B) 
a family of curves giving typical results 
for the conditions of surface and elec-
trode arrangement as found in camera 
tubes. The collecting ring is grounded 
in accordance with the grounding of the 
collecting ring of a camera tube. It will 
be seen that the larger the battery in 
Figure 14(A), the more negative will be 
the cathode of the tube, and the more 
vigorously it will repel the phot o-
electrons which are emitted. 

In Figure 4(B) it will be seen 
that with a given illumination, more neg-
ative potentials on the cathode cause 

increasing values of current until a 
limiting value is reached. This limit-
ing value is encountered because all the 
electrons emitted by the light are then 
drawn to the collecting ring. This phe-
nomenon is cal led " saturat ion", and under 
these conditions the cell can be said to 
be operating at photoelectric saturation. 
The intensity of the light for each curve 
is stated in lumens on the basis of a 
standardized source of light consisting 
of a tungsten filament operating at 2870 
degrees Kelvin. It may be seen that an 
illumination of 0.014 lumen gives a sat-
urated current very close to 1 microam-
pere, from which a sensitivity value of 
25 microamperes per lumen is obtained. 
Values from 20 to 40 microamperes p e r 
lumen are representative of cesiated sil-
ver cathodes. 

We have seen above on page 25 
that the various portions of the mosaic( 
of the camera tube assume potentials frail 
0 to - 1.5 volts with respect to the col-
lecting ring, the value at each point 
depending on the illumination. These 
values of potential are small in compar-
ison with what would be required to pro-
duce photoelectrc saturation. From 
Figure 14(B) it may be seen that pot en-
tials of 7 to 15 volts are required to 
approximate the saturated condition, the 

particular value depending on the illum-

ination. In the mosaic camera tube this 
absence of photoelectric saturation causes 
a reduction of sensitivity to about 1/5 
of what would otherwise be obtained. There 
is also a similar loss of sensitivity due 
to the absence of secondary-emission sat-
uration, which is discussed in the fol-
lowing section. These two effects com-
bine to give the tube an overall sensi-
tivity of only 5 or 10 per cent of what 
it would otherwise have. These losses are 
serious, but the storage feature of the 
mosaic tube is such a substantial advan-
tage that at the present time this type 
of tube is the most widely used pick-up 
device. 

Secondary Emission  
When electrons strike a metal 

surface with sufficient velocity they 
"splash out" other electrons. The ejec-
tion of electrons by metal under such 
bombardment is called secondary emission. 
We give in this section a discussion of 
secondary emission on account of its im-
portance in the operation of the camera 
tube. In Figure 5(A) we show schematic-
ally a tube like that of Figure /4(A) ex-
cept that en electron gun has been added. 

The conditions are the same as in Figure 
/4(A) except that the illumination of the 
cathode has been removed and instead the 
cathode or target is bombarded with a 
beam of electrons from the electron gun. 
Again we ground the collector to simulate 
camera-tube practice, and adjustable bat-
teries are provided to give various values 
of Ec, the potential of the target with 
respect to the grounded collector. The 
voltage E0, which we will now vary in po-
larity as well as amount, obviously de-
termines what proportion of electrons 
leaving the target go to the collector 
and what proportion return to the target. 

The battery supplying voltage 
Eb in Figure 5(A) is connected between 
the electron gun and the target, and 

therefore determines the voltage drop 
thru which the electrons of the beam 
fall. Since the velocity with which any 
electron strikes a target is dependent 
only on the difference of potential thru 

which it has fallen, the value of Eb de-
termines the velocity of the electrons 
striking the target; these electrons are 
the " primaries", that is they are the ones 

which, upon impact, produce the"secondarieï 
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by secondary emission. The number of 

secondaries produced by one primary elec-

tron depends tn the velocity of the pri-
mary electron and also on the character 
of the surface. This number is obviously 

equal to the ratio of the secondary-
emission current to the primary current; 

ve call this secondary- emission ratio R, 
and in Figure 5(B) it is plotted as 

function of Eb, the voltage drop between 
the electron gun and the target. In tak-
ing this curve the value of Ec was nega-

tive ( switch up) and large enough so that 

all the secondaries produced at the target 
were repelled and proceeded to the collec-

tor. It will be seen that numerical scales 
are given in Figure 5(B) for both the ab-

scissas and ordinates; the curve gives 

representative values of the secondary-
emission ratio for a cesium- silver- oxide 
surface. 

The decline in the value of the 
secondary- emission ratio shown in Figure 

5(B) for voltages above about 500 volts i s 

considered to be due to the primary elec-

trons penetrating so deeply into the tar-
get that some of the secondaries cannot 
escape. This downward trend of the curve 
continues until at a very high voltage in 

the neighborhood of 10,000 volts the sec-
ondary- emission ratio falls to unity. A 
point of interest is that at about 500 
volts the secondary- emission ratio has a 
maximum value in the neighborhood of 10 
which is effective in the operation of the 

usual camera tube. 

The scales in Figure 5(B) do not 
permit accurate reading at very small 

voltages, so we will state that the sec-

ondary- emission rat io is unity at about 10 
volts. This has the important signif 

cance that electrons striking this surface 
with velocities greater than 10 volts pro-
duce more secondaries than the number of 

primaries, giving the surface a positive 
charge; vice versa, electrons with veloc-

ities of less than 10 volts striking this 
surface produce fewer secondaries than 
the number of primaries, and give the sur-
face a negative charge. 

Another point of special inter-

est is that the secondaries produced by 

secondary emission have mostly very low 
velocities in the neighborhood of a value 

corresponding to a fall thru 3 volts of 

potential difference. A few of the prim-
ary electrons are reflected and retain 

their original velocity. Since the great 
majority of the electrons coming off have 

very low velocities, when they fall upon 
adjacent regions of the mosaic of the cam-
era tube they give these regions negative 

charges. This is important because it ac-

counts for the loss of sensitivity d e - 
scribed above on page 33. 

In Figure 5(C) we show the ef-

fect of varying the collecting voltage 
while keeping the gun voltage constant. 

The velocity of the primary electrons and 
the secondary-emission ratio are constant 
since these are independent of the collec-

tor voltage. All the values of the col-
lector voltage are small in comparison 
with the gun voltage, and for this reason 

the beam current may also be considered 

constant. In Figure 5(C) values of the 
target current lc are plotted for various 

collecting voltages Ec. At point A at the 

lower left of this curve, the voltage Ec 
is sufficiently negative so that the tar-

get repels all secondary electrons, and 

they all proceed to the collector; th is 
was the condition in Figure 5(B) for ob-
servation of the secondary-emission ratio. 

The only electrons striking the targ et 
under these conditions are those in the 

primary beam which arrive at high veloci-
ties. The condition here is described as 
saturated secondary emission, meaning that 
all the secondary electrons are collected. 

The electrons striking the target consti-
tute a current Ib, and those leaving it 
amount to Rlb, where R is the secondary-

emission ratio; the net current in the 
target connection is therefore the dif-

ference between these two quantities, 
namely 

Ic = RIb - Ib = ( R - 1) Ib. 

Physically it may be noted that the flow 
of electrons thru the microammeter where 
lc is measured, is upward in the drawing, 

these electrons proceeding to the target 

in order to replace those lost thru the 

secondary-emission effect. 

At point B in Figure 5(C) the 
negative voltage on the target with respect 
to the collector has been considerably re-

duced although it is still negative in 
sign. Under these conditions a space 

charge comes into existence and some of the 
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secondaries produced at the target return 
to the target instead of going to the col-
lecting ring. These electrons are there-

fore not lost by the target, and do not 
have to be supplied by the battery E, 

whence the current To is less than at 
point A. Point B is of interest because 
in the camera tube a potential of about 
this value is assumed by dark portions of 
the mosaic before being scanned. 

At point C the potential Ec is 
zero; the collector.and the target are at 
the same potential, namely ground, and 
about half of the secondaries return to 
the target. This point is of interest in 
connection with normal camera-tube opera-
tion because intensely illuminated p o r-
tions of the mosaic in the camera tube 
assume a potential of about zero before 
being scanned. 

We now reverse the polarity of 
the battery supplying the Ee voltage by 
moving the switch from its upper to its 
lower position, so that for points D, E, 
and F, the target is positive with respect 
to the collecting ring. This of course 
increases -its tendency to recapture elec-
trons which have escaped from the surface. 

Point 

A -6 volts (R-1) Ib 

D +3.0 0 

E +14 

Point D in Figure 5(C) is where lc is zero, 
that is there is no current in the exter-
nal target lead. This condition will be 
seen to occur at a point where the target 
is about 3 volts positive with respect to 
the collector, or in other words the col-
lector is 3 volts negative with respect 

to the target. This retarding potential 
of 3 volts, which equals the value we have 
already noted as the predominant velocity 
of emitted secondary electrons, prevents 
the great majority of them from reaching 
the collector. Those which do reach the 
collector are just equal in number to the 
electrons constituting the primary beam, 
so that the collector current Ia is equal 
to the beam current Ib. This point D is 

of special interest because it represents 
the condition which mosaic particles reach 
while the scanning beam is upon them. 
These particles assume the equilibrium 
potential of +3 volts because at this po-
tential the number of electrons escaping 
just equals those arriving in the beam. In 
this way the current Ic is zero, corre-
sponding to the insulated mosaic particles. 

At point E the positive voltage 
on the cathode is so high that most of the 
secondary electrons return to the target. 

TABLE I. ELECTRICAL CONDITIONS AT VARIOUS POINTS ON CURVE OF FIGURE 5(C) 

Approx. Target Current Collector Current 
Potential Ec IC 

Opposite direc-
tion and slightly 
less than Ib. 

Ia Remarks 

RIb 

-1. 5 Ic and Ia less than for Point A. 

Io and Ia less than for Point B. 

Ib 

Small 

Saturated secondary emission; 
all secondaries collected. 

Collection limited by space charge; 
this is potential corresponding 
to dark mosaic points before 
scanning. 

Potential corresponding to bright 
mosaic points before scanning. 

Potential corresponding to all mo-
saic particles at end of scanning. 

Positive potential on target 
causes recotrery of most of sec-

ondaries. Only fast secondaries 
go to collector; since these are 
less than Ib, sign of Ic is 
reversed. 

+9 Still opposite direc-
tion; magnitude equal 

Ib. 

O All secondaries return to target. 
No secondaries collected. 
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Those collected by the collecting ring are 
fewer in number than those in the electron 

beam. There is therefore a net gain of 

electrons by the target, and there is a 
downward flow of these electrons thru the 

microammeter which reads the lc current. 
The direction of Ic is therefore opposite 

to that at points A, B, and C. 

At point F the positive voltage 

on the target is sufficiently large to 
recover all of the electrons which are 

given off by secondary emi ss ion; no 
electrons reach the collector, so that Ia 
is zero. It is obvious that Ic equals Ib 

and point F is indicated in Figure 5( C ) 

as having an ordinate of Ib. This point 
F is the extreme opposite of saturated 
secondary emission; this is where no sec-
ondaries whatever are collected by the col-
lecting ring. The conditions at the var-
ious points in Figure 5(C) are listed in 
Table I. 

Characteristic Curve of Camera Tube 

We have dealt particularly with 
the secondary- emission characteristic in 
Figure 5(C) because a curve of this kind 
can be taken as the characteristic curve 
of a camera tube. Let us suppose that a 

condenser is connected in circuit in the 
target lead in Figure 5(A); this makes the 
target an insulated conductor like a par-

ticle of the mosaic. The current lc can 
now only be a charging current, whose du-
ration is, of course, short. Under these 
conditions a curve such as Figure 5(C) can 
represent the potentials and charging cur-

rents of the mosaic particles. In Figure 
6 we show several such curves for various 
beam voltages and currents. 

At this point it is well to em-
phasize one matter which we have already 

suggested, namely the acquirement of equil-

ibrium potentials by the mosaic particles 

under various conditions. As a general 

statement, any insulated conductor sub-
jected to the acquirement and loss of eleo-
trons must assume an equilibrium potential 

such that the number of electrons lost in 
a given time equals the number acquired. 
For example, if the acquisition initially 

exceeds the loss, the potential will change 
in the negative direction, thus discour-
aging further acquisition and encouraging 

the loss of electrons, until such a poten-

tial is reached that the gain and loss are 

equal, or in other words the net gain is 
zero. We see therefore that any inequal-

ity between electrons gained and lost is 

self-correcting by virtue of a change of 

potential until equilibrium i s reached. 

This rule is immediately applicable to the 
mosaic particles of the camera tube which 
are insulated conductors. While not being 

scanned, these particles lose photo-
electrons and gain electrons from the gen-

eral rain; while being scanned they also 
gain primary electrons and lose secondary 
electrons. The result is that while not 
being scanned, the particles assume equi-

librium potentials between zero and -1.5 
volts depending on the illumination; and 

-while being scanned, the particles assume 

a potential. of +3 volts. At the moment 
of scanning the particles change quickly 
from the zero or negative equilibr ium 
value to the +3 volts equilibrium value. 

It is seen therefore that the 

mosaic particles before being scanned are 
at equilibrium potentials and the charging 

current is zero; their condition is rep-
resented in Figure 6 by points Pi, P2, PL, 
0, and the intermediate points, the par-
ticular point depending in each case on 
the illumination. 

During the scanning operation, 
the mosaic plays the part of the target 

in the analysis of secondary emission, and 
there is an attraction or repulsion of the 

secondaries according to the potential of 
the point. The result of this process is 
that the point quickly arrives at the equi-
librium value of +3 volts. To follow the 
action more closely, let us consider a dark 

point of the mosaic. Just before being 
scanned this has a potential of -1.5 volts 
as shown at P1. At the moment that the 

scanning beam reaches it, it gives off sec-

ondary electrons constituting such a cur-

rent that we move on the chart of Figure 
6 from point P1 to point B1. Further loss 
of secondaries makes the potential more 
positive and the current less in magnitude, 
so that we progress rapidly thru points 
B2, B3, and C until the equilibriwn value 
at point D is reached. 

As soon as the scanning beam has 
passed on, the positive charge at the 

point attracts stray electrons, as sumes 

their negative charge, and returns to its 

unscanned value between 0 and Pl, the 
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particular point depending on the illumi-
nation. The succession of potentials and 
charging currents during this storage por-
tion of the cycle is shown diagrammatical-
ly in Figure 6 for the four values of il-
lumination which we have been considering. 
For the brightest points of the mosaic the 
complete cycle is thru points 0, C, D, and 
back to O. For mosaic points of inter-
mediate brightness, the intermediate cy-

cles starting at P2 and P3 are, of course, 
representative. 
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From this analysis it may be seen 
that the charging current accompanying the 
scanning of a mosaic spot is represented 

by the ordinates PiBi, P2B2, etc., so that 
the amount of charging current is a func-
tion of the brightness of the mosaic spot. 
This is another aspect of the operation 
of the camera tube, and of course ap-
plies just as well as the aspects 
c ons id er ed earlier, where we limited 
ourselves to the potential of the mosaic 
elements. 
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Fig. 6. Characteristic Curves of Camera Tube. 
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It is of interest to consider the 
effect of change of beam voltage and of 
beam current4 and in Figure 6 four addi-
tional curves are plotted to show these 
effects. It will be realized that change 
of beam voltage affects the secondary-
emission ratio, and therefore affects the 
saturated secondary emissionwhich is given 
by the lower left-hand end of the curve; 
change of this voltage does not affect the 
right-hand end of the curve. Alteration 
of the beam current affects both ends of 
the curve. The internal impedance of the 
tube, which is about 1.5 megohms for typ-
ical conditi,ons, is the reciprocal of the 
slope of the curves in Figure 6 over their 
middle portions, and may be seen to decrease 
upon increase of either Eb or Ib. Such a 
decrease of the internal impedance is de-
sirable from the standpoint of increasing 
the output signal, but it has been found 
in practice that the best conditions are 
a voltage to give a good value of the 
secondary-emission ratio, and a current 
not large enough to aggravate the produc-

tion of the spurious shading output. The 
values of 500 volts and 0.3 microampere 

are representative of good practice. 

OPERATING POINTS 

Shading Effect  
The camera tube, operated in 

either darkness or light, produces a large 
spurious signal commonly known as shading, 
which is caused by irregularities in the 
rain of the slow-velocity electrons re-
turning to the mosaic. As mentioned above 
on page 33, this rain of electrons is as-
sociated with the lack of photoelectric 
and secondary-emission saturation, which 
greatly reduces the sensitivity of the 
canera tube. The shading which we con-
sider here is an additional fault asso-
ciated with this rain of electrons, and 
is due to variations of the intensity of 
this rain over the area of the mosaic. A 
further complication is that the shading 
is dependent on the character of the 
picture. 

The provision of the collecting 
ring, shown in Figure 1, which has a cir-
cular shape symmetrical with respect to 
the mosaic, has been found to reduce the 

magnitude of the shading. Also the use 
of the smaller values of beam current gives 

lower shading. Another means of reducing 

shading is to avoid scanning the edges of 
mosaic, where the variations in the rain 
of electrons are greatest; if the scanning 
beam does not come within 1/14 inch of the 
edge of the mosaic, some severe shading 
is obviated. However, after these possi-
bilities are utilized, substantial shad-
ing remains, and it is usually larger 
than the desired signal. Suitable arti-
ficial signals must be inserted in the 

video amplifier to oppose the shading 
potentials. 

The shading has components at 
both field and line frequencies, so that 
the voltages used in shading correction 

are of two frequencies, namely 60 cycles 
and 13,230 cycles. Waveforms such as saw-
tooths, exponentials, and parabolic 
shapes, must be provided with choice of 
polarity and adjustment of amplitude to 
be made by the studio personnel In prac-
tice the shading is adjusted during a re-
hearsal and the necessary settings of the 
various controls recorded, or left in place 

on equipment which will not be disturbed. 
As representative figures, a certain shad-
ing panel for two cameras includes a total 
of 214 control knobs and 16 reversing 
switches, and utilizes 30 vacuum tubes. 
Such a number of tubes is of course im-
portant; however it is only a fraction of 
the total required in the complete equip-
ment of a television studio. 

In Figure 7 is shown one of the 
many types of shading; in this figure it 
will be seen that the output of the tube 
during the normal scanning of one line may 
be divided into signal and shading e o m-
ponents. Figure 7, however, is a simpli-
fied drawing in that it does not show shad-
ing which would be associated with the 
sharp contrast from black to white in the 
scene. Such shading is observed in tele-
vision titles, etc., giving a bas-relief 
effect, similar to the effect of phase dis-
tortion in the circuits. Another spurious 
signal, called surge, occurs during the re-
trace period. We describe this in the fol-

lowing section. 

Surge  
Immediately after the completion 

of each line, and also after the completion 
of each field, the camera tube produces a 
large spurious signal called surge. This 

may take any one of many forms; how ever 
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its highest amplitude is generally in the 
positive direction, corresponding to black. 

The surge occurin.g after the 
scanning of each line is called line surgt% 
and is experienced with about equal sever-
ity when the electron beam is cut off for 
the retrace as when the electron beam 
continues during this time. In case the 
electron beam is cut off; it will be read-
ily understood that the stopping of the 
beam constitutes in itself a considerable 
disturbance in conditions, and would ac-
count for a surge. For this reason there 
is little or no benefit in cutting off the 

beam during the line retrace, and it is 
simpler to let it continue during t hi s 
period. With the beam on, the disturbance 
seems to be dependent on the velocity of 
the scanning spot during the retrace, so 
that the largest amplitude occurs about 
the center of the retrace where the ve-
locity is greatest. In the ideal saw-
tooth wave, the retrace velocity is con-
stant, but in actual practice this condi-
tion cannot be obtained and there j s a 
maximum about the center of the retrace. 
A typical line surge is shown in Figure 7. 

During the field retrace it is 
very desirable that the line scanning cur-
rents continue undisturbed. Under these 
conditions if the beam is not cut off; it 
will follow a zigzag course, and will af-

fect the mosaic along this path. T h e 
points in this path will be given in e 
positive charges, due to secondary emis-
sion under the influence of the beam, than 
they would otherwise have, and the memory 
feature of the tube will cause the zigzag 
path of the field retrace to appear in the 
subsequent normal scanning of the scene. 
This effect is prevented by driving the 
grid of the camera tube to cutoff, so that 
the beam is suppressed, during the field-
retrace period. 

The fault of surge is a less 
serious defect in the camera tube than 
shading. Surge occurs only during retrace 
periods, so that its effect is to compli-
cate slightly the provision of blanking 
and synchronizing signals which are trans-
mitted during these intervals. 

Thermal Noise  
The lowest usable signal from 

the mosaic camera tube is determined by 

the thermal noise originating in the load 
resistor which couples the output to the 
first amplifying stage. The reader is 

probably already acquaintedwith this type 
of noise, since it determines the limit 
of useful amplification in various branches 
of the communication art. 

For resistances having a tem-
perature about equal the usual roomvalue, 
the noise may be expressed in microvolts 

4 as AT-7-À-7, where R is the value of the 
resistance in megohm—s and àf is the band 
width in kilocycles transmitted by the as-
sociated apparatus. This formula, or the 
equivalent expression in other units, will 
be recognized by receiver engineers who 
have been interested in the design of 
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fig. 7. Output of Camera Tube 
Showing Signal, Shading, 
and Surge Components. 
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sensitive broadcast receivers having low 
noise. In terms of ohms and megacycles 
this formula is 0.126 A •Af. The fol-

lowing gives some values of thermal noise: 

Thermal Noise in Microvolts ( R.M.S.)  

R = 
A f 5000 Ohms 6000 7000 10,000 

iec 9 
2 13 
3 15 
4 18 
5 20 
6 22 

7 214. 
8 25 

10 11 13 

1'4 15 18 

17 18 22 

20 21 25 
22 24 28 

24 26 31 
26 28 33 
28 30 35 

The figures as given in this 
table are applicable directly in the con-

sideration of video amplifiers, where the 
frequency band extends from zero to a par-
ticular value. With carrier amplifiers 
modulated with video signals, the band 
width will generally be greater than the 
highest video frequency, and in case all 
components of both sideba.nds are trans-

mitted, the band width inwhich noise com-
ponents will exist is twice the value of 
the highest video-frequency component. 
The band-width figure is, of course a char-
acteristic of the apparatus, not of the 
signal; if the signal is replaced with one 
of a narrower frequency spread, or if the 

signal is removed, the noise from the par-

ticular apparatus remains the same. 

As an illustration of the im-
portance of thermal noise, we may take the 

case where a 6000- ohm load resistor is used 
and video frequencies up to 3 megacycles 
are accepted by the video amplifier. For 
these conditions the thermal noise will 
be seen to be 17 microvolts. If the sig-
nal is about the minimum value of 1/3 mil-
livolt, or 330 microvolts, the signal-to-

noise ratio is about 20 to 1. Since 1/3 
of a millivolt is about the lowest useful 
signal, we may say that the lowest usable 
signal-to-noise ratio is about 20 to 1. 

However, this value depends, a s we have 

just seen, on the band width. 

Values of load resistor in use 
generally lie between 5000 and 10,000 ohms. 
Higher values would give somewhat mor e 

noise but considerably greater signal, so 

that the signal-to-noise ratio would be 

desirably increased; the difficulty is that 
such an increase of the load resistance 
gives more output for the law video fre-
quencies, where the gain is not needed, but 
gives little improvement for the higher 
video frequencies where more output would 
be very welcome. These remarks apply to 

the simple circuit where the signal across 
the load resistor is applied directly to 

the first tube of the pre-amplifier. Coup-

ling networks of several elements are some-

times used and offer some advantages. 
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