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Quality in Television Pictures
PETER C: GOLDMARKt, MEMBER, I.R.E.,

Summary-Present television standards specify certain factors
which determine the appearance of a television picture only to a
limited extent. Other factors, however, such as contrast, gradation,
brilliance, and the shape of the scanning spot, are fully as important.

A photographic method for producing artificial television pictures
which permits varying several of these factors has been developed.
Pictures are shown which were obtained by this method and which
approach ideal quality within a given set of standards.

rirHIS paper is a summary of recent investigations
and experiments aiming to determine the best
possible television picture quality that would be

available within the so-called Radio Manufacturers
Association television standai-ds.

Equipment has been designed to duplicate photo-
graphically the appearance of a television picture
with predetermined characteristics, such as definition,
contrast, and gradation.

The factors which chiefly determine the quality of
a television picture are 1. definition, 2. contrast range,
3. gradation, 4. brilliance, 5. flicker, 6. geometric dis-
tortion, 7. size, 8. color, and 9. noise.

Of the nine factors determining the picture quality
only the first, definition, and the fifth, flicker, are
subject to standardization, and these will be dealt
with first.

DEFINITION

When viewing objects which are comparatively
dimly lighted, such as television pictures, the iris of
the human eye is expanded in order to allow maximum
light to enter the eye, resulting in reduced visual
acuity.

Under ordinary conditions the over-all resolving
power of the eye is limited to the spacing of the cones
on the fovea, which has been found' to be about
0.01 millimeter. As a result the resolving power of
the eye will not be better than 1 minute. Tests have
shown that on the average the minimum resolving
angle is between 1.3 and 1.5 minutes of arc at light
intensities to be expected in television.

For motion pictures the most satisfactory viewing
angle, that is, the angle subtended by the eye of the
observer and the edges of the picture in the horizontal
direction, has been found to be not more than 20
degrees. This corresponds to 15 degrees in a vertical
plane for a picture ratio of 3:4. Due to the limited
angle of sharp vision, all parts of the picture could not
be seen satisfactorily at the same time if the viewing
angle were larger.

* Decimal classification: 8583. Original manuscript received by
the Institute, February 20, 1940. Presented, Spring Meeting,
Society of Motion Picture Engineers, Atlantic City, N. J., April 23,
1940.

t Columbia Broadcasting System, New York, N. Y.
Arthur C. Hardy and Fred H. Perrin, "The Principles of

Optics," McGraw Hill Book Company, New York, N.Y., 1932, p.
190.

AND JOHN N. DYERt, ASSOCIATE, I.R.E.

Visual acuity varies from one individual to another
and so does the most satisfactory viewing distance.
A relationship between visual acuity, number of lines
per picture, and various ratios of viewing distance to
screen height was developed on the assumption that
the vertical and horizontal detail are approximately
equal (Fig. 1). Regardless of whether the line structure
is apparent due to improper scanning -spot size or
shape, this relationship must be applied in view of the
limitation on detail imposed by the available fre-
quency band of the television system.
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Fig. 1-Visual acuity versus ratio of viewing distance
to picture height.

The diagram in Fig. 1 indicates that for a 441 -line
picture and a visual acuity of 1.5 minutes, a viewing -
distance -to -height ratio of 5.7:1 is desirable. Design
characteristics of modern motion -picture theaters
show that satisfactory viewing conditions are obtained
up to distances as much as 12 times the picture height.

It is desirable to determine how much visual detail
may be reproduced by a television system with a given
number of lines and frequency response. This may be
analyzed mathematically, but for some purposes it
would be more satisfactory actually to produce an
idealized television picture. Such pictures, though they
could probably not be duplicated by commercial re-
ceiving and camera tubes today, would be very useful
tools in indicating the capabilities of a given set of
television standards.

The maximum definition that a television system is
capable of reproducing is determined not only by the
frequency response of the entire system but also by the
receiving and transmitting scanning spots, the number
of scanning lines and frames, and the fine -detail con-
trast. Electron scanning beams of circular cross section

August, 1940 Proceedings of the 343
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and nonuniform current distribution arc ordinarily
used at present in the camera and at the receiver. The
shapes of these scanning spots, therefore, become im-
portant factors in determining definition. The effect
of a particular frequency-response characteristic on

 the fine detail has been shown to be the same as that
of an equivalent scanning spot. For example, the effect
of an infinitely narrow scanning spot and a given finite
frequency characteristic could be duplicated by a
properly designed scanning spot used with an ampli-
fier with a flat response to an infinite frequency. Such
a scanning spot may not always be physically realiz-
able, particularly in cases where there is a sharp cut-
off in the frequency characteristic of the electrical
system, as shown in Fig. 2.
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Fig. 2-Calculated response to suddenly applied voltage of ideal-
ized 75 -kilocycle low-pass filter.

It has been shown that if the frequency response of
a television system follows the shape of a probability
curve cx2, the equivalent scanning -spot distribution
will follow a similar curve.2,3 It was decided to use this
type of characteristic to produce the synthetic pic-
tures. The cutoff point of any frequency characteristic
has been defined as the upper limit of a rectangular
characteristic of equivalent area. Under present-day
television standards the receiver band width is limited
to about 4.25 megacycles and the response must be
zero at 4.5 megacycles. The pictures which have been
produced have assumed a cutoff frequency as pre-
viously defined of 4.25 megacycles with a response
characteristic which follows a probability curve. The
closest approach to this characteristic which can be
made with the present standards would follow the
probability characteristic to the cutoff frequency and
would then drop rapidly to zero. This would result in
small oscillatory transients which would only be
about plus or minus 5 per cent of the peak signal value
on scanning from a black to a white area. (It must be
noted that the transient may build up to larger ampli-

2 Harold A. Wheeler and Arthur V. Loughren, "The fine struc-
ture of television images," PROC. I.R.E., vol. 26, pp. 540-575;
May, 1938.

3 Pierre Mertz and Frank Gray, "A theory of 'scanning and its
relation to the characteristics of the transmission signal in tele-
photography and television," Bell Sys. Tech. Jour., vol. 13, pp.
464-515; July, 1934.

tudes if the picture consists of a number of parallel
vertical lines at the proper spacing.) It is difficult to
say whether or not this is a desirable or tolerable con-
dition since most practical experience up to this time
has been with television systems where the scanning
spots have been large enough to mask transients of
this type which otherwise might be seen.

The frequency -response characteristic of the electri-
cal system today is responsible for only a small part
of the total loss in detail if the 4.25 -megacycle band
width is being fully utilized. Major causes for loss of
definition today are incorrect scanning -spot shapes at
the receiving tube and, to a lesser degree, in the pickup
tube. Low contrast in the fine detail reduces the ap-
parent definition at the receiver. Variation in spot
size with current intensity impairs the resolution of the
final image and limits the maximum useful brilliance
of the picture.

CONTRAST RANGE

It has been found that a projected motion picture
or a good photograph can provide a satisfactory ren-
dition of most subjects with a contrast range of about
35 to 1.

Measurements of present-day cathode-ray tubes as
used in television receivers show that the maximum
contrast range is usually about 30 to 1. (Such ranges
are only obtained in darkened rooms and between
widely separated areas on the tube screen.) The con-
trast range between two adjacent points on the screen
is not ordinarily more than 10 to 1. Extension of the
contrast range to 30 to 1 in the fine detail would cer-
tainly more than double the subjective quality of
present-day pictures. Observations indicate that more
contrasty pictures seem to create the impression of
better definition.

The most important factors impairing a satisfactory
contrast range are halation on the fluorescent screen,
curvature of the screen, and reflections within the
bulb itself.4 The contrast range is reduced if extraneous
light falls on the cathode -ray -tube screen as is often
the case under average viewing conditions. In order
to extend the contrast range under such conditions it
is necessary to increase the maximum brilliance of the
picture.

Cathode-ray tubes of today achieve fairly good
horizontal resolution by employing a small round spot,
the diameter of which is less than the theoletical width
of one line. The theoretically correct shape for a spot
would be that of a rectangle, its height being equal
to approximately 1/400 of the picture height and its
width, that is, its dimension in the horizontal direc-
tion, being a fraction of its height. Since the area of
such an ideal spot is greater than that of the small
circular spot of the same width the brilliance of the
narrow rectangular spot would be greater by the ratio

4 R. R. Law, "Contrast in kinescopes," PROC. I.R.E., vol. 27,pp. 511-523; August, 1939.
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of the respective areas, provided the current densities
remain the same.

GRADATION AND BRILLIANCE

It is ordinarily assumed that the eye response is

logarithmic. A picture cannot represent reality in all
respects and usually it is impracticable to reproduce
the average brightness of the original scene. Under
such conditions it is important that correct rendition
of brightness differences be obtained over the entire
contrast range. This condition is satisfied when the
gradient of the television system is constant regardless
of the brightness.

The gradient of a television system may be defined
as the ratio (A log .B)/(A log BO where Br is the
brightness of the receiver cathode-ray tube and Bt is
the brightness of the transmitted scene. The gamma
of a television system is equal to the gradient over
the straight-line portion of the log -Br -versus-log -Bt

characteristic.
Television systems today do not necessarily main-

tain a constant gradient over the entire operating
characteristic. This results in the appearance of
crowding of the tone range in the blacks or whites, or
both. Pictures have been produced in the laboratory
where the gradation was approximately correct and
it can be expected that an improvement in this
respect may be achieved without great difficulty.

The average brightness of a television picture should
probably be about 8 apparent foot-candles. This would
correspond to high lights of the order of 17 apparent
foot-candles, depending on the composition of the
picture. Though visual acuity improves somewhat
with brilliance, an increase in illumination of 2:1 will
change only slightly the relationship between visual
acuity and number of lines. An increase in picture
brilliance will automatically extend the contrast
range and improve the gradation.

FLICKER

It is recognized that the brilliance of present
cathode-ray pictures is inadequate for viewing in
undarkened rooms. Television pictures scanned at
a rate of 15 or even 24 frames per second (interlaced
scanning), which do not display flicker up to ap-
proximately 6 foot-candles, will show conspicuous
flicker at higher brilliancies. The frame repetition
rate of 30 per second (interlaced) as used in television
today is well justified because flicker is a more serious
problem in television than in motion pictures for the
following reasons. First, assuming that the integrated
light is constant, flicker will increase in proportion to
the ratio of the dark period to the light period."

6 H. E. Ives, "Critical frequency relations in scotopic vision,"
Jour. Opt. Soc. Amer., vol. 6, pp. 254-268; May, 1922.

H. E. Ives, "A theory of intermittent vision," Jour. Opt. Soc.

Amer., vol. 9, pp. 343-361; September, 1924.
7 Percy W. Cobb, "The dependence of flicker on the dark -light

ratio of the stimulus cycle," Jour. Opt. Soc. Amer., vol. 24, pp. 107-
113; April, 1934.

Second, it is desirable to view television in undarkened
rooms and therefore brilliancies greater than found on
motion -picture screens will be required. Third, the
higher the illumination of the surroundings in which
the television picture is viewed, the more flicker will
be perceptible. The diagram shown in Fig. 3, which is
based on experimental results,8 shows that with 0.001
foot-candle illumination of the surroundings and 0.87
foot-candle illumination of the picture under test
flicker just becomes perceptible at about 21 field

changes per second. With the same picture illumina-
tion but with a surrounding illumination of 1 foot-
candle, the field repetition rate has to bo increased to
34 per second in order to eliminate flicker. Low frame
frequencies can only be employed successfully in con -

33
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Fig. 3-Perceptible flicker frequency
of surroundings.

.1 1.0

versus illumination

junction with a storage method which retains the
received image for the duration of a complete frame
(including the blanking period).

There is some difference of opinion as to whether a
reduction in picture -repetition rate may be desirable
if complete storage were possible. There will be some
sacrifice in the appearance of motion as the repetition
rate is reduced, but with a given frequency band in-
creased detail will result. When satisfactory storage
methods are found experiments will undoubtedly
show the most desirable repetition rate under any
given set of conditions.

GEOMETRIC DISTORTION, SIZE, AND COLOR

Geometric distortion can be caused by lens distor-
tion in the cameras, scanning distortion in the
cameras, scanning distortion, and curvature of screen
at the receiving tube. The trend towards cathode-ray
tubes with flat screens in conjunction with accurate
scanning will eliminate most of the distortion existing
at present.

The minimum height of a 441 -line television picture
is about 2 inches since it is determined by the mini-
mum comfortable viewing distance of about 15 inches

8 R..1. Lythgoe and K. Tansley, "The adaptation of the eye:
its relation to the critical frequency of flicker," Medical Research
Council, Special Report Series No. 134, 1929.
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(Fig. 1). The upper limit is determined by how much
viewing distance is available. Moving -picture ex-
perience has shown that for minimum eye strain the
screen height should be not more than 0.27 times the
viewing distance regardless of the amount of detail.
This value is therefore independent of the number of
lines in a television picture.

Fig. 4-Artificial television scanner.

Most television picture tubes today have a screen
material which is satisfactory from a color point of
view, that is, high lights are reproduced as pure
white. Though greater efficiency can be obtained from
other than white screen materials, the latter is prefer-
able for the sake of their color in projection tubes.

ARTIFICIAL TELEVISION SCANNER

An apparatus was constructed to duplicate the
behavior of an ideal television system by photographic

Fig. 5-Artificial television scanner partially disassembled.

methods. Positive transparencies of desired subjects
were prepared on 8- X 10 -inch glass plates. These posi-
tives were then scanned with a moving -light source
and optical system, one line at a time, and were
reproduced on a sensitized photographic plate. The
horizontal scanning was motor -driven with automatic
limit switches and braking. The change in the direc-
tion of scanning at the end of each line and the ad-

vancement in the vertical direction were manual and
the latter was adjustable for any desired number of
lines. Figs. 4 and 5 show that alternate lines could
be scanned in opposite directions since the defining
apertures were symmetrical.

The definition was determined by the apertures in
the optical system. The optical system consisted of a
light source with a condenser lens above the positive
plate to be scanned and two lenses of i-inch focal
length assembled in a housing and located between the
positive and the sensitive plate. Two apertures were
used in the optical system with one aperture placed
just above the lower 1 -inch lens and one just below
the upper lens. The image of the positive was focused
on the lower aperture which might be termed the fre-
quency -response aperture. The upper aperture repre-
sented the receiver or transmitter spot size and was
focused on the photographic plate (Fig. 6).

LIGHT SOURCE

CONDENSER

POSITIVE TRANSPARENCY

LENS
APERTURE

APERTURE 2
LENS

NEGATIVE TRANSPARENCY

Fig. 6-Optical system.

The number of lines was determined by the size of
the spot in the vertical direction and by the amount
by which it was advanced vertically at the end of each
line. The optical system was arranged to give a 2:1
reduction of the image of the upper aperture and a
corresponding enlargement of the image focused on
the lower aperture. This made it possible to make the
very small apertures twice the size they otherwise
would have been.

Some of the fundamental requirements of apertures
designed to reproduce the effect of a given frequency
response have already been described. The ideal aper-
ture of the e g2 type would be rectangular and of a
height equal to one scanning line with a light trans-
mission across its width corresponding tda probability
curve (Figs. 7 and 8). (Note: Fig. 8 shows aperture
dimensions for the particular optical system described
above.)

Attempts were made to produce apertures by photo-
graphing large-scale models. However, it was im-
mediately apparent that the dispersion of even the
finest grained emulsion could not be tolerated because
of the great loss in light. An alternative approximation
was to shape the leading and trailing edges of the
aperture so that the desired characteristic could be
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obtained. The characteristic could be quite well ap-
proximated by assuming it to be a straight line. It was
essential that the density in the vertical direction
across a scanning line be constant in order to minimize
the line structure. The aperture shape that im-
mediately suggested itself was a parallelogram. A

comparison between the theoretical aperture 6-x2 and
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Fig. 7-Aperture shapes for duplicating receiver response based
response shaped like probability curve cx2.
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while considerably better than in most present-day
tubes, was not ideal. The current in the transmitting
scanning beam is ordinarily very low and it can be
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Fig. 9-Calculated aperture response for a suddenly encountered
white picture area.

expected that the ideal shape might be approached.

on
It was assumed that the receiving -spot intensity could
be made uniform in the vertical direction and approxi-

the parallelogram apertures which were used shows
that there is little difference in their behavior (Fig. 9).

The parallelogram would give the desired effect
when scanning across vertical lines, but on encounter-
ing a line tilted at the same angle as the edges of the
aperture, it would produce too much detail. This effect
could be minimized by dividing up the aperture into
several parallelograms. An infinite number of paral-
lelograms would be ideal, but practically it was found
that three would give adequate results (Fig. 10).

D42 14 D42

005
DIG 016

441 LINES 2.5 MC- 30 FRAMES

441 LINES 425 MC- 30 FRAMES

665 LINES 10 MC- 30 FRAMES

625 LINES 4.25 MC- 15 FRAMES

Fig. 8-Aperture sizes for duplicating receiver response based on
probability function c.".

Simulated television photographs were made of
several typical subjects and two conditions were
studied with the aid of the scanner. The first condition
is the very ideal situation where the receiver and the
transmitter spots are rectangular slits exactly one line
high and where the frequency response is duplicated
by one probability aperture (Fig. 11).

For the second condition, which might be considered
to be more realizable today, it was assumed that only
the transmitting aperture was of the ideal narrow
rectangular shape and that the receiving aperture,

I.
TRANSMISSION

IDEAL APERTURE TYPE -A

ENSION ALONG DIRECTION OF SCANNING

TYPE B

TYPE- C

TYPE- D

Fig. 10-Types of apertures for duplicating receiver response.

mately one line width high, but the horizontal
distribution was the same as in the frequency -
response aperture (Fig. 12).

DIRECTION
OF SCANNING

Fig. 11-Arrangement of aper-
tures to simulate effect of
frequency response (receiver
and transmitter spots nar-
row rectangles).

DIRECTION
OF SCANNING

Fig. 12-Arrangement of aper-
tures to simulate effect of
frequency response and re-
ceiver spot size.

Reproductions of pictures produced by the artificial
method are shown in Figs. 13 to 16. A 441 -line scan-
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Fig. 13-Original photograph from which Fig. 14 was produced.

ning standard was used with a cutoff frequency of
4.25 megacycles, assuming 30 frames per second. Fig.
14 was produced with the apertures arranged as in
Fig. 11 and assumed that the receiver and the trans-
mitter spots were narrow slits, exactly one line high.
The pictures shown in Figs. 15 and 16 were produced
using the aperture arrangement of Fig. 12 and simu-

"" 
iv

Fairchild Aerial Surveys

lated a television system where the horizontal distribu-tion of the receiving spot followed the e -X2 shape. Thedistribution across the spot in the vertical direction
was uniform. Some of the pictures show spurious pat-terns of the type predicted by Mertz and Gray, butit should be realized that this effect is not uncommonsince it is produced by all half-tone processes. Defects
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Fig. 14-Scanned reproduction of Fig. 13 (441 lines, 30 frames, 4.25 megacycles, slit aperture).

of this type will be less noticeable when objects are in

motion.
CONCLUSIONS

The synthetic pictures seem to indicate that tele-
vision pictures as received today have to be improved
a great deal before the capabilities of present 441-line
standards are fully utilized.

ACKNOWLEDGMENT

The authors would like to express their appreciation
of the large amount of work contributed to this
project by Messrs. Doncaster, Hollywood, Piore and
the other members of the Columbia Broadcasting
System Television Department.



bq



Portable Equipment for Observing Transient
Response of Television Apparatus*

HEINZ E. KALLMANNf, ASSOCIATE, I.R.E.

Summary-An apparatus which supplies a perfect transient,
either directly or as the modulation of an ultra -high -frequency carrier,
to a television amplifier or receiver and records its transient response
on the screen of a synchronized oscilloscope is described. Performance
requirements are discussed and some design details described, among
these a carbon -disk attenuator suitable for ultra -high frequencies, also
a single -lever position control and a scale projection for the oscilloscope.

THE criterion for the performance of a television
amplifier is its transient response, i.e., its ability
to reproduce a sudden change of signal voltage

as a steep and straight transition with little overswing
and subsequent oscillations. The transient response of
an amplifier is known to be the steeper the wider the
frequency range passed by it without attenuation and
phase distortion; yet it is difficult to calculate its
steepness and shape from a given amplitude and phase
response. Oscilloscopic observation of the transient
response offers a direct and much easier performance
test of television amplifiers; thus in their design and
production a single apparatus for the observation of
the transient response must be expected to become
the most important piece of equipment. Such an ap-
paratus must apply a perfect recurrent transient to
the input of the amplifier under test and record the
deteriorated shape of the transient at its output.
Similar instruments are known in electrical engineer-
ing as recurrent impulse oscillographsi and square -
wave testing2 is no longer unusual in communication
technique. Neither is the apparatus here deScribed3
the first of its kind. It merely offers improved per-
formance and considerable reduction in size by design-
ing each part for highest efficiency rather than versa-
tility and its use is simplified by reducing the number
of controls to a minimum. The gear consists, as shown

in Fig. 1, of four main parts: (1) the cathode-ray
oscilloscope with sweep circuit, (2) the square -wave
generator, synchronized via a timing -pulse delay filter,
(3) the ultra -high -frequency carrier oscillator, modu-
lator, and attenuator, and (4) the output amplifier.
The perfect transients are fed from the square -wave
generator either directly to the television amplifier
under test or, as the modulation of an ultra -high -fre-
quency carrier, to a television receiver. The output of
either is amplified in the output amplifier and fed to
the vertical deflection plates of the oscilloscope.

* Decimal classification: 8583. Original manuscript received by
the Institute, April 25, 1940; revised manuscript received, July 18,
1940.

f New York, N. Y.
1 I-1. M. Turner, "The transient visualizer," Trans. A.I.E.E.,

vol. 43, pp. 805-813; June, 1924.
2 L. B. Arguimbau, "Audio -frequency testing with square

waves," Electronics, vol. 12, pp. 23-24, December, 1939. (Abstract.)
3 This apparatus was built and used in the Designs Laboratories

of the Electric and Musical Industries Ltd., Hayes, Middlesex,
England.

GENERAL DESIGN CONSIDERATIONS

Choice of Sweep Frequency, Picture Size, and Brightness

The design of the whole gear is dominated by the
choice of the sweep frequency, that is, the frequency
with which the test of applying and recording the
transients is repeated. Since the brightness of the
superimposed traces on the oscilloscope screen is, for a
given writing speed, directly proportional to the sweep

U.H.F.

OSCILLATOR

MODULATOR

RECEIVER

UNDER TEST I

ATTENUATOR-T,
L- /

SQUARE WAVE AMPLIFIER

GENERATOR UNDER TEST

TIMING PULSE

DELAY FILTER

-J

OUTPUT

AMPLIFIER

SWEEP

OSCILLATOR

POWER
SUPPLY \ry

1

Fig. 1-Parts of the test equipment and their connections.

frequency, it appears desirable to make this frequency
very high. On the other hand, the shape of the transient
response will be falsified unless, the sweep frequency
f, is low compared with the band width of the amplifier
under test. A recurrent unit -step transient, i.e., a

Fig. 2-Exploring harmonics of a square wave of the frequency L.

square wave of the frequency L, is equivalent to the
sum of the basic frequency L and all its odd harmonics,
which are thus spaced 2f, apart. All these harmonics
may be imagined to explore simultaneously the ampli-
tude and phase response characteristic of the amplifier
under test. Evidently the result cannot be more ac-
curate than an amplitude response characteristic would
be when plotted from single readings spaced 2L apart
and thus neglecting possible sudden changes between
them, as shown in Fig. 2. Thus the value 2L is the
measure of the electrical resolving power and should

A ugust, 1940 Proceedings of the I.1?.E. 351
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be kept small compared with the frequency range
over which the amplitude or phase cutoff of the ampli-
fier under test extends. In terms of transients this
means that a transient should have completely settled
at its final value before a new one is applied; the time
necessary for this depends on the band width, which
determines the transition time, and on the relative
-sharpness of cutoff, which determines the duration of
"ringing,- i.e., the decaying oscillation following the
transition.

TIMING
PULSE

.1-320 V

10 RR

Monti

10PAH

10 KR

 100,.." F

H2

Fig. 3-Saw-tooth generator for push-pull deflection.

Other considerations pertaining to the choice of the
sweep frequency are that preferably it should be a
multiple of the line frequency (i.e., 13,260 kilocycles
in current American practice and 10,125 kilocycles in
the British standard) to permit visual examination of
the transient response of television sets on the edges
of vertical bars. The number of these bars should be
at least two and, perhaps, not more than six to assure
good synchronization of the set under test with these
bars in spite of their representing timing pulses of un-
usual shape. For the gear here described a sweep fre-
quency of 26 to 30 kilocycles was chosen, yielding two
vertical bars for American usage (2 X13,260 =26,520)
and three bars for the British standard (3 X10,125
=30,375). This corresponds to spacing the exploring
harmonics of fs 52 to 60 kilocycles apart and requires
that a recorded transient shall have settled in less than
half of the repetition period of 33 to 38 microseconds.
The criterion as to whether this requirement is satisfied
is that considerable variation of the repetition fre-
quency fs should not result in any change of shape or
slope of the recorded transient.

For a given repetition frequency, the size of the
whole gear depends mainly on the size and brightness
of the recorded curve, suggesting rigorous economy in
this respect if the gear is to remain portable. On the
assumption that the number of simultaneous observers
seldom exceeds two, their minimum comfortable view-
ing distance of 10 inches was incorporated within the
gear to exclude external light from their field of view.
At this distance a curve trace of 0.5 -millimeter thick-
ness can be tolerated, obtainable with adequate bright-

ness with a cathode -ray -tube plate voltage of about
1000 volts. As an alternative it was considered to make
the picture smaller and sharper by using a higher plate
voltage and to make use of optical magnification ; but
no detail could be gained since the thickness of the
trace was found to be inversely proportional to the
plate voltage.

Under the viewing conditions provided, a 3 -inch
cathode -ray -tube screen with a maximum curve height
of 2 inches was deemed adequate, requiring for a tube
a deflection sensitivity of 0.55 millimeter per volt and
a maximum output signal of 92 volts.

The recording speed should be high enough to re-
solve details of, perhaps, 0.02 microsecond; yet 1

microsecond, the transition time of the worst likely
television transient response, must not exceed the
width of the cathode -ray -tube screen. Thus a sweep
deflection speed of 50 millimeters per microsecond
seemed the highest worth attempting.

THE SWEEP GENERATOR

The sweep generator serves to provide this rapid
horizontal deflection at a repetition rate of 26 to 30
kilocycles per second. Its circuit, Fig. 3, comprising
a single small triode of high mutual conductance, is a
modification of a well-known saw -tooth oscillator.' Its
plate load is split into two equal parts of 10,000 ohms
and 10 millihenrys each, the one between reaction coil
and plate supply, the other between grid return and
ground. Both together are shunted by a capacitance
consisting of the distributed -wiring and electrode
capacitances and of a small condenser making up a
total of 100 micromicrofarads. The tube "floats" be-
tween the two points of equal and opposite deflection
potential, feeding short pulses to them every 38 micro-
seconds.

320V

E

38frite

Fig. 4-Improvement of the saw -tooth shape throughinsertion of series inductances.

Without the inserted inductances the deflectionpotential would decay exponentially, dropping to1/e =0.37 after a time T=Rtotai Ctotal = 2 microsec-
onds. The exponential decay would result in a very
nonlinear time scale and furthermore would be fastenough only at the very beginning of the stroke. Bycompleting the circuit as a resonant circuit a straightertransient response can be produced which will start

4 British Patent No. 471737; for a description see Heinz E.Kallmann, "Stroboscopic light source," PROC. I.R.E., vol. 27, p.691; November, 1939.
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with, and maintain, the same high initial writing
speed. A value of Q=1/R-VL/C=0.71 was selected,
offering a fairly straight transient response with only
a small overswing of 6 per cent past the final level and

no further oscillations, Fig. 4. The time scale of the
sweep is nearly linear up to about T = CR= 2 micro-
seconds, as compared with the exponential decay
shown as a broken line in Fig. 4.

The plate load resistance of 20,000 ohms is so large
compared with the residual plate impedance of the
triode during its working stroke that the load capaci-
tance is rapidly discharged to a very low voltage. Thus
from a plate supply of 320 volts, nearly 260 volts are
available as deflecting voltage, Fig. 4.

Most of the light available from the oscilloscope is
unavoidably wasted during the long waiting period un-
til the next transient is recorded; only the small frac-
tion during the initial straight part of each return
stroke is utilized, occupying about 5 per cent of the
whole sweep period. The total deflection of the beam,
according to the saw -tooth voltage of 260 volts, is
about 140 millimeters or nearly 6 inches and exceeds
by far the diameter of a 3 -inch cathode -ray -tube
screen on which only a part of the curve is visible at a
time.

POSITION CONTROL

An efficient position control thus becomes impera-
tive for accurate alignment of the important parts of

the curve with a fixed scale or to inspect the remainder
of the curve. The deflection plates of the cathode-ray

Hi

ff

V.

Vy

r
A.

ro us -900V

Fig. 5-Position-control circuit.

tube are insulated for direct current from
oscillator and the position of the image is
by their direct -current potentials, Fig. 5.

the sweep
con trolled
The hori-

zontal -position control, yielding a very large displace-
ment of the image, is provided by a group of three
resistors connected in series between the plate -supply
potential of +320 volts and ground. The outer re-
sistors are fixed, the middle variable from zero to a
comparatively very high value. The horizontal -deflec-

tion plates IIi and /12 are returned to its ends and may
assume any potential difference between 0 and 90 per
cent of the plate -supply potential of 320 volts, yet in-
variably maintaining their average potential at 160
volts, i.e., half the plate -supply potential. Thus the
longitudinal field between them and the electron gun
is unaffected by the position control and sharp focus
is maintained for all visible parts of the image.

The vertical position is controlled by the direct -cur-
rent potentials of the vertical -deflection plates Vi and
V2. Since the total picture height never exceeds 50

(a) (b)

Fig. 6-Single-lever control for horizontal and vertical position.

millimeters, a vertical shift of at most 30 millimeters is
provided which does not require any push-pull ar-
rangements. The direct -current potential of one plate,
V2, is fixed at 160 volts, that of the other, V1, varied
by a potentiometer from 130 to 190 volts, Fig. 5.

When using the position control to shift the image
about in the plane of the screen, the usual separate ad-
justment of the abscissa and the ordinate by turning
potentiometer knobs is an irritating artificiality, due
merely to the mechanism of the electrical deflection.
It is avoided by the use of a single control lever-"joy
stick"-which is swiveled in a ball joint to swing in
any direction. By this the image is moved regardless
of co-ordinates as if the lever were mechanically con-
nected to it; and this operation is thus reduced to a
subconscious action of the observer.

Actually the swivel lever controls the sliders of the
horizontal -control resistor and of the vertical -control
potentiometer by means of a simple mechanical cou-
pling, as shown in Fig. 6. The resistor and potentiome-
ter are standard components having 320 -degree turning
angles of which however only 60 degrees are utilized.
Thus the former, for a variation of about 1.5 megohms,
requires a total value of 4 megohms ("logarithmic"
law assumed), the latter for a variation from 130 to
190 volts, a total voltage of 320 volts. The two are
arranged in planes perpendicular to each other and to
that of the front plate. Their spindles point towards
the ball joint and each carries an extension lever, a stiff
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wire bent in a semicircle around the ball joint. Both
these levers are gripped simultaneously by the two -
pronged fork at the end of the swivel lever and thus
each is moved in proportion to the swivel movement
in either co-ordinate. One prong is built as a spring
and takes up any possible backlash.

TIMING -PULSE DELAY FILTER AND
SQUARE -WAVE GENERATOR

The required recurrent "perfect" transients, i.e.,
square waves, are generated in a multivibrator circuit,
followed by a limiting cathode-follower stage. The

Fig. 7-Timing-pulse delay filter.

multivibrator is kept in synchronism by short steep
pulses derived from a third winding on the reaction
transformer of the sweep oscillator.

In deciding which of the two oscillating systems is
to be used to trigger the other, it must be kept in mind
that the initial part of the transient-response curve is
the most important one. The output of the amplifier
under test must thus arrive at least about 0.5 micro-
second later at the oscilloscope than the beginning of
the sweep. Theie is little time delay in, e.g., a single -
stage amplifier; and to avoid the alternative of insert-
ing an additional perfect delay filter in the path of the
perfect transient, the sweep oscillator is made to initi-
ate the whole process. Even so, the little delays con-
tributed by the multivibrator and the output amplifier
are hardly sufficient to delay the transient -response
curve of a single stage well past the starting of the
sweep. A short -delay filter in the path of the timing
pulse is thus helpful, although it actually is recom-
mended for quite another reason.

The merits of a transient response are expressed by
a time, e.g., that required for the rise from 0.10 to 0.90
of the final level. An exact time scale is therefore of
prime importance. The horizontal sweep deflection of
the transient image does not offer enough precision for
an absolute calibration, since the speed of deflection
depends not only on the constants of the sweep circuit
but also on the emission of the triode and its plate -

supply voltage; neither is it quite constant over the
observed range. For the purpose of occasional absolute
calibration it has proved useful to insert a calibrated
time delay in the path of the timing pulse. A suitable
quantity for this is 0.1 microsecond which corresponds
to about 4.5 millimeters horizontal displacement. For
an impedance Z=1000 ohms and a nominal cutoff fre-
quency of 6.4 megacycles, two low-pass filter sections
suffice, which, as shown in Fig. 7, can be short-cir-
cuited by a switch.

It is to be suspected that changes in the shape of the
crest of the timing pulse would affect the triggering
of the multivibrator. To avoid resulting errors in the
time calibration the calibrated delay -filter sections are
inserted between similar sections, so that the shape of
the timing pulse is very nearly the same with and
without the calibrated sections. The short-circuiting
switch requires special attention as regards low ca-
pacitances and very good contacts.

The 2- to 4 -section delay filter contributes enough
delay to shift any transient response past the initial
nonlinearity of the sweep. Yet it is not so large as to
move the transient response of a very long cascade be-
yond the useful range of about 2 microseconds, since
the time delay of usual television sets is of the order of,
and seldom exceeds, one microsecond.

The delay filter is properly terminated on the far
end and coupled to the multivibrator through a very
small capacitance. The voltages, biases, and grid and
plate resistors of the multivibrator, Fig. 8, are most
conveniently found experimentally by observing the
cleanness and steepness of the obtained transitions. It
is recommended to hold all screen -grid potentials near
the desired level by means of bleeder resistors. An
additional small shunt capacitance on the triggered
grid somewhat delays the triggering without, other-
wise, doing any evident harm.

Of the two strokes of the multivibrator only that im-
mediately after triggering needs to be "perfect" ; only
this is ever observed, excepting only the visual inspec-
tion of vertical bars on the screen of a television set.

The output of the multivibrator is trimmed to a
square wave shape by grid -current limiting and by
subsequent limiting in a cathode -follower ("cathode-loaded") output stage, which is driven past the cutoffof its anode current.
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Fig. 8-Square-wave-generator circuit.

Four switch positions are provided for the outputof the cathode -follower stage. In positions 1 and 2 thesquare wave itself is fed to an output terminal, for thetesting of passive filter networks and amplifiers; inpositions 3 and 4 the square wave is used to modulatean ultra -high -frequency carrier, used for the test oftelevision receivers. In the "normal" positions 1 and 3the signal is taken from the cathode load, as from asource' of the very low impedance 1/gm. They offer,
5 For a discussion of the low output impedance and the apparentreduction in input capacitance of a cathode -loaded stage see, amongothers, the appendixes of a paper by Allen A. Barco, "An iconoscopepre -amplifier," RCA Rev., vol. 4, pp. 89-107; July, 1939.
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in position 1, a sudden rise of voltage, adjustable from
0.1 to 2 volts by a variable resistor and, in position 3
a sudden rise in amplitude of an ultra -high -frequency
carrier. Switch positions 2 and 4 provide a useful check
by reversing the sign of the signal and observing a sud-
den drop of voltage or carrier amplitude; the signals
are taken off the anode of the cathode -follower tube,
sacrificing the invariably low output impedance. A
dummy load, changing place with and simulating the
load resistances, maintains the working conditions of
the tube unchanged.

ULTRA -HIGH -FREQUENCY OSCILLATOR, MODULATOR,

AND ATTENUATOR

The ultra -high -frequency part of the gear is utilized
only in switch positions 3 and 4. In these cases the
ultra -high -frequency carrier is modulated by the
square -wave generator and may be used for the
testing of complete television receivers. The ultra-
high -frequency part of the gear resembles a standard -
signal generator except that instead of modulating at
the grid of the oscillator a separate modulator stage is
required, because modulation of the oscillator itself
would require an oscillator circuit damped to a Q5
at a carrier frequency near 40 megacycles, to enable
it to follow the high modulation frequencies. On the
other hand, a linear modulation characteristic is of lit-
tle importance for the quick transitions between the
two amplitude levels of a square wave.

An acorn triode 955 serves as an oscillator with in-
ductive reaction in the cathode circuit, Fig. 9, and
with its anode tied to ground potential by a large ca-
pacitance. Since the transient response of a receiver is
not likely to vary much with different ultra -high -fre-
quency channels, a single tuning range seems sufficient,
extending, e.g., from 38 to 50 megacycles. This range
is covered with a variable air -dielectric condenser of

silvered invar and a self-supporting coil of thoroughly
annealed copper. The grid of the modulator tube, an
acorn pentode 954, is coupled to the oscillator circuit
via a small capacitance of 5 micromicrofarads. The
direct -current and modulation path to that grid is
blocked for the carrier frequencies by two chokes in
series, the first one of smaller inductance and of low
loss, so that the oscillator circuit is not noticeably
damped nor detuned by its presence. 'Then follows
another choke of higher inductance, but clamped by a
parallel resistance to prevent any resonance at modula-
tion frequencies. Thus neither choke will, together
with the grid capacitance and the grid condenser of
the modulator tube, form a series -resonant circuit of
sufficiently high Q to cause "ringing," i.e., distortion
of the square -wave modulation. There is no cathode
bias resistor since the direct -current drop in the large
grid resistor provides a self-adjusting bias voltage.

The amplitude of the modulation is set to change
the carrier amplitude by about: 6 decibels, i.e., between
the 50 per cent level and the pealc level. The standing

carrier of 50 per cent serves to lift the signal above the
initial curvature of any detector, which region is often
unsuited for the observation of the transient response
because (1) the circuit preceding the rectifier may be
deprived of any damping provided by the rectifier
load, and (2) overshooting cannot correctly be ob-
served after a drop to zero current in a rectifier.

The grid and plate circuits of the modulator are
arranged in separate insulated screen boxes. The out-
put is taken from the anode via a closely coupled step -

Fig. 9-Ultra-high-frequency oscillator, modulator,
and attenuator.

down transformer, the primary stray inductance of
which resonates with the tube capacitance in the mid-
dle of the tuning range. This resonance peak is ex-
tremely flat due to damping by a shunt resistance,
made variable to adjust the output to the calibration
of the output meter. The secondary of the transformer
delivers the output, which is substantially constant
over the range from 38 to 50 megacycles, to two loads
in parallel. The one, of about 130 ohms, is a 5 -milli-
ampere thermocouple acting as a voltmeter. It is of
the insulated -heater type and is connected via two
concentric chokes to a direct -current microammeter,
serving as the output meter. Connected in parallel to
the thermocouple is a short concentric feeder cable
leading to, and terminated by, the 90. -ohm input im-
pedance of the attenuator.

In order to allow absolute calibration in microvolts,
and to avoid distortion of the transient modulation,
the. attenuator of an ultra -high -frequency signal gen-
erator should present to the receiver the same im-
pedance characteristic as the combination of antenna
and feeder for which the receiver is designed, e.g.,
purely resistive 90 ohms for many of the usual con-
centric feeder cables. As a steadily variable attenuator
with constant and purely resistive output impedance
the scheme of Fig. 10 has proved useful. A two-dinien-
sional continuum of resistance material, such as a strip
of graphite -coated paper, is connected to .ground by a
metallic conductor along the whole length of one of its
edges. Signal energy is fed to the point PI from a
matched generator G. The arrangement may be .lik-
ened to a piece of cable with negligible inductance and
capacitance but having large leakage and series re-
sistance. The rapid a t ten ua Lion of such a cable is
proportional to its length. If an output circuit is con-
nected to a contact P3 sliding along the resistance
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strip, then the signal in it will be attenuated propor-
tionally to the distance between the points P3 and PI.
Excluding the cases where P3 approaches either end
of the strip, the input impedance will evidently be
unaffected by the position of P3 and the output im-
pedance between Pa and ground will also be constant
as long as the distance between P3 and the grounded
,edge is kept constant. The far end of the attenuator
either may be terminated by a resistance between the
point P2 and ground or a short, unused tail portion

Fig. 10-Straight resistance strip as attenuator.

will, due to its high attenuation, adequately simulate
an infinitely long one. The inductance of the attenu-
ator system can be neglected for all practical cases.
The distributed capacitance may not be quite negligi-
ble; but it will not cause noticeable errors since the
potential distribution in the medium, assuming a high
dielectric constant, is of just the same shape as that
produced by the passage of a direct current through
the leakage and series resistance. In either case a
sounding electrode moving along a line parallel to the
grounded edge will derive a fraction of the input volt-
age decreasing according to exponential law.

Little additional deviation from the exponential law
is encountered if, for practical purposes, the resistance
strip is bent in almost a complete circle, as shown in
Fig. 11. The inner edge is grounded by a circular metal
disk. A slot in the resistance material near the input
terminal allows the input matching impedance to be

OUT

Fig. 11-Circular resistance strip as attenuator.

increased, its approximate value having been estab-
lished by the choice of the conductivity of the ma-
terial. The attenuation per unit angle depends only
on the ratio of the radii of the outer and the inner
edge of the resistance strip. The output impedance
then depends on the distance of the moving contact
from the grounded edge and on the contact area.

A cross section of a suitable design is sketched in
Fig. 12, showing the close resemblance of such an
attenuator to a volume -control potentiometer. There
are only two essential differences: (1) the inner edge

of the resistance strip is grounded and (2) in order to
prevent capacitive stray coupling at high frequencies,
the contact arm is separated from the resistor, except
for a hole at the point of contact, by a grounded screen
rotating together with it.

One advantage of such an attenuator is that it can
very reliably be calibrated with direct current. Little
deviation is observed from the exponential law, unless
the resistance material is inhomogenous, for attenua-
tions from about 10 to about 50 to 60 decibels. At
greater values the attenuation usually tails out and sel-
dom reaches 80 decibels because of the residual
coupling between the input and output circuit in the
common impedance between the grounded edge and
chassis. This impedance may be of the order of 0.01
ohm and thus ceases to be negligible beyond 60 decibels

Fig. 12-Cross section through ultra -high -frequency attenuator.

attenuation in an attenuator of 90 -ohms matching
impedance. This difficulty would not occur in a sym-
metrical design in which the input terminals are at one
end of a resistance strip and both output terminals
move parallel to its length.

The calibration of an attenuator embodying a
graphite -coated insulator varies slightly with humid-
ity. For applications requiring greater accuracy than
a transient -test gear, a modification has also proved
useful embodying a thin disk of resistive material
similar to that used in "carbon" resistors. Since a con-tact gliding on such material is very noisy, insertion

Fig. 13-Output amplifier circuit.

of metal contact studs in metal -sputtered holes issuggested, perhaps in steps of 10 decibels each. Fineadjustment is then attained by varying the shunt re-sistor in the modulator plate circuit, reading intermedi-ate decibel values on the thermocouple voltmeter.
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THE OUTPUT AMPLIFIER

The output of the tested network or amplifier or re-
ceiver is fed via the output amplifier to the vertical -
deflection plates of the cathode-ray tube. Both to-
gether have a maximum sensitivity of 10.5 millimeters
per volt, giving a satisfactory image from a signal of 2

volts. But the amplifier is designed to handle without
distortion signals up to 40 volts, as may occur at the
grid of the cathode-ray tube of television projection re-
ceivers. The output amplifier, Fig. 13, contains three
power pentodes of the high mutual conductance of

10.5 milliamperes per volt, each operated at about 30
milliamperes plate current. Only the second tube
serves as an amplifier. The first and last tubes are
cathode -loaded, to present a low input capacitance to
the preceding and a low output impedance to the fol-
lowing stage.'

HT HT

(a) (b)

Fig. 14-(a) Cathode -coupled oscillator circuit;
(b) cathode follower as oscillator circuit.

The use of this circuit as an input stage of a test
gear is far from safe, since it is apt to oscillate at the
resonant frequency of the grid circuit. The mecha-
nism of this oscillation is evident from the similarity of
Fig. 14 (b) to Fig. 14 (a). But the risk was taken for
the sake of presenting to the amplifier under test the
lowest possible extra load capacitance and especially
to reduce the often considerable lead capacitance as
much as possible by cathode -connected screening. The
step proved so successful that no change in amplifier
response could be detected wherever the test gear was
connected and the danger of oscillations was minimized
by the insertion of a small series resistor at the grid ;
occasional extra -long leads required some additional
external series resistor to keep the ratio L/R below
the threshold of oscillations.
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Fig. 15-Amplitude response of the output amplifier.

The output of the first tube is fed to the amplifier
stage proper which provides a gain of 26 decibels. Its
anode in turn delivers the signal to the grid of another
cathode -loaded stage whence it is fed to the 171 deflec-
tion plate of the oscilloscope tube. Fig. 15 shows that

the over-all amplitude response is flat to about 5 mega-
cycles; phase distortion was balanced to a minimum,
as is confirmed by the symmetry of the transient re-
sponse.

The gain of the amplifier is controlled by degenera-
tion; a resistor which is variable to a maximum of
500 ohms is inserted in the cathode lead of the ampli-
fier stage, reducing the gain to 10 decibels. The picture
height for very large input signals and low gain may
be allowed to be somewhat larger than for low input
and full gain. Push-pull deflection is provided for such
cases by feeding the signal voltage on the degenerating
resistance to the V2 deflection plate. This push-pull
arrangement assures a sharp focus for the largest de-
flections and gives a larger undistorted picture without
calling upon the amplifier to handle a larger control
voltage.

Even with such economies in its handling capability
the output amplifier consumes much more power than
the whole rest of the gear and thus largely accounts for

w

Fig. 16-Space-saving arrangement of scale projection.

the size and weight of the power supply. Any increase
in the size of the image or of its absolute brightness by
increasing the cathode -ray -tube plate voltage requires
larger deflection voltages and reflects immediately in a
rapid increase in the size of the output amplifier and
the necessary power supply.

OPTICAL ARRANGEMENTS, SCALE PROJECTION,
AND SELECTIVE COLOR FILTERS

Attention to the optical arrangements of an oscillo-
scope will make even faint images appear surprisingly
brilliant. Thus the image is shown in a well -darkened
field of view, at the far end of a 10 -inch tunnel, which
is actually the box of the gear itself. To avoid a very
deep box, the cathode-ray tube is arranged with its
axis parallel to the front, occupying the back of the box
over nearly its whole length. The image is viewed with
negligible loss via a surface -aluminized mirror, Fig. 16.
The viewing window is closed against dust with a glass
plate which is tilted so as never to reflect the image of
an external object into any possible direction of .013-
servation. In fact it "shows" the reflection from the
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matte black inside of the tunnel walls. Even these,
though, are not dark enough, if, as the side walls and
the bottom, they are exposed to external light sources.
Only the inside of the tunnel roof is dark enough; con-
sequently, the top of the glass window is, against first:
expectations, tilted inwards.

Fig. 17-Scale projection for cathode-ray tubes.

The image appears on a practically black back-
ground and the problem of a proper scale arises for
the quantitative assessment of the transient response.
This scale should have no parallax relative to the
fluorescent image and must be luminous itself to be
seen on the dark screen. A complete little optical pro-
jector is incorporated in the gear; it throws the image
of a scale on the front of the cathode-ray tube, using
the matte white screen substance itself as a projection
screen. The scale projector must be so placed as not
to obstruct. the line of view of the observers. As back
projection through the cone. of the tube is not possible
with standard tubes, a very oblique projection from
the front was adopted, based on the scheme of Fig.
17. The projector approaches the axis of the tube as
closely as the window W-W allows. A photographic
negative image serves as the transparency T, taken
with a miniature camera from a scale drawn with black
lines and figures on a white background. Unless a
specially distorted scale is prepared, the transparency
T, the screen S, and the projection lens P will have
to be arranged in parallel planes, requiring some rays
to pass through the lens under a very oblique angle.
The lens must be corrected for this, but slight tilting
of the lens towards the center of the screen may be
tolerated, as long as the transparency remains within
the zone of sharp focus. The transparency is dyed, or
backed by a color filter, contrasting with the color of
the fluorescent image. For a green image, a light orange
filter seems best suited, e.g., Kodak Wratten filter No.
22.

The transparency is illuminated by a bicycle -type
lamp in a small lamp house. A double condenser C

focuses the light into t:he aperture of the projection
lens, whereby the cross section of its cone of light must
cover the area of the transparency. It is not necessary
that t:he condenser be parallel to t:he projection lens;
this would require a very large condenser of which only
a small area would be utilized. Fig. 17 illustrates how
a suitably oblique arrangement concentrates all light
through the transparency into the lens without in any
way affecting the optics of the projection proper. An
enlarger lens of 2 -inch focal length was used, an aper-
ture f/4.5 being amply sufficient. The transparency of
22 X22 millimeters is enlarged 4.5 times to 4X4 inches,
showing a scale of 16 lines per inch at a brightness
well below that of the fluorescent image.

The actual layout is shown in Fig. 16, differing from
that of Fig. 17 only by the insertion of two mirrors
M1 and 1112. The optical path is folded into narrow
space but otherwise unaffected. The lamp house with
condenser, the transparency with color filter, the pro-
jection lens and the first mirror are each mounted in
the center of movable U-shaped brackets whose side
walls are held by screws and nuts through crossed slots
between the parallel walls of a U-shaped subassembly
chassis.

The optical arrangements described allow comfort-
able observation of the image from a fair distance and
under any likely room illumination. Yet the absolute
brightness of the trace is less than in the "black" parts
of an average television picture. This is confirmed by
photographic comparison; the apparently brilliant im-
age required an exposure of at least 10 seconds at f/4.5
on the fastest available film.

Fig. 18-Color characteristics of a willemite screen (1)
and of a selective green filter (2).

In some cases, especially for observation of the im-
age from widely varying angles, the more usual ar-
rangement must be adhered to, where the cathode-
ray -tube screen is mounted flush with the front of the
apparatus. Under such conditions, use of selective
color filters will yield considerable increase in apparent
image brightness. It presupposes that the light of the
fluorescence is concentrated in a relatively narrow
spectral band, e.g., the green for willemite screens, Fig.
18, curve 1. Yet the light from the screen consists not
only of this but also of the white external light re-
flected by the matte white screen material. If now a
color filter is arranged in front of the screen, with a
characteristic as Fig. 18, curve 2, so chosen that
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nearly all the green light is passed, nearly all the other
wavelengths are absorbed, then the green image re-
mains almost unattenuated and all the other colors
appear blacked out, since the external light has to pass
through the color filter twice, once incident and once
reflected. Thus the fluorescent image will now appear
on a very dark greenish background, provided by the
green light waves contained in the external light. But
the advantage is even greater than simply due to the
optical analogue of the selectively tuned radio link,
because the eye sees as green also many combinations
of colors other than green which the filter suppresses.
Therefore even the apparent content of green in the
background light is reduced by the filter. Kodak Wrat-
ten filter No. 58 has proved suitable in conjunction
with green willemite screens.

PERFORMANCE

The gear is housed, with ample space, in a box 23 X10

X15 inches, the dimensions dictated by the length of
the cathode-ray tube. It contains a total of 9 amplifier
tubes, besides the oscilloscope and 2 rectifiers. All con-
trols are brought to the front though most of them are
seldom used. The focus control (1) of the cathode-ray
tube is a preset control, and so is the shunt in the
ultra -high -frequency modulator plate circuit (2). The
control of the sweep frequency (3) is variable only over
a narrow range; its only purpose is to make a television -
receiver synchronizing unit hold onto the square waves
without altering its controls when visual inspection of
the edges of vertical bars is desired. The other controls
are the ultra -high -frequency tuning (4) and attenuator
(5), the square -wave -generator output control (6), the
4 -position switch (7), and the output-amplifier gain
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Fig. 19-Transient response of the test equipment itself;
3 divisions =0.1 microsecond.

control (8). The switch for insertion of the calibrated
timing -pulse delay filter (9) is only used to check the
calibration. Thus the position control (10) to align the
image with a suitable scale division is actually more
often used than all others together.

Two immediate tests are available to check the
proper working of the apparatus. By connecting the
output of the square -wave generator with the input of
the output amplifier the "perfect" transient can be
observed. It is shown in Fig. 19, rising from 0.10 to
0.90 of its final value in 0.10 microsecond without over-
shooting.

This minimum transition time is that of the gear
itself; its value is to be taken into consideration if

amplifiers of unusually good performance are tested.
Yet transition times are not simply additive. The
value of the over-all transition time of several ampli-
fiers in cascade is governed by the shape of the indi-
vidual transient responses; it increases to about 1.4 if
two amplifiers with equal transient responses of good
and usual shape are cascaded.' Thus an amplifier with
a transition time of 0.10 microsecond would, with the
gear described, result in a measured transition time of

0.14 microsecond.
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Fig. 20-Correction required by the observed value Try,,,, if the
transition time Try of the tested amplifier is comparable to that
of the measuring equipment Tr..

The correction decreases quickly for amplifiers hav-
ing longer transition time, as shown by Fig. 20, in
which Trz is the transition time of the amplifier under
test, Trn, the known transition time of the measuring
gear, and Trx,m is the over-all transition time of both
in cascade. The curve shows, that for the gear de-
scribed, the ratio Trx,m/Trx is 1.11, indicating a cor-
rection of 11 per cent, if the true transition time of the
amplifier under test is 0.20 microsecond.

A test object according to Fig. 21 is provided for
checking the time scale of the sweep. The simple filter
section, used as a link between the output of the
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Fig. 21-Test object for time scale calibration.

square -wave generator and the input of the output
amplifier, consists of a series coil and a load condenser
and constitutes together with the output impedance
of the square -wave generator a damped resonant sys-
tem tuned to 2 megacycles. When excited by the
square waves, it will oscillate with slowly decaying
amplitude, the crests of the oscillation providing tim-
ing marks of 0.5 microsecond separation. This is shown
in Fig. 22 which is pieced together from three photo-
graphs, taken with three settings of the position con-
trol so as to show the whole trace of the sweep. (The
trace appears about twice as thick on the picture as to

fi Heinz E. Kallmann, R. E. Spencer, and C. P. Singer, "Tran-
sient: response in television," PRoc. I.R.E., vol. 27, p. 613; Septem-
ber, 1939. (Sum mary.)



the eye, due to overexposure of the image in favor of
the projected scale.) The sweep is adequately linear
Up to about 2 microseconds, then retards quickly, over -
swings a few per cent and then remains stationary un-
til the-unobserved-down transition starts. The base
line is clue to the discharge of the sweep -circuit capac-
itance when the sweep -oscillator tube starts conduct-
ing.
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Fig. 22-Transient response of a test object resonating
at 2 megacycles per second.

Insertion of the calibrated time -delay filter distorts
the image; the right half and the base line remain un-
changed, but the rise on the left and the beginning of
the oscillation are moved to the right 0.1 microsecond,
i.e., about 3 scale divisions.

SOME RESULTS

A variety of television receivers (England, 1938) was
tested with the gear described and the results com-
pared with the values implied by the television stand-

ards. It has been shown elsewhere' that, for equal
vertical and horizontal definition, a transition time
from 0.1 to 0.9 final height of 0.15 microsecond is im-
plicitly prescribed by the British Standard of 405
lines, a transition time of 0.10 microsecond by the
present American usage of 441 lines. It was found that

(1) the best commercial receiver, rendering every
transmitted detail, had a transition time of 0.22
microsecond, i.e., 70 per cent of the standard
response;

(2) some cheap models had a transition time of 0.75
microsecond, i.e., 20 per cent of the standard
response; yet their owners were quite satisfied
provided the program matter was interesting; in
no case was any disproportion between hori-
zontal and vertical definition noticeable;
overswing exceeding 4 per cent is annoying in
receivers with good gradation, though it may re-
main unnoticed in "soot -and-whitewash" pic-
tures; and

(4) flattening of the amplitude response without re-
gard for phase distortion invariably yielded dis-
appointing transient responses since frequencies
at and above the beginning of noticeable phase
distortion never contributed to the picture.
Good phase response and steadily dropping
amplitude response were always found best.

(3)

Ultra -Short -Wave Transmission Over a
39 -Mile "Optical" Path*

C. R. ENGLUNDt, FELLOW, I.R.E., A. B. CRAWFORDt, ASSOCIATE, I.R.E.,AND W. W. MUMFORDt, ASSOCIATE, I.R.E.

Summary-Continuous records of ultra -short-wave transmissionon
wavelengths of 2 and 4 meters, over a good "optical" path, have shown
variations in the received signal strength. These variations can be ex-
plained as being due to wave interference; an interference which varies
with the changes in the composition of the troposphere.

Sonic of the variations are due to changes in the dielectric -constant
gradient of the atmosphere near the earth. Other variations are ex-
plicable in terms of reflections from the discontinuities at the boundaries
of different air masses. The diurnal and annual meteorological factors
which affect the transmission are discussed.

INTRODUCTION

THIS paper gives the results of a two-year study
of ultra -short-wave transmission over the Mc-
Catharn's Hill -Beer's Hill "optical" path. The

work was planned for the purpose of finding out what
signal stability might be expected in communication

* Decimal classification: R113. Original manuscript received by
the Institute, May 14, 1940. Presented, Fifteenth Annual Conven-
tion, Boston, Mass., June 28, 1940; presented, joint meeting,
I.R.E.-U.R.S.I., Washington, D. C., April 28, 1940, under title of
"A note on the diurnal variation of ultra -short-wave "optical-"
path transmission.

t Bell Telephone Laboratories, Inc., New York, N.Y.

over a good "optical" path, with well -elevated ter-minals, and to determine the factors producing insta-bility.
Some experimental work had already been done' onthis path in 1931 and 1932. In fact, continuous obser-vations were made during the night of April 24-25,1931, in an effort to discover whether or not any sig-nal variations were present. None were observed.Considering the results described in this report, thatnight was indeed an exceptional one.

LOCATIONS, APPARATUS, AND OPERATION
Fig. 1 shows a map and Fig. 2 shows a profile ofthe McCatharn's Hill -Beer's Hill path. McCatharn'sHill is 21- miles north of Lebanon, N.J., and Beer's Hillis 2 miles northwest of the Holmdel laboratory build-ing; their spatial separation is 39.2 miles. The earth

Carl R. Englund, Arthur B. Crawford, and William M. Mum-ford, "Some results of a study of ultra -short-wave transmissionphenomena," PRoc. I.R.E., vol. 21. pp. 464-492; March, 1933.
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curvature shown on the profile map is based on a radius
of four thirds the actual earth radius; this is the effec-
tive earth radius for the condition of average atmos-
pheric refraction. The resulting air line connecting the
two hilltops clears the intervening terrain by at least
200 feet; with no correction for atmospheric refraction
the clearance would still be 150 feet.

Transmitters
The transmitters, operating on wavelengths of ap-

proximately 4 meters and 2 meters, were installed at
the Lebanon site. These transmitters were not crystal -
controlled but were operated from a regulated source
of voltage so that their frequency and power output
were independent of line -voltage fluctuations. Half -

wave radiators, placed at the optimum heights above
ground, 9.15 meters for the 4 -meter wavelength and
4.33 meters for the 2 -meter wavelength, were con-
nected with the transmitters by a rubber -covered 2 -
wire transmission line. This line had a surge impedance
of 90 ohms, and a loss of about 0.3 decibel per meter at
4 meters wavelength. The antenna currents were
measured by means of thermocouples connected at
the antenna centers. The radiated powers were about
one-half watt for the 4 -meter wavelength, and from
2 to 4 watts for the 2 -meter wavelength. These were
convenient values; the power radiated on the 2 -meter
wavelength was greater than was necessary.

Mc CATHARN'S
HILL

PRINCETON

NEWARK

PLAINFIELD

BEER'S
HILL

HOLMDEL 0
LABORATORY

SANDY
HOOK

ASBURY
PARK

Fig. 1-Map showing location of McCatharn's Hill -
Beer's Hill path.

Receivers
The receivers, located at Beer's Hill, had antennas

and transmission lines identical with those at the
transmitter site. Here the optimum heights above
ground were 6.1 meters for the 4 -meter wavelength
and 3.45 meters for the 2 -meter wavelength. The re-
ceivers were of the double -detection type with linear
second detectors and were equipped with automatic
tuning devices for the beating oscillators. Direct -
current amplifiers connected with the receiver outputs
were used to drive recording milliammeters (5 milli-
amperes, full scale). The recorded outputs were propor-
tional to the received signal strengths over a range of
40 decibels.

Operation
The 4 -meter channel was put in operation on Janu-

ary 6, 1937, and the 2 -meter channel on January 14,

1937. Most of the recording was done with horizontal
polarization for both wavelengths. The 2 -meter circuit
remained unchanged for the duration of the experi-
ment. The 4 -meter channel was shifted to 4.7 meters
during October and November, 1937, then back to 4
meters until June, 1938. The receiver was then moved
to the Holmdel laboratory. A horizontal rhombic re -
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Fig. 2-Profile map of McCatharn's Hill-Beer's Hill path.

ceiving antenna, each leg 21.6 meters long and 8.23
meters above ground, was used here. During June
this channel was set on 4 meters. It was then changed
to 2 meters for July, August, and September. In Octo-
ber the receiver was converted to a portable receiving
set and was used to obtain the data necessary to cal-
culate the signal attenuation over the McCatharn's
Hill -Beer's Hill path at the 2 -meter wavelength. Fol-
lowing these calibration measurements it was returned
to Beer's Hill and was used to record vertically polar-
ized 2 -meter transmission for the remainder of the
year (1938).

Very little attention was required to keep the circuits
in operation. The transmitting site was inspected
about once each month. During some months, addi-
tional trips were required to make repairs or adjust-
ments on the transmitters or the remote-control re-
ceiver. The antenna currents were noted on these trips
and were found to be quite constant. The 4 -meter -
antenna current was recorded continuously for a few
weeks with no variations observed. The receiving site
was visited on most working days, and on some week-
end days as well. At these times the receivers and their
antenna systems were checked by means of standard -
signal generators located a short distance down the
hill from the receiving antennas. (These signal genera-
tors were installed July 21, 1937.) The over-all gains
of the receivers varied but little from day to day and
were not affected by rain or moisture on the antennas
and transmission lines.

Remote -Control Equipment
Apparatus was provided to turn the transmitters

off and on by remote control from Beer's Hill. This
control circuit operated on a wavelength of 3.5 meters.
A motor -driven condenser in the tank circuit of the
control transmitter varied the frequency over a range
of about 6 megacycles. This frequency -modulated sig-
nal was received at the Lebanon site and operated
relays which turned the plate supplies for the trans-
mitters on and off. It was found necessary to install
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a lime -delay relay so that: the frequency -modulated
signal would have to be received for about 30 seconds
before the relays in the plate supplies would operate.
This was clone after it was found that ignition noise
from airplanes and static impulses could shut clown
the transmitters.

A telephone line connected the Beer's Hill receiving
.shack with the Holmdel laboratory and the care -

S

Fig. 3-Reproduction of a section of the original records.. Top
record is for 4 meters wavelength, bottom record is for 2 meters
wavelength. Note the unusual dropout on 2 meters wavelength
about 1 A.M. on July 23.

taker's house, where alarm buzzers were located. These
buzzers operated when the 4- or 2 -meter signals were
higher or lower than certain predetermined values.
There was therefore a check on the operation of the
circuits at all times.

Meteorological Equipment
A recording hygrothermograph, located at Beer's

Hill, made a continuous record of the temperature and
relative humidity of the atmosphere. A recording
barometer was located at the Holmdel laboratory.
From these records it was possible to calculate and to
plot charts showing the variation with time of the
dielectric constant of the atmosphere, at the ground.

Frequency -Sweep Apparatus
The frequency -sweep apparatus, which was used to

measure the heights of reflecting layers affecting the
Highlands -East Moriches transmission,' was set up on
the McCatharn's Hill -Beer's Hill path. No evidence
of layers was found on the few nights that observa-
tions were made. The pass band of the receiver was
flat over about 2 megacycles, so that path differences
of less than 75 meters (corresponding to layer heights
of less than 1.7 kilometers for this path) could not be
measured.

EXPERIMENTAL DATA

Fig. 3 is a reproduction on a reduced scale of a sec-
tion of the original records where the time scale was
/- of an inch per hour. The ordinate (recorder milliam-
peres) is proportional to the received signal strength.
This sample was not chosen as a representative or an

2 Englund, Crawford, and Mumford. "Ultra -short wave trans-
mission and atmospheric irregularities," Bell Sys. Tech. Jour., vol.
17, pp. 489-519; October, 1938.

average one but as an extreme one. The ratio of maxi-
mum to minimum signal for this night was the largest:
observed on the 2 -meter wavelength. Also, the differ-
ence between the fading on the two wavelengths was
much greater than usual. The fine -structure fading is
unusually pronounced in this record.

The record charts were cut off every two weeks and
the data were transcribed in notebooks together with
the data from the meteorological instruments. The
field -strength data were then replotted with a greatly
reduced time scale. (One inch per day compared with
* of an inch per hour.) Figs. 4 to 7 are samples of these
replots and will be discussed later. Except for a few
cases (such as the record shown in Fig. 3), practically
all of the signal variations could be reproduced on the
reduced -time -scale graphs.

In the paragraphs to follow, data are presented to
illustrate diurnal effects, comparison of the 2- and
4 -meter wavelengths, seasonal effects, comparison of
two receiving sites, comparison of horizontal and ver-
tical polarizations, and the effects of weather condi-
tions. Finally, a time -distribution curve of signal level
on 2 meters wavelength for the year 1938 is given.
Diurnal Effect

An examination of the records reveals at once that
the signal variations were mainly confined to the
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Fig. 4-Replot showing similarity of fading on two wavelengths;also a comparison of summer and winter fading.

nighttime hours with the disturbed periods centeredat or a little after midnight. Ordinarily the signals werehigher at night than during the day, although occa-sionally there occurred deep minima or "dropouts,"when the signal practically disappeared. These "drop-outs" always occurred at night and were usually ofvery short duration, say 10 minutes. During the day-time, for a period of 4 to 8 hours in length, the signalwas usually steady. For example, in Fig. 3 the signal
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variations were less than 1 decibel after 9 A.M.; the
evening before, the fading did not begin until 6 o'clock.
The variation of fading with time of day is shown in
Fig. 8. In preparing this figure, the ratios (expressed in

decibels) of the highest and lowest signal levels during
the 2 -hour periods indicated were obtained for each
day of the month. The median' values of these ratios
were then found and are plotted as ordinates. Thus
for the month of August, 1938, there was a period of
six hours, 10 A.M. to 4 P.M., when the median signal
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Fig. 5-Replot showing two instances when fading
was different on two wavelengths.

variations over a 2 -hour period were less than 1 deci-
bel. Similarly in February, the bihourly fading range
was smaller during the daytime hours with the mini-
mum coming about two hours later than in August.

Comparison of Two and Four Meters Wavelength

The 2 -meter and 4 -meter signals were usually very
similar in their major variations. This may be seen in
Fig. 4 and in the two upper curves of Fig. 7. Ordinarily,
the fine structure, i.e., the smaller and more rapid
variation, was different on the two wavelengths. Oc-
casionally, and particularly when one or the other sig-
nal experienced a "dropout," there was no similarity
between the two. Fig. 3 has a good example of one of
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Seasonal Effects
The amount and the severity of fading varied

greatly with the time of year, being greatest during
the summer months. Fig. 4 gives a comparison of 'the
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Fig. 7-Above: Replot showing the similarity between the fading
on 4 and 2 meters wavelength. I3elow: Replot showing the
similarity of fading on horizontal and vertical polarization on 2
meters wavelength.

signal variations observed in July, 1937, and February,
1938. Another comparison may be made in Fig. 8
between the bihourly fading ranges for August, 1938,
and February, 1938.

In discussing the diurnal effect it was pointed out
that for a period of a few hours during the daytime
the signals were quite steady. The value of this steady
field strength was chosen for each day and expressed
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Fig. 6-Replot showing comparison of fading observed at Beer's
Hill and the Holmdel laboratory, 220 feet lower than Beer's
Hill and shielded by hills. A difference in the amplitude varia-
tions of the fine structure is evident.

these times. Fig. 5, shows two other occasions when
fading was markedly different on the two wavelengths.
There were only 14 such occasions between February
1, 1937, and June 1, 1938, at which time the 4 -meter
receiver was moved to the Holmdel laboratory, as
already stated.

" The signal is half of the time greater and half of the time less
than the median value.
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Fig. 8-Chart showing that the fading was greater during the
night than during the day and was worse in summer than in
winter.

in decibels above the free -space field strength. The
solid curves in Fig. 9 show the clay -to -day variations
of this midday signal level. The vertical lines connect
the highest and lowest signal values for the clay. The
absence of a vertical line indicates that the record was
incomplete or that the receiver was not calibrated
with the standard -signal generator on that day. The
lower graph is for 2 meters wavelength, horizontal
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polarization, and runs from June 21, 1937 (when the
standard -signal generators were installed), to January
1, 1939. The upper graph is also for horizontal polari-
zation but for different wavelengths and receiver loca-
tions, as indicated on the drawing.
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may lie observed that practically all of the deep fades
and "dropouts" came during t:he summer months.

Fig. 10 shows more clearly the seasonal trend in t:he
fading ranges. Here are plotted the median values of
the daily fading ranges for each month. The summer -
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The solid curves (midday signal levels) show a defi-
nite seasonal trend. The 2 -meter wavelength curve
lies below the free -space value in the summer of 1937
and above the free space value in the fall and winter;
the cycle repeats in 1938. This seasonal variation is
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Fig. 10-Chart showing the seasonal trend of the fading on both
wavelengths. The ordinates for July, August, and September,
1938, show that the fading was greater at the Holmdel labora-
tory (120 feet elevation) than at Beer's Hill (343 feet elevation).
The ordinates for November and December, 1938, show that
the fading was practically independent of polarization.

even more pronounced for 4 meters wavelength. The
vertical lines, representing daily fading ranges, also
show a seasonal variation, with the greatest daily fad-
ing ranges concentrated in the summer months. It

time maximum and wintertime minimum are apparent
for both wavelengths. This figure also gives a compari-
son of the fading on 4 meters with that on 2 meters
wavelength. The median fading ranges are very nearly
the same (February, 1937, to June, 1938).

Comparison of Two Receiving Sites
In June, 1938, the 4-meter receiver was moved to

the Holmdel laboratory, thereby increasing the trans-
mission path by two miles and decreasing the receiving
antenna height by about 220 feet (see Fig. 1). Also
in the new location the receiver was screened from
the transmitter by the Mount Pleasant Hills. The
signal level here was about 24 decibels below that at
Beer's Hill. The difference in signal level was about
14 decibels after the receiver was shifted to 2 meters
wavelength. The fading at the new location was worse
than that at Beer's Hill. While the general shape of the
signal variation was similar, the amplitude range was
larger, and the fine-structure fading was greatly in-
creased. This is illustrated in the replots of Fig. 6. A
comparison of the daily fading ranges at the two loca-
tions may be made from Fig. 9 for the months of June,
July, August, and September in 1938. A comparison
of the median daily fading ranges for the same months
may be made in Fig. 10.

Comparison of Horizontal and Vertical Polarizations
During November and December, 1938, simultane-

ous records were made of vertically and horizontally
polarized 2 -meter waves. The 2 -meter transmitter wasconnected to crossed antennas and at Beer's Hill thereceiving antennas were located at the same heightabove ground. The signal variations were practically
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identical for the two polarizations. The two bottom
curves of Fig. 7 are replots of the original data for a
somewhat disturbed period in November, 1938. The
coincidence is very good ; much better than that of
the two upper curves of the same figure which are
both for horizontal polarization but different wave-
lengths, and which were obtained during a similar dis-
turbed period in November, 1937.

The median daily fading ranges for the two polariza-
tions were nearly the same as may be seen in Fig. 9
(November and December, 1938).

Weather Effects
A relationship between the stability of the signals

and the weather was observed. For example, the large
signal variations and "dropouts" occurred on clear
summer nights when there was little or no wind; often
there was a slight fog layer over the low-lying land.
The reverse was not true however; severe fading was
not always present on nights answering the above
description. Wind and rain seemed to decrease the
amount of fading. According to the Monthly Meteoro-
logical Summaries for New York City, there were 106

nights during 1938 when a trace or more of precipita-
tion was recorded between the hours of 6 P.M. and
6 A.M. On only fifteen of these nights was the 2 -meter
fading range as great as the median value for the
month and on eight of these fifteen nights the amount
of rainfall was very slight; only a trace during four
hours or less of the 12 -hour period. The fading on these
fifteen exceptional nights was never severe and no
"dropouts" occurred.

Local thunderstorms over the transmission path
sometimes caused noticeable signal variations during
the midday hours. One example of this may be seen
in Fig. 4. On July 26, 1937, a thunderstorm occurred
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Fig. 11-A relationship between weather and fading occurring dur-
ing the northeaster of August 22-25, 1937.
Top Curve: Observed 2 -meter signal strength.
Middle Curve: Dielectric constant of the air at Beer's Hill.
Bottom curve: Wind velocity at Newark airport. The arrows

indicate the direction of the wind.

in the afternoon and both signals showed variations
at a time of day when they were usually steady.

A more general storm had a blanketing effect on the
fading. This is illustrated in Fig. 11. The top curve is

a replot of the 2 -meter signal data which, for this
figure, have been converted to decibels above the
free -space field strength. The variation of the dielec-
tric constant at Beer's Hill and the velocity and direc-
tion of wind as measured at Newark airport are given
in the curves at the bottom of the figure. The fading
was about normal for August until the twenty-second
when a northeaster arrived and lasted for three days.
During this time the fading was absent and did not
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Fig. 12-Time distribution of the signal strength on 2 meters
wavelength for the year 1938.

return until the night of August 25 when the storm was
over. There were several other occasions when a de-
crease in the daily fading range coincided with bad
weather conditions. A few of these were in 1937,
August 23-24 (the northeaster), September 13 and 28,
and October 27-28. In 1938, March 16-17, April
6-7-8-9, May 14-15, June 26-27-28, August 10-11,
and September 21, the day of the New England hurri-
cane.

Distribution of Signal Strengths
Fig. 12, shows the time distribution of signal

strength on 2 meters wavelength for the year 1938.
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which shows the )er cent of time that the signal
or less than the free -space field for each month of

The median value of the field strength was 2 decibels
above the free -space field. The signal was less than the
free -space field for 13 per cent of the time, and was 5
decibels below the free -space field for only 0.1 per cent
of the time. Practically all of this 0.1 per cent came at
night during the summer months. Fig. 13 shows how
1.3 per cent of the total time (representing the time
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he signal was below the free -space level) was distrib-
uted among the months of the year. This curve indi-
cates that most of the lower signal levels were con-
centrated in the summer months.

DISCUSSION OF REsuurs
The results just described agree in essentials with

the theory which was developed to explain the obser-
vations made on the 70 mile Highlands-East Moriches
transmission path,' although the fading characteristics
of the two paths are different. This theory assumes
that the received signal consists of a directly propa-
gated component and one or more components which
have been reflected at boundaries existing between
different air masses. By the directly propagated com-
ponent is meant the diffracted field for the case of a
long "nonoptical" path and the combined direct and
middle-distance ground -reflected radiations for the
case of an "optical" path. For both cases, the ampli-
tude of this component will vary with the amount of
refraction introduced by the lower atmosphere.

The long indirect path will be affected by air -mass
boundary reflections which will not influence the
"optical" -path transmission because of the difference
in the amplitudes of the directly propagated comp°,
nent in the two cases. For example, the directly prop-
agated (diffracted) field for the Highlands -East
Moriches path was some 50 decibels below the free -

space value. The reflection coefficient of an air -mass
boundary could, therefore, be quite small and still
give rise to a reflected component of the same order
of magnitude as the diffracted field. Discontinuities in
the dielectric constant of the atmosphere of the order
of 10-5 occurring at boundaries at heights of 1 to 3
kilometers could influence the received signal strength.
The situation is much different for the McCatharn's
Hill -Beer's Hill circuit. Here the directly propagated
field component is not very much different from the
free -space value. This means that the reflection coeffi-
cient of a boundary must be nearly unity to produce
a reflected component equal to the directly propagated
component. For this to happen the layer must be
quite low so that the angle of incidence at the layer is
very near grazing, or the discontinuity must be very
large. A discontinuity of 10-5 would have to be lower
than an altitude of 275 meters (900 feet) to have a
reflection coefficient of unity. Even for a discontinuity
of 10-4 (which may occur at times) the boundary has
to lie below 490 meters (1600 feet) to give unity reflec-
tion coefficient. For a layer at this height, the path
difference between the direct ,and boundary -reflected
components will be less than 3 meters (10 feet) and
the presence of the layer cannot be detected with our
frequency -sweep apparatus.'

Diurnal and Seasonal Effects: Wavelength Comparison
The outstanding diurnal effect for the McCatharn's
4 Neither can the presence of the layer be detected with pulses

that cannot resolve a delay of 10-8 second.

Hill -Beer's Hill path was the rise in the general signal
level and the concentration of the signal variations
in the night time hours. "Phis signal rise and the slow
fading can be explained satisfactorily by variations in
the amount. of atmospheric refraction during the day.
The effects of atmospheric refraction may be taken
into account by substituting- for the actual earth radius
an "effective" radius which increases with the amount
of atmospheric refraction, i.e., with the negative
gradient of the dielectric constant of the atmosphere!'
An increase in this fictitious earth radius decreases, in
effect, the height of the earth bulge between the trans-
mitter and the receiver, thereby increasing the path
difference between the direct and the middle-distance
ground -reflected radiations. For the McCatharn's
Hill -Beer's Hill path, an increase in this path differ-
ence increases the received signal strength on both 2
and 4 meters wavelength.

According to calculations based on free -air data
taken at Mitchel Field, L. I., and at Lakehurst, N. J.,
negative gradients of dielectric constant as large as
200 X 10-' may occur within the first half kilometer of
the atmosphere, during the summer months. These
free -air data were taken in the early morning hours
(usually between 4 and 6 o'clock) when the dielectric -

constant gradient might be expected to have a large
value because of surface cooling throughout the night.
During the day, surface winds and vertical convection,
due to surface heating, tend to produce a more or less
thorough mixing of the atmosphere near the ground,
and the dielectric -constant gradient should then have
a minimum value (approximately 30 X10-6, due to the
normal pressure gradient). For this path, a change
from minimum atmospheric refraction to that corre-
sponding to a dielectric-constant gradient of 200 X 10-6
per kilometer should increase the received signal
strength 7.7 decibels on 4 meters wavelength, and 7.0
decibels on 2 meters wavelength. The largest observed
diurnal variations were greater than these values; evi-
dently reflections at low-lying air -mass boundaries
also produce an increase in the received signal during
the night. Vertical convection in the daytime will dis-
sipate any low -altitude reflecting layers that may have
formed during the night, just as it will prevent large
dielectric -constant gradients in the daytime. This tur-
bulent condition of the atmosphere will reach a maxi-
mum after midday, coinciding with the.time of least
fading as shown in Fig. 8.

Occasionally a degree of correlation was observed
between the signal level and the dielectric constant of
the atmosphere at the ground. Since the received signal
increases with the gradient of the dielectric constant,
and since, as shown by the Weather Bureau data, the
dielectric constant at an altitude to say one-half
kilometer does not change very much from day to
day, particularly during settled weather conditions,

6 J. C. Schelleng, C. R. Burrows, and E. B. Ferrell, "Ultra -short-
wave propagation," PRoc. I.R.E., vol. 21, pp. 427-463 ; March, 1933.
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such a correlation might be expected except when

masked by boundary -reflected signal components. One

of these periods of good correlation is illustrated in
Fig. 14. The curve at the top is the observed 2 -meter

signal, and the bottom curve is a plot of the dielectric
constant. The dielectric constant at an altitude of one-
half kilometer was obtained from the free -air data
taken by the Weather Bureau at Mitchel Field and
Lakehurst. Only one value was available for each day,
but this did not change much from day to day, and for
the purpose of calculation it was assumed to remain
constant during the day. The dielectric -constant gradi-
ent was then obtained and a calculation was made of
the received 2 -meter signal. This is the middle curve
of the figure. The agreement with the observed signal
variation is fairly good.

For an over -water path, such as the Highlands -East
Moriches one, there is little vertical convection, the
temperature of the ocean surface remaining nearly
constant throughout the day. The dielectric -constant
gradient of the air over the ocean is then probably the
same, day and night. Moreover, air -mass boundaries
at altitudes of from 1 to 3 kilometers, which affected
the Highlands -East Moriches transmission, are likely
to be present in the' daytime as well as the night. A
diurnal effect for over -water transmission is therefore
likely to be less than for over -land transmission. This
was our observation.

The variations in dielectric constant shown in Fig.
14 for December, 1937, are small compared with those
shown in Fig. 11 for August, 1937. These data are
more or less typical of the variations observed in
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Fig. 14-There were times when a degree of correlation was ob-
served between the signal strength and the dielectric constant
of the air at Beer's Hill. The top curve shows the observed
signal, the bottom curve, the dielectric constant of the air at
Beer's Hill, and the middle curve shows the calculated value
of field strength as explained in the text.

summer and winter. Not only the dielectric -constant
at the ground but also the dielectric -constant gradient
varies more in the summer than in the winter. The
free -air data show that the gradient varies from 0 to
200 X10 -n per kilometer in the summer and from
50X10-° to 100 X 10-° in the winter. On the McCath-

arn's Hill -Beer's Hill path and at 2 meters wavelength,
the corresponding signal-strength levels for these

gradients are -7.1 decibels to +1.1 decibels above the
free -space field in the summer, and -4.8 decibels to
-2.6 decibels above the free -space field in the winter.
The observed larger diurnal variations in the summer
and the higher midday signals in the winter can thus
be explained.
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Fig. 15-Chart showing correlation of the median daily fading
range with the mean dielectric constant of the air calculated
from the Trenton, N. J., weather data.

The observed seasonal variations of the fine -struc-
ture fading and the dropouts can be accounted for by
air -mass boundary reflections. The effect of. these
boundaries is greater when the water -vapor content
of the atmosphere is high. This occurs in the summer-
time; the dielectric -constant gradient, as well as the
dielectric constant of the atmosphere at the ground,
is also larger during the summer months. Thus the
fading in the summertime should be greater for two
reasons: larger variations in (atmospheric) refractiv-
ity, and greater effects from air -mass boundary reflec-
tions. The correlation between fading range and the
dielectric constant at the ground is shown in Fig. 15.
The graph at the top of the figure shows the median
daily fading ranges on 2 meters wavelength for each
month of 1937 and 1938 (replotted from Fig. 10).
The bottom graph gives the mean value of the dielec-
tric constant (minus one) of the atmosphere at the
ground. These were calculated from the mean tempera-
ture, relative humidity, and atmospheric pressure for
each month as reported in the Monthly Meteorological
Summaries of Trenton, N. J.

It was stated earlier that, for the McCatharn's
Hill -Beer's Hill path, variations in atmospheric re-
fraction should have practically the same effect on
2 and 4 meters wavelength, and the observed major
signal variations were about the same. To account
for the times when the fading was markedly different
(Fig. 5 for example), the presence of an air -mass
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boundary -reflected component is required. Reflecting
layers will explain the more rapid fine -structure fad-
ing, which was different for the two wavelengths, and
will also account for the exceptionally high signal
levels occasionally observed. Discontinuities of some-
thing less than 100 X10-6 at heights below 1600 feet
can explain the few times when maximum signal was
,observed on one wavelength and minimum signal on
the other. Smaller discontinuities, or those existing
at somewhat higher altitudes will account for the
faster, smaller fine -structure fading. Low-lying layers,
for which the path difference between the directly
propagated and the boundary -reflected components is
very small, have much the same effect on 2 and 4
meters.

On one night, July 22-23, 1937, the 2 -meter signal
had a maximum of 11 decibels above and a minimum
of 40 decibels below the midday level (see Fig. 3).
Evidently the direct and the boundary -reflected com-
ponents were nearly of the same amplitude so that
with a change in the height of the boundary, the two
components moved from a condition of phase addition
to one of opposition. A rough calculation indicates that
a change in layer height from 1050 feet to 1300 feet
could accomplish this.

Comparison of Two Receiving Sites

If the amplitude of the directly propagated com-
ponent is reduced, the presence of boundary reflections
should be more clearly exhibited and an increase in
fading should result. When one of the receivers was
moved from Beer's Hill to the Holmdel laboratory, the
directly propagated component was reduced about 14
decibels (at 2 meters wavelength) due to the low
antenna height and the screening effect of the Mount
Pleasant Hills. The boundary -reflected components
should not have suffered so much attenuation since
they arrived at a greater angle above the horizontal,
and should, therefore, be more nearly equal to the
direct component at this location than they were at
Beer's Hill. The fine -structure fading should then be
more pronounced and deep fades and dropouts should
be more numerous. These effects were observed (see
Figs. 6 and 9). During July, August, and September,
1938, there were seven nights when the 2 -meter signal
at the laboratory had fades as much as 20 decibels
below the daytime level, compared with two such oc-
casions for the Beer's Hill reception; on three of the
seven nights the depth of the fades was more than 40
decibels.

It may be observed in Fig., 10, that the difference
in the median daily fading ranges at Beer's Hill and
the laboratory building was much smaller in Septem-
ber than in July and August. As winter approached,
the number and the size of reflecting boundaries would
be expected to decrease, so that during the winter
months the fading ranges at the two locations should
be nearly the same.

Comparison of Horizontal and Vertical Polarization

The effect of polarization on the McCatharn's Hill -

Beer's IIill transmission is of second -order importance.
The reflection coefficient of the earth near the middle
of the path is almost the same for horizontal and
vertical polarization at the small angles of incidence
involved. The directly propagated signal component,
as well as the variations of that component caused
by changes in atmospheric refraction, should, there-
fore, be the same for the two polarizations. This is
also true for the case of reflections from low-lying air-

mass boundaries, since, for near -grazing incidence, the
reflection coefficient of the boundary is the same for
both polarizations.

For near -grazing reflection at an ocean surface, the
reflection coefficient of a horizontally polarized radia-
tion is greater than that of a vertically polarized one.
Consequently for the nonoptical, Highlands -East
Moriches path, the directly propagated component
was much weaker with horizontal polarization than
with vertical polarization. On the other hand, the air-

mass boundary -reflected components were much the
same on the two polarizations, particularly for bounda-
ries below about 2.5 kilometers. The observations
were that horizontal polarization generally showed the
worse fading on the over -water path, while the two
polarization records were nearly identical for the
McCatharn's Hill -Beer's Hill path.

Weather Effects

During periods of stormy weather, one would expect
the lower atmosphere to undergo thorough mixing.
Large dielectric -constant gradients and low-lying air -
mass boundaries should not be present, and the usual
diurnal effect should be absent. Our observations were
in agreement with this.

CONCLUSION

It has been shown that the ultra -short-wave trans-
mission phenomena observed during studies conducted
on the "optical" McCatharn's Hill -Beer's Hill path
can be accounted for by changes in the composition of
the lower atmosphere. The different transmission
characteristics of the longer, over -water, Highlands-
East Moriches path is another phase of the same phe-
nomenon.

In elaborating this explanation we have used the
data obtained by the Weather Bureau airplanes at
Mitchel Field, L. I., and at Lakehurst, N. J. Thesedata consist of pressure, temperature, and rela-
tive -humidity readings taken at "significant levels"
which are relatively well spaced in altitude. There is
probably some instrument lag; it is difficult to detect
air -mass boundaries without continuous recording, and
only one air -sounding is made each day. Moreover, the
air fields are not in our immediate neighborhood. It istherefore to be expected that, until "on -the -spot"



soundings with continuous -recording apparatus can be

carried out, anything like an accurate check of our
theory is out of the question.

Since, for an optical path such as the one here de-
scribed, that portion of the air -mass lying below 1

kilometer is the more important, it is possible that a
considerable amount of pertinent data could be ob-
tained by means of captive -balloon technique. This
would fermit the "micrometer" traverse of an air -mass

boundary, if necessary.

Some Factors Affecting the Choice of Lenses
for Television Cameras*

H. B. DEVOREt, MEMBER, I.R.E., AND HARLEY IAMSt, MEMBER, I.R.E.

Summary-The design of a television camera for a particular use
involves the selection of a lens which, under the poorest conditions of
illumination which are expected, will form a sufficiently bright image
to meet the requirements of the pickup tube used. When the size and
sensitivity characteristics of the pickup tube and videofrequency
amplifier, the required signal-to-noise ratio, and the angle of view of
the camera are known, the specifications of the lens can be computed.

If a tube having a sensitive surface of width W inches and an
operating sensitivity of s microamperes per lumen is to be used in pick-
ing up a scene having a surface brightness B candles per square foot,
with a horizontal angle of view a, the following equations can be used
to determine the lens to be used:

W a
focal length: F=- cot - inches

2 2

0.064 W N/TBs
numerical aperture. f -

A/106./N

in which T is the light -transmission factor of the lens, E is the equiva-
lent root -mean -square noise current at the input of the amplifier used
with the tube, and N is the required signal-to-noise ratio.

The paper discusses the derivation of these equations and includes
charts to facilitate computations.

Comparison of predicted results with the observed performance of
the apparatus have shown good correlation.

HE public would like to see television pictures
of many events, sometimes of subjects that are
difficult to transmit. The engineer often wishes

to know beforehand whether the camera available will
produce the desired results, or how to design one which
will. The purpose of this discussion is to outline the
factors involved in such a design, particularly matters
related to the choice of a lens suitable for the pickup
tube which is to be used.

The specifications of the lens are determined by the
size and sensitivity characteristics of the pickup tube
to be used, the brightness of the scene, the noise
characteristics of the pickup tube and the video -
frequency amplifier, the required signal-to-noise ratio,
and the angle of view of the camera. These factors de-
termine the focal length and diameter of the lens. The
lens having thus been specified, it is of interest to de-
termine the depth of field for the system. However, as
increasing depth of field and brightness of image im-
pose contradictory requirements on the aperture of a
lens, the depth of field can only be increased with a

* Decimal classification: 8583. Original manuscript received by
the Institute, May 21, 1940.

f Research and Engineering Department, RCA Manufacturing
Company, Inc., Harrison, N. J.

given pickup tube at the expense of signal-to-noise
ratio in the transmitted picture.'

The operating sensitivity of a pickup tube may be
affected by a number of factors and a direct quantita-
tive comparison of different tubes is, therefore, quite
difficult to make. This operating sensitivity, depending
on the manner in which the tube operates, may differ
greatly from the photosensitivity of the sensitive sur-
face. By the choice of somewhat simplified conditions,
measurements may be made which permit a useful
estimate of the operating sensitivity. The method of
measurement has been described in a recent publica-
tion.'

A spot of light is made by forming on the sensitive
surface of the pickup tube an image of a slit illuminated
by a lamp operated at a color temperature of 2870 de-
grees Kelvin. This color temperature had become
standard for phototube data, and so has also been
adopted for pickup -tube measurements. The signal
from the output of the video -frequency amplifier is
observed on an oscillograph which has its horizontal
sweep synchronized with the horizontal scanning of
the pickup tube. The signal from the slit then appears
as a narrow peak superimposed on the base line which
represents the signal from the black area of the picture.
The amplifier-oscillograph system is calibrated by ap-
plying a known alternating current through a small
standard resistor in series with the amplifier input. By
varying the intensity of illumination in the slit and ob-
serving the corresponding signal currents delivered to
the amplifier, it is possible to obtain a curve showing
the performance of the tube. If the spot of light is

moved to any part of a uniformly sensitive surface, the
signal output remains constant. Hence, the amplitude
of the short pulse of current due to a small spot of light
can be taken as a measure of the signal current which
would flow continuously if the whole target were
lighted.

It has been found convenient: to express the operat-
ing sensitivity of a pickup tube under given conditions

1 Harley Jams, G. A. Morton, and V. K. Zworykin, "The image
iconoscope," Puoc. I.R.E., vol. 27, pp. 541-547; September, 1939.

2 R. 13. jalICS and W. H. 1-I icko lc, "Recent improvements in the
design and characteristics of the iconoscope," Pitoc. I.R.E., vol. 27,
pp. 535-540; September, 1939.
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as the quotient of the signal current produced at the
amplifier input by scanning the slit of light, divided
by the light flux required to illuminate the entire
picture at the intensity of the slit image. The sensi-
tivity (within a substantially linear part of the char-
acteristic curve) may be expressed in units of micro-
amperes per lumen. This form of expression for tube
sensitivity has two advantages. The curves for dif-
ferent tubes may be compared directly; size or type of
tube is immaterial. Second, computation of the signal
output is simplified. Since the output impedances of
nearly all pickup tubes in general use are high com-
pared with normal amplifier input impedances, the
signal, expressed in microamperes of modulated cur-
rent, is independent of the amplifier input resistance
which is used. (The noise level in the amplifier, how -
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ever, depends upon the capacitance of the pickup tube
and input curcuit.) The curves of Fig. 1 represent the
performances of some typical pickup tubes.

The tubes for which the characteristics are given in
this figure are laboratory models, and the curves are
not necessarily to be taken as being representative of
these classes of tubes. They are, rather, presented to
illustrate a convenient form for representing the
sensitivity of a pickup tube.

These curves will not necessarily be accurate for
subjects other than a light spot on a black background,
but it is believed that the relative forms and positions
of the curves will be maintained for other typical
scenes.

The signal output which is required of a pickup tube
is determined by the background "noise" originating
in the pickup tube and amplifying system used with
the tube. Since signal and noise will be amplified to-
gether, an initially unsatisfactory signal-to-noise ratio
can never be improved. The noise generated in the
pickup tubes which do not use electron multipliers is
small compared with that originating in the amplifier.
The simplest input for the amplifier is that in which
the signal current of the pickup tube flowing through

an input resistor produces a potential drop which is
applied to the grid of the first tube, usually a high-
transconductance pentode. The noise current originat-
ing in this type of amplifier consists of two significant
components: thermal -agitation noise developed in the
input impedance, and current fluctuations in the plate
circuit of the tube. The mean -square, thermal -agita-
tion -noise current is given by

4kT
d it' - df

.R
(1)

for a frequency band df, in which R is the input re-
sistance, T the temperature in degrees Kelvin, and h
the Boltzmann constant. The tube noise may be con-
veniently expressed in terms of the equivalent resist-
ance which, connected between grid and cathode,
would cause mean -square current fluctuations of the
same magnitude in the plate circuit by reason of ther-
mal agitation, the resistor being assumed to be at
300 degrees Kelvin. Data giving values of this equiva-
lent resistance for a number of tubes are available in
the literature. If this resistance is denoted by R t, the
equivalent mean -square fluctuation current in the in-
put circuit resulting from the tube is

1

= 4kTR,[- (c0C)2]df (2)
R2

in which C is the total input capacitance (pickup tube,
amplifying tube, and circuit).

The total equivalent input noise current caused by
the tube and circuit is obtained by adding (1) and (2)

1 Re
d in2 = d0 = 4kT {-R

R2
Rt(c0C)2} df. (3)

The second term R t/R2 is, for any probable values of
Rt and R, entirely negligible. The total current is ob-
tained by integrating (3) over the pass band of the
amplifier and is

fn 4kT
= Jr in2 di

1+ 3

The root -mean -square noise current will then be

(4)

/kT RtR(on,C)21,2/ --in, 1 + (5)r R j3

Analyses of more complicated input circuits have
indicated that these do not give any appreciable re-
duction in noise level as compared with this simple
one.

When part of the amplification is obtained by means
of an electron multiplier, as in some dissector tubes,
a different expression should be used to determine the
effective noise current. In this case, the noise origi-
nates predominantly at the photocathode. The expres-
sion for equivalent noise current at the cathode as
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given by Larson and Gardner3 has the form

L.\ =v -10C

where
t= the

io = the
e = the
At =the

Ol

current responsible for the noise,
current for one picture element,
electronic charge, and
time for the transmission of one picture

element.
This expression may be converted to the following
formula for root -mean -square noise current at the in-
put of the multiplier

I = -V2eiof,.
The signal-to-noise ratio (N) which is required for a

television picture has been discussed by Zworykin,
Ailorton, and Flory.' Their conclusions are that for an
average picture, the ratio of peak picture signal to
root -mean -square noise of 3 to 1 is highly objectionable;
10 to 1 gives an acceptable picture, while 30 to 1 is

excellent. A ratio of 10 to 1 may be assumed to be the
minimum useful value. For this ratio, the signal cur-
rent which the pickup tube must deliver can be com-
puted, and from the sensitivity of the tube, the total
light which must be projected on its sensitive surface
can be calculated. For the case of the conventional
amplifier

10
L= = 107-

s X 10-6
(6)

L being the light flux in lumens and s the operating
sensitivity in microamperes per lumen.

The first consideration in the selection of a lens which
will deliver this amount of light to a given television
pickup tube is the field that must be covered. This
may be expressed as the angle of view of the trans-
mitted picture measured in a horizontal plane. The
specification of the angle of view determines the focal
length of the lens, which may be computed from the
formula

WF = - cot -
2 2

(7)

in which W is the width of the sensitive area of the
tube and a is the horizontal angle of view.

The choice of the angle of view determines the
effective magnification of the picture. It is generally
accepted that the most favorable viewing distance for
a television picture is about five times the height of
the picture. At this point the distance between two
successive scanning lines in a 441 -line picture subtends
an angle of about 1.7 minutes, which is approximately
the resolution limit of the eye. The width of the picture
subtends an angle of about 15 degrees. If the camera

C. C. Larson and B. C. Gardner, "The image dissector,"
Electronics, vol. 12, pp. 24-27 and 50; October, 1939.

V. K. Zworykin, G. A. Morton, and L. E. Flory, "Theory and
performance of the iconoscope," Paoc. I.R.E., vol. 25, pp. 1071-
1092; August, 1937.

uses a lens which covers this angle of view, the repro-
duced image will have the same appearance as the
original scene viewed from the camera. With a lens
which gives an angle of view of 30 degrees, the re-
produced picture will have the same appearance as the
original scene viewed by an observer at a distance from
the scene about twice that of the camera. The perspec-
tive will, of course, be somewhat faulty, but consider-
able distortion of the perspective is tolerable, as photo-
graphic experience has shown.

The angle of view being given, the diameter which a
lens must have to enable a scene of specified brightness
to be picked up satisfactorily is determined by the
amount of light which must fall on the sensitive area of

the tube.
The intensity of illumination in the image formed

on a plane surface by a lens has been worked out by a
number of people. A useful expression has been given
by Goodwin.5 For a uniform source having a bright-
ness of B candles per square foot, the intensity in the
image is

7r137'
E =

4f2
cos' e (8)

lumens per square foot, where T is the transmission
factor, f is thef number of the lens, and 0 is the angle
to the axis of the system made by a light ray striking
the area under consideration. For large angles of view,
the intensity at the edges of the image falls off rapidly
compared with that at the center. While observing
that such a decrease in intensity across the field is
present, it is convenient for the purposes of calculation
to assume that the field is uniformly illuminated at
the intensity that exists at the center. This is, to some
extent, justified' by the fact that the center of interest
in a picture is in general in the center of the field.

In a tube in which the sensitive surface has a width
W and an aspect ratio 4:3, the area of this surface is
3/4 W2, and the light falling on it is

3r ]3TW2
L=

16 f2

Solving (9) for the numerical aperture, we obtain

(9)

0.77HYT
f - (10)

\/L/13

As B is given in candles per square foot and L is in
lumens, then W must be expressed in feet. A more con-
venient expression is

0.064W -VT
f - with 1/17 given in inches. (11)

\/L/13

The transmission coefficient of the lens T, which
represents chiefly losses by reflection at the air -glass
surfaces in the lens, depends on its structure. Values

6 W. N. Goodwin, Jr., "The Photronic photographic exposure
meter," Jour. Soc. Mot. Pic. Eng., vol. 20, pp. 95-118; February,
1933.
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given in the literature for typical lenses range from
40 to 70 per cent transmission, being generally lower
as the lens aperture increases. For purposes of calcula-
tion a value of 60 per cent may be taken as a reason-
able mean. For this value,

0.050W
f -

V.L/B

This relationship is plotted in the curves of Fig. 2.
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The lens diameter may be found from the expression

FA = - (13)

The angle of view and image brightness required
by the tube determine completely the lens which
must be used for a given brightness of scene. It is also
desirable to be able to estimate the depth of field of
the system.

If a lens of diameter A and focal length F forms on a
plane surface at F1 an accurately focused image of 'an
object at a distance P1, then 'for any other object
distance the image of a point source of light will be a
circle having a diameter depending on the object
distance. If the maximum tolerable diameter of this
"circle of confusion" is 6, then the limiting distances
from the lens between which the image will be con-
sidered satisfactorily focused will be given by

FA FA

P2
FA

and
S

P3 =
FA

1
6.131

(14)

In photographic technique, it has long been ac-
cepted that the limit of the tolerable circle of con-
fusion is 0.010 inch on a picture to be viewed at 10
inches distance. That is, 6 may subtend an angle of
0.001 radian or about 3.5 minutes. In a television pic-
ture the problem of choosing a suitable value for 5 is
complicated by the scanning process. As the angle
subtended by the width of a scanning line at normal
viewing distance (1.7 minutes) is about half of the
size of the photographically tolerable circle of con-

fusion, it might be expected that the effect on 5 of the
scanning process should be relatively small.

In an attempt to determine a suitable magnitude
for the permissible circle of confusion in the case of
television pickup, the following experiment was made.
A photograph was made of a number of men located
over a range of measured distances from a camera
which was accurately focused for infinity. In the pic-
ture so obtained, the size of the circle of confusion cor-
responding to each man's position was calculated from
the constants of the camera lens. Reference lines were
drawn to take care of subsequent magnification and a
lantern slide made from the photograph. This was pro-
jected on a number of pickup tubes at several magnifi-
cations. In each case judgment was rendered by a
number of observers as to the man in the transmitted
picture who appeared to represent a dividing point
between those in acceptable focus and those definitely
out of focus. From these observations the acceptable
circle of confusion was calculated. Values were ob-
tained ranging from about 1/120 to 1/180 of the height
of the scanning pattern. No differences were noticed
among the different types of tubes tested, all of which
were capable of better than 450 -line resolution, as ob-
served from transmission of a standard test pattern.

It seems evident that the departure from perfect
focus which is tolerable depends to a considerable ex-
tent on the type of subject being transmitted. Much
more latitude is certainly permissible in pictures of
people than in subjects having high detail contrast,
such as a resolution pattern, to take an extreme case.
More work along this line is needed before accurate
statements can be made concerning depth of field.
For the present, it is believed that a useful estimate
can be made by assuming the tolerable circle of con-
fusion to be 1/200 of the picture height, i.e., about two
scanning lines. With the standard aspect ratio 4:3,

3W
S = (15)

4 X 200 267

Substituting this in (14) for depth of field, we obtain

267 FA 267 FA

W W
P2 = P3 = (16)267 FA 267 FA+1 1

WPI

or, since from (7),

a
F

cot
2
-

W

133 A cot
a

2
P2 -

a
133 A cot -

2
+ 1

P3 =

WPI

133 A cot
a-
2

133 A cot
a-
2

1

(17)
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A convenient concept in depth-of -field calculations
is that of hyperfocal distance (IID). This ,is the dis-
tance beyond which all objects are in good focus when
the lens is focused accurately for infinity. Placing
1,1 co in the expression for P2 in (14), we obtain

FA a
HD = = 133 A cot -

2
(18)

The expressions for the near and far limits of focus can
be rewritten in terms of the hyperfocal distance as
follows:

P2 =
HD H D

Pa =
HD II D

Pl
+1 1

(19)

It is seen that when a lens is focused accurately for the
distance HD, all objects from I-ID/2 to infinity are in
good focus. Further, when the lens is focused for a
distance P1=IlDlle in which k is any constant, the
region of good focus extends from HDI(k+1) to
IlD1(k -1).

For a given lens aperture and angle of view, the
hyperfocal distance may be read on the chart of Fig. 3.

By way of summary, it might be well to run through
a representative series of calculations. Assume that
an iconoscope which has a mosaic 4.75 inches wide and
a sensitivity of 0.4 microampere per lumen is to be used.
The camera is to cover a 30 -degree angle of view and is
to be used at a baseball park where the brightness of
the players is expected to be at least 50 candles per
square foot.G

From the angle of view and the width of the mosaic,
it is found that the required lens must have a focal
length of

W a
F - cot -= 2.38 X 3.73

2 2

= 8.9 inches.

(7)

The preamplifier to be used with the iconoscope uses
a type 6AC7/1852 input tube (equivalent grid resist-
ance for noise, 500 ohms) with a 200,000 -ohm input
resistor. The total tube, circuit, and iconoscope capaci-
tance may be 26 micromicrofarads.

The amplifier has a 4 -megacycle pass band. Then
the root -mean -square noise current will be

= 2

leT f R1R(wC)2)
f, 11 +

3 f

If the entire mosaic were uniformly illuminated at the

brightness of the high lights, the luminous flux re-
quired to produce a satisfactory signal-to-noise ratio
of 10 to 1 would be

I
L= 107 -=

= 0.056 lumen

107 X. 2.2 X 10-9

0.4
(6)

and for a scene having a brightness of 50 candles per
square foot, the ratio L/B =0.056/50 =1.12 X10-3

lumen per candle per square foot.
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From the curves of Fig. 2 the f number of this lens
will be

f = 7.1

and the lens will have a diameter

F 8 . 9= -= -= 1.25 nches. (13)
f 7 . 1

We find then that the use of an f/7 lens of 8.9 inches
focal length will permit a picture to be transmitted
under the above conditions which will have a just
passable signal-to-noise ratio.

From Fig. 3 we find the hyperfocal distance of this
lens to be

HD = 52 feet.

When this lens is focused at a distance of 52 feet the
depth of field will include all objects from 26 feet to
infinity. When the lens is focused on an object 20 feet
away, the field will include objects between 14.5 feet
and 32.5 feet: from the camera.

.37 X 10-2" X 3 X 102 X 4 X 106 (
1 +

5 X 102 X 2 X 100(6.28-X 4 X 10° -5<-2.6 161-1921-
(5)

2 X 105 1. 3

= 2.2 X 10-9 ampere.

6 Data relative to the loightness of some typical scenes are given
by Harley lams, R. Janes, and W. I I. Hickok, "The brightness of
outdoor scenes and its relation to television transmission," haw.
1.1(.1,1, vol. 25, pp. 1034-1047; August, 19.37.

Improvement. in the quality of the picture with re-
spect to noise may lie obtained by increasing the
aperture of the lens. For example, to obtain a signal -
lo -noise ratio of 30 to 1 would require an f/4 lens of



the same focal length. This improvement, however,
will be accompanied by a corresponding decrease in
depth of field (IID = 88 feet).

Checks on the usefulness of computations such as
those given above have been made in a number of
cases, involving several different pickup tubes. The
tests were made by observing television pictures trans-

mitted under a variety of conditions, and comparing
the picture quality with that which the formulas would
lead one to expect. From these tests it was found that
the computations led to conclusions which were reason-
ably close to the observer's judgment of picture
quality.

A Frequency-Modulation Monitoring System*
ROGER J. PIERACCIf, ASSOCIATE, I.R.E.

Summary-In operation of a frequency -modulated station it is
necessary to monitor the frequency deviation accurately so that the
signal remains within the allocated band. This is important from the
standpoint of adjacent -channel interference and the distortion pro-
duced in a receiver when the frequency deviation exceeds the limits of the
detector.

This paper presents an analytical discussion and computed charts
of the spectra produced by frequency -modulated waves.

A monitor which plots the amplitude and frequency distribution of
the spectrum on the screen of a cathode-ray oscilloscope is described
and calibration of the monitor is discussed. Photographs taken from
the screen of the monitor are presented and compared with computed
patterns.

INTRODUCTION

r 1HE rapid advance of frequency modulation into
the field of commercial broadcasting has brought
with it many attendant problems which must

be solved before operation on the large scale antici-

It is the purpose of this paper to analyze and de-
scribe a frequency -modulation monitoring system
which presents the spectrum of a frequency -modulated
wave on the screen of a cathode-ray oscillograph tube
for visual inspection.

SPECTRUM ANALYSIS OF A FREQUENCY -MODULATED
WAVE

In order to predict the spectrum of a frequency -

modulated signal mathematically, it is necessary to
examine the equation of voltage for this type of modu-
lation. The monitoring system to be described is based
on this equation. Roder' has shown that the sideband
equation for a frequency -modulated wave is

e = A { (Jo(m) sin wt + Ji(inp) [sin (w + p)t - sin (co - p)t]
 .1.2(inn) [sin (w + 2p)t + sin (w - 2p)t]
 J3(inp) [sin (w 3p)t - sin (co - 3p)t]

. I7,(7np) [sin (w np)t (- 1)n sin (0.,

pated can begin. One important problem in this con-
nection is that of accurately and continuously
monitoring the frequency deviation or band width of
a frequency -modulated wave. It is important that
practically all of the energy be confined within the
band allocated for this type of service. If 200 -kilocycle
bands are used the signal should not exceed this width
under all modulating conditions.

In order to monitor during the continuous operating
of a frequency -modulated transmitter, it should be
possible to observe visually the band width or total
frequency spectrum produced at every instant when a
complex voice or music wave is applied to the input
terminals. Modulation with sinusoidal frequencies pro-
duces spectra which can be predicted mathematically.
If visual observation of these spectra were possible, it
would give valuable information regarding modulating
conditions:

* Decimal classification: R414X R213. Original manuscript re-
ceived by the Institute, May 31, 1940.

f Formerly Graduate Assistant, Ohio State University, Colum-
bus, Ohio. Now, Collins Radio Company, Cedar Rapids, Iowa.

where

np)t I

(1)

A =amplitude of unmodulated carrier wave
=w 2-irfc where f, = carrier frequency

p = 271 -Fin, where F in= modulating audio fre-
quency

asap = Fd/F, where Fd = frequency deviation
J7,(m) = Bessel functions of the first kind of order

n for the argument in,
Equation (1) describes the spectrum of a frequency -

modulated wave for any value of deviation ratio
(nip) chosen, and is the basis of the monitoring systemto be described. It can be seen from (1) that the
spectrum consists of a carrier [Jo(m)] and an infinite
number of side frequencies above and below the carrier
[J1, J2, J3,  Jn(Mp)]. The frequency distance be-
tween adjacent components in the spectrum is equalto the audio frequency (F ,n). The amplitude of each
of these for different values of mp may be evaluated

1 Hans Roder, "Amplitude, phase, and frequency modulation,"PROC. I.R.E., vol. 19, pp. 2145-2176; December, 1931.
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from tables of Bessel functions.2,3 Plots of the spectrum
showing amplitude and frequency distribution of these
components are- shown in Fig. 1 for m,,'s varying from
0.5 to 24. Lt 'will be observed that beyond the maxi-
mum frequency deviation the amplitude of the com-
ponents dies off quite rapidly so that most of the
energy in the spectrum is contained in a band ap-
proximately equal to twice the frequency deviation
instead of an infinite band width as predicted by
(1). This is a fortunate state of affairs and makes
frequency modulation practicable. It can be seen from
Fig. 1(D), assuming a constant frequency deviation
(60 kilocycles), that at low audio frequencies (2500

cycles, mp= 24) the band width is approximately equal
to twice the frequency deviation or 120 kilocycles,
while in Fig. 1(C) at high audio frequencies (15,000
cycles, nip =4) the components have an appreciable
amplitude up to a band width of 210 kilocycles. In
general for the same deviation a wider band is required
for the higher audio frequencies than for the lower
audio frequencies.

THEORY OF OPERATION OF THE MONITOR

It is the function of this monitor to make an in-
stantaneous plot of the component frequencies shown
in Fig. 1, and present them on the screen of a cathode-
ray oscilloscope. It may be considered as an automatic
evaluator of (1). The screen can be calibrated by limit
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Fig. 1-Computed spectrum for values of mi,=--0.5 to m=.24.

lines to indicate the predetermined band width or
frequency deviation which has been selected. The fre-
quency deviation or maximum modulation (F,1) has
been arbitrarily set at 75 kilocycles at present. After
this calibration is made, components of a complex
speech or music wave falling outside these lines are
regarded as overmodulation and the audio -frequency
gain is adjusted accordingly. Thus, continuous moni-
toring of instantaneous frequency deviation is possible.

N. W. McLachlan, "Bessel Functions for Engineers," Oxford
Press, London, pp. 41-42, 1934.

Jahnke and Em de, "Tables of Functions," 13, G. Teubner,
Berlin, 1933.

CIRCUIT DESCRIPTION

Fig. 2 shows the elements of the system.

1. Ti, Tz, T3, and T4 are essentially a simplified
amplitude -modulation superheterodyne receiver ca-
pable of operating at 40 megacycles.

DEr. - 7Fnno
40 MC 2/YC 

Pr7
40,1C±75A-C

AM Z//D
.DETECTOR

NP DsciagroR cew-h,ope
sorfc ma kr curizzo.rea,4*

80 CreLL
L/AlesITSIVEWL.

Fig. 2-Block diagram of monitoring system.

2. The high -frequency oscillator circuit Ts is fre-
quency -modulated and swept across a band of ± 100
kilocycles or more by means of the reactance -tube
modulator T5 at the rate of 30 cycles per second using

a linear sweep circuit. This "scans" the spectrum 100
kilocycles above and below the carrier frequency and
"reports" to the intermediate -frequency amplifier T2
any signals it encounters during its excursion.

3. A frequency -modulated signal of + 75 kilocycles
deviation more or less is applied to the input of the
monitor.

4. This produces the sideband components men-
tioned above which beat with the local frequency -
modulated signal from T4. The components are all

translated to the intermediate frequency and pass
through the intermediate -frequency amplifier T2.

5. These components are detected by T3. The out-
put of the detector provides a sharp unidirectional
pulse for each component in the spectrum.. These
pulses are similar in shape to a steep resonance curve
as can be seen from Figs. 3-11. They are applied to the
vertical deflection plates of the oscilloscope.

6. These components are properly spaced on the
oscilloscope screen by applying to the horizontal plates
the same 30 -cycle linear sweep voltage applied to the
high -frequency oscillator reactance -tube modulator TG.

7. The resulting pattern on the screen shows the
amplitude of the carrier and all of the side frequencies
with their relative spacing and band width. Actual
photographs of these are shown in Figs. 3-11.

8. Another concept of the circuit operation is that
the spectrum shown on the screen is produced by the
mixture of two frequency -modulated signals whose
carrier frequencies differ by the value of the interme-
diate frequency. One is modulated with a saw -tooth
wave at high values of nz,, and the other with a sinu-
soidal wave at relatively lower values of nt,, depending
on the audio frequency used. When the two are in
proper phase the spectrum viewed on the screen of the
ea thode-ray tube is produced. It might: also be pointed



frequency and 75 kilocycles deviation. This produces
components on the screen spaced 15 kilocycles apart.
The horizontal gain on the oscilloscope is then adjusted
until the fifth components On each side of the carrier
fall on the limit lines. The fifth component is 75 kilo-
cyles from the carrier frequency, which is the desired
calibration point. Other audio frequencies which are
integral submultiples of 75 kilocycles may be used and
the same procedure followed. The monitor is then
ready to be used with voice or music modulation.

This system provides a continuous and accurate
check on the band width of a frequency -modulated
signal under all modulating conditions.

CONCLUSIONS

Despite the seeming complexity of this monitoring
system, the apparatus and operation are quite simple.
The actual apparatus used, exclusive of the cathode-
ray oscilloscope, is simpler than a modern super-
heterodyne receiver. The adjustments are few and not
extremely critical. The cost of producing this appara-
tus should not be excessively high.

The operating technique, using an instrument of this
kind in a frequency -modulated station, would prob-
ably be to use it as a standard at the transmitter from
which secondary monitors in the control rooms could
be calibrated. A secondary monitor might be a volume
indicator in the audio -frequency circuits used in the
manner that is at present customary in amplitude
modulation.

Other secondary standards using a discriminator
and volume indicator might be used. In any case, they
would have to be checked quite frequently by the
monitor at the transmitter to insure accuracy. With
this technique, the major part of the monitoring would
be done by secondary instruments, and the screen of
the oscilloscope referred to only at periodic intervals
or when it is desired to ascertain the instantaneous
deviation accurately.
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The Ionosphere and Radio Transmission, July, 1940,
with Predictions for ctober, 1940*

It

NATIONAL BUREAU OF STANDARDS,

ATA on the ordinary -wave critical frequencies
and virtual heights of the ionospheric layers as
observed at Washington, D. C., during July

are given in Fig. 1. Fig. 2 gives the monthly average
values of the maximum usable frequencies for undis-

TABLE I
IONOSPHERIC STORMS (APPROXIMATELY IN ORDER OF SEVERITY)

Day and
hour E.S.T.

hF before
sunrise
(km)

Mini-
mum

fF° before
sunrise

(kc)

Noon
iF2°
(kc)

Magnetic
character) Iono-

sphere
char-
acter200-12

G.M.T.
12-24

G.M.T.

July
(13 370 3200 <4800 0.7 1.4 1.3
114 No data No data No data 0.7 0.6 1.0

15 No data No data No data 0.4 0.5 0.7
10 317 3000 5300 0.8 0.6 0.7
11 330 3700 5800 0.5 0.1 0.3
12 until 0500 No data No data - 0.1 0.0 0.1
21 after 1600 - - - 0.2 0.4 0.6
22 334 3100 5500 0.7 0.5 0.5
23 until 0500 325 2900 - 0.1 0.2 0.2
29 after 0700 - - 6900 0.3 0.4 0.4
30 318 3700 5900 0.6 0.8 0.3
31 308 3300 5300 0.7 0.5 0.5
3 after 0700 - - 5800 0.1 0.6 0.5
4 310 3300 5900 0.9 0.6 0.4
5 until 0500 No data No data - 0.5 0.5 0.2

For comparison:
average for un-
disturbed days 296 3720 6430 0.2 0.1 0.0

I American magnetic character figure, based on observations of seven observa-
tories.

2 An estimate of the severity of the ionospheric storm at Washington on an
arbitrary scale of 0 to 2, the character 2 representing the most severe disturbance.

* Decimal classification: R113.61. Original manuscript received
by the Institute, April 15, 1940. These reports have appeared
monthly in the PROCEEDINGS starting in vol. 25, September, 1937.
See also vol. 25, pp. 823-840; July, 1937. Report prepared by S. S.
Kirby, N. Smith, and F. R. Gracely.
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Fig. 1 -Virtual heights and critical frequencies of the ionosphericlayers, observed at Washington, D. C., July, 1940.

turbed days, for radio transmission by way of the regu-
lar layers. The maximum usable frequencies were de -
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termined by the F layer at night and by the E, F1, and
F2 layers during the day. Fig. 3 gives the distribution
of hourly values of F and F2 critical frequencies about
the undisturbed average for the month. Fig. 4 gives
the expected values of the maximum usable frequencies

TABLE II
SUDDEN IONOSPHERIC DISTURBANCES

Day

G.M.T.
Locations of
transmitters

Relative
intensity
at min-
imuml

Other
phenomenaBegin-

ning End

July
9 1139 1210 Ohio, Cuba, Italy 0.0 Ter. mag. pulse,2

(1138 to 1225)
11 1842 1850 Cuba, England 0.0 Ter. mag. pulse,

(1840 to 1900)
13 1455 1525 Ohio 0.02 -
15 1623 1650 Cuba, D. C., Italy 0.0 -
15 1850 1910 Cuba, D. C., Italy 0.01 -
19 1520 1540 Cuba 0.02 -
I Ratio of received intensity during fade-out to average field intensity before

and after; for stations WLWO, 6060 kilocycles, and COCQ, 9720 kilocycles.
2 As observed on Cheltenham magnetogram of United States Coast and Geo-

detic Survey.

TABLE III
APPROXIMATE UPPER LIMIT OF FREQUENCY OF THE STRONGER Sl'ORADIC-E

REFLECTIONS AT VERTICAL INCIDENCE

Midnight to noon

Hour
Day

00 01 02 03 04 05 06 07 08 09 10 11

July
3 8 8 8 5 9 10

23 5 5 5 7 7 5 5

29 4 3 4 4 4 5 10 6 10 6

Noon to midnight

Day 12 13 14 15 16 17 18 19 20 21 22 23

July
2 5 10 8 5 4 7

3 10 10 10 9
6 4 7 5 7 5

9 5 4 9 6 7 7 6 5
15 4 6 6 5 7 6 3
17 7 5 7 3 3 3 3 5

18 6 7 4 4 5 5 5 7 5 6

20 6 5 6 10 8 7 6 4 5

24 4 4 9 7 G 6 ..

30 5 5 7 7 10 6 4 4
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Fig. 2-Maximum usable frequencies for dependable radio trans-
mission via the regular layers, average for undisturbed days for
July, 1940. The values shown were considerably exceeded during
frequent irregular periods because of reflections from patches of
sporadic-li layer.

for radio transmission by way of the regular layers.
average for undisturbed days, for October, 1940. All
of the foregoing are based on the Washington iono-
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Fig. 3-Distribution of F- and F2 -layer ordinary -wave critical fre-
quencies (and also approximately of maximum usable frequen-
cies) about the monthly average. Abscissas show percentages of
time for which the ratio of the critical frequency to the undis-
turbed average exceeded the values given by the ordinates. The
solid -line graph is for 388 undisturbed hours of observation; the
dotted graph is for the 179 disturbed hours of vertical -incidence
observations listed in Table I.
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Fig. 4-Predicted maximum usable frequencies for dependable radio
transmission via the regular layers, average for undisturbed
clays, for October, 1940. For information on use in practical radio
transmission problems, see Letter Circular 575 obtainable from
the National Bureau of Standards, Washington, D. C., on re-
quest.

spheric observations, checked by quantitative obFerva-
dons of long-distance reception.

Ionospheric storms and sudden ionospheric dis-
turbances are listed in Tables I and 11, respectively.
Table III gives the approximate upper limit of fre-
quency of strong sporadic -1 reflections at: vertical in-
cidence for the days during which these reflections
were most prevalent at Washington.
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Sections

Atlanta
A review of the Third Annual Broad-

cast Conference held at Ohio State Uni-
versity was given by several members of
the Atlanta Section. Ben Akerman, chief
engineer of WGST, introduced the subject
by outlining the material presented at the
technical sessions and describing the in-
spection trip to WHAS.

J. M. Corner, then reviewed the paper
on "Transcription Recording and Repro-
duction" which was given by R. A. Lynn
of the National Broadcasting Company.
Various factors such as record material and
its aging, the effect of the pitch of the
groove and its diameter in both recording
and reproducing, flutter effects, cutting
needles, and methods of driving turntables
were considered. Some recommended
standards on groove pitch, size, and num-
ber of lines to the inch were recommended.

The next speaker, M. K. Toalson,
transmitter engineer of WSB, described
the paper on "Microphones" which was
given by R. N. Marshall of the Bell Tele-
phone Laboratories. The ribbon and dy-
namic types of microphones were consid-
ered. It was pointed out that the output
of the dynamic type was a function of fre-
quency and that acoustic resistance is
added to flatten the response. In the ribbon
type, the impedance increases with fre-
quency. By proper phasing, the energy on
both sides of the ribbon at the higher fre-
quencies may be made to reinforce and the
output response becomes more nearly uni-
form. Combining these two types in a
single unit with suitable switching permits
various directive response patterns to be
obtained.

A. W. Shropshire, transmitter engi-
neer of WSB, reviewed the papers on
"Frequency -Modulated -Wave Transmis-
sion and Reception" which were given
by E. H. Armstrong of Columbia Univer-
sity; P. A. de Mars of the Yankee Net-
work; and by H. P. Thomas, I. R. Weir,
and R. F. Shea of the General Electric
Company. The reduction of noise which
may be obtained through this system was
described. It was pointed out that unlike
amplitude -modulated -wave systems, it is
more important to have linear circuit ele-
ments than to operate the vacuum tubes
on the linear portions of their characteris-
tics. The distortion which may occur in the
system results principally in the modula-
tion and detection of the signal.

A demonstration was given by stu-
dents of the Ohio State University and
showed the effect of interference between
two stations operated on adjacent chan-
nels and also when operated on the same
channel. The strongest signal controls the
receiver and the weaker signals are not
heard at all.

The meeting was closed by Mr. Aker -
man with a few general observations on

some of the other papers and discussions
which were heard.

March 15, 1940, G. S. Turner, vice
chairman, presiding.

S. A. Flemister, transmission and pro-
tection engineer of the Southern Bell Tele-
phone Company, presented a paper on
"Coastal and Harbor Radiotelephone Sys-
tems."

The subject was introduced by a brief
review of the present radio services which
are supplied by the Bell System. The
coastal and harbor service furnishes a
means of extending the land telephone sys-
tem to small craft operating along the
coast and in the harbors. Stations are lo-
cated in a number of ports on the Atlantic,
Gulf, and Pacific coasts. The importance
of choosing a suitable site for the transmit-
ter and receivers was stressed. The antenna
systems used were described. The equip-
ment is unattended and usually remotely
located. A number of receivers are used
and the one providing the most satisfac-
tory signal is selected for operation. This
permits the use of low power in the boat
installations.

April 19, 1940, P. C. Bangs, chairman,
presiding.

"Vacuum Tube Pioneering Over the
Last 25 Years" was the subject of a paper
by H. E. Mendenhall, vacuum tube de-
velopment engineer of the Bell Telephone
Laboratories. The early history of vacuum
tubes starting with the development of the
incandescent -filament lamp by Edison in
1876 was outlined. In the early tubes, there
was considerable gas after evacuation and
this affected their performance consider-
ably.

By 1915 the development of tubes per-
mitted New York and San Francisco to be
joined by telephone service. By using a
large number of tubes in parallel it became
possible to communicate with Europe.

In discussing the rectifier tubes it was
pointed out that the inefficiency of the
early designs resulted from large spacing
between the elements and poor cathodes.
The improved mercury rectifier has an
efficiency of about 99 per cent.

High -frequency air-cooled tubes were
then discussed. The technique of molding
the glass was described. Because the time
required for an electron to pass through
one element to another is important in
this range of frequency, the leads to the
tubes must be short. To reduce common
impedances which may cause uncontroll-
able oscillation, many tubes are made
double ended and more than one lead con-
nects to a given electrode. Tubes which
will operate at frequencies as high as 3000
megacycles have been built.

In 1920 satisfactory technique was de-
veloped for sealing metal to glass and it
permitted the development of high -power
tubes cooled by water. By means of the in-
duction furnace the gases could be driven
out of the tube elements.

The structure of tube filaments was de-
scribed. The use of coatings of material
which liberates electrons at low tempera-
tures was covered. By measuring the
filament resistance, it is possible to judge
the age of a tube.

The problem of insulating the elements
of a tube from each other is of great im-
portance in view of the high temperatures
which are encountered.

May 17, 1940, P. C. Bangs, chairman,
presiding.

Baltimore
A. E. Thiessen of the General Radio

Company, presented a paper on "Recent
Developments in Radio Measuring Instru-
ments." It treated both the ultra-high-fre-
ency developments and the use of square
waves as a means of testing amplifier per-
formance.

In the ultra -high -frequency region it
was pointed out that there is freedom from
static and the limited range of transmission
permits duplication of services at rela-
tively short distances. Wide -band services
thus become practical. Methods of gen-
erating ultra -high -frequency waves were
described.

The use of square waves to determine
amplifier performance was described and
demonstrated. Small differences in the re-
sponse -frequency characteristic of an am-
plifier could readily be detected. The
presence of transients in the output of an
amplifier may usually be noted.

April 19, 1940, C. A. Ellert, chairman,
presiding.

This was the annual meeting of the
section and in the election of officers for
the forthcoming year, Ferdinand Ham-
burger of Johns Hopkins University, was
named chairman; V. D. Hauck, of the
Bendix Radio Corporation, was elected
vice chairman; and G. J. Gross, of the
Pennsylvania Water and Power Company,
became secretary -treasurer.

W. B. Kouwenhoven, professor of elec-
trical engineering at Johns Hopkins Uni-
versity spoke on "Some Interesting Effects
of Electric Shock." It included the results
of his researches on such topics as tissue
burning, muscular reaction, heart fibrilla-
tion, the path taken by the current through
the body, current density, skin resistance,
and the effects of direct and alternating
current.

May 17, 1940, C. A. Ellert, chairman
presiding.

Boston
The first paper of the evening was on

"Emergency Radio Equipment" and was
by C. A. Harvey of Harvey -Wells Com-
munications, Inc. In the design of port-
able and emergency radio equipment the
type and quantity of available power is
of prime importance. The transmission
range required will affect the frequency
range employed. Consideration also must
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be given to whether continuous or inter-
mittent services will be demanded. In
many cases, the transmitter and receiver
arc operated as a unit and the control cir-
cuits arc interconnected.

If a good antenna system can be used,
the power for both the transmitter and re-
ceiver may be a minimum. A poor an-
tenna requires increased power for the
same effective range. The conditions of
operation vary so greatly that good design
may dictate either low -power, lightweight,
and small -size equipment or apparatus
which is bulky and heavy. Whether con-
tinuous wave or radiotelephone transmis-
sion is to be used is another important fac-
tor.

As an example of a highly portable and
extremely compact emergency set, a unit
of approximately 7 inches square by 8
inches high was shown operating between
1.5 and 4 megacycles. The four -tube crys-
tal -controlled transmitter had an output
of 0.6 watt, the superheterodyne receiver
used four tubes. This unit together with a
French -type handset and a coil of antenna
wire constitutes a complete emergency sta-
tion.

The second paper was on "Emergency
Radio Equipment" and was by J. M.
Henry of the New England Telephone
and Telegraph Company. The equipment
first described was for use and maintenance
of public telephone services across gaps in

the telephone wire plant, caused by hurri-
cane, flood, fire, or other disasters.

The equipment is designed to he con-
nected at each end of a wire break in any
two -wire or four -wire circuit and operates
as though the original circuit were intact.
The system operates in both directions on
the same carrier frequency. High-speed
voice -operated mechanisms arc used for
starting and stopping the transmitters. The
Codan, which operates the receiver only in

the presence of an incoming carrier and
does not function when receiving noise
alone, is used to control the receiver.

The apparatus described was on dis-
play and was demonstrated.

February 23, 1940, W. L. Barrow,
chairman, presiding.

B. J. 'Thompson of the Research De-
partment of the RCA Manufacturing Com-
pany (Harrison) presented a paper on
"More Work for the Electron." This was
the same paper given before the Washing-
ton Section on March 11 and reported in
the April issue of the PuocEEDINGs.

March 29, 1940, W. L. Barrow, chair-
man, presiding.

Buenos Aires
A. '1'. Cosentino, I)ireci or of Radio

Communications of filo. Argent inc, pre-
mffil t!ri some "Comments on the South and
Inter -American Radio Conferences at San-
tiago, Chile."

In regard to Soul It America, it. war,

sI.alrrd that faulty organizat ion and geo-
graphical dist ribution prevent the medium -
:old high -frequency broadcast slat hats
from fulfilling their requirements. Accord-
ing to the reports pre..;enied al the (.'.ort-
ferences in Rio de. Janeiro and
111(r..1 of I he stations ale below Ilie

ards established by modern practice.
Reports presented by the Argentine

delegation at Cairo described for the first
time the variation of frequency of the
emissions from many stations over a long
period of time as well as variations of their
field intensity, giving a clear view of the
interference situation.

In considering the frequencies assigned
for broadcasting it was pointed out that
observations during 1937 indicated 100
high -frequency stations were operating
outside of the bands assigned for broad-
casting which total 1850 kilocycles. In 1939
the band width was expanded to 2950 kilo-
cycles and there were 126 stations operat-
ing outside of these bands. This amounted
to 31 per cent of all the stations received.
Although the South and Inter -American
Radio Conferences could not solve the
problem entirely, much has been done.
More uniform agreement appears possible
in the near future.

The relative importance of various
services was considered and it is possible
that less important services may be cur-
tailed providing more space for broadcast-
ing.

March 29, 1940, A. M. Stevens, chair-
man, presiding.

At the Annual Meeting, A. T. Cosen-
tino, Director of Radio Communications of

the Argentine, was elected chairman; P. J.
Noizeux, of the Transradio Internacional,
was named vice chairman; and W. J.
Andrews, of the Cia Standard Electric
Argentina, became secretary -treasurer.
No technical paper was presented.

May 20, 1940, A. M. Stevens, chair-
man, presiding.

Buffalo -Niagara
"The Doherty High -Efficiency Ampli-

fier" was the subject of a paper by W. H.
Doherty pf the Bell Telephone Labora-
tories.

The conventional linear radio -fre-
quency power amplifier when supplying
peak power for 100 per cent modulation
shows a plate efficiency not greater than
33 per cent.

By connecting the plates and grids of
two tubes by suitable networks, one may
be made to operate at full plate voltage
and take all the load for the Immodulated
carrier while the other tube is prevented
from contributing to the output by a high
grid bias. The second tube contributes
power as it is demanded by the modulation
conditions and at the same time, the first.
tithe increases its output. As the per cent
modulation increases the demands on both
tithes increase with the second 1 nbe sup-
plying power at a faster rate of increase.
At. the point of maximum instantaneous
peak power both tubes contribute evenly.
Al 100 per cent modulat ion an efficiency Of
about. 60 per cent results.

The operation and adjustment of Ihe
equipment was do 11011 Irnlcd using a low -
power amplifier, an electric lamp as a

dummy antenna, and a cathode-ray osoil-
lograph. Ily means of plugs and jacks Ilse
oscillograpli could he connected In %wimp;
part s of t he circuit .

April 3, 19.10, Karl Holtman, chairman,
presiding.

A symposium on frequency modulation
was presented by three speakers from the
Colonial Radio Corporation engineering
staff. The "Historical Review" was given
by F. H. Scheer. The second paper was by
H. C. Tittle, who outlined the "Theoretical
Considerations". which included compari-
son with amplitude modulation. In the
third paper J. L. Taylor treated the "Re-
ceiver Design." A visual method of indi-
cating the proper tuning of a receiver was
described.

May 8, 1940, Karl Hoffman, chairman,
presiding.

This meeting was held jointly with the
Rochester and Emporium Sections at
Olean, New York. It was presided over
by L. C. F. Mode, president of the Insti-
tute.

A paper on the "Rhumbatron Resona-
tor and Klystron Oscillator" was presented
by F. E. Terman, head of the electrical
engineering department at Stanford Uni-

versity.
Dr. Terman discussed the Rhumbatron

resonator and its application in the Kly-
stron oscillator in which it becomes a part
of the oscillating tube. The frequency of
the resonator is determined by its shape
and size and its simplest form is merely a
cylinder in which the oscillating voltage
is generated between the ends. The diame-
ter of the cylinder determines the fre-
quency and the length controls the im-
pedance. Values of Q may vary between
10,000 and 60,000 or higher and with a
Rhumbatron of 10 centimeters it approxi-
mates 30,000.

The Klystron oscillator consists of two
Rhumbatrons coupled so that an electron
stream passes through them lengthwise.
The stream is bunched by the first Rhum-
tron and collected by the second. The sec-
ond Rhumbatron is tuned to the frequency
of the bunching of the electrons and oscilla-
tion results. A theoretical efficiency of 78
per cent is obtained. The cathode of the
electron emitter is usually operated at neg-
ative potential to keep the high voltage off
the bulky parts of the circuits.

This type oscillator can he built very
compactly and its radiations may he highly
directive. It is used in aeronautical radio
and certain types of therapy work.

June 8, 1940.

"Acoustics Of Broadcast Studios and
Their Meat urement" was I he subject of a
paper by L. Cr. Hector, professor of phys-
ics at the Universit y of Buffalo.

The history of the development of prac-
tical sound measurements introduced the
subject.. Sound waves leave the source and
reflect back and forth from the surfaces of
a room until all Of I he energy is absorbed.
The lino required for the average sound
energy in a room to drop to one ndlliont h
(--60 decibels) of its original value after
I he source is shut off is known as t he rever-
beration t ime.

If I he sound produced is of a sitnde frt..
gurney, standing waves or brat notes will
result and reverberation measurements
may be unsatisfactory. If several musical
and !.;preelt records are played simultane,
ously (he combined result is called war -
Nine. This I.ype of !4)111'11' V,Iv(i fairly .fable
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conditions and measurements may be
reproduced. The circuit used in the meas-
uring instrument was described. Meas-
urements made in several rooms and
broadcast studios were shown and their
interpretations discussed.

This was the annual meeting and B. E.
Atwood, of the Colonial Radio Corpora-
tion, was elected chairman; E. H. Roy,
of Station WI3EN, was designated vice

-chairman; and Leroy Fiedler, of Stations
WKBW-WGR, became secretary -treas-
urer.

June 26, 1940, B. E. Atwood, vice
chairman, presiding.

Chicago
A panel discussion on "Frequency Mod-

ulation" was participated in by Marvin
Hobbs, chief engineer of the Scott Radio
Laboratories; D. W. Gellerup, chief engi-
neer of WTM J; and H. S. Knowles, vice
president and chief engineer of the Jensen
Radio Manufacturing Company.

Mr. Gellerup opened the discussion
with data on a field survey of the fre-
quency -modulation -wave station of the
Milwaukee Journal. The survey covered
southern Wisconsin and the northern part
of Illinois as far south as Chicago and
showed encouraging results. The problems
of frequency allocation and transmission
range were discussed. Data were presented
on the second and third horizon and the
problem of interference. It was stated that
a front -to -back ratio of 2 to 1 on the re-
ceiving antenna would solve most of the
interference problem.

The problems -of receiver design were
discussed by Mr. Hobbs. The fundamental
requirements of the receiver were discussed
and particular attention was given to the
limiter circuit. Its limits of operation and
sensitivity were considered. Automatic vol-
ume control was also considered. Stress
was placed on the fact that a signal-to-
noise ratio of approximately 2 to 1 results
in reception practically free of noise. -

Mr. Knowles treated the acoustical
problem. In it he traced the development
of acoustical analysis and discussed the
various psychological studies to discover
human desires in sound reproduction. It
was pointed out that the "high-fidelity"
phase might succumb to the desire for low -
price models. At the present time the pub-
lic is not enthusiastic about high fidelity
and in many cases prefers highly distorted
bass reproduction.

February 21, 1940, .E. Kohler, chair-
man, presiding.

. H. A. Rahmel, recording engineer
for Blackett-Sample-Hummert, Inc., pre-
sented a paper on "Techniques of Instan-
taneous Recording." The various terms
and equipment used in disk recording were
first defined. A comparison of vertical and
lateral recording was made. The differ-
ences in response caused by crowding at
the inside of the record were discussed.
Consideration was then given to the proper
pattern for the cutting stylus and the play 
back needle and correct needle pressure.

Difficulties encountered in obtaining
satisfactory speed regulation were outlined
and various methods for obtaining con-
stant speed were discussed. The types of

cutting heads commonly used were de-
scribed and their response -frequency char-
acteristics were considered. The correct
volume levels for recording were discussed
and methods of compensating for varia-
tions in the characteristics of the cutting
heads were included.

Emphasis was placed on the need for a
better acetate disk and also for standards
on recording such as the correct pressure,
the number of lines per inch, and the re-
sponse -frequency characteristics of the re-
cording and reproducing mechanisms.

An interesting innovation for the sec-
tion was the holding of a preliminary ses-
sion, the purpose of which was to discuss
radio topics in a manner which would inter-
est the younger members and provide an
opportunity for new members and visitors
to become acquainted. At this session,
which was about an hour in length and
which preceded the regular meeting, Alfred
Crossley, consultant, spoke on "Measur-
ing Transmission Losses with a Q Meter."

March 27, 1940, E. Kohler, chairman,
presiding.

The preliminary session was devoted to
the "Theory of Frequency Modulation"
which was presented by A. W. Sear of the
Armour Institute of Technology.

The main session was devoted to a
"Demonstration of Frequency Modula-
tion" by J. E. Brown and G. E. Gustafson
of the Zenith Radio Corporation. Mr.
Brown first showed some oscillograms of
the performance characteristics of fre-
quency -modulated -wave receivers utilizing
both narrow and wide bands for transmis-
sion. He then illustrated the performance
of receivers of both types at gradually in-
creasing distances from the transmitters
and subjected to the same signal levels.

The performance of amplitude- and
frequency -modulated -wave receivers was
demonstrated. A program was furnished
by a phonograph, which was used to modu-
late both types of transmitters. Rapid
switching could be made from one receiver
to the other and they were compared on
the basis of noise, quality of reproduction,
and sensitivity.

April 26, 1940, E. Kohler, chairman,
presiding.

The preliminary session was devoted to
the "Design of Wide -Band amplifiers" by
A. B. Brownwell of the department of
engineering of Northwestern University.
A thirty-two page pamphlet of notes and
diagrams was prepared by Mr. Brownwell
and distributed to those present.

At the regular meeting a paper on the
"Importance of Phase Shift in Low -Fre-
quency Amplification" was presented by
H. R. Johnston of the Automatic Electric
Company.

Methods of measuring phase shift in
resistance -coupled amplifiers were out-
lined. Design considerations which will
make allowance for or correct the shift in
these amplifiers was discussed.

The meeting was held in the Chicago
Lighting Institute, and Mr. Oberhausen of
that organization demonstrated the ex-
hibits of the Institute.

May 27, 1940, E. Kohler, chairman,
presiding.

Cincinnati
D. E. Foster of the RCA License Labo-

ratory, presented a paper on "Frequency -
Modulated -Wave Receivers." The funda-
mentals of amplitude and frequency modu-
lation were first described and some of the
terms used in the latter were defined.

It was pointed out that the deviation in
frequency determines the volume level in
frequency modulation and the rapidity of
this change establishes the modulation
frequency. The relations between these
factors were outlined.

Pre -emphasis, the strengthening of the
higher audio frequencies at the transmit-
ter, and de -emphasis, compensation in the
receiver to make the over-all system linear,
were described. It assists in reducing the
effects of atmospherics and is applicable to
either amplitude- or frequency -modulation
systems.

Two methods of frequency modulating
a transmitter were described. In one, part
of the carrier wave is phase modulated and
recombined with the unmodulated part.
Some amplitude modulation results from
this and must be removed at the receiver
by the use of a limiting circuit. The second
method utilizes the reactance of a vacuum
tube for obtaining frequency modulation.

In discussing the signal-to-noise ratio,
it was demonstrated graphically that until
the input signal of a receiver reaches a cer-
tain value, only noise is heard. From that
value the signal-to-noise ratio rises almost
vertically and then drops off at about a
45 -degree slope. This characteristic is a
function of the deviation ratio and the
greater that ratio, the larger the input sig-
nal required to operate the receiver and the
higher the signal-to-noise ratio becomes be-
fore falling off.

The elements of a frequency -modu-
lated -wave receiver were covered and
methods of obtaining suitable characteris-
tics were discussed.

March 19, 1940, C. H. Topmiller, chair-
man, presiding.

A paper on "Photosynthesis" was pre-
sented by 0. L. Inman, director of the
C. F. Kettering Research Foundation on
Photosynthesis of Antioch College. This
paper dealt with the utilization of the
energy received from the sun through its
effects on growing plants and animals.

April 16, 1940, P. B. Taylor, vice chair-
man, presiding.

D. K. Martin of the Bell Telephone
Laboratories, presented a paper on "The
Western Electric Terrain -Clearance Indi-
cator." The terrain -clearance indicator is a
special form of altimeter Which measures
the distance between an aeroplane and the
terrain over which it is flying. The normal
altimeter indicates the distance above sea
level or some other arbitrary altitude.

A 420 -megacycle oscillator is frequency
modulated over a range of 25 megacycles.
The wave is transmitted to the ground, re-
flected, and picked up on a receiver. The
transmitted wave is also impressed on the
receiver and a beat note between the two
depends on the sweep rate of frequency
modulation, the distance traveled by the
wave from the plane to ground and return,
and the speed of propagdtion.



1940 Institute News and Radio Notes 383

At low altitudes the reflected signal is

very strong and a feedback circuit prevents
overloading and inaccurate readings.

The possibility of plotting land contour
maps to permit the pilot to stay close to his
course in landing even in the absence of a
landing beacon at an airport was discussed.
Such maps would be similar to those de-
veloped from ocean depth findings and
used by mariners.

May 14, 1940, C. H. Topmiller, chair-
man, presiding.

"The Case for Television Standards"
was discussed by J. L. Hollis, a television
engineer for the Crosley Corporation. The
development work during the past decade
which has gone into the production of a
practical television system was outlined.
In September, 1938, proposals for com-
mercial television standards were pre-
sented to the Federal Communications
Commission. Lack of complete agreement
by all members of the industry prevented
the adoption of these standards. The steps
being taken to bring about a consensus
were discussed.

June 18, 1940, C. H. Topmiller, chair-
man, presiding.

Cleveland
S. J. Begun, research engineer for The

Brush Development Company, presented
a paper on "General Considerations in
Disk Recording and Playback." This paper
will be published in full in the next issue
of the PROCEEDINGS.

January 25, 1940, Robert Kline, chair-
man, presiding.

J. R. Weske, associate professor of
Aerodynamics of the Case School of Ap-
plied Science, presented a paper on "Radio
Aids in Air Navigation."

Seven uses of ultra -high frequencies in
aviation radio were discussed. They in-
cluded airport boundary markers, airport
traffic control, airline communication sys-
tems, radio ranges, weather teletype serv-
ice, instrument landing beams, and the
ground -clearance indicator.

One of the small transmitters and auto-
matic recording devices carried by a small
balloon for obtaining data on upper -air
conditions was available for inspection.
Another device which was available for in-
spection was designed and constructed by
Dr. Weske and his associates to measure
the air turbulance and its relation to the
design of airfoils. The use of this equip-
ment is largely responsible for the develop-
ment of the modern flat rivet surface on
planes.

Brief abstracts were given of several
papers which were presented at a recent
meeting of the Institute of Aeronautical
Sciences.

February 29, 1940, C. E. Smith, vice
chairman, presiding.

"Tubes in Industry" was the subject of
a paper by Rex McDill of the Inspection
Machinery Company. The basic circuits
used in most industrial applications of
photoelectric devices were described. Vari-
ous ways in which the relays controlled by
the photoelectric cell may operate other

equipment were outlined. A machine that
sorted resistors was described. A precision
of within about one-half per cent obtained
for values up to ten megohms on alternat-
ing -current operation may be extended to
twenty megohms by using direct -current
operation.

Among various other methods of utiliz-
ing photoelectric devices which were de-
scribed were the measurement of the speed
at which a baseball is pitched, an oil sludge
analyzer, the sorting of fruit, automatic
door openers, and counting machines.

March 28, 1940, R. L. Kline, chairman,
presiding.

Connecticut Valley
"Application of Radio to Vibration

Stresses in Propeller Measurements" was
the subject discussed by C. M. Kearns,
W. Arnonvi, and E. Mueller, of the engi-
neering department of Hamilton Standard
Propellers.

The research described resulted from
the introduction of the metal propeller
which at times failed in service resulting in
forced landings or destruction of the plane.
Crystallization of the metal resulted from
the repeated stressing beyond the endur-
ance limit. Data were necessary on the
vibration of the blades if failures were to
be avoided.

Various types of piezoelectric, capaci-
tive, and electromagnetic microphones
were tried without success. A serious limi-
tation was that of weight as the units
were required to be located toward the tips
of the propellers.

A carbon stack exhibits a variation in
resistance with compression and in the
tests a carbon bar is cemented to the pro-
peller. Calibration is obtained by stressing
the bar by means of a standard cam.

The variation in resistance is converted
into changes in voltages which are im-
pressed 6n an amplifier. A 12 -element
oscillograph and a similar number of car-
bon bars permit vibrations in various
parts of the blade to be recorded simul-
taneously.

In a direct -coupled amplifier leakage
from the plate supply of one stage to the
grid circuit of the succeeding stage is elimi-
nated by using two coupling, condensers be-
tween the plate and grid and grounding
their common point through a resistor

The various modes of vibration of pro-
peller blades were then described and the
influence of the motor driving the blades
was considered.

March 28, 1940, R. N. Ferry, chairman,
presiding.

Austin Bailey, of the operating and
engineering department of the American
Telephone and Telegraph Company, pre-
sented the paper "Harbor and Coastal
Radiotelephony."

There was first presented a historical
outline of the early work in the develop-
ment of a system to link harbor and coastal
craft with the land telephone system.

The present system was then described
and photographs of a number of installa-
tions shown. Operating procedures were
covered. A steady increase in the number
of vessels registered for this service showed

a peak of over 1500 in 1939 and the number
of messages handled in that year exceeded

3000.
April 25, 1940, R. N. Ferry, chairman,

presiding.

"The Electric Eye as Applied to Auto-
matic Wrapping Machinery" was the sub-
ject of a paper by E. F. Cornock, engineer
for the Package Machinery Company.

A brief history was first given of the
photoelectric effect. This was followed by
an outline of the structure and material
used in photoelectric devices and the char-
acteristics which result from the different
photosensitive materials.

In automatic wrapping of any product;
it is cheaper to print on a continuous rib-
bon of wrapping material than on individ-
ual sheets. Some of the newer wrapping
materials are difficult to separate in sheets
for manual packaging.

Most manufacturers buy preprinted
stock for wrapping and errors such as those
occurring in printing or resulting from
shrinkage caused by humidity and tem-
perature variations must be corrected in
wrapping. High-speed machines require
rapid correction as errors are cumulative.
The simplest method of operation is to re-
tard slightly the speed of the paper and
have the photoelectric regulator operate in
only one direction, to advance the speed of
the paper feed as required. Transparent
wrappers use transmitted light for control
and opaque paper requires utilization of re-
flected light.

At the close of the paper an inspection
tour of the Package Machinery Company
plant was made.

May 23, 1940, R. N. Ferry, chairman,
presiding.

An inspection trip of the United States
Coast Guard Training Station at New Lon-
don occupied almost a full day. The steam
engineering, radio, and armory sections
were visited.

A paper was presented by M. H.
Griffith of the resident school at the end
of the inspection trip. It was pointed out
that the training station provides resident
training for several types of skilled person-
nel and teaches by correspondence about
7000 students who are studying in forty
subjects.

Radio operating students receive only
sixteen weeks of training. In that short
time they learn to copy code by touch
typewriting at a minimum speed of twenty
words per minute. Both typing and code
reception are taught simultaneously. Ad-
ditional training is given in Navy, Coast
Guard, and commercial procedure as well
as in elementary radio theory.

At the close of the paper, officers for
the succeeding year were elected. K. A.
McLeod of WDRC in Hartford, was
elected chairman; F. G. Webber of the
F. W. Sickles Company, was named vice
chairman; and W. M. Smith was re-
elected secretary -treasurer. A group sup-
per was served at the Hotel Mohican, and
G. W. Pickard, consultant, gave a talk on
the effects of several factors on the trans-
mission of signals at frequencies between
30 and 100 megacycles. Poorest transmis-
sion conditions occur at midday and the
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annual variations show greatest fading
during the summer. It was pointed out
that many of the factors affecting propaga-
tion at these frequencies were known many
years ago and also that experimental data
recently obtained supports older mathe-
matical prognostications.

The meeting was closed with the show-
ing of a motion picture illustrating the ac-
tivities of the Coast Guard.
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Correspondence

Transconductance
In the work of several of the Technical

Committees of The Institute the question
has arisen as to the proper algebraic sign
for the transconductance of vacuum tubes.
In attempting to arrive at an answer it
was decided to publish the following two
letters which have been received present-
ing both sides of the question and to invite
discussion from the membership. Lack of
space in the PROCEEDINGS will probably
prevent the publication of further letters
on the subject and it is therefore requested
that they be addressed to the Sub -Com-
mittee on Ultra -High -Frequency Vacuum
Tubes where they will receive the closest
attention.

F. B. LLEWELLYN
Chairman, Subcommittee
on Ultra -High -Frequency
Vacuum Tubes

In the analysis of vacuum -tube circuits,
there has been much confusion because an
increase in the plate current is accom-
panied by a decrease in the plate voltage.
This differs from ordinary load circuits in
which the current and voltage are propor-
tional. Those of us who have thought
about this difficulty now appreciate the
reason for it. It is because we have not
been expressing the plate current going
out of the tube but rather the plate current
flowing backward in the output circuit.
We should express the plate current as the
current leaving the tube from the plate
terminal. This is certainly the only logical
way of expressing the output current from
a repeater tube, the plate being the output
electrode. Expressed in this manner, it ap-
pears that the plate current is negative.
Therefore an increase in the plate current
is a negative change in the plate current
and is accompanied by a negative change
in the plate voltage.

These questions also have a bearing on
whether the transconductance and am-
plification factor of an ordinary triode
should be regarded as positive or negative.
It is an historical fact that this question
has not been given any real attention. The
value of the transconductance has been
stated as a number and likewise the value
of the amplification factor, but no atten-
tion has been paid to the question of
whether this number is positive or nega-
tive.

The development of special tubes which
have opposite kinds of transconductance
makes it desirable at this time to standard-
ize by calling one kind of transconductance
positive and the opposite kind negative. It
should be appreciated that this is not a
change of any previous standards, but is
merely assigning a polarity to quantities
which were formerly regarded as numbers.
The following recommendation is in ac-
cord with the present practice of some
laboratories but differs from the present
practice of some other laboratories. There
need be no confusion caused by this stand-

ardization. Whichever group of engineers
may be required to change their present
practice are so well versed in the subject
that the change will not be difficult. In any
case, one group will have to change, so the
resistance to change is not an argument
for or against the following proposal.

In order to standardize the expression
of transconductance and amplification fac-
tor on a basis better adapted for circuit
analysis, it is proposed that these quanti-
ties in an ordinary triode be defined as
negative. The negative transconductance
is based on the fact that a positive change
of the grid voltage produces a negative
change in the current out of the tube from
the plate terminal. The negative amplifica-
tion factor is based on the fact that a posi-
tive change of grid voltage produces a
negative change of plate voltage.

Beyond the reasonableness of this
proposal, a strong argument in its favor is
that it fits in with the accepted conven-
tions in the analysis of electric circuits.
The concept of transconductance is an out-
growth of the general concept of transfer
admittance from the input side to the out-
put side of a 4 -terminal network. The ac-
cepted convention defines this transfer
admittance as the quotient of the current
out of the output side of the network di-
vided by the applied voltage on the input
side. If the lower terminals are considered
as joined together and grounded,
comes more precisely the quotient of the
current out of the ungrounded output ter-
minal divided by the voltage applied to
the ungrounded input terminal. It is also
true that a positive transfer admittance
gives an output voltage of the same polar-
ity as the applied input voltage.

The concept of transadmittance in a
vacuum tube differs from the concept of
transfer admittance only to the extent that
transadmittance has to be specified from
one electrode to another since it is not a
reciprocal property between two elec-
trodes. There is nothing in this difference
which should cause us to define transad-
mittance as having a polarity different
from the accepted polarity of transfer ad-
mittance.

Therefore I urge that the transadmit-
tance and other terms such as transcon-
ductance be defined as the quotient of the
current out of the output electrode di-
vided by the applied voltage on the input
electrode, the input and output electrodes
being specified. Also the amplification fac-
tor becomes merely the quotient of the out-
put voltage divided by the input voltage
when these voltages are adjusted to pro-
duce no change of the output current. The
formulas for defining the amplification fac-
tor and the ordinary formulas expressing
the amplification of an amplifier stage all
lose their negative signs, the reversal of
polarity then being included in the nega-
tive sign of the transconductance or the
amplification factor which appears in the
formula. The fictitious internal voltage
generated in a triode becomes merely equal

to the grid voltage multiplied by the am-
plification factor".

It is concluded that these recommenda-
tions are fundamentally sound and logical.
They do not involve a departure from
long-established practice but rather the
establishment of a new convention where
none existed before. Those who have given
this proposal a fair trial have found that its
advantages in circuit analysis far outweigh
the mental resistance to regarding the
transconductance and amplification fac-
tors as negative numbers where we have
previously regarded them just as numbers.
The advantages are most appreciated in
the study of the more complicated circuits
and it is there that the benefit of standard-
ization is most needed. These recommenda-
tions should be adopted without delay be-
cause we are coming closer to the general
use of special tubes which involve both
kinds of transconductance.

HAROLD A. WHEELER

A proposal is being advanced that the
definition of transconductance of a vacuum
tube be altered so that the transconduct-
ance of a conventional triode would be-
come negative in sign. I have been invited
to write a letter opposing this proposal.
The proposal astonishes me; I oppose it
heartily.

A plausible case can be made for either
of the two possible definitions determining
the sign of the transconductance, reason-
ing logically from fundamentals.' To an
engineer working with filter theory, it
seems proper that the definition should
correspond to filter theory conventions.
To others the logic which led to the orig-
inal definition seems satisfactory.

But we are not faced with the problem
of deciding how we should define a new
quantity. The definition was made-cor-
rectly or incorrectly-years ago and has
been widely accepted. It is now proposed
that the definition be changed.

I submit that the only grounds for
making a change of this nature would be
the finding that the old definition was un-
workable or not widely accepted. With the
possible exception of work on filters, it is
apparent that the old definition is work-
able and universally accepted. It does not
appear that great hardship has been caused
for filter designers. Correct results can
readily be obtained by clear thinking, us-
ing the present definition. With the pro-
posed definition, correct results could not
be had without clear thinking.

Changes have lightheartedly been made
in definitions and symbols before without
very serious consequences except the bring-
ing of standardization into disrepute. It
might therefore lie argued that it is a
small matter whether or not this change
is made and that it would be reasonable to
please the filter designers. But this pro-
posed change is of a different nature from
those which have previously been made.

See G. W. 0. Howe, "The phase convention of
currents and voltages in valve circuits," WireIrss
Eng., vol. 17, no. 198, PP. 95-96; March, 1940.

August, 1940 Proceedings of the 385



386 Proceedings of the I.R.E: August

Suppose that the Institute of Radio
Engineers, the American Institute of Elec-
trical Engineers, and the American Stand-
ards Association by some miracle should
act promptly and in complete agreement
to effect this proposed change in the near
future (it usually takes several years to
get even a noncontroversial change through
the mill). Effective January 1, 1941, (let
us say) when we say "negative transcon-
ductance" we should mean positive trans -
conductance, old style. This would be
somewhat cumbersome and inconvenient
but would not be overwhelmingly serious
if everyone made the change at the same
time and if all written material were dated.
But anyone who has observed the course
of standardization must have seen that
it takes years to change even a good major-
ity of the radio workers over to a new
standard and that there are always a great

Books

many die-hards who continue as before.
Including the present proposal, the possi-
bilities of representing a given quantity
using well -supported conventions would be
about as follows:

S,} = J.
1500f micromhosmicroamperes per volt.

A further interesting variation is obtained
by the choice between "transconductance"
and "mutual conductance." It is apparent
that the symbols, the name of the dimen-
sion, and the name of the quantity itself
can be chosen to suit the individual's
fancy without obscuring his meaning. But
the introduction of a choice in signs would
bring about complete ambiguity. Unless I
know which definition a man accepts, I
cannot know what he means.

There are many organizations, large
and small, which issue data on tubes.
Many-probably most-will not accept a
change justified by such esoteric arguments
as are advanced in this case. They could
hardly do so in any case, for they have so
many valuable data already in print which
they cannot afford to replace.

There are many books which could not
be changed. Papers by the hundreds are
nOw in print which conform to the old
standard. All of these would suddenly be
rendered in error and therefore misleading.

The adoption of this proposal by the
Institute of Radio Engineers could have
little other effect than to produce confusion
and to injure the cause of standardization.
It seems certain that the proposal will not
be generally accepted.

B. J. THOMPSON

Elektrotechnik, by F. Berg-
told.
Published by Weidmannsche Verlags-

buchhandlung, Berlin, Germany. 294
pages +3 -page index. 373 figures. 052 X81
inches.

This is a commendable effortto present
the fundamentals of electrical science to
radio and amplifier technicians. It is an
ambitious undertaking,-to attempt to
carry a person of 'modest technical
ground from the elementary conception of
currents, potentials, etc., through to a
complete exposition of vacuum tubes and
networks in 297 pages. The book does this
well, with no apparent sacrifice in rigidity
of thought or accuracy of principles. The
mathematics are limited to arithmetic and
simple algebra. There are numerous good
diagrams. The latter, especially made for
the book, are 373 in number and they are
simple and pointed.

It must again be emphasized that this
is a book of fundamentals. There is not a
single circuit diagram of the usual radio
instruction type nor are there practical
operating hints for the equipment which a
technician may be called upon to handle.
The book sticks to its objective. It is pre-
sumably intended as a textbook for those
who have no more than, say, a high-school
education. It would not serve badly as a
review book for those who have struggled
through college courses in physics and elec-
trical engineering.

The terminology has been brought up
to date in accordance with present German
practice. Thus, non -German word roots
are avoided, and "Permeabilitat" has be-
come "magnetischer Verhaltniswert." This
revision of terminology may prove incon-
venient or confusing to non -German read-
ers.

Lest the reader obtain the impression
that this volume lacks nothing in perfec-
tion, let it be noted that there is even a
short section on frequency modulation but,
unfortunately, the author completes the
discussion with only reference to its dis-

advantages as compared with amplitude
modulation. Apparently frequency modu-
lation, with all its implications for the fu-
ture, has not yet reached or impressed the
author, or perhaps the manuscript of the
book was written before it did.

H. A. AFFEL
Bell Telephone Laboratories, Inc.

New York, N. Y.

The Oscillator at Work, by
John F. Rider.
Published by John F. Rider Publisher,

Inc., 404 Fourth Ave., New York, N. Y.
243 +xi pages. 159 figures. 5;X8! inches.
Price, $1.50.

The vacuum -tube oscillator confronts
the serviceman in many forms and vari-
eties, not only in the apparatus upon which
he is operating, but in the instruments with
which he works. This book is intended to
provide a description and explanation of all
those ordinarily encountered. It is arranged
in two parts, the first giving general prin-
ciples of various types of oscillators, and
the second a description of and instruction
on specific circuits and instruments.

Part II is excellent and contains much
"meat." There is some question as to
whether Part I succeeds in getting across
the ideas which are there. It is difficult to
teach more -advanced principles, such as
those involved in oscillator performance, to
persons not thoroughly grounded in the
basic principles, and the method of presen-
tation may not overcome this difficulty.
For example, it is not stated simply any-
where that a tuned circuit is affected by
hanging a tube on it, and affected by what
is in the plate circuit of that tube. The
effects are described, but unless that sim-
ple fact is in mind first, the whole situation
may not be clear to the reader. Neverthe-
less, Part II alone makes the book well
worth while.

The book is carefully edited and only
two errors were noticed, both minor. Fig-
ure 7-5 omits point D referred to in text,

and on page 53, 3000 megacycles should be
300 megacycles.

ARTHUR VAN DYCK
RCA License Laboratory

New York, N. Y.

Mathematics Applied to Elec-
trical Engineering, by A. G.
Warren.
Published by D. Van Nostrand Com-

pany, Inc., 250 Fourth Avenue, New
York, N. Y. 384 +xv pages. 51 X81 inches.
Price, $4.50.

As stated in the foreword by Professor
Alexander Russell, this book will be found
of use to two classes of readers: (1) those
who may desire a general review of their
college mathematics and electrical theory
and (2) those who are looking for the more
advanced methods of solution for particu-
lar problems met with in practice. For the
first class of readers the material contained
in the first eight chapters will be found an
admirable summary. For the second class
of readers the remaining fourteen chapters
will be most interesting. They treat for the
most part the methods of solution of Ordi-
nary and Partial Linear Differential Equa-
tions by both classical and operational
methods with particular attention to solu-
tions defined by infinite series. There are
also chapters on Simultaneous Differential
Equations, Harmonic Analysis, and Con-
jugate Functions.

Numerous examples of the use of these
methods in concrete engineering problems
are given. These examples are chosen from
a wide range of electrical engineering ap-
plications, of which the majority will be
found of interest to radio engineers.

The author's style, while terse, is never-
theless lucid. Very little attention is given
to matters of formal mathematical rigor, a
feature which will probably recommend
the book to the engineering reader. In the
appendices will be found lists of the prin-
cipal formulas and a short bibliography.
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An adequate subject index concludes the
volume.

The reviewer finds this one of the most
satisfactory compendiums of this nature
with which he is familiar.

L. P. WHEELER
Federal Communications Commission

Washington, D. C.

Moderne Kurzwellen-Emp-
fangstechnik (Modern Short -
Wave Receiving Tech-
nique), by M. J. 0. Strutt.

Published by Julius Springer, Berlin,
Germany. 245 pages. 176 illustrations.
61 X51 inches. Price, RM 18.60.

This book covers, in particular, what

Contributors

have been called the "Ultra -Short -Wave
and Decimeter -Wave Fields" up to the
highest frequencies at which conventional
types of tubes can be used.

Chapters in order cover Receiving An-
tennas, Transmission Lines, Measurement
Methods, Amplification of Currents and
Potentials, Conversion and Detection, Re-
ceiving Systems, Mathematical Appendix
and List of References.

Although the treatment of the funda-
mental theory of receiving antennas is
good, the discussion of practical antenna
design is rather incomplete, particularly as
regards to the different types of arrays and
wave antennas such as the rhombic type.

Chapters III and IV covering Measure-
ments and Amplification are particularly
to be recommended. They contain con-

siderable of new material, particularly
that which the author has contributed to
the art, in order to obtain which, it has
been necessary to refer to the original arti-
cles previously.

With minor exceptions, the treatment
is descriptive rather than mathematical,
and the book can be used by a person with
very meager mathematical knowledge. For
those who have the facility, appendixes
cover some of the derivations which are
omitted from the text.

The language used is much less in-
volved and easier read than in many Ger-
man books.

.IRVING WOLFF
RCA Manufacturing Company

Camden, N. J.

ARTHUR B. CRAWFORD

Arthur B. Crawford was born on Febru-
ary 26, 1907 at Graysville, Ohio. He re-
ceived the B.S. degree in 1928 from Ohio
State University. Since 1928 he has been
with the research department of Bell
Telephone Laboratories and has been en-
gaged chiefly in ultra -short-wave propaga-
tion studies.

HENRY B. DE VORE

Henry B. De Vore was born on Decem
ber 20, 1907. He received the B.S. degree
in physics in 1926 and the M.S. degree in
1927 from the Pennsylvania State College.
From 1927 to 1931 he was employed at the
experimental station of E.' I. du Pont de
Nemours and Company. Dr. De Vore re-
ceived the Ph.D. degree in 1934 from the
California Institute of Technology. Since
that date he has been engaged in research
with the RCA Manufacturing Company.

JOHN N. DYER

John N Dyer was born in Haverhill,
Massachusetts, on July 14, 1910. He re-
ceived the B.S. degree in 1931 from Massa-
chusetts Institute of Technology. In
September, 1933, he joined the Columbia
Broadcasting System staff and was as-
signed to the Byrd Antarctic Expedition
as chief communications engineer to handle
the Columbia Broadcasting System broad-
casts. Returning in 1935, he did ultra -high -
frequency work in the general engineering
department. At the close of 1936 he was
transferred to the television engineering
department and is now assistant chief
engineer.

CARL R. ENGLUND

Carl R. Englund was born on Novem-
ber 13, 1884 in Sioux City, Iowa. He
received the B.S. degree in chemical engi-
neering from the University of South Da-
kota in 1909. He was a graduate student
at the University of Chicago during the
next two years and in 1912 and 1913 was
professor of physics and geology at West -

PETER C. GOLDNIARK
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ern Maryland College. He was a laboratory
assistant at the University of Michigan in
1913 and 1914. In the latter year he en-
tered the employ of the Western Electric
Company laboratory which in 1925 be-
came known as Bell Telephone Labora-
tories. His work has been in radio -fre-
quency and field -strength measurements
and measuring apparatus and in ultra -
short -wave transmission.

Peter C. Goldmark (A'36 -M'38) was
born on December 2, 1906, at Budapest,
Hungary. He received the B.Sc. degree in
1930 from the University of Vienna and
the Ph.D. degree in physics in 1931. Dr.
Goldmark was in charge of the Television
Department of Pye Radio, Ltd., Cam-
bridge, England, from 1931 to 1933; con-
sulting engineer in New York City, 1933
to 1935. Since 1935 he has been Chief Tele-
vision Engineer at the Columbia Broad-
casting System.

HARLEY LAMS

Harley Iams (A'31 -M'38) was born on
March 13, 1905, at Lorentz, West Virginia.
In 1927 he received the A.B. degree from
Stanford University. Mr. Jams took the
student course from 1927 to 1928, and
from 1928 to 1930 was in the facsimile and
television research department of the
Westinghouse Electric and Manufacturing
Company. Since 1931 he has been doing
television research for the RCA Manu-
facturing Company.

W. W. MUMFORD

W. W. Mumford was born on June 17,
1905, at Vancouver, Washington. In 1930
he received the B.A. degree from Wil-
lamette University. Previously, in 1923 he
served as a radio operator on the United
States Coast Guard Cutter Algonquin.
From 1924 to 1926 he was a clerk -operator
and manager for the Western Union Tele-
graph Company. From 1928 to 1930 he was
an assistant at the Oregon State Highway
Testing Laboratories. Since 1930 he has
been engaged in research work on ultra -

ROGER J. PIERACCI

short-wave transmission phenomena for
the Bell Telephone Laboratories.

Roger J. Pieracci (S'40 -A'40) was born
at Yoder, Iowa, on March 19, 1911. He
received the B.S. degree in electrical en-
gineering from Iowa State College in 1932.
From 1934 to 1939 he was a member of the
engineering staff of the Collins Radio Com-
pany, and during 1939-1940 he took a
year's leave of absence to resume study in
communication engineering at Ohio State
University, serving as Graduate Assistant
to Dr. W. L. Everitt during this period.
At the present time he is on the engineer-
ing staff of Collins Radio Company, where
he is carrying on research in the field of
frequency modulation. Mr. Pieracci is an
associate member of Sigma Xi.

For a biographical sketch of Heinz E.
Kallmann see the PROCEEDINGS for April,
1940.



FOR MODERN OSCILLOGRAPHIC RESEARCH!

RCA Oscillographs

ADMIRABLY ADAPTED to a wide range of t,

new laboratory applications are these two (
new and versatile RCA Laboratory Oscillo-
graphs, Extremely wide ranges of operating char-
acteristics, plus unusual associated circuits, permit
accurate, rapid determination of complex electrical
values . . . Each embodies a 9 -inch tube; blanking -
amplifier for visual indication of elapsed time over
any portion of the trace; electrically -regulated power
supply to insure pattern stability unaffected by line -
voltage fluctuations.

The 304-A meets medium and low frequency re-
quirements of both industrial and experimental

_ work; the 305-A equals those capabilities and
has an extended operating response reaching
to more than 10 megacycles. It is especially

useful for observation of fast transient phenomena.
Fast photographic recording of square wave forms,

frequency characteristic traces, out -of -phase volt-
ages, and other unusual types of photographic
measurement are easily handled by these capable
modern instruments. Write for complete descrip-
tive data and specifications.

Use RCA Tubes in your Test Equipment for greatest
precision.

w.a4folf,;(9*,0*Iteitt
RCA MANUFACTURING CO., INC., Camden, N. J. - A Service of the Radio Corporation of America
Proceedings of the 1. I?, P. August, 1940



 These stack -mounted mica capacitors
and other transmitting types are listed in
new Aerovox Transmitting Capacitor Cata-
log. Copy sent only to professional engi-
neers, designers and builders of commer-
cial -grade equipment, writing us on their
business letterhead.

Sections of finest grade India ruby
mica, made to very close tolerances
to equalize loading of series -con-
nected sections. Vacuum -impregnated
sections are imbedded in low -loss filler
which reduces stray -field losses and
safeguards against moisture entrance.
Mica stacks rigidly clamped in low -
loss non-magnetic clamps and heat -
treated for maximum capacity -tem-
perature stability.

Special cylindrical low -loss glazed
ceramic case for long creepage path
between terminals. Corona losses
eliminated inside and out. Uniform
voltage gradient.

Cast -aluminum terminal ends provide
low -contact -resistance between stacked
units. Units may be stacked and con-
nected in series, parallel or series -
parallel, providing all operating volt-
age ratings and capacity values. Bolts
slipped through holes in aluminum
caps for secure electrical and me-
chanical connections.

Ceramic insulating containers avail-
able as stand-offs in supporting and
insulating active units away from
frame, or for isolating and separating
active units in stack.

Available in five sizes. Capacity
values of from .00001 to .5 mfd.
Voltage ratings of 1000 to 35,000 v.
D.C.W.

 Yes, the Aerovox line includes these stack -
mounted mica capacitors for transmitting ap-
plications such as grid, plate -blocking, coup-
ling, tank and by-pass functions.

Also many other transmitting -type mica ca-
pacitors in cast -aluminum cases, in bakelite
cases, and in molded-in-bakelite cases. There
are more capacities and voltage ratings offered
than ever before, to meet the exact require-
ments of the critical worker.

Again, the Aerovox transmitting capacitor
line includes an expanded choice of oil ca-

pacitors with still higher voltage ratings to
take care of cathode-ray tube circuits and
television receivers; heavy-duty immersion -
proof paper capacitors in various styles of
cans, mountings and terminals; plug-in elec-
trolytics and paper capacitors for constant -
duty service where replacements must be fa-
cilitated; etc. etc.

What were special capacitors yesterday thus
become standard transmitting -capacitor num-
bers today in taking care of the requirements
of the most critical buyers of radio compon-
ents.
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FOR 38 years the American Lava Corporation has spared neither

time nor expense in developing Steatite Ceramic products ahead of

the times. The laboratory and engineering staffs are constantly at

work on problems vital to every industry using ceramics. We count it

a privilege that these men are frequently consulted by America's

foremost engineers. Continued research and development is the corner-

stone upon which the American Lava Corporation stakes its future.

AMERICAN LAVA CORPORATION  CHATTANOOGA  TENNESSEE
CHICAGO  CLEVELAND  NEW YORK  ST. LOUIS  LOS ANGELES  SAN FRANCISCO  BOSTON  PHILADELPHIA  WASHINGTON, D C

P;olt.edings of the 1. R. E. August, 1940



The Voice
with

a Smile

"We hold," says a well-known writer,
"that the young ladies of the American
long distance telephone wires make
up what is probably the most efficient
public service crew in the world. They
have profound patience and that capac-
ity for taking pains that some one once
said is all that genius amounts to.

"We once called a fellow at a hotel in
Philadelphia but he had just departed
on an automobile trip in a westerly
direction. A few days later the long
distance operator caught up with him
in a little town in Missouri and he was
the most surprised man in all but one
of the States of the Union. The excep-
tion was New York. We were the most
surprised there. To this day we have
no idea how the operator, did it."

DAMON RUNYON
in the New York Mirror

BELL TELEPHONE SYSTEM

The Bell System cordially invites you
to visit its exhibits at the New York
World's Fair and the Golden Gate In-
ternational Exposition, San Francisco.

iv Proceedings of the I. R. E. August, 1940



IRE membership offers

many services

to the radio engineer
Proceedings-An outstanding pub-

lication in the radio engineering field.

Over a quarter of a century of service

to the world in publishing important

radio engineering discoveries and de-

velopments, the PROCEEDINGS presents

exhaustive engineering data of use to

the specialist and general engineer. A

list of its authors is a "Who's Who"

of the leaders in radio science, re-

search, and engineering.

Standards-Since 1914 our standards

reports have stabilized and clarified

engineering language, mathematics,

graphical presentations, and the test-

ing and rating of equipment. They are

always in the process of revision and

thus remain up to date.

Meetings-In twenty-two cities in the

United States and Canada, meetings of

the Institute and its sections are held

regularly. Scores of papers on prac-

tically every branch of the field are

presented and discussed. Several con-

vention meetings arc sponsored by the

Institute and add materially to its ef-

fectiveness in distributing data of

value to engineers.

The Institute of Radio Engineers
Incorporated

330 West 42nd Street, New York, N.Y.

To the Board of Directors
Gentlemen:

I hereby make application for ASSOCIATE membership in the Institute
of Radio Engineers on the basis of my training and professional experience
given herewith, and refer to the sponsors named below who are personally
familiar with my work.

I certify that the statements made in the record of my training and profes-
sional experience are correct, and agree if elected, that I shall be governed by the
Constitution of the Institute as long as I continue a member. Furthermore I

agree to promote the objects of the Institute so far as shall be in my power.

Mr.

(Sign with pen)

(Address for mail)

(City and State)

(Date)

SPONSORS
(Signatures not required here)

Address

City and State

Mr.

Address

City and State

Mr.

Address

City and State

Proceedings of thr 1. 1?. E. August, 1940



Associate membership affiliates
you with the Institute and brings you
the PROCEEDINGS each month as well
as notices of meetings held near you.

Name

(Typewriting preferred in filling in this form) No.

RECORD OF TRAINING AND PROFESSIONAL
EXPERIENCE

(Give full name, last name first)

Present Occupation
(Title and name of concern)

Business Address

Home Address

Place of Birth Date of Birth Age

Education

Degree
(College) (Date received)

TRAINING AND PROFESSIONAL EXPERIENCE
(Give dates and type ofwork, including details of present activities)

Record may be continued on other sheets this size if space is insufficient.

Receipt Acknowledged Elected Notified

Requirements-For Associate mem-

bership, an applicant must be at least

twenty-one years of age, of good
character, and be interested in or con-
nected with the study or application
of radio science or the radio arts.

Sponsors-Three sponsors who are
familiar with the work of the appli-
cant must be named. Preferably these

should be Associates, Members, or
Fellows of the Institute. In cases
where the applicant is so located as
not to be known to the required num-

ber of member sponsors, the names of
responsible nonmember sponsors may
be given.

Dues-Dues for Associate member-
ship are six dollars per year. The en-
trance fee for this grade is three dol-

lars and should accompany the appli-
cation.

Other Grades-Those who are be-
tween the ages of eighteen and twenty-
one may apply for Junior grade. Stu-

dent membership is available to full-
time students in engineering or science

courses in colleges granting degrees
as a result of four-year courses.
Member grade is open to older en-
gineers with several years of experi-
ence. Information on these grades
may be obtained from the, Institute.
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POSITIONS OPEN
The following positions of interest to I.R.E. members have been reported
as open on September 15. Make your application in writing and address to the
company mentioned or to

Box No.

PROCEEDINGS of the I.R.E., 330 West 42nd Street, New York, N.Y.
Please be sure that the enveloPe carries your name and address

INSPECTORS, NAVY RADIO
MATERIALS

The Civil Service Commission is hold-
ing examinations for the positions of in-
spector and senior inspector of radio
materials at salaries of $2000 and $2600 per
year, respectively.

Further information regarding the ex-
amination is contained in the formal
announcement, which with the proper ap-
plication forms may be obtained from the
Secretary of the Board of U. S. Civil
Service Examiners at any first- or second-
class post office. or from the U. S. Civil
Service Commission, Washington, D.C.

AUTO RADIO DESIGNERS
An established manufacturer needs men

who have had experience with the elec-
trical and mechanical design of automo-
bile radio receivers. Experience is an
essential prerequisite. Box 212.

ELECTRO-MECHANICAL ENGINEER
Leading parts manufacturer has open-

ing for electro-mechanical engineer with
knowledge and experience in the design
of attenuators for communication sys-
tems, and of other component parts. Posi-
tion affords worthwhile opportunity. Give
full details. All replies confidential. Our
own organization knows of this adver-
tisement. Box 213.

DESIGN AND PRODUCTION
ENGINEERS

Midwest plant wants several experi-
enced men for design, development, and
production engineering on transmitting
and receiving apparatus. Experience on
government equipment highly desirable.
Box 214.

RADIOSONDE TECHNICIANS
In connection with the National De-

fense Program the Civil Service Com-
mission has announced an examination to
secure radiosonde technicians for Gov-
ernment Service. The salary of the posi-
tion is $2000 a year.

Persons appointed will have responsi-
bility for the installation, inspection, and
maintenance of radiosonde ground equip-
ment at new stations in Alaska, the con-
tinental United States, and the Carib-
bean area. Applicants will be rated on
their experience as shown in their ap-
plications, and on corroborative evidence.
While experience in the installation,
maintenance and repair of radio equip-
ment forms the greater part of the re-
quirement, applicants must have had at
least 6 months of experience in the in-
stallation, maintenance and repair of
radiosonde ground receiving and record-
ing equipment.

Further information regarding the ex-
amination is contained in the formal
announcement, which with the proper
application forms may be obtained from
the Secretary of the Board of U. S. Civil
Service Examiners at any first- or second-
class post office, or from the U. S. Civil
Service Commission, Washington, D.C.

DESIGN ENGINEER
A long-established manufacturer of com-

munication equipment has an opening in

Attention
Employers . .

Chicago for a man with at least two years
of direct design and development experi-
ence in the immediate past on automo-
bile or aircraft receivers, including a
comprehensive familiarity with design
factors leading to production economy.
This is an opportunity for a man who is
now employed directly as a designer, to
enter a stable organization. This opening
is known to associated employees. Box
215.

JUNIOR RADIO ENGINEER
Wanted for permanent position near

Washington, D.C. Must be university
graduate, good mathematician and drafts-
man. Prefer single young man with some
experience in broadcast work on anten-
nas, transmission lines and field -inten-
sity surveys. Necessary to travel con-
siderably; expenses will be allowed.
State details of qualifications, references,
and salary required. Box 216.

INSPECTORS OF SIGNAL CORPS
EQUIPMENT

Applications are being received and
rated until further notice by the Civil
Service Commission for the positions of
Inspector, three grades, Signal Corps
Equipment, salaries ranging from $2000
to $3200 a year. These examinations are
announced for the Signal Corps, War De-
partment, for duty in the field. Applicants
must show 4 years of college study lead-
ing to a bachelor's degree in electrical
or radio engineering. In addition, for the
Senior Inspector and Inspector grades,
they must have had experience in the
inspection and/or testing of varied signal
corps equipment, radio, telephone, tele-
graph, and power units, etc., to determine
compliance with specification.

Application forms and information may
be obtained from the Secretary, Board of
U. S. Civil Service Examiners, at any
first- or second-class post office, or from
the Commission's Washington office.

BROADCAST FIELD ENGINEER
An engineer with some experience in

the broadcast field is wanted for field -
strength measurements and other outside
work by a firm of consulting engineers.
He will be expected to work without de-
tailed supervision. Box 217.

PRODUCTION ENGINEER
A man with general radio -engineering ex-

perience, preferably one familiar with re-
ceiver production, is wanted by a manufac-
turer in the East. He must he mature and
capable of assuming responsibility for his
own work and that of others with only a
small amount of technical supervision.
Some traveling. Present staff knows of this
opening. Box 218.

RADIO ENGINEERS FOR GOVERN-
MENT SERVICE

Word has been received that the civil -
service examinations for 4 grades of
engineer (including radio, telegraph and
telephone specialists) mentioned in the
June Proceedings and described in An-
nouncement No. 83 of the Civil Service
Commission has been extended to June
30, 1941.

Announcements for "Positions Open" are accepted without charge from em-
ployers offering salaried employment of engineering grade to I.R.E. mem-
bers. Please supply complete information and indicate which details should
be treated as confidential. Address: "POSITIONS OPEN," Institute of
Radio Engineers, 330 West 42nd Street, New York, N.Y.
The Institute reserves the right to refuse any announcement without giving a reason

for the refusal

..\.17410L;;T.

POCKET SIZE
"Little Tripletts"

The Little Testers with the
Big 3 -Inch Instruments

Model
666

Model
670

Model
671

AC -DC Pocket
size Volt-Ohm-
Milliammeter.
Black molded
case and panel.
completely in-
sulated

Dealer Net
Price ..514.00

AC Ammeter
-0-I: 0-2.5:
O.5:0-10;
0.25 . Dealer
Net Price ..

$9.00

Five ranges:
0-5; 0-10;0-25:
0-50; 0-100;
0.250, 0.500;
0-1000:AC Mil-
liamperes ....

Dealer Net
Price . $9.00

The "Little Tripletts" comprise a series
of matched instruments available in sin-
gle units or in combination to answer
every servicing or electrical analyzing
problem. Models available in addition
to the above are as follows:

Model 672-0-150; 0-300; 0-750 AC Volts-$9.00
Dealer Net.
Model 673-0-5; 0.10; 0-25; 0-50; 0-100; 0-250;
0-500; 0-1000 AC Volts (Rectifier type)-$9.0d
Dealer Net.
Model 674-04; 0-2.5; 0.5; 0-10; 0.25 DC
Amperes, $9.00 Dealer Net.

Model 675-0-I; 0-5; 0-10; 0-25; 0-100; 0-250;
0-500; 0-1000 DC Milliamperes, $9.00 Dealer
Net.

Model 676-0-50; 0-100, 0-250; 0-500; 0-1000
DC Microamperes, $9.00 Dealer Net.

Model 677-0-1; 0-2.5; 0-5; 0-10; 0-25; 0-50;
0-100; 0-250; 0-500; 0-1000 DC Volts at 1000
ohms per volt-$9.00 Dealer Net.
Model 678 Ohmmeter. Self-contained batter-
ies for 0-1000 Ohms (10 Ohms Center Scale);
0-10,000 Ohms (100 Ohms Center Scale);
0-1011,000 Ohms; 0-1 Megohm; 0-10 Megohms
-$9.00 Dealer Net.

Write for Catalog-Section 218, Harmon Dr.

TRIPLETT ELECTRICAL INSTRUMENT CO.
Bluffton, Ohio
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Formula
for

Success!
It is probable that the radioman
who supplements his own experi-
ence with CREI technical train-
ing in Practical Radio and Tele-
vision Engineering, will find
more opportunities for advance-
ment.

Our proof is a large file of let-
ters from students and graduates
reporting pay raises, promotions
and more satisfactory positions.

Your proof is the unquestion-
ed fact that the better positions
in Radio go to the men who are
equipped with modern technical
training to handle them.

CREI training develops in the
student that sure confidence in
his own ability which enables
him to go after the better posi-
tions-and get them!

May we send you our new
illustrated booklet?

This booklet outlines in detail our
Home Study and One -Year Residence
courses in Practical Radio and Tele-
vision Engineering. In writing please
state briefly your radio experience, edu-
cation and present position.

E. H. RIETZKE, Pres.
Dept. PR -8

3224 Sixteenth St.,
Washington,

D.C.

INDEX
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DISPLAY ADVERTISERS

A
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Cornell-Dubilier Electric Corporation
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Triplett Electrical Instrument Company vii
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RI

AIR RADIATORS

For Water Cooled Tubes

AMPEREX engineers have developed

a series of Radiators suitable for the

forced air cooling of metal anode

power tubes which are ordinarily water

cooled.

These Radiators are scientifically de-

signed for the greatest transfer of heat

to the air stream. Their structures are

simple, yet they are remarkably effi-

cient. In fact, for some high frequency

uses, they are far more desirable than

water cooling systems.

AMPEREX Radiators are available

with the 891, 892, 342A, 343A, 232C,

220C, 228A and can be readily manu-

factured for many other types of

tubes.

Because of the technical skill required

for imbedding the anode into the

radiator well, these radiators can only

be supplied as an integral part of the

tube.

MPEREX ELECTRONIC PRODUCTS, Inc
WASHINGTON STREET BROOKLYN, NEW YORK

DIVISION DE EXPORTACION: 100 VARICK STREET, NEW YORK, E. U. A. CABLEGRAMAS: "ARLAB".



they may
look alike

but what a difference
in performance!

Bird dogs or capacitors . . .
LOOKING AT THEM, it's hard to distinguish a

green dog from a veteran game -getter. But on
range bird hunting-what a difference in perform-
ance! Then there is no mistaking an old bird dog. He
is eager, fast ... knows a bird scent, how to untangle
a trail, how to point. That takes experience.

This moral is pointed because capacitors, too, look
alike. It is the hidden ingredients that makes the
difference. That's why you get a finer performing,
longer lasting, more dependable capacitor when you
specify Cornell-Dubilier. GD engineers are capaci-
tor specialists, with the backing of the broadest
experience in the industry-over thirty years. The
superiority of today's Cornell-Dubilier capacitors
is nobody's mere say-so, but proven performance,
time -tested and most significant-acknowledged by
the fact that there are more C -Ds in use today than
any other make.

*C -D ETCHED FOIL-NOT FABRICATED PLATE

CORNELL-DUBILIER ELECTRIC CORPORATION

1012 Hamilton Blvd., South Plainfield, N. J.

PHOTOGRAPH COURTESY HUNTING AND FISIIING MAGAZINE

Only Cornell-Dubilier
Electrolytics offer

all these REAL
features

Type BR *
\\\\ eg Pat.Off.

These Features:
 Special high -voltage paper separator
 C -D etched plate
 Special C -D electrolyte
 Special high formation process

Result in:
 Minimum capacity change over wide temperature

range.
 Great reduction in physical size-up to 40% for some

types.
 Increased useful life.
 Reduced direct current leakage.
 Reduced equivalent series resistance.
 Higher breakdown voltage.
 Improved audio and radio frequency impedance

characteristics.

The Type BR etched foil electrolytics are available in
both single and dual capacity combinations. For complete
technical information, send for engineering bulletin.

Remember! All CD capacitors are union made
and competitively priced.

5,,_eci;6CORNEll DasizzER
THE WORLD'S LARGEST MANUFACTURER OF CAPACITORS

Proceedings of the I. R. E. .tie) e
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THE basically -new principle employed in
the multi -electrode RCA -825, wherein the elec-
tron stream is inductively coupled to the output
circuit, has resulted in removal of many of the
present day limitations to u -h -f operation.
Designed for use as a power amplifier at fre-
quencies above 300 megacycles, the RCA -825
is capable of handling power outputs up to 35
watts, depending on the band width and type of
service. It is also useful as an oscillator and
harmonic generator, being employed in these
applications in the same manner as conventional -

type tubes.
By separating the functions of the output electrode

and of the current -collecting electrode, and by making
use of high -velocity focused electrons, electron transit -
time effects are minimized without increased dissipation
and loss in efficiency. This separation of functions
makes it possible to utilize an output circuit of low
effective capacitance and high efficiency. Thus, because
of its high transconductance and its adaptability to
tank circuits having low effective capacitance, the 825
is especially suited for wideband services, such as
television and frequency modulation.

Sound and practical in design, the 825 is an RCA
engineering achievement which suggests vast new possi-
bilities for the advancement of u -h -f use. Complete
technical information will gladly be sent upon request.
Inquiries regarding special applications above 300
megacycles are solicited. Write to RCA MFG. CO.,
Commercial Engineering Section, Harrison, N. J.

goo'

:;4110'4

as tt-k2130:041, _ e A (AIN°
065" on *1

CO k3"
OSOICI (3,1( t° NI 0"

Oa be ,,n WO' ok"
%iket e, t,) 10,- mo 

tor a.,60Ds .000

s 110*:. *OW'
7 me"._". viet"

ow0*., 10eSO
the

O:k5 6 e Peak cjiltiolis-

the

Ggflt*cit g'so. A0° 4tive InexIceed
.09,At Vsoteot.

mod
en

..4e.cocot etUstta theCerbe ,i01,,et310 ttleroiairop71.0 by
o'cgrcoz.,c.`4:4

Po'c'to.

1,1011, Vo\ the can

°,,klecon'erV°betl,t10 the ee

pto51,2?t,I.,, ca stt; a0e:,02,NceoC
5

ascAectot 'ocget arittt 9..ACt s

atl°b%cuit' OS1
sits

ACA -825
INDUCTIVE-

OUTPUT
AMPLIFIER

 A developmental r -f amplifier stage
using the RCA -825 at 500 Mc. The
photograph shows the resonator, the
tube, the electromagnet and general
arrangement of parts. In use at RCA
Communications, Rocky Point, Long
Island, N. Y.

PROVED IN RADIO'S MOST EXACTING APPLICATIONS

RCA MANUFACTURING CO., INC., CAMDEN, N. J.  A Service of The Radio Corporation of America
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G -R Distortion and Noise
Measuring Equipment

WHEN IT'S TIME to put the transmitter to bed, after a
long day of it, you will be glad your equipment is made by
G -R, for with the Type 732-B Distortion and Noise Meter
and its associated equipment, you can make a complete dis-
tortion run on your transmitter in less than a minute!
Here are several other reasons you will be glad yours comes
from G -R:

1. VERY SIMPLE TO OPERATE-all critical adjustments
(balance) are eliminated-it's pretty difficult to
make any mistakes even after a long session
working in a cold transmitter room.

2. ACCURATE-it's direct reading in all the answers you
want

3. INEXPERIENCED PERSONNEL CAN USE IT-t h e chief
doesn't have to worry about turning runs over to
young technicians-they will get the right answer.

4. MEETS ALL THE F.C.C. REQUIREMENTS-with the F.C.C.
6 test frequencies.

The Type 732-B Distortion -Noise Meter is designed to
operate with the Type 732-P1 Range -Extension Filters for
measurements at 50, 100, 400, 1000, 5000 and 7500 cycles-
the six test frequencies recommended by the F.C.C. At dis-
tortions greater than 0.5% the error is less than 10% of the
true value ± 0.15% distortion. The r -f input operates over
carrier ranges from 0.5 to 8 Mc or from 3 to 60 Mc and re-
quires very little power.

The Type 608-A Oscillator is of the discrete -frequency
type with two sets of push-button switches supplying fre-
quencies of 20, 25, 30, 40, 50, 60, 75, 100 and 150 cycles with
multipliers of 1, 10 and 100 times these frequencies. The
output is exceptionally low in distortion.

Type 732-B Distortion and Noise Meter . $245.00
Type 732-P1 Range Extension Filter 150.00
Type 608-A Oscillator 260.00

Write for Bulletin 583

GENERAL RADIO COMPANY CRATAMESETTS




