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trolled from a central point by means 
of sound, intercommunication, buzzer, 
light and railroad signal equipment 
which had to be designed especially for 
this show. 

The audience of 6200 that witnessed 
this spectacle four times daily was 
housed in a grandstand that measured 
318 feet from stage right to left and 80 
feet deep starting at ground level at 
the stage and rising to 30 feet at the 
rear of the stands. The grandstand had 
a metal roof extending from end to 
end and covered approximately two- 
thirds of the seats. The stage proper 
was over two hundred feet wide and 
100 feet deep with its wings extending 

By ARTHUR SHAPIRO 
Consulting Engineer, Chicago 

Fig. 1. "Wheels -A -Rolling" stage from 
south end of grandstand. The pylons 
containing the speakers are at the 
extreme right and left of the stage. 
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picked up on stage by means of con- 
cealed microphones which were plugged 
in under cover of stage action. 

The pageant was scheduled for pres- 
entation four times daily for the one - 
hundred days from June 25 to October 

Fig. 2. Cross-section of the baffles. 
showing orientation of the speakers. 
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a...d trouble -free equip- 
ment was a definite requirement. Such 
items as weatherproof "Twist -Lock" 
microphone connectors, instant meter- 
ing of circuits, duplicate wiring and 
stand-by units were all provided to 
obviate the possibility of breakdown 
of the equipment. Since the stage was 
located on the lake front, the weather- 
proofing of the equipment was a definite 
factor to be considered. The high humid- 
ity made it necessary to take special 
care that no space was imperfectly 
sealed in the equipment that would 
allow the formation of condensation. 
On open equipment, sufficient ventila- 
tion was required to prevent condensa- 
tion even when the humidity hovered 
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CUSTOM SOUND INSTALLATION 

N designing the sound installation 
for the great pageant, "Wheels - 
A -Rolling," presented at the Chi- 

cago Railroad Fair of 1948-49, many 
unusual conditions had to be met. The 
tremendous scope of this show can be 
realized by the great numbers of people 
and equipment placed on the stage dur- 
ing the one hour and eight minutes of 
pageantry that told the complete story 
of transportation in America from early 
Indian times to the present day. To 
present this show required a cast of 
over one hundred actors, 40 engineers, 
25 stagehands, stablehands, orchestra, 
singers and production staff-a total of 
250 people who, together with the 94 
horses, 35 locomotives and their trains, 
32 old automobiles and 100 pieces of 
horse-drawn equipment, were all con- 
trolled from a central point by means 
of sound, intercommunication, buzzer, 
light and railroad signal equipment 
which had to be designed especially for 
this show. 

The audience of 6200 that witnessed 
this spectacle four times daily was 
housed in a grandstand that measured 
318 feet from stage right to left and 80 
feet deep starting at ground level at 
the stage and rising to 30 feet at the 
rear of the stands. The grandstand had 
a metal roof extending from end to 
end and covered approximately two- 
thirds of the seats. The stage proper 
was over two hundred feet wide and 
100 feet deep with its wings extending 

By ARTHUR SHAPIRO 
Consulting Engineer, Chicago 

Fig. 1. "Wheels -A -Rolling" stage from 
south end of grandstand. The pylons 
containing the speakers are at the 
extreme right and left of the stage. 

Design of sound equipment used in the pageant 
"Wheels -A -Rolling" at Chicago's Railroad Fair. 

either end to make a total play area 
500 feet long. 

The pageant was historical in tenor 
with variety and comedy that made for 
a complete and enjoyable show. Music, 
especially arranged by Isaac VanGrove, 
was played throughout the show by an 
orchestra housed in a special band shell 
at the south end of the grandstand. 
The offstage singers were also in the 
orchestra shell as was the control key- 
board for the Deagan Celesta -Chime, an 
electronically amplified chime which 
will be noted later. 

Two narrators, located in a booth at 
the top of the grandstand, told the 
story of transportation and gave de- 
scriptions and comments of the events 
as they were enacted on stage. Actors' 
speaking parts and group singing were 
picked up on stage by means of con- 
cealed microphones which were plugged 
in under cover of stage action. 

The pageant was scheduled for pres- 
entation four times daily for the one - 
hundred days from June 25 to October 

Fig. 2. Cross-section of the baffles, 
showing orientation of the speakers. 

2nd with performances at 2, 4, 7, and 
9 P.M. From this schedule it can be 
seen that the equipment would be in 
almost constant service from early 
afternoon through ten at night. Before 
the actual show started, there was 
recorded .nusic to fill the time while 
the audience found their places. This 
music was presented for one hour be- 
fore the 2 and 7 o'clock performances 
and one-half hour before the other 
shows. In case of power failure on the 
grounds, there was a gasoline powered 
generator as a stand-by to operate the 
sound system only, so that the show 
could be presented during the day and 
to keep the sound operating to avoid 
panic in the event of power failure 
during the night shows. 

Heavy-duty and trouble -free equip- 
ment was a definite requirement. Such 
items as weatherproof "Twist -Lock" 
microphone connectors, instant meter- 
ing of circuits, duplicate wiring and 
stand-by units were all provided to 
obviate the possibility of breakdown 
of the equipment. Since the stage was 
located on the lake front, the weather- 
proofing of the equipment was a definite 
factor to be considered. The high humid- 
ity made it necessary to take special 
care that no space was imperfectly 
sealed in the equipment that would 
allow the formation of condensation. 
On open equipment, sufficient ventila- 
tion was required to prevent condensa- 
tion even when the humidity hovered 
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around 98 per -cent. As an indication of 
the severe humidity, it was not unusual 
to pick up a tool that had been perfect 
the night before and find it covered with 
rust the next morning. 

As can be seen from the accompany- 
ing drawing, Fig. 7, eleven microphone 
receptacles were installed, four in the 
orchestra, one in the room below the 
orchestra (used for the Celesta -Chime), 
four on stage and two in the narrators' 
booth. These receptacles were of the 
heavy-duty, three wire "Twist Lock" 
type mounted in weatherproof con- 
dulets with spring loaded lift covers. 
Shure Model 556 Super-Cardioid micro- 
phones, set at 250 ohms, were used in 
all locations except at stage right where 
a lapel microphone was used in front 
of the speakers by the actor portraying 
Abraham Lincoln. This microphone, a 
high -impedance crystal, required a 
transformer at the point where it was 
plugged in to feed the 250 ohm balanced 
input line. 

All microphone lines in the stage 
area were run underground in steel 
conduit to a junction box set in the 
center 'of the stage apron and then 
through a two inch conduit under the 
railroad tracks at the front of the 
stage to the front of the grandstand 
where they joined the lines from the 
orchestra pit. The eleven microphone 
lines were then brought up to the 
operating position near the top of the 
grandstand to a 24 jack patch panel. 
This panel terminated all the micro- 

phone lines and normalled them through 
to the ten console inputs. The patch 
panel was installed to permit the in- 
stantaneous substitution of an unused 
console preamp in case of failure of 
one in use. Inserting a patch cord in 
the top, or microphone, row of the panel 
automatically disconnected both sides 
of the line and transferred the incoming 
signal to the plug which could then be 
inserted into the bottom, or console in- 

put, row. The eleventh microphone line 
terminated in a fixed "H" pad. This 
line was used for the electronically 
amplified Celesta -Chime. The chime 
preamplifier fed the signal to the line 
at 500 ohms and zero level. The front 
side of the pad fed the signal at 500 
ohms direct to either of the loudspeaker 
systems described below, and the back 
side of the pad fed through a patch cord 
to one of the console inputs at 250 ohms 

Fig. 3. Ten position, dual channel custom-built control panel in operation. 
One of the telephone -type intercom masters is visible at the extreme right. 

Fig. 4. Block d?sgram showing essential components of the complete system. 
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and -55 db. Normally the patch panel 
operated with only one cord in use as 
all other circuits were normalled 
through. 

The custom-built console, Fig. 3, con- 
tained ten independent preamplifiers 
feeding through a fader and switch to 
either of two outgoing channels. Each 
channel featured independent VU me- 
ters, UTC tone equalizers and ampli- 
fiers, master faders and output switches. 
Each preamp position had red and white 
indicator lights to show which channel 
was being fed. In operation, the "Red" 
channel was used for music and the 
"White" channel was used for speech. 
This enabled the operator to control 
the fading of several microphones with 
a single control. In all there were 37 
tubes in the console, three in each pre - 
amp and the balance in the equalizer 
and output section. To eliminate any 
possibility of hum pickup, all filaments 
and also all indicator lights were 
operated on 12 volts d.c. The power 
supply, mounted within the special 
weatherproof cabinet, consisted of a 
heavy duty selenium rectifier for the 
low voltage and a 5U4G for the plate 
voltage rectifier. The output of the con- 
sole was fed through the patch panel 
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to the line amplifier -driver located in 
the main amplifier racks in the direc- 
tor's booth. This driver amplifier had 
provisions for additional high -imped- 
ance microphone inputs as well as the 
500 ohm low level, input. One of these 
high -impedance inputs was utilized for 
the director's break-in microphone for 
use in case of serious accident or emer- 
gency on stage. This microphone could 
break into the system regardless of the 
status of any other microphones. 

The output of the driver amplifier 
fed four 80 watt booster amplifiers 
which were limited to approximately 
50 watts output each. These boosters 
were mounted in one rack and were 
plug connected so that, in case of a 
failure, a spare could be quickly inter- 
changed. The need for instant change- 
over was not deemed necessary as each 
amplifier fed only one-half of the right 
or left side of the stage, and failure 
meant only a slight reduction of volume 
and would not interrupt the show. 

The loudspeakers, by far the most 
important pieces of equipment in the 
installation, consisted of eight Jensen 
P15 -L cone type speakers specially 
weatherproofed and treated. These 
speakers were mounted in special baf- 
fles, Fig. 6, and connected two to an 
amplifier. There are several unique fea- 
tures in the design of these baffles and 
a study of Fig. 2 will show how each 
individual motor was oriented to a 
specific coverage area relative to the 
grandstand. The pylons in which these 
units were mounted were not equally 
spaced and were different distances 
from the grandstand. This required 
that the speaker coverage areas be 
accurately plotted. 

Due to the comparatively small dif- 
ference in angle of each pair of speak- 
ers, it was decided that two speakers 
would be mounted in a common horn 
and rear enclosure. The loudspeakers 
had a downward tilt of approximately 
10 degrees and the "floor" of the baffles 
sloped 15 degrees. This angle placed 
the aural center of the unit at the 
middle row of the grandstand. These 
horns were made of three-quarter inch 
marine grade plywood and finished with 
flat black paint on the inside so that 
the speakers were not visible from the 
audience. The tops of the pylons which 
supported these large baffles were built 
with an opening sixteen feet long and 
four feet high faced with one -quarter 
inch square mesh screening and treated 
architecturally with horizontal two by 
six planks as shown in Fig. 1. 

It was evident that with the great 
variation of distance that the sound had 
to travel to reach various parts of the 
grandstand, some control wits necessary 
to drop the level of those speakers oper- 
ating with the shortest "throw". This 
was accomplished by inserting a heavy 

Fig. 5. Two of the special dual loudspeaker housings before being hoisted into 
place. Flare of horn and mounting of speaker enclosure can be noted on rear horn. 

25 watt "L" pad in the line of each of 
the two inside speakers of each pylon. 
In the case of the north pylon, where 
there was a ladder and platform, these 
controls were mounted on the speaker 
enclosures. In the south pylon where 
the speakers were inaccessable, these 
controls had to be mounted in a weather- 
proof box remote from the speakers. 
Once these controls were set by experi- 
mentation and measurement after the 
installation was completed, they were 
not changed for the rest of the season. 
Referring to the block diagram, Fig. 4, 
it can be seen how these controls were 
installed. The entire grandstand was 
covered with a variation of not more 
than 6 db. This was accomplished by 
sound pressure measurement and set- 
ting each booster amplifier separately 
and then setting the "L" pads on the 
individual speakers. 

Fig. 6. Dual speaker enclosure showing 
speakers mounted on individual sections. 
Note lining of sound absorbent material. 

This may seem to be adjusting rather 
(Continued on page 31) 

Fig. 7. Drawing showing the location of various components of the system. 
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MICROWAVE TRANSMITTERS 
e 

Typical microwave trrnsmitter using a lighthouse oscillator. 

First of two articles discussing the generation, 
modulation, and frequency control of microwaves. 

THE compactness and simplicity 
of microwave transmitters is of 
great interest to all engineers, 

particularly so to most "low frequency" 
engineers accustomed to regarding 
point-to-point transmitters in terms of 
large size. The main reason for the 
reduction in size-for equivalent service 
-is the large power gain obtained by 
microwave antennas. It is generally 
true that the higher the frequency, the 
more expensive and inefficient the gen- 
eration of power but, due to the in- 
crease in antenna gain, less transmitter 
power is required. It is therefore pos- 
sible to operate at higher frequencies 
-all other factors remaining equal- 
without too much loss in over-all system 
efficiency, provided directional point-to- 
point transmission is desired. 

Since it is more expensive to operate 
at microwave frequencies (for a given 
power output), virtually all transmit- 
ters operating in this band employ high 
level modulation, i.e.. one r.f. stage is 
used with the modulating voltage ampli- 
fied to a sufficient degree to modulate 
the final at the desired power out- 
put level. Thus in considering the de- 
sign of a microwave transmitter, we 
are primarily interested in the final 
stage-all other stages employing con- 
ventional techniques. 

Microwaves can be generated in a 
number of ways. The most important 
of these are the lighthouse triode oscil- 
lators, klystrons, magnetrons, and 
traveling wave tubes. With the excep- 

tion of the lighthouse triodes, the tubes 
used at these frequencies are as differ- 
ent in concept and design from con- 
ventional tubes as amplitude modulation 
differs from frequency modulation. The 
important characteristics of these four 
methods of microwave generators are: 

1. Lighthouse Triodes. Operating 
range: up to about 3300 mc.; peak 
power of the order of kilowatts depend- 
ing upon frequency and duty cycle; 
average power of the order of watts. 
This tube requires an external cavity 
designed by an engineer. This cavity 

By J. RACKER 
Federal Telecommunication Labs. 

is permanent and only the tube must 
be replaced when it burns out (in con- 
trast to other tubes as will be noted), 
therefore from a long term viewpoint 
it is the most economical method. Re- 
quires relatively elaborate automatic 
frequency control systems when a high 
degree of stability is required, can be 
pulsed, operated c.w. or amplitude 
modulated. Difficult to frequency mod- 
ulate. 

2. Klystrons. Frequency range: 900 
to 21,000 mc.; power (peak and aver- 
age) of the order of 5 watts depending 
upon frequency; efficiency is poor-less 
than 10%. Cavity is built right into 
tube and therefore no special cavity 
design is necessary unless other design 
problems are involved. Entire assembly 
must be replaced if tube goes bad. Can 
readily be frequency modulated, elec- 
tronically tuned and frequency con- 
trolled (a.f.c.). Requires multiple, well 
regulated power supplies which are 
relatively expensive and bulky. Cannot 
readily be amplitude modulated. 

3. Magnetrons. Frequency range: 900 
to 30,000 mc.; peak power of the order 
of megawatts depending upon frequency 
and duty cycle; average power of the 
order of kilowatts depending on fre- 
quency; efficiency is very good-better 
than 50% depending on frequency. 
Cavity built right in and entire assem- 
bly must be replaced if tube goes bad. 
Good frequency stability-depends only 
on expansion of copper. Not easy to 

Fig. 1. (A) and (B) Two types of double coaxial resonator circuits. (C) 
Re-entrant cavity circuit. (D) Quarter -wave choke used as r.f. shorting plug. 
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a.f.c., amplitude or frequency modulate. 
Usually used for c.w. or pulsed applica- 
tions. 

4. Traveling Wave Tubes. Frequency 
range: 500 to 10,000 mc. (and higher) ; 

power, c.w., is of the order of hundred 
watts depending upon frequency; effi- 
ciency may be as high as 60%. These 
tubes are particularly noted for their 
broad bandwidth. At the present time 
they are largely experimental and show 
great promise for the future. 

This brief summary of the charac- 
teristics of the four major methods of 
generating microwaves indicates the 
primary considerations confronting the 
engineer in designing the transmitter. 
When the power output, carrier fre- 
quency, and method of modulation are 
specified, the choice of the optimum 
method of generation is usually appar- 
ent though other system character- 
istics such as bandwidth, frequency 
stability, and equipment size should also 
be evaluated before the final selection 
is made. 

Transit Time Effect 
It is known that a finite period of 

time is required for an electron to 
travel from the cathode to the plate 
of a tube. This period of time is called 
the transit time and at low frequency 
ranges it is negligible compared to time 
required to evolve one cycle. However, 
starting at about 500 mc., the time 
required for pne cycle of operation is 
less than 0.002 microseconds which is 
comparable to the transit time in most 
conventional tubes. 

This fact invalidates many of the 
characteristics and design principles 
governing these tubes since the assump- 
tion had been made that the electron 
stream flowing from cathode to grid 
traveled under essentially static con- 
ditions, i.e., transit time small compared 
to time variation of tube potentials. 
However, when the transit time becomes 
comparable to the period time, then the 
tube conductance is increased and tube 
efficiency and output decreased. 

This can be best understood by con- 
sidering the action in a triode with 
an alternating current applied to its 
grid. When the grid is at zero (a.c.) 
potential, the electrons travel from 
cathode to plate at the quiescent veloc- 
ity. With the grid at a positive a.c. 
potential, the electrons are accelerated 
and pick up energy from the grid in 
the cathode -to -grid path and are re- 
tarded and lose energy in the grid -to - 
plate path. The reverse occurs when the 
grid is at a negative a.c. potential so 
that there is no net energy transfer 
from the a.c. grid potential source to 
the electrons. 

At frequencies where the period is 
comparable to the transit time, it is 
possible for the a.c. grid potential to 
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Fig. 2. Typical loops, probes, feedback circuits, and combinations. 

reverse its phase before the electrons 
reach the plate so that, in the positive 
grid case, the electrons are accelerated 
and gain energy in both the cathode - 
to -grid and grid -to -plate regions. Under 
these conditions, there is a net energy 
transfer from a.c. grid potential to 
electrons, resulting in an increase in 
input conductance. In a similar manner 
it can be shown that energy can be 
transferred from the source of a.c. plate 
potential to the electrons during a por- 
tion of the cycle resulting in a decrease 
in power output and efficiency. 

Another factor influencing the opera- 
tion of tubes at microwave frequencies 
is the lead inductance of the tube ele- 
ments (plate and cathode) and the tube 
intereleetrode capacitance. In many 
cases the resonant frequency of these 
L -C networks falls below or within the 
range of operation. Hence, microwave 
tubes must be designed with a minimum 
of lead inductance and intereleetrode 
capacitance. 

The requirements of reducing transit - 

r OUTPUT OUTPUT LOOP 

,//////////////////////////////////////////////////////////////////i 

Fig. 3. Alternate mathods of out- 
put coupling-probe or loop circuit. 

time and interelectrode capacitance are 
conflicting, necessitating design com- 
promises. Intereleetrode capacitance 
may be reduced by decreasing the phys- 
ical size of electrodes and increasing 
the spacing. 

However, increasing the spacing in- 
creases the transit time, while reducing 
element size decreases maximum safe 
power dissipation. Transit time may be 
reduced by increasing the plate poten- 
tial, but in reased plate potential means 
greater power dissipation. 

It is therefore readily seen that spe- 
cial tubes must be used for microwave 
frequencies which overcome the limita - 

Breakdown of a typical lighthouse tube oscillator. 
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Microwave transmitter-rear view-showing lighthouse oscillator. 
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Fig. 4. Theoretical and typical 
power output versus frequency 
for a simple triode oscillator. 

tion of transit time and capacitance 
noted above or employ entirely differ- 
ent techniques than conventional tubes. 
Lighthouse tubes fall in the former 
category, while klystrons, magnetrons, 
and traveling wave tubes are examples 
of the latter category. 

Lighthouse tubes are designed for 

operation in the frequency range of 
200 to 3370 megacycles in which coaxial 
line resonators and elements are used. 
A typical lighthouse tube is shown on 
page 7 and as indicated in this picture 
it has the over-all appearance of a 
lighthouse-hence its name. These 
tubes are constructed in this way to 
permit the use of coaxial elements 
which fit right over the cathode, grid 
and plate leads. 

This tube has effected reduction in 
lead inductances by use of disk seals, 
and employs a parallel plane structure 
which permits the use of relatively 
small electrode areas; thereby making 
possible low interelectrode capacitances 
while reducing the spacing between 
electrodes to the point where the trans- 
it time is small in comparison with 
the period at the frequencies indicated. 

Design of Lighthouse Oscillators 
There are two types of resonator cir- 

cuits used in conjunction with the light- 
house tube, one is known as the double 
coaxial resonator, shown in Figs. 1-A 

Fig. 5. Typical automatic frequency control circuit for a microwave oscillator. 
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and B, and the other a re-entrant 
cavity, shown in Fig. 1-C. As indicated 
in Figs. 1-A and B, there are two 
variations of the double coaxial res- 
onator. In one case, the grid to cathode 
line is completely independent from the 
grid to plate line. In the second case, 
in order to conserve space, the grid 
to cathode line is folded back over the 
grid to plate line. This does not alter 
the fundamental principles of the two 
resonant circuits inasmuch as the inner 
surface of the grid cylinder acts as the 
grid side of the grid -anode line while 
the outer surface forms the grid side of 
the grid -cathode line. There is no cou- 
pling between these two lines through 
the common conductor since, as indi- 
cated in a previous article', the depth 
of penetration of the electromagnetic 
field at these frequencies is much less 
than the thickness of the metal. 

The shorting plugs, shown in Figs. 
1-A, B, and C, are actually r.f. shorts 
and not d.c. shorts. This is done by 
using a quarter -wave "choke" shown 
in Fig. 1-D. Since this element is a 
quarter wave long and open circuited, 
it presents a short circuit to the r.f. 
energy. The spacing between the choke 
and the wall of the tube is determined 
by the amount of d.c. voltage applied 
to the plate of the tube. The smaller 
the spacing the more effective the "chok- 
ing" or "shorting" action, since Z. will 
be small. 

In the double coax circuits shown in 
Figs. 1-A and B, both grid -cathode and 
plate -grid lines have shorting plugs 
which can be varied to tune over the 
desired frequency range. The re-entrant 
cavity circuit, shown in Fig. 1-C, is 
similar to the "folded back" grid - 
cathode line. However, this circuit is 
not tuned in the same manner that is 
used in the double coax resonator. In- 
stead of terminating the tuned circuits 
in "shorting plugs," the grid line is 
made one half wavelength long and 
mounted directly on the flange of the 
tube. The length of the grid line is 
fixed for any given setup, and thus be- 
comes the frequency determining factor 
in the circuit. 

The shorting plug in the re-entrant 
cavity, which is mounted on the plate 
line, does not affect the resonant fre- 
quency of the circuit, but functions 
primarily to optimize conditions for 
oscillation with a given grid cylinder 
rather than to change the frequency. 

The double coax and re-entrant cavity 
circuits are basically degenerative and 
the amount of feedback provided by the 
interelectrode capacity is insufficient 
for oscillation, if care is used in shield- 
ing the resonant lines from one another. 
Probably the most frequent cause of 
insufficient shielding is poor grid con- 
tact design. These lines should be slotted 
to permit a spring contact. Similarly 

8 ENGINEERING D E P T. MAY, 1950 



the plate line should be machined and 
slotted so that it grips the plate cap 
of the lighthouse tube firmly. 

There are a number of feedback loop 
or probe arrangements that can be used 
to sustain oscillations. Some of these 
are shown in Fig. 2. A loop is usually 
placed at a voltage minimum and a 
probe at a voltage maximum. When 
broad tuning is desired, a combination 
of probe and loop feedback elements 
may be used to cover the entire fre- 
quency range. 

It will be found that the frequency 
and efficiency of the oscillator will de- 
pend to some degree upon the position 
(determining phase of feedback) and 
size (determining the amplitude of feed- 
back) of the probe or loop. A trial and 
error procedure is used to determine 
the optimum feedback circuit that pro- 
vides maximum output and efficiency. 

The output of the oscillator is picked 
up by either a probe or loop as shown 
in Fig. 3. The exact position of the 
probe or loop will depend upon the im- 
pedance of the load. Again the best 
procedure is to vary the position until 
maximum output is obtained across the 
load. This effect is similar to tapping 
the coil of a tank circuit to match a 
given impedance. 

The diameters of the lines are de- 
termined by the requirements of the 
oscillator. Using standard theory, the 
desired Q of the tank circuit is de- 
termined considering both the effects 
of the tube and the load. The Q of a 
resonant length of coaxial line was 
given' in a previous article as: 

Q - 2'rf,V/LC 
2ar 

(1) 

This equation can be simplified by as- 
suming that the attenuation due to the 
dielectric, ad, is negligible, in which 
case aT = R,l2Z and Eqt. (1) becomes: 

27rfoZn 
Q R, VT 

(2) 

since VT = 1/ -/LC = 3 X 10'° cm./sec. 
for air. Further simplification of this 
equation can be obtained' by writing 
Zo in terms of Dld and the r.f. resist- 
ance' in terms of D, d, and f. Doing this 
we obtain: 

Q = 8.39N/f DHR, x 102 . . (3) 

where D is in cm., f in mc., R, is the 
ratio of the d.c. resistance of the con- 
ductor used to the d.c. resistance of 
copper, and H is defined as: 

H=3.61 D d d) á. . . (4) 

Eqt. (4) is plotted in Fig. 7. With the 
help of this figure and Eqt. (3), the 
Q of a coaxial line for a given D/d 
ratio can readily be determined. 

For the purpose of mechanical sim- 
plicity, the plate line diameter is usu- 
ally made so that it will just slip over 
the plate cap. The diameters of the 
grid and cathode rods are then cal- 
culated based on this parameter and 
the Q required. Of course it is desirable 
to use rods that are of the same di- 
ameters as the caps provided or slightly 
larger. 

Earlier in this article it was noted 
that there is a definite relationship be- 
tween interelectrode capacitance, elec- 
tron transit time, and maximum plate 
dissipation in a tube design, i.e., re- 
ducing interelectrode capacitance and 
transit time also causes a reduction in 
maximum plate dissipation. Due to the 
various mechanical factors involved, 
there is a maximum theoretical (at 
least at the present time) continuous 
power output than can be obtained from 
a single triode employed in the con- 
ventional manner. This maximum value 
has been plotted in Fig. 4 as a function 
of frequency. 

The continuous power output obtained 
from commercially available tubes is 
less than this theoretical value. Fig. 4 

plots a typical power output versus 
frequency curve of a 2C43 lighthouse 
tube operating in a re-entrant cavity. 
The outputs obtained from other tubes 
operating with different potentials can 
be obtained from the tube manufac- 
turers. 

At microwaves, where considerable 
spectrum is available, it is frequently 
convenient to use greater r.f. band- 
width -for greater efficiency and power. 
This can be done by using one of the 

Fig. 8. Another type of microwave 
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Fig. 6. Plate -pulsed oscillator performance. 
power output vs. frequency. Pulse rate. 
1000 per second; duration, 1 microsecond. 
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several pulse modulation techniques 
available such as pulse time modulation 
(PTM), pulse amplitude modulation 
(PAM), or pulse frequency modulation 
(PFM)'. When the transmitter is 
pulsed, a much higher peak power can 
be emitted for a given maximum aver- 
age power. 

It is known that the average value 
of a pulse series is equal to°: 

(C ntinued on page 30) 

automatic frequency control circuit. 
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Dr. Goubau at the Signal Corps Engineering 
Laboratories with a model of the simplified "G - 
String" transmission line which he invented. 

SURFACE 

WAVE 

TRANSMISSION 

LINE 
By GEORG GOUBAU 

Signal Corps Engineering Labs. 

APAPER published by Sommerfeld 
in the year 1899 describes a sur- 
face wave guided by a cylindri- 

cal conductor of finite conductivity. This 
wave differs from the wave mode usu- 
ally excited on long wire antennas in 
two respects: first, it suffers no radia- 
tion loss along its path and second, the 
field distribution depends to a high de- 
gree upon the conductivity of the wire 
material; and the wave would not exist 
at all if the conductivity were infinite. 
Though there is a solution of Maxwell's 
equations in that case, the solution lacks 
physical reality since the power trans- 
mitted by the wave is infinite if the 
current in the wire is finite. 

Sommerfeld's paper has seen little 
consideration in the modern literature 
and there are only a few books in which 
it is quoted. One of these books is Strat- 
ton's well-known "Electromagnetic The- 
ory". It may have been doubtful to 
many a physicist whether this surface 
wave can be excited, because not every 
special solution of Maxwell's equations 
is realizable. Sommerfeld's wave is a 
plane wave and therefore the wave 
could be part of an asymptotic solution, 
which is valid at a large distance from 
the power source. In that case, only an 
infinitesimally small amount of the total 
power would be converted into the sur- 
face wave. To our knowledge nobody 
has proven as yet that Sommerfeld's 
surface wave can be excited with finite 
amplitude. Though we are convinced 
that this can be done, there are two 
facts which will make it difficult to ob- 
tain good efficiency. The field extends 

A single insulated wire with special `unreel -shaped 
terminals provides very efficient h.f. transmission. 

very far from the wire and has a rather 
complicated shape. An effective launch- 
ing device would have to be very large, 
otherwise the radiating wave mode 
would become predominant. 

The reason we were interested in 
Sommerfeld's wave for a long time is the 
theoretically low attenuation of this 
wave. Transmission lines using this 
wave mode should have less insertion 
loss than coaxial cables and-provided 
the diameter of the wire is sufficiently 
large-even smaller loss than rigid 
wave guides. This fact made us think 
about the possibility of concentrating 
the field closer to the wire; thus, the 
excitation of the wave would become 
simpler and besides, the clearance 
around the wire required for an un - 

r= 

Fig. 1. Distribution of magnetic 
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disturbed propagation could be kept 
smaller. A study of cylindrical surface 
waves showed that the extension of the 
field of a surface wave depends upon 
the phase velocity. The more the wave 
is urged to travel with lower speed, the 
more the diameter of the field shrinks. 
A reduction in phase velocity of less 
than one per -cent is in general sufficient 
for obtaining reasonable dimensions of 
the field. Such a reduction can be 
achieved by a dielectric coat on the wire 
or by other modifications of the con- 
ductor surface like the application of a 
thread on the wire. The wave mode 
guided by a conductor, the surface of 
which is modified as mentioned, differs 
from Sommerfeld's wave not only in the 
extension but also in the structure of 
the field. Both wave modes are math- 
ematically described by Henkel func- 
tions; however, in the case of the plain 
wire, the argument of these functions 
is complex, while it is purely imaginary 
in the other case, at least if the losses 
are disregarded. And here we have an 
important difference: the finite conduc- 
tivity is no longer an essential provi- 
sion for the existence of the non -radiat- 
ing wave mode. 

Last summer we started experiments 
with this wave mode on dielectric coated 
and threaded wires. From the very be- 
ginning we observed that this wave 
mode can be easily excited with an effi- 
ciency up to 90%. Furthermore, the 
experiments showed that the wave mode 
is very stable with regard to a sag of 
the wire or to small bends. The meas - 

i 
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ured loss of transmission lines based on 
this wave mode was in very good agree- 
ment with the theoretical expectations. 

Before discussing the setup and the 
results we would like to say a little bit 
more about the wave mode. The wave 
mode is a radially symmetrical trans- 
verse magnetic mode with a small longi- 
tudinal electric component. Fig. 2 shows 
the electric field lines for a case in 
which the wavelength is 100 times the 
wire radius and the phase velocity is 
reduced by 10%. In general a much 
smaller reduction of phase velocity is 
used. We assumed here a large reduc- 
tion in order to get more field lines on 
the drawing. All electric field lines 
start on the wire and return to the 
wire. The magnetic field lines are circles 
around the wire. 

Fig. 1 shows how the field decreases 
with the distance from the wire. The 
ratio of the magnetic field strength at 
a distance from the wire to the mag- 
netic field strength at the surface of the 
wire is plotted versus the distance, 
measured in multiples of the wire ra- 
dius. Both scales are logarithmic. The 
broken line indicates a 1/r decrease as 
it would be present in the case of a 
plain wire with infinite conductivity. 
In this case the phase velocity would be 
equal to the velocity of light, and as 
mentioned before the power would be 
infinite if the field strength were finite. 
The unbroken curves show how the field 
decreases if the phase velocity is re- 
duced by 1, 2, 5 and 10%. The curves 
follow first the 1/r decrease and ap- 
proach at larger distances an exponen- 
tial decrease. The smaller the phase 
velocity is, the earlier the exponential 
decrease begins. 

Fig. 3 is a schematic sketch of a 
surface wave transmission line. The 
launching device used in the experi- 
mental work consisted of a metal horn 
connected to the outside conductor of the 
coaxial feed lines. The inner conductor 
of that line is connected to the surface 
wave guide consisting in most of the 
experiments of a normal enameled wire. 
The transmitting and receiving ends of 
the line are alike. The dimensions given 
in Fig. 3 refer to the curves of Figs. 
6 and 6. 

The loss of such a surface wave 
transmission line consists of three parts : 

the conductivity loss in the wire, the loss 
in the dielectric coat and the loss, 
effected by the launching device, due to 
a partial excitation of the radiating 
mode. The first two parts, conductivity 
loss and dielectric loss, can be calcu- 
lated from the field distribution of the 
wave. They are proportional to the 
length. The launching loss is independ- 
ent of the length of the line and can be 
determined with fair accuracy by the 
following consideration. At the receiv- 

ing end that portion of the wave energy 
will be received which travels within 
the area of the aperture of the horn. 
The wave energy outside this area will 
be lost. The ratio between received 
energy and the total energy determines 
the efficiency of the receiving horn. Be- 
cause of the reciprocity theorem the effi- 

ciency of the transmitting horn must 
be the same as the efficiency of the re- 
ceiving horn. 

The loss of the transmission line 
shown in Fig. 3 was calculated for var- 
ious frequencies and Fig. 5 is a plot of 
the results. The length of the line is 
120 ft., the diameter of the wire 0.2 cm., 
and the thickness of the enamel layer 
5.0 x 104 cm. The dielectric constant is 
assumed to be 3 and the power factor 
8 x 10.8. The opening of the horns is 
13". The conductivity loss L, and the 
dielectric loss L, increase with frequency 
while the launching loss LA decreases. 
The total loss L,,, which is the sum of 
the three components L L, and L has 
a flat minimum of about 2 db. The loss 
was measured for three frequencies. 
For 1600 mc. it measured 2.2 db.; for 
3300 mc., 2.3 db.; and for 4700 mc., 4.5 
db. While the deviation between theory 
and measurement for the lower fre- 
quency is comparatively small, it is 
pretty large for the high frequency. 
The main reason for this deviation lies 
in the fact that the angle of the horns 
was too large for the high frequency 
and thus the efficiency of the horns was 
much smaller than expected. For com- 
parison, the approximate loss of 120 ft. 
of R0-8 /U cable is 13 db. for 1600 mc., 22 
db. for 3300 mc. and 30 db. for 4700 mc. 
Though these data refer to a very good 
cable the losses are about 6 to 10 times 
as high as the losses of the surface 
wave transmission line. 

The effect of the thickness of the di- 
electric coat on the efficiency of such a 
transmission line is demonstrated by 
curves shown in Fig. 6. Length of the 
line, diameter of the wire and dimen- 
sions of the horns are the same. Only 
the thickness of the dielectric coat is as- 
sumed to vary. The curves refer to a 
frequency of 3000 mc. For a very thin 
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Fig. 5. Losses for the transmission line 
of Fig. 3 as a function of frequency. 

3 

2 

Llo, 

L, 

oe 
IK 

L, 

2K 3K 4K 

FREQUENCY IN MC. 

5K 

LL,24) 

Fig. 2. Electric Feld lines where 
), = 100 a and v/c - 0.9 

L2f 120' { 

T 13 ENAMELED WIFE 

HORN -+- L-- LCQAWAL CABLE 2 C 

5 

4 

t.1 

2 3 

á 
2 

Ó 

o 
300 400 

Fig. 3. Schematic sketch of a 
surface wave transmission line. 
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Fig. 4. Calculated attenuation for 2 cm. 
wire with Vc mm. polystyrene coating. 
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dielectric coat the insertion loss is large 
because o. the low efficiency of the 
horns. There is an optimum thickness 
for which the loss is a minimum. For 
larger thickness of the dielectric coat 
the loss rises slowly because of the 
increasing conductivity and dielectric 
losses. A curve like this has been veri- 
fied. The same horns and the same wire 
length (120') , but a wire of 0.26 cm. 
thickness were used (this was the only 
available bare copper wire). The meas- 
urements were made at a frequency of 
2600 mc. The wire was outdoors for 

(Continued on page 29) 

Fig. 6. Losses for the line of Fig. 3 for 
varying thicknesses of dielectric coaling. 
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AN[WR-C 
OSCILLATOR 

CIRCUIT 
By MILTON H. CROTHERS 

Electrical Engineering Dept.. U. of Illinois 

Developntent of an R -C oscillator having greater 
stability and fewer parts than conventional units. 

VACUUM tube oscillators are truly 
fundamental to the art of modern 
communications. Vacuum tube os- 

cillators may be grouped in two general 
classes depending upon the class of op- 
eration of the amplifier stage, that is, 
linear or nonlinear. The first vacuum 
tube oscillators depended upon non- 
linear operation of the vacuum tube to 
locate and determine the steady state 
amplitude of oscillation. Nonlinear op- 
eration of the amplifier tube must in- 
troduce distortion components of the 
fundamental signal frequency. These 
distortion components are attenuated by 
a highly selective tuned circuit. 

Resistance -capacitance oscillators 
have become very popular within the 
last decade. This paper will introduce 
a novel form of this oscillator, making 
use of the standard R -C network and a 
new amplifier, and having several 
marked advantages over circuits which 
have been used to date. 

Need for Nonlinearity 
in an Oscillator 

Let the general oscillator be described 
as an amplifier section and a feedback 
section. The gain of the amplifier will 
be represented by the symbol K and the 
transmission of the feedback section 
will be represented by the symbol ß. 
Either one or both of these sections will 
include some form of a selective circuit 
so the gain through the sections will be 
a maximum at only one frequency, as 
indicated in Fig. 1. 

From the thesis submitted in partial fulfillment 
of the requirements for the degree of Master of Science in Electrical Engineering to the Grad- uate College of the University of Illinois 1949. 
'A Study of Nonlinear Circuit Elements'. 

Oscillator using a 12AÚ7 and operating 
near 9 kc. Note compactness of unit. 

When the input signal (E,) and the 
output signal (E,) are identical the 
loop may be closed to form an oscillator. 
If the net gain around this loop is 
greater than unity the oscillations will 
build up in amplitude with each suc- 
ceeding cycle. The gain around the loop 
must be self adjusting in order that 
the oscillator maintains some partic- 
ular value of oscillation amplitude. 
The steady state amplitude in an oscil- 
lator is defined as that signal level 
which just makes the loop gain unity. 
An amplifier operating in a nonlinear 
region varies its effective gain some- 
what inversely with signal amplitude 
and thereby controls the oscillation 
amplitude. 

Nonlinearity and Circuit 
Selectivity 

An oscillator using any nonlinear ele- 
ment which is instantaneous in nature 
generates distortion components. The 
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Fig. 1. Block diagram 
of general oscillator 
showing selectivity 
of over-all system. 

Fig. 2. (A) Tuned L -C circuit. 
(B) Tuned R -C network. 

relative distortion depends upon the de- 
gree of nonlinearity over the operating 
range. Attenuation of these distortion 
components depends upon the selectiv- 
ity of the circuit. Highly selective cir- 
cuits permit highly nonlinear operating 
regions in the amplifier. 

The resistance -capacitance network 
shown in Fig. 2 may be used as a selec- 
tive network. The Q of the R -C network 
is only 14 when equal values of resist- 
ance and capacitance are used. A highly 
selective tuned circuit is compared with 
the R -C network in Figs. 3 and 4. 

Very little attenuation is offered to 
distortion components by the poorer se- 
lectivity of the R -C network. For this 
reason there must be control of the loop 
gain by a method which is not an in- 
stantaneous nonlinear element. 

Nonlinear Elements Which Are 
Not Instantaneous 

Most of the resistance -capacitance os- 
cillator circuits use thermally respon- 
sive nonlinear devices. Generally these 
elements are low current 115 volt tung- 
sten lamps. Low current fuses are also 
suitable for higher frequency signals. 
These devices have a positive tempera- 
ture -resistance coefficient. Typical char- 
acteristics of a number of common non- 
linear elements are given in Figs. 5 
and 6. 

The lamps show linear operation 
within each cycle for frequencies as low 
as ten cycles per second. They will not 
introduce distortion components when 
operated over the audio range. The 
small fuses show some instantaneous 
nonlinearity at frequencies below 100 
cycles and therefore are not suitable 
for use at frequencies lower than 1000 
cycles. 

A fundamental and useful oscillator 
circuit using class 'A,' amplifiers with 
an R -C feedback network is shown in 
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Fig. 7A. Pentodes are normally used but 
triodes are shown to illustrate the basic 
circuit. 

A great amount of inverse feedback 
is included to stabilize the circuit. The 
inverse feedback circuit includes a non- 
linear element R. which controls the 
gain inversely as the signal amplitude 
varies. The gain of this amplifier is 
indicated in Fig. 13. 

The condition required for steady 
state oscillation is that the loop gain is 
unity, that is, E, and E3 are identical. 
This will lead to two general expres- 
sions : 

K-1}R:Ci (1) 

1 
Freq. = 

2 in/Ri C, R, C, ' ' (2) 

Adjustment and selection of circuit 
elements and tube coefficients should be 
made so the action of R. limits the oscil- 
lation amplitude to class Ai operation. 
The nature of control obtained from R. 
depends upon the heating by the a.c. 
signal current. It is to be noted that d.c. 
quiescent current must also pass through 
R. and thus hinders the control action. 
Oscillator circuits of this general type 
have been used with great success in a 
large number of applications over fre- 
quency ranges pf 1 to 200,000 cycles. 
The distortion in most cases is of the 
order of 2 per -cent or less. 

These are the general characteristics 
desired of the amplifier section selected 
for this oscillator circuit: 

1-Gain is stable and constant as a 
function of supply voltages, component 
values (in general) and tube changes. 

2-Wideband frequency response and 
minimum phase shift over the working 
frequency range. 

3-Low output impedance compared 
to values of elements used in the feed- 
back network. 

4-Nonlinear element controlling the 
gain inversely with signal amplitude. 
This element must not introduce distor- 
tion and the signal level must be within 
the class A, region. 

The New Amplifier Circuit 
The circuit devised by the author and 

shown in Fig. 7B complies in general 
with the specifications listed above and 
offers a number of advantages. A fewer 
number of circuit components are re- 
quired with this new ",r coupled" ampli- 
fier circuit. There is also one funda- 
mental advantage in the manner in 
which the nonlinear element operates 
and responds to the signal level. These 
items will be discussed in detail. 

The ",r coupled" amplifier is that part 
of the circuit within the dotted lines 
and uses one dual triode tube, three 
resistors and one nonlinear element. 
This is a total of four circuit elements 

Fig. 3. Frequency response of networks for 

as compared to the nine components re- 
quired by the amplifier in Fig. 7A. This 
smaller number of elements offers de- 
cided advantages where cost, space, and 
weight are to be considered. This is the 
major reason for advancing this new 
circuit. 

The second advantage results because 
the nonlinear element R. does not carry 
quiescent current in this new circuit. The 
element can respond more readily to the 
a.c. signal component in the circuit and 
offers a greater sensitivity to signal 
amplitude. This greater sensitivity of- 
fers some compensation for the less 
stable amplifier characteristics. It is 
true that any of these circuits could be 
arranged to impress only the a.c. sig- 
nal across the element R,, but this new 
circuit provides such isolation within 
the basic form. A total of three varia- 
tions will be given for this circuit. These 
variations differ only in the manner of 
balancing out d.c. from the nonlinear 
element. 

The amplifier shown in Fig. 7A has 
low output impedance because the in- 
verse voltage feedback reduces the out- 
put impedance below the value of the 
amplifier without this inverse feedback. 
The output impedance of the new ampli- 
fier is higher because there is no inverse 
feedback applied. A value of 5-10 k. 
ohms is typical of this output imped- 
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Fig. 5. Characteristics of fuses. 
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Fig. 4. Selectivity of a network 
for a Q of 1/3 and a Q of 10. 

ance. The value of R, in the feedback 
section might be corrected to allow for 
this impedance. 

Examination of the circuit for the "ir 
coupled" amplifier reveals that the first 
stage is operating as a grounded plate 
amplifier and the gain is therefore less 
than unity: 

ii, Rk, K, - R0, 
-I- Ra, -i- !i R., . . 

The gain of this stage is reasonably 
constant with respect to changes in sup- 
ply voltages. 

1400 

1300 

1200 

1100 

1000 

900 

800 
(f) 

= 700 
o 

600 

500 

400 

300 

200 

loo 

Fig. 6. Characteristics of lamps. 
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Fig. 10. Frequency stability of 
typical oscillator plotted against 
variations in plate voltage. 

Fg. 11. Amplitude stability vs. plate 
voltage using a 115 volt, 4 w. tung- 
sten lamp as L. Frequency is 400 c.p.s. 
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This first stage is coupled to the sec- 
ond stage by means of the 7r type net- 
work between the cathodes. For this 
reason the name of ",r coupled" amplifier 
has been coined for the circuit. The sec- 
ond stage operates as a grounded grid 
amplifier, the gain of which is given as: 

K2=()`2+1)R52 
r52 + R52 

Interaction between these stages 
through the it coupling network gives 
a net gain different than that of the 
product of K3 and K2 above. The net 
over-all gain has been calculated and 
is given in this form: 

A K-B-{-CR4 

where A, B and C are: 

(4) 

(5) 

A = µ, (122 +1) RL2 Rki R 4 . (6) 
B= (RL+r;) [rpRki+r5Rk2+ 

(u-1-1)RkiRk21 +rpRkiRk2 (122-}-1) . (7) 

C=[rp+Rki(ui+1)] X 
lrp+RL+Rk2(uo+1)] . . . (8) 

Loading of the amplifier by the feed- 
back network has not been considered in 

Fig. 12. Distortion in 400 cycle 6SN7 R -C 
oscillator with (A) It. a 4 w. lamp and Ebb = 
200 v., (B) R. a 5 ma. fuse and Ebb = 250 v. 
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the calculation of amplifier gain. It is 
assumed that this may be neglected in 
most cases by proper selection of the 
elements in the feedback network. 

Typical Operation 
Most of these oscillator circuits are 

used with equal values for the resist- 
ances in the feedback network. The gain 
which is required is then found to be 
three. The dual section triodes 6SN7 
and 12AU7 may be used with these ap- 
proximate circuit values: 

Rki = R»2= 2,000 ohms. 

RL2 = 10,000 to 15,000 ohms selected 
for oscillation level. 

R,, = one 115 volt, 6 or 7 watt tung- 
sten lamp. 

The feedback network values are se- 
lected for the frequency desired with 
these general limits suggested: 

Ri= R_ = values ranging from 50k 
ohms to 10 megohms. 

C, = C2 = minimum values of 100 
12ufd. 

These feedback network values will 
permit operation over and slightly be- 
yond the audio frequency range. 

A number of oscillators have been 
constructed using the basic circuit with 
fixed elements in the feedback network. 
These oscillators have been built within 
the general circuit of some projects to 
provide various signals at one fre- 
quency. Another oscillator has been con- 
structed using a pair of switches to se- 
lect any one of a number of fixed fre- 
quencies. Continuously variable oscil- 
lators have also been constructed using 
either variable resistors or variable 
condensers in the feedback circuit. 

From a number of these different os- 
cillators the curves given in Figs. 10, 11 
and 12 have been recorded to illustrate 
the general operation of this circuit. 

Long time measurements are not in- 
dicated for frequency stability for this 
oscillator does not seem to fit in this 
general class. The variation in fre- 
quency with respect to supply voltage 
is favorable on a short time test. The 
frequency will be sufficiently constant 
for most applications in mind for the 
circuit. 

Measurements on a number of dif- 
ferent oscillators indicated that an out- 
put voltage with 1 per -cent or less total 
distortion can be obtained operating 
near the oscillation threshold. Addi- 
tional measurements indicate that lower 
distortion was obtained, for any given 
output voltage level, when the plate 
supply voltage is increased and the am- 
plifier gain readjusted for the same 
output level. In making the observa- 
tion the gain was adjusted by varying 
the value of R22. In other circuits the 

(Continued on page 24) 
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By ROBERT C. MOSES 
Sylvania Electric Products Inc. 

Various types of compensation may be used to give 
an amplifier with essentially flat amplitude and 
please characteristics over the entire video band. 

HIGH definition television systems 
are required to convey informa- 
tion transmitted at rates up to 

8,700,000 picture elements per second. 
The ultimate resolution obtainable in 
the reproduced image is determined by 
the ability of the equipment as a whole 
to respond to the maximum rate of 
transmission. The latter, in turn, is 
directly proportional to the bandwidth 
of the circuits through which the video 
signal must pass. With the present 525 
line, 30 frame transmission standards, 
it can be shown that adequate response 
up to a maximum frequency of 4.35 
megacycles is necessary for faithful re- 
production of the finest detail in the 
picture. On the other hand, satisfactory 
rendition of backgrounds and of very 
large objects requires that the system 
be capable of reproducing one picture 
element having dimensions approaching 
those of the entire scanned area. Proper 
response of the system down to d.c. is 
therefore indicated. Since transmission 
of d.c. in the system is a subject be- 
yond the scope of this article, the fol- 
lowing discussion will be limited to am- 
plifiers responding to frequencies down 
to about 30 cycles. 

The necessity for handling such a 
wide spread in rates of transmission 
imposes severe requirements upon the 
video amplifier channel. Not only must 
the amplifier be capable of passing the 
entire frequency range from 30 cycles 
to over 4.0 megacycles with a minimum 
of amplitude discrimination, but also 

the transmission time through the sys- 
tem must be as nearly constant as pos- 
sible for all frequency components with- 
in these limits. The latter requires that 
the curve of amplifier phase shift ver- 
sus frequency be essentially linear up 
to the maximum frequency present in 
the video signal. 

The usual resistance -coupled audio 
amplifier falls far short of these re- 
quirements, since both the amplitude 
and phase characteristics deteriorate 
rapidly above about 10,000 cycles and 
below 70 cycles. Some form of compen- 
sation for both amplitude response and 
phase shift is obviously necessary. There 
are several methods by which such com- 
pensation may be accomplished, and 
for purposes of discussion, the low and 

90 1.0 

80 . 

70 .6 

60 

50 .6 

40 j 

o 

high frequency considerations will be 
treated separately. 

Even if the amplitude response of the 
conventional pentode resistance coupled 
amplifier were satisfactory at low fre- 
quencies, the phase characteristics be- 
low 60 cycles would be troublesome. Ex- 
cessive phase shifts at low frequencies 
may be attributed to three sources: 

1. The time constant of the grid cou- 
pling network 

2. The screen circuit time constant 
3. The cathode biasing network 

These factors are indicated in the equiv- 
alent circuit of Fig. 2A. The plate sup- 
ply terminals and d.c. connections are 
omitted for clarity. 

The reactance of the coupling capac- 
itor Co at low frequencies introduces 
a leading phase shift and a drop in 
amplitude in the component E. of out- 
put voltage across the grid resistor of 
the following stage. These effects be- 
come serious below the frequency at 
which the reactance of C. exceeds about 
r/s the resistance of R and may be 
sufficiently great to prevent proper re- 
production of square waves of 60 cycles 
base frequency unless large values of 
C. and R. are used. The magnitude of 
the phase angle is given by : 

1 = -tan' 
2irf C. R, 

and the relative amplitude character- 
istic by: 

E°- Cos É, 
where E. and E, are the output and in- 
put voltage respectively. 

While it is theoretically possible to 
obtain values of C. and R, which will 
keep the frequency of negligible phase 
shift below 30 cycles, large values of 
coupling capacitors introduce additional 
stray capacitances which may affect the 
high frequency characteristics of the 
amplifier. At the same time, the max- 
imum value of the grid resistor R,, is 
usually limited by gas and grid current 
considerations in the following tube. 
It is therefore customary to assign 
reasonable values to C. and R and 

Fg. 1. Low frequency phase and amplitude characteristics 
o a typical two stage video amplifier with compensation. 
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Fig. 2. (A) Low frequency equiva- 
lent circuit. (B) Equivalent circuit 
with low frequency compensation. 

Fig. 3. (A) High frequency equivalent 
circuit. (B) Shunt peaking network. 

provide compensation for the resulting 
phase shift at some point in the system. 

The finite time constant of the screen 
resistor -capacitor combination R,C. 
causes a shift in phase and a drop in 
amplitude at low frequencies in exactly 
the same way as the grid coupling net- 
work, and the extent of these deficien- 

.6 

cies may be specified in the same man- 
ner. However, the phase angle and 
departure from flat amplitude response 
introduced by R,C, can be kept small 
with practical component values, and 
their effect need not be compensated if : 

R. C. ? 0.077 

where R. is in megohms and C. is in mi- 
crofarads, a condition readily achieved 
in most cases. If the above holds, the 
phase angle due to R,C, will not exceed 
4° at 30 cycles. 

The impedance of the cathode bias 
network C.R, results in degenerative 
effects and excessive phase shifts at 
frequencies below that at which the re- 
actance of Ck exceeds about 1/10 the 
resistance of Rk. In many cases, pro- 
hibitively large values of C. are re- 
quired if the frequency of near -zero 
phase shift is te be comparable with 
the frame repetition frequency. Com- 
pensation for low -frequency discrepan- 
cies due to CkRk can be provided in 
much the same manner as for the grid 
coupling network; however, the design 
constants for cathode -bias impedance 
compensation are different. 

Despite the fact that there are sev- 
eral arrangements for compensating the 
effects of the grid coupling and cathode 
biasing networks, one simple form of 
correction circuit has been widely used. 
This consists of a parallel resistor and 
capacitor in the plate circuit of the 
stage to be compensated, as shown in 
Fig. 2B. 

In this circuit, the additional compo- 
nents CdRd in series with the plate load 
of the tube introduces a compensating 
phase shift which causes the output 
voltage E, to lag in phase by the same 
amount as the leading phase angle pro- 
duced by either C,R, or CkRk. At the 
same time, the reactance of Ca causes a 
rise at low frequencies in the effective 
load impedance presented to the tube. 
The resulting increase in gain counter- 
acts deficiencies in amplitude response. 
It is usually not possible to satisfy the 
conditions for correction of both grid 
coupling and cathode biasing network 
effects in one such correction circuit. 

Fig. 4. Amplitude characteris is of the two shunt peaking networks (Fig. 3B). 

CASE I 

LSE 2 

.2 .4 .6 .8 1.0 

ACTUAL FREQUENCY f 
TOP FREQUENCY Fmox. 

12 14 1.6 

An entirely satisfactory degree of com- 
pensation for either can, however, be 
achieved through a suitable choice of 
correction parameters. 

Compensation for Grid Coupling 
Network 

For a satisfactory degree of compen- 
sation for phase shifts produced by the 
grid coupling network, the following 
relations must hold: 

1. The time constant of the plate 
load resistor and compensating capaci- 
tor must equal the time constant of the 
grid coupling network. 

CaRL=C,R, 
2. The resistance of the decoupling 

resistor must be at least ten times the 
reactance of the compensating capaci- 
tor at the lowest frequency for which 
correction is required. 

Rd > 10/k) Cd 

It should be noted that this type of 
compensation for deficiencies in the grid 
coupling network will not give perfect 
correction to very low frequencies or to 
d.c. except in the theoretical and prac- 
tically unattainable condition of infinite 
decoupling resistance R. For a fixed 
value of Cd, the lowest frequency for 
which compensation is exact is inversely 
proportional to the value of Rd. 

The usual procedure in compensating 
a stage for the effects of the grid cou- 
pling network is to select a suitable 
value for Ca, say 10 microfarads. This, 
in combination with the plate load re- 
sistor as determined from high fre- 
quency considerations, gives the time 
constant to be obtained in the following 
grid circuit. The decoupling resistor Rd 
is then made as large as possible con- 
sistent with obtaining the required plate 
voltage at the tube. 

Compensation for Cathode Bias 
Network 

Correction for phase shifts and am- 
plitude discrimination due to the cath- 
ode biasing network can be effected in 
a similar manner to the above, except 
in this case, exact compensation can be 
achieved down to d.c. with practical 
circuit values. Perfect correction will 
be obtained if : 

1. The time constant of the compen- 
sating network is made equal to that 
of the cathode bias network. 

Cd Rd=CkRk 
2. The decoupling resistor is made 

equal to the product of the midband 
stage gain and the value of the biasing 
resistor. 

Rd=ARk=GRLR, 
where G. is the tube transconductance. 

Compensation for All 
Low -Frequency Effects 

It will not usually be possible to ob- 
tain values for the correction circuit, 
such that the requirements for phase 
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and amplitude compensation of both 
grid coupling and cathode bias networks 
are simultaneously satisfied. For cor- 
rection of all low -frequency effects in a 
multistage amplifier, the preferred pro- 
cedure is to make the grid circuit time 
constants as large as possible in stages 
having a cathode bias network, and 
compensate the latter in each plate cir- 
cuit. Then, for every two or three such 
stages, a stage having no cathode bias 
network is provided, and the combined 
phase shifts of all grid couplings com- 
pensated in the plate circuit of this 
stage. This arrangement operates quite 
satisfactorily provided the total phase 
shift to be corrected is smaller than 
about 20° at 60 cycles. This figure is 
readily achieved if the time constants 
of the uncompensated grid coupling net- 
works are from 8 to 15 times greater 
than the period of the lowest frequency 
to be passed. 

For adequate vertical resolution of a 
525 line picture, the maximum delay 

time( 1 

phase shift X frequency 
vari- 

ation tolerable at the low end of the 
video band is on the order of 850 micro- 
seconds. With two video stages in- 
volved, a phase shift of 4 or 5 degrees 
per stage at 30 cycles can be considered 
allowable for design purposes. The am- 
plitude response should be flat within a 
few tenths of a decibel to well below 30 
cycles if the above requirement is to be 
met. Low frequency phase and ampli- 
tude characteristics of a typical two - 
stage video amplifier with compensation 
are shown in Fig. 1. 

Tube interelectrode capacitances and 
stray capacitances associated with cir- 
cuit components and wiring have a 
shunting effect which produces exces- 
sive phase shifts and departure from 
linear amplitude characteristics at the 
higher video frequencies. For a fixed 
value of plate load resistance, the abso- 
lute magnitude of these capacitances 
becomes the limiting factor on the top 
frequency f°, at which satisfactory per- 
formance can be obtained. Referring to 
the high -frequency equivalent circuit 
of Fig. 3A, it can be shown that a phase 
shift of 45° together with an amplitude 
drop of 3 decibels will occur when: 

1 

f° - 22r C, RL 
where C, is the total shunting capaci- 
tance, and RL is the plate load resistance 
(Fig. 3A). For half -power (3 db.) re- 
sponse to 4.5 megacycles, and a total 
shunt capacitance of 25 µwfd., (a rea- 
sonable figure for a two -terminal inter - 
stage) the above equation indicates that 
the load resistor must be 1400 ohms. 
The stage gain is given by: 

A = Gm RL 
For a tube with a transconductance of 
9000 ohms the stage gain will be 12.6. 

1.4 

Lo 
o .4 .6 

CASE I 

.8 

CASE 2 

ACTUAL FREQUENCY f 

12 14 

TOP FREQUENCY Fmox 

Fig. 5. Time delay characteristics of the two shunt peaking networks (Fig. 3B1. 

The above considerations lead to a 
"gain bandwidth" (hereafter abbrevi- 
ated G.B.) rating for video amplifier 
tubes, in which the input and output 
capacitances are compared with the 
transconductance. For tubes of the 
same type, coupled by a two terminal 
network, the input and output capaci- 
tances add directly, and the G.B. factor 
F' is: 

G. F 
27r (C, + C2) 

where C, and C2 are input and output 
capacitances respectively. 

With four terminal and certain filter 
couplings, the input and output capac- 
itances are isolated from each other. 
The G.B. factor F" in this case is: 

F" Gm 

2,r VCi C2 

Gain -bandwidth factors for several com- 
mon tube types are given in Table I. 

The G.B. factor has the dimensions 
of frequency, and denotes the band- 
width at which the voltage gain of an 
ideal stage becomes unity. Thus, a type 
6AC7 with a two -terminal interstage 
coupling would have a gain of 1 at a 
half -power bandwidth of 90 megacycles; 
conversely, with a 1 megacycle band- 
width, the stage gain would be 90 times. 
These figures take into account the tube 
capacitances only, and do not include 
the unavoidable strays. 

Fig. 7. Amplitude and time delay 
1.3 1.0 

I.0 .4 

Fig. 6. (A) Series peaking network. 
(B) Two section filter coupling. 

1.6 

From the above discussion, it is ap- 
parent that a tube having high Gm and 
low interelectrode capacitances (largest 
G.B. fact ,r) is the most desirable for 
video amplification. At the same time, 
the figures given represent the ultimate 
performance of which the tube is capa- 
ble, and will not be realized in practice 
because of the presence of external cir- 
cuit capacitances which tend to restrict 
the bandwidth. Furthermore, the G.B. 
factor is based on half -power band- 
widths, and for television video appli- 
cations, which may involve several am- 
plifier stages, a much more linear phase 
and amplitude characteristic in each 
stage is necessary. The G.B. factor 
does, however, serve to indicate the rel- 

characteristics of the series peaking network (Fig. 6A). 

AMPLITUDE 

TIME 
DELAY 

4 .6 .8 

ACTUAL FREQUENCY f 

TOP FREQUENCY Finax 

1.2 1.4 1.6 
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Fig. 8 Typical two -stage video amplifier incorporating high and low 
frequency compensation. Over-all gain is 90, and bandwidth is 4.35 mc. 

plitude compensation up to a top fre- 
quency F,,,, which equals or exceeds 

1 

Fig. 9. (A) Modified shunt -series 
peaking. (B) Cathode peaking. 

ative merit of the various tube types in 
wide -band amplifier applications. 

High Frequency Compensation 
It is possible to approach more nearly 

the theoretical performance indicated 
by the G.B. factor for any tube type 
through the use of one of a number of 
two or four terminal interstage cou- 
pling networks. Such networks may 
provide nearly complete phase and am- 

27r Ci RL 
This is to be contrasted with the uncom- 
pensated case where the departure from 
ideal phase and amplitude characteris- 
tics at the top frequency is very much 
greater than can be tolerated. In the 
following discussion of several such 
coupling networks, the basic circuit 
parameter for design purposes is the 
reactance of the total shunting capaci- 
tance C, at the top frequency F,,,,. The 
figures of merit given in each case apply 
to the network itself, and indicate its 
midband voltage gain in relation to the 
uncompensated case. 

Two Terminal Networks 
Shunt Peaking, case 1 (Fig. 3B) : 

m = 0.50 

C,=C,+C,, 
1 

27r F,,,, C, 
L. = 0.5 RL2 C, 
Figure of merit 1.0 

Shunt Peaking, case 2 
m = 0.41 

C3 = C,+C2 
.85 

RL - 
27r F,,,, C, 

L,- 0.41 RL2 C, 
Figure of merit 0.85 
The shunt peaking circuit of Fig. 3B 

Fig. 10. Time de ay and amplitude characteristics of amplifier of Fig 8. 
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is the simplest type as it involves only 
one inductance. It has the lowest figure 
of merit of any coupling network, but 
has the advantage of permitting rela- 
tively wide tolerances in circuit values 
with little change in performance. The 
design coefficient m relates the react- 
ance of the peaking inductor Lo to that 
of the total shunt capacitance C, at the 
frequency of correction, and determines 
the linearity of the phase characteristic 
up to the top frequency F,,,,. In case 2, 
improved phase response is obtained at 
the expense of gain factor. Figs. 4 and 
5 show amplitude and time delay char- 
acteristics of the two shunt peaking 
networks, as a function of the ratio of 
actual to top frequency. 

Four Terminal Networks 
Four terminal networks give im- 

proved figures of merit, since the tube 
input and output capacitances are effec- 
tively isolated from each other. On the 
other hand, four terminal networks are 
more difficult to adjust, and frequently 
require certain specified ratios between 
the capacitances at each end. In gen- 
eral, both the figure of merit and the 
linearity of phase and amplitude re- 
sponse will be determined by the man- 
ner in which the capacitances are dis- 
tributed; this is particularly true of the 
more complicated structures. 
Case 1 Series Peaking (Fig. 6A). 

C,-C,+C2 
C2 = 2C, 

RL = 1.5 
27r F,,,, C, 

L, = 0.67 RL2 Co 

Figure of merit 1.5 

The series peaking network of Fig. 
6A provides a gain of 1.5 over the un- 
compensated case, at the same time per- 
mitting a moderate tolerance with re- 
spect to capacitance distribution and 
circuit values. It is sometimes possible 
to achieve a slightly greater figure of 
merit than the above figure would indi- 
cate by using higher values of induc- 
tance and load resistance, but this pro- 
cedure may require resistive damping 
of L, in order to obtain sufficiently uni- 
form response. 

It might be noted that the positions 
of the source and load may be inter- 
changed so that RL is at the output end, 
with no change in network character- 
istics. This may be found necessary in 
certain cases where the terminating ca- 
pacitance C. is less than the input capac- 
itance C,. In any case, the load resistor 
RL should be on the low capacitance side 
of the peaking inductor L,. 

Capacitance ratios other than 2 to 1 

or 0.5 to 1 may be accommodated at the 
expense of uniformity of phase and am- 
plitude response. If, in Fig. 6A, the 

(Continued on page 27) 
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Q. Why have 

SYLVANIA 

Picture Tubes 

grown so famous? 

A. Their performance is 

rooted in experience 

Step by step, from the early days of radio ... up through 
the development of multi -element tubes, and on to elec- 
tronics and television ... Sylvania has progressed to a posi- 
tion of leadership in today's TV picture tube industry. 
During the war period, Sylvania's production of precision 
radar equipment and cathode-ray tubes added much to the 
skills and know-how of Sylvania engineers. 
Still further contributions to Sylvania's high standing in 
the picture tube field have come from this company's half - 
century experience in lighting ... and in perfecting new 
phosphors for the finest in fluorescent lamps. 

Born AND Made-It's important to remember that 
Sylvania is a picture tube manufacturer ... not merely 
an assembler! 
Every Sylvania part is quality controlled by Sylvania crafts- 
men. Even the micro -fine tungsten filaments are drawn and 
tested in Sylvania plants. That's why we say Sylvania pic- 
ture tubes are born and made to serve better ... last longer. 
For full information, write: Sylvania Electric Products 
Inc., Dept. R-2305, 1740 Broadway, New York 19, N. Y. 

Five reasons why Sylvania 

Picture Tubes are the finest 

Research ... specialized radio, televi- _ sion, and electronics laboratories constantly 
exploring and testing every approach to fu- 
ture improvement. 

Background and Experience . . 
25 years a recognized leader in highest 
quality radio and electronic tubes. Devel- 
oped new fluorescent lighting phosphors 
and techniques applicable to TV picture 
tube production. 

Engineering Development .. . 
alert engineering procedures assure effi- 

ciency and speed production of all Sylvania 
products. 

Quality Control ... a continuing pro- 
gram of checking and rechecking every step 
of every process to assure, beyond ques- 
tion, the perfect performance of Sylvania 
Picture Tubes. 

Enlarged Plant Facilities ... 2 great 
plants, devoted exclusively to TV picture 
tube production, assure quick delivery to 
your factory anywhere. 

SYEVANIAvELECTRI C 
RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT LAMPS, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS 
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INFRARED SPECTROPHOTOMETER 

A double beam infrared spectrophoto- 
meter which will meet the demands of 
the structural chemist for high resolu- 

tion and sensitivity, and the analytical 
chemist for speed and accuracy, is now 
in production at the plant of the Perkin- 
Elmer Corporation, Glenbrook, Conn. 

Designated Model 21, the instrument 
records directly in percent transmis- 
sion against a linear wavelength scale 
on large, easily read charts. The instru- 
ment's resolution is up to the limitations 
imposed by the Raleigh criterion and 
Johnson noise. Its speed of scanning 
ranges from 3 minutes to 100 hours for 
the rock salt region, and the wavelength 
drive speed can be suppressed auto- 
matically when desired. The over-all 
range of the instrument is from less 
than 2 microns to 15 microns in the 
rock salt region. 

Chart scales of the Perkin-Elmer 
Model 21 are uniform from 1 to 50 
inches per micron by integral factors. 
The amplifiers and power supplies are 
external. 

PICTURE TUBE COMPONENTS 

The Tube Department of RCA, Har- 
rison, N. J., recently offered to equip- 
ment manufacturers five new compon- 
ents for the RCA 16GP4 deflection sys- 

tems designed to use the horizontal - 
deflection amplifier tube 6CD6-G and 

the vertical -deflection amplifier tube 
6S4. 

These new components are as follows : 
Deflecting Yoke, Type 206D1; Width 
Control, Type 208R1; Horizontal -Lin- 
earity Control, Type 209R1; Horizontal - 
Deflection -Output and High -Voltage 
Transformer, Type 218T1; and Vertical - 
Deflection -Output Transformer, Type 
222T1. 

PARABOLIC ANTENNAS 

Five new parabolic antennas to 
cover the 5929-7125 mc. frequency band 
are now available from the Workshop 
Associates, Inc., 66 Needham St., New- 
ton Highlands 62, Mass. 

Each parabola is available in two, 
four, six, and eight foot diameters, and 

mounts are available for all types of 
installations. The antennas have gains 
up to 44.9 db., and can be supplied with 
complete de-icing equipment and junc- 
tion boxes. 

A free booklet giving complete de- 
scriptions of these antennas may be 
obtained upon request. 

TEST EQUIPMENT 

A new instrument which indicates on 
the screen of an oscilloscope instanta- 
neous speed vs. time is announced by 
Kay Electric Co., Maple Avenue, Pine 
Brook, New Jersey. The Rotalyzer uses 
a properly magnetized disc and a pick- 
up to provide a signal whose frequency 
is proportional to instantaneous speed. 
An accurate determination of this fre- 
quency is made and indicated on the 
cathode-ray oscilloscope screen. Aver- 
age speed is read on a panel meter. 

This instrument may be used in the 
study of torsional vibrations in rotating 
shafts, in the study of "wow" in phono- 
graph equipment, and in the measure- 

ment of shaft rotational changes in 
computer systems. The r.p.m. range of 
900 to 7200 r.p.m. may be extended 
down to 33-1/3 r.p.m. and upward to 
50,000 r.p.m. Speed variation is up to 
200 c.p.s. 

ELECTRONIC TILE SORTER 

An electronic tile sorter designed 
primarily to detect flaws in 41/4" x 41/4" 

'ea! .r5e 
x 1V4 " double -fired tile when it is in 
the bisque state has been announced 
by Electronic Associates Incorporated, 
Long Branch, N. J. 

The Model 203 Tile Sorter is adjust- 
able to meet any possible conditions 
of mixture or firing. Adjustment to 
any level desired by the tile manu- 
facturer is dependent on the following 
ratios: 1) When set to reject 100% 
of the tiles with objectionable air pock- 
ets, it will also reject 100% of the 
cracked tile and will reject all tiles 
under 200 lbs. on the 3 -point break 
test; 2) When set to reject 95% of 
the tiles with objectionable air pockets, 
it will reject 87% of the cracked tiles 
and will reduce the break test to 110 
lbs; and 3) When set to reject 90% 
of the air pocket tiles, it will reject 
80% of the cracked tiles and the break 
test is reduced to 80 lbs. 

This sorter is capable of sorting tiles 
at any rate up to 10 tiles per second, 
which is much faster than the tiles 
can be brought to the machine using 
present conveyor methods. 

HIGH SPEED RELAY 

The Autocall Company, Shelby, Ohio, 
has released for general use their ultra 
high-speed "HHA" relays which were 
originally designed and built as a basic 
component of the Harvard University's 

Mark II Calculator for the Navy De- 
partment. 
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These relays, according to the manu- 
facturer, are built for long life with 
100 million operations, minimum, at 
high speed of 6 to 8 milliseconds and 
incorporate many features including 
six single -pole double -throw contacts 
arranged side -by -side to provide 28 dif- 
ferent contact combinations; individual 
contacts and prongs are of one-piece 
construction, and each contact provides 
its own prong for jack -connecting to 
the circuit. 

Coils can be furnished for 24 to 150 
volts, d.c., with no increase in price for 
the various voltages. 

SOLDERING UNIT 

A soldering unit, operating on the 
conduction principle, and suitable for 
all types of soldering operations includ- 
ing silver soldering and brazing, is now 

available froin Wasserlein Mfg. Co., 
Inc., 7400 3rd Ave., No., St. Petersburg 
6, Florida. 

The Wassco Glo-Melt has a 24 heat 
selector to handle lightest up to heaviest 
work. With capacity equal to a 450 watt 
heavy electric iron, Glo-Melt soldering 
is done with a light handpiece weighing 
only 5 oz., which is said to be as easily 
and accurately handled as a pencil. 
According to the manufacturer, this 
unit is faster and more accurate, con- 
sumes less power, and uses solder and 
flux. 

Glo-Melt literature and a use -manual 
are available from the manufacturer. 

TIME INDICATOR 

Electronic Systems Co., 555 East Tre- 
mont Avenue, New York 57, N. Y., has 
announced its Model 632-B Pulse Rise 
Time Indicator for the accurate plotting 
of the rise time of rapidly rising posi- 
tive voltage pulses. The device employs 
a specially designed delay line of vari- 
able length and a vacuum tube volt- 
meter. 

The 632-B features a radical change 
in the method of analyzing the build-up 
time of a pulse. However, the most im- 
portant factor is the range available: 

.005 to .1 microseconds in 20 steps. 
Other ranges are available upon request. 

PILOT TUNNEL KILN 

Harper Electric Furnace Corporation, 
Niagara Falls, N. Y., has announced a 
small tunnel kiln for speeding up pro- 

duction test runs. Its versatile design 
permits variations in firing cycles to 
allow duplication of most firing sched- 
ules. 

These units are being used in test 
firing of ceramic powders, steatite, elec- 
trical porcelain, insulators, resistors, 
spark plugs, grinding wheels, newly 
developed electronic components, and 
other ceramic products. 

Further information may be obtained 
by writing the company direct. 

FM SIGNAL GENERATOR 

Boonton Radio Corporation, Boonton, 
N. J., has announced the Type 202-D 
frequency modulated signal generator 
designed for use with telemetering re- 
ceiver equipment and in other associated 
applications. 

This instrument covers the frequency 
range from 175 to 250 megacycles and 
is provided with three continuously ad- 
justable deviation ranges: 0-24 kc., 0-80 
kc., and 0-240 kc. In addition, amplitude 
modulation up to 50% may be obtained 
using the internal audio oscillator and 

modulation to 100% using an external 
audio oscillator. 

The deviation sensitivity of the fre- 
quency modulation system is within 

0.5 db. from d.c. to 200 kc. The ampli - 
(Continued on page 29) 

When the situation 
calls for BETTER 
COILS 

PRECISION 
paper tubes 
provide the BASE. 

Precision Paper Tubes assure better 

coils by providing a superior coil 

base of finest dielectric 

Fish Paper, Cellulose 

Acetate, or 

combination, 

that improves 

insulation, has 

lower mL.,sture 

absorption. 

Spirally - 

wound and 

heat -treated 

for greatest 

strength, 

they're lighter; 

afford greater 
Whether your 

heat dissipation. 
coils be round, oval, 

square, rectangular or other shape- 
regardless of their length, ID or OD- 
we can supply a Precision Coil Form 

made exactly to your specifications. 

Write or wire today for new Mandrel 
List of over 1,000 sizes. Ask about new 

Precision Di -Formed Paper Tubes that 
allow making more compact coils at 

no extra cost. 

PRECISION PAPER TUBE CO. 

Also makers of Precision Coil sobbins 
2063 W. Charleston St., Chicago 47, 111. 
Plant #2, 79 Chapel St., Hartford, Conn. 
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DR. LANGMUIR RETIRES 

Dr. Irving Langmuir, regarded as one 
of the greatest scientists of modern 

times, has retired as associate director 
of General Electric Company's Research 
Laboratory. Dr. Langmuir will continue 
work in the laboratory in a consulting 
capacity, but will engage primarily in 
activities of Project Cirrus, joint 
weather research program of the U. S. 
Army Signal Corps and the Office of 
Naval Research in consultation with 
General Electric. 

Dr. Langmuir, who has received the 
world's top-ranking scientific awards, 
including the Nobel Prize in chemistry 
in 1932, was responsible for the de- 
velopment of the gas -filled incandescent 
lamp, the high -vacuum power tube, 
atomic hydrogen welding, screening - 
smoke generator for the military, and 
methods for artificial production of 
snow and rain from clouds. 

MICROWAVE REPEATER IN PRODUCTION 

The Philco feedback -type microwave 
repeater announced at the recent an- 
nual session of the Communications 
Section of the Association of American 
Railroads is now being manufactured 
on a production basis. 

Capable of handling up to 32 two-way 
voice channels or combinations of voice 
and coded intelligence, the Philco CLR-5 
microwave repeater is designed for 
operation in the 6575-6875 megacycle 
band, which is available to railroads. 
This feedback repeater circuit permits 
multiple chain repeats with very little 
distortion and makes possible the use 

r ran 
ually. 
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s princ1 
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of only one microwave oscillator tube 
for both transmitting and receiving 
functions of a single -direction repeater. 

The Industrial Division of Philco 
Corporation, Philadelphia 34, Pa., will 
give further information and detailed 
technical specifications upon request. 

ELECTRIC FIELD 

A shadow technique, developed by Dr. 
L. L. Marton and associates of the 
National Bureau of Standards, now 
makes it possible to photograph and 
study quantitatively electrostatic and 
magnetic fields of extremely small di- 
mensions. 

The striking pattern shown is the 
result of an electric field about a 
charged crystal of barium titanate when 
studied by the electron -optical shadow 

method. This method offers a powerful 
tool for exploring fields that have not 
been susceptible to other methods of 
investigations. 

An electron lens system is used to 
produce a shadow image of a fine wire 
mesh placed in the path of an electron 
beam. From the distortion in the shadow 
network caused by deflection of the 
electrons as they pass through the field 
under study, accurate values of field 
strength are computed. In the photo- 
graph, the distorted shadow image of 
the wire mesh is superposed on the 
image of the crystal (center) and its 
0.010 -inch tungsten -wire support. 

NEW SITE FOR NBS LABORATORY 

Approval has been given for the de- 
velopment of a site at Boulder, Colo- 
rado, for additional Bureau laboratory 

facilities. To be used initially by the 
Bureau's Central Radio Propagation 
Laboratory, the site consists of about 
210 acres directly south of the city. 

Laboratory facilities at Boulder for 
research in radio propagation at a cost 
of about $4,500,000 have been author- 
ized by Public Law 366 of the 81st Con- 
gress. Actual construction is expected 
to start in the summer of 1951 and 
when completed will maintain a re- 
search staff of about 300 people. 

NBS TO USE MEMORY UNITS 

The first of three Technitrol mem- 
ory units has been obtained by the 
National Bureau of Standards for use 
in the latest type of large scale elec- 
tronic computer developed jointly by 
funds of the Air Comptroller Depart- 
ment of the Army and NBS. 

The memory unit, based on the prin- 
ciple of the mercury delay line origin- 
ally conceived at the University of 
Pennsylvania and manufactured by the 
Technitrol Engineering Co., is an auto- 
matic brain which will remember for 
later recall any sequence of facts or 
figures once placed on it. It has reached 
its latest development in the computer 
to be known as the NBS Interim Com- 
puter. 

In addition to contemplated work in 
processing the 1950 census figures, the 
Interim Computer will be studied in 
an effort to develop new and better com- 
puters for Government and commercial 
use. It will also be utilized for solving 
many of the scientific problems that 
arise in the normal work of the Bureau. 

ULTRASONIC GENERATOR 

One of the many electronic develop- 
ments described in "Electrical and 
Allied Developments of 1949" published 
in the General Electric Review was an 
ultrasonic generator having a quartz 

transducer on top of the power supply. 
and operating in an oil -filled well. 

Power at 300, 500, 750, or 1000 kc. is 
supplied by the equipment. Applications 
of this ultrasonic generator include as - 

f 
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sistance to chemical reactions, bacteria 
control, and the mixing of immiscible 
liquids such as mercury into water. 

IMPROVED MULTIPLIER PHOTOTUBE 

Important advances in nuclear re- 
search, astronomy, photoelectric spec- 
trometry, and other fields involving 
work with light at extremely low levels 

RCA 1P11 
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is expected with the announcement of 
a greatly improved 1P21 multiplier 
phototube by RCA's Tube Department. 
Heart of the cyclotron used in radiation 
research at the University of Rochester 
is an RCA 1P21 multipler phototube 
shown partially disassembled. The 
"equivalent noise input" of the im- 
proved 1P21 has been reduced to 5x10'' 
lumen at room temperature. This value 
represents a six -fold reduction in opera- 
tional noise and permits a correspond- 
ing reduction in the lower limit of 
measurable light intensities. 

This extension in the range of the 
1P21 makes it an even more valuable 
aid for astronomers studying light from 
distant stars, for nuclear scientists 
studying atomic radiation, and for other 
laboratory research work requiring 
measurement of light of extremely low 
intensity. 

INSTRUMENT TO RECORD BRAIN 

AND HEART ACTION 

Equipment for making radar -like 
pictures of the heart and brain in 
action was described by Dr. Stanford 
Goldman, professor of electrical en- 

gineering at Syracuse University and 
former research associate in the M.I.T. 
Research Laboratory of Electronics, at 
the recent IRE Convention. Results al- 
ready obtained indicate that the pic- 
tures will be useful for the diagnosis 

of disease in the heart and brain and 
in studying the physiology of these 
vital organs. 

The equipment, first conceived and 
developed at M.I.T., picks up tiny elec- 
trical impulses which flow through 
nerves in the body. These impulses are 
then converted into a constantly mov- 
ing map -like picture similar to those 
made by World War II radar sets. 

Equipment shown in the center of 
the photograph amplifies signals from 
electrical pick-ups on the patient at the 
right. Dr. Goldman at the left is shown 
examining a printed record of these sig- 
nals while William F. Bantelmann, Jr., 
M.I.T. Research Assistant in electrical 
engineering, watches the visional pat- 
tern. 

NEW LITERATURE 

Handling of Radioactive Isotopes 
The National Committee on Radiation 

Protection, established by the National 
Bureau of Standards, has prepared a 
handbook giving recommendations for 
the safe handling of artificially -pro- 
duced radioactive isotopes in the typical 
laboratory or small industrial operation. 

Handbook H42, Safe Handling of 
Radioactive Isotopes, gives general 
safety recommendations which may be 
modified to suit the control requirements 

of different types of operations. Specific 
problems discussed are those of person- 
nel, laboratory design and equipment, 
hazard instrumentation, hazard moni- 
toring, and transportation of isotopes. 
The increasing use of radioactive iso- 
topes by industry, the medical profes- 
sion and research laboratories has made 
it essential that certain minimal pre- 
cautions be taken. 

This handbook is priced at 15 cents a 
copy and is available from the Super- 
intendent of Documents, U. S. Govern- 
ment Printing Office, Washington 25, 
D. C. 

Paper Laminates 
A report prepared by the Plastics 

Laboratory of Princeton University un- 
der joint sponsorship of the National 
Defense agencies describes the develop- 
ment of a low -loss, arc -resistant paper 
laminate for high frequency applica- 
tions. 

The report, released to the public 
by the Office of Tech lical Services of 
the U. S. Department of Commerce, 
deals with modifying standard mela- 
mine -formaldehyde impregnating resin 
with varying amounts of hexamethyl- 
enediamine to produce a laminated ma- 
terial with high dielectric strength, 

(Continued on page 25) 

All Sizes in 
Square and Rectangular Tubes 

Leading manufacturers rely on the quality 
and exactness of PARAMOUNT paper 
tubes for coil forms and other uses. Here 
you have the advantage of long, specialized 
experience in producing the exact shapes 
and sizes for a great many applications. 
Hi -Dielectric, Hi -Strength. Kraft, Fish 
Paper, Red Rope, or any combination. 
Wound on automatic machines. Toler- 
ances plus or minus .002", Made to your 
specifications or engineered for YOU. 

Write on company letterhead for Arbor List 

PARAMOUNT PAPER TUBE CORP. 
613 LAFAYETTE ST., FORT WAYNE 2, IND. 

Manufacturers of Paper Tubing for the Electrical Industry 
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personal 
DR. MERLE M. ANDREW has joined the staff of the 
machine development section of the National Bureau of 
Standards applied mathematics laboratories. Before coming 
to the Bureau, Dr. Andrew was engaged in operational re- 
search with the Naval Operations Evaluation Group and 
prior to that time conducted radar research at the Radiation 
Laboratory of MIT. He is a member of the American 
Mathematical Society and the American Physical Society. 

ARTHUR L. CHAPMAN has been named general mana- 
ger of the Colonial Radio and Television Division of 
Sylvania Electric Products Inc. With headquarters in Buf- 
falo, N. Y., Mr. Chapman will be responsible for production 
and sales of the division in addition to his duties as general 
manager of Sylvania's newly formed Parts, Wire and 
Plastics Division at Warren, Pa. Mr. Chapman has been 
associated with Sylvania since 1933. 

CURTIS R. HAMMOND has been appointed equipment 
sales manager of the Receiving Tube Division of Raytheon 
Manufacturing Company. He will be responsible for the 
sale of radio receiving tubes and cathode-ray picture tubes 
and will direct activities from Raytheon's Chicago ware- 
house. Mr. Hammond joined Raytheon five years ago after 
many years in sales and sales engineering work with Ken - 
Rad Tube and Lamp Corporation. 

DELMAN E. ROWE has been appointed senior test direc- 
tor in the guided missiles research laboratory of the National 
Bureau of Standards. Mr. Rowe, who received the Naval 
Ordnance Development Award with Certificate by the Naval 
Bureau of Ordnance in 1945, is a member of the Institute 
of Radio Engineers, is the inventor of a microwave switch 
and attenuator, and has published several technical papers 
in the electronics field. 

ROBERT A. STAREK has been appointed field engineer 
for the Radio Tube Division of Sylvania Electric Products 
at Emporium, Pa. Formerly commercial engineer, Mr. Starek 
joined the Engineering staff of Sylvania immediately after 
receiving his B.S. degree in electrical engineering from Iowa 
State College. He is a member of the American Institute of 
Electrical Engineers and the IRE and will make his head- 
quarters in the Cincinnati office. 

JERODME R. STEEN, director of quality control for Syl- 
vania Electric Products, Inc., New York, has been elected 
to grade of Fellow by the board of directors of the Institute 
of Radio Engineers. Mr. Steen joined the engineering staff 
of the Radio Division of Sylvania at Emporium, Pa., in 1931 
and since that time has been active in the application of 
quality control and standardization methods in radio tube 
manufacture. 

New it -C Osc. 
(Continued from page 14) 

plate load resistor RL, or the alternate 
cathode resistor R. may be varied for 
manual adjustment of amplifier gain. 
The higher supply voltages give a more 
linear operating region for the amplifier 
tubes. 

Oscillators of this type have been ad- 
justed to operate with various supply 
voltages ranging from 100 to 350 volts. 
When distortion is considered impor- 
tant the circuit should be supplied with 
higher voltages and adjusted to as near 
the oscillation threshold as is deemed 
advisable. The supply should be reg- 
ulated if possible but satisfactory re- 
sults can be obtained over quite a range 
of voltages. 

The amplitude of oscillation is a 
marked function of these supply volt- 
ages; therefore, the relative distortion 
will also vary. Some compensation is 
possible by using one of the circuit 
variations. 

Circuit Variations 
There will be some quiescent current 

flowing in the nonlinear element if two 
equal resistors are used in the cathodes. 
These tubes are not balanced because 
the load resistor appears only in the 
plate circuit of stage two. This condi- 
tion will be known as the unbalanced 
circuit. 

If the cathode resistor R,_ is increased 
in value the d.c. voltages on the cath- 
odes may be made equal and the non- 
linear element will not carry d.c. cur- 
rent. This will be known as balanced 
circuit A and does not require any ad- 
ditional circuit components. 

When the circuit is made symmetrical 
by using a dummy load resistor in the 
plate circuit of the first stage the quies- 
cent current may be removed from the 
nonlinear element. This will be known 
as balanced circuit B. If this dummy 
load is bypassed for a.c. signals the 
gain is given by the first expression. 
If the dummy load is not bypassed the 
element RL, must be included in calcula- 
tion of the net amplifier gain in this 
manner : 

K' = B -}-ACR. (9 ) 

where the constant A is the same as 
Eqt. (6), and B and C are given by: 

B= (r,- RL_) [ro (Rk,+R,_) -{- 

4+1) R,,R,,] +rR,,Rkz (µ4+1) + 
RL,- Rk:(rp+RL,)+Rk,[rp+RL,+ 
(14+1)Rk,] } (10) 

C=[rp+(Ek,+1)Rk,] 
(p,-1-1) R,,,] +RL, [rp+R L,+ 
(14+1)R,,] (11) 

The basic unbalanced circuit causes 
the attenuation in the "n coupling" net- 
work to increase with increasing sup- 
ply voltages. This tends to counteract 
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A 6SN7 oscillator of the unbalanced cir- 
cuit form operating at 995 to 997 c.p.s. 

the increase in tube amplification at 
higher supply voltages in much the 
same manner as the circuit of Fig. 7A. 
This unbalanced circuit offers this in- 
herent compensation; however, where 
the greatest a.c. sensitivity is desired 
the amplifier should be balanced for 
equal d.c. voltages on the cathodes. 

The variation of amplifier gain with 
respect to signal level has been ex- 
amined for the unbalanced and two bal- 
anced circuit variations. Typical re- 
sults are indicated in Fig. 8. 

The basic unbalanced circuit is shown 
to be less responsive to supply voltage 
variations in the results given in Fig. 9. 

The circuit presented is well suited 
to fixed frequency oscillators. The val- 
ues required may first be calculated 
and then trimmed on a trial and error 
basis. A great deal of care is required 
to locate the frequency to less than 1 

per -cent using fixed elements. These 
rules may prove helpful: 

1-To raise the frequency pad addi- 
tional resistance across R, or R, in the 
feedback circuit. 

2-To lower the frequency pad addi- 
tional capacitance across C. or C. in the 
feedback circuit. 

3-The choice between the two re- 
sistors (or the two condensers) is made 
considering the present level of oscilla- 
tion. When additional resistance is 
placed across R, or additional capaci- 
tance is placed across C, the signal level 
of steady oscillation will increase. If 
some adjustment of amplifier gain is 
provided this need not be considered. 

A number of fixed frequencies may be 
obtained by suitable switching of fixed 
components in the feedback network. 
Both the resistance and the capacitance 
elements may be switched for frequency 
ranges greater than one decade. There 
is a relationship between the values 
selected; these general rules may help 
in adjusting these values. 

1-Begin with the larger values of 
resistance and capacitance first. 

2-Complete the selection of the set 
of elements (R's or C's) which are 
greater in number. Attempt to main- 
tain nearly constant output signal am- 
plitude for these values. 

3-Complete the selection of the re- 
maining set of elements. This set will 
generally be used as multipliers of the 
frequencies given by the first set. 

A very useful audio oscillator may be 
constructed using two sets of element 
values for the feedback network. An 
example of the different frequencies 
which might be obtained is as follows: 

The resistor elements are selected 
with a two pole, nine point switch to 
give these base frequencies: 10, 16, 20, 
25, 30, 40, 60, 60 and 80 cycles per sec- 
ond. The condenser elements are se- 
lected with a two pole, three point 
switch to give these multiplier factors: 
Times 1, Times 10 and Times 100. 

Continuously variable frequency os- 
cillators may use ganged resistance or 
capacitance pairs with the alternate 
elements switched for different multi- 
plier factors times the basic frequency 
range. Ganged resistors may be used 
in series with fixed resistors to min- 
imize tracking errors-a frequency 
range of 3:1 may be suggested here. 
Variable resistor elements will cause 
the loading of the feedback network 
upon the amplifier to vary as the oscil- 
lator is tuned to different frequencies. 
Ganged condensers may be used for a 
range of 10 :1 as tracking is much easier 
and the loading upon the amplifier is 
constant. If the minimum capacitance 
is to be 100 ggfd. the condenser pair 
would require a maximum of 1000 µµfd. 
per section for a decade of frequency 
variation. With care a smaller minimum 
capacitance might be used. 

Advantages of this new oscillator are 
primarily in design and economics, 
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Fig. 13. Gain characteristics of 
the amplifier shown in Fig. 7A. 

where cost, weight acid space are im- 
portant. Fixed frequency applications 
include bridge test sets, intermodula- 
tion test sets, modulation signals for 
signal generators, telemetering systems, 
tone generators, and simple musical 
instruments. 

Semi -variable and continuously vari- 
able frequency oscillator applications 
are many and varied. This oscillator 
will best serve in those applications 
where it has not been possible to use 
other circuits because of the cost, space 
and weight factors. 

News Briefs 
(Continued from page 23) 

very low dielectric loss and good punch- 
ing characteristics. 

PB 99220, Low -loss Arc -resistant Pa- 
per Laminates, sells for 500 a copy. 
Orders should be addressed to the Office 
of Technical Services, U. S. Department 
of Commerce, Washington 26, D. C., and 
should be accompanied by check or 
money order payable to the Treasurer 
of the United States. 

Welding Control Equipment 
Westinghouse Electric Corporation 

now has a booklet describing in detail 
its electronic resistance welding control 
equipment, both synchronous and non - 
synchronous. 

Basic equipment in the control circuit 
includes a sequence -weld -timer panel 
and a means to fire the ignition tubes in 
the power circuit. Auxiliary control 
panels can be readily added to meet 
specific job requirements. 

A copy of this booklet, B-4309, may 
be obtained by writing Westinghouse 
Electric Corporation, P. 0. Box 2099, 
Pittsburgh 30, Pa. 

TV Tube Booklet 
The Radio Tube Division of Sylvania 

Electric Products Inc., Emporium, Pa., 
is offering a new 20 -page booklet pro- 
viding television picture tube and gen- 
eral purpose cathode ray tube charac- 
teristics; replacement tube data; base 
diagrams; suggestions for tube han- 
dling; and a concise description of cath- 
ode-ray oscilloscope use in television 
servicing. 

Information contained covers 166 
tube types with faces ranging from two 
to twenty inches maximum dimension 
utilizing electrostatic or magnetic de- 
flection systems. A nomenclature chart 
explains the meaning of type number 
letters and figures and applications for 
different types of tube screens. 

The booklet is available through Au- 
thorized Sylvania Distributors. 

Geiger -Muller Counter 
The nature, construction, and use of 

the Geiger -Muller Counter is presented 
in a new booklet just published by the 
National Bureau of Standards. 

In addition to the treatment of the 
counter itself, the booklet discusses 
methods of detecting counter pulses, ap- 
plications of counters to quantitative 
measurements, proportional counters, 
and the preparation and filling of 
Geiger -Muller Counters. 

Circular 490, The Geiger -Muller 
Counter, may be obtained from the Su- 
perintendent of Documents, U. S. Gov- 
ernment Printing Office, Washington 
25, D. C., 200 a copy. 
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NEW 
TUBES 

SYLVANIA TUBES 

Subminiature Tubes 
Two additional Sylvania subminia- 

ture tube types, a medium -mu triode 

and a high -mu triode, are now avail- 
able. Type 5645 medium -mu triode is a 
T-2 suitable for Class A amplifier ap- 
plications. Under typical operating con- 
ditions the tube will have a transcon- 
ductance of 2700 micromhos and an 
amplification factor of 20. Maximum 
rated plate dissipation is 1 watt and 
plate resistance is 7400 ohms. 

Type 5646 high -mu triode is a T-2 
suitable for Class A amplifier or re- 
sistance coupled amplifier applications. 
Under typical operating conditions the 
tube will have a transconductance of 
2400 micromhos, an amplification factor 
of 70, and a plate resistance of 29,000 
ohms. Maximum rated plate dissipation 
is 0.3 watt. 

Both subminiature types have 6.3 
volt, 150 milliampere heaters, and flexi- 
ble leads for direct wiring to circuit. 

Beam Power Amplifier 
A high-perveance beam power ampli- 

fier designed for use as a horizontal 

deflection amplifier in high efficiency de- 
flection circuits for television receivers 

is another of the many new tubes an- 
nounced by Sylvania. 

Features of type 6AU5GT include: 
low -mu, high plate current at low plate 
voltage and high operating ratio of 

plate current to number 2 grid current. 
The tube has a 6.3 volt, 1.25 ampere 
heater. Under typical operating condi- 
tions, it will have trans -conductance of 
approximately 6000 micromhos; mu ap- 
proximately 5.9. The maximum plate 
dissipation is 8 watts; peak positive 
pulse plate voltage is 4500 volts; and 
maximum d.c. plate voltage is 450 volts. 

Picture Tubes 
An 81 -inch, all -glass, direct -view 

television tube with electrostatic focus 
and deflection for use in television sets 
designed for 7 -inch viewing tubes is now 
available through authorized Sylvania 
distributors. 

The tube, type 8BP4, is interchange- 
able with type 7JP4 and offers the ad- 
vantages of 50% increase in useful area. 
Deflection sensitivity is provided for full 
scan in circuits designed for full scan 

r 
with 7 -inch tube types. Operating vol- 
tages include: 6000 on number two an- 
ode; 1620 to 2400 on number one anode; 
and zero to -72 to -168 volts on num- 
ber one grid. 

Type 16LP4 is a 16 -inch, all -glass, 
direct -view television tube supplied with 
an external conductive coating which 
acts as a filter capacitance when 
grounded. The tube is supplied with 
neutral or clear face plates and employs 
an ion trap gun for use with external 
magnet. 

Typical 16LP4 picture tube operating 
conditions include: maximum usable 
face diameter, 157,i inches; heater volts, 
6.3; heater current, 0.6 amperes; focus 
coil current, 110 milliamperes; ion trap 
magnet current, 120 milliamperes; num- 
ber 1 grid volts (for cut-off) -33 to 
-77; number 2 grid volts, 300; and 
anode volts, 12,000. 

Miniature Portable Radio Tubes 
A new line of miniature radio tubes 

for portable radio receivers, said to be 
the first announced in this country in 

more than ten years in which filament 
current has been reduced below 40 mil- 
liamperes per tube, is now being offered 
by Sylvania. 

The new tubes require only 25 milli- 
amperes per tube which means that "A" 

batteries used in portable receivers will 
last approximately three times as long 
as with previous tubes. All are supplied 
with 7 -pin miniature button bases. 

Types included are: 1U6, a heptode 
converter with oscillator anode as a 
separate element; type 1AF5, a diode 
pentode; type 1AF4, a sharp cutoff r.f. 
pentode; and type 3E5, a beam power 
output tube. Power required for a com- 
plement of the new tubes in a typical 
battery -operated superheterodyne is 
only 2.1 watts. They will also operate 
satisfactorily over a range of 1.4 volts 
to 1.1 volts. 

Miniature Rectifier Tubes 
The Radio Tube Division, Sylvania 

Electric Products Inc., 500 Fifth Ave., 
New York 18, N. Y., has announced a 
miniature high voltage half wave recti- 
fier designed for television receiver 
pulse rectifying systems and voltage 
doubler circuits for magnetically de- 
flected 10 and 12 -inch viewing tubes. 

The tube, type 1V2, has a peak in- 
verse plate voltage of 7500, a peak plate 
current of 10 milliamperes, and an av- 

erage plate current of .5 milliamperes. 
Type 1X2 is a double ended miniature 

high voltage rectifier tube designed for 
use with r.f., fly -back, and 60 -cycle types 
of power supply for television picture 
tube anodes. This type is for use in 
power supplies where voltages up to 
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15,000 volts d.c. are required. The 1X2 
is mounted in a T-61/2 bulb and has an 
over-all height of 21M6 inches. 

RECEIVING TUBES 

Three new receiving tubes designed 
mainly for television receivers have 
been added to General Electric's tube 
production lines. 

The 6AS5 is a beam -power amplifier 
of miniature construction intended for 
use as the audio power -output tube in 
television receivers and small radio re- 
ceivers. When operating Class Al, with 

a plate voltage of 150 volts and an input 
signal of 8.5 volts peak, 2.2 watts of 
output power can be realized with 10 

per -cent distortion. 
The 6BA6-GT and 25BQ6-GT are 

beam -power amplifier tubes designed to 
withstand high -surge plate voltages for 
short periods of time. These tubes are 
intended for use as horizontal -deflection 
amplifiers in television receivers. Maxi- 
mum ratings of the tubes include a plate 
dissipation of 10.9 watts, a plate current 
of 100 milliamperes, and a peak positive 
surge plate voltage of 5000 volts. 

Further information may be obtained 
from the Tube Divisions, Schenectady, 
New York. 

RCA TUBES 
Deflection Amplifier Tubes 

Two new deflection amplifier tubes 
designed particularly for use with the 

new 16 -inch "metal" picture tube 16GP4 
have been announced by the Tube De- 
partment of RCA, Harrison, N. J. 

The 6CD6-G shown is a high-perve- 
(Continued on page 29) 

Video Amp. Design 
(Continued from page 18) 

ratio Ca/C, is designated by M, the val- 
ues of RL and La will be modified by: 

R = N/MRL/2 ; La' = MLa/2 
where and La' are the new values of 
load resistance and peaking inductance 
respectively. The curves of Fig. 7 show 
amplitude and time delay characteris- 
tics of the series peaking network, for 
the case where C. = 2C1. 

Two Section Filter Coupling 
It is frequently possible to secure 

uniform response and an improved fig- 
ure of merit with a four terminal cou- 
pling network designed on the basis of 
a low-pass filter. Although such a net- 
work requires rather carefully con- 
trolled distribution of capacitances for 
best results, it does provide a gain fac- 
tor approaching 2 over the uncompen- 
sated case, and has the further advan- 
tage that two output terminals are 
available (Fig. 6B). 

The filter structure consists of a T 
type constant K full section, with mid - 
shunt terminated half -sections at each 
end. The full T section is composed of C. 
and the two series impedances L,/2 and 
L,/2. The load resistance and the cut- 
off frequency of the filter as a whole is 
determined by the capacitance C2. The 
cut-off frequencies of the end half -sec- 
tions are determined by capacitances C, 
and C,. In order to prevent an unwanted 
rise in the image impedance of the in- 
put half -section, it is usually necessary 
to add resistive damping across L,. The 
value of the damping resistor Rd is best 
determined by experiment, and will gen- 
erally lie in the vicinity of 5 to 6 times 
the load resistance. 

Due to the larger number of reactive 
elements, this type of coupling network 
shows a somewhat greater deterioration 
of phase characteristics about the top 
frequency. In order, therefore, to ob- 
tain sufficiently uniform response, it is 
sometimes necessary to design for a 
higher top frequency than would other- 
wise be the case. For optimum results, 
the terminating capacitances C, and Ca 
should be nearly equal to one half the 
center capacitance C2. 

=C, i Ca -{- Ca ; C2 ^ 2C, or 2C, 

R, = 

l Lr=l2 r+C:1 
\2zrFaa,1 

L, l 2 + CZ 1 `27r F,,a: 

Figure of merit 2.0 

Case S. Modified Shunt -Series Peaking 
This type of coupling network pro- 

vides a large figure of merit and at the 
samè time quite uniform phase and am- 
plitude characteristics. It is similar to 

a true-to-life fidelity cc 
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the two section filter coupling described 
above, except that the terminating half - 
section is of the mid -series type. C. of 
Fig. 10 is therefore missing. The shunt - 
series network may afford a slightly 
better gain factor than the network of 
Fig. 6B, and the deterioration of phase 
response about the top frequency is not 
so great (Fig. 9A). 

The accompanying Table II, taken 
from a report by O. H. Schade of RCA 
Laboratories gives the information nec- 
essary to design a shunt -series peaking 
network for capacitance ratios of 0.3, 
0.5, and 1.0. Since the characteristics 
of the network are comparatively in- 
sensitive to this ratio, it is possible to 
interpolate between the values given 
with a fair assurance of success. 
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Q Aerophy,icol Research 

HAVE YOU A JOB FOR A 
TRAINED TECHNICIAN? 

We have a number of alert young men 
who have completed intensive training 
in Radio and Television Repairing. They 
learned their trades thoroughly by work- 
ing on actual equipment under personal, 
expert supervision. 

If you need a trained man, we invite 
you to write for an outline of our course, 
and for a prospectus of the graduate. No 
fees, of course. Address: 

Placement Manager, Dept. P-106-5 
COMMERCIAL TRADES INSTITUTE 

1400 Greenleaf Chicago 26 
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Of the six circuit values in the net- 
work, only two needbe determined in 
order to completely design the interstage 
for a given bandwidth or gain. As the 
capacitances C. and C. are presumed 
fixed and reduced to their practical 
minimums, either the bandwidth or the 
gain may be used as a design parameter. 
Once the capacitances have been evalu- 
ated, the remaining parameters may be 
determined as a function of the chosen 
parameter directly from the table. The 
necessary design equations are: 

C, = C. + C:; R. = 1/ITF,C, 

L,= R,' C,; L, = 0.5 L, 

where F. is the cutoff frequency of the 
network and R. is the load resistance 
design constant. 

The general procedure in designing 
a network of this type is to determine 
first the capacitances C. and C,, the 
capacitance ratio C,/C, and the total 
capacitance C,. The ratio of the net- 
work cut-off frequency F. to the top fre- 
quency of correction F,... for the exist- 
ing capacitance ratio is determined 
from Table II (col. 4). The resulting 
value of F. is then used to calculate the 
load resistance design constant R,. The 
actual load resistance RL can then be 
obtained from column 3 and the values 
of L,, L,, and Rd determined. 

Where the video amplifier provides a 
fairly large gain reserve, it is some- 
times possible to make use of selective 
degenerative feedback to compensate 
for discrepancies in the over-all high 
frequency characteristic. One simple 
method of accomplishing this is shown 
in Fig. 9B. 

The resistance -capacitance network 
in the cathode circuit of the tube has a 
short time constant, and provides selec- 
tive degeneration. Ck is a small mica 
capacitor, seldom larger than 1000 µ ofd. 

The voltage gain of the stage at low 
and medium frequencies where Ck is 
not effective is given by: 

AL = G. RL 

1+ G., Rk 

and is. of course, always smaller than 
the stage gain were Rk omitted. The 
gain reduction due to Rk is: 

20 log (1 + G Rk) decibels 

This equation indicates the maximum 
degree of amplitude compensation ob - 

Table II. Table for determining the 
ratio of the network cut-off frequency 
to the top frequency of correction 
for the existing capacitance ratio. 

1 2 3 4 5 
C, 

7e; 
Rd 

R, 
R, 
R. 

F,,,,, Figure 
of F. 

0.3 5.66 1.088 0.96 2.1 
0.5 5.66 1.075 0.85 1.8 
1.0 18.90 1.00 0.76 1.5 

Tube Type G° F' F" 
6AG5 5000 98 232 

6AH6 9000 117 238 

6AK5 5100 119 242 

6AU6 5200 79 157 

6AC7 9000 90 184 

6AG7 11000 85 177 

7B5 (6K6GT) 2300 24 47 

7C5 (6V6GT) 4100 35 71 

6L6G 6000 40 84 

Table L The gain -bandwidth factor 
for some of the more common tubes. 

tainable with cathode peaking for a 
fixed value of Rk. 

At the high frequency end of the 
video band, the shunting reactance of 
Ck causes a decrease in the effective 
cathode circuit impedance, and results 
in an increased voltage gain. At the 
same time, the a.c. plate -cathode volt- 
age is shifted in phase in a direction 
such as to partially counteract the 
phase shift produced by the plate cir- 
cuit time constant C, RL. The gain at 
high frequencies is given by: 

Ak G RL 
1 + (G Rk/y) 

where y = [ (27r f Ck Rk)' 1.]1/2 

and the added phase shift by: 

1 -tan' ( 27rf CkRk ) 
It is possible to effect nearly complete 

high frequency phase and amplitude cor- 
rection with cathode peaking by making 
the plate circuit and cathode circuit 
time constants equal, that is: 

RL C, = Rk Ck 

The figure of merit of a stage using 
cathode peaking only is generally not 
nearly so good as will be obtained with 
the two and four terminal networks de- 
scribed. Cathode peaking is, however, 
useful in small and controlled amounts 
to supplement compensation obtained by 
other means. 

The high frequency characteristics of 
a well designed television video ampli- 
fier should be such that the maximum 
variation in over-all delay time at 4.0 
megacycles will not exceed about 0.08 
microseconds. This requires that the 
total phase deviation up to the highest 
frequency of importance be not greater 
than 57° per stage in a two stage am- 
plifier. The over-all amplitude charac- 
teristic should be flat to within :t 1 
decibel or so up to the top frequency of 
correction. 

The schematic diagram of Fig. 8 
shows a typical two stage television 
video channel incorporating high and 
low frequency compensation, while Fig. 
10 indicates its time delay and am- 
plitude characteristics. 

"ACOUSTICAL DESIGNING IN 
ARCHITECTURE" by Vern O. Knud- 
sen and Cyril M. Harris. Published by 
John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N. Y. 457 pages. 
$7.50. 

Architects, builders, acoustical en- 
gineers, teachers and students of archi- 
tectural acoustics will find this book 
extremely valuable as it covers the 
entire field of acoustical design in 
architecture. Practical applications are 
emphasized and includes design of audi- 
toriums, theaters, school buildings, 
homes, churches, radio, television and 
sound -recording studios. 

The contents is divided into two sec- 
tions: (1) a consideration of the general 
principles and procedures which form a 
basis for all acoustical designing, and 
(2) a description of specific applications 
of these principles and procedures. 

Complicated mathematical formulas 
are translated into physical explana- 
tions, and charts and nomographs are 
given for many formulas. Comprehen- 
sive tables give pertinent data on sound - 
absorptive materials and sound-insula- 
tive structures. 

This volume will serve as a practical 
guide to good acoustical designing as 
well as a handbook in the solution of 
problems encountered. 

"ADVANCES IN ELECTRONICS" 
Volume II, Edited by L. Marton, Na- 
tional Bureau of Standards. Published 
by Academic Press Inc., 125 East 23rd 
St., New York, N. Y. 378 pages. $7.60. 

Because of the favorable reception 
given the first volume of "Advances in 
Electronics," it was decided that a year- 
book of this kind would receive wide 
acclaim. This second volume covering 
the latest advances in the field of en- 
gineering electronics includes a large 
contribution from European authors, 
whereas the first volume was written 
in its entirety by American authors. 

Contributors to this second volume 
are: Donald K. Coles, Westinghouse 
Research Labs; H. Fröhlich, University 
of Liverpool, G. F. J. Garlick, Univer- 
sity of Paris, France; Gunnar Hok, 
University of Michigan; G. Liebmann, 
Associated Electrical Industries, Ltd., 
Berkshire, England; Hilary Moss, Elec- 
tronic Tubes Ltd., Reading, England; 
George T. Rado, Naval Research Labo- 
ratory; and J. H. Simpson, National 
Research Council of Canada. 

The editors and publishers have ex- 
pressed a hope that this text will be a 
definite contribution to the free and 
international exchange of ideas among 
scientists. 0 
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New Products 
(Continued from page 21) 
tude modulation system is substantially 
flat from 30 cycles to well above 100 kc. 
A monitoring meter is used to stand- 
ardize the output level of the signal 
generator in order to make the mutual 
inductance r.f. attenuator direct read- 
ing over the range from 0.1 microvolts 
to 0.2 volts. 

The instrument is self-contained, with 
power supply, and is designed for use 
on 115 volts, 60 cycles. Complete details 
may be obtained on request. 

COIL WINDER 

A manually -operated coil winding 
machine designed for the production of 
paper -insulated coils in multiple or 
"stick" form is announced by Universal 
Winding Company, Providence, Rhode 
Island. 

The No. 108 Winder was designed to 
supplement the automatic type of ma- 
chine with a low-cost machine suitable 
for the predominantly "job shop" type 
of market characteristic of the ever- 
changing electrical and electronic parts 
industries. The machine can be adjusted 
quickly to accommodate changing re- 
quirements of wire size, coil length and 
diameter. 

Power is supplied by a 1/2 h.p. a.c. 
constant speed motor driving through 
an adjustable -sheave speed controller 
to a multiple -disc friction clutch at- 
tached directly to the spindle. Speed 
range is 400 to 2200 r.p.m. 

VOLTMETER 

A new model of the Mini -Volt Volt- 
meter manufactured by Industrial De- 
vices, Inc., Edgewater, N. J., which fea- 
tures an expanded scale centered on the 
common 110 and 220 line voltages, is 
announced. 

The new adaptation of this voltmeter 
is known as Model 410A and is accu- 
rate to within 2 volts at 110 volts a.c. 
Practically burnout proof operation is 
assured by the glow -lamp indicator 
which is guaranteed for 25,000 hours' 
operation minimum. 12" flexible test 
leads are tipped with heavily insulated 
test prods assuring user maximum 
safety. 

The Mini -Volt can check voltage, a.c. 
or d.c.; check for continuity; check 
blown fuses; locate grounded compo- 
nents; warn of live wires and scores of 
other possible troublesome occurrences 
known to electricians, refrigeration 
servicemen, maintenance men, and any- 
one who works with electrical circuits. 

PRECISION POTENTIOMETERS 

Technology Instrument Corporation, 
105R Main St., Waltham, Mass., is now 

manufacturing an improved version of 
their Type RV3 precision potentio- 
meters. Available in two types, the Type 
ÍíV3-8 (8 watts) and the Type RV3-12 
(12 watts), these potentiometers have 
been redesigned to include bronze bush- 
ings for the rotor shaft, tapped mount- 
ing inserts, rotor take-off slip ring, 
dustproof construction with Bakelite 
cover fastened with screws, and molded 
parts of low -loss mica -filled Bakelite. 

The Type RV3 potentiometers can be 
supplied with a wide variety of non- 
standard features to meet special re- 
quirements, and the manufacturer has 
published an established price scale 
covering such non-standard features. 
Complete information may be obtained 
by writing the company direct. 

New Tubes 
(Continued from page 27) 
ance, beam power amplifier featuring 
low mu -factor, high plate current at low 
plate voltage, and a high operating ratio 
of plate current to grid No. 2 current. 
In suitable horizontal -deflecting circuits, 
only one 6CD6-G is required to deflect 
fully any directly viewed kinescope hav- 
ing a deflection angle up to 70° and 
operating at an anode voltage up to 14 
kilovolts. 

The 6S4 is a high-perveance, medium - 
mu triode of the 9 -pin miniature type. 
In suitable vertical -deflecting circuits, 
the 6S4 will deflect fully a 16GP4 or any 
other similar kinescope having a deflec- 
tion angle up to 70° and operating at an 
anode voltage up to 14 kilovolts. 

Sharp -Cutoff Pentode 
The 6AS6 announced by RCA is a 

sharp -cutoff pentode of the 7 -pin minia- 
ture type. Designed so that grid No. 1 

and grid No. 3 can each be used as in- 
dependent control electrodes, the 6AS6 
is especially useful in gated amplifier 
circuits, delay circuits, gain -controlled 
amplifiers, and mixer circuits. 

This tube is also suitable for use as 
an r.f. amplifier at frequencies up to 
about 400 megacycles per second.---0.- 

Surface Wave 
(Continued from page 11) 

several months and had a rather thick 
corrosion layer. In this state the meas- 
ured loss was 3 db. Most of the cor- 
rosion was then removed by sandpaper. 
The result was an increase of the loss to 
about 3.6 db. The expected loss for a 
wire with perfectly clean surface is 
much higher. Then we applied several 
coats, of polystyrene solution by means 
of a brush. The loss went down more 
and more till a minimum of 1.7 db. was 
reached. Further increase of the dielec- 
tric layer gave a slight increase of the 
loss by about 0.2 db. The thickness of 
the dielectric coat varied more than 
1:10 along the wire, thus it was not 
possible to measure the average thick- 
ness. This test indicated that the wave 
is not sensitive to inhomogeneities of 
the guide. 

Finally, a test was conducted with a 
600 ft. line which showed that the sup- 
port of the wire is not a serious prob- 
lem. The horns used were the same as 
in the other experiments (opening of 
13") . The wire was an enameled wire 
of 3.2 mm. thickness. The enamel coat 
was 25/100 mm. thick and the fre- 
quency was 1600 mc. The line was 
stretched along the slope of a hill with 
the distance from the ground varying 
between 4 and 8 feet. The wire was 
supported at intervals of about 80 feet 
by waxed strings. The calculated loss 
was 4.5 db. and the measured loss 5 db. 
For comparison, an RG -8/U cable of 
the same 1Fngth has an attenuation of 
70 db. The supports and the bends in 
the wire produced by the supports had 
no measurable effect in the attentuation. 

Fig. 4 shows the calculated attentua- 
tion in db. per mile for a line with 2 cm. 
diameter and a polystyrene coat of 1 

mm. in the frequency range from 300 to 
1000 mc. In addition to this loss which 
is proportional to the length we get the 
loss of the launching devices, which 
could be kept below 2 db. Considering 
the wide frequency band which could 
be transmitted by such a line, the loss 
is very small. 

The question of the effect of weather 
conditions can be answered only par- 
tially and only as far as rain is con- 
cerned. An increase of the attenuation 
was observed only if the wire was cov- 
vered with rows of big raindrops. The 
maximum increase measured so far for 
1600 mc. was less than 1.5 db. A water 
film did not increase attentuation. It 
enlarges the thickness of the dielectric 
layer and behaves like a good dielectric 
because the ratio of the power factor to 
(e-1) which determines the losses is 
very small. The effect of snow and ice 
will certainly be more serious and it 
may be necessary to prevent the settling 
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down of snow by shaking the wire or by 
electric heating. 

It is a pleasure to acknowledge the 
close cooperation in Coles Signal Labo- 
ratory which made it possible to obtain 
the present results in a relatively short 
time. Thanks are due to Mr. J. Hessel 
and R. Lacy, Chief and Assistant Chief, 
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Microwave Trans. 
(Continued from page 9) 

A..= Tiff (t)dt (5) 

where T is the time required for one 
period (shown in Fig. 9). 

The integral is merely equal to the 
pulse area. For the rectangular pulse 
shown in Fig. 9, this area is equal to 
the amplitude times the pulse width. 
The relation between average power 
and peak power for a rectangular pulse 
is therefore equal to: 

Pati = 
T 

Pptd (6) 

Thus it is seen that if the period is 
equal to 1000 microseconds, and the 
pulse width equal to 1 microsecond, 
the peak power is equal to 1000 times 
the average power. 

In a lighthouse tube the maximum 
power rating, for a given frequency, is 
primarily limited by the maximum al- 
lowable plate temperature or the aver- 
age power dissipated. As a result, a 
peak power thousands of times greater 
than the maximum average power rat- 
ing of the tube can be effected. Fig. 6 
is a series of typical power output 
versus frequency curves for different 
plate voltages for a 2C43 tube modu- 
lated by the pulse series shown in Fig. 9. 

In pulse modulating systems where 
the timing of the pulse carries the in- 
telligence an effect known as "jitter" 
may be introduced into the microwave 
oscillator. The r.f. oscillator is normally 
keyed "on" at some time during the rise 
time of the applied pulse - the exact 
instant of keying depends upon the tube 
characteristics, circuit constants, and 
random noise fluctuations. If all of 
these conditions remained the same, the 
r.f. oscillation would start at the same 
relative instant for each succeeding 
pulse. However, the random fluctua- 
tions of the noise signal may cause the 
tube to fire either slightly before or 
after the normal repetition rate. Since 
the timing of the pulse carries the in- 
telligence, this shift in pulse position 

appears as noise or "jitter" in the de- 

modulator of the system. 
This effect can be minimized through 

the use of a "catalyzer"." r A "cata- 
lyzer", as many readers may remember 
from their chemistry courses, is an ele- 

ment which aids a reaction but does not 
react itself. In this case the catalyzer 
consists of a small oscillator which in- 
jects a signal of approximately the same 
frequency as that of the r.f. oscillator 
into the microwave cavity. The catalyzer 
oscillator can be a conventional push- 
pull oscillator operating in the 300 to 
500 megacycle band with a crystal mul- 
tiplier used to obtain the fifth or sixth 
harmonic of this signal. The output of 
the crystal multiplier is then fed to the 
cavity through a probe or loop. It has 
been found that the use of a catalyzer 
appreciably improves the signal to noise 
ratio of the microwave oscillator. The 
reason for this effect is probably that 
the "catalyzer" signal is sufficiently 
large to "overpower" the noise. Thus 
random changes in noise have little 
effect on the oscillator. 

There are a number of parameters 
that affect the frequency of a lighthouse 
oscillator. Among these effects are the 
change in cavity length due to a varia- 
tion in temperature (as a result of ex- 
pansion and contraction of conductors), 
change in plate or filament voltage (af- 
fecting electron transit time), and cath- 
ode to grid interelectrode capacitance 
(feedback effects). In a typical com- 
mercial transmitter, it has been found 
that the cumulation of all these effects 
(using "self compensated" temperature 
conductors in the coaxial lines) results 
in a frequency stability of about 0.05 
per -cent at 2000 mc. In this latter unit 
no attempt had been made to compen- 
sate for the voltage variations through 
the use of a regulated plate supply. 

Where a higher degree of frequency 
stability is required, some method of 
automatic frequency control (a.f.c.) 
must be employed. Heretofore it has 
been found that the best method of 
frequency control is an electromechan- 
ical system in which a variation in fre- 
quency from the desired value is de- 
tected by a discriminator, whose output 
actuates a motor which drives a tuning 
device until the desired frequency is 

Fig. 10. Frequency response of two 
reference cavities and desired reso- 
nant frequency of triode resonant line. 

Fig. 9. Typical pulse series. 

obtained. Completely electronic systems 
of control are difficult and expensive to 
design since the easiest and surest meth- 
od of tuning involves adjustment of the 
resonant line length, rather than varia- 
tion of plate voltage or interelectrode 
capacitance, which is essentially a me- 
chanical operation. 

Two typical a.f.c. circuits are shown 
in Figs. 5 and 8. The a.f.c. circuit 
shown in Fig. 5 uses two reference 
cavities, one resonant at fi and the other 
at f:. The desired resonant frequency of 
the triode line, f0, is equal to (f, -Ï- f:)/2. 
These relations are plotted in Fig. 10. 

A small amount of energy from the 
triode line is picked up by loops shown 
in Fig. 5 and injected into the two 
reference cavities. When the frequency 
of this energy is exactly equal to f the 
outputs of the two cavities are equal 
and no discriminator voltage is devel- 
oped across the grids of V, and V,. V. 
and V, are thyratrons which are norm- 
ally cut off. If the energy obtained from 
the triode line is not equal to fo, a dis- 
criminator voltage will be developed 

'across the grid of Vi or Vº- (depending 
upon whether frequency is above or be- 
low f°) causing one to conduct and 
operate the split phase motor. This 
motor will operate the reset control in 
the direction that will correct for the 
"off frequency" variation. An a.c. volt- 
age is applied to the plates of the thyra- 
trons, so that they will be extinguished 
when the discriminator voltage reduces 
to zero. The cavities used can be made 
highly reliable by using temperature 
compensated metals such as Invar or 
using a temperature controlléd oven. 

The a.f.c. circuit shown in Fig. 8 is 

a simplified version of the previous cir- 
cuit. In this case a single cavity and 
thyratron are used in conjunction with 
a motor driven trimmer condenser. The 
effect of a condenser at the end of a 
line was discussed in the article, "Micro- 
wave Components". The action of this 
circuit is as follows: The existence of 
a frequency other than the desired value 
in the cavity provides a discriminator 
voltage which fires the thyratron. This 
operates the motor which drives the 
condenser rotor. The plate of the con- 
denser turns very slowly, first increas- 
ing and then decreasing resonant line 
frequency. The plate will turn until the 
discriminator voltage drops to zero. The 
motor speed is made sufficiently low 
compared to the time required for the 
discriminator to extinguish the thyra- 
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tron, that the condenser will not "over- 
shoot" the desired frequency. 

Acknowledgement is hereby grate- 
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for automatic frequency control circuits 
described in this article. 
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Custom Sound 
(Continued from page 5) 

finely, but it must be remembered that 
at certain times there were high levels 
of noise to overcome on stage due to the 
locomotives, western style gunplay, and 
old one -lung autos. If the system were 
not adjusted so carefully, much of the 
dialogue and music would be lost in 
some areas while in other areas the level 
of the. sound would be so high as to be 
objectionable. 

An interesting note is the fact that 
these speakers and baffles were so effi- 
cient in projecting the sound to the 
grandstand that additional monitor 
speakers had to be installed backstage in 
the wings to allow the stage managers 
and cast to follow the continuity. These 
were Jensen eight inch heavy-duty loud- 
speakers mounted in weatherproof metal 
projectors. Each of these monitors had 
an adjustable "L" pad control to allow 
the stage managers to set the level to 
suit their surrounding noise level. 

For use before show time and for fill- 
# in in case of rain or accident, a record 

turntable and its preamplifier was in- 
corporated in the console control cabi- 
net. This unit could be plugged into the 
patch panel at the output terminal of 
the console and automatically replace 
the console program with the recorded 
program. 

In addition to the stage sound system, 
a second independent amplifier and set 
of four 24" re-entrant drive unit loud- 
speakers were installed atop the grand- 
stand roof to cover the outside plaza in 
front of the grandstand entrances. This 
system could be fed from the console, 
the turntable, the Celesta -Chime or 
from a microphone position located in 

tone of the grandstand entrances. The 
primary purpose of this system was to 
advertise the pageant and also to fur- 
nish music to the plaza between shows. 

The Deagan 25 note Celesta -Chime 
was chosen for this installation because 
it was found to be the only electronically 

amplified chime that could be played in 
tune with an orchestra. The chime rods 
are tuned harmonically which eliminates 
the "wow" and "out of tune" effect that 
is usually associated with chimes and 
bells. In some instances where the 
Celesta -Chime was played solo, full 
chords were used. No other instrument 
was found that was suitable for such 
usage. A special low "G" chime was 
built by Deagan to furnish the deep toll- 
ing bell effect that was desired for the 
Lincoln Funeral Train scene. As ex- 
plained above, these chimes were repro- 
duced through the control console and 
entire system and could be controlled 
the same as any microphone. 

Since all the sound and control equip- 
ment had to be integrated with the en- 
tire operation of the show, the design 
and installation of the intercommunica- 
tion, buzzer, cue and railroad signal 
systems was undertaken along with the 
sound system. The intercommunication 
system was in two stages; the first stage 
consisted of an electronically amplified 
20 station master unit located in the 
director's booth connecting with remote 
stations back stage, ticket booths in the 
plaza, the orchestra pit, the equipment 
tents north and south of the stage, the 
electricians' switchboard room and the 
sound man. The importance of this in- 
tercom system can be realized when it is 
understood that it was the only two-way 
communication that the director had 
with the show from his remote position. 
It was used to check on equipment, cue 
in some of the vehicles, instruct the 
orchestra conductor and deliver the 
light cues, of which there were 62, to 
the electricians under the stands. As a 
supplementary system, there was a bat- 
tery operated telephone type intercom 
system with three master stations. One 
was in the director's booth, one at the 
sound control console (visible at the ex- 
treme end of the control console, Fig. 3), 
and one in the orchestra pit. This system 
was used mainly between the orchestra 
conductor and the sound man. 

The buzzers, music cue lights and the 
railroad signals were all controlled from 
a small custom-built consolette located 
in the director's booth. Buzzers were 
located in all dressing rooms backstage, 
in the wings and at the extreme ends 
of the stage extension wings. Each 
buzzer could be controlled independently 
or all could be sounded at the same time. 
The music cue lights were located on 
the orchestra conductor's stand and con - 
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sisted of one flashing white warning 
light and a second steady amber "go" 
light. The railroad signals were located 
at the ends of the stage wings and were 
used to cue the locomotives on stage. 
These signals had to be visible to engi- 
neers on any of the four switch tracks 
in either the north or south yards both 
in daylight and dark. The operation of 
the controls for these buzzers, lights and 
signals had to be simple and foolproof 
as a mis -cue during the show could 
cause a serious accident. Some of the 
trains that crossed the stage traveled 
30 to 40 miles per hour, so it is easy to 
see that an accident would be hard to 
prevent in case of a mis -cue. 

During the rehearsals before the show 
opened, a temporary talk -back system 
was installed in the grandstand to en- 
able the directors to speak to the people 
on stage and in the equipment and rail- 
road yards. This system utilized the 
two re-entrant projectors that were on 
either end of the grandstand roof and 
additional projectors that were placed 
in the stands and aimed toward the 
stage. 

Much of the success of the entire 
installation was due to the intelligent 
discussion of the entire staging prob- 
lem by Helen Geraghty, the director of 
the pageant. By talking over the entire 
show, and not just the sound system, a 
clear picture of the entire operation 
was established before the designing 
was even undertaken. It must be em- 
phasized here that too many times a 
sound system of this type will be in- 
stalled as just a P.A. job and will fail 
to do the jo', because "new and unusual" 
conditions pop up that had not been 
thought out. One of the reasons that 
this installation was so successful was 
that, not only was it a good sound rein- 
forcing system, but a live part of the 
show. The two operators, who alternated 
at handling the mixing, worked from a 
complete technical script that listed all 
the dialogue, the music cues and the 
mixing cues. In all they had 260 sepa- 
rate sound cues to handle in one hour 
and eight minutes. 

A good sound installation is noticed 
and appreciated by those who have to 
listen to it. Many compliments were 
received this past summer from musi- 
cians, directors and members of the 
industry who attended the show, and 
many favorable comments were voiced 
by members of the audience who had 
never before paid any attention to the 
sound systems that they had heard. In 
every large outdoor amphitheater, stadi- 
um or fairgrounds attention should be 
paid to all the details that contribute to 
or detract from the coverage and quality 
of the sound system installation so that 
high -quality sound systems can become 
the rule instead of the exception. 
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down of snow by shaking the wire or by 
electric heating. 
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the English of the paper which other- 
wise would have been much worse. 

Microwave Trans. 
(Continued from page 9) 

A=TIf(t)dt (5) 

where T is the time required for one 
period (shown in Fig. 9). 

The integral is merely equal to the 
pulse area. For the rectangular pulse 
shown in Fig. 9, this area is equal to 
the amplitude times the pulse width. 
The relation between average power 
and peak power for a rectangular pulse 
is therefore equal to: 

P,.,=TPptd (6) 

Thus it is seen that if the period is 
equal to 1000 microseconds, and the 
pulse width equal to 1 microsecond, 
the peak power is equal to 1000 times 
the average power. 

In a lighthouse tube the maximum 
power rating, for a given frequency, is 
primarily limited by the maximum al- 
lowable plate temperature or the aver- 
age power dissipated. As a result, a 
peak power thousands of times greater 
than the maximum average power rat- 
ing of the tube can be effected. Fig. 6 

is a series of typical power output 
versus frequency curves for different 
plate voltages for a 2C43 tube modu- 
lated by the pulse series shown in Fig. 9. 

In pulse modulating systems where 
the timing of the pulse carries the in- 
telligence an effect known as "jitter 
may be introduced into the microwave 
oscillator. The r.f. oscillator is normally 
keyed "on" at some time during the rise 
time of the applied pulse - the exact 
instant of keying depends upon the tube 
characteristics, circuit constants, and 
random noise fluctuations. If all of 
these conditions remained the same, the 
r.f. oscillation would start at the same 
relative instant for each succeeding 
pulse. However, the random fluctua- 
tions of the noise signal may cause the 
tube to fire either slightly before or 
after the normal repetition rate. Since 
the timing of the pulse carries the in- 
telligence, this shift in pulse position 

appears as noise or "jitter" in the de- 

modulator of the system. 
This effect can be minimized through 

the use of a "catalyzer"." r A "cata- 
lyzer", as many readers may remember 
from their chemistry courses, is an ele- 

ment which aids a reaction but does not 
react itself. In this case the catalyzer 
consists of a small oscillator which in- 
jects a signal of approximately the same 
frequency as that of the r.f. oscillator 
into the microwave cavity. The catalyzer 
oscillator can be a conventional push- 
pull oscillator operating in the 300 to 
500 megacycle band with a crystal mul- 
tiplier used to obtain the fifth or sixth 
harmonic of this signal. The output of 
the crystal multiplier is then fed to the 
cavity through a probe or loop. It has 
been found that the use of a catalyzer 
appreciably improves the signal to noise 
ratio of the microwave oscillator. The 
reason for this effect is probably that 
the "catalyzer" signal is sufficiently 
large to "overpower" the noise. Thus 
random changes in noise have little 
effect on the oscillator. 

There are a number of parameters 
that affect the frequency of a lighthouse 
oscillator. Among these effects are the 
change in cavity length due to a varia- 
tion in temperature (as a result of ex- 
pansion and contraction of conductors), 
change in plate or filament voltage (af- 
fecting electron transit time), and cath- 
ode to grid interelectrode capacitance 
(feedback effects). In a typical com- 
mercial transmitter, it has been found 
that the cumulation of all these effects 
(using "self compensated" temperature 
conductors in the coaxial lines) results 
in a frequency stability of about 0.05 
per -cent at 2000 mc. In this latter unit 
no attempt had been made to compen- 
sate for the voltage variations through 
the use of a regulated plate supply. 

Where a higher degree of frequency 
stability is required, some method of 
automatic frequency control (a.f.c.) 
must be employed. Heretofore it has 
been found that the best method of 
frequency control is an electromechan- 
ical system in which a variation in fre- 
quency from the desired value is de- 
tected by a discriminator, whose output 
actuates a motor which drives a tuning 
device until the desired frequency is 

Fig. 10. Frequency response of two 
reference cavities and desired reso- 
nant frequency of triode resonant line. 

J 1000 1.1 SEC. 

--- I 'AEC 

Fig. 9. Typical pulse series. 

obtained. Completely electronic systems 
of control are difficult and expensive to 
design since the easiest and surest meth- 
od of tuning involves adjustment of the 
resonant line length, rather than varia- 
tion of plate voltage or interelectrode 
capacitance, which is essentially a me- 
chanical operation. 

Two typical a.f.c. circuits are shown 
in Figs. 5 and 8. The a.f.c. circuit 
shown in Fig. 5 uses two reference 
cavities, one resonant at fi and the other 
at A. The desired resonant frequency of 
the triode line, f,, is equal to (f i f,) /2. 
These relations are plotted in Fig. 10. 

A small amount of energy from the 
triode line is picked up by loops shown 
in Fig. 5 and injected into the two 
reference cavities. When the frequency 
of this energy is exactly equal to f ,, the 
outputs of the two cavities are equal 
and no discriminator voltage is devel- 
oped across the grids of V2 and V,. V, 
and V2 are thyratrons which are norm- 
ally cut off. If the energy obtained from 
the triode line is not equal to f a dis- 
criminator voltage will be developed 

'across the grid of V, or V, (depending 
upon whether frequency is above or be- 
low f,) causing one to conduct and 
operate the split phase motor. This 
motor will operate the reset control in 
the direction that will correct for the 
"off frequency" variation. An a.c. volt- 
age is applied to the plates of the thyra- 
trons, so that they will be extinguished 
when the discriminator voltage reduces 
to zero. The cavities used can be made 
highly reliable by using temperature 
compensated metals such as Invar or 
using a temperature controlled oven. 

The a.f.c. circuit shown in Fig. 8 is 

a simplified version of the previous cir- 
cuit. In this case a single cavity and 
thyratron are used in conjunction with 
a motor driven trimmer condenser. The 
effect of a condenser at the end of a 
line was discussed in the article, "Micro- 
wave Components". The action of this 
circuit is as follows : The existence of 
a frequency other than the desired value 
in the cavity provides a discriminator 
voltage which fires the thyratron. This 
operates the motor which drives the 
condenser rotor. The plate of the con- 
denser turns very slowly, first increas- 
ing and then decreasing resonant line 
frequency. The plate will turn until the 
discriminator voltage drops to zero. The 
motor speed is made sufficiently low 
compared to the time required for the 
discriminator to extinguish the thyra- 
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tron, that the condenser will not "over- 
shoot" the desired frequency. 

Acknowledgement is hereby grate- 
fully made to Mr. Harris Gallay of 
Federal TelecommunicationLaboratories 
for automatic frequency control circuits 
described in this article. 
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Custom Sound 
(Continued from page 5) 

finely, but it must be remembered that 
at certain times there were high levels 
of noise to overcome on stage due to the 
locomotives, western style gunplay, and 
old one -lung autos. If the system were 
not adjusted so carefully, much of the 
dialogue and music would be lost in 
some areas while in other areas the level 
of the sound would be so high as to be 
objectionable. 

An interesting note is the fact that 
these speakers and baffles were so effi- 
cient in projecting the sound to the 
grandstand that additional monitor 
speakers had to be installed backstage in 
the wings to allow the stage managers 
and cast to follow the continuity. These 
were Jensen eight inch heavy-duty loud- 
speakers mounted in weatherproof metal 
projectors. Each of these monitors had 
an adjustable "L" pad control to allow 
the stage managers to set the level to 
suit their surrounding noise level. 

For use before show time and for fill- 
in in case of rain or accident, a record 
turntable and its preamplifier was in- 
corporated in the console control cabi- 
net. This unit could be plugged into the 
patch panel at the output terminal of 
the console and automatically replace 
the console program with the recorded 
program. 

In addition to the stage sound system, 
a second independent amplifier and set 
of four 24" re-entrant drive unit loud- 
speakers were installed atop the grand- 
stand roof to cover the outside plaza in 
front of the grandstand entrances. This 
system could be fed from the console, 
the turntable, the Celesta -Chime or 
from a microphone position located in 
one of the grandstand entrances. The 
primary purpose of this system was to 
advertise the pageant and also to fur- 
nish music to the plaza between shows. 

The Deagan 25 note Celesta -Chime 
was chosen for this installation because 
it was found to be the only electronically 

amplified chime that could be played in 
tune with an orchestra. The chime rods 
are tuned harmonically which eliminates 
the "wow" and "out of tune" effect that 
is usually associated with chimes and 
bells. In some instances where the 
Celesta -Chime was played solo, full 
chords were used. No other instrument 
was found that was suitable for such 
usage. A special low "G" chime was 
built by Deagan to furnish the deep toll- 
ing bell effect that was desired for the 
Lincoln Funeral Train scene. As ex- 
plained above, these chimes were repro- 
duced through the control console and 
entire system and could be controlled 
the same as any microphone. 

Since all the sound and control equip- 
ment had to be integrated with the en- 
tire operation of the show, the design 
and installation of the intercommunica- 
tion, buzzer, cue and railroad signal 
systems was undertaken along with the 
sound system. The intercommunication 
system was in two stages; the first stage 
consisted of an electronically amplified 
20 station master unit located in the 
director's booth connecting with remote 
stations back stage, ticket booths in the 
plaza, the orchestra pit, the equipment 
tents north and south of the stage, the 
electricians' switchboard room and the 
sound man. The importance of this in- 
tercom system can be realized when it is 
understood that it was the only two-way 
communication that the director had 
with the show from his remote position. 
It was used to check on equipment, cue 
in some of the vehicles, instruct the 
orchestra conductor and deliver the 
light cues, of which there were 62, to 
the electricians under the stands. As a 
supplementary system, there was a bat- 
tery operated telephone type intercom 
system with three master stations. One 
was in the director's booth, one at the 
sound control console (visible at the ex- 
treme end of the control console, Fig. 3), 
and one in the orchestra pit. This system 
was used mainly between the orchestra 
conductor and the sound man. 

The buzzers, music cue lights and the 
railroad signals were all controlled from 
a small custom-built consolette located 
in the director's booth. Buzzers were 
located in all dressing rooms backstage, 
in the wings and at the extreme ends 
of the stage extension wings. Each 
buzzer could be controlled independently 
or all could be sounded at the same time. 
The music cue lights were located on 
the orchestra conductor's stand and con - 
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sisted of one flashing white warning 
light and a second steady amber "go" 
light. The railroad signals were located 
at the ends of the stage wings and were 
used to cue the locomotives on stage. 
These signals had to be visible to engi- 
neers on any of the four switch tracks 
in either the north or south yards both 
in daylight and dark. The operation of 
the controls for these buzzers, lights and 
signals had to be simple and foolproof 
as a mis -cue during the show could 
cause a serious accident. Some of the 
trains that crossed the stage traveled 
30 to 40 miles per hour, so it is easy to 
see that an accident would be hard to 
prevent in case of a mis -cue. 

During the rehearsals before the show 
opened, a temporary talk -back system 
was installed in the grandstand to en- 
able the directors to speak to the people 
on stage and in the equipment and rail- 
road yards. This system utilized the 
two re-entrant projectors that were on 
either end of the grandstand roof and 
additional projectors that were placed 
in the stands and aimed toward the 
stage. 

Much of the success of the entire 
installation was due to the intelligent 
discussion of the entire staging prob- 
lem by Helen Geraghty, the director of 
the pageant. By talking over the entire 
show, and not just the sound system, a 
clear picture of the entire operation 
was established before the designing 
was even undertaken. It must be em- 
phasized here that too many times a 
sound system of this type will be in- 
stalled as just a P.A. job and will fail 
to do the job because "new and unusual" 
conditions pop up that had not been 
thought out. One of the reasons that 
this installation was so successful was 
that, not only was it a good sound rein- 
forcing system, but a live part of the 
show. The two operators, who alternated 
at handling the mixing, worked from a 
complete technical script that listed all 
the dialogue, the music cues and the 
mixing cues. In all they had 260 sepa- 
rate sound cues to handle in one hour 
and eight minutes. 

A good sound installation is noticed 
and appreciated by those who have to 
listen to it. Many compliments were 
received this past summer from musi- 
cians, directors and members of the 
industry who attended the show, and 
many favorable comments were voiced 
by members of the audience who had 
never before paid any attention to the 
sound systems that they had heard. In 
every large outdoor amphitheater, stadi- 
um or fairgrounds attention should be 
paid to all the details that contribute to 
or detract from the coverage and quality 
of the sound system installation so that 
high -quality sound systems can become 
the rule instead of the exception. 
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QUARTER -WAVE MATCHING SECTION 

This chart is used to obtain the surge impedance 
of a 1/4 A matching section used as an impedance 
transformer from one real impedance to another. 
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Exclusive THREE -UNIT Construction 
You build my Television Receiver - 
Tester in three separate units-one 
unit at a time...each complete and 
self contained within itself. With 
each unit you perform dozens of im- 
portant experiments-and each unit 
may be used in actual Television 
receiver servicing. In this way my 
training may save you many dollars 
by eliminating the need for costly 
TV Test Equipment. With these 
three units you can locate most TV 
Receiver troubles quickly and easily. 

HERE IS THE LONG SOUGHT ANSWER IN TELEVISION TRAINING FOR THE MAN 

ALREADY IN RADIO! TRAIN AT HOME-FULL PROGRAM -4 TO 8 WEEKS! 

Low Cost- Monthly Payments. Everything You Need to Learn... 

TELEVISION 
I Send You NOT JUST an Ordinary TV Kit-But a Complete 

Training System Including TV Test Equipment 

YOUR CHOICE OF 

7, 8Y2 OR 10 INCH 

TELEVISION PICTURE SIZE 

TV Tuner- I. F. Unit 
Contains the RF amplified local 
oscillator, mixer and three stages of 
broad band IF amplification and 
the video second dector. The output 
constitutes the video signal and 
audio IF signal. For training, it is 
used to build and test video second 
detector, and stagger tuned IF 
amplifier obtaining 4.5 me band 
pass. For TV servicing, it becomes 
a TV calibrator for IF alignment, 
substitute tuner, IF signal injector 
and second detector. 

BE READY FOR TOP PAYING TELEVISION JOBS 
If you are a radio -serviceman, experimenter, amateur or advanced student ... YOUR FUTURE IS IN TELEVISION. Depending upon where you live, Television is either in your town now ... or will be there shortly. This is a vast new industry that needs qualified trained men by the thousand to install and service TV sets. There's really big money in Television, but you MUST know what you are doing to "cash -in" on it. I will train you in a few short weeks if you have had previous radio training or experience. 

VETERANS-Radio por- I 
tion of training available 
under C. I. Bill 

Here is the NEW :ombination Sprayberry 
Television Training System 

Out of my laboratory has come an entirely new Tele- 
vision Training...cutting months off the time required 
in old methods. I give all the knowledge and experi- 
ence you need in weeks instead of months. I start 
where your present radio experience ends. The same 
day you enroll with me, I rush the first of many big 
Television kits that I will send during your training. 
From the first hour you are experimenting and testing 
practical TV circuits...and you keep right on from 
one fascinating experiment to another. _You build the 
remarkable new Television Receiver -Tester illustrated 
at the left and useful TV Test Equipment. I give you 
theory, too, but it's 100% practical stuff that will make 
money for you in Television. 

Video -Audio Amplifier Unit 
Provides 4.5 me IF ratio detector, 
low voltage power supply. For TV, 
it becomes the audio output, includ- 
ing speaker, video output and low 
voltage power supply for RF and IF 
stages. For training, it is used to 
build and test transformer type 
power supplies, audio, video, IF 
amplification and FM detection. For 
TV servicing, it is an audio signal 
tracer, IF signal tracer, video signal 
tracer and low voltage power supply. 

Video Tube "Scope" Unit 
Scope unit contains low and high 
voltage (6000 V.) power supply for 
independent operation. For tele- 
vision, it becomes the sync, vertical 
and horizontal sweep circuits and 
their power supplies. For training, 
it is used to build and test most TV 
power supply, deflection, sweep, 
oscillator, and sync circuits. For TV 
servicing, it is a video signal tracer 
and sweep signal analyzer as well as 
substitute high and low voltage 
power supplies. 

IMPORTANT-FOR MEN JUST STARTING OUT IN RADIO -TELEVISION 
If you have no previous experience in Radio work, be sure to mark 
that fact on the coupon below. I will send you complete information 
about my Radio -Television training that starts with basic funda- 
mentals and carries you right through my new Radio and Television 
Training. I will send you my two big Radio -Television books, 
including an actual lesson selected from my course. I want you to 
know exactly what this great industry has in store for you. There 
is no obligation, of course, and NO SALESMAN WILL CALL. 

FILL OUT AND MAIL COUPON 
Get these Valuable Books FREE 

Every Radio Serviceman today realizes his 
future is in Television. He knows he 
MUST have training-the right kind of 
practical training such as I am now offer- 
ing-to protect his job, his business for 
the future. This is equally important for 
the man just starting out. And so I urge 
you to get the facts I offer you FREE and 
without obligation. Learn how quickly 
and easily you can get into Television. 
Fill out and mail the coupon TODAY. 

SPRAYBERRY ACADEMY OF RADIO, 111 N. Canal, Dept. 25-1, Chicago 6, M. 
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SPRAYBERRY ACADEMY OF RADIO, Dept. 25-J Ill North Canal St., Chicago 6, Ill. 
Please rush to me all information on your Radio -Tele- 
vision Training plan. I understand this does not obligate 
me and that no salesman will call upon me. 

Name Age 

Address 

City State 
Please Check Below About Your Experience 

D Are You Experienced? D No Experience J 
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