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REDUCTION OF CO- CHANNEL TELEVISION 
INTERFERENCE BY PRECISE FREQUENCY 

CONTROL OF TELEVISION PICTURE CARRIERS 
BY 

W. L. BEHREND 

RCA Laboratories. 
Princeton. N. J. 

Summary -The visibility of co- channel interference has maxima and 
minima at carrier offset frequencies which are multiples of frame frequency. 
Subjective tests at RCA Laboratories determined the reduction in visibility 
of co- channel interference which might be achieved by precise carrier fre- 
quency control and established the stability requirements on the carrier 
frequency. 

Precise- frequency sources have been developed which are believed ade- 
quate for the requirements. Experimental equipment was installed at 
WRCA -TV (New York) and WRC -TV (Washington, D. C.). Field tests 
were conducted to verify the laboratory relationships previously obtained.. 

OFFSET- CARRIER operation of television stations to reduce 
co- channel interference has been in use for a number of years. 
An observer of co- channel interference views the desired pic- 

ture through a superimposed pattern of regularly spaced horizontal 
bars of light and shade. The spacing of the bars corresponds to 
the difference frequency of the two picture carriers. The visibility 
of the bars as a function of the difference frequency varies in a cyclical 
manner with alternating minima and maxima having a separation of 
30 cycles. This is illustrated in Figure 1, which is taken from a paper 
by Fredendall;' the curve is only an illustrative sketch. One can see 
that in addition to the rapid variations of visibility, the minima are 
a function of the horizontal line frequency, with the least minima 
occurring at approximately odd multiples of half horizontal line 
frequency. 

An allocation plan for television stations cannot utilize the optimum 
offsets corresponding to the least minima since two stations in a 
group of three stations would be offset by an even multiple of half 
line frequency; this results in maximum interference. However, sta- 
tions may be offset by approximately 10 kilocycles with approximately 
equal, though somewhat reduced, benefit to each. The offset of 10 

' G. L. Fredendall, "A Comparison of Monochrome and Color Television 
with Reference to Susceptibility to Various Types of Interference," RCA 
Review, Vol. XIV, p. 346, September, 1953. 

443 
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kilocycles adopted by the Federal Communications Commission was 
not specified with a view of taking advantage of one of the minima 
near 10 kilocycles. In fact, the data" taken at that time to determine 
the offset frequency and tolerable ratios for an allocation plan was 
intentionally taken at one of the points of maximum visibility near 
10.5 kilocycles. This was considered desirable because broadcast crys- 
tals used at that time did not have the required stability for holding 
the frequency offset within a few cycles of the optimum. At present, 
the FCC rules specify a carrier frequency accuracy of ± 1,000 cycles. 

Recent developments in crystal techniques and oscillator circuits 
have been such that it appeared desirable to investigate the reduction 
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OFFSET FREQUENCY 

Fig. 1- Visibility of co- channel interference as a function of the offset 
frequency. 

in the visibility of co- channel interference which would be possible by 
the use of precise picture carrier frequency control; that is, to take 
advantage of one of the minima near 10 kilocycles. 

It was known that the minima of visibility occurred when the 
frequency difference between the carriers was an even multiple of 
the frame frequency. Since the frame frequency of color television 
is 29.97 cycles, a multiplier of 334 yields 10,010 cycles as an appro- 
priate offset frequency. The solid curve of Figure 2 shows the results 
of subjective tests made for offset frequencies around 10,010 cycles. 

2 RCA Laboratories Division, "A Study of Co- Channel and Adjacent - 
Channel Interference of Television Signals, Part I," RCA Review, Vol. XI, 
p. 99, March, 1950. 
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The data shown is what an average observer considered a tolerable 
ratio of the desired carrier to the undesired carrier, in decibels, as a 
function of the offset frequency. A minimum tolerable ratio of 21 

decibels is obtained at 10,010 cycles, and a maximum of 33 decibels 
at 10,035 cycles ; thus there is an improvement of 12 decibels. An 
inspection of the minimum shows that a ± 5 -cycle variation in the 
offset frequency would have little effect on the tolerable ratio. 

If three stations were operating on the same channel, station A 
would be assigned a carrier frequency F0, station B might be assigned 
a frequency Fo - 10,010, while station C might be assigned a fre- 
quency Fo + 10,010. Then stations B and C would differ in frequency 
by 20,020 cycles. This frequency difference is also an even multiple 
of frame frequency. The solid curve of Figure 3 shows the results of 
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Fig. 2- Carrier ratio for tolerable interference for offset frequencies cen- 
tered about 10,010 cycles (solid curve) and 10,020 cycles (dashed curve). 

subjective tests made for frequency differences around 20,020 cycles. 
Note that this offset is no more desirable than the previous offset 
of 10,010 cycles, as they both have the same tolerable ratio of 21 
decibels for the minimum. However, the maximum is 39 decibels and 
there is an improvement of 18 decibels. Inspection of the minimum 
again indicates that a stability of ± 5 cycles in the offset frequency 
has little effect on the tolerable ratio. 

With respect to the improvements of 12 decibels for 10,010 cycles 
and 18 decibels for 20,020 cycles, it should be noted that these improve- 
ments are from the extreme maximum peak of the tolerable ratio curve 
to the minimum of the curve. The precise carrier control system does 
not give these magnitudes of improvement over the presently used 
system in the sense that the present system is not at all times at the 
offset frequency which produces maximum visibility. The present fre- 
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quency difference of two picture carriers changes with time. Thus, 
at times the difference frequency may be at the value for minimum 
visibility and at other times at the value for maximum visibility, and 
covers all points in between these two. 

It is of interest to consider the effects on the visibility of co- 
channel interference between black- and -white transmissions when the 
offset frequency is chosen so as to produce the maximum improvement 
for color transmissions. At the present time, the standards for color 
television prescribe a frame frequency of 29.97 cycles, with an accu- 
racy of approximately three parts per million. However, for black - 
and -white television, there is only a nominal value of 30 cycles speci- 
fied, with no tight control on stability. If a value of 30 cycles is 
assumed, multiplication by 334 gives an offset frequency of 10,020 
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Fig. 3- Carrier ratio for tolerable interference for offset frequencies cen- 
tered about 20,020 cycles (solid curve) and 20,040 cycles (dashed curve). 

cycles, resulting in a difference of 20,040 cycles between stations B 

and C in a three -station arrangement. The dashed curve in Figure 3 

is for the 20,040 -cycle offset. Inspection of this curve shows that 
when the transmissions have a frame frequency of 30 cycles and the 
offset frequency is 20,020 cycles, co- channel interference has almost 
maximum visibility. Referring to the dashed curve in Figure 2, which 
is for the 10,020 -cycle offset, one sees that an offset of 10,010 cycles 
is a condition for almost minimum visibility of the interference 
whether the transmissions have a frame frequency of 30 cycles or 
29.97 cycles. 

Thus, for the plan of precise control to be completely and properly 
used, it is necessary to use the same frame rate, controlled with the 
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same accuracy, for all television transmissions, color or black -and- 
white. Each television station would then require, in addition to the 
stable carrier frequency, an accurate control for all sync generators. 

The arbitrary stability requirement of ± 5 cycles on the offset 
frequency imposes a relative stability on the picture carriers for the 
low VHF channels of plus or minus three parts per hundred million. 
The high VHF channels require a relative stability of plus or minus 
one part per hundred million. Two oscillators having this stability 
were constructed for NBC's Channel 4 (66 -72 megacycles) stations, 
WRCA -TV in New York and WRC -TV in Washington, D. C. 

I 

SYNCHRONIZED SWITCHING 

AMPLIFIER 

ITT 
Fig. 4- Crystal oscillator. 

REACTANCE 
TUBE 

The oscillators are similar to those described by P. G. Sulzer.3 
Figure 4 shows a simplified diagram of the oscillator. The oscillator 
is extremely stable; its stability is essentially independent of circuit 
changes and depends almost entirely on how well the natural resonant 
frequency of the crystal can be maintained. Extreme stability is 

produced by using the crystal in an oscillator circuit and also in a 

bridge circuit.4 The crystal is used in the bridge circuit as a means 
of indicating when a phase shift has occurred in the oscillator circuit 
due to changes in components. 

The plate circuit has an amplitude limiter to maintain constant 
current through the crystal. Feedback for the oscillator is obtained 

3 P. G. Sulzer, "High- Stability Bridge- Balancing Oscillator," Proo. 
I.R.E., Vol. 43, p. '701, June, 1955. 

9 Norman Lea, "Quartz Resonator Servo -A New Frequency Stand- 
ard," The Marconi Review, Vol. 17, p. 65, 3rd Quarter, 1954. 
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between grid and ground across one of the resistors in the bridge 
circuit. When the crystal is at its natural series resonant frequency, 
the bridge is balanced. If, because of changes in phase shift around 
the oscillating loop, the crystal is operating at a frequency slightly 
different from its resonant frequency, an output is obtained from the 
bridge. Information as to whether the crystal is operating above or 
below its natural resonant frequency is obtained by switching the 
small capacitor across one arm of the bridge and then the other arm. 
When the bridge is balanced it has equal outputs for each position 
of the capacitor. If the crystal is operating on the high side of its 
natural resonant frequency the bridge output will be higher when 
the capacitor is across the upper arm than when it is across the lower 
arm. The output of the bridge is maximum for the capacitor across 
the lower arm if the crystal is operating below its series resonant 

TEMPERATURE 
SENSITIVE BRIDGE 

6.3 V. A.C. 

PHASE AND 
AMPLITUDE 
DETECTOR 

Fig. 5- Method of controlling the temperature of the crystal oven. 

frequency. The circuit for detecting the amplified output signal of 
the bridge circuit has a switch which is synchronized with the 
switching of the capacitor across the arms of the bridge. This switch 
connects a different R -C circuit into the detection circuit for each 
position of the bridge capacitor. The voltages across the R -C circuits 
add with respect to ground and are applied to a reactance tube which 
corrects the oscillator circuit. 

The method of maintaining the crystal at a constant temperature 
is shown in Figure 5. A temperature- sensitive bridge is used to supply 
the necessary heat to the oven, and to detect temperature changes 
within the oven. Two arms of the bridge (labeled FIXED') have 
resistances which do not change with temperature. The other two 
arms (labeled VARIABLE) change resistance with temperature. At 
the operating temperature of the crystal, the resistances are made 
equal. An a-c voltage is applied across the bridge. If the ambient 
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temperature decreases, causing the winding temperature to decrease, 
a 60 -cycle output is obtained from the bridge. The output is amplified 
and detected; the detector provides a direct current to the bridge and 
increases the heat into the oven. The detector is also phase sensitive 
to prevent the bridge from operating at a temperature above the 
balance temperature ; its output is zero if the bridge output signal 
changes phase by 180 °. 

BRASS 
COVERING 

ALUMINUM 
CYLINDER 

Fig. 6- Crystal oven. 

A cross section of the crystal oven is shown in Figure 6. The 
crystal and the capacitor in series with it are mounted inside an 
aluminum cylinder. The ends of the cylinder are closed by aluminum 
caps. The temperature- sensitive bridge wire is wound in the slots on 
the outer wall of the aluminum cylinder. This aluminum unit is 
mounted on a cork and enclosed by a Dewar flask. A brass covering 
encloses the entire unit. 

The relative stability of the two frequency units was measured 
in the laboratory for a 70 -hour period; the results are given in 
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Fig. 7- Relative stability of the two frequency units. 

Figure 7. Frequency variations over this period were ± 7 parts in 
109 and were due to an ambient temperature change of 10 °C. It is 
known that the units change frequency in the opposite direction with 
increasing temperature; thus the frequency difference between them 
increases with increasing temperature. The stability is better than 
required ; the marks on the right of the drawing indicate a one -cycle 
variation in the offset frequency between two channel 4 carriers. 

Unit #1 was installed at the WRCA -TV transmitter in New York. 
The WRCA -TV picture carrier, as received at RCA Laboratories, 
Princeton, was compared with the signal from unit #2, and the 
stability of the difference signal was measured over a 48 -hour period. 
Figure 8 gives the measurements made every hour that WRCA -TV's 
carrier was on the air. There was a change of ± 0.2 of a cycle in the 
offset frequency; this is a relative stability of ± 3 parts in 109. 

With the equipment being tested; it was convenient to use an offset 
frequency of 9,950 cycles. This is the first even multiple of frame 
frequency (29.97 cycles) below 10,010 cycles. Subjective tests in the 
laboratory showed that this offset frequency would reduce the visibility 
of the co- channel interference by the same amount as 10,010 cycles. 

Unit #2 was then installed at the WRC -TV transmitter in Wash- 
ington, and the offset frequency checked by the method shown in 
Figure 9. The procedure is to take the Washington transmitter off 
the air, and receive the New York signal on the Washington trans- 
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mitting antenna. A special receiver was used to compare the New York 

carrier with the output of unit #2 (the precise- frequency source in 

Washington) . The output signal of the special receiver is such that 
its frequency is the offset frequency between the New York and 

Washington picture carriers. This sine wave output of the receiver 

is applied to the vertical plates of the oscilloscope. The oscilloscope's 

sweep circuits are triggered by vertical drive obtained from a sync 

generator which is locked to a color subcarrier generator. It is then 
possible to adjust the precise- frequency source to an exact even multi- 
ple of frame frequency by adjusting for a stationary sine wave pattern 
on the oscilloscope. The offset is then a multiple of field frequency 

and thus an even multiple of frame frequency. 

WRCA -TV AT 

NEW YORK 

PRECISE 
FREQUENCY 

SOURCE 

L 

C.0 
CCD 

PICTURE 
TRANSMITTER 

WRC -TV AT WASHINGTON 
OFFSET FREQUENCY 
OF WASHINGTON ANO 
NEW YORK TRANSMITTERS 

SPECIAL 
RECEIVER 

PICTURE 
TRANSMITTER r- 

COLOR 
SUBCARRIER 
GENERATOR 

OSCILLOSCOPE 

PRECISE 
FREQUENCY 

SOURCE 

V 

SYNC 
GENERATOR 

ER TICAL 
DRIVE J 

Fig. 9- Method of setting Washington picture carrier to correct offset 
frequency. 

Figure 10 shows the special receiver used at Washington for 
setting the offset frequency. A 10- kilocycle amplifier is shown; the 

tuning of this was changed to 9,950 cycles. The receiver has a sensi- 

tivity of 10 millimicrovolts and a bandwidth of 60 cycles at the final 

output frequency. A high gain is obtained by the use of a 455 -kilo- 

cycle amplifier; the frequency variations of the local oscillator are 
removed by the double mixing process. Frequency multiplication 
factors were such as to prevent the generation of unwanted components 

at the receiver input frequency and at 455 kilocycles. 
For observations of the improvement obtainable with the precise - 

frequency sources, an oscillator was installed at WRC -TV which was 

frequency controlled by the Washington precise frequency source at 
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such a frequency that the carrier produced by it was 90 cycles higher 
in frequency than the carrier produced by the precise source. Thus 
the carrier which was higher by 90 cycles produced an offset frequency 
equal to an odd multiple (329) of the frame frequency or 9,860 cycles. 
During color programs the transmitter operator at Washington 
switched the transmitter to each of these frequency sources at pre- 
determined time intervals. The results of the previous laboratory 
subjective tests indicated the offset of 9,950 cycles should produce the 
minimum visibility of co- channel interference, and the offset of 9,860 
cycles would produce nearly maximum visibility of the interference. 

Since installation of the units field tests have been made, and over 
a period of six weeks, sixteen color programs were observed at several 

NEW YORK CARRIER 
67,250,000 CYCLES 

R F. 

AMPLIFIER 

CRYSTAL 
OSCILL ATOR 
7,522,780 

MIXER 

455,020 CYCLES 

455 K c 

AMPLIFIER 
y 

--- 67,705,020 CYCLES 

FREQUENCY 
MULTIPLIER 

(Y,ih9) 

FREQUENCY 
MULTIPLIER 

(X 3) 
MIXER 

5,603,332.5 CYCLES 
FREQUENCY 1 

MULTIPLIER I 

FROM WASHINGTON (X 4) 
OSCILLATOR 

MIXER IO KC 

AMPLIFIER 

-465,030 CYCLES 

FREQUENCY 

-r MULTIPLIER 
(X3) 

55,010 CYCLES 

Fig. 10- Washington receiver. 

OUTPUT 
10,010 CYCLES 

homes and at RCA Laboratories in Princeton and at one home in 
Seaside Park, N. J. Princeton is approximately 40 miles from New 
York and 150 miles from Washington. Seaside Park is 55 miles from 
New York and 165 miles from Washington. All of the shows were 
not observed at all of the viewing locations, but when observed and 
co- channel interference was noticeable, a definite improvement was 
reported by all observers for the offset frequency equal to an even 
multiple of frame frequency. 

Also, for purposes of field testing, a truck was equipped as shown 
in Figure 11. The field intensity meter was tuned to the Channel 4 
picture carrier from New York, and its field strength recorded on 
recorder No. 1. At the audio output of the field intensity meter the 
output signal contained the 9,950 -cycle beat between the Washington 
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and New York picture carriers. A filter selected the 9,950 -cycle com- 

ponent and applied it to the vertical plates of the oscilloscope. The 
output signal of the filter was also rectified and the direct current 
applied to recorder No. 2, to produce a record of the beat amplitude. 
The output of the audio oscillator was used to trigger the sweep cir- 
cuits of the oscilloscope. A counter measured the frequency of the 
audio oscillator. An operator adjusted the audio oscillator to maintain 
a stationary sine wave pattern on the oscilloscope for the 10 seconds 
required by the counter to measure the frequency of the audio oscil- 

lator. It was possible to repeat the frequency measurements to ± 1/10 
cycle. With this arrangement the effects of propagation on the fre- 
quency stability of the offset frequency could be observed. Spot checks 
were made at various times at different locations and at no time were 

DIRECTIONAL 
ANTENNA 

FIELD 
INTENSITY 

METER 

9950 CYCLE 
FILTER 
AND 

RECTIFIER 

RECORDER 
No. I 

RCA 
MODEL 
CT 100 

COLOR 
RECEIVER 

OSCILLOSCOPE 

0 
RECORDER 

No. 2 

ci 
OBSERVER 

Fig. 11 -Field truck equipment. 

AUDIO 
OSCILLATOR 

COUNTER 

frequency changes observed which would cause a reduction in the 
improvement obtainable by precise picture carrier frequency control. 

The offset frequency was measured by the previously described 
technique over a period of 60 days. A frequency change of 5 cycles 

was measured; the results are given in Figure 12. No adjustments 
of any kind were made on either of the frequency control units during 
this period. At the end of the sixty -day period the crystal bridge in 
each unit was balanced and the offset frequency reset to 9,948 cycles. 

Since this adjustment the frequency has changed 0.5 cycle in two weeks. 
The field truck was also equipped with a color receiver which was 

used for observations at various locations and also for subjective tests. 
Tests were made on six observers to obtain an improvement factor 
comparing transmissions using an offset frequency at an even multiple 
of color frame frequency (9,950 cycles) with transmissions using an 
offset frequency at an odd multiple of color frame frequency (9,860 
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cycles). Black- and -white transmissions were used for the tests as they 
were available when desired, and if the frame frequency was adequate 
to give an improvement, a greater improvement would be expected at a 
frame frequency of 29.97 cycles. Also, for a limited number of trans- 
missions it would be known whether the 30 -cycle frame frequency was 
such as to produce an improvement. The tests covered only two after- 
noons of transmissions. However, the program material included 
studio programs, film, and remote pickups. The entire test period for 
one observer and part of the test period for another observer were 
made on the Republican Convention program originating in San 
Francisco. 

The persons tested observed 15 minutes of program for each offset 
frequency. Some observers were tested for more than one period of 
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Fig. 12- Change in offset frequency after units were installed in television 
stations. 

each condition. The observer was seated at a viewing distance equal 
to eight times picture height, and instructed to push a button supplied 
to him, if he saw the bars due to the interference. This produced a 
record, on the recording of the beat amplitude, as to the time when 
each observer could see the co- channel interference. This test did not 
measure the tolerable ratio, but simply indicates if an improvement 
is obtained for the 9,950 cycle offset. It is a visual acuity and percep- 
tion test and depends upon the conditions of the experiment. 

From this data, the per cent of time the observer saw the inter- 
ference for each of the offset frequencies was determined. The results 
are given in Figure 13. Each observer saw a definite improvement 
for 9,950 cycles, compared to 9,860 cycles. The average observer saw 
the interference in the picture 61 per cent of the time for the offset 
of 9.860 cycles. compared to only 9 per cent for 9,950 cycles. 
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As long as synchronizing signal generators for monochrome trans- 

missions are locked to the power line, the improvement obtained with 

black- and -white pictures will be a function of the stability of the power - 

line frequency in the areas involved. As previously indicated, in a 

three -station arrangement no improvement can be expected between 

the two stations that are nominally 20,000 cycles apart as long as the 

power line is the sync generator reference. 

Several black- and -white broadcasts were observed for an hour at 

different locations. For all locations and broadcasts an improvement 

was observed. 
If this plan of precise picture carrier frequency control were to 

be universally used, and if optimum improvements were to be obtained, 

it would be necessary, on black- and -white transmissions, to lock the 

sync generator to the color subcarrier generator, or some equivalent 

source, to produce a frame frequency of 29.97 cycles with adequate 

stability. 

OBSERVER % OF TIME 
9860 CYCLES 

% OF TIME 
9950 CYCLES 

A 44.4 14.8 

B 89.5 24.2 
C 5 2 2.4 
p 4 3.5 0 
E 45.5 3.2 

F 89 11.4 

AVERAGE 61 9 

Fig. 13- Percentage of time co- channel interference was observed for 
9,860 and 9,950 cycle offsets. 
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APPENDIX 

It was considered desirable to make additional subjective tests to 

verify the expected improvement resulting from the use of precise 

carrier frequency control. Therefore a new series of tests was made 

using a different method of subjective evaluation. 

A set -up was arranged to measure the improvement by the "method 

of equality." This means that the observer could change the viewed 
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scene back -and -forth between a reference picture (with a fixed inter- 
ference level) and the same scene with the interference at a different 
offset frequency and an adjustable interference level. Measurements 
were made by varying the amount of interference in the test picture 
until the viewer indicated no preference for either picture. The im- 
provement is then expressed as the difference, in decibels, between the 
signal levels of the two interfering signals. 

The tests were made using four different receivers from several 
manufacturers -a 21 -inch color receiver, a 21 -inch black- and -white 
receiver, and two 17 -inch black- and -white receivers. Tests were made 
with offset frequencies of 10,010 cycles and 20,020 cycles using slides 
(the "sailboat scene," as used for previous tests, as the desired picture 
and color bars as the interfering picture) and with off -the -air moving 
pictures. Several reference ratios were employed. The results are 
summarized in Figures 14, 15, 16, and 17. The original test results 
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Fig. 14- Reduction in visibility of co-channel interferen "e for a 10,010 -cycle offset frequency compared with a 9,985 -cycle offset. The desired picture was the sailboat scene. The interfering picture was color bars. 

given by the solid curve of Figure 2 show a maximum ratio of 33 
decibels required at 9,985 cycles and a minimum ratio of 21.5 decibels 
at 10,010 cycles to give an improvement of 11.5 decibels. This checks 
remarkably well with the 10.8- decibel improvement measured for 50 
per cent of the observers when a 33- decibel reference was used with 
this new test method. The 20- kilocycle data shows a similarly close 
check between the two methods. It is quite evident from the data given 
that the improvement measured will be a function of the quality of 
the reference picture. 
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As an example, to show how the tests were conducted, tests using 
a 28- decibel reference level at an offset of 9,985 cycles will be described. 
The observer was seated at a viewing distance of eight times picture 
height from four different television receivers. Tests were made on 

each receiver and the order in which the receivers were viewed by the 
observers was random. The observer was given a switch. For one 
position of the switch the observer viewed a picture which had a ratio 
of desired signal to undesired signal of 28 decibels with the undesired 
carrier offset by 9,985 cycles. The other position of the switch produced 
a picture with the interference at a 10,010 -cycle offset and a ratio of 
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Fig. 15- Reduction in visibility of co-channel interference for a 20,020 -cycle 
offset frequency compared with a 19,995 -cycle offset. The desired picture 

was the sailboat scene. The interfering picture was color bars. 

desired signal to undesired signal that could be varied by the person 
conducting the test. The observer viewed each picture as often as 
desired and the level of the interference at the 10,010 -cycle offset was 
changed until the observer stated that the two pictures were equal. 
This procedure was repeated for each of the four television receivers. 
The improvement was then taken as the difference between 28 decibels 
and the signal ratio obtained at the 10,010 -cycle offset. 

Figures 14 and 15 show the results obtained using slides; twelve 
to fifteen observers were tested for each condition shown. Figures 16 

and 17 show the results obtained using off -the -air motion pictures; 
eight to ten observers were tested for each condition shown. 
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Fig. 16- Reduction in visibility of co- channel interference for a 20,020 -cycle 
offset frequency compared with a 19,995 -cycle offset. Desired picture was 
color program material from a commercial television station. The inter- 
fering picture was program material from a commercial television station. 

It is interesting to examine the results obtained with the different 
sets. Although individual observers sometimes found differences be- 
tween sets, when all observers were averaged, the differences were 
small. For the 10- kilocycle tests, each set gave an improvement that 
was within 1 decibel of the others. At the 20- kilocycle offset, the 
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Fig. 17- Reduction in visibility of co-channel interference for a 10,010 -cycle 
offset frequency compared with a 9,985 -cycle offset. Desired picture was 
color program material from a commercial television station. The inter- 
fering picture was program material from a commercial television station. 
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difference between sets varied from less than 1 decibel to just over 
3 decibels. For these 20- kilocycle tests the color receiver tended to 
give about 1 decibel less improvement than the black- and -white sets. 

From the data presented it is evident that the anticipated improve- 
ment due to the use of precise frequency control will be a function of 
the interference level considered tolerable with the present system. 
We now have made two relatively independent tests of improvement 
and the two methods have been found to check. An examination of 
Figures 14, 15, 16, and 17 shows that the improvement decreases as 
the ratio of the desired signal to the undesired signal decreases. The 
reduction in improvement is probably due to the observer's becoming 
aware of the interfering picture in the background. A consideration 
of the data presented in this paper, and past experience, indicates that 
a tolerable ratio of 20 decibels is satisfactory when precise carrier 
frequency control is used. 



A MINIATURE VIDICON OF HIGH SENSITIVITY 
BY 

A. D. COPE 

RCA Laboratories, 
Princeton, N. J. 

Summary- Experimental models of a sensitive miniature Vidicon 
pickup tube 1/2 inch in diameter and 3 inches long have been built and 
operated in prototype equipment. With such a small photolayer area, the 
use of a photoconductor having the sensitivity of conventional one -inch by 
six -inch Vidicons would require an excessively fast lens or an increase in 
scene illumination. A new photoconductor has been developed which has 
sufficient operating sensitivity to more than offset the reduction in light 
collecting area. 

The spectral response of the new tube covers the approximate range 
from 400 to 800 millimicrons with its maximum in the neighborhood of 
600 millimicrons. Resolution and picture lag are adequate for many appli- 
cations where the small size is particularly attractive. The 1/2 -inch tube 
requires only one -fourth the heater power and one -third the deflection 
power of the conventional one -inch Vidicon. 

INTRODUCTION 

N 1950 a new class of television pickup tubes was described for 
which the name Vidicon was adopted.' The Vidicon type tube, 
first produced commercially as the 6198 and 6326, differs from 

earlier camera tubes in that the light sensitive surface is photocon- 
ductive rather than photoemissive. Such photoconductive materials 
have the inherent promise, now only partially realized, of more efficient 
use of the incident light energy to generate a video signal. 

The present commercially available Vidicons produce pictures of 
600 television lines at light levels of from 3 to 10 foot -candles incident 
upon the tube. They have proved to be useful in a variety of closed - 
circuit applications where the simplicity and compactness of the 
associated equipment has been of value.2 In the broadcast field the 
major use so far has been in film pickup apparatus.3 Indicative of the 
current trend, this past summer at the political conventions consider- 
able use was made of portable Vidicon equipment for live pickup. 

1 P. K. Weimer, S. V. Forgue, and R. R. Goodrich, "The Vidicon - Photoconductive Camera Tube," Electronics, Vol. 23, p. 70, May, 1950. 
V. K. Zworykin and G. A. Morton, Television, Chapter 20, John Wiley 

& Son, 1954. 
3 W. L. Hurford and R. J. Marian, "Monochrome Vidicon Film Camera," 

RCA Review, Vol. XV, p. 372, September, 1954. 

460 
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The trend toward miniaturization of television pickup equipment 
has been given added impetus by the rapid progress in transistorized 
video circuits.' Further size and weight reduction of Vidicon cameras 
was severely limited both by the size of the one inch by six inch com- 

mercial tube with its associated deflection and focus field assemblies, 
and by the operating power requirements of the gun heater and the 
deflection yoke. 

Because the scene to be transmitted must be focussed on the light - 
sensitive element of the pickup tube, the area of the photolayer is 

chosen to be suitable for use with readily available camera optics. The 

one -inch tube was designed to make use of the variety of lenses avail- 

able for 16- millimeter motion picture cameras. When considering a 

reduction in the size of the pickup tube, a photolayer area matched to 

8- millimeter motion picture lenses is a natural choice. Recently, a 

small Vidicon tube has been available from Germany* which employs 

a target of this size. 
There are a number of effects associated with the reduction by a 

factor of four in the area of the photolayer of the pickup tube. An 

8- millimeter lens operating at the same f : number as its 16- millimeter 
equivalent has one -fourth the light -gathering power and twice the 
depth of field. If a photoconductor of the same sensitivity is used 

in both the large and small tubes, and the associated lenses are set 
at the same f : number, the scene illumination for the small tube 
would have to be four times that for the large tube in order to produce 
equal output signals. This is strictly true only if the signal generated 
is proportional to the amount of incident light. If the gamma of the 
surface, that is the slope of the log signal versus log illumination plot, 
is less than unity, then an even greater increase in scene brightness is 

required. A gamma of less than unity is a desirable characteristic 
in the pickup tube since it increases the dynamic range of the device. 

The photoconductor used in the present Vidicon has a gamma of 

about 0.7. 
An increase of scene illumination can be avoided by using a faster 

lens for the small camera and sacrificing depth of field. Consider the 
case where the depth of field of the two lenses is made equal. This is 

done by making the actual aperture diameters identical, that is by 

employing a smaller f : number with the 8- millimeter lens. This brings 
the total light flux back to the same level for each tube, although once 

again the signal of the small tube is reduced by the gamma factor. 

' L. E. Flory, W. S. Pike, G. W. Gray, and J. M. Morgan, "Transis- 
torized Television Cameras Using the Miniature Vidicon," RCA Review, 
Vol. XVII, p. 469, December, 1956. 

" Physicalish- Technische Werkstattcri, Wiesbaden, Germany. 
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The practical limits to this approach are the availability and cost of 
8- millimeter lenses of speeds greater than f :1.9. It is apparent, there- 
for, that a small Vidicon should have a photoconductor of greater 
sensitivity to compete successfully with the one -inch tube. 

It is the purpose of this paper to describe the characteristics of 
an experimental miniature Vidicon tube which employs a new photo- 
conductor layer of higher operating sensitivity than has previously 
been available. Adequate signal is generated with a scene illumination 
of 10 foot -candles and an f :1.9 lens to give a noise -free display. 

DESCRIPTION OF THE NEW TUBE 

General 
Figure 1 shows the experimental small Vidicon, the standard one - 

inch Vidicon, and the image orthicon pickup tubes. The diameter of 

Fig. 1 -Image orthicon, typical one -inch Vidicon, and experimental 
miniature Vidicon. 

this new tube is 1/2 inch, the length 3 inches. As with the standard 
Vidicon, the 1/2 -inch tube operates in an axial magnetic field of 80 
gausses (Figure 2). This can be either an electromagnetic or a perma- 
nent magnet field. The power required to deflect the tube electro- 
magnetically is about 20 ampere -turns or approximately 1/3 that of 
the larger Vidicon. This modest power requirement falls within the 
capabilities of low -power transistors of the audio -amplifier variety. 

The small heater cathode assembly has been designed to minimize 
the heat conducted away through its support structure. The gun 
dissipates approximately 0.8 watt, 1/4 that of the larger tube. The 
beam spot has been made smaller by reduction of the limiting gun 
aperture, so that the resolution is not greatly reduced as compared 
with larger tubes, even though the scanning raster is only 0.24 x 
0.18 inch. 

In order that the optical scene can be imaged on the light -sensitive 
material, the uniform layer of photoconductor, which is only a few 
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microns thick, is deposited on a transparent, conducting signal plate. 

Contact to the other surface of the layer is made by the electron beam 

which scans over the entire raster once each 1 /30 second if the normal 

television scanning rate is used. 
With an electric field applied across the photoconductor layer, the 

effect of exposure to an optical image is to produce a point -by -point 

variation in conductivity. This causes a charge pattern which is 

related to the light image to be built up on the scanned surface. As 

each point of the raster is contacted cyclically by the low- velocity 

beam, sufficient charge is deposited to restore the surface to cathode 

potential, at the same time causing a video signal current to flow in 

the lead connected to the signal plate. In order that full use will be 

LIGHT 
FROM 
SCENE 

PHOTO CONDUCTOR LAYER FOCUS FIELD 

ON TRANSPARENT 
ELECTRODE 

CAMERA 
LENS 
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V 

OEFL ECTION 
YOKE 

II - 'll 
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-CATHODE 

L 

TO --I 
AMPLIFIER 

TARGET 
POTENTIAL 

Fig. 2- Schematic diagram of Vidicon tube and its associated components. 

made of the charge generated by the absorbed light, the photocon- 

ductor must be sufficiently resistive in the dark for its dielectric time 

constant to be greater than the 1/30 second frame time. This require- 

ment places the photoconductor in the insulator class, the dark resis- 

tivity being of the order of 1011 ohm -centimeters or greater. 

Photolayer 
The new photoconductive layer used in the miniature Vidicon has 

a sensitivity in the range from 1,000 to more than 2,000 microamperes 

per lumen when operating at signal levels of the order of .02 to .05 

microampere. The spectral response for the higher- sensitivity layers 

peaks at 650 millimicrons, as shown by curve A of Figure 3. A more 

panchromatic layer with a peak response at 550 millimicrons, as 

shown by curve B, can also be made. The gamma of the surface is 
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dependent upon the current density. At low illumination levels the 
signal varies linearly with light. At higher illumination levels such 
as will produce an output signal of the order of 0.05 microampere or 
greater, the gamma drops to 0.5. The abruptness of the change in 
gamma has varied from one sample to another. In some cases the 
break has been sharp, and in others there has been a gradual shift. 
The reduced gamma at high light levels permits the tube to operate 
with a broad range of light levels in a given scene. 

The operating potential of the signal plate varies from 10 to 30 

J 
Q z 

EQUAL VALUES OF 
RADIANT FLUX FOR 
ALL WAVELENGTHS 

CURVE B 

0/ 

.4/ 
Y 

. . b 

CURVE A 

400 500 600 700 
WAVELENGTH IN MILLIMICRONS 

800 

Fig. 3- Spectral response of new photoconductor surface being used in 
miniature Vidicon. Relative output signal of the tube is shown as a function 

of wavelength for equal energy illumination. 

volts. The value chosen for the sensitivity data quoted above is that 
which will limit the dark current to the order of 0.01 to 0.02 micro- 
ampere. 

The photoconductor material is deposited on the signal plate of 
the bulb face by high- vacuum evaporation. The layer appears as a 
dark, glassy deposit about 2.5 microns thick. X -ray diffraction studies 
indicate that this type of layer is amorphous. Since the deposit is not 
affected by exposure to the atmosphere at reasonably low temperatures, 
it is possible to fabricate the film before the bulb is sealed to the gun 
assembly. 
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For the beam to discharge the pickup tube target in one sweep, 

the capacitive time constant, determined by the product of the target 
capacitance and the beam resistance, should be less than 1/30 second. 

The smaller target capacitance resulting from a reduction in the area 
of the target makes it possible to use layers which are thinner or 
have a higher dielectric constant. 

Variations in the technique of evaporation of the same material 
can produce a wide variation in physical properties. A case in point 
is antimony tri -sulfide (Sb2S3) in which a variation of the effective 
dielectric constant of 5 times can be achieved." s Table I shows the 
associated properties of the dense high- capacitance form and the 

Table I- Antimony Tri -Sulfide Evaporated Layers 

Porous Layer Glassy Layer 

Capacitance /cm2 1,500 µµf 12,000 µµf 

Operating potential 30 -70 volts 3 -5 volts 
(dark current = 0.02 µa /cm2) 

Sensitivity 100 µa /lumen 1,000 µa /lumen 

Peak of spectral response 450 mµ 700 mµ 

Picture lag < 20% 50% 
(residual signal 1/20 second after 
removal of illumination level of 
3 foot -candles on the photolayer) 

porous low- capacitance forms of Sb2S3. The operating potential of 

this latter form indicates that there has been a highly desirable 
increase in dark resistivity, but a reduced sensitivity. The slow decay 
of the photocurrent for the glassy form restricts its usefulness to 
special applications. 

If the lag, that is the residual signal remaining after the illumi- 
nation is removed, was due solely to the capacitive time constant, a 

reduced area target of the dense Sb2S3 would have several attractive 
characteristics. Unfortunately the major portion of the lag signal 
from this layer is of the type associated with the photoconductive 
process itself. 

Photoconductive lag can generally be reduced by increasing the 

a S. V. Forgue, R. R. Goodrich, and A. D. Cope, "Properties of Some 
Photoconductors, Principally Antimony Tri -Sulfide," RCA Review, Vol. 
XII, p. 335, September, 1951. 

a B. H. Vine, R. B. Janes, and F. S. Veith, "Performance of the Vidicon, 
a Small Developmental Television Camera Tube," RCA Review, Vol. XIII, 
p. 3, March, 1952. 



466' RCA RÉViEW December 1956 

current density in the material. It follows that the same amount of 
light concentrated on a smaller area of photoconductor will give 
reduced lag while preserving the same depth of field in the scene. 
However, the factor is not sufficient to cause the normal solid form 
of Sb_,S3 to have sufficiently low lag to be suitable for a 1/2 -inch tube 
of general utility. It was therefore necessary to develop the new 
photoconductive layer with better lag characteristics. 

Figure 4 shows the per cent of signal remaining after each of 
the first six sweeps of the beam following the removal of illumination. 
This is shown for a number of levels of illumination on the tube face. 
At three of these light levels the signal current was made the same by 
adjusting the target potential to yield a signal of 0.2 microampere. 
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Fig. 4 -Decay of photocurrent in the miniature Vidicon after the removal 
of illumination. This is shown as the per cent of the initial signal remaining 
after each successive sweep of the beam for six frames spaced 1/60 second 
apart. This data is given for four different levels of illumination on the 

target. 

Thus, the lower the illumination level the higher the dark current 
because of the higher operating potential. This accounts for the signal 
being rapidly buried in dark current for the 0.16- foot -candle case, 
which is why the curve is not extended beyond 3,/60 second. 

The shape of the signal decay versus time plot of the new photo - 
surface when compared with the photosurface used in earlier Vidicons 
is somewhat different. The initial decay is not as rapid, but there 
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is a smaller long -term component of lag. This makes exact comparison 

somewhat difficult by subjective tests. 

COMPARATIVE PERFORMANCE 

Tests were conducted with an experimental V.)-inch Vidicon and a 

typical 1 -inch tube operating in the same type of equipment and 

producing comparable images of the same scene. With 10 to 20 foot - 

candles falling on the scene, equivalent output signals with comparable 

lag were observed in each picture when the small camera was operating 

with the lens at f :4 and the lens of the large camera at f :2. The 

combined difference of two lens stops and the four -to -one area differ- 

ence indicates an operating sensitivity for the small tube 16 times 

greater than for the larger tube. Using the same f : number with the 

Fig. 5- Kinescope display of scene picked up by the miniature Vidicon 
operating in a standard industrial television equipment. In the upper right 
hand corner is a developmental all- transistor camera for use with the 

new tube. 

small camera as with the large, the scene illumination could be reduced 

to one -fourth its previous value, at the same time preserving an 

increased depth of field. 

Figure 5 is a photogra-h of the kinescope display of a standard 
industrial television equipment using a miniature Vidicon in the 
camera. The bandwidth of the amplifier was 6.5 megacycles and there 
was no aperture correction. 
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TRANSISTORIZED TELEVISION CAMERAS 
USING THE MINIATURE VIDICON 

BY 

L. E. FLORY, G. W. GRAY, J. M. MORGAN, AND W. S. PIKE 

RCA Laboratories, 
Princeton, N. J. 

Summary -The development of a highly sensitive half -inch -diameter 
Vidicon together with recent transistor developments has made it possible 
to design television cameras of extremely small size and low power con- 
sumption. Transistor video amplifiers with a bandwidth of 8 megacycles 
or more and with satisfactory input noise characteristics have been de- 

signed. The low power required for deflection of the beam in the half -inch 
Vidicon makes deflection with small standard transistors quite easy. 

An experimental closed- circuit camera has been built which weighs 
only three pounds and consumes about three watts of power. The output 
is a modulated 60- megacycle signal which can be connected to the antenna 
terminals of any standard receiver. 

The camera may be powered by an internat a -c supply or by batteries. 
A one -pound silver -alkali storage battery will operate the camera for five 
hours. Sensitivity is greater than standard 1 -inch closed -circuit cameras 
and resolution is limited by the bandwidth of the receiver. 

In another version, a completely portable pickup station capable of 
picking up a scene and relaying it on a 2,000-megacycle carrier to a base 
station up to half a mile away has been built. This unit consisting of 
camera, synchronizing generator, transmitter and monitor, completely 
transistorized except for the transmitter itself, weighs 20 pounds including 
batteries for 5 hours operation. It was used by the National Broadcasting 
Company in covering the 1956 political conventions. 

INTRODUCTION 

rri HE development of the half- inch -diameter vidicon has made it 
possible to design transistorized television cameras of small 
size, low weight, low power consumption, and high sensitivity. 

Two experimental camera equipments are described. The first, which 

is shown in Figure 1, is a relatively simple unit which, in connection 

with any standard television receiver, will form a complete closed - 

circuit television system. This camera, hereafter designated as the 
"Transistorized TV Eye" (abbreviated TTV) employs 19 transistors 
and has rather flexible power supply arrangements. The second equip- 

ment, shown in Figure 2, is a much more elaborate device. It is in 

reality a complete portable television transmitting station including 
a synchronizing generator, a picture monitor and a 2,000 -megacycle 

transmitter. The unit employs 72 transistors and weighs 19 pounds 

including a rechargeable battery providing about five hours of opera- 

469 
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Fig. 1- Transistorized "TV Eye" came-a (TTV). 

tion. The term "Creepie Peepie" seems to have received considerable 
popular acceptance for this type of equipment. Consequently it will 
hereafter be referred to as "Transistorized Creepie Peepie" (abbre- 
viated TCP). 

Fig. 2- Transistorized "Creepie Peepie" (TCP) . 
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THE HALF -INCH VIDICON 

The experimental 1/2 -inch Vidicon' is shown in Figure 3. Its 

dimensions may be deduced from the photograph. For use with tran- 
sistor circuits the tube has the advantage of requiring only about 

20 ampere -turns of deflection field. This is about one -third of the 

amount required by the conventional one -inch Vidicon (6198). The 

tube is also somewhat more sensitive than the 6198. 

Fig. 3 -Half -inch Vidicon shown in comparison with a cigarette. 

TRANSISTOR CIRCUIT CONSIDERATIONS 

Operation of the Vidicon requires video amplifiers, deflection cir- 

cuits, and a high -voltage supply. The requirements of these circuits 
depend on the particular application. For example, the video amnli- 

A. D. Cope, "A Miniature Vidicon of High Sensitivity," RCA Review, 
Vol. XVII, p. -, December, 1956. 
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fiers may include driven clamps and modulators, and the deflection 
circuit may require a sync generator. 

Video amplifiers of adequate bandwidth and satisfactory input 
noise characteristics have been constructed with high- frequency junc- 
tion transistors. The low deflection field requirements of the 1/2 -inch 
Vidicon are such that small low -power transistors of the audio amplifier 
variety are suitable. A satisfactory transistor sync generator was 
developed for use in the TCP equipment. Transistors offer some 

unique advantages for use in the high -voltage power supply for the 
Vidicon. 

ill '"aim 
" 

Fig. 5 -TTV camera opened. 

THE "TRANSISTORIZED TV EYE" CAMERA 

The complete circuit of the TTV unit is shown in Figure 4. 

The video amplifier appears across the top, the center section includes 
the deflection and blanking circuits, and the power supplies are at the 
bottom. Figure 5 is a photograph of the camera with the cover removed. 

Video Amplifier 
The video amplifier must accept a signal current from the 1/2 -inch 

Vidicon of about 10-7 ampere and amplify it to a level sufficient to 
drive the modulator in which the video information is used to mod- 
ulate a carrier frequency which may be adjusted to either of the two 
l(.\\ est VHF television channels. The camera output may thus be 
connected directly to the antenna terminals of the associated receiver. 
The video bandwidth is about 4 megacycles. 

For best signal -to -noise ratio, the input impedance of the amplifier 
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is made high even though this results in a nonuniform frequency 
response, i.e., a considerable high- frequency roll -off. The character- 
istics of a later stage in the amplifier are altered in an inverse manner 
to produce an over -all flat response. This well known technique, called 
high peaking, results in about 14 decibels improvement in the apparent 
low- frequency signal -to -noise ratio. In practice, the input impedance 
of the amplifier is made about 50,000 ohms. The vidicon signal cur- 
rent thus develops about 5 millivolts across this load at low frequen- 
cies. The modulator requires about 200 millivolts at about 200 ohms 
impedance. Therefore, a power gain of approximately 57 decibels 
is required. The "high peaker" requires about 26 decibels more gain 
to adequately equalize the falling high- frequency response of the input 
network, and it is advantageous to provide an additional 22 decibels 
of high- frequency gain to compensate for the apparent spot size of 
the camera tube (aperture correction). The total required high - 
frequency gain is 105 decibels. 

The first video stage, transistor T1, is connected as an emitter 
follower. It provides the required high input impedance. The output 
of this stage is direct -coupled to the base of a second transistor, T2. 
As might be expected, the first transistor presents the greatest prob- 
lem in transistor selection. Although other transistors may be used, 
a pre -production "drift" transistor, has proven the most suitable in 
this application due to its high input impedance, good frequency re- 
sponse, and low noise. 

The second and third stages of the amplifier must be considered 
together. Neglecting their emitter circuits, they will be seen to be 
conventional a -c coupled common -emitter amplifiers. A shunt peaking 
inductance in the collector circuit of T2 maintains the high- frequency 
response out to 4 megacycles. The emitter circuits are complex. In 
each emitter circuit a 470 -ohm resistor (R9, R14) provides a d -c 
path of sufficient resistance to obtain adequate d -c stability. Since 
such a high resistance would reduce the stage gain to a very low value, 
RC networks comprising R12 and C8 and R16 and C12 are shunted 
across these emitters. It will be noted that this does not remove all 
the a -c degeneration. Positive feedback at high frequencies is now 
applied from the emitter of T3 to the emitter of T2 via a capacitive 
divider comprising C9 and C7. This artifice increases the high -fre- 
quency gain of the circuit sufficiently to provide the necessary aperture 
correction. Transistors T1 and T3 are biased by means of a common 
bleeder network (R23, R24) while T2 is biased by its direct connec- 
tion to Ti. 

The adjustable "high peaker" is located between the collector of 
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T3 and the base of T4. It is a high- frequency equalizer in which the 
amount of high -frequency equalization is fixed by the circuit resist- 
ances; the turn -over frequency is adjusted by means of C13. The 
latter is adjusted to match the loss characteristic of the input net- 
work. In practice this adjustment is most readily carried out by 
observing a test pattern and visually adjusting the high peaker to 
minimize "trailing." 

T4 is a conventional common -emitter stage. Its emitter is bypassed 
and a peaking inductance in its collector maintains its high- frequency 
gain. Bias is applied via the high -peaker resistors to its base. 

The transmission of a good television picture imposes special 
requirements on the low- frequency response of the system amplifiers. 
There are several possible solutions to this general problem. The 
response may be extended to d -c, for example. This is usually im- 
practical. A more usual technique is to adjust the amplifier low - 
frequency gain and phase response in such a fashion that it will 
adequately reproduce a square wave at the horizontal scanning fre- 
quency and then to employ clamping or d -c restoration to re- insert 
the d -c component. Where space is at a premium, as in this camera, 
the latter technique results in much smaller coupling and bypass 
capacitors. In this equipment an over -all low- frequency correction 
can conveniently be made by placing a capacitor, C15, across R20, 

the latter resistor being required to bias T4 properly. This one capaci- 
tor will adequately compensate the low- frequency response of the 
amplifier through T4 in the desired fashion. 

The signal from the collector of T4 is coupled to the base of 
T5 via a relatively small capacitor, C18, while a driven clamp, com- 
prising diodes D2 and D3, sets the base potential of T5 at the start 
of each horizontal line. Negative drive pulses for the clamp are 
derived from the horizontal- deflection circuit via R67, R68 and C45. 

On each pulse the diodes conduct, thereby clamping the base of T5 
to a potential which is adjusted for optimum operation of the mod- 
ulator by means of R26. D -C information is thus reinserted at this 
point in the amplifier. 

The modulator, D4, operates as a variable impedance in series 
with the carrier oscillator output. This impedance is caused to vary 
in accordance with the video information. T6 is a transistor oscillator 
which is tunable from 54 to 66 megacycles. Oscillation is maintained 
by feedback from collector to base via the tuned transformer shown. 
Energy from the oscillator is applied to the anode of the modulator 
diode, D4, via a two -turn coupling coil on the oscillator transformer. 
D -C bias is also applied at the same point from a divider comprising 
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R30 and R31. The cathode of the modulator diode is connected 

through a trap broadly tuned to the carrier frequency to the emitter 

of T5. By means of R26 the modulator diode is adjusted to be con- 

ducting. R -F from the oscillator, T6, now can pass through the 

modulator diode to the output terminal of the camera via a small 

capacitor, C18. Video signals at the emitter of T5 will vary the 

diode impedance thus modulating the video signal on the carrier. 

Synchronizing pulses are also added to the outgoing signal in the 

modulator. Negative horizontal synchronizing pulses from the deflec- 

tion circuit are applied via R27, which imposes a negligible load on 

the video signal. Positive vertical synchronizing pulses from the 

vertical blanking amplifier, T7, are applied to the other electrode of 

the modulator diode by means of RG. These circuit arrangements 

produce a composite output signal in which both horizontal and vertical 

synchronizing components are of the correct polarity with respect to 

the video information. 

Vertical-Deflection System 
A blocking oscillator, T8, generates negative pulses across R47 

at vertical frequency. During a -c operation this oscillator is locked 

to the power line by means of a circuit comprising D22, R41, and C30. 

This circuit injects the requisite amount of suitably shaped line - 

frequency signal into the base circuit of the oscillator to accomplish 

this function. During battery operation the blocking oscillator runs 

free. 
The negative pulses across R47 are amplified and inverted in T7, 

the vertical blanking amplifier, and applied to the cathode of the 

Vidicon. Landing of the electron beam is thus prevented during the 

vertical flyback. A portion of the output of T7 is also used as vertical 

sync, as previously explained. 
Each negative pulse across R47 charges C32 via diode D6. A 

linear sawtooth voltage is generated across this capacitor by allowing 

it to discharge between pulses through constant -current transistor T9. 

The magnitude of the discharge current is adjustable by means of 

R42, the vertical -size control. The generated sawtooth voltage wave- 

form has a maximum amplitude of about ten volts, this limitation 

being set by the magnitude of the pulse available across R47. 

The vertical- deflection -yoke windings have a resistance of about 

200 ohms and an inductance of about 57 millihenries. This inductance 

is negligible. The sawtooth voltage appearing across C32 must be 

coupled into these windings and must cause an accurately linear 

sawtooth current to flow in them. Impedance conversion is performed 

in the following stages as a first step in accomplishing this. T10 is 
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an emitter follower direct -coupled to a class -l3 complementary sym- 
metry output amplifier comprising T11 and T12. R46 limits the 
voltage which can be applied to this system and swamps out the 
somewhat nonlinear input impedance characteristics of T10 as well 

as raising the load impedance seen by the sawtooth generating circuit. 
As a d -c connection to the yoke would cause prohibitive de- centering 
of the Vidicon beam, capacitive coupling to the yoke is used. The 
coupling capacitor, C32, is too small to adequately reproduce the saw - 
tooth, but space did not permit a larger unit. The application of 
negative feedback via R51, R50, and R45 corrects the resulting non - 
linearity in acceptable fashion. The available maximum peak -to -peak 
deflection current is about 25 milliamperes. 

Horizontal- Deflection Circuit 

The horizontal- deflection circuit operates in much the same fashion 
as its counterpart in home television receivers; that is to say, it 
generates a sawtooth current waveform by periodic interruption of 
the current flowing in an inductance. Fortunately, transistors make 
better switches than vacuum tubes in that the impedance of a tran- 
sistor when conducting is materially lower than that of a vacuum tube. 

Transistor T16 is an oscillator operating at the horizontal- scanning 
frequency. It is similar to a vacuum -tube Colpitts oscillator. Some 
temperature compensation is applied, in the interest of stability, by 
means of temperature- sensitive capacitor, C38. Although the wave- 
form across the oscillator tuned circuit is sinusoidal, the collector - 
circuit waveform is a negative pulse. This keys on transistor T14. 
The large positive pulse on the collector of T14 is coupled into the 
base of horizontal -output transistor T15, without inversion, by the 
stepdown transformer shown. This cuts off T15, causing a large pulse 
to appear across the yoke windings. This occurs during the horizontal - 
retrace period. D9 is the usual damper diode, as in a conventional 
receiver. C46 adjusts the resonant frequency of the yoke system. It 
is chosen to lengthen the retrace period to the maximum permissible 
amount, as this reduces the peak pulse voltage occurring during the 
flyback and materially improves the efficiency of the circuit. Again 
d -e must be blocked from the yoke windings, hence a choke provides 
a d -c path for the collector current of T15, and capacitors C42 and 
C43 couple the collector to the yoke. The horizontal -yoke windings 
have an inductance of about 1 millihenry and a resistance of about 3 
ohms. For good linearity the L R ratio of the yoke must be as high 
as possible, the figures given representing about the lowest value of 
this ratio permissible. 
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In principle, as a transistor such as T15 really contains a built -in 

diode in its collector circuit, diode D9, could be omitted. In practice, 

due to the relatively high forward impedance of the collector -to -base 

junction of small transistors, better results can be obtained by adding 

an additional low impedance diode as shown. In higher power deflec- 

tion circuits using power transistors, the improvement due to the 

added diode is not as marked. 
Associated with the horizontal deflection system is an additional 

blanking amplifier, T13. The Vidicon requires about 15 to 20 volts of 

positive blanking signal on its cathode to positively prevent beam 

landing during the retrace periods under all conditions of beam cur- 
rent and illumination. It is obviously difficult to provide this in a 

camera in which the maximum supply voltage is 15 volts. For this 
reason additional blanking is applied to the Vidicon grid to reduce 

the beam current during the retrace intervals. Diodes D7 and D8 mix 

positive horizontal pulses from T14 and positive vertical pulses from 
T7 nonlinearly. (They form an "or gate. ") The resultant is applied 

to the base of T13. Amplified negative blanking pulses at the collector 
of T13 are applied to the Vidicon grid. 

It will be noted that this arrangement, in conjunction with T7, 

results in the application of positive vertical blanking pulses to the 
Vidicon cathode and negative mixed blanking pulses to the Vidicon 
grid. Thus double blanking is supplied during the more critical 
vertical blanking interval. The vertical blanking interval is the more 
critical as it encompasses a number of complete horizontal scans dur- 
ing the forward scanning portions of which the beam is moving 
relatively slowly. On the other hand during the horizontal retrace 
the beam is always in rapid motion and the resulting current density 
at the Vidicon target is proportionately lower. 

High -Voltage Power Supply 

The Vidicon requires a positive accelerating potential of about 300 

volts, a positive focussing voltage adjustable from 250 to 300 and a 

negative source of bias adjustable from zero to about minus 100 volts 
for beam current control. All voltages are referred to the Vidicon 
cathode, which is near ground potential, being returned to the collector 
of T7. These voltages are supplied by a transistor converter, T17, 

operating from the minus 15 -volt bus which powers all the transistor 
circuits of the camera. Since battery operation was one of the design 
objectives, this scheme greatly simplifies the power and switching 
arrangements. Further, as the converter operates at a high- frequency 
(15 kilocycles) the size and weight of the required filter components 
is greatly reduced, 
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T17 is a transistor square -wave oscillator. Its operating frequency 
is controlled by the associated transformer. A convenient design 
procedure is given by Light and Hooker.' As a d -c to d -c power 
converter, the efficiency is high because the transistor is operated as 
a switch. The waveform at the collector of T17 is nearly square, and 
its amplitude approaches the supply voltage. The transistor in this 
circuit thus is switched rapidly between its fully conducting state in 
which its current is high but the voltage across it nearly zero, and 
its off state in which its current is zero and the voltage across it is 
considerable. Under these conditions the power dissipated in the 
transistor is very low, and over -all efficiencies of the order of 70 to 
90 per cent may be achieved. 

The voltage at the transistor collector is stepped up in the trans- 
former and applied to two separate rectifier systems. The first, com- 
prising D16 and D17 is a doubler. Its output is regulated by a pair 
of silicon "zener" diodes, D18 and D19. Two diodes in series are 
used to reduce the power dissipated in each. The output voltage is 
adjusted to 280 to 300 volts by selection of the regulator diodes which 
have fairly wide tolerances as received from the manufacturer. A 
bleeder comprising R77, R78, and R79 then provides the necessary 
wall, focus, and target potentials for the Vidicon. The maximum 
current available from this rectifier system is about 800 microamperes. 

Another rectifier, D20, supplies about 100 volts negative to the 
beam current control, R5. Resistance -capacitance filters are used 
throughout. It will be noted that some decoupling is provided between 
the converter and the minus 15 -volt bus (R70 and C50) ; this was 
necessary to prevent interference from the free -running converter 
from getting into the video circuits. 

Low -Voltage Power Supply 
The camera may be operated either from the a -c line or from 

batteries. The user has a further option during a -c operation; power 
for the camera may either be taken from the nearest a -c outlet or it 
may be sent to the camera from the remote viewing point over the 
same coaxial cable which carries the r -f output of the camera. During 
either the local or remote a -c mode of operation the 15 -volt bus which 
operates all the transistor circuits in the camera is energized by a 
low -voltage regulated supply comprising power transformer XF -1, 
rectifiers D10 -D13, and transistor voltage regulators T18 and T19. 

For the remote method of supplying power, plug P1, is inserted 

2 L. H. Light and P. M. Hooker, "Transistor DC Converter," Proc. 
Inst. Eke. Eng. (Brit.), Part B, Vol. 102, p. 775, April, 1955. 
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into socket Si. This connects the primary of the power transformer 

across the r -f output connector through a small (8 microhenry) r -f 

choke. Power is applied to the end of the output coaxial cable remote 

from the camera by means of an adapter box shown in Figure 6 

which interconnects the cable and the remote receiver. Because of 

the great frequency separation between the camera output radio fre- 

quency and the power -line frequency, the simple chokes and capacitors 

shown effect entirely adequate isolation of the two signals. As the 

primary current of the power transformer in the camera is only 

about 45 milliamperes, a considerable length of coaxial cable may be 

used to interconnect the camera and the remote receiver. 

To change over to local a -c operation, plug P2, to which is con- 

nected an ordinary line cord, is inserted in socket Si. 

THERMAL 
SWITCH AMP 

ISOLATING 
TRANSFORMER 

TO REC. 

ANTENNA 
TERMINALS 

COAX TO 
CAMERA 

Fig. 6- Circuit of remote adaptor for TTV camera. 

In either of the above modes of operation transformer, XF -1, 

steps down the incoming line voltage to about 24 to 26 volts. This is 

rectified by the bridge rectifier, D10 -D13, and applied t3 the transistor 
regulator. Although this circuit looks unconventional, its action is 

identical to the usual vacuum -tube series regulator. In this case 

transistor T19 is the series element and T18 is the amplifier. A 

pair of "zener" diodes provide the necessary voltage reference. The 

regulator delivers about 150 milliamperes to the 15 -volt bus and will 

hold the output voltage within 0.1 volt of the specified value for any 

input voltage between 100 and 130. It also reduces the ripple content 
at the output of the bridge rectifier (about 2 volts) by a factor of 

about 100. It is apparent that a choke to perform this function 
would be prohibitively bulky. 
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The camera may be operated on batteries by inserting plug P3 
into S1 and connecting the appropriate batteries to the leads ter- 
minating in P3. The power -supply regulator remains in the circuit 
to hold the voltage of the 15 -volt bus constant. Although this wastes 
some power it greatly increases operating stability. 

The total power consumed by the camera is about 5.2 watts during 
a -c operation. Of this input power about 1.5 watts is dissipated in 

the power -supply regulator, this dissipation decreasing at lower line 
voltages. Another watt is used in the heater of the 1/2 -inch Vidicon. 
About 0.5 watt is lost in the power transformer and rectifier system. 
The remaining 2.2 watts powers all the transistor circuits in the 
camera. This is less than the heater power alone of many receiving - 
type vacuum tubes. 

Miscellaneous 
A few details remain for discussion. The 1/2 -inch Vidicon is 

focussed by means of a permanent -magnet assembly which is simply 
a scaled down verion of a similar assembly used with the 1 -inch 
Vidicon. It is easily fabricated of low precision parts and gives 
excellent results. It requires no power and also eliminates the coil 
current regulator circuit which would be required with electromag- 
netic focus. 

A novel feature of the TTV camera is an experimental arrange- 
ment for automatically varying the camera sensitivity as a function 
of the ambient illumination of the scene being viewed. D21 is a photo - 
diode which is arranged at the proper distance behind a hole of 
suitable diameter in the front surface of the camera so that it "sees" 
a solid angle identical to that of the camera lens. Increasing light 
increases the current through the photodiode. This is arranged to 
reduce the target voltage of the Vidicon, thus reducing its sensitivity. 
A "zener" diode, D1, provides a d -c level shift in this circuit merely 
for convenience in selecting appropriate operating points for the 
Vidicon and the photo- diode. Compensation for ambient illumination 
changes of the order of 50 to 1 may be provided by this method. The 
usefulness of such compensation where the camera operator is un- 
skilled or the camera itself inaccessible is obvious. 

THE TRANSISTORIZED "CREEPIE PEEPIE" 

The TCP comprises three distinct units, the camera, the monitor 
(electronic viewfinder), and the backpack. The camera and monitor 
may be fastened together by means of captive screws during operation, 
or the viewfinder may be slung around the user's neck on a suitable 
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lanyard and viewed in a manner similar to a reflex camera. For 
most shots the viewfinder is left fastened to the camera, but it may 
occasionally be advantageous to employ the other mode of operation 
to obtain a picture over the heads of persons in a crowd, as shown in 
Figure 7. 

A block diagram of the equipment is shown in Figure 8. The 
camera contains a video pre -amplifier, horizontal- and vertical- deflec- 
tion circuits, and a blanking amplifier in addition to the 1/2 -inch 

Fig. 7- Operation of the TCP with the monitor detached 
from the camera. 

Vidicon with its yoke and focus magnet. Horizontal -drive pulses, 
vertical -drive pulses, and mixed blanking pulses, as well as all neces- 
sary d-c voltages, are supplied to the camera over a four -foot cable 
from the backpack. The video signal from the camera video pre- 
amplifier is sent back to the backpack on a coaxial conductor braided 
into the same cable. 

The monitor contains horizontal- and vertical -deflection circuits 
and a video amplifier. Most of the space within the monitor case, 



CAMERA 
HORIZONTAL 
DEFLECTION 

TRANSISTORIZED VIDICON CAMERA 483 

which is identical in size to the camera, is taken up by the 11/2 -inch- 
diameter monitor tube and its deflection yoke. Appropriate cables 
carry horizontal drive pulses, vertical drive pulses, and video informa- 
tion to the monitor as well as all necessary d -c voltages. 

A switch on the backpack permits the operator to view on the 
monitor either the video signal at a suitable point in the modulator 
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or a rectified and amplified sample of the transmitter output. The 
latter mode of operation has proven more desirable as it gives the 
operator an instantaneous indication of transmitter overmodulation. 
The electronic viewfinder also permits the cameraman to check the 
vidicon electrical focus. This would be impossible with an ordinary 
optical viewfinder. 
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The backpack contains a rechargeable battery which will run the 
equipment for about five hours; a transistor power converter to supply 
high -voltage for the camera, monitor and transmitter tubes; a crystal - 
controlled synchronizing generator; a 2,000 -megacycle transmitter; a 
modulator amplifier in which d -c level setting, sync addition, setup 
addition, etc. are performed ; and a small auxiliary video amplifier 
and rectifier which samples the transmitter output. The transmitting 
antenna projects from the top of the backpack. 

It is instructive to compare the weight, size, and power data for 
the TCP with that for a similar vacuum -tube equipment built by the 
authors several years ago.3 The TCP camera with its viewfinder 
weighs 4 ponds. The earlier unit, which used a 1 -inch Vidicon and 
a similar monitor tube, weighed 8 pounds. The backpack unit of the 
TCP weighs 15 pounds and is 3 by 12 by 13 inches in size. The cor- 
responding part of the earlier equipment weighed 50 pounds and 
occupied four times the volume. The same equipment consumed nearly 
200 watts of power from its batteries which would operate it for 
about two hours. The TCP consumes 30 watts and operates for nearly 
five hours from a smaller battery. 

The TCP Camera 
The camera and monitor are shown with covers removed in Figures 

10 and 14. As the heat dissipated in the transistors themselves is 
negligible, their accessibility has been sacrificed in order to make 
their socket connections more readily accessible. The deflection cir- 
cuits occupy the small fixed chassis directly behind the Vidicon 
assembly. 

The circuit of the camera video pre -amplifier is shown in Figure 9. 
The blanking amplifier is also included in this drawing, as well as 
the Vidicon beam, focus, and target- voltage controls. As a higher 
supply voltage, 21 volts, is available in this unit, the Vidicon blanking 
amplifier presents no problem. T4 is a common emitter amplifier 
which is connected directly to the Vidicon cathode. Negative mixed 
blanking signals from the sync generator in the backpack are applied 
to its base. Twenty volts peak -to -peak of positive mixed blanking are 
available at its collector, and this is adequate to prevent landing of 
the Vidicon beam under any conditions during the horizontal and 
vertical retrace periods. 

A somewhat different design philosophy has been adopted in this 

3 L. E. Flory, J. E. Dilley, J. M. Morgan, and W. S. Pike, "A Develop- 
mental Portable Television Pickup Station," RCA Review, Vol. XIII, 
p. 58, March, 1952. 
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video amplifier. Basically, it has been to use a liberal number of 
transistors in the interests of eliminating peaking coils. The band- 
width of this amplifier is also wider (6 megacycles) than that of the 
TTV camera. 

The input amplifier employs transistors Ti, T2, and T3. Transis- 
tors Ti and T2 exemplify a type of feedback pair which has been 
freely used in later stages, particularly in the modulator. It consists 
of a pair of transistors of opposite conductivities, with feedback from 
the collector of the second to the emitter of the first. The arrangement 
is d-c stable, has high input impedance, low output impedance, and 
either output polarity may be derived from it. In this case the 
collector of the second transistor is d -c connected to the base of the 
third. The response of this circuit is maintained flat to 6 megacycles 

Fig. 10 -Right side of camera and monitor. 

by means of a peaking inductance, Ll, and a capacitor, C5, shunting 
the emitter resistor of T3. A bias control, R4, is provided to set 
the operating point for this circuit. This could have been fixed, but 
was made variable to accommodate different types of transistors. A 
similar reasoning governs R20 and R31. 

The next stage, T5, is an ordinary common -emitter stage which 
drives the high -peaker. Its high- frequency response is maintained 
by means of C10. The high -peaker is basically identical to that in 
the TTV camera with some slight differences in parameters necessi- 
tated by the increased bandwidth. Again an over -all low- frequency 
compensation is provided in this stage by means of C13. 

The following four stages, T6 through T9, are ordinary common- 
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emitter amplifiers. They are, however, overcompensated as far as 
high- frequency response is concerned, and the cumulative effect of this 
overcompensation supplies the necessary aperture correction. A video 
gain control, R29, compensated by a small capacitor, C20, is inserted 
between T8 and T9. The last two transistors, T10 and T11, comprise 
another feedback pair which drives the cable connecting the camera 
and backpack. This feedback pair will deliver about 0.5 volt of 
6- megacycle video signal to the 75 -ohm line with good linearity. In 
this case, output is taken from the emitter of the second transistor 
of the pair. 

The camera deflection circuits are shown in Figure 11. They are 
very similar to those of the TTV camera. The sync generator in the 
backpack supplies horizontal- and vertical -drive pulses to the camera. 
The horizontal pulses are negative and the vertical pulses positive. 
The negative horizontal pulses turn on transistor T31. Amplified 
positive horizontal pulses appear at its collector. The remainder of 
the horizontal- deflection circuit is identical to that of the TTV camera. 

The vertical- deflection circuit is driven by the positive vertical - 
drive pulses. These are inverted by transistor T26 which drives a 
a sawtooth generating circuit comprising T27 and its associated com- 
ponents in much the same fashion as in the TTV camera. A comple- 
mentary symmetry vertical- output stage is not used, the vertical 
drive to the yoke being provided by two paralleled emitter followers, 
T29 and T30. Resistors R92 and R93 equalize the currents in these 
transistors. Again negative feedback is used to assist in linearizing 
the yoke current and circumventing the shortcomings of the neces- 
sarily small coupling capacitor, C41. Although this output circuit is 
less efficient than that of the TTV camera, it is more stable and 
exhibits less warm -up drift. 

Modulator, Transmitter, and Associated Accessory Circuits 
Before giving attention to the other portions of the system, it seems 

logical to follow the principal video chain through the equipment to 
its eventual destination in the transmitter. The modulator and trans- 
mitter are located in the backpack and may be seen in the photograph 
of Figure 17. The circuit diagram is shown in Figure 12. 

The transmitter is depicted at the upper right of Figure 12. 
It is a self- excited cavity stabilized triode oscillator which is grid 
modulated. A 6442 planar triode is used. The output frequency is 
adjustable from 1,900 to 2,100 megacycles. The maximum output 
power with the voltages available in this equipment is about 0.5 watt. 
A video signal of 1 to 2 volts amplitude is sufficient to modulate the 
transmitter fully. This is supplied by transistors T12 through T16, 
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Video signal from the camera pre -amplifier is available across the 
cable termination, R43. This is coupled into the base of transistor 
T12 through a relatively small capacitor, C25. A keyed clamp sets 
the d -c level at this point at the start of each horizontal line. This 
action is provided by T17, which is turned on by negative mixed 
blanking pulses applied to its base. In somewhat unconventional 
fashion this also clamps the base of T12 during the entire vertical - 
blanking interval. The clamping potential is adjustable by means of 
R61, which is bypassed by a very large capacitor, C30. 

Since d -c information has now been re- inserted into the signal, 
the following stages must be d -c coupled if this information is to 
appear in the output signal. By employing alternate n -p -n and p -n -p 
transistors, a five -stage amplifier of adequate stability has been' con- 
structed. The stage gains of this amplifier are not high ; the large 
number of stages has been necessitated by the many other functions 
which must be performed in it. Mixed sync, for example, from sync 
amplifier T21 is inserted at the emitter of T12. Adjustable setup 
is inserted at the base of T14, by feeding in a small amount of mixed 
blanking of the correct polarity at this point. 

T12 and T13 form a feedback pair similar to others previously 
used. This circuit is advantageous here because it presents a high 
impedance to the clamp circuit and thus does not discharge capacitor 
C25. Discharging C25 would cause horizontal shading. T14 has been 
included to get a low- impedance point from which to drive the auxiliary 
amplifiers T18 and T19 as well as the actual modulator output stage 
which comprises another feedback pair, T15 and T16. This stage will 
deliver about 1.5 volts of video signal to the transmitter. 

The remaining transistors are not in the main video chain but 
perform various auxiliary functions. T18 is an emitter follower 
which drives the line to the monitor amplifier when the monitor input 
selector switch is in the "video" position. T19 provides an auxiliary 
video output if it is desired to operate the TCP into a video line 
rather than use the transmitter. In this case the transmitter switch 
may be turned to the "off" position, which removes the load of the 
transmitter from the various power supplies and correspondingly 
reduces the total load on the battery. Transistors T22 and T23 amplify 
the output of diode D1 which rectifies a sample of the transmitter 
output. When the monitor input selector switch is in the "air check" 
position, the output of this amplifier drives the video line to the 
monitor. 

Transistor T20 is a special regulator which assists in maintaining 
the correct operating point of the transmitter as the batteries dis- 
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charge during operation. It was found that as the 6 -volt portion of 
the battery discharged, the slight change in the voltage of the trans- 
mitter heater was sufficient to upset its operating point. As regulation 
of the 0.9- ampere current of this heater would be a difficult task, other 
means to correct this difficulty were sought. It was found that a 

slight readjustment of the transmitter bias would accomplish the 
necessary correction, but that the sense of the requisite bias change 
was opposite to the sense of the change of heater voltage causing the 
trouble. Transistor T20 accomplishes the necessary sense reversal. 
Its base is connected to the 6 -volt battery through a network com- 
prising R58, R70, R71, and D3. This network sets the base potential 
of T20 at the correct d -c operating point. 

The collector of T20 is connected to the potentiometer which sets 
the clamp potential, thus inserting the required correction at this 
point. D -C degeneration in this compensating circuit is provided by 
R68, by means of which the loop gain of the circuit has been adjusted 
to maintain nearly perfect compensation during the useful operating 
life of the battery. 

For stability reasons it is also necessary to regulate the supply 
voltages of all these amplifiers. Regulated buses of six and twelve volts 
are supplied. The twelve -volt regulator comprises emitter follower 
T25, the base potential of which is set by "zener" diode, D2. The 
6 -volt regulator is T24, the base potential of which is set by a 
potentiometer across the regulated 12 -volt supply. 

The Monitor 
The monitor is shown in Figures 10 and 14 and its circuit diagram 

in Figure 13. No suitable commercially available cathode -ray tube 
could be found for this unit, hence a special 11/2 -inch tube was con- 
structed. It is magnetically deflected and electrostatically focussed. 
With an ultor voltage of 2,000 volts, its resolution exceeds 300 lines. 
It fits the standard 1 -inch Vidicon yoke and about 400 milliamperes 
peak -to -peak horizontal -deflection current must be supplied to produce 
a raster of adequate size at the ultor voltage specified. 

The deflection circuits are very similar to those in the TTV camera 
but employ larger output transistors. In the vertical circuit, comple- 
mentary symmetry and negative feedback are used as before. In this 
circuit T37 and T38 are power transistors with rated dissipations of 
1 watt each, without heat sinks. 

Video signal from the backpack is amplified by transistors T42 and 
T43. This circuit is a transistor version of the familiar vacuum -tube 
"long- tailed pair." It provides a push -pull output with which the 
cathode and grid of the monitor are simultaneously driven in anti- 
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phase. By this means the effective video drive on the monitor is made 

about 35 volts peak -to -peak, a value difficult to achieve by other means 

due to the voltage and power limitations of available high- frequency 

transistors. T41 is a driven clamp which sets the d -c level of the 

monitor amplifier. It is identical to that in the modulator, except that 
only horizontal pulses from the monitor horizontal deflection circuit 
are used to drive it. Slightly better high- frequency response could 

have been achieved in this amplifier by incorporating peaking coils 

Fig. 14 -Left side of camera and monitor. 

in the collectors of T42 and T43, but as the response was adequate 

and space limited, they were omitted. 

Synchronizing Generator 
The synchronizing generator is located in the backpack. It is in 

two sections, the master oscillator and divider chain comprising the 

first, and the waveshaping circuits and line drivers the second. Fig- 

ures 15 and 16 show the circuits of these units, while the synchron- 

izing generator may be seen in the photograph of Figure 17. Only 

the chassis containing the master oscillator and divider chain is visible 
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in this photograph ; the waveshaper and line amplifiers are directly 
behind this unit. 

The master oscillator, T44, is crystal controlled, and operates at 
31.5 kilocycles. It is a negative- resistance oscillator. The emitter 
tuned circuit appears capacitative at the operating frequency. Under 
these conditions, a large negative resistance is developed in series with 
the crystal in the base circuit, and oscillation takes place at the crystal 
frequency. 

Output from the master oscillator is taken across a small resistor, 
R147, in the collector circuit to drive a pair of isolation amplifiers, 
T 52 and T45. The horizontal divider, which divides by 2, comprises 
transistor T53 and associated circuits. It is a blocking oscillator 
using an autotransformer wound on a small toroidal ferrite core. A 
positive pulse of a few volts amplitude and about 1.5 microseconds 
duration appears at the collector of T53 each time the blocking oscil- 
lator fires. This is called the positive horizontal trigger and is used, 
after some processing, to initiate the leading edge of the horizontal 
blanking and drive pulses. 

A delayed trigger pulse is derived from transistor T54. An 
auxiliary winding on XF -7 drives this transistor. The waveform on 
this winding is a considerably distorted single cycle of a sine wave, 
the width of each half -cycle being about 1.5 microseconds. The winding 
is so poled that the positive -going half cycle occurs first. T54 does 
not conduct during this portion of the cycle. On the following nega- 
tive half -cycle, however, it does conduct, and a positive pulse is 
generated at its collector. This pulse is delayed with respect to the 
pulse from the collector to T53 by about 1.5 microseconds, and is used 
as the delayed horizontal trigger pulse. The leading edges of the 
horizontal synchronizing pulses and the serrations in the vertical 
synchronizing pulses are derived from this delayed trigger. This 
scheme will be seen to set the width of the "front porch" of the 
composite video output of the TCP at 1.5 microseconds, or the amount 
by which the delayed horizontal trigger lags the undelayed trigger. 

The vertical divider chain comprises transistors T46 -T49. Each 
of these is a blocking oscillator in which the feedback is from collector 
to base, and the RC circuit which controls the repetition frequency 
is in the emitter. The temperature stability of this circuit is superior 
to that of arrangements in which the frequency- determining elements 
are in the base circuit because it isolates these elements from the 
effects of the temperature- dependent base -to- collector leakage current 
(Ico) . As space is limited in the sync generator, the frequency - 
determining elements of each divider are fixed, and the amount of 
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sync injection has been made adjustable to control the division ratio. 
The small capacitors C67, C69, C71, and C73 used for this purpose 
require appreciably less space than the adjustable potentiometers which 

would otherwise have to be used. A common voltage divider, R156 

and R157, biases all the divider stages. 
The vertical- frequency pulses at the output of the last divider, T49, 

are too narrow to be used directly. Vertical pulses of the desired width 
are generated by a bistable flip -flop comprising transistors T50 and 

T51. Each time T49 fires, a pulse from its collector cuts off T51. The 

usual regenerative action in the flip -flop assists this and, of course, 
turns on T50. The arrangement is such that this action may be 

reversed on either the 15th, the 21st, or the 35th subsequent cycle 

MODULATOR 

TRANSMIT rER 

SYNC 
GENERATOR 

POWER 
CONVERTER 

Fig. 17- Backpack opened. 

of the 2H oscillator by a pulse taken from the collector of the second 

divider, T47, and fed to T50. This scheme causes the flip -flop to 
generate clean positive and negative vertical pulses the width of which 

can be set at 71/2, 101 /2, or 171/2 horizontal lines by adjustment of the 
order in, which the usual divisors of 3, 5, 5, and 7 are assigned to the 
various dividers. The table included as a part of Figure 15 shows 

the arrangement used in each case. 
The output pulses from the divider chain thus consists of four 

kinds of pulses : positive horizontal trigger pulses, positive delayed 
horizontal trigger pulses, negative vertical pulses, and positive vertical 
pulses. The waveshaper, shown in Figure 16, synthesizes the following 
signals from these trigger pulses: 
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(a) Positive vertical drive pulses; 

(b) Negative horizontal drive pulses; 

(e) Positive and negative mixed blanking pulses ; 

(d) Negative composite sync pulses. 

The formation of these signals will now be discussed. 
Vertical drive pulses are formed from the positive vertical pulses 

at the divider output by an amplifier and line driver comprising tran- 
sistors T69 and T70. These are connected in the same feedback pair 
configuration used in the monitor. This amplifier makes positive 
vertical pulses of about 5 volts amplitude available at a relatively low 
impedance. 

Horizontal drive pulses are formed by an identical amplifier driven 
from the undelayed horizontal trigger pulses at the divider output. 
This amplifier comprises transistors T67 and T68. 

The mixed blanking signals are synthesized from the undelayed 
horizontal trigger pulses and the negative vertical pulses from the 
divider by transistors T55, T56, T57, T65, and T66. T55 and T56 
form a monostable emitter -coupled multivibrator which determines 
the horizontal blanking width. In this circuit, T55 is normally off 
and T56 on. Horizontal trigger pulses are applied to the base of T56 
via diode D10. Each pulse turns off T56 and turns on T55 by the 
usual regenerative action. The circuit remains in this state for a 
period of time determined by the time constant, C86, R184 and the 
voltage at the slider of R178. It then flips back to its original state. 
Adjustment of R178 varies the horizontal blanking pulse width be- 
tween the limits of 5 and 15 microseconds. 

Negative horizontal -blanking pulses from the collector of T56 are 
mixed with the negative vertical pulses from the divider in an "or 
gate" comprising D11 and D12. The output of this gate is applied 
to the emitter follower, T56, and then to a line driver, T65 and T66. 
Both polarities of mixed blanking are available from this line driver. 

It is to be noted that the three outputs from the sync generator 
which have just been treated must be transmitted via cable to the 
camera and monitor. It is for this reason that line -driving amplifiers 
must be provided for these signals. 

The remaining transistors, T58 through T64, are employed in 
generating the composite sync signal. It is nonstandard in that there 
are no equalizing pulses, the vertical synchronizing interval is the 
same length as vertical blanking, and there are serrations in the 
vertical sync pulses at horizontal frequency. The form of this signal 
is shown in Figure 18. 



TRANSISTORIZED VIDICON CAMERA 499 

The synchronizing signals are synthesized from the delayed hori- 
zontal- trigger pulses and the positive vertical pulses from the divider 
chain. A monostable multivibrator, T58 and T59, similar to that used 

to generate horizontal blanking pulses, generates horizontal sync 
pulses adjustable in width between the limits of 5 and 8 microseconds. 
A similar multivibrator, T60 and T61, generates serration pulses of 
about 40 microseconds width. The output of the serration multi- 
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Fig. 18 -Sync pulse diagram. 

vibrator is gated by a serration gate comprising T62 and T63. This 
gate is open only during the vertical pulses from the divider. The 
output of the serration gate thus consists of bursts of serration pulses 
which are timed to occur during each vertical pulse from the divider. 
This signal is mixed with the output from the horizontal sync multi - 
vibrator in another "or gate" comprising diodes D15 and D16. It is 

then amplified and clipped by the sync output amplifier, T64. Figure 
18 shows the various waveforms occurring in these circuits, 
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Power Converter 
The power converter steps up the low voltage available from the 

battery to the necessary high voltages to operate the transmitter, 
monitor, and camera tubes. Advantage has been taken of the unique 
properties of transistors as high -speed switches to achieve in the 
power converter high efficiency, low weight, and long life which would 
be difficult to attain by any other method. The unit may be seen in 
the photograph of Figure 17 and its circuit is shown in Figure 19. 

Basically, two transistors are used in the power converter as a 
kind of power oscillator to convert d -c to a -c. The latter is then stepped 
up to the desired voltage levels and rectified. As the switching speed 
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of the transistors is high, an a-c operating frequency (1,000 cycles) 
considerably above that of readily available commercial vibrators may 
be profitably employed to reduce the weight and size of the iron -cored 
components such as transformers and chokes. Further, the operating 
conditions of the transistors are similar to those of the high- voltage 
supply in the TTV camera in that their dissipation is low. 

The power converter oscillator is similar to that described by 
Uchrin and Taylors; however, we have found it advantageous to modify 
their circuit slightly. They use a single saturable transformer both 
to control the frequency of oscillation and to effect the necessary 
voltage transformation. Here these two functions are separated. 

G. C. Uchrin and W. O. Taylor, "A New Self- Excited Square Wave 
Transistor Power Oscillator," Proc, ¡.R.E., Vol. 43, p. 99, January, 1955, 
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In the diagram of Figure 19, transformer XF -8 is wound on a 

small toroidal core and need handle only the driving power for the 
base circuits of the transistors. A 1,000 -cycle square wave of about 
90 volts peak -to -peak amplitude appears from collector to collector of 

transistors T71 and T72. This signal is applied to the power trans- 
former XF -9 which steps it up to several different voltages. 

Most of the power from the converter is delivered to the +170 - 

volt bus, on which the principal load is the transmitter. The latter 
requires about 50 milliamperes. This is supplied by a full -wave rectifier 
comprising diodes D20 -D23 and filtered by L6, C115, and C116. The 

ultor voltage for the monitor tube, 2,000 volts, is supplied by a doubler 
comprising D18 and D19, driven by an additional winding. The 
400 -volt bus which supplies accelerating and focus potentials for the 
Vidicon and monitor is served by a tripler comprising diodes D24 -D28. 

The minus 100 -volt bus, which is used only for bias on the Vidicon, 

is fed by a half -wave rectifier, D29. The over -all efficiency of this 
power converter is about 90 per cent. 

Miscellaneous 
Primary power for the entire TCP unit is supplied by a bank of 

silver- alkalai storage cells. Four cells are connected in series to supply 

the 6 -volt bus which powers the heaters of the tubes and portions of 

the horizontal -deflection circuits. Nine additional cells of smaller size 

are connected in series with the 6 -volt portion of the battery to power 

the 21 -volt bus. The flat voltage characteristic of these cells during 
discharge is very helpful in maintaining stable operation of the more 
critical circuits, such as the sync generator dividers. This battery 
complement will run the TCP unit for about five hours before recharg- 
ing becomes necessary. 

CONCLUSIONS 

Two transistorized camera equipments have been constructed and 

extensively operated. One is a simple camera which may be attached 
to any home television receiver to form a complete closed- circuit 
television chain. The other is, in effect, a complete portable television 
transmitting station which will generate a picture of adequate quality 
for remote broadcast purposes and transmit it for a distance of about 
one mile. These two units show that present -day transistors make 
possible operating performance in such equipment which cannot be 

achieved with vacuum tubes within the same limitations of weight 
and power. It is also of interest to note in passing that, except for 
the pre -production drift transistors used in the video amplifiers, com- 
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mercially available transistors either were used in each socket or are 
available for use. 

Near the conclusion of the development of these cameras, the 
production version of the drift transistor (2N247) became available. 
The limited sample of 2N247's which have been tested to date worked 
quite well in the TCP circuits, but there are indications that some 
readjustments might be required if 2N247's were to be used in the 
TTV equipment. 

The TCP unit has been used experimentally by the National 
Broadcasting Company in covering the recent political conventions, 
and has transmitted excellent pictures under difficult conditions from 
various sites in and around the two convention halls. 

The TTV unit potentially supplies the answer to the quest for an 
extremely compact low power, low cost pickup unit which could convert 
any home receiver to a closed -circuit television system. 
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VIEWING STORAGE TUBES FOR LARGE DISPLAYS* 

BY 

H. O. HOOK," M. KNOLL,t AND R. P. STONE# 

Summary -This paper describes two experimental viewing storage 
tubes which provide large displays. The first type, contained in a 15 -inch 
metal envelope, provides a directly viewed display 10 inches in diameter 
with 250 foot -lamberts highlight brightness. The second is a projection 
storage tube which uses reflective optics to provide a four -foot- diameter 
radar display with 2 foot -lamberts highlight brightness. The resolution 
for both displays is better than 500 lines. These tubes extend the advan- 
tages of smaller viewing storage tubes to applications requiring large 
displays. 

INTRODUCTION 

HALFTONE VIEWING storage tube with 4 -inch picture size, 
described in previous publications," has been found par- 
ticularly useful in aircraft radar for daylight operations as 

well as for storage of single television frames3 and oscilloscope pat- 
terns.' Because larger pictures are desirable for certain radar displays, 
e.g., for traffic monitoring at airports, for shipboard applications, and 
for certain television and telemetering applications, a 10 -inch direct - 
view storage tube and a projection -type storage tube have been 
developed. 

' The work described, in this paper was supported by a Signal Corps 
contract DA 36- 039 -sc- 64572. 

" RCA Laboratories, Princeton, N. J. 
t Formerly RCA Laboratories, Princeton, N. J.; now with the Tech - 

nischen Hochschule, Munich, Germany. 
# Formerly RCA Laboratories, Princeton, N. J.; now with the RCA 

Tube Division, Lancaster, Pa. 
1 M. Knoll, "Electron -Lens Raster Systems," National Bureau of Stand- 

ards Circular 527, p. 329, March, 1954. 
2 M. Knoll and P. Rudnick, "Direct View Storage Tube," National 

Bureau of Standards Circular '527, p. 339, March, 1954. 
3 M. Knoll, P. Rudnick, and H. O. Hook, "Viewing Storage Tube With 

Halftone Display," RCA Review, Vol. XIV, p. 492, December, 1953. 
4 M. Knoll, H. O. Hook, and R. P. Stone, "Characteristics of a Trans- 

mission Control Viewing Storage Tube with Halftone Display," Proc. I.R.E., 
Vol. 42, p. 1496, October, 1954. 

5 C. E. Reeder, "Evaluation of the Direct -View Storage Tube," presented 
before the PGED of the I.R.E., October 24, 1955 at Washington, D. C. 
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TEN -INCH -TARGET DIRECT -VIEW STORAGE TUBE 

An experimental version of the direct -view storage tube with a 
flat storage target and a 10- inch -diameter viewing screen is shown 
in Figures 1 and 2. 

The metal envelope is equipped with a faceplate and neck of soft 
glass. Both the spread angle of the viewing beam and the total deflec- 
tion angle of the writing beam are 42 degrees rather than 27 degrees 
as in the 4 -inch flat -screen tube. The axes of the writing and viewing 
guns are parallel to and displaced 1/4 inch from the tube axis. After 
the image -amplifier section is mounted on the chrome -iron cone, the 
envelope is closed by heliarc- welding the top cap in place. Supported 

Fig. 1- Direct -view storage tube with 10- inch -diameter target. 

within the conical section of the envelope is a conical electrode which 
forms a double- condenser lens. 

The target structure consists of two grids and a luminescent screen 
supported by a cold -rolled steel ring. The collector grid (G1) composed 
of 230 -mesh woven stainless steel is welded directly to the support ring. 
The storage grid (G.,), which consists of 100 -mesh electro- formed 
nickel formed on a stainless -steel ring, and the Pyrex -plate luminescent 
screen are secured to the principal support by machine screws and 
ceramic spacers. 

The storage grid is prepared by evaporating magnesium fluoride 
from three platinum "boats" onto the heated nickel mesh in a vacuuth 
of approximately 10 -4mm Hg. These boats are arranged in a triangle 
with their centers about three inches from the center of the array, 
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the top of which is about 14 inches below the mesh. The thickness of 
the evaporated layers is uniform to within 10 per cent. 

Such large direct -view tubes are capable of reproducing at least 
4 halftones with a highlight brightness of 300 foot -lamberts at 10- 

kilovolt phosphor potential. The resolution is at least 400 lines per 
target diameter, although picture uniformity is poorer than in the 
smaller tubes. Because of the wide divergence angle of the viewing 
beam; strong electron lenses are required to make the beam arrive 
normal to the storage grid; the aberrations of these lenses (Figure 
lla) account for much of the 10 to 15 per cent variation in storage- 

VIEWING GUN 

ION PUMP -ir `gy. 

Ir 

I 
s 

¡ 1105e- WRITING GUN 

DOUBLE 
CONDENSED 

LENS 

Fig. 2- Large- screen storage tube. 

grid cutoff voltage.' This variation can be reduced to 5 to 8 per cent 
by operating with an 8 -inch display (Figure 11b) instead of a 10 -inch 
display. This not only reduces lens strength but also the area of the 
lens used. (The 4 -inch tubes showed a variation of 8 to 10 per cent.) 
Figure 3 is a photograph of a test -pattern display 10 inches in diameter. 

Although satisfactory results have been achieved with the flat 
target structure, experience with 4 -inch tubes indicates that curved 
screens will give better uniformity and higher brightness as well as 
improved mechanical and thermal stability. These results should apply 
to larger tubes also. The reasons for this assumption are discussed 
more fully in the following section. 

' The difference between the cutoff voltages for the darkest and bright- 
est areas of the viewed pattern without a written picture expressed as a 
percentage of their mean is used as a measure of nonuniformity. 
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STORAGE TUBE WITH SPHERICAL IMAGE AMPLIFIER 

Description 
Figure 4 is a schematic representation of the experimental projec- 

tion storage tube. To match the reflective optical system of the 5TP4 
projection kinescopes, which was used for the experiment, a curved 
luminescent screen with a 7.1 -inch radius of curvature was employed. 
In addition, a curved storage target and an approximately concentric 
collector grid were used ; these permit normal incidence of the viewing 
beam without an electron condenser lens or with a very weak one. The 
crossover of the viewing gun was near the center of curvature of the 
collector and storage grids. Minor electron -optical corrections may be 
achieved by making the curvature of the grids non -concentric with 

Fig. 3- Photograph of test pattern on 10 -inch direct -view storage tube. 

the curvature of the luminescent screen. In general, the functions of 
the collector grid, storage grid, and the luminescent screen (final 
anode) as well as the functions of the writing, viewing, and erasing 
guns are similar to those already described for the viewing storage 
tube with a flat -image amplifiera Also, the electron paths in the elec- 
tron lens raster system are similar to those in flat -image amplifier 
systems. However, the electron- optical condenser system of the image 
amplifier is different. 

Figure 5 shows an experimental projection storage tube which may 
also be used for very bright direct -view applications. The ion pump 
and the writing and erasing guns, both of which are parallel to the 
tube axis, are in the tube neck. The viewing gun, which is quite short, 
is located on the tube axis between the writing and erasing guns. 
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VIEWING GUN 
WRITING GUN 

ION PUMP 

ERASING GUN 

KOVAR RING 32 LEAD 
RF SEAL BUTTON STEM 

Fig. 4- Design for spherical- screen projection storage tube. 

Construction 
The storage -grid mesh is made of electroformed nickel, and the 

collector grid of woven stainless -steel wire screen (both about 250 

mesh per inch). It was found that both kinds of mesh could be formed 
by cold drawing between soft aluminum sheets. The mesh was com- 

pletely annealed before drawing; the work- hardening during the draw- 
ing process provided sufficient stability and negligible spring- back.' 

An aluminized phosphor screen which can withstand gradients of 
about 30 kilovolts per centimeter between it and the storage grid is 

required. Under such gradients, ordinary phosphor screens such as 
used in television kinescopes, where practically no gradient is present 
at the phosphor surface, disintegrate. 

Satisfactory phosphor screens can be produced by settling a fine - 

grained phosphor and rinsing it with a silicate solution. After the 
phosphor is baked it is firmly bound to the curved glass support. Then 

Fig. 5- Projection storage tube. 

Because of its simplicity and positive results, this technique can be 
employed for the design of large electron optical mesh lenses. 
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a very thin collodion film is deposited: this permits phosphor particles 
to protrude thron h and bond directly to the aluminum layer which 
is evaporated on the coliudion. 

Such a l!ho-phor screen has an "egg shell" appearatce. and it can 
be rubbed lightly \v ith .I finger tip without damage. Spark -overs pro- 
duce a -hint' split on Ole aluminum, but no damage to the phosphor 
screen. 

l'rfgeettun .4 rrange aient 

Figure 6 shows the projection arrangement which Has designed 
for an SS-inch throw when used with a 5T1'4 projection kinescope. A 
magnification of 12 times gives a 4 -foot- diameter display from a 4 -inch 
display un the face of the tube. Curtains placed about the display 

ae' G,5PLAI 
,4MP 

r 

i 

ARVE BO> 
(APPRO S 913 8'I 

STORAGE 
TUBE 

I 
r 

RACK Of OPERATING 
E OUiPMENT 

CAT*ALA FOR 
OBERVERS 

PLANE MIRROR 
INCLINED AT S' 

SPHERICAL 
MIRROR 

OPTICAL BARREL 

CORRECTOR LENS 

Fig. Ii- Storage tube projection display. 

were used to darken the viewing area, as shown in Figure 7. The 
ambient light level from an overhanging incandescent lamp was con- 

trolled by varying the lamp voltage. 

Brightness, Halftortr, and let oo(utilffl 

Tube -face brightness at 20 kilovolts 'applied to the luminescent 
anode) measures approximately 5,000 foot- lamberts. The optical 
efficiency of the reflective optics projection system is estimated to be 

about 15 per cent, and the gain of the projection screen (a piece of 
drafting vellum I varies from about 0.25 to 2, compared to a perfect 
diffuser depending on the angle of observation. From these figured, 
and assuming a magnification of 12, one should expect a brightness 
at the center of the projection screen of 1 to 10 foot- lamberts. Be- 
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cause of the properties of the light optical system, there is a decrease 
in brightness from center to edge of the display. 

Actual measurements made with a Luckiesh Taylor light meter 
held normal to the projection screen slightly away from center indi- 
cated a highlight brightness of 3 to 4 foot -lamberts, which is within 
the predicted interval. About two foot -candles of ambient light on 
the projection screen were necessary to cause any visible deterioration 
of picture contrast; about 10 foot -candles of ambient light caused 
enough deterioration to make the picture unusable. 

The tolerance to ambient light is due partly to the screen (P1) 
phosphor which provides color contrast with the reddish incandescent 

Fig. 7- Viewer's position at projection radar display. 

ambient light. Better tolerance can be expected by using a green filter 
over the projection screen, and a higher directivity screen. 

In the photograph of the radar display (Figure 8) the erasing 
beam is not visible, although in the display itself it is visible as a 
faint strobe line. The writing beam (invisible) follows 10 to 15 

degrees behind it. Because most of the targets are buildings in the 
metropolitan Philadelphia Camden area, the picture is rather cluttered. 
The course of the Delaware River appears as a dark streak, nearly 
devoid of targets, running along the dotted line from about 6 o'clock 
to the center, and then curving out toward 3 o'clock. The erased 
sector is slightly to the right of the lower part of the Delaware River. 

Figure 9 (an enlarged picture of the area enclosed by the white 
lines on Figure 8) shows details of the structure of the projected 
radar picture. The small grey spots distributed at random between 
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Fig. 8- Photograph of projection radar display. 

the targets are noise pulses from the input stages of the radar receiver. 
The targets are not only distinguished by their shape but also by their 
brightness because of antenna beam -width integration at the storage 
grid. 

Selective Erasure and Condenser Lens Design 

For ideal picture uniformity, the viewing electrons must arrive 
normal to the surface of the storage grid. With a flat storage grid 
and a point source of the flood beam, a single strong condenser lens 
may be used (Figure 10a). One electrode of this lens is formed by 

the collector grid, the other by a conducting wall coating (at viewing- 

Fig. 9- Photograph of portion of projected radar display showing stored 
noise. 
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gun anode potential). To keep the viewing beam angle of divergence 
as small as possible, and thus decrease spherical aberration, this lens 
should be close to the collector grid. In such an arrangement, two 
sources of concentric nonuniformities are variations in the angle of 

incidence of viewing electrons approaching the storage grid, and 
spherical aberration of the condenser lens (as in Figure 10a). These 
nonuniformities disappear as the viewing -beam diameter decreases 
(Figure 10b). Still other nonuniformities, usually asymmetric, are 
caused by magnetic poles in the storage or collector grid frames 
(Figure 10c). Although demagnetizing helps reduce the latter, both 
types of nonuniformity can be reduced by increasing the ratio of the 
voltage gradients on the phosphor side to that on the gun side of the 
storage grid. This uniformity improvement probably occurs because 
viewing -beam electrons with non -normal incidence (which at lower 
gradient ratios would be reflected) are collected by the field of the 
elementary lenses. Thus, for a uniform picture background, a low 
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Fig. 10- Condenser -lens configurations for viewing storage tubes. 

collector -grid voltage (< 100 volts) or a high phosphor- screen voltage 
is desirable for lens- raster -type image amplifiers. On the other hand, 
to prevent positive ions from landing on the storage grid, the collector 
grid must be at higher positive potential than any electrode between it 
and the viewing or erasing beam cathodes. Also, a higher collector - 
grid voltage (> 100 volts) is desirable to obtain optimum gun voltage 
for a well- focused erasing beam. As a result, there must be a com- 
promise between concentric background patterns, and a poor erasing - 
beam resolution for a viewing storage tube with a flat storage target 
and a single condenser lens. Such a system, however, may be tolerated 
if over -all (flooding) erasure with the viewing beam is used. 

One way to improve selective erasure in a viewing storage tube 
with flat -image amplifier is the introduction of a double condenser 
lens (Figure 10b). There are three advantages: 

(1) The erasing (and viewing) gun anode voltage may be as much 
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(a) IO " DIAMETER PICTURE WITH BRIGHTNESS ADJUSTEC 
TO EMPHASIZE SPHERICAL ABBERATION 
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IC) MAGNETIC DISTURBANCE( 4" TUBE J 

Fig. 11- Nonuniformity due to lack of normal incidence of viewing beam 
at storage grid. 

as 70 per cent of the collector voltage instead of less than 
20 per cent for the single condenser lens ; this permits more 
viewing -beam and erase -beam current and better 
spot with the electron guns used. 

(2) Less spherical aberration. 

(3) Less space -charge defocusing of the erasing beam in the 
condenser -lens region. 

However, although selective erasing is possible with the double 
condenser lens, the low voltage available for the erasing gun makes 
possible a well -focused beam with sufficient current only for the slow 
erasing speeds (e.g., as in radar) . Therefore, the alternative is be- 
tween concentric background patterns and slow or poorly focused 
selective erasing for the double condenser lens as well as for the single 
condenser lens. 
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This compromise is much less severe for spherical image ampli- 
fier systems (Figure 10c). In this case, normal incidence can be 
obtained by simply placing the viewing -beam crossover near the center 
of curvature of the storage grid. Thus, only a weak condenser lens 
is needed for small corrections of the angle of incidence and for 
repelling positive ions which would otherwise land at the storage 
target. Because such a weak condenser lens has a small spherical 
aberration, it permits a higher collector voltage (in the order of 500 
volts if needed) and also higher voltages for the anodes in the viewing 
and erasing guns. These higher voltages are essential for a small 
erasing beam spot and high current of the viewing beam.' 

For proper tube operation, the viewing beam must arrive normal 
to the storage grid, whether flat or curved. In the first case, a con- 
denser lens is required close to the grid. However, in the curved -grid 
tube, normal incidence is obtained with a diverging beam. Thus, the 
condenser lens can be placed nearer the viewing -beam cathode without 
increasing the viewing -beam angle. By using a smaller portion of 
this lens, spherical aberration is reduced further and a larger viewing 
screen may be used for the same envelope size. 

CONCLUSIONS 

Two new experimental versions of viewing storage tubes have been 
developed for use where larger stored pictures are required. 

The first version is a tube with a large, flat (10 -inch diameter) 
viewing screen which is bright enough to be used in a well lighted 
place such as a laboratory or a ship's bridge. It has adequate writing 
speed for radar and similar displays, at least one minute viewing 
duration, and approximately 500 lines resolution (television standards) . 

The second version is a projection storage tube with a 41/4 inch 
spherical luminescent screen. It provides more than 5,000 foot - 
lamberts brightness at 20 kilovolts, when the image is projected to 
a 48 -inch diameter display, the brightness is high enough for use 
with room illumination of 3 to 5 foot -candles. Such tubes have high 
maximum writing speed, (up to 108 spots per second) , good line -by- 
line erasing, adequate storage for radar displays, and 500 -line resolu- 
tion. 

The investigation of curved -image amplifier systems for this 
projection storage tube revealed several important advantages of 
curved screens which are applicable for direct view storage tubes. 
Curved screens make it easier to achieve normal arrival of viewing 

With conventional gun structures. 



514 RCA REVIEW December 1956 

electrons at the storage grids, thus eliminating background nonuni- 
formity caused by spherical aberration of the condenser lens. Also, 
higher voltages may be used on the collector grid and viewing and 
erasing guns; this results in better focus of a separate erasing beam 
and more current in both the viewing and erasing beams. 



THE APPARENT CONTACT POTENTIAL OF A 

PSEUDO -ABRUPT P -N JUNCTION 
BY 

HERBERT KROEMER 

RCA Laboratories 
Princeton, N. J. 

Summary -The capacitance- voltage relationship is studied for junctions 
which have constant impurity densities on both sides of the junction but 
where the transition from the density value on the n side to that on the 
p side is not an abrupt one. Instead, it is assumed that the transition 
takes place over a finite region all of which lies inside the space -charge 
region. It is found that the inverse square of capacitance, C, of such a 
"pseudo- abrupt" junction varies linearly with voltage, V, as in the case 
of a truly abrupt junction: 

1 -- V+VAR. 
C2 

However, the constant term., Vr °, is no longer the contact potential as 
in a truly abrupt junction. The difference between the true contact poten- 
tial and this "apparent" contact potential can be utilized to obtain detailed 
information about the internal structure of the junction; for example, 
about the amount of any diffusion that has taken place. 

INTRODUCTION 

r--fHE variation of the transition capacitance, C, of an abrupt p -n 

junction with voltage follows the relation 

1 -= tonst (V+ Vt.) , 

C2 

(1) 

where V is the applied reverse bias and V, is the contact potential. 

kT NP V,=- In 
Q ni2 

(2) 

where N and P are the impurity densities on the two sides of the 
junction, and ni is the intrinsic carrier concentration. 

In many practical cases some diffusion has taken place at the jui.c- 

tion, so that the junction is not really abrupt. If the region of devia- 

tion from abruptness is narrow enough, it will lie entirely inside the 
depletion region, at least above a certain critical voltage, VA. Such 

515 
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a junction will be called a "pseudo- abrupt" junction. The purpose of 
this paper is to show that, for a pseudo- abrupt junction and for V > VA, 

(a) The capacitance still follows an equation like Equation (1). 
(b) The value of the constant is the same as in a truly abrupt 

junction. 

(c) V, has to be replaced in Equation (1) by a quantity V,' which 
is no longer the true contact potential, but differs from it in 
accordance with the manner in which the transition from p 
to n takes place. 

The difference between this "apparent contact potential," V,`, as 
deduced from capacitance measurements, and the true contact poten- 
tial, V,., as calculated from the impurity densities of the two sides of 
the junction, can yield some important quantitative information about 
the internal structure of the junction, such as the amount of the 
diffusion that has taken place. 

MATHEMATICAL ANALYSIS 

The electrostatic potential, ¢, inside a depletion layer obeys Pois- 
son's equation 

d'=43 4ir 
_ - p(x). 

dx3 e 
p(x) =4'N(x), (8) 

where e = dielectric constant and N (x) = donor density minus acceptor 
density. If xp and x are the p- and n -side limits of the depletion layer, 
the boundary conditions are (Figure 1) 

96'(xv) -'4'(x,.) =0, (4) 

(x) - (xp) = V + Va, (5) 

where V is the applied reverse bias and V, the true contact potential. 
Integrating Equation (3) and observing the boundaries specified by 
Equations (4) and (5) gives 

0= 

47rg s^ 

4wq '^ 

E 

N(x) dx, (6) 

47rq m* 

V+V,=- dx N(s) ds= N(x) xdx. (7) 
E I ?D E 

f 
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For a truly abrupt junction, 

- P 
N (x) = N.1 (x) = for x xo. (8) 

+ N 

Substituting these values in Equations (6) and (7) yields the well - 

known expressions: 

(a) 

- Po 

(h) 

N tx) 

NA z) 

4 

v 

X X X 

Fig. 1- Pseudo -abrupt junction; impurity and potential distribution. 

Po (xo - xp) =No (xn - xo) , (9) 

27rq 
V + V, _ [Po (xo - xp) 2 + No (xn - xo) 21. 

E 

27rq PoNo 
(xn-xp)2, 

E Po + No 
(10) 
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1 f 4r - 87r Po+No 
- _ (x xN)" (V + V,). (11) 
C2 E eq PoNo 

In the case of a pseudo- abrupt junction we split the mathematical 
representation of the actual impurity density into two parts, an abrupt 
distribution plus a deviation: 

N(x) =NA(x) -(x), (12) 

where we choose the arbitrary transition coordinate, x , of the abrupt 
distribution in such a way that the integral over the deviation part 
vanishes, i.e., that the two shaded areas in Figure 1 are equal: 

0= 
a, 

A(x) dy =-Po(t0-6r,) +No(6-xo) 
a, 

Therefore, 

1 

.r= 
Po+Na 

an 

N(x) dx. 

(13) 

an 

[PO6P+NO6fl_[ N(x) dx (14) 
ap 

If one inserts N(x) = N.a(x) -..1(x) in Equations (6) and (7), 
this again leads to the expressions (9, (10) and (11), except that 
now V, is replaced by the "apparent contact potential 

Ve` =V,.+AV,r 

where 

4zrq 

ar 

an 227111 AV,=- (x) xdx= 
E E 

an 

(15) 

-Po(x"-6p2) +N,(6l-x') - I 
aD 

N(x) xd.r 
j 

(16) 

The interpretation of' the additional term AV, is simple. It is the 
potential difference across the dipole layer consisting of the impurity 
difference, A (x) . 

If 1 /C2 is plotted against voltage, a straight line results parallel 
to the line for the abrupt case, but displaced to the left by ay, 

In Figure 1 the deviation of N (x) was in the direction of flattening 
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then junction, that is, - Pa < N (x) < No. In this case AV, is always 

positive, and the capacitance is decreased as though a greater voltage 

had been applied. 

APPLICATION TO SPECIAL CASES 

When the way in which a junction deviates from abruptness is 

qualitatively known, a measurement of the apparent contact potential 

and comparison with the true contact potential may give quantitative 
information about the actual dimensions of the deviation. This is 

illustrated here through two practical examples. 

(a) 

- Po 

(b) 

-PO 

1 N(x) 

xoo 

+ NO 

Fig. 2(a)- P +N N+ junction; (b) symmetrically diffused junction. 

(a) P -I -N Junction and P +N N+ Junction (Figure 2a) 

In the P -I -N junction, an intrinsic region has been sandwiched 

between the n and the p regions. In practical cases the central region 

always contains some remaining impurities so that the junction had 

best be treated as a P +N N+ junction (Figure 2a). If these re- 

maining impurities have a sufficiently high density, the critical 

voltage, VA, referred to previously, may be no longer negligible, and 

may actually become rather high. If we restrict ourselves to low 

values of N1 and /or to V > VA, we have 
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N(x) = N, for S,, < x < 5,,, (17) 

P Sp +N S -NI( S -S,,) (Po +NI) Sp+ (N -N,) Sn x - -- - _ 
Po +No Po +No 

27rq 
(18) 

=-- [- (Po+N,) (x°-Sp2) + (No-N,) (S2-x,2)] 

27rq (P+ NI) (No-N,) 
_ -- (8n-8p)2. 

E Po+N (19) 

From this formula if either N, or (S -Sp) is known, the other quan- 
tity can be determined. (Po and No are always assumed to be known.) 

1 
The maximum value of AV, occurs for NI= - (No- Po) : 

2 

Avc max = 
rq 

2c 
(Po +No) (So -Sp)2. (20) 

Numerical example: E = 16, P0-=- No= 10'6 cm -3, S - S = 10-4 cm. 
This results in AV, max - 2.8 volts. This is not a negligible quantity. 
Equation (19) also covers the case where either N, > No or N, < - Po, 
that is the case of impurity pileup inside the junction. AV, then 
becomes negative. The practical importance of this case may be rather 
limited because such a structure could have a rather high critical 
voltage, VA. 

(b) Junction with Symmetrical Diffusion (Figure 2b) 
A grown junction is treated with a P -type background doping -Po, 

which has been over -compensated by a donor density, No + Po, so that 
the net donor density is No. If the donor density has flattened out 
through diffusion, then x0=0, and 

1 1 x 
N (x) _ - (- Po + No) + - (Po -t- No) erf I , (21) 

2 2 2VDt / 

A (x) = + - (Po + N,,) erfc 
I x 

l , for x < 0. 
2 2 VDT 

(22) 
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Here D and t are the diffusion constant of the impurity and the 
diffusion time, respectively. If VD7 « xi, and « x,,, A ( x) has de- 
creased to a very low value at the ends of the depletion layer and the 
junction can be considered to be pseudo- abrupt. The integral in 
Equation (16) can be extended from -oo to +co with only negligible 
error, resulting in 

47rq 
AV, _ (Po + No) 

167rq 

I 
x 

erfc xdx 
2VDt 

(Po + No) Dt erfc (s) sds. f 
(23) 

The integral is equal to 1/4, and 

4aq 
AV,, _ (Po + No) Dt. (24) 

E 

This equation could be utilized for the measurement of diffusion 
constants under conditions where the total amount of diffusion is so 
small that none of the conventional methods can be applied. 

With E= 16, Po = No = 1015 cm -3, \/Dt =10-4 cm; AV would be- 
come 1.1 volts. 

In cases where the diffusion is not symmetrical, similar results 
can easily be obtained by inserting the proper distributions in Equa- 
tions (14) through (16). 
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Summary -A second -order unidirectional microphone has been devel- 
oped consisting of two uniaxial microphones connected in series opposition. 
This system has been termed the bigradient uniaxial microphone. The 
directional efficiency, that is, the energy response to random sounds is 
one -ninth. The high discrimination which this microphone exhibits to 
sounds which originate front the sides and rear makes it particularly 
suitable for long distance sound pickup in radio, television, sound .motio+e 
pictures, phonograph recording, and sound reinforcing systems. 

INTRODUCTION 

IRECTIONAL microphones are employed in sound reproducing 
systems to discriminate against undesired sounds, and thereby 
obtain a satisfactory pickup of the desired sound. It has been 

established that a directional system in which the directivity does not 
vary materially with frequency is the most desirable because there 
will be no frequency discrimination in either the direct or generally 
reflected sound or noise. The order of directivity required in a micro- 
phone will depend upon the application. The greater the directivity 
the larger the pickup distance that can be used. For sound motion 
picture and television applications where the microphone must be 
kept out of the picture, a large pickup distance is a requirement. 
These applications require a directional microphone with a high order 
of directivity in order to obtain a reasonable ratio of desired to 
undesired sound. 

A unidirectional microphone with the maximum sensitivity along 
the cylindrical axis of the microphone was developed some time ago. 
This was termed the uniaxial microphone.' The commercial version= 
of the uniaxial microphone is designated the BK -5A. The features 
of the uniaxial microphone are a high ratio of electrical output to 
size, a sharper directivity pattern than a cardioid, a directivity pattern 

' H. F. Olson, J. Preston, and J. C. Bleazey, "The Uniaxial Microphone," 
RCA Review, Vol. XIV, p. 47, March, 1953. 

2 J. W. O'Neil and R. M. Carrell, "The BK -5A Uniaxial Microphone," 
Broadcast News, Vol. 83, p. 44, May, 1955. 

522 



BIGRADIENT UNIAXIAL MICROPHONE 523 

that is independent of the frequency, and a blast -proof vibrating 
system. The high discrimination which this microphone exhibits to 
sounds which originate from the sides and the rear makes it particu- 
larly suitable for long- distance sound pickup in radio, television, sound 
motion pictures and sound reinforcing systems. 

Since the uniaxial microphone has demonstrated that a high order 
of directivity is of great value in sound pickup applications, it appeared 
desirable to examine the possibilities of microphones with even greater 
directivity. The simplest solution to the problem of increased direc- 
tivity is the combination of two first -order gradient directional micro- 
phones to form a second -order gradient unidirectional microphone. A 

_L AXIS 

RIBBO.'J 

D 

UNIT NO I UNIT NO.2 

l- 

Fig. 1 -A schematic diagram of a second -order gradient unidirectional 
microphone consisting of two first -order gradient microphones connected 

in series opposition. 

microphone of this type has been developed employing the uniaxial 
microphone as the basic element. It is the purpose of this paper to 
describe a second -order gradient uniaxial microphone. 

THEORETICAL CONSIDERATIONS INVOLVING A SECOND -ORDER 

GRADIENT UNIDIRECTIONAL MICROPHONE 

A second -order gradient unidirectional microphone' may be devel- 
oped from two first -order gradient unidirectional microphones con- 
nected in series opposition. A schematic view of the arrangement is 
shown in Figure 1. The first -order microphones have cardioid direc- 
tional patterns. 

Since the two units are connected in opposition, the response with 

3 H. F. Olson, Elements of Acoustical Engineering, D. Van Nostrand 
Co., Princeton, N. J. 

' H. F. Olson and J. Preston, "Directional Microphone," RCA Review, 
Vol. X, p. 339, September, 1949. 
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respect to frequency and the absolute output are important considera- 
tions. The performance of the arrangement of Figure 1 will now be 
deduced from the equations which govern the system. 

The voltage output is given by 

1rD 
e=el-e.,=e11 (.5+.5 cos 0) sin (wt___-_Cos0 

A 

7rD - e0., (.5 + .5 cos B) [sin wt + cos O 

A. 

(1) 

where e = instantaneous output of the combination, in volts, 
el = instantaneous output of unit No. 1, 

e2 = instantaneous output of unit No. 2, 

e01 = peak amplitude of the output of unit No. 1, 

e00 = peak amplitude of the output of unit No. 2, 

w = 27rf, 

f = frequency, in cycles per second, 

t = time, in seconds, 

D = distance between the units, in centimeters, 
A.= wavelength of the sound, in centimeters, and 
O = angle between the direction of the incident sound and 

the axis of the system. 

In Equation (1) , the point of zero 
between the two units. 

If the outputs of the two units 
be written 

phase is considered to be midway 

are the same, Equation (1) may 

rD 
e = - 2e01 (.5 + .5 cos B) cos wt sin cos 0 

A 
(2) 

If the harmonic term with respect to time is omitted, then Equation 
(2) becomes 

rD 
e =- 2e, (.5 + .5 cos 0) sin cos O 

A. 

(3) 

The response frequency characteristic for a second -order gradient 
unidirectional microphone obtained from Equation (3) for 0 = 0 is 
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Fig. 2 -The response of a second -order gradient unidirectional microphone 
as a function of the ratio of the distance D, between the units, to the wave- 

length, X, for sound incident along axis. 

shown in Figure 2. It will be seen that the upper limit of the useful 
frequency range is D/À = 1. It will be also seen that the response falls 
off 6 decibels per octave in the low- frequency range. 

The polar directional characteristic of a second -order gradient 
unidirectional microphone obtained from Equation (3) is shown in 

Figure 3. In this case the upper limit of unidirectional pickup is 

D /À. = 3/4. The directivity patterns below D/À = 3/4 can be improved 
by means of the electrical networks. The dividing electrical network 
alters the amplitude contribution of the two units and the phase rela- 
tions as contrasted to the direct series opposition connection. This 
will be evident later in the paper where the experimental results are 

o' 

o' 

upo. 

A 

180' 

0 /x. 

90' 

180' 

0 /A' 

Fig. 3 -The polar directional characteristics of a second -order gradient 
unidirectional microphone for various ratios of the distance D between the 

units, to the wavelength, X. 
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shown for the working model of the bigradient uniaxial microphone. 
A general consideration of the factors of frequency response and 

directivity indicates that second -order operation could be maintained 
to 1,500 cycles and still retain adequate response in the low- frequency 
range. It also appeared that a high order of directivity is not required 
in the high -frequency range. Furthermore, if directivity is required 
in the high -frequency range, it can be obtained by diffraction. 

Since gradient systems depend upon the difference of the output 
of two units, there are two major problems, namely, similarity of 
frequency response and high sensitivity of the units. Similarity of 
frequency response of the units is required in order to obtain a high 
order of discrimination. High sensitivity is required because larger 
pickup distances can be used when the directivity is increased. The 
first -order undirectional microphone, termed the uniaxial microphone, 
fulfills these requirements. Accordingly, uniaxial microphones were 
selected as the microphone units in the second -order gradient micro- 
phone. Since the maximum pickup of the system is along the cylindrical 
axis, the second -order gradient microphone employing two first -order 
gradient uniaxial microphone units has been termed the bigradient 
uniaxial microphone. 

A sectional view and acoustical network of the first -order gradient 
uniaxial microphone' is shown in Figure 4. 

The polar directional characteristic of the uniaxial microphone is 
shown in Figure 5. The directional characteristic of the uniaxial 
microphone is given by 

B 

e=K1 .3-}-.7 cos - cos a 
3 

(4) 

where K1 = voltage sensitivity constant of the microphone, in volts, 
and 

O = angle between the direction of incident sound and the 
cylindrical axis of the microphone. 

Referring to Figure 5 and Equation (4) , it will be seen that the 
directivity pattern of the uniaxial microphone is sharper than a 
cardioid pattern. Since the directivity of the bigradient uniaxial 
microphone is the product of the directivity patterns of the individual 
units and the cosine function, the resultant characteristic will exhibit 
a higher order of directivity by the use of the uniaxial microphone 
units as contrasted to microphone units with a cardioid directivity 
pattern. 
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Fig. 4 -A sectional vie« and the acoustical network of a uniaxial micro- 
phone. In the acoustical network pi. is the sound pressure on the front of 
the microphone; MAI and rAAl are the inertance and acoustical resistance 
of the air load on the front of the microphone; MBI, .AB,, M' B1, and ).'Am. 

are the inertances and acoustical resistances of the blast baffles on the 
front of the microphone; C.IC1 and Ci'AC1 are the acoustical capacitances of 
the volumes between the blast baffles; Ms and rAs are the inertance and 
acoustical resistance of the slit between the ribbon and pole pieces; MR, 

rAR, and CAR are the inertance, acoustical resistance, and acoustical capaci- 
tance of the ribbon; ZAE is the acoustical impedance due to the electrical 
circuit; p2 is the sound pressure at the apertures in the labyrinth connector; 
MA2 and rAA2 are the inertance and acoustical resistance of the air load at 
the apertures of the labyrinth connector; MH2 and rAB2 are the inertance 
and acoustical resistance of the blast baffles on the side of the microphone; 
CAC_ is the acoustical capacitance of the volume behind the blast baffle; 
Mes and rA2s are the inertance and acoustical resistance of the screen cover- 
ing the hole in the labyrinth connector; M2 and rA2 are the inertance and 
acoustical resistance of the hole in the labyrinth connector; rAP is the acous- 
tical resistance of the labyrinth; pa is the sound pressure at the damped 
cavity between the magnets; MA3 and rAA3 are the inertance and acoustical 
resistance of the air load upon the damped cavity; MR:I and rAB3 are the 
inertance and acoustical resistance of the blast baffle over the damped 
cavity; CAC3, rAc3, and r'Ac3 are the acoustical capacitance and acoustical 
resistances of the cavity between the magnets; and M is the coupling 

between the cavity and the apertures. 
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Following the procedures outlined in deriving Equation (3), the 
directional pattern of the bigradient uniaxial microphone in the region 
of second -order gradient operation is given by 

e 
e = K2 .3 + .7 cos - cos O cos e, 

3 
(5) 

where K2 = voltage sensitivity constant of the microphone, in 
volts, and 

O = angle between the direction of the incident sound and 
the cylindrical axis of the microphone. 

o 

á _ 
.O yJj 

67 __I 

90. 

1°O.ViisFe 

, ' ` / 
Fig. 5 -The theoretical polar directional characteristic of the 

uniaxial microphone. 

The polar directional characteristic obtained from Equation (5) 
is shown in Figure 6. 

The directional efficiency of the bigradient uniaxial microphone is 
given by 

8 2 

2n .3 + .7 cos -- cos O cos' O sin O d o 

0 3 
D.E. = (6) 

47r 

1 

9 
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Fig. 6 -The theoretical polar directional pattern of the 
bigradient uniaxial microphone. 

The response of the bigradient uniaxial microphone to random 
sounds is 1/9 that of a nondirectional microphone. The increased 
directional efficiency of the bigradient uniaxial microphone makes it 
possible to use a pickup distance three times that of a nondirectional 
microphone. 

DESCRIPTION OF THE MICROPHONE 

The elements of the experimental bigradient uniaxial microphone 
are shown in Figures 7 and 8. The front and rear uniaxial units are 
mechanically connected by a perforated cylindrical shell. The trans- 
formers are housed behind the labyrinth in each uniaxial unit. The 
electrical network is housed in the enlarged housing behind the rear 
unit. 

1 > ° 

FRONT SCREEN 

o 
oa , t -a GOO 

C 

CONNECTOR SCREEN 

UNIT NO.1 

o 

CABLE TO REAR UNIT UNIT NO.2 CABLE 

Fig. 7 -A schematic view of the elements of an experimental 
bigradient uniaxial microphone. 
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Fig. 8 -A photographic view of the elements of a 
bigradient uniaxial microphone. 

The electrical system is shown in Figure 9. Transformers are used 
to raise the impedance of the ribbon to that suitable for transmission 
over a line. An electrical network is provided to transfer the output 
of the two units in series opposition in the frequency range below 1,500 
cycles to the single front unit in the frequency range above 4,000 
cycles. Suitable electrical compensation circuits are used to obtain 
uniform response in the bigradient operation frequency range. 

The complete bigradient uniaxial microphone mounted in a cradle 
suitable for boom operation is shown in Figure 10. The over -all length 
of the microphone is 111/2 inches. The weight is 1.9 pounds. 

PERFORMANCE CHARACTERISTICS 

The response frequency characteristics for sound incident at angles 
of 0 °, 45 °, 671/2°, 90° and 180° with respect to the axis of the micro- 
phone, are shown in Figure 11. These characteristics show that there 
is very little frequency discrimination over the useful pickup angle of 
the microphone. 

RIBBON 

FRONT UNIT 

RIBBON 

REAR UNIT 

Fig. 9 -The electrical network of the bigradient uniaxial microphone. 
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Fig. 10 -The bigradient uniaxial microphone mounted in a cradle 
for boom operation. 
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Fig. 11 -The response frequency characteristics of the bigradient uniaxial 
microphone for sound incident at angles of 00, 45 °, 671/2 °, 90' and 180° 

with respect to the axis of the microphone. 
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The polar directional patterns for 200, 1,000 and 4,000 cycles are 
shown in Figure 12. These directivity patterns and the response 
frequency characteristics of Figure 11 show a high order of discrimi- 
nation for the sides and the rear hemisphere in the mid- and low - 
frequency ranges. It is in the region below 2,000 cycles that practically 
all of the difficulty due to reverberant and other undesirable sounds 
occurs. The operation shifts from the two uniaxial microphones in 
second -order gradient operation to the single uniaxial microphone in 
first -order operation in going from the low- frequency range to the 
high- frequency range. By the use of diffraction phenomena, it would 
be a comparatively simple task to develop a microphone with a sharper 
directivity pattern in the high- frequency region for use in the front 

o 

1eo 
200 CYCLES 

eo' 
1000 CYCLES 

180* 
4000 CVCIES 

Fig. 12 -The polar directional characteristics of the second order gradient 
uniaxial microphone for 200, 1,000 and 4,000 cycles. 

uniaxial microphone if this appeared desirable. In this connection, 
in actual operation the broader directivity pattern in the high fre- 
quency range does not appear to be an objectionable feature. As a 
matter of fact, it appears to be desirable because it adds a tinge of 
brightness in the reproduced sound. 

The measured response of the bigradient uniaxial microphone to 
random sounds in the frequency range below 2,000 cycles is 1/9 that 
of a nondirectional microphone. The increased directional efficiency 
makes it possible to employ a pickup distance three times that of a 
nondirectional microphone and 1.7 times that of a unidirectional 
microphone with a cardioid directional pattern. 

APPLICATIONS OF A BIGRADIENT UNIAXIAL MICROPHONE 

A microphone with a small angle of sound pickup and high dis- 
crimination against undesirable sounds is useful in recording sound 
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motion pictures and sound pickup in television where the microphone 

must be kept out of the picture. The size and weight of the micro- 

phone are such that it may be mounted on a conventional boom, Figure 
10. The cradle designed for this microphone provides adequate shock 

mounting. In addition, the microphone is underslung so that the 
microphone is the lowest part of the system. The larger pickup dis- 

tance provided by this microphone makes it possible to allow greater 
freedom of operation of the action. 

In the pickup of orchestras and other distributer sound sources, 

it has been established that as the pickup distance is increased the 
balance is improved because the ratios of the distances from the vari- 
ous sound sources and the microphone are closer to the same values. 

The larger pickup distance is only possible if the microphone provides 
sufficient discrimination against reverberation and other undesirable 
sounds. Thus it will be seen that the bigradient uniaxial microphone 
is also useful in radio broadcasting, recording of phonograph records, 
and sound reinforcing. In the latter application, because of the large 
ratio of response of direct to reflected sound, it provides the possibility 
of fixed microphone locations and locked amplifier gain controls, thereby 
providing unattended operation. In such use, an automatic -gain -control 

system might be desirable as an added refinement. 



ANALYTICAL APPROACHES TO LOCAL 
OSCILLATOR STABILIZATION 

BY 

W. Y. PAN AND D. J. CARLSON 

RCA Victor Television Division. 
Camden. N. J. 

Summary -The behavior of local oscillator tubes and associated circuit 
elements under complex conditions of heat flow can be treated analytically. 
By means of such an analytical treatment, local oscillators operating at 
frequencies up to and beyond 1,000 megacycles may be stabilized methodi- 
cally with conventional temperature- sensitive elements. The resultant fre- 
grency stability is satisfactory for most practical purposes. 

The analytical approaches to local oscillator stabilization in general, 
and special considerations at UHF, are demonstrated by application to two 
types of commercial television tuners. After two minutes of operation, 
the VHF tuner exhibited a maximum residual frequency deviation of ± 50 
kilocycles, while that of the UHF tuner was ± 100 kilocycles. 

It is believed that the sanie general approaches and considerations can 
be utilized to stabilize local oscillators for other applications. 

INTRODUCTION 

OSCILLATOR- FREQUENCY deviations caused by an oscillator 
tube or any associated circuit element under complex condi- 
tions of heat flow have been treated analytically.' Such 

frequency deviations may be represented by a simple mathematical 
expression: 

=a (1- e-139, (1) 

where .a f = instantaneous frequency deviation of the local oscillator, 
a = maximum frequency deviation, 

ß = a constant determined by the rate of change of oscillator 
frequency with respect to time, t, or the rate of temper- 
ature rise of the local oscillator elements. 

A normalized graphical illustration of Equation (1) is shown in 
Figure 1 for various values of ß and a unity value of a. When plotted 
on a linear scale, this exponential function becomes essentially a 
straight line for ß < 0.01. Conversely, it stabilizes within a relatively 
short interval of time for ß > 0.1. These curves clearly explain the 

' W. Y. Pan, "Frequency Characteristics of Local Oscillators," RCA 
Review, Vol. XVI, p. 379, September, 1955. 
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Fig. 1- Normalized frequency characteristics of oscillator circuit elements 
under the conditions of heat flow At = 1 - e -In. 

fact that the stability of any local oscillator depends upon the rate 
of heat flow to the temperature- sensitive elements in the circuit. 

The foregoing analytic treatise can be utilized conveniently and 

accurately to stabilize local oscillators at frequencies up to and includ- 

ing the ultra- high- frequency (UHF) band. To illustrate this, the local 

oscillators of two representative commercial television receivers have 

been stabilized. 

(1) Very- high- frequency (VHF) local oscillator -oscillator fre- 
quency varies from 101 megacycles at channel 2 to 257 

megacycles at channel 13. 

(2) UHF local oscillator -oscillator frequency varies continuously 
from 517 megacycles at channel 14 to 931 megacycles at 
channel 83. 

STABILIZATION OF A VHF TELEVISION LOCAL OSCILLATOR 

The original or uncompensated VHF television oscillator circuit 
is indicated in Figure 2. At channel 13 the inductances L_ and L3 are 
short -circuited; under this condition the inductance L1 and the circuit 
capacitances constitute the frequency- determining elements. At chan- 
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Fig. 2- Original oscillator circuit VHF television tuner. 
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nel 7, however, only L is short -circuited. Consequently, L2 tunes 
through the upper VHF television channels (channels 7 to 13 inclu- 
sive), whereas L3 tunes from channel 2 to channel 6, inclusive. 

All capacitances in the original oscillator circuit are not tempera- 
ture- sensitive. Functionally, C, is a part of the "limiter device" which 
controls the level of oscillation; C.. is essentially for blocking purposes, 
and C3 equalizes the variation of tube capacitances; C4 and C:, are 
for oscillator- injection and fine -tuning controls, respectively. 

Analysis of the Original Frequency- Deviation Characteristics 
Figure 3 shows the frequency characteristics of the local oscillator 
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0 5 IO 15 20 25 30 35 40 45 50 55 60 
Fig. 3- Frequency characteristics of the original VHF television local 

oscillator. 

of a commercial VHF color television receiver for channels 2, 6, 7, 
and 13. 

Each curve exhibits two distinct changes in slope. Accordingly, 
there are at least two major components of frequency deviations -a 
fast -acting' component, 

Ail = ai (1 

and a slow- acting component, 

= a2 (1 -e ß20. (3) 

The fast -acting component is caused by the change of tube capaci- 

(2) 
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tances, while the slow -acting component is caused by the associated 

circuit elements. The over -all instantaneous frequency deviation, Af, 

is the sum of the fast -acting and the slow- acting components, or 

Af = ofi + of.:. (4) 

The Fast -Acting Component 
To evaluate the fast -acting component, all associated circuit ele- 

ments of the original local oscillator were replaced with a single 

inductance L made of "Milvar" wire having an extremely low co- 

efficient of thermal expansion. L and the tube capacitances then 

constituted the frequency -determining elements. The corresponding 
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Fig. i- -Frequency deviation resulting from changes of oscillator -tube 
capacitances in the VHF television tuner. 

frequency- deviation characteristics are given in Figure 4 at channels 

2 (101 megacycles) , (6 (129 megacycles) , and 10 (239 megacycles) : 

Oscillator Frequency 
(megacycles) 

a, 
(megacycles) 

Si 
(megacycles) 

101 - 0.48 0.55 

129 - 0.62 0.55 

239 - 1.13 0.55 

It is evident that the frequency deviation, 41, or the constant «,, is 

directly proportional to the oscillator frequency. Thus the instanta- 
neous values under these operating conditions can be expressed by 



538 RCA REVIEW December 1956 f = - 0.00475 f (1- e°.551), (5) 

where t =0 when the oscillator has been energized for a period of 
exactly 30 seconds. Since the ß1 value is 0.55, the oscillator frequency 
according to Equation (1), is substantially stabilized after 10 minutes. 
Therefore, any frequency deviation of the original oscillator circuit 
shown by Figure 2 after t = 10 minutes is caused by circuit elements 
other than the oscillator tube. 

The Slow -Acting Component 
The difference between the over -all frequency deviation, Of, of 

Figure 3 and the fast -acting component, -1f1, represented by Equation 
(5), gives the slow- acting component, Af.., or 

- 4 I 1 1, 1, 1 1 i I ii iI 
0 5 10 IS 20 25 30 35 40 43 50 55 60 

t = TIME IN MINUTES 

Fig. 5 -Slow- acting component at channel 6. 

Af2 = 0f -Ofl. (6) 

At channel 6, for instance, the slow- acting component is as plotted in 
Figure 5: 

f2 = - 0.500 (1 - eo.o4t) (7) 

Stabilization had not been reached at the end of a 60- minute period 
which would explain the finite slopes of the curves shown in Figure 3 
after one hour of continuous operation in a color television receiver. 

A close inspection of the Oft curve in Figure 5 discloses slight 
deviations from the mathematical formula of Equation (7) . The 
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points which are calculated according to Equation (7) do not exactly 
coincide with the observed curve. In fact, the slow- acting component 
may consist of many sub-components: 

of: = Af21 +,f22 + Af23 + (8) 

The factors contributing to the Af., sub -components are the 
inductance L1, the injection circuit, the fine -tuning device C,,, the 
inductances L .,, and L3, the switching mechanism, etc. In this particular 
circuit one of these factors is more pronounced than the others. There- 
fore, if it is assumed that .ßf.2 follows the general expression of 
Equation (1) , the resulting error is small. This approximation is 
satisfactory for most practical purposes. 

Requirements for Frequency Stabilization 
To obtain good frequency stabilization of the local oscillator at 

any particular VHF television channel, the following is necessary: 

(a) At least two compensating elements are needed, one to com- 
pensate for the fast -acting component, Af 1, and the other to compen- 
sate for the slow- acting component, if.,. 

Ari= a'1 (1- e-13'11) 

Ali, 

and 64'2 =agi (1 - ) 

= -if.,. 

(9) 

(10) 

(b) These two compensating elements must be so situated that 
ß'1 approaches the value of ß1 of AA, and ß'., approaches the value of 

ß2 of oft. 

(c) The compensating elements must exhibit negative tempera- 
ture sensitivities to raise the oscillator frequency with temperature. 

(d) The magnitudes of a'1 and a 2 must approach those of al of 
A f t and a2 of O f 2, respectively. 

Furthermore, it is desirable that the spread between channels 7 

and 13 and between channels 2 and 6 shown by Figure 3 be minimized 
so that a minimum number of compensating elements may be used. 

Stabilized Oscillator Circuit 
The stabilized oscillator circuit is indicated in Figure 6. When 
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compared with the original oscillator circuit of Figure 2, it is noted 
that C1 (10NPO) of the orginal oscillator circuit is replaced with 
10N330 and a lead length of 's inch; C., (10NPO ) of the original 
oscillator circuit is moved to a position between L1 and L2 and is 
changed to 10N330; and a new temperature -sensitive capacitance, Cg 

47N750), is added between L0 and L ;;. 
The capacitance values, temperature sensitivities, and placements 

of C1, C.., and C and the lead length of C1, are determined as follows: 

Capacitance C1 

Capacitance C1 compensates for _fl, according to Equations (2) 
and (9) . To make ß'1 = ß1, C1 must be located as close as possible to 
the source of heat flow. Therefore, it is placed at the grid pin of the 
oscillator tube. The resultant ß'1 value is 0.29 as compared to ß1 of 
0.55. The discrepancy between ß'1 and ß1 unavoidably introduces a 
compensation error, y, where 

1ON330\c,C2 - 
C5 . Etó0 _F 

L2 C4 

C6 

47N 750 
RI 

ION 330 
5/8" LEAD 

6.3V 

R2 f 3 + 

-3 Td6 

Fig. 6- Modified oscillator circuit VHF television tuner. 

=á1 (1-e-0.291) + (1-e-0.551 ). 

The compensation error expressed in Equation (11) is evaluated 
in Figure 7 for a'1 /a1 = 0.4, 0.6, 0.8, and 1.0. The error is minimum 
with a'1 = 0.6a1 after a period of two minutes, which is usually allowed 
to make the initial adjustments of a color television receiver. Accord- 
ing to Figure 4 or Equation (5) , al = - 1.13 megacycles at channel 
10. The corresponding compensation error, after two minutes, is 0.04a1 
or .045 megacycles, and the corresponding a'1 = 0.6a1 or 0.678 mega- 
cycles. A compensating capacitor of 10N330 produces these results 
approximately. 

Inductance L4 (5 /8 -inch lead of C1) 

Inductance L4 is used to reduce the spread between channels 7 and 
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Fig. 7- Compensation error. 

35 40 

13 substantially, and between channels 2 and 6 to a lesser extent. 
The action can be explained by referring to Figure 8, which shows 
the self- resonance frequencies, fe, of a 10- micromicrofarad capacitor 
with varying lead lengths. With a % -inch lead, f,.= 450 megacycles. 
This self- resonance frequency is closer to 257 megacycles (channel 13) 
than 221 megacycles (channel 7) . For this reason, the "equivalent 
temperature sensitivity" of C1 is higher at channel 13 than at channel 
7. The spread between curves (7) and '(13) - of Figure 3 for the 
original local oscillator will thereby be significantly decreased. The 
same effect takes place insofar as the spread between channels 2 and 6 

is concerned, but the effectiveness is much less, due to high ratios of 

1000 

800 

600 

400 

10/lfl.f, 5/8" LEAD 
RES. FRED. = 450 MC 

1GHANNEL 13 

200 - _CHANNEL 7 

0 1/4" 1/2" 3/4 1" I-1/4" I -1/2" I- 3/4" 2" 

LEAD LENGTH OF A IO/. to CAPACITOR 

Fig. 8 -Self resonance frequency of a 10- micromicrofarad capacitor. 
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f to the oscillator frequencies at the lower VHF television channels. 
However, the initial spread between channels 2 and 6 is usually not 
serious enough to warrant special attention. 

Capacitance C2 

Capacitance C2 compensates for the slow- acting component of the 
frequency deviations for channels 7 to 13 inclusive, according to 
Equations (10) and (3) . At these upper VHF television channels, 
the inductance L3 and capacitance C,; are short- circuited. C2 is situated 
among the associated circuit elements of the local oscillator where the 
rate of temperature rise is relatively slow. Therefore, the value ß'2 
is approximately equal to the value ß_. The capacitance and tempera- 
ture- sensitivity of Co (10N330) is determined in an analogous manner 
as for C,, and the corresponding a'., an at all upper VHF television 
channels. 

4 

2 

l' l I' I' l' I 1' l' 1' ' 

0 

I 

5 
1_ 1 

IO 15 

I I . l. l. l 

20 25 30 35 40 45 50 55 60 
t TIME - MINUTES 

Fig. 9- Frequency characteristics of the compensated VHF television local 
oscillator (4 channels). 

Capacitance C8 

At the lower VHF television channels, both C2 and C8 are effective 
in frequency stabilization. Owing to the difference in L/C ratios at 
the lower oscillator frequencies, C_ is not sufficient to compensate for 
the frequency deviations at channels 2 to 6 inclusive. The addition 
of C8 makes a'. (at the lower VHF television channels) = a0. The 
ß'2 value of C8 is approximately equal to the ß'_ value of C2 because 
the locations of these two elements are equally distant from the heat 
sources. 

Residual Frequency Deviations 
A typical production VHF television tuner incorporating these 

compensating elements behaves according to the curves of Figure 9 
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at channels 2, 6, 7, and 13. The maximum residual frequency deviation 
is less than ± .05 megacycle after a period of two minutes, and all 
channels become almost completely stabilized within 30 minutes. The 
residual frequency deviation is caused by the discrepancy between the 
ß'1 value of the C1 capacitance and the ß1 value of the fast -acting 
component. 

For local oscillators in other applications, where a greater degree 
of frequency stability is required, the compensation error can be 
further minimized by special means. 

a. The capacitance C1 may be mounted inside the oscillator tube, 
thereby facilitating the rate of heat flow to the compensating element. 
Thus, the ß'1 value of Equation (9) may be made to equal or approxi- 
mately equal the ß1 value of Equation (2). 

b. The ß'1 value may also be raised by an artificial heat source' 
closely coupled to the compensating capacitance C1. Such artificial 
source device can be standardized readily in terms of dissipation and 
heat coupling coefficient. 

c. A junction diode or transistor may be used as a frequency - 
sensitive device of an automatic frequency -control system" which is 
capable of stabilizing a VHF local oscillator to within ±.005 mega- 
cycle and a UHF local oscillator to within ±.01 megacycle. 

STABILIZATION OF A UHF TELEVISION LOCAL OSCILLATOR 

The same approach utilized to stabilize a VHF television local 
oscillator applies equally well to the stabilization of a UHF oscillator. 
Appropriate compensating elements can again be secured by analyzing 
the original frequency- deviation characteristics of the oscillator with 
the aid of the basic relationship expressed in Equation (1) . 

The stabilization procedure at UHF, however, is usually further 
complicated by the fact that (1) the frequency- deviations of the 
original local oscillator may exhibit rather inconsistent characteristics 
between receivers and between frequencies; (2) some of the associated 
circuit elements of the local oscillator may have electrical lengths 
comparable to 1 /4A. of the oscillator frequency. 

For these reasons, additional practical aspects of UHF oscillator 
stabilization have been considered. To illustrate such considerations, 
a typical commercial UHF local oscillator is shown schematically in 

2 Initial work was done by H. L. Donley and E. O. Keizer of RCA 
Laboratories in 1949. 

= W. Y. Pan and O. Ramanis, "Automatic Frequency Control of Tele- 
vision Receivers Using Junction Diodes," Transistors I, RCA Laboratories, 
Princeton, N. J., 1956, p. 598. 
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B+ 

8.2K 
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8.2K 
I/2 W 

VARIABLE 
CAPACITORS 

Fig. 10a- Original oscillator circuit of the UHF television tuner. 

Figure 10a. This oscillator circuit has been commonly used in UHF 
television receivers which cover continuously a frequency range from 
517 to 931 megacycles by means of a variable gang capacitor. The 
variable gang capacitor is coupled to the 6AF4A oscillator tube by 
a transmission line having a characteristic impedance of approximately 
150 ohms. The plate -to -grid trimmer, C11, extends the frequency 
tuning range and, at the same time, provides an adjustment for the 
low -end (517 megacycles) coverage, while the trimmer, C12r insures 
the high -end (931 megacycles) coverage. 

Inconsistency of Frequency- Deviation Characteristics 
Among many other factors contributing to the inconsistency of 

frequency- deviation characteristics of the oscillator shown in Figure 
10a, the factor of primary importance is the construction of the vari- 
able gang capacitor, indicated in Figure 10b. 

When the local ambient temperature rises, the brass shaft expands 
more than the stator assembly. Consequently, the rotor plates are 
displaced relative to the stator plates. This relative displacement, 
represented by Ad of Figure 10b, exhibits an equivalent temperature 
sensitivity insofar as oscillator frequency is concerned. 

The magnitude of this equivalent temperature sensitivity depends 
upon the ratio d1 /d.:. It is positive when d1 < d: and negative when 
d1 > d.,, if the rotor plates were displaced in the direction of reducing 
dl or increasing d.:. Under these conditions, the capacitance C between 
the rotor and stator is given by 

-- 

-dl - 

-s-Ad 

-d, 
//// / / / / //i 

STEEL CHASSIS 

Fig. 10b- Variable gang capacitor. 



and 

LOCAL OSCILLATOR STABILIZATION 545 

1 1 

C=KA +- , 
d1 d, 

1 1 

C+AC=KA ----+ -1, (12) 
d1 d2+ Ad 

AC 1 

or = 
C od Od (M)2 

1+ 
d. d1 (11d2 

where K= constant, 

A = effective projected area between the rotor and stator 
plates, 

AC = change of capacitance due to the rise of local am- 
bient temperature. 

The change in capacitance, AC, is minimum when 

AC 

C 
= o, 

adl 

which gives d1 = d.., or the rotor plates are initially set at exactly equal 

distances from the adjacent stator plates at room temperature. 

When d1 =d. = d 

When dl < d.> 

Let 

AC 1 

C d \' 
Ad ) 

-1 
(13) 

d= 1/2 (d1 + d:) - the mean value of the spacing 
betweeh adjacent rotor and 
stator plates. 

d 

d1 
= 8, 

Od 

d 
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where 8 is a factor which takes into account the position of the rotor 
plates relative to the stator plates, and ¢ is a factor which takes into 
account the difference in coefficients of thermal expansion between the 
shaft and the stator assembly, and also the rise in local ambient 
temperature. 

030 

1.5 25 35 

8 OR 

Fig. 11- Change of gang capacitance as a function of S. 

OC 

C 

1 

1. 
S¢ (1- So 

1-S¢+ 
25 -1 

(14) 

Equation (14) is plotted in Figure 11 as a function of S for various 
values of It is noted that the change of capacitance is nearly pro- 
portional to S. In order to minimize the effect of relative position of 
rotor and stator plates on oscillator frequency characteristics, d1 must 
be equal to dr, or the coefficient of thermal expansion of the shaft 
must be equal to that of the stator assembly. Therefore, a silver- 
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plated steel shaft is highly desirable for more consistent frequency 
drift characteristics. 

Experimental Verification 
The brass shaft of the gang capacitor exhibits a coefficient of 

thermal expansion of 18.9 PPM / °C, whereas that of the steel chassis 
is in the order of 12 PPM/ °C. The difference between these two 
coefficients and the temperature rise determine the magnitude of ,p. 

For a temperature rise of 50 °C, ' = 0.005. When S = 1.5, 

OC 
= 0.004, 

C 

or the frequency deviation at 600 megacycles is 

1 X 600 = 1.2 megacycles. 

The relative position of the rotor and stator plates is adjustable 
by a set screw which fastens the shaft to the tuner chassis. The 

frequency characteristics at 600 megacycles with the set screw in the 
middle position are plotted by the solid curve marked (1) in Figure 
12; by displacing the rotor plates ± .005 inch relative to the stator 
plates or, by turning the set screw 90° clockwise or 90° counter- clock- 

wise, the frequency characteristics are substantially different as shown 
by the solid curves marked (2) and (3) respectively. The position of 

the set screw changes the a value, although ß remains constant. At a 

period of 10 minutes, the difference in frequency deviation amounts 
to .83 megacycle. Because of this variation, the tuners are extremely 
inconsistent in frequency -drift characteristics. By replacing the brass 
shaft with a steel shaft, the corresponding variations are much less, 

as shown by the dotted curves in Figure 12. 

The "Null Points" Along the Oscillator Line 
At the socket pins of the 6AF4A tube, Figure 10a, the oscillator 

voltage between the plate and grid falls to a minimum value at ap- 
proximately 1,000 megacycles. Any temperature -sensitive element 
placed across these two points would affect the oscillator frequencies 
either above or below that frequency. At 1,000 megacycles the effect 

is theoretically zero. Since the oscillator line is 1.6 inches long, the 
voltage minimum or null point at the other end of the line corresponds 
approximately to 500 megacycles. 
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Fig. 12 -Effect of relative spacing (rotor and stator plates) on local - 
oscillator frequency deviation at 600 megacycles. 

Let the distance at the junction between the oscillator line and 
the stator assembly be zero; the null points along the line are illus- 
trated in Figure 13. For instance, the 725- megacycle null point occurs 
at 7/8 inch. 

After substituting a steel shaft for the brass shaft of the variable 
gang capacitor and determining the null points along the oscillator 
line, the UHF local oscillator can be stabilized in a similar manner 
as was the VHF local oscillator. 
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F ig. 1:; Null points along the oscillator line. 
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One -Point Compensation 

By placing an appropriate temperature- sensitive capacitor at any 

point (x) along the oscillator line, the relative effectiveness of frequency 

compensation P, at an oscillator frequency f is determined by 

where 

1.2 

1.0 

P., =1- 'sin 9,I, (15) 

1 f f=-- 
2 f,. 

1 

0-I I I`, 
200 400 

517 MC / 

i 1- 

/ 1\ 

\. 
\, 
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I 1 
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FREQUENCY - MC 

/ ^ - 
/ 

/ - 
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/ 

JJ 

i 

i_I -i' I I I 
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Fig. 14- Relative effectiveness of one -point and two -point oscillator - 
frequency compensations. 

and f,. = null frequency corresponding to point x. 

The solid curve of Figure 14 shows the P1 function for C'1 placed 

at the socket pins where f,. = 1,000 megacycles, while the dashed curve 

shows the Po function for C'._ placed at the stator junction where 

f,. = 500 megacycles. It is obvious that one -point compensation is 

adequate only at one frequency or for a very narrow frequency spec- 

trum. The position of such a compensating capacitor is dictated by 

the oscillator frequency at which the compensation is intended. 
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Two -Point Compensation 
To compensate for a band of frequencies, more than one tempera- 

ture- sensitive capacitor must be employed. By placing C'1 at the socket 
pins and C'_. at the stator junction, the relative compensation through- 
out the UHF television band is the sum of P1 and P., which is shown 
dotted in Figure 14, assuming that the maximum effectiveness of P1 
is the same as that of P... 

However, a maximum effectiveness of either P1 or P., can be varied 
independently by (1) using a capacitor of different temperature sensi- 
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Fig. 15 -Three -point compensation. 

900 1000 

tivity, or (2) a different value of capacitance. The K1P1 and K2P_ 
curves of Figure 15 are derived from the P1 and P_, curves of Figure 
14 respectively, where K1 = 1.85 and K.. = 5.5. The K1P1 -I- K.,P., curve 
indicates good compensation at 725 megacycles, but over -compensation 
at all other frequencies, particularly at 517 and 931 megacycles. Con- 
versely, if the values of K1 and K2 were so selected that the oscillator 
was properly compensated at 517 and 931 megacycles, the oscillator 
would be under -compensated at all other frequencies, particularly at 
726 megacycles. 
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This method of frequency compensation is analogous to the two - 

point frequency tracking of radio receivers. The tracking error can 

be minimized by properly selecting the two tracking frequencies, but 
such error may still exceed the acceptable limits. 

Three -Point Compensation 
The need for a third compensating capacitor, C'3, is rather ap- 

parent from the above discussion. For best results, the third com- 

pensating capacitor must fulfill the following conditions: 

a, It must exhibit a positive temperature sensitivity. 
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Fig. 16- Frequency characteristics of the UHF tuner installed in color 
receiver. 

35 45 55 60 

b. It must be least effective at 725 megacycles, i.e., it must be 

located at the null point of 725 megacycles, which is 7/8 inch 

from the stator. 

The positive temperature sensitivity of the third capacitor does not 

affect the oscillator frequency at 725 megacycles because it is located 

at the null point of that frequency. However, it brings down the 
K1P1 + K._P.: curve of Figure 15 at frequencies other than 725 mega- 

cycles by an amount represented by the K3P3 curve. The dotted curve, 
K1P1 + K2P2 + K3P3, is the final result of three -point compensation. 
It does not depart much from ideal compensation at all UHF television 
channels. 
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Six commercial UHF television tuners have been stabilized using 
the three -point compensation. The stabilized oscillator circuit together 
with the residual frequency deviation characteristics are illustrated in 
Figure 16. After an initial period of two minutes, the frequency 
deviation does not exceed ± .1 megacycle at any UHF television chan- 
nel. The local oscillator is almost completely stabilized in 40 minutes. 

CONCLUSIONS 

According to a prior investigation on requirements of local oscilla- 
tor stability for color television programs under standard conditions, 
a frequency deviation of ± .05 megacycle is quite acceptable, and that 
of ± .1 megacycle may satisfy most television viewers. Such require- 
ments can be fulfilled by commercial local oscillator circuits employing 
conventional compensating elements. 

- 



TEST SIGNAL FOR MEASURING "ON -THE -AIR" 

COLOR -TELEVISION SYSTEM PERFORMANCE 

BY 

RALPH C. KENNEDY 

National Broadcasting Company, Inc., 
New York, N. Y. 

Summary -The National Broadcasting Company has been using a 

special test signal which is inserted for a duration of three lines in the 

vertical blanking interval of color television .transmissions. This signal 
provides a reference level for proper adjustment of sync, burst, chroma 

and white amplitudes as well as permitting the measurement of the differ- 

ential gain and phase distortion. 

INTRODUCTION 

f 7HE task of maintaining the adjustments necessary for the proper 

operation of a television broadcast system could be simplified 

by the addition to the broadcast signal of a suitable waveform. 

The need for such an addition has increased considerably with the 

introduction of color television. 
This paper describes a waveform which, when added to the trans- 

mitted signal, greatly facilitates the setting of sync, burst, chroma, 

and white amplitudes and, in addition, permits measurement of the 

differential gain and phase distortion characteristics of the system 

while the system is carrying a color television program. The addition 

of the waveform does not affect the picture as viewed on a receiver. 

DESCRIPTION OF THE TEST SIGNAL 

Figures la, lb, and lc show the test signal as it appears when 

inserted into a composite color -bar signal. Figure la shows, from left 

to right, the end of one field followed by the standard vertical sync 

interval. Next appear the flag bursts. Four lines prior to the end of 

vertical blanking the test waveform appears. As can be seen, the test 

signal lasts for three lines which leaves one line separating the test 

signal from the top of the picture. This means that the waveform will 

not be visible in the picture as viewed on a conventional receiver or 

monitor. This location was chosen since retrace lines appear in some 

receivers and monitors if the proposed waveform signal occurs earlier 

in time or nearer the vertical sync pulses. 
Figures lb and 1c are views of Figure la expanded in time. As 

may be seen, each line of the proposed waveform is the same and con- 
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sists of three pedestals or levels. Approximately 1 microsecond after 
horizontal sync and flag burst, a pedestal having a duration of 20 
microseconds and an amplitude of 50 IRE units appears. Centered and 
superimposed on this pedestal is 10 microseconds of 3.579 -megacycle 
sine wave phased 180° from the program flag burst. 

After the bar, 2 microseconds of sync level (0 IRE units) appears 

(e) 

(b) 

(a) 

Fig. l- Oscilloscope display showing the vertical blanking interval of a 
color -bar signal with the test signal inserted. Figures lb and lc are ex- 

panded presentations of the test signal. 

followed by 10 microseconds of 3.579- megacycle sine wave phased to 
magenta. 

Two microseconds of 0 IRE level follows the magenta sine wave 
at which time a bar having a duration of 20 microseconds and an 
amplitude of 100 IRE units appears. Centered in the bar appears 
10 microseconds of 3.579 -megacycle sine wave phased to cyan. The 
positive crests of the sine waves are at a level of 100 IRE units. This 
is necessary to comply with FCC requirements regarding transmitter 
modulation. 



TEST SIGNAL FOR TELEVISION BROADCASTING 557i 

The amplitudes of all three sine -wave portions of the test signal 
are equal to 40 IRE units peak to peak. This is the peak -to -peak valuiki 

for flag burst and also the amplitude of sync. 
The amplitudes of the pedestals and the amplitude and phase of the 

sine -wave components are all very accurately maintained. 

MONOCHROME USES 

For monochrome transmissions, the 3.579 -megacycle sine waves are 
removed and the 1/2 white, pedestal, and white levels remain. It is 

necessary that the system have a transmission characteristic such that 
the 1/2 -white bar is undistorted. This level closely approximates the 
signal a-c axis. If slight compression of white occurs, the white 
pedestal will have an amplitude something less than twice the 1/2 -white 
amplitude. 

COLOR USES 

For color transmissions, the 3.579 -megacycle sine waves are added 
to the signal. The amplitudes of the three sine -wave signals are the 
same as the flag or color burst in the video signal. These are also the 
same as sync amplitude. Thus sync, burst, and chroma as well as white 
levels are all established by the test signal. 

By passing the waveform through a 1- megacycle high -pass filter, 
all the low- frequency components are removed and as a result, the a-c 
axis of color burst and the three sine waves of the test signal are on 
the same a-c axis. If no differential gain distortion is present in the 
system, these should all have the same amplitudes. 

Figures 2a and 2b show the display seen on a vectorscope. In 2a, 
the test signal appears in conjunction with a color slide. The normal 
flag burst appears horizontally to the left of the origin while the vector 
representing the sine wave phased 180° from burst appears horizon- 
tally to the right of the origin. The magenta vector appears 30° to 
the right of the vertical axis and above the horizontal axis. The cyan 
vector appears 13° to the right of the vertical axis and below the 
horizontal axis. Figure 2b shows the test signal as it appears in 

conjunction with a conventional monochrome test pattern slide. No 
flag burst is present but the three vectors of the test signal are clearly 
visible. The presence of any differential phase distortion in a system 
causes the vectors to rotate and it is easy to measure the number of 
degrees of such shift on the vectorscope. The choice of cyan and 
magenta in the signal was dictated by the fact that the eye is most 
sensitive to these colors. However, means are readily available to 
change these colors to others. 
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Another characteristic of the system which may be evaluated with 
the test signal is the amount of low- frequency tilt present. This creates 
smear in a picture and an apparent loss in resolution. The 1/2 -white 
and white pedestals, since they have durations 20 microseconds each 
and rise times of the order of 0.1 microsecond, quite clearly indicate 
the presence of low- frequency distortion. 

It should be pointed out that by suitably adjusting either the verti- 
cal centering or the vertical hold control in a receiver, the three bars 
of color on their respective pedestals may be made to appear in the 
middle of the screen. These signals could aid in adjusting a color 
receiver. The use of a plastic translucent card for color comparison 
or a transparent color card for interference cancellation may be of 
further aid. 

(a) (b) 

Fig. 2 -(a) Vectorscope display of a color slide signal with the test signal inserted; (b) Vectorscope display of a monochrome slide signal with the 
test signal inserted. 

It is expected that the waveform will be inserted in the colorplexer; 
this means that the effects of each stage of the entire system from 
the camera through the transmitter may be measured. With this test 
signal it is possible to monitor the system performance continuously, 
and to make necessary corrective adjustments when the need arises. 
The nature of the information obtainable from the test signal is such 
that many of the adjustments could be made automatically through 
the use of feedback techniques. 

CONCLUSION 

Several on- the -air tests of the signal have been made and it has 
been determined the test signal can be used without causing adverse 
effects in receivers and monitors. The signal has been in experimental 
use during the last few months following FCC authorization. 

It appears that the signal will be able to make local and network 
operations much simpler and more consistent. The modulation charac- 
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teristics of transmitters should be more accurately determined. There 
may be some usefulness found in adjusting monitors and receivers. 
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A VIDEO AUTOMATIC -GAIN -CONTROL AMPLIFIER 
BY 

JOHN O. SCHROEDER 

National Broadcasting Company, Inc., 
New York. N. Y. 

Summary -This paper discusses some of the considerations which are 
involved when automatic -gain- control systems are used to hold the peak -to- 
peak level of a television video signal constant. The design of a satisfactory 
video automatic- gain- control amplifier is described and measured perform- 
ance data is shown by means of curves and oscillograms. 

INTRODUCTION 

DIO automatic -gain -control amplifiers or "limiters" have at- U 

tained d widespread use in the broadcasting and recording fields 
wherever it is desired to maintain a given output signal level 

more or less constant in the presence of varying input levels. There 
has, however, been little use of similar techniques for handling video 
signals in television transmission systems. 

This paper discusses some of the problems involved in designing 
AGC (automatic -gain -control) equipment suitable for television broad- 
cast purposes and describes a video AGC amplifier which has been 
used by the National Broadcasting Company for some time with very 
gratifying results. This device has made it possible to transmit signals 
originating from all over the country with relative ease and freedom 
from level fluctuations. Shows such as "Wide Wide World" have de- 
pended heavily on video AGC equipment to maintain the level of the 
signal fed to the transmitter and network lines within acceptable 
limits despite wide variations in the level of the signals as they are 
received from the incoming telephone company lines. 

FUNCTION OF VIDEO AGC 

Just as in audio transmission, whenever the video signal is trans- 
mitted from one location to another, there exists a standard level which 
the transmission engineer attempts to maintain rather closely in order 
to utilize the transmission facilities involved properly and to provide 
a picture on the home viewer's screen having the proper brightness 
and contrast. This level is currently standardized at 1 volt peak -to- 
peak as measured from the tip of sync to the peak white picture com- 
ponents, this composite signal being composed of 0.7 volt of video and 
0.3 volt of sync. 
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There are several reasons why both the total peak -to -peak amplitude 

and the ratio of sync to video must be held at the proper values: 

1. Video amplifiers in general cannot readily be designed as con- 

servatively as audio amplifiers. Usually a 100 per cent increase 

in level will be easily tolerated by most audio equipment whereas 

serious picture degradation would result if double -level video 

signals were fed to most video distribution amplifiers. This is 

especially significant in connection with color television signals 

since the requirements imposed on the video amplifiers are 

extremely severe with regard to differential gain and differential 

phase distortion. 

2. Clamp circuits are apt to perform unsatisfactorily and cause 

severe damage to the signal. 

3. Unless white peak clipping is installed at the transmitter, the 

carrier will be over -modulated and cause audible "sync buzz" 

as well as adverse effects upon the picture as seen on the home 

screen. Improper sync -to -video ratio can cause faulty sync 

separation and incorrect picture brightness since most receivers 

employing d -c restoration use the sync tips as black reference 

level. 

FUNDAMENTAL DESIGN CONSIDERATIONS 

In designing video AGC equipment, it must first be decided whether 

the system is to handle composite signals (video plus sync) or non - 

composite signals (video only) . If only composite need be handled, 

some of the design problems may be eased by employing keyed clamps 

whose keying pulses can be derived from the sync portion of the in- 

coming composite signal. However, such a system would be completely 

useless for handling non -composite signals. Conversely, if the system 

is designed to handle non -composite signals, keyed clamps cannot be 

used because properly timed horizontal drive pulses may not be avail- 

able. 
It is therefore apparent that the most flexible system will result 

if the video AGC amplifier is designed to handle non -composite video. 

The AGC amplifier is then preceded by a television stabilizing amplifier 

such as the TA -5C which will deliver a "video- only" signal and a sync 

signal when fed a composite input signal. The video -only output is 

fed to the AGC amplifier and after it has been "gain- controlled," the 

sync from the TA -5C can be reinserted to form a composite signal 

again. By means of a simple relay switching arrangement, the video 
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AGC system can then handle both composite and non -composite signals. 
Another factor which must be considered is the maximum deviation 

from standard level which is likely to be presented to the AGC equip- 
ment. Although audio equipment can be, and generally is, designed to 
control over a fairly wide range of input levels, this is not practical 
for television purposes because when the director wished the picture 
to fade to black level, the AGC equipment would attempt to maintain a 
normal 100 per cent output level and in so doing, would cause the 
picture as seen on the television screen to fade to a bright grey instead 
of black. For this reason it is necessary to limit the amount of gain 
increase provided by the AGC equipment; operating tests have indi- 
cated that good results are produced if this increase is limited to 
G decibels. 

REQUIREMENTS 

The functions which the video AGC amplifier will be called upon 
to perform can now be enumerated : 

1. Accept a non -composite video input signal at a nominal level of 
0.7 volt and deliver a video output signal at a level of 0.7 volt 
regardless of input level variations between 0.35 and 1.4 volts. 
After the input signal reaches 0.35 volt, the output signal 
should linearly follow any decrease. 

2. Automatic video gain control must be achieved without the use 
of keyed clamp circuits. This means that special attention must 
be given to the reduction of "bounce" or d -c shift in the output 
signal. 

3. There should be no appreciable differential gain or differential 
phase distortion introduced by the equipment. Also, frequency 
response should remain flat regardless of the amount of gain 
reduction taking place. 

4. G0 -cycle square wave tilt must be essentially zero and constant 
regardless of the amount of gain reduction. This indicates the 
need for extended low- frequency response which multiplies the 
importance of (2) above manyfold. 

5. Facilities should be provided to add sync to the video output 
signal if desired. 

6. A method of remotely switching the video AGC equipment from 
non -composite operation to composite operation with a TA -5C 
stabilizing amplifier should be provided to allow complete flexi- 
bility of use. 
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GENERAL DESIGN 

It is now possible to block out a method of achieving the desired 

results. Referring to Figure 1, it can be seen that a scheme very 

similar to that which is used in audio practice has been employed. 

The input is split into a push -pull signal which is gain -controlled by 

a pair of balanced variable gain amplifiers whose bias is obtained from 

a delay- biased rectifier. This rectifier is fed from the output signal 

through a side amplifier to achieve the required amount of loop gain. 

The push -pull signals, after being gain -controlled, are combined in 

a differential amplifier stage, and the resulting signal is fed to two 

75 -ohm outputs by means of a very stable negative feedback output 
1 
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Fig. 1 -Video automatic -gain -control amplifier bi_ock diagram. 

amplifier which is also provided with sync- mixing facilities. Since the 

amplitude of the signal at the output of the differential amplifier is 

accurately controlled by AGC action, which is a negative feedback 

process, it is highly desirable that the gain of all following circuits 

be rigidly stabilized so as not to destroy the inherent self -regulating 

action of the device. 

CIRCUIT DESCRIPTION 

The complete schematic diagram of the video AGC amplifier is 

shown in Figure 2. 

The non -composite video signal is first applied to the input ampli- 

fier, the pentode section of V1, whose gain is adjustable by means of 
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a variable cathode degeneration potentiometer. The signal at its plate 

is coupled to the grid of the triode section. the coupling circuit con- 

stants being chosen so as to produce a controlled rising low- frequency 

response starting at about 14 cycles. This is done in order that com- 

plimentary low- frequency roll -off can be employed following the gain - 

controlled stages so as to reduce low- frequency "bounce" and d-c shift 

in the final output signal. The method of staggering the responses of 

the various circuits which affect low -frequency response so as to 

obtain an over -all flat and tilt -free amplifier is shown in idealized form 

in Figure 3. 

é 

v PENTOOE PLTE CIRCUIT 
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. ' 
41' 

0.1 0.2 C. 

-r T 
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tO 44 10 20 
FREOUENCT C R3 

40 1000 

Fig. 3- Staggering of low- frequency characteristics. 

By means of the triode section of V1, balanced push -pull signals 

are obtained at its cathode and plate since equal impedances form the 

load for both elements. These push -pull signals are coupled to the 

grids of variable -gain stages V2 and V3, a pair of 6BC5 pentodes, 

whose grid biases are derived from rectification of the output signal 

as described later. Both plate and screen voltages are regulated so as 

to minimize d-c shift at the output of these tubes while a d-c milliam- 

meter is included in the circuit to indicate the total current of V2 

and V3, the scale on the meter being calibrated so as to read actual 

gain reduction in decibels. The inclusion of this meter facilitates 

initial adjustment of the AGC amplifier and also provides a continuous 

visual indication of proper automatic -gain -control performance. 
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The push -pull signals at the plates of V2 and V3 are coupled to 
the control grids of a series- connected type of differential amplifier 
comprised of the dual triode V4, a type 6BZ7, with proper low - 
frequency roll -off provided by the choice of interstage coupling time 
constant. The differential amplifier serves the same function that a 
push -pull to single -ended transformer does since it provides an output 
which is proportional to the two grid signals as long as they are in 
push -pull but provides zero output for grid signals which are in phase. 
Due to this action, the distortion which is normally produced by the 
variable -gain tubes operating at high grid bias and relatively high 
grid signal swings is greatly reduced, and the "bounce" components 
which appear in -phase at the two grids of the differential amplifier 
are cancelled out. 

The video signal from the differential amplifier is fed to two 
places - the output and sync- mixing amplifier, and the side -amplifier 
and rectifier circuits. Considering first the side amplifier, the pentode 
section of V11, a 6U8, is utilized as a restricted bandwidth video 
amplifier stage with a circuit gain of about 45. This amplifies the 
0.5 volt peak -to -peak signal at its grid to a level of about 22 volts. 
High- frequency response is rolled off starting at little under 1.0 mega- 
cycle by the stray circuit capacitance in shunt with the relatively high 
value of the plate load resistor so that video signal components of 
very short duration and high- frequency content do not cause gain 
reduction. This is necessary in order to prevent the over -all level of 
a signal from being reduced by a few minor specular reflections or 
other unimportant white "spikes." 

The 22 -volt video signal is directly coupled to the triode section of 
V11 which functions as a cathode follower with fairly low source 
impedance for properly driving the following rectifier, V10, a 6AL5. 
The two diodes of this tube are connected in a peak -to -peak rectifier 
arrangement with a positive delay bias of about 17 volts applied to 
the input diode cathode to prevent any rectification until the peak -to- 
peak signal exceeds the bias voltage. Once this occurs, the negative 
d -c output voltage which is produced across the storage capacitor C21 
and applied to the control grids of V2 and V3 is roughly equal to the 
amount by which the peak -to -peak video exceeds the delay bias, or 
in this case -5 volts, the difference between 22 volts and 17 volts. 
The absolute value of the delay bias voltage is variable over a narrow 
range by means of the "THRESHOLD" potentiometer which permits 
the level of the gain controlled video appearing at the output of the 
differential amplifier to be precisely set at 0.5 volt peak to peak. 

This regulated 0.5 -volt signal is fed to the output and sync- mixing 
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amplifier, comprised of tubes V5, V6, V7, V8, V12 and V13, through 
a simple attenuator which has three positions. The loss through the 

attenuator is 0, 3, or 6 decibels depending upon the tap selected. Since 

the gain of the negative- feedback output amplifier is exactly 2 and 

the regulated video at the attenuator input is 0.5 volt, the regulated 
video at the output of the complete unit may be set to 1, 0.7, or 0.5 

volt. This provides composite outputs of 1.4, 1.0, or 0.7 volt after sync 

has been added in the sync- mixing channel (if desired). The feedback 

output amplifier section' does not influence AGC design. 
The sync- mixing channel of the video AGC amplifier is comprised 

of stages V12, a 6BA6, and V13, a 6BQ7A. The external source of 

4 -volt sync pulses which have been derived from the incoming com- 

posite signal by the stabilizing amplifier is applied to the first section 

of the 6BQ7A. This section functions as a clipper, eliminating any 

irregularities or overshoots which may be present on the tips of the 

sync input. The second half of the 6BQ7A operates in a similar manner 
so as to remove any irregularities or overshoots from the base -line 

region of the sync waveform. The base line appears clean and clipped 

in both directions at its output. This cleaned -up sync signal is fed 

to the grid of V12, a 6BA6 pentode, which injects it into the cathode 

circuit of the input tube of the feedback output amplifier. There the 
sync signal is mixed with the video to produce a composite signal at 
the output of the AGC amplifier. The amplitude of this sync is ad- 

justable from zero to over 0.5 volt by means of a potentiometer which 

controls the screen voltage of the 6BA6, control being accomplished in 

this fashion because it lends itself readily to remote operation. 
Since it is desirable for maximum reduction of "bounce" and mini- 

mum differential gain distortion that the push -pull amplifiers are 
fairly well balanced, a switch has been incorporated in the video AGC 

amplifier which permits the incoming signal to be applied to the con- 

trol grids of the 6BC5 variable -gain stages in parallel. When this is 

done, precise circuit balance is achieved by adjusting the potentiometer 
in the cathode circuit of the 6BC5's for complete cancellation of the 

signal at the output of the amplifier. 
As previously mentioned, it is desirable for maximum flexibility to 

be able to switch the video AGC system from a remote point so as to 

handle either composite or non -composite signals. The three -pole 

double -throw relay whose wiring is shown in the insert makes this 
possible. In its normal (de- energized) position it feeds the composite 

signal from the incoming line to the input of the stabilizing amplifier, 

' J. O. Schroeder, "Studio Amplifier Design for Television," Electronics, 
Vol. 28, p. 154, March, 1955. 
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MARKERS AT I, 2, 5, 10 MC. 
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MARKERS AT 1,2,5,10,15,20 MC 

Fig. 4(a)-Frequency response. 

feeds the picture signal from the stabilizing -amplifier output to the 
input of the video AGC amplifier, and energizes the sync- adding chan- 
nel of the video AGC amplifier by completing the cathode -return circuit 
of V12. When the relay is energized, the stabilizing amplifier is by- 
passed and the incoming non -composite signal is fed directly to the 
AGC amplifier. The sync- adding channel of the AGC amplifier is dis- 
abled by opening the cathode -return circuit of V12 to prevent any 
spurious hum or noise from being mixed with the video signal. Both 
the sync level and the regulated peak -to -peak video level may be con- 
trolled remotely since the "SYNC" potentiometer, P5, and the 
"THRESHOLD" potentiometer, P4, may be located at a distance from 

60 CYCLES 

15 KC 

1.0 M C. 

Fig. 4(b)-Square-wave response. 



VIDEO AGC AMPLIFIER 567 

Double input level 

1 e 
J LIT 

441 

ir 

hem, 

u4le 
Standard input level 

Input 3 decibels below Input 6 decibels below Input 20 decibels below 
standard level standard level standard level 

Fig. 5- Output waveforms: upper trace is input and lower trace is output. 

the amplifier. To provide complete flexibility, the switch which operates 

the relay and the sync -clipping level control of the associated stabilizing 

amplifier should also be at the remote location. 

OPERATION AND PERFORMANCE 

In order to show the performance characteristics of the video AGC 

amplifier as used on both composite and non -composite signals, a series 

of photographs was taken of the input and output signals under various 

conditions. 
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Figure 4A shows the wide frequency response of the video AGC 
amplifier by itself no stabilizing amplifier involved), while Figure 4B 
shows the excellent square -wave response of the unit, good over -all 
phase response being indicated by the freedom from over -shoot or tilt 
on any of the waveforms. 

The manner in which the output signal is controlled in the presence 
of varying non -composite input levels is shown by the waveforms of 
Figure 5, while the measured input versus output characteristic over 
a wide range of inputs is indicated by the curve shown in Figure 6. 

The photographs in Figure 7 show the performance of the complete 
video AGC system, including the stabilizing amplifier, when used on 
composite signals. While the video portion of the signal is controlled 
to the same degree as indicated by Figure 6, the composite input signal 
can drop to one -tenth its normal level and the AGC system will still 
be completely stable and provide normal -level sync out even though 
video will be down to 20 per cent of normal. Certain modifications to 
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Fig. 6- Input- output characteristic. 

10 

the TA -5C stabilizing amplifier have made it possible for this unit 
to operate over an exceptionally wide range of input signals. 

At an input level which produces 6 decibels of gain reduction, the 
maximum differential gain distortion produced by the AGC amplifier 
is about 2 per cent for any duty cycle between 10 and 90 per cent, 
while the differential phase distortion measured under the same con- 
ditions amounts to about 1°. 
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Double input level Standard input level 

Input 3 decibels below Input 6 decibels below Input 20 decibels below 
standard level standard level standard level 

Fig. 7- Over -all performance: upper trace is input and lower trace is output. 

CONCLUSION 

The video AGC amplifier described in this paper, pictures of which 

are shown in Figures 8A and 8B, has been used over a period of 

several years in the television master control room of the National 
Broadcasting Company at New York where two complete installations, 
each capable of handling both composite and non -composite signals 
have been made. 

These devices have proven invaluable for use on television shows 

containing material originating in various parts of the country or 
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Fig. 8(a)- Amplifier front view. 

Fig. 8(b)- Amplifier rear view. 

which use a considerable amount of newsreel or other film which must 
sometimes be put on the air without any run -through or rehearsal. 
Some of the better known programs which have benefited from the 
use of video AGC are the "Today" show, Camel Newsreel, Cavalcade of 
Sports, Wide Wide World, and the 1956 political convention coverage. 



A METHOD OF PREDICTING THE COVERAGE OF A 

TELEVISION STATION 
BY 

J. EPSTEIN AND D. W. PETERSON 

RCA Laboratories, 
Princeton, N. J. 

Summary-A method is described for estimating television broadcast 
station field strength coverage for such uses as spectrum utilization studies. 
The method is simple enough to be applied to studies involving a large 
number of station locations; an estimate along an entire radial line can 
be prepared in a few hours. Practical confirmation of the validity of the 
method is shown in an example of its use. 

INTRODUCTION 

ENGINEERS of the Federal Communications Commission have, 
for allocation purposes, prepared propagation charts' which 
yield the space and time median value of received field strength 

for UHF and VHF television broadcasting. These empirical propaga- 
tion charts are a composite of data from many field surveys represent- 
ing a variety of terrain and surface clutter conditions. It is therefore 
evident that the FCC charts were not intended to be used to establish 
a criterion of performance for specific stations. 

The nature of the FCC propagation charts has been clearly stated 
in FCC documents. The "Sixth Report and Order" of the FCC' states, 
with reference to these charts, "It should be stressed again that the 
service and interference computed by the use of these charts are not 
expected to prevail for any specific station but rather describe the 
service and interference which would prevail if the stations involved 
were all typical ones producing the average field intensities described 
by the charts." Quoting further from the same document, ". . . no 
one ... has proposed a system of prediction of coverage which, while 
recognizing the differences between rough and smooth terrain, meets 
the criterion of reasonable simplicity...." A simple method of pre- 
diction of the coverage of a television station is desirable and, if 
available, should enable studies of spectrum utilization and other 
studies to proceed without costly and time -consuming field surveys. 

Two kinds of estimates of received field strength may be made: 

' "Sixth Report and Order" of the FCC (52 -294) reprinted by Televi- 
sion Digest in TV Allocation Report of April 14, 1952, pp. 201 and 202. 
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(1) The received field strength at a precisely specified point may be 
estimated. This requires detailed knowledge about the entire trans- 
mission path and the surface clutter surrounding both terminals. This 
kind of estimate clearly does not meet the "reasonable simplicity" 
criterion. Except for true line -of -sight conditions, such an estimate 
is almost impossible to make. (2) The space median field strength at 
a fixed height along a radial line may be estimated by taking into 
account the more important terrain features and the effect of average 
surface clutter at the receiving terminal. Fortunately the latter kind 
of estimate is applicable to the prediction of television station field 
performance. 

This paper describes a simple method for estimating the median 
field strength along a radial line. The estimate is based on a plot of 
the elevation profile along a radial line used in conjunction with theo- 
retical and empirical curves. 

BACKGROUND FACTS 

Before going into the details of the method of estimating field 
strength several well -known and pertinent facts will be cited. Within 
the service area of a television station, field strength can be quite 
accurately computed for the entire VHF and UHF spectrum if the 
earth's surface is smooth enough. In practice, however, the clutter of 
houses and trees usually constitutes a serious departure from the 
"smooth enough" criterion. Such a computation for the service area 
of a television station makes use of smooth spherical -earth theory. 
Paths involving broad expanses of water, for example, lend themselves 
to application of this theory. Free -space theory is applicable under 
conditions where reflection from the earth contributes negligibly to 
the received field and is also useful in a limited way. There are situa- 
tions where a line -of -sight path over rough terrain results in the actual 
received fields averaging near the free -space theoretical field strength. 
Another tool for field strength prediction is the knife -edge diffraction 
theory. The shadows of hills may be predicted with a useful degree 
of accuracy by application of this theory.2 A last fact to be mentioned 
is that the space median received field strength is a function of the 
surface clutter around a receiving site unless the receiving antenna is 
high enough above the clutter to "see" the transmitting antenna. 

2 Crysdale, Day, Cook, Psutka, and Robillard, "An Experimental Inves- 
tigation of Electromagnetic Waves by a Dominating Ridge," Defence 
Research Telecommunications Establishment, Ottawa, Canada, December 
30, 1955. This report includes an experimental evaluation of knife -edge 
diffraction theory applied to a ridge. 
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RCA LABORATORIES FIELD SURVEYS 

RCA Laboratories conducted field surveys3 in 1946 and 1947 to 
learn the variation of coverage as a function of frequency for two 
quite different elevation profiles. Transmissions from Empire State 
Building on 67.25, 288, 510, and 910 megacycles were used along a 
western, hilly profile, and a southwestern, relatively smooth profile. 
The enhancement of field strength with frequency which was predicted 
by smooth spherical -earth theory was not in evidence. In fact, even 
over the quite smooth southwest radial line, field strength fell off with 
frequency. The plots of measured data showed scattering which in- 
creased with frequency. The actual system performance bore little 
relation to the smooth spherical -earth theory. The disappointing con- 
clusion reached was that television broadcasting would require very 
much more radiated power for UHF than for VHF. 

Another field survey' conducted in 1952 was set up to learn what 
propagation mechanisms were responsible for the observed facts of 
the earlier surveys. The data from 850 -megacycle transmissions at 
four different heights from the 760 -foot WOR tower (located on the 
Palisades in northern New Jersey) was analyzed in an effort to learn 
how to predict actual coverage. This analysis has led to the method of 
estimating field strength which is described in this paper. 

ESTIMATING FIELD STRENGTH 

A first approximation to the field strength along a radial line is 
the free -space field strength reduced by knife -edge diffraction loss 
wherever hills interrupt the direct ray. This estimate yields values 
which are generally too high both in shadowed and in non -shadowed 
areas. Analysis of the 1952 850 -megacycle field- survey data for non - 
shadowed areas revealed that the measured loss below free -space field 
strength is a function of the angle of arrival, ß, of the direct ray at 
the receiving site. ß, as defined in Figure 1, is the angle between the 
direct ray and a tangent at the receiving site. The loss is attributed 
to the clutter of buildings and trees and hence will be called "clutter 
loss." It is reasonable to expect the clutter loss to be related to the 
angle of arrival since the distance of travel through clutter is inversely 
proportional to P. 

The clutter loss family of curves of Figure 2 has been derived from 

3 G. H. Brown, J. Epstein, and D. W. Peterson, "Comparative Propaga- 
tion Measurements; Television Transmitters at 67.25, 288, 510 and 910 
Megacycles," RCA Review, Vol. IX, p. 177, June, 1948. 

J. Epstein and D. W. Peterson, "An Experimental Study of Wave 
Propagation at 850 Mc," Proc. I.R.E., Vol. 41, p. 595, May, 1953. 
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analysis of the data of the 1946 and 1952 surveys. A linear relationship 
between clutter loss, in decibels, and frequency was assumed. The 

shadow loss curves of Figure 3 complete the tools required for an 

estimation of field strength, the usefulness of which will be shown 

by example. 
Receiving antenna height does not appear directly as a parameter 

in the estimating procedure. In applying the shadow -loss theory, the 
receiving- antenna height enters into the estimate only as it affects 
the value of H as shown in Figure 3. 
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(knife -edge diffraction theory). 

The clutter loss is the consequence of nearby houses and trees. 
This loss will be affected by the clearance of the receiving antenna 
with respect to an average height of clutter objects; therefore it is a 

function of the height of the receiving antenna above the ground. 
The particular height which is of interest is approximately 5 -10 feet 
above house -top level since this will be the usual location of the receiv- 
ing antennas which make use of the service rendered by the television 
station in question. The clutter -loss curves which are used are based 

upon field survey procedures believed to yield the median of available 



> 90 i 

80 
x 

z 
w 
Cc 

Ñ 70 

o 
w 

576 RCA REVIEW December 1956 

field strength at this level. Consequently the prediction is the median 
value of field strength available at approximately 5 -10 feet above 
average house -top level. 

PROCEDURE 

The basic propagation curve used is theoretical free -space propa- 
gation. The free -space propagation law, 

E0 (db, µv /m, one kw) = 102.8 - 20 log D 

is shown graphically in Figure 4. I) is the distance from transmitting 

I lo 

60 
2 3 4 S 6 7 8 9 10 20 

DISTANCE IN MILES 

Fig. 4 -Free -space field strength. 

30 40 50 60 80 100 

to receiving antenna in miles, and Eo is the free -space field strength 
in decibels referred to one microvolt per meter for one kilowatt of 
radiated power on the maximum of the transmitting antenna. 

The elevation profile along a radial line is plotted on special coordi- 
nates. The curvature of the earth is represented by a parabolic 
approximation. On these coordinates straight lines are true rays. 
Angles are greatly distorted and cannot be read from the chart, but 
must be computed. 

Several examples of receiving locations are illustrated in Figure 1. 
Referring to location (1) of Figure 1 (a), the angle of arrival is 

h1 

ßl = tan -1 
dl 

The equation of the parabola of the curved coordinates is A = 0.500 
D2 where D is the distance to the horizon in miles for a point A feet above 
the earth. Four thirds of the true earth's radius is used. 
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The angle of arrival for location (2) of Figure 1 (b) is 

P2 = tan -1- + tan -1 
. 

d.2 d2 

Location (3) of Figure 1 (c) was chosen by drawing a tangent to the 
hilltop from the transmitting antenna; therefore ß3 = 0. Since the 
ray arriving at location (4) of Figure 1 (c) comes from the hilltop, 
ß,} = 0. Similarly the ray arriving at location (5) of Figure 1 (d) 
comes from the hilltop so that ß:, = tan -1 (h- , /d;,). Successive shadow- 
ing by two hills is illustrated in Figure 1 (e) . The angle of arrival, 
Pe = tan -1 (h6 /d6) . 

The H and b values required for determining the shadow loss of 

a single or double hill is read directly from Figures 1(d) and (e). 
The shadow loss nomograms of Figure 3 is entered with b, H, and 
frequency. The value of shadow loss, L0, is read in decibels referred 
to free -space field strength. By entering Figure 2 with ß and frequency, 
the clutter loss, Le, is obtained. The angle of departure, a, defined 
in Figure 1, is used with the transmitting antenna vertical pattern to 
determine Lp, which is the reduction of field strength resulting from 
pattern shape. 

The estimate of field strength at a point along a radial line is 
obtained by first plotting the elevation profile. The values of Eo, Lo, 

Le, and Lp are then determined as described above. The estimate of 
median field strength at a point is 

E (db,µv/m,kw) =Eo- (Lo+Lc+Lp), 

where E is the median field strength in decibels referred to one micro- 
volt per meter for a kilowatt of radiated power, Lo is the shadow loss, 
L, is the clutter loss, and Lp is the loss resulting from vertical pattern 
shape, all expressed in decibels. 

EXAMPLE OF FIELD STRENGTH ESTIMATE 

The measured data of the previously mentioned 67.25, 288, 510, 

and 910 megacycle surveys, together with the respective terrain 
elevation profiles, are reproduced in Figures 5 and 6. The computed 
points shown were obtained by the method described above. There is 

a reasonable agreement between the measured and computed points. 
It is rather difficult to draw any definite conclusions by mere visual 

6 K. Bullington, "Radio Propagation Variations at VHF and UHF," 
Proc. I.R.E., Vol. 38, p. 27, January, 1950. 
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topography of Figure 7 has been used to produce the field strength 
estimation contours of Figure S. 1 transmitter frequency of 650 
megacycles has been chosen. The efieitke radiated power from the 
omnidirectional transmitting antenna %%as une kilkHatt. The vertical 
pattern of the antenna vas shaped to yield constant field strength for 
average conditions out to a radius of 10 miles. 
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Figure 8 shows three areas designated as I, II, and III. Each of 

these areas has topography of the sort commonly found in cities. Area 
I requires transmitter power of one kilowatt to produce field strength 
of at least 65 decibels (referred to 1 microvolt per meter) in most of 

the area while areas II and III require respectively 10 kilowatts and 
100,000 kilowatts for the same quality of coverage. The character of 

UHF coverage in hilly topography is well illustrated. 
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Fig. 8- Field- strength contour map for topography of Figure 7. 

CONCLUSION 

A method has been described for estimating television station 
coverage. The method is based upon carefully planned experiments 
which required the expenditure of many years of engineering effort. 

It was possible to confirm the validity of the method with the data 
from extensive field surveys. The field- survey data is unique in that 
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it remains the only survey which encompasses the entire VHF and 
UHF television spectrum and is directly applicable to television station 
performance. The method is simple enough to be applied to studies 
involving a large number of television station locations since an 
estimate of median field strength along an entire radial line can be 
prepared in a few hours. 

As is the case with all methods which make use of empirical data, 
this method is subject to refinement by improved empirical data and 
by further theoretical treatment. The clutter -loss empirical curves 
may be made more precise; the theoretical shadow -loss curves may be 
replaced by more accurate empirical data or refined theoretical methods. 
However, a useful degree of accuracy and simplicity has already been 
achieved and it is unlikely that further refinement will significantly 
change the results obtained by following the prediction methods de- 
scribed in this paper. 
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