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Preparations are under way to fire the Navy's giant Vi. 
king rocket at White Sands Proving Ground, N. M. A pro- 
tective sleeve covers a portion of the target. The rocket 
contains a great deal of electronic telemetering equip- 
ment for reporting data back to the earth during flight. 
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Front panel view of the clock and intervalometer. 

ONSIDERABLE interest has 
been shown lately in "Atomic" or 
electronic clocks. Engineers at 

Northrop Aircraft needed an extremely 
accurate clock, one which would start or 
stop at a previously determined time and 
which would record accurately to 1/100 
second an interval between two oper- 
ations. Their answer to the problem is 
the Northrop intervalometer. 

The intervalometer is used in con- 
junction with a frequency standard con- 
sisting of a temperature controlled 
102.4 kc. quartz crystal oscillator and 
several frequency dividers. The reason 
102.4 kc. was selected is that this is an 
even power of two and therefore simple 
scale of two dividing circuits could be 
used. It was believed that these scale 
of two dividing circuits would be more 
reliable than other types of circuits. 
The frequency divider consists of 10 
double triode tubes and provides the in- 
put pulse rate to the clock of 100 pulses 
per second. 

As shown in the picture, the "face" 
of the clock consists of six vertical 
rows of neon bulbs reading from right 
to left 1/100 sec., 1/10 sec., sec., 10 sec., 
min. and 10 min., and also a circular dis- 
play of twelve neon bulbs corresponding 
to the hours. 'In the center of this circle 
are two neon tubes indicating AM and 
PM. Reading from the right, each of 
the first three rows of 10 bulbs is con- 
nected to a 10 -position scaler unit. 
Each 10 -position unit consists of four 
double triodes connected in a special 
feedback circuit (Fig. 3), the output of 
each scaler unit being fed to the suc - 

By A. E. WOLFE, Jr. 
and F. G. STEELE 

Northrop Aircraft, Inc. 

Design and construction of a 

highly accurate interraloneter 
for 1/100 see. to 24 hr. timing. 

Interior view of the precision clock. 

DIRECT KEADING 

TIMER and CLOCK 
ceeding unit. The output of the third 
scaler unit, which represents seconds, 
is fed to a six -position counter consist- 
ing of three double triodes. This scaler 
unit represents tens of seconds and 
feeds the minute unit. This is another 
scaler unit feeding a second six -posi- 
tion counter representing tens of min- 
utes. This counter in turn feeds the 
hour counter which feeds the AM -PM 
indicator, a single flip-flop. Below each 
of the above mentioned scaler units is a 
multi -position switch which scans each 
unit and detects the number it con- 
tains. The outputs of all the switches 
are mixed, and the output of the mixer 
detects the total number contained in 
the clock. Depending on how the clock 
is used, this number could represent 
either a time interval or some absolute 
time. The unit below the face of the 
clock proper consists of a power supply 
and a built-in 100 cycle pulse source 
which can be substituted for the fre- 
quency standard if accuracy desired is 
not greater than variations in line fre- 

quency. All the preceding description 
refers to Fig. 2, sections (1) and (3) . 

Section (2) consists of the reset cir- 
cuits, the input gate and associated 
flip-flop controlling the gate, and the 
start -plus line amplifier. 

Referring to Fig. 3, the typical binary 
"10" scaler unit consists of modified 
Eccles -Jordan circuits with a normal 
capacity of 16 pulses before recycling, 
which, however, is held to a capacity of 

Fig. 1. Scanning or mixing tube. 
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Interior view of the precision clock and intervalometer. 
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Fig. 2. Block diagram 
of the electronic inter- 
valometer and clock. 

capacity of eight pulses to a capacity 
of six pulses. Referring to the block 
diagram, it will be seen that four units 
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with a capacity of 10 are used, i.e., 
sec./100, sec./10, sec. and min. Two 
scaler units with a capacity of six, i.e., 
sec. x 10 and min. x 10, are used, as well 
as one unit with a capacity for the 
hours. This latter unit is made up of a 
counter of six preceded by a flip-flop. 
The development of a matrix to scan the 
four tubes (Fig. 3) through their 10 

positions is as follows: First, if a 
stage be in the 01 condition, let that 
- 0, and if a stage be in the 10 con- 
dition, let this - 1 in the following 
table (Fig. 4). 

The actual connections of the matrix 
appear at the right-hand side of the 
table. In the section immediately be- 
low the counting stages, junctions indi- 
cate 510,000 ohm resistors. Junctions 
below that indicate NE -2 bulbs. Re- 
ferring to Fig. 4, the table shows five 
combinations of the last three stages 
which, when combined with the even - 
odd configuration of the first stage, 
gives us 10 possible outputs. 

A short description of the operation 
of the matrix follows. Referring to 
Fig. 4B, the NE -2 bulb will only light 
when side b is high and side a is low. 
Side b is high only when all flip-flop 
plates connected to it are high. 

Considering the counter with 0 pulses 
(10 configuration using the abbreviated 
sequence), each stage is therefore in 
the 0 condition, which means that all 
left-hand plates are high. As pre- 
viously explained, an NE -2 bulb will' 
only light when one side is high and the 
other side is low. Therefore, since the 
left-hand plates in all stages are high, 
we must use the right-hand plate in 
stage 1 and left-hand plates in stages 
2, 3, and 4 to light the (0) bulb. If we 
feed one pulse into the counter, the first 
stage is the only one to be affected going 
from the 0 to the 1 condition, i.e., the 
left-hand plate is now low. Therefore, 
now to light the (1) bulb, we use the 
same "high" connection, but for the 
"low" side of (1) we use the left-hand 
plate of stage 1. Consider now the 
counter when we feed another pulse 
into it. From the table we see that both 
the first and second stages are affected, 
the first stage going back to the 0 con- 
dition and the second stage going to the 
1 condition. The even branch from stage 
1 now becomes low. In a similar man- 
ner, all subsequent positions up to 9 
are carried out and the 10th pulse re- 
turns the system to zero. 

It has been shown that the neon bulbs 
indicate the number of pulses fed into 
the counter. Associated with each 
scaler unit is a 2 deck wafer switch 
(see Fig. 8) connected as shown to the 
NE -2 bulbs. The rotors of these 
switches, therefore, will be able to de- 
tect when a given number appears in 
the counter. These rotors are con - 
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nected to the scanning or mixing stages. 
Briefly, a mixing stage consists of a 

double triode d.c. amplifier connected 
as shown in Fig. 1. An input is ap- 
plied to each grid of the double triode 
and coincidence is detected in the plate 
circuit. The wave shapes are as shown 
in Fig. 1, and the 100,000 ohm pot in the 
cathode circuit is used to detect only 
the most positive part of the wave on 
grid 2. Eight of these scanning or mix- 
ing stages are used, i.e., one to each 
scaler unit. Coincidence of all the out- 
puts of all the scanning or mixing 
stages is detected in the master mixing 
stages. These consist of four double 
triode tubes with a common plate load 
resistance and separate inputs on each 
of the eight grids which are derived 

' from the eight outputs of the eight 
scanning or mixing stages. There is an 
output from the master mixing stages 
when and only when inputs to all eight 

' grids are present (Fig. 5). 

i 

I 

The output from the master mixing 
stages is fed into the inverter and cath- 
ode follower output stage (Fig. 6). This 
consists of a 2C51 double triode. The 
input to the inverter stage is a rec- 
tangular wave of about 100 v. ampli- 
tude and .01 seconds (10,000 µs.) width. 
This wave is differentiated in the input 
circuit to the inverter, and only the 
leading edge is used. The output of the 
inverter is a negative going pulse ap- 
proximately 50 µs. wide and approxi- 
mately 100 v. in height. This is fed 
into the cathode follower and this nega- 
tive going pulse appears on the output 
jack. 

Input Gate and Reset Circuits 
The input gate is a 6AS6 tube con- 

trolled by a flip-flop (Fig. 7) . The 100 
cycle timing pulses are applied to G 
and the controlled voltage for the gate 
which is derived from the flip-flop is 
applied to G. The gated output ap- 
pears in the plate circuit. The clock 
was designed to be started by WWV 
time pulses and therefore a pulse shap- 
ing amplifier was included. This pulse 
shaping amplifier merely develops a 
series of five sharp pulses from the five 
1000 cycle sine waves which make up a 
WWV one -second pulse. In addition to 
the electronic means of controlling the 
gate, two push buttons are associated 
with the flip-flop allowing manual oper- 
ation of the gate if desired. An NE -2 
bulb connected to the proper plate of 
the flip-flop serves as a gate indicator 
showing either open or closed condition. 

To set the clock at any given time, the 
reset circuits as shown in section (2) 
of the block diagram are used. These 
consist merely of a two -position switch 
and a free running multivibrator run- 
ning at approximately 4.5 kc. In the 
"fast" position, the differentiated out- 
put of the multivibrator is fed directly 
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Fig. 4. (A) Matrix development for typical binary "10". A given 
bulb will light when even -odd bus is low on one side of bulb 
and high on other side. (B) Detail of (A). Bulb lights only 
when all F.F. plates on side "6" are high and "a" is low. 

to the one -second scaler unit bypassing 
the input gate and the first two scaler 
units, i.e., the sec./100 and the sec./10 
units. This is done to quickly cycle the 
last three scaler units to their approxi- 
mate final position. When this has been 
accomplished, the reset multivibrator is 
set to slow, the output from the inverter 
and cathode follower unit is connected 
to the stop jack, and the 6AS6 gate is 
manually set open. As soon as the re- 
quired number, as determined by the 
positions of the various switches, is 
present in the clock, a pulse appears 
at the output of the cathode follower 
which triggers the flip-flop controlling 
the input gate, thus closing the gate. 
The reset multivibrator is now turned 
off, the 100 cycle input is connected, and 
the clock is now set. The entire reset 
operation takes on the average 30 to 45 
seconds. 

In operation over an extended period, 
the only maintenance required has been 
the -replacing of two type 2C51 tubes 
and the readjustment of one of the 
scanning or mixing tube cathode biases. 

(Continued on page 28) 
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A Stabilized 
VOUAIIE-IIIIOPPINtI Element 

By SYDNEY E. SMITH 
Engineering and Industrial Experiment Station, University of Florida 

A cathode follower umag be used to 

provide an adjustable stabilized d.c. 

voltage with small bleeder current. 

MANY electronic circuits re- 
quire a variable current from 
a source of good voltage reg- 

ulation. Often, the voltage required is 

lower than the power supply output 

voltage and is derived from a conven- 

tional voltage divider. It can easily be 

shown by means of Thevenin's The- 

orem that the voltage regulation of this 

type of circuit is inversely proportional 
to the bleeder current. When good reg- 

ulation must be provided and the load 

current varies over a wide range, the 

necessary bleeder current may be an 

unduly large percentage of the total 

current load on the supply. Such a de- 

sign is inefficient, both in first cost and 

in operation. 

340 

300 

220 - o. 

o 

In cases of this kind, the cathode 

follower may often be used to advan- 

tage as a voltage dropping and stabiliz- 

ing device requiring negligible bleeder 

current. In addition, the circuit may 

provide a considerable amount of fil- 

tering of a.c. ripple voltage which may 

be present on the output of the power 

supply, and a low impedance to signal 

components of load current. 

Circuit Analysis 
The circuit of the cathode follower 

employed as a voltage stabilizer is in- 

dicated in Fig. 2. The purpose of the 

capacitor C is twofold: to prevent any 

a.c. ripple present on the power supply 

voltage, Ebb, from appearing on the 

Fig. 1. Voltage regulation characteristic of the circuit of Fig. 1, 

showing the abrupt increase in regulation as grid current begins. 

140 0 
o 

Ebb= 400 V. 

12 16 

LOAD CURRENT IN MA. Io 

reference voltage E, and to maintain 
the grid at the a.c. potential of the low 

side of the load. The operation of the 

tube is then such as to provide con- 

siderable filtering of a.c. ripple and a 

low output impedance to a.c. compo- 

nents of load current. The d.c. output 
voltage E, will be the difference between 

the drop across R2 and the bias required 
by the tube at the value of load current 
and plate voltage (Ebb - Eb) which 

obtains. 
E,=E-Er (1) 
Since it is generally desirable to oper- 

ate the tube without grid current, the 

required grid bias, Er, will be a neg- 

ative quantity and the load voltage will 

be greater than E. 
Assuming that the supply voltage 

Ebb does not vary, the regulation of the 
load voltage will be determined by the 
variation in grid voltage required by 

the stabilizer with varying load current. 

Regulation (%) = E,` X 100. . (2) 

AEA is the variation in required grid 
voltage and E, is the full load output 
voltage. 

The degree of power supply ripple 
filtering provided by the stabilizer may 
be obtained by reference to the equiva- 
lent circuit of Fig. 3A. From this cir- 

cuit, it follows that 

RL (3) e, _ (err -µ er) 
RL Rp 

. 

Solving explicitly for er and dividing 
by err to obtain the ripple attenuation 
ratio: 
er 1 

err (µ +1) -I- RP 
RL 

The stabilizer impedance to a.c. com- 

ponents of load current may be de- 

rived from the equivalent circuit of 

Fig. 3B in which the load has been re- 

placed by a constant current generator 
driving iL through the parallel re- 

sistors Rp and RL. The tube has been 

replaced in the usual manner by a 

(4) 
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constant current generator driving the 
current -e.g,. through the paralleled 
resistors. The signal frequency voltage 
appearing across the load is then: 

e,=(iL-e.gm)RL--Rp . . . (5) 

from which the output impedance of 
the stabilizer is: 

e, Ra - RL 
. 

RÓ iL (1 -I- µ) (Rp -I- RL) ' 

or, when µ»1: 
R.- 1 RL 

g,. Rp-RL . . (6a) 

Eqts. (6) and (6a) will be recognized 
as the usual ones for the output im- 
pedance of the cathode follower. In 
many applications, the fact that the 
output impedance is independent of 
frequency may be an added advantage 
of the circuit. 

Since in the usual case the stabilizer 
will operate without grid current, the 
reference voltage divider may be of 
high resistance, requiring but one mil- 
liampere or less of bleeder current. The 
capacitor C should be chosen so that 
its reactance at the power supply ripple 
frequency, or at the lowest frequency 
of the signal load current, will be 
small compared with the magnitude of 
R, (or, more accurately, small com- 
pared with (R,R2) / (R, + R,)) . 

Practical Circuit Operation 
The results of measurements per- 

formed upon a laboratory circuit em- 
ploying a type 6J5 tube are indicated 
in Figs. 1, 4 and 5. 

It will be observed that in both cases 
of Fig. 1 the output voltage drops 
slowly until grid current begins to 
flow, then falls sharply. In each case, 
the variation in the output voltage up 
to the point at which grid current be- 
gins agrees well with the value of grid 
voltage at plate current cutoff for the 
plate voltage (E,. - E,) applied to the 
cathode follower. These curves indi- 
cate that for good voltage regulation 
the cathode follower should be operated 
between the limits of E, = cutoff and 
E, = zero as the load current varies 
from zero to its maximum value. Over 
this range, the output voltage will vary 
by the difference in grid voltage, and 
no grid current will flow. 

The grid current curve I; was ob- 
tained with no ripple voltage applied 
to the circuit, while I° was obtained 
with a ripple of 10 volts r.m.s. superim- 
posed upon the 400 volt supply (3.54% 
ripple). As should be expected, the grid 
current curves indicate that the pres- 
ence of ripple voltage upon the power 
supply output reduces the maximum 
d.c. load current which may be sup- 
plied without grid current. 

Fig. 4 shows the variation in output 
ripple voltage with d.c. load current. 
At 300 volts output, the ripple attenua- 
tion ratio was of the order of 0.07, or 
about 22 db. to the grid current point, 
while for the 250 volts case, correspond- 
ing values were 0.06 and 24 db. 

It must be observed that the a.c. out- 
put impedance curves of Fig. 5 are 
somewhat sketchy due to the limited 
capacity of the a.c. load current gen- 
erator employed. They are included 
here, however, to indicate certain lim- 
itations in operation of the circuit. It 
will be observed that the output im- 
pedance is lowest at moderate values 
of direct current and small values of 
alternating current. The increase in 
impedance at low values of direct cur- 
rent is in agreement with Eqt. (6) since 
the transconductance of the tube falls 
off at low values of plate current. The 
increase in output impedance with a.c. 
load current is due to either of two 
factors: 

With increasing a.c. load current 
the path of operation of the tube 
extends over a greater portion of 
the characteristic curve. Since 
the plate current-transconductance 
Characteristic of the tube is not 
linear, the transconductance aver- 
aged over the path of operation is 
less than that at the d.c. operating 
point. 
When the sum of the d.c. and the 
peak a.c. currents is greater than 
the value for which E. of the sta- 
bilizer must be zero, the grid draws 
current, thus reducing the load 
voltage on the signal peaks. Again, 
the average value of the output 
impedance over the signal cycle is 
effectively increased. 

The above discussion indicates that 

(1) 

(2) 

Fig. 4. Power supply ripple 

Fig. 2. Circuit diagram of the 
cathode follower voltage stabilizer. 

Fig. 3. (A) Circuit equivalent of 
Fig. 2 for ripple frequency com- 
ponents of power supply voltage, 
err. (B) Circuit equivalent of Fig. 2 
for a.c. components of load current. 

the maximum a.c. load current may be 
supplied when the d.c. load current is 
equal to one-half of the maximum d.c. 
current v'lich the circuit can supply 
without grid current, in the absence 
of an a.c. load current. The maximum 
value of the peak load current is then 
equal to the d.c. load current, but the 
output impedance to the alternating 

(Continued on page 27) 

filtering characteristic of the stabilizer. 
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New circuit developed at NBS uses heater - 

voltage fluctuations to compensate 

for line -voltage fluctuations. 

Experimental heater -compensated power 

supply developed at NBS. Variation in 

output voltage is less than .0005 per- 

cent per volt change in line voltage. 

Heater -Compensated 

POWER SUPPLY 
method of compensating ANEW 

for line -voltage changes in sta- 

bilized direct -current power sup- 

plies has been developed by Robert C. 

Ellenwood and Howard E. Sorrows at 

the National Bureau of Standards. In 

the new circuit arrangement, heater - 

voltage fluctuations are used to com- 

pensate for the line -voltage fluctua- 

tions. This compensation thereby in- 

creases the stability of the output vol- 

tage. This method can be applied to 

power supplies employing degenerative 

voltage stabilizers in which d.c. ampli- 

fiers compare the output voltage against 

a fixed reference voltage. When the 

Schematic diagram of the heater -compensated power supply. 

866 

FIL. 
5W. 

6 HENRY 

output voltage changes, the resulting 

voltage difference between the output 

and the reference potential is amplified 

by the amplifier so that the resistance 

of a control tube is altered in such a 

way as to restore the output voltage to 

its original value. The stability of such 

power supplies without heater compen- 

sation is adequate for many purposes, 

but for very precise measurements 

where greater stability is required, the 

new heater -compensated power supply 

fills a definite need. Heater compensa- 

tion can be used to good advantage 

in power supplies for such constant - 

current devices as direct -current am - 

550 V 

250 NA. 

plifiers and microwave oscillators. 

In order to analyze the effect of 

heater compensation, measurements 
were made on a typical stabilized power 

supply (350 volts, 1/4 ampere). The ex- 

perimental heater -compensated power 

supply constructed at the National 

Bureau of Standards employs a type 

6SJ7 pentode as the amplifier.Other 
tubes of the same general type 

also been used with satisfactory results. 

Small portable dry batteries are used 

as a reference voltage. The reference 

voltage was made nearly equal to the 

output voltage so that the full change 
tge 

in output voltage is applied to 

control grid of the amplifier tube. The 

batteries are placed in series with the 

amplifier grid lead in such a way that 

no current is drawn. This results in a 

very stable reference voltage and 

lengthens the service life of the bat- 

teries. The control function is per- 

formed by several 6L6's connected in 

parallel. Six tubes can carry a load 

current of 250 milliamperes and pre- 

sent an internal impedance of only 2 

ohms. The output voltage was found 

to be influenced by small changes in 

the heater voltage of the amplifier tube, 

but independent of the heater voltige 

of the control tube(s). A change in 

temperature of the amplifier cathode 

produces a corresponding change in the 

velocity of the emitted electrons and 

consequently in the magnitude of the 

amplifier plate current. The amount of 

compensation from heater voltage ac- 

tion is a function of the amplifier 

screen -grid voltage, and the degree of 

control by the cathode over the plate 

current is greatest at low screen poten- 

tials. The correct screen voltage for 

maximum stability must be determined 

experimentally. 
When a change occurs in the heater 

voltage, the change in the amplifier 

plate current produces a proportiona' 
change in the voltage across the grit 

resistor of the control tube. This effet 

produces an additional compensatioi 

for line -voltage changes. For a constan 

heater voltage, an increase in line vol 

tage of ten volts results in an increas 

in output voltage of about 0.1 vol' 

With the line voltage to the stabilize 

held constant and the potential of th 

screen grid of the stabilizer set at 12. 

volts, an increase of ten volts in tl 
primary voltage of the heater trap 
former results in a 0.1 volt decree, 

in output voltage. With the high-vc 

tage and heater transformers connect. 

(Continued on page 30) 
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Adjustment of 

QUADRATURE \EIWORKS 

By SIDNEY WALD 
Bendix Radio Div., Bendix Aviation Corp. 

Design of a precision 90° phase shifting network 
which snag be built irosi noncritical components. 

ANY occasions arise in the 
electronics laboratory when it is 
necessary to set up a phase- 

splitter circuit to give a 90 degree phase 
shift of one of the input voltages. 

Normally this is accomplished either 
by attempting to install precision cir- 
cuit values in the apparatus or else by 
using non -precision parts and adjust- 
ing the components of the network until 
a circle is obtained on an oscilloscope. 
The first method is costly and not justi- 
fied in low-cost equipment while the 
second method is too inaccurate since 
it is not possible to say with certainty 
that the achieved pattern is perfectly 
circular. 

This article points out how an oscillo- 
scope may become a useful device for 
precision checking of quadrature net- 
works. The concept depends on the fact 
that a zero or 180 degree shift between 
vertical and horizontal plates may be 

recognized with good accuracy because 
the pattern closes to a straight line. 
With a good scope, phase deviations of 
the order of 1/2 degree may be detected 
in the deviation of the straight line 
display. 

If we were to introduce a precise 90 

degree phase shift between the circuit 
to be adjusted to quadrature conditions 
and the scope, the resulting pattern 
would be an inclined straight line when 
the adjustment is correct. Fig. lA 
shows a typical application of this 
technique. The requirement which is 
difficult to fulfill is the accurate 90 
degree fixed phase shifter particularly 
because of the common ground found in 
most circuits. 

Many circuits have been proposed to 
give a 90 degree phase shift but un- 
fortunately many are four terminal 
devices and require a transformer when 
a common ground is desired. Figs. 

1B and C show well known 90 degree 
phase shifters. 

The simplest and usually most desir- 
able configuration for a phase shifter 
is the RC arrangement of Figs. 1D 

and 1E. The highest usable phase shift 
obtainable from either of these circuits 
depends upon the amplitude attenuation 
which may be tolerated, being .707 at 
45 degrees and approaching zero output 
at 90 degrees. 

Ordinarily it is undesirable to simply 
cascade such circuits to obtain greater 
phase shift than is possible with one 
because of the loading effect of succes- 
sive circuits on the Previous ones. For 
example, two 60 degree networks in 
cascade give an over-all shift which is 
considerably less than 120 degrees. 

A special case arises when two 45 

degree networks are cascaded, when the 
loading effect of the second circuit on 
the first vanishes. A simple analytical 
proof is given here to substantiate this 
statement. 

Referring to Fig. 1F 

et = 1, (R - jX) - 1,R . . . (1) 

o = - 11? -I- I. (2R - jX) . . (2) 

e2 = 1.1? (3) 

Let X = R and substitute (3) in (1) : 

e, = I,R (1 - j) - e2 . . . . (4) 

(Continued on page 31) 

Fig. 1. (A) Typical quadrature network adjustment. C or R is varied until pattern is a straight 
line. (B) and (C) Circuits for shifting phase 90°. (D) and (E) Simplest R -C phase shifting arrange- 
ments. (F) 90° network. (G) A precision 90° box. R = 1/27rfC for 90° between input and output. 
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Rear view of car with trunk 
cover removed, showing 
how the antenna is mounted. 

FIELD INTENSITY 

SURVEY 
of an FM Station 

By HAROLD REED 
Chief Engineer, Station WOL 

One method of making a field intensity survey 

of an FM station to meet the FCC requirements. 

FIELD intensity contours of an 
FM broadcast station are to be de- 

termined in accordance with the 

methods prescribed in the "Standards 
Of Good Engineering Practice Con- 

cerning FM Broadcast Stations" of the 

Federal Communications Commission. 

These Standards state that FM broad- 

cast stations shall determine the extent 

of their 1 millivolt per meter and 50 

microvolt per meter contours. It is fur- 

ther stated that although some service 

is provided by tropospheric wave, the 

service area is considered to be only 

that served by the ground wave. The 

extent of the service is determined by 

the point at which the ground wave is 

no longer of sufficient intensity to pro- 

vide satisfactory broadcast service. 

The field intensity considered neces- 

sary for service in city business or fac- 

tory areas is 1 millivolt per meter 

median field intensity and in rural 
areas 50 microvolt per meter median 

field intensity. Q median field intensity 
of 3 to 5 millivolts per meter should be 

placed over the principal city to be 

served and for class B stations, a me- 

dian field intensity of 1 millivolt per 
meter should be placed over the busi- 

ness district of cities of 10,000 or 

greater within the metropolitan district 
served. A field intensity of 5 millivolts 
per meter should be provided over the 
main service area of a class B station. 

This paper presents a discussion of 

10 

the procedure employed in conducting 

a field intensity survey, in accordance 
with the FCC Standards, of a class B 

FM station with effective radiated 
power of 20 kilowatts. The transmitter 
power output was 8.4 kilowatts. Trans- 
mission line efficiency was 79%. The 

antenna had a power gain of 3 with a 

height of 410 feet above average terrain. 
Measurements to determine the serv- 

ice area of an FM broadcast station 
must be made with mobile equipment of 

a field intensity meter of proper fre- 
quency range and calibrated against 
recognized standards, a source of power 

for this instrument, an antenna de- 

signed for the frequency of the signal 
to be measured, a graphic instrument 
more popularly known as a recorder, 
a mobile recording assembly for driv- 
ing the recorder from the speedometer 
shaft of the field survey car, and mis- 

cellaneous accessories for both the meas- 
uring apparatus and the recorder. This 

collection of equipment when properly 
installed and operated provides for the 
required continuous mobile recording 
of the field intensity of the FM trans- 
mitter in accordance with the FCC 
regulations. 

Several installation problems were 
encountered in' the process of setting 
up this equipment, foremost of which 
was in the mounting of the antenna on 

the car. The most convenient vehicle 
would be a light truck, or preferably 
a station wagon because of its all 
wooden body construction. These means 
of transportation were unavailable to 
the writer at the time this field survey 
was undertaken. It was therefore nec- 
essary to employ a passenger vehicle 
which in this case was a 1941 Chevrolet 
business coupe. 

The FCC Standards specify that the 

receiving antenna be of a non -direc- 

tional type and of the same polariza- 

tion as the transmitting antenna. It 
was found that a completely satisfac- 
tory non -directional type of antenna 
for this work was unavailable. Experi- 
mental antennas have been constructed 
for this purpose and several were found 

to be fairly successful but none to the 

writer's knowledge proved to be entirely 
satisfactory. The greatest handicap of 

the non -directional antenna in the con- 

ducting of these tests is the weak sig- 

nal pickup it provides as the end of any 

given transmitter radial is approached. 
Permission to employ a dipole antenna 
was obtained from the Federal Commu- 

nications Commission. This, of course 

had to be continuously properly orientec 

with respect to the transmitter as the 

field car moved outward from the trans 
mitter site in order to insure maxi. 

mum signal pickup at all times it 

the receiving antenna. This rotations 
provision further complicated matters 
considering that it was necessary t 
make the installation on a privatel: 
owned car with as little mutilation a 

possible. 
At first the logical support appeare 

to be the front or rear bumper of th 

car. However, it was decided the sir 

gle support at the bottom of the antenn 
mast was not sufficient for the 10 foc 

pole and further the coupling drive f< 

orientation could not be easily effecte 
Either side of the vehicle where ti 
car radio whip antenna is usual 
mounted did not seem to offer ar 

greater possibilities and presented 
further disadvantage by allowing of 

half of the dipole to protrude outwa- 

from the car body with the hazard 
striking high trucks, busses, trees, at 

other obstacles encountered in tray 
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Cutting a hole through the roof of the 
car was out of the question. 

The trunk in the rear proved to be 
the answer. The lid of the trunk was 
easily and quickly removed, being held 
by 4 screws in the hinges and 4 screws 
in the arms that hold the lid open. This 
particular car contained a substantial 
shelf in the trunk compartment upon 
which a gear box with a 20 to 1 ratio, 
purchased for a few dollars from a war 
surplus distributor, was mounted. A 
short length of 11/4 inch pipe was 
screwed into a coupling which was 
welded to the gear box, and a further 
support for this pipe was attached to 
the under side of the top of the trunk 
compartment. 

The dipole antenna which is supplied 
with the field strength meter includes 
2 poles with a tee coupling to obtain 
either horizontal or vertical polariza- 
tion. Using these 2 poles and coupling 
resulted in a height above ground of 
slightly less than the 10 feet the writer 
wished to achieve, so a longer pole was 
purchased from a local hardware store 
and substituted for the lower section. 
This 2 section mast could then be 
slipped into the short section of 11/4 

inch pipe on the gear box. A 1% inch 
long machine screw was inserted 

through the pipe and pole and a nut 
attached. This screw protruded far 
enough through the pipe to attach 
thereto a direction indicator which was 
made from a piece of copper tubing 
with a nut soldered to one end and the 
other end flattened to form a pointer 
which was painted white so it could be 
clearly seen through the rear window. 
The antenna must necessarily be easily 
and quickly removed because of low 
hanging tree branches and wires which 
may be encountered. In this case it was 
only necessary to loosen the thumb 
screw on the tee coupling and drop 
the upper half of the mast. The antenna 
arrangement may be seen in the photo- 
graphs. The gear box is in the wooden 
housing on the trunk shelf. 

A flexible shaft such as used for 
sanding discs, grinding wheels, etc. was 
connected to the gear box by means of 
the chuck on this shaft. The motor end 
of the shaft was fastened inside the 
car and a pulley was attached to which 
was bolted a handle for turning the 
antenna. The coaxial cable for the an- 
tenna goes through a hole, along with 
the flexible shaft, at the front part of 
the trunk compartment to the field 
meter inside the car. This arrangement 
resulted in a smoothly operating setup 

and the gear box held the antenna 
steady in any direction. It is necessary, 
of course, to adjust the length of the 
dipole for the frequency of the station. 
This may be calculated, or it may be 
ascertained from a curve supplied with 
the equipment. Also one of the poles 

Esterline-Angus recorder of the 
type used to record field inten- 
sity along the various radials. 

Contour map of Washington, D. C. and vicinity showing measured and computed field intensities for Station WOL-FM. 
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Fig. 1. Radials which were followed in 
making field intensity measurements. 

RADIAL 8 
STAT ON WOL 

.2 2 A 6 6 10 20 40 

AIRLINE MILES FROM TRANSMITTER 

Fig. 2. Field intensity along ra- 
dial B (Fig. 1) from Station WOL. 

furnished has a scale engraved on it 
which is directly calibrated in mega- 
cycles. 

Complete installation or removal of 
all equipment could be effected by the 
two engineers making the survey in 
just 15 minutes, including the removal 
or replacement of the trunk lid and 

license plate which was attached by drive the recorder. This assembly con - 

two bolts with winged nuts to two sists of a recorder drive, tee coupling 

small angle brackets placed on the car box, and the required drive shafts. 

gravel plate. To install this assembly the drive 

The field intensity meter employed shaft is removed from the speedom- 

for these measurements was an RCA eter of the car and attached to the tee 

type WX-1A model made by the Clarke coupling box which was mounted on 

Instrument Corp. This equipment is the fire wall of the car under the dash 

furnished complete with two adjustable board. One of the drive shafts sup - 

dipole antennas, a two section antenna plied connects from the tee box to the 

mast with tee coupling for horizontal speedometer and the other one goes 

or vertical polarization, an adjustable from the tee to the recorder drive 

tripod, coaxial antenna cable, and bat- which is mounted on the case of the 

tery cable. Each half of the dipole may graphic instrument. When this appa- 

be folded parallel with the mast for ratus is properly installed it provides 

easy adjustment and for transportation the necessary drive for the recorder 

when not in use. The instrument con- chart and the chart speed with this 

tains a built-in vibrator power supply, assembly is 4 inches per mile. The re - 

permitting the use of a 6 -volt storage corder drive can be disengaged from 

battery as the power source. Output the recorder by turning a knob on the 

jacks are provided for direct connec- side of the case. This is convenient 

tion to a standard 5 milliampere or 1 when it is found necessary to back 

milliampere type graphic recorder. It track on a radial run or when back - 

also contains a built-in loudspeaker ing the car. 
and audio amplifier for monitoring Sponge rubber pads were used in 
either AM or FM signals while meas- mounting the field meter and recorder 
urements are being made. The fre- between the car seats and wall of the 
quency range of the meter is from trunk compartment. The flexible shaft 
50 to 220 megacycles. for orienting the antenna was fast - 

An Esterline-Angus graphic record- ened to this wall. Winged nuts were 
ing instrument was employed to con- used to secure all equipment for rapid 
tinuously record the intensity of the installation and removal. There was 
transmitter output signal as the field enough room for an engineer to sit on 

car traveled away from the station. an automobile cushion and operate the 
This instrument was a model A.W. equipment and keep the log. This in- 
d.c. milliammeter which is a 0-1 milli- stallation in the car interior is shown 
ampere recorder. It contains a spring in the photographs, which together 
powered chart drive; however, for with the pictures of the antenna in - 
this work it is more satisfactory stallation were taken by the author. 
to operate the recorder from the After all equipment was satisfac- 
speedometer drive shaft of the car. torily assembled in the car and sev- 
A photograph of the recorder with a eral test runs made, it was necessary 
section of the chart of Radial A of to correct the calibration of the field 
this survey on the instrument is pre- intensity meter due to the presence of 
sented through the courtesy of the the car body. The simplest procedure 
Esterline-Angus Co. A model 110 in determining the correction factor 
mobile recording assembly, manufac- is to modify the antenna constant 
tured by the Clarke Instrument Corp. (K) given in the data sheets supplied 
and distributed by RCA was used to by the manufacturer and which must 

Installations in the rear of the car include receiver and recorder. 
be applied to the field intensity as 
read directly from the meter. 

This instrument is supplied with fre- 
quency factor curves for each attenua - 
tor setting of the field meter. The result 
is based on the antenna being in free 
space as far as the dipole radiation 
resistance is concerned, and this K fac- 
tor corrects for transmission line loss, 
r.f. attenuator setting, and frequency 
characteristic of the calibrating oscil- 
lator voltmeter. 

To find the modified K constant re- 
quired the field car was driven to a 
farm about 10 miles from the transmit- 
ter site. There on a level open field, over 
500 feet from the nearest overhead 
wires, trees, buildings, and other ob- 
structions, a compass rose was laid out 
by driving twelve wooden stakes into 
the ground in a circle, the stakes being 
30 degrees apart. The car was then 
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placed in the center of this circle and 
successively faced toward each stake 
and the field intensity reading for each 
of these positions carefully recorded. 
The dipole was in each instance prop- 
erly oriented with respect to the trans- 
mitter while the car was rotated 
through the 360 degrees of the rose. 
It was carefully observed that each 
reading was taken under the same con- 
ditions except for the position of the 
vehicle. The car doors were closed and 
the engineers making 'the tests were 
inside the car when each reading was 
taken. 

All apparatus was then removed 
from the car and set up on the ground 
with the antenna mounted on its tripod, 
10 feet above ground and positioned 
in the center of the compass rose. The 
car was moved over 500 feet distant 
from the measuring location to prevent 
inaccurate measurement due to the car 
body. With the dipole oriented toward 
the transmitter the true field intensity 
reading was recorded. 

The true field reading was found 
from the expression, F = S X K, where 
F is the field intensity, S the scale read- 
ing of the meter, and K is the calibra- 
tion constant for any given attenuator 
setting. This true field intensity was 
indicated as Ft. The field intensity read- 
ing for each position of the car in the 
compass rose was recorded as the ap- 
parent reading or Sa. Then K', the 
modified antenna constant, was obtained 
from the equation: K'---Ft/Sa. This 
ratio must be solved for each position 
of the car in the compass rose. The 
average of the K' values thus obtained 
is the correction factor to be applied. 
However, during this survey all meas- 
urements were made while following a 
radial in an outward direction from the 
transmitter site; therefore, the modified 
antenna constant used was the average 
of the K' values of positions 4, 5, 6, 7, 
8, 9, and 10. See Fig. 1. 

Two men were required to make the 

11111.0 

Installation in rear of car showing hand crank for rotating antenna. 

survey. One was assigned to drive the 
car, follow the plotted course, watch 
for low hanging tree branches and 
wires and assist with checking speed- 
ometer mileage readings. The other 
man operated the equipment and kept 
a detailed log. 

Before starting each radial run the 
route to be traveled was carefully 
planned. The FCC Standards state that 
measurements are to be made along 
roads which are as close and similar 
as possible to the radials which were 
submitted with the application for con- 
struction permit. These radials which 
were spaced 45 degrees apart around 
the transmitter site were drawn on 
road maps. Maps obtained from the 
American Automobile Association for 
the local area were found helpful in 
choosing streets and roads for the first 
half of the trip. Onion skin paper was 
placed over these maps and the radials 
and nearest roads thereto were traced 
on this paper. Street names, route num- 
bers, and towns were shown. One copy 

was made for the driver and one for 
the operator of ti.e antenna and field 
equipment. In accordance with FCC 
Standards measurements were made 
to a point on each radial well beyond 
the contour under investigation. 

Accuracy of calibration of the field 
meter is maintained by a self-contained 
calibrating system. Calibration was 
checked at the start and several times 
during each radial run. The storage 
battery was in a fully charged condi- 
tion at the beginning of each trip and 
the transmitter power output was held 
as constant as possible. The contents of 
the log included field intensities at fre- 
quent locations, identifying landmarks, 
car mileage, time of day, and comments. 

After all runs were completed the 
recording charts for each radial were 
divided into 15 or more sections as spec- 
ified in the FCC Standards. Each sec- 
tion was Numbered and analyzed to as- 
certain the median field intensity of 
the individual sectors. A section of the 

(Continued on page 26) 

Fig. 3. Sample portion of recording of field strength along radial B (Fig. 1). 
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Fig. 1. Radials which were followed in 
making field intensity measurements. 

. 
^ADIAL S 

STATION WOL 

.2 2 4 6 S lO 20 40 

AIRLINE MILES FROM TRANSMITTER 

Fig. 2. Field intensity along ra- 
dial B (Fig. 1) from Station WOL. 

furnished has a scale engraved on it 
which is' directly calibrated in mega- 
cycles. 

Complete installation or removal of 
all equipment could be effected by the 
two engineers making the survey in 

just 15 minutes, including the removal 
or replacement of the trunk lid and 

license plate which was attached by 

two bolts with winged nuts to two 

small angle brackets placed on the car 

gravel plate. 
The field intensity meter employed 

for these measurements was an RCA 

type WX-1A model made by the Clarke 
Instrument Corp. This equipment is 

furnished complete with two adjustable 
dipole antennas, a two section antenna 
mast with tee coupling for horizontal 
or vertical polarization, an adjustable 
tripod, coaxial antenna cable, and bat- 
tery cable. Each half of the dipole may 
be folded parallel with the mast for 
easy adjustment and for transportation 
when not in use. The instrument con- 

tains a built-in vibrator power supply, 
permitting the use of a 6 -volt storage 
battery as the power source. Output 
jacks are provided for direct connec- 
tion to a standard 5 milliampere or 1 

milliampere type graphic recorder. It 
also contains a built-in loudspeaker 
and audio amplifier for monitoring 
either AM or FM signals while meas- 
urements are being made. The fre- 
quency range of the meter is from 
50 to 220 megacycles. 

An Esterline-Angus graphic record- 
ing instrument was employed to con- 

tinuously record the intensity of the 
transmitter output signal as the field 
car traveled away from the station. 
This instrument was a model A.W. 
d.c. milliammeter which is a 0-1 milli- 
ampere recorder. It contains a spring 
powered chart drive; however, for 
this work it is more satisfactory 
to operate the recorder from the 
speedometer drive shaft of the car. 
A photograph of the recorder with a 
section of the chart of Radial A of 
this survey on the instrument is pre- 
sented through the courtesy of the 
Esterline-Angus Co. A model 110 
mobile recording assembly, manufac- 
tured by the Clarke Instrument Corp. 
and distributed by RCA was used to 

Installations in the rear of the car include receiver and recorder. 

drive the recorder. This assembly con- 
sists of a recorder drive, tee coupling 
box, and the required drive shafts. 

To install this assembly the drive 
shaft is removed from the speedom- 
eter of the car and attached to the tee 
coupling box which was mounted on 
the fire wall of the car under the dash 
board. One of the drive shafts sup- 
plied connects from the tee box to the 
speedometer and the other one goes 
from the tee to the recorder drive 
which is mounted on the case of the 
graphic instrument. When this appa- 
ratus is properly installed it provides 
the necessary drive for the recorder 
chart and the chart speed with this 
assembly is 4 inches per mile. 'The re- 
corder drive can be disengaged from 
the recorder by turning a knob on the 
side of the case. This is convenient 
when it is found necessary to back 
track on a radial run or when back- 
ing the car. 

Sponge rubber pads were used in 
mounting the field meter and recorder 
between the car seats and wall of the 
trunk compartment. The flexible shaft 
for orienting the antenna was fast- 
ened to this wall. Winged nuts were 
used to secure all equipment for rapid 
installation and removal. There was 
enough room for an engineer to sit on 
an automobile cushion and operate the 
equipment and keep the log. This in- 
stallation in the car interior is shown 
in the photographs, which together 
with the pictures of the antenna in- 
stallation were taken by the author. 

After all equipment was satisfac- 
torily assembled in the car and sev- 
eral test runs made, it was necessary 
to correct the calibration of the field 
intensity meter due to the presence of 
the car body. The simplest procedure 
in determining the correction factor 
is to modify the antenna constant 
(K) given in the data sheets supplied 
by the manufacturer and which must 
be applied to the field intensity as 
read directly from the meter. 

This instrument is supplied with fre- 
quency factor curves for each attenua - 
tor setting of the field meter. The result 
is based on the antenna being in free 
space as far as the dipole radiation 
resistance is concerned, and this K fac- 
tor corrects for transmission line loss, 
r.f. attenuator setting, and frequency 
characteristic of the calibrating oscil- 
lator voltmeter. 

To find the modified K constant re- 
quired the field car was driven to a 
farm about 10 miles from the transmit- 
ter site. There on a level open field, over 
500 feet from the nearest overhead 
wires, trees, buildings, and other ob- 
structions, a compass rose was laid out 
by driving twelve wooden stakes into 
the ground in a circle, the stakes being 
30 degrees apart. The car was then 
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placed in the center of this circle and 
successively faced toward each stake 
and the field intensity reading for each 
of these positions carefully recorded. 
The dipole was in each instance prop- 
erly oriented with respect to the trans- 
mitter while the car was rotated 
through the 360 degrees of the rose. 
It was carefully observed that each 
reading was taken under the same con- 
ditions except for the position of the 
vehicle. The car doors were closed and 
the engineers making 'the tests were 
inside the car when each reading was 
taken. 

All apparatus was then removed 
from the car and set up on the ground 
with the antenna mounted on its tripod, 
10 feet above ground and positioned 
in the center of the compass rose. The 
car was moved over 500 feet distant 
from the measuring location to prevent 
inaccurate measurement due to the car 
body. With the dipole oriented toward 
the transmitter the true field intensity 
reading was recorded. 

The true field reading was found 
from the expression, F = S X K, where 
F is the field intensity, S the scale read- 
ing of the meter, and K is the calibra- 
tion constant for any given attenuator 
setting. This true field intensity was 
indicated as Ft. The field intensity read- 
ing for each position of the car in the 
compass rose was recorded as the ap- 
parent reading or Sa. Then K', the 
modified antenna constant, was obtained 
from the equation: K' =Ft/Sa. This 
ratio must be solved for each position 
of the car in the compass rose. The 
average of the K' values thus obtained 
is the correction factor to be applied. 
However, during this survey all meas- 
urements were made while following a 
radial in an outward direction from the 
transmitter site; therefore, the modified 
antenna constant used was the average 
of the K' values of positions 4, 5, 6, 7, 
8, 9, and 10. See Fig. 1. 

Two men were required to make the 

9119.0 
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401.0 

369.0 

1{4.0 

441.0 

Installation in rear of car showing hand crank for rotating antenna. 

survey. One was assigned to drive the 
car, follow the plotted course, watch 
for low hanging tree branches and 
wires and assist with checking speed- 
ometer mileage readings. The other 
man operated the equipment and kept 
a detailed log. 

Before starting each radial run the 
route to be traveled was carefully 
planned. The FCC Standards state that 
measurements are to be made along 
roads which are as close and similar 
as possible to the radials which were 
submitted with the application for con- 
struction permit. These radials which 
were spaced 45 degrees apart around 
the transmitter site were drawn on 
road maps. Maps obtained from the 
American Automobile Association for 
the local area were found helpful in 
choosing streets and roads for the first 
half of the trip. Onion skin paper was 
placed over these maps and the radials 
and nearest roads thereto were traced 
on this paper. Street names, route num- 
bers, and towns were shown. One copy 

was made for the driver and one for 
the operator of the e.ntenna and field 
equipment. In accordance with FCC 
Standards measurements were made 
to a point on each radial well beyond 
the contour under investigation. 

Accuracy of calibration of the field 
meter is maintained by a self-contained 
calibrating system. Calibration was 
checked at the start and several times 
during each radial run. The storage 
battery was in a fully charged condi- 
tion at the beginning of each trip and 
the transmitter power output was held 
as constant as possible. The contents of 
the log i:..luded field intensities at fre- 
quent locations, identifying landmarks, 
car mileage, time of day, and comments. 

After all runs were completed the 
recording charts for each radial were 
divided into 15 or more sections as spec- 
ified in the FCC Standards. Each sec- 
tion was numbered and analyzed to as- 
certain the median field intensity of 
the individual sectors. A section of the 

(Continued on page 26) 

Fig. 3. Sample portion of recording of field strength along radial B (Fig. 1). 
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ELECTRON - OPTICAL, 

Shadow Method 

A novel method developed at NBS.for 

detecting and measuring very small 

electrostatic and magnetic fields. 

AS THE RESULT of a series of 

electron -microscope experiments 
at the National Bureau of Stand- 

ards, Dr. L. L. Marton of the Bureau's 
electron physics laboratory has devel- 

oped an electron -optical shadow tech- 

nique' which provides a valuable tool 

for the quantitative study of electro- 

static and magnetic fields of extremely 
small dimensions. The new method 

makes use of an electron lens system to 

produce a shadow image of a fine wire 

mesh placed in the path of the 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. Thus it is pos- 

sible to investigate quantitatively fields 

that have not been susceptible to other 
methods of investigation, for example, 
the fringe fields from the small domains 
of spontaneous magnetization in fer- 
romagnetic materials. 

The new development, which is based 

on extensive theoretical analysis, should 

The magnetic lens system of this horizontal 
experimental electron microscope at the 
National Bureau of Standards was used to 

produce a visual representation of mag- 
netic fields by means of the electron -optical 
shadow method. From the patterns thus 
obtained, field intensities may be computed. 
Dr. L. L. Marton of the Bureau staff, who 

designed the instrument, is shown at the 

control panel. Above and to the right of 

the panel the lens system ends in a cir- 

cular fluorescent screen on which the elec- 

tron beam converges to form an image. 

provide a powerful means for broaden- 
ing present knowledge concerning 
space -charge fields, fields produced by 

contact potentials, patch fields in ther- 
mionic emission, charge distribution in 

a gaseous plasma, waveguide problems, 
and the basic magnetic properties of 

metals. Though similar in some re- 

spects to the electron -optical Schlieren 
method' previously developed at the 
Bureau, the shadow method is much 

1. For more complete details see, "Electron Op- 
tical Observation of Magnetic Fields," by L. 
Marton and S. H. Lachenbruch, scheduled for 
publication in J. Research NBS 43. Oct. 
(1949) $P2O8S. See also, "Electron Optical 
Mapping of Electromagnetic Fields," by L. 
Marton and S. H. Lachenbruch, scheduled for 
publication in J. Ap. Phys. 20, Nov. 1949. 

2. In the Schlieren method, a magnetic lens 
forms an image of a source of electrons on a 
small copper etop which intercepts all direct 
rays. If in the apace between the electron 
source and the lens there is a variation of the 
index of refraction for electrons-in other 
words, a variation in electric or magnetic 
field intensity-an image of that inhomoge- 
neity will then be produced by means of the 
same lens in a conjugate plane beyond the 
atop. Thus a dark -field image of the mag- 
netic or electric field is obtained on a fi'fores- 
cent screen or on a photographic plate. See 
"Electron -optical Schlieren effect," NBS Tech- 
nical News Bulletin 32. 89 (1948). 

Perspective drawing illustrating the prin- 
ciple of the electron -optical shadow method 
for the quantitative study of electrostatic 
and magnetic fields of extremely small di- 
mensions. In this example, the new tech- 
nique is used to explore the field of a 
ferromagnetic recording wire magnetized in 
evenly spaced short pulses. Above: con- 
ventional magnetic lens system. Below: 
the magnetic recording wire has been in- 
troduced between the electron source and 
the magnetic lens. From measurements of the 
distortion of the image. accurate values of 
the magnetic field intensity can be computed. 

better adapted to precise determina- 
tions of field intensity. 

The principle of the shadow method 
was discovered in the course of a study 
of a recording wire magnetized in 
evenly spaced short pulses by means of 
a conventional magnetic recording head. 
In practice, the recording wire-or 
other object to be studied-is placed 
between an electron source and a sys- 
tem of electron lenses. The lens system 
focuses the electron beam to form an 
image of the wire on a fluorescent 
screen. By placing a wire mesh of known 
gage just beyond the back focus of the 

f 
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lens system, a shadow image of the 
mesh is superposed on the image of the 
wire. This shadow image is formed by 
projection from the virtual source pro- 
vided by the reduced image of the 
source of electrons. The portions of the 
shadow network adjacent on the screen 
to magnetized regions of the recording 
wire are then found to show consider- 
able distortion. 

A complete theoretical analysis of 
this effect has shown that the distor- 
tion of the shadow image is due to the 
deflection of the electron beam by the 
field of the recording wire at each mag- 
netized region. The result is a cor- 
responding displacement of the reduced 
image of the electron source. This dis- 
placed image, acting as a virtual source, 
forms a shadow image, likewise dis- 
placed, of the network. Deflection of 
the beam may also change the distance 
of the virtual source from the wire, in 
which case the magnification of the dis- 
placed image is affected. Obviously, 
the displacement and change in size of 
the shadow image at any point depend 
on the strength of the field of the mag- 
netized wire at a corresponding point. 

Formulas have been derived by S. H. 
Lachenbruch of the Bureau staff which 
permit the calculation of consistent ab- 
solute values of field strength in mag- 
netic or electric fields of various geo- 
metries from experimental measure- 
ments of the position of the wire mesh, 
the displacement and magnification of 
its shadow image, and the known con- 
stants of the apparatus. The patterns 

The magnetic field about a small horse- 
shoe magnet, photographed by means of 
the new electron -optical shadow technique. 
Here the screen of an electron microscope 
shows the electron shadow of a fine wire 
mesh distorted by the deflection of the 
electrons as they pass through the field 
of the magnet. Total width of the mag- 

net is about one-fourth inch. 

obtained also provide a qualitative 
visual representation of minute electro- 
static and magnetic fields. Although it 
is possible to compute field intensity 
from the intensity distribution of the 
pattern obtained by the Schlieren meth- 
od, the shadow method is of far greater 
utility for quantitative work since the 
image displacement and magnification 
can be measured much more accurately 
than can the intensity distribution 
across the Schlieren pattern on a photo- 
graphic plate. 

Perhaps the greatest value of the 
electron -optical shadow method lies in 
its utility for exploring complex elec- 
tric and magnetic fields of extremely 
small dimensions or in which a probe 
of size greater than the electron would 
disturb the field under study. In the 
past, calculations of the field intensity 
at a point have been limited to those 
special cases in which the geometry of 
the field exhibits a high degree of sym- 
metry. The shadow technique now pro- 
vides data for accurate calculation of 
the absolute value of the intensity in 
the neighborhood of a specimen of any 
size or shape without altering or dis- 
turbing the field. 

The method is thus well adapted to 
investigation of the fundamental na- 
ture of ferromagnetism. Experiments 
now under way at the National Bureau 
of Standards include a study of the be- 
havior of the fringe fields of the ferro- 
magnetic domains; in this work a single 
crystal of cobalt having very large 
magnetic domains is being used. An 
extension to ferroelectric materials is 
also contemplated for the purpose of 
checking the domain theory of these 
substances; of particular interest will 
be a study of the polarization of barium 
titanate and other high -dielectric ma- 
terials which are now being widely 
used in the production of small -sized 

capacitors for radio, radar, and tele- 
vision. 

In another application of the shadow 
method at the Bureau, space -charge 
fields in several types of apparatus em- 
ploying electron beams are being in- 
vestigated. In this connection, use of 
the method with a pulsed electron 
source for the stroboscopic study of 
fields that vary with time is under 
study. 

It has been suggested that the elec- 
tron -optical shadow method may also 
be of value for the calculation of field 
intensities within a waveguide. Use of 
waveguides as conductors and circuit 
elements in ultra -high -frequency radar 
and communication often leads to ar- 
rangements whose geometry is too com- 
plicated for expression in any system 
of mathematical coordinates. Thus the 
electronics engineer, having in many 
cases only an intuitive picture of the 
field distribution at ju.ictions and el- 
bows of the guide, must rely on empiri- 
cal methods in designing waveguide 
techniques and equipment. By the use 
of suitable auxiliary techniques, it is 
hoped that the shadow method may be 
adapted to the calculation of field in- 
tensities in regions of a guide that are 
not at present susceptible to analytical 
treatment. 

The Bureau is also applying the prin- 
ciple of the shadow technique to the 
study of spherical aberration in elec- 
tron lenses. When a fine wire mesh is 
placed in the focal region of a lens 
having sph _ical aberration, the shadow 
image of the network is enlarged either 
centrally or at the periphery, depend- 
ing on the position of the mesh and the 
nature of the lens error. The resultant 
pattern may thus be interpreted to give 
information of value in correcting the 
lens. 

The electron -optical shadow method is illustrated by means of an analogous experiment 
in light optics. Mounted lens system converges light from a distant source to form a 
reduced image of the source at a point just to the left of a wire screen. A magnified 
shadow image of the wire screen is formed on the ground -glass screen by projection 
from the reduced image. Here the lower half of the light beam is intercepted by a piece 
of plastic deformed along its edge in such a way as to deflect some of the light rays 
before they pass through the lens. The result is a distortion of the corresponding part of 

the shadow network. In the NBS method, the glass lens system is replaced by a mag- 
netic lens, and the plastic is replaced by the magnetic or electrostatic field to be studied. 



DESIGN 
of an 

ECHO BOX 

By JOSEPH H. VOGELMAN 
Chief, Development Branch, Watson Laboratories. 

A highly accurate and adjustable echo 
box is essential in testing radar units. This 
box is tunable over the range 130-154 mc. 

AN ECHO box was required which 
would be tunable over the fre- 
quency band 130 to 154 mega- 

cycles per second, and capable of provid- 
ing the operator of the radar system 
with a simple means of daily checking 
of performance of the system, without 
any interruption of its tactical opera- 
tion. The quarter -wavelength coaxial 
echo box described herein was designed 
as the most feasible solution to the 
problem. The operation of the echo box 
and its application to the measurement 
of radar performance have been ade- 
quately covered in the literature' and 
will not be repeated. 

The basic requirements for the echo 
box as set by the radar system for 
which it is intended are as follows: 

Tuning Range -130 to 154 mc. 
Decay Rate-Less than 1 db. per 

microsecond 
Bandwidth of cavity -10 kc. 
Level Difference between peak pulse 

power and receiver sensitivity at the 
echo box input -100 db. 

To meet the decay rate requirement, 
the order of magnitude of the Q re- 
quired is determined from the relation: 

27.3 f 
d 

(1) 

where fis in mc. and d is in db./µs. For 
130 mc. this gives a Q of 3549, and for 
154 mc., a Q of 4204. 

To meet the bandpass requirement of 

10 kc. the loaded Q required is deter- 
mined from the relationship: 

QL = (2) 

where f and äf are in the same units. 
For 130 mc., QL is 13,000 and for 154 
mc., QL is 15,400. 

Since the Q requirement to meet 
the bandpass requirement is the great- 
er, this value governs the design of echo 
box. Previous experience has shown 
that the loaded Q due to input and out- 
put coupling will have a ratio to un- 
loaded Q of the order of 0.9. Further 
decreases in Q will result from the sup- 
pression of undesired modes and other 
compensation networks. To account for 
these losses, the unloaded Q for which 
the echo box will be designed is taken 
as 20,000. 

For the purpose of this section the 
following symbols . and dimensional 
units will be used: 

a = inner conductor radius in cm. 
b= outer conductor radius in cm. 
f = frequency in mc. 

Fig. 1. Equivalent circuit of echo box. 
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L = length of inner conductor in cm. 
X = free space wavelength in cm. 
A = attenuation in db. per cm. 
d = length of waveguide beyond cut- 

off attenuator in cm. 
For a coaxial echo box, maximum Q 

is obtained when b l a = 3.6. Adding 25 
per -cent to the Q to take care of short 
losses, the dimensions can be determined 
from the following relationship: 

302 bf ln b/a 
Q 1+b/a (3) 

b= '0f Q -25.4cm. . . . . (4) 

Then a = 7.055 cm. 
For a satisfactory echo box it is nec- 

essary that modes other than the TEM 
be sufficiently below cut-off to prevent 
extraneous resonances or holes due to 
partial cancellations between TEM and 
a higher mode. To an accuracy of 7 per- 
cent the cut-off frequency for higher 
modes than TEM is found from the 
relationship : 

X = 2ar b 2 a (5) 

which corresponds to a frequency of 
293 mc. The frequency range 130 to 
154 mc. is far enough below this value 
to insure that no higher modes will 
exist. 

Where a = 7.055 cm. and b= 25.4 cm., 
the Q is 24,400 at 130 mc. and 26,500 
for 154 mc. 

These values of Q are calculated to 
include only the conductor loss but do 
not consider the short losses. For this 
preliminary calculation, the length 
of the center conductor for resonance 
will be taken as a quarter wavelength. 
The Q can be corrected for short loss 
by the relationship :2 

\ á + 20 LQ 
Q' . (6) 

\2a+2bL+lná 
In making corrections for short loss, 

the shortening of the center conductor 
of the resonant line, due to the discon- 
tinuity capacity caused by termination 
of the inner conductor while the outer 
conductor is allowed to continue, is neg- 
lected for the present, to simplify the 
preliminary calculations. Under the 
above limitations the corrected Q's be- 
come 19,500 and 20,500 respectively for 
130 mc. and 154 mc. 

To determine the over-all length of 
the quarter -wavelength echo box, it is 
necessary to investigate the length of 
outer conductor required to give negli- 
gible reflection from the far end. The 
outer conductor beyond the termination 
of the center conductor acts as a wave - 
guide beyond cut-off attenuator. If the 
length is such that a one-way attenua - 
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tion of at least 30 db. is obtained, the 
reflection from a short at the far end of 
the attenuator will be -60 db. or 0.1 

per -cent in voltage. This value is suffi- 

ciently small to be neglected. 
For the lowest mode TE ,,, the attenu- 

ation of a cut-off attenuator is obtained 
from the relationship :1 

16.0 / r3.42b 1 A_ 
b // 1-\ X / (7) 

For 130 mc. A = .586 db. per cm., and 
for 154 mc. A = .565 db. per cm. 

The length required for 30 db. atten- 
uation is obtained from the relationship 
d = 30/A. For 130 mc. this gives d = 
51.2 cm. = 20.2 inches, and for 154 mc. 
d = 53.0 cm. = 20.9 inches. The total 
length required for the cavity = X/4 
+ d = 22.7 + 20.2 = 42.9 inches. 

The quarter -wavelength echo box 
would have an over-all length of 42.9 
inches, a diameter of 20 inches and re- 
quire a plunger movement of approxi- 
mately 3.5 inches. 

Tuning Mechanism 
Whinnery, Jamieson and Robbins' 

have shown that for a coaxial line, 
where the outer conductor is below cut- 
off for all cylindrical waveguide modes 
and is of infinite length, the termina- 
tion of the inner conductor results in a 
discontinuity capacity whose magni- 
tude is a function of the inner and outer 
conductor diameters. For a coaxial line 
of b/a = 3.6 and b = 25.4 cm., the dis- 
continuity capacity, Cd = 3.57 µµEd. is 
determined from the plot by Whinnery, 
Jamieson and Robbins of Cd/21rb 
against b/a. 

For a capacity loaded quarter -wave- 
length resonant line, the line length re- 
quired for resonance is determined from 
the relationship : 

tan -J1.59 X 10'\ 
L \ fcZo J 

2 ir . . . . (8) 

where f = frequency in mc. 
c= capacity in µµfd. = 3.57 

Zo = 138 logo b/a = 76.77 ohms 
L = length of inner conductor 

in cm. 
X = free space wavelength = 

29979 / f 

For bla=3.6: 

L tan-' 
( 

580.08 

360 X 
(9) 

From (9) the length required for 
every megacycle has been calculated 
and will be found in Table III. The total 
center conductor displacement for the 
frequency band is 3.516 inches. If lin- 
ear motion is assumed, displacement per 
megacycle is 0.146 inches. This may be 
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Fig. 2. Resonant length of inner conductor for quarter -wavelength box. 

closely approximated by a screw of 
seven threads per inch. If the plunger 
is adjusted to be correct at 136 me. and 
the frequency indicating dial designed 
to read 1 megacycle per revolution with 
100 division vernier, then the dial read- 
ing can be found from the relationship: 
Dial Reading -- 

136 + 7(18.516 - I) . . . (10) 
The dial readings have been calcu- 

lated and tabulated in Table III together 
with the error resulting from the use of 
a linear tuning dial. The actual fre- 
quency and the dial readings are plot- 
ted against plunger length in Fig. 2, 
and the frequency error against dial 
reading is plotted in Fig. 3. The tuning 
correction is engraved on the tuning 
dial every 0.1 mc. of correction to per- 
mit frequency accuracies of better than 
0.1 megacycle per second. The tuning 
corrections are tabulated in Table II 
together with the frequency to which 
they correspond. 

Compensation of Q 

The resistance of a coaxial cavity 
having constant inner and outer con- 
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ductor radii varies as the square root 
of the wavelength, , and since the pro- 
duct ,AL remains constant, the Q varies 
inversely as the squill root of the wave- 
length or directly with the square root 
of the frequency as can be seen from 
Eqt. (3). 

To achieve constant ringtime the Q 

must vary directly with frequency as 
can be seen from the ringtime equation.' 

A loop placed in the vicinity of the 
end of the center post in the outer con- 
ductor should provide frequency sensi- 
tive loading which varies qualitatively 
in the proper manner to compensate 
the ringtime. The current in such a 
loop cannot be accurately solved with 
conveniece, but it may be closely ap- 
proximated as follows: 

For the region up to the end of the 
center conductor the current is assumed 
to be distributed as in an ideal coaxial 
resonator, i.e., 

360 d 
I = k locos 

X 

where d is distance from short, varying 
from 0 to L. 

Fig. 3. Curve showing dial reading corrections in megacycles. 
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A highly accurate and adjustable echo 
box is essential in testing adar units. This 
box is tunable over the range 130-154 mc. 

AN ECHO box was required which 
would be tunable over the fre- 
quency band 130 to 154 mega- 

cycles per second, and capable of provid- 
ing the operator of the radar system 
with a simple means of daily checking 
of performance of the system, without 
any interruption of its tactical opera- 
tion. The quarter -wavelength coaxial 
echo box described herein was designed 
as the most feasible solution to the 
problem. The operation of the echo box 
and its application to the measurement 
of radar performance have been ade- 
quately covered in the literature' and 
will not be repeated. 

The basic requirements for the echo 
box as set by the radar system for 
which it is intended are as follows: 

Tuning Range -130 to 154 mc. 
Decay Rate-Less than 1 db. per 

microsecond 
Bandwidth of cavity -10 kc. 
Level Difference between peak pulse 

power and receiver sensitivity at the 
echo box input -100 db. 

To meet the decay rate requirement, 
the order of magnitude of the Q re- 
quired is determined from the relation: 

Q-27 f 

where f is in mc. and d is in db./µs. For 
130 mc. this gives a Q of 3549, and for 
154 mc., a Q of 4204. 

To meet the bandpass requirement of 

10 kc. the loaded Q required is deter- 
mined from the relationship: 

QL=Qf (2) 

where f and Of are in the same units. 
For 130 mc., QL is 13,000 and for 154 
mc., QL is 15,400. 

Since the Q requirement to meet 
the bandpass requirement is the great- 
er, this value governs the design of echo 
box. Previous experience has shown 
that the loaded Q due to input and out- 
put coupling will have a ratio to un- 
loaded Q of the order of 0.9. Further 
decreases in Q will result from the sup- 
pression of undesired modes and other 
compensation networks. To account for 
these losses, the unloaded Q for which 
the echo box will be designed is taken 
as 20,000. 

For the purpose of this section the 
following symbols . and dimensional 
units will be used: 

a = inner conductor radius in cm. 
b = outer conductor radius in cm. 
f = frequency in mc. 

Fig. 1. Equivalent circuit of echo box. 
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L= length of inner conductor in cm. 
X = free space wavelength in cm. 
A = attenuation in db. per cm. 
d = length of waveguide beyond cut- 

off attenuator in cm. 
For a coaxial echo box, maximum Q 

is obtained when b/a = 3.6. Adding 25 
per -cent to the Q to take caré of short 
losses, the dimensions can be determined 
from the following relationship: 

302 bf ln b/a Q_ 1+ b/a (3) 

b - '0 f, Q = 25.4 cm. . . . . (4) 

Then a = 7.055 cm. 
t For a satisfactory echo box it is nec- 
essary that modes other than the TEM 
be sufficiently below cut-off to prevent 
extraneous resonances or holes due to 
partial cancellations between TEM and 
a higher mode. To an accuracy of 7 per- 
cent the cut-off frequency for higher 
modes than TEM is found from the 
relationship: 

X= 2.r b 2 a (5) 

which corresponds to a frequency of 
293 mc. The frequency range 130 to 
154 mc. is far enough below this value 
to insure that no higher modes will 
exist. 

Where a=7.055 cm. and b=25.4 cm., 
the Q is 24,400 at 130 mc. and 26,500 
for 154 mc. 

These values of Q are calculated to 
include only the conductor loss but do 
not consider the short losses. For this 
preliminary calculation, the length 
of the center conductor for resonance 
will be taken as a quarter wavelength. 
The Q can be corrected for short loss 
by the relationship :2 

Q' - \2a 2b) LQ 

\2a+2bJL+lná 
In making corrections for short loss, 

the shortening of the center conductor 
of the resonant line, due to the discon- 
tinuity capacity caused by termination 
of the inner conductor while the outer 
conductor is allowed to continue, is neg- 
lected for the present, to simplify the 
preliminary calculations. Under the 
above limitations the corrected Q's be- 
come 19,500 and 20,500 respectively for 
130 mc. and 154 mc. 

To determine the over-all length of 
the quarter -wavelength echo box, it is 
necessary to investigate the length of 
outer conductor required to give negli- 
gible reflection from the far end. The 
outer conductor beyond the termination 
of the center conductor acts as a wave - 
guide beyond cut-off attenuator. If the 
length is such that a one-way attenua- 

. . (6) 
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tion of at least 30 db. is obtained, the 
reflection from a short at the far end of 
the attenuator will be -60 db. or 0.1 

per -cent in voltage. This value is suffi- 

ciently small to be neglected. 
For the lowest mode TE .,, the attenu- 

ation of a cut-off attenuator is obtained 
from the relationship :1 

A= 16.0 I/1 (3.4X2b \' 
(7) 

For 130 mc. A = .586 db. per cm., and 
for 154 mc. A = .565 db. per cm. 

The length required for 30 db. atten- 
uation is obtained from the relationship 
d = 30/A. For 130 mc. this gives d = 
51.2 cm. = 20.2 inches, and for 154 mc. 
d = 53.0 cm. = 20.9 inches. The total 
length required for the cavity = X/4 
+ d = 22.7 + 20.2 = 42.9 inches. 

The quarter -wavelength echo box 
would have an over-all length of 42.9 
inches, a diameter of 20 inches and re- 
quire a plunger movement of approxi- 
mately 3.5 inches. 

Tuning Mechanism 
Whinnery, Jamieson and Robbins' 

have shown that for a coaxial line, 
where the outer conductor is below cut- 
off for all cylindrical waveguide modes 
and is of infinite length, the termina- 
tion of the inner conductor results in a 
discontinuity capacity whose magni- 
tude is a function of the inner and outer 
conductor diameters. For a coaxial line 
of b/a = 3.6 and b = 25.4 cm., the dis- 
continuity capacity, Ca = 3.57 µµEd. is 
determined from the plot by Whinnery, 
Jamieson and Robbins of Cal2wrb 
against b/a. 

For a capacity loaded quarter -wave- 
length resonant line, the line length re- 
quired for resonance is determined from 
the relationship : 

(1.59 x 10' tan 
f c Zo f L 
2,r 

where f = frequency in mc. 
e = capacity in µµfd. = 3.57 

Zo = 138 logo b/a = 76.77 ohms 
L = length of inner conductor 

in cm. 
X = free space wavelength = 

29979/f 

X 

For b/a = 3.6: 

tan-' 

. . . (8) 

( 580.08 \ 
` f J 

360 
(9) 

From (9) the length required for 
every megacycle has been calculated 
and will be found in Table III. The total 
center conductor displacement for the 
frequency band is 3.516 inches. If lin- 
ear motion is assumed, displacement per 
megacycle is 0.146 inches. This may be 
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I 
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I 
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LENGTH IN INCHES 

Fig. 2. Resonant length of Inner conductor for quarter -wavelength box. 

closely approximated by a screw of 
seven threads per inch. If the plunger 
is adjusted to be correct at 136 mc. and 
the frequency indicating dial designed 
to read 1 megacycle per revolution with 
100 division vernier, then the dial read- 
ing can be found from the relationship : 
Dial Reading = 

136-F 7(18.516 - 1) . . . (10) 
The dial readings have been calcu- 

lated and tabulated in Table III together 
with the error resulting from the use of 
a linear tuning dial. The actual fre- 
quency and the dial readings are plot- 
ted against plunger length in Fig. 2, 
and the frequency error against dial 
reading is plotted in Fig. 3. The tuning 
correction is engraved on the tuning 
dial every 0.1 mc. of correction to per- 
mit frequency accuracies of better than 
0.1 megacycle per second. The tuning 
corrections are tabulated in Table II 
together with the frequency to which 
they correspond. 

Compensation of Q 

The resistance of a coaxial cavity 
having constant inner and outer con- 

,... +.50 
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cg +.30 
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t.20 
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.40 
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.80 

ductor radii varies as the square root 
of the wavelength, , and since the pro- 
duct aL remains coiu:.tant, the Q varies 
inversely as the square root of the wave- 
length or directly with the square root 
of the frequency as can be seen from 
Eqt. (3). 

To achieve constant ringtime the Q 
must vary directly with frequency as 
can be seen from the ringtime equation.' 

A loop placed in the vicinity of the 
end of the center post in the outer con- 
ductor should provide frequency sensi- 
tive loading which varies qualitatively 
in the proper manner to compensate 
the ringtime. The current in such a 
loop cannot be accurately solved with 
conveniefce, but it may be closely ap- 
proximated as follows: 

For the region up to the end of the 
center conductor the current is assumed 
to be distributed as in an ideal coaxial 
resonator, i.e., 

360 d 
1 = k locos 

X 

where d is distance from short, varying 
from 0 to L. 

Fig. 3. Curve showing dial reading corrections in megacycles. 7' 
CORRECTION OF D AL READING 

D N re O Yl tD r e c, O - N re e , .p n m e 2 o _ o o 

DIAL READING 
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Freq Ro R Ro RL Relative Reduction 
In Inherent Desired Compensa- Compen- Ringtime In 

Mc. Resistance Resistance tion Avail- sated In Per -cent Ringtime 
In Per -cent In Per -cent able in Resistance R In 
Normalized Normalized Per -cent In Per -cent RL Per -cent 
To 142 Mc. To 142 Mc. Normalized 

To 142 Mc. 
R,+0.08R, 1 - Ro 

1.08 Ro+0.08Rc 
130 104.51 109.23 167.220 109.15 100.07 11.34 
135 102.55 105.19 137.512 105.14 100.05 9.69 
140 100.71 101.43 110.243 101.41 100.02 8.05 
142 100.00 100.00 100.00 100.00 100.00 7.41 
145 98.96 97.93 85.616 97.97 99.96 6.47 
150 97.29 94.67 63.807 94.81 99.85 4.99 
154 96.02 92.21 51.763 92.91 99.25 4.31 

Table I. Ringtime compensation -loop at 41.5 cm. from short, K=8.O%. 

Dial Reading 
Corresponding 
To Correction 

Frequency 
Correction 

In nie. 
130.00 +0.80 
130.65 +0.70 
131.30 +0.60 
132.00 +0.50 
132.70 +0.40 
133.40 +0.30 
134.20 +0.20 
135.05 +0.10 
136.00 0.00 
137.00 -0.10 
138.10 -0.20 
139.70 -0.30 
143.40 -0.40 
147.40 -0.30 
148.90 -0.20 
150.00 -0.10 
151.00 0.00 

51.80 +0.10 
152.60 +0.20 
153.30 +0.30 
153.95 +0.40 

Table II. Dial reading corrections. 

L = length 
X = wavelength in free space 
lo = current at d = 0 is constant for 

compensated echo box 
k = coupling coefficient 
For the region beyond the end of the 

center conductor, the current is as - 

of inner conductor 

sumed to fall off with distance as in a 
waveguide below cutoff, excited in the 
TM0,r mode (the mode excited by an end 
probe in a cylindrical guide). 

2' d' 

k cos 
(360 L) 

cos J e . (12) 

where X, for TM. 
2.405,, 

mode = 
2 b m 

d'=d -L 
b = 25.4 cm. 

¡360 L1 7=klocos 10 

The introduction of the loop into the 
cavity introduces resistance so that the 
problem can best be treated by dealing 
with resistances normalized to thé cav- 
ity shunt resistance at 142 mc. The 
equivalent resistance introduced by the 
loop is proportional to the square of the 
current as given by Eqts. (11) and 
(13) . The resistance loading at the 
loop will be taken as equal to the cavity 
shunt resistance at 142 mc. and the 
coupling varied to give the proper 
compensation. 

By trial and error the best position 
of the loop and the optimum coupling 

(d - L) 
( 25.4 13) 

Table III. Resonant length of inner conductor, dial reading, and error. 

Freq 
in 
mc. 

X 

in 
Centimeters 

L 
X 

L 
in 

Centimeters 

L 
in 

Inches 

Dial Read- 
ing in 

mc. 

Error 
in 

mc. 

130 230.61 .21491. 49.560 19.511 129.03 -0.97 
131 228.85 .21465 49.122 19.339 130.24 -0.76 
132 227.12 .21439 48.692 19.170 131.42 -0.58 
133 225.41 .21413 48.267 19.003 132.59 -0.41 
134 223.73 .21388 47.851 18.839 133.74 -0.26 
135 222.07 .21361 47.436 18.675 134.89 -0.11 
136 220.44 .21335 47.031 18.516 136.00 0.00 
137 218.83 .21309 46.630 18.358 137.11 +0.11 
138 217.24 .21280 46.229 18.200 138.21 +0.21 
139 215.68 .21257 45.847 18.050 139.26 +0.26 
140 214.14 .21231 45.464 17.899 140.32 +0.32 
141 212.62 .21205 45.086 17.750 141.36 +0.36 
142 211.12 .21179 44.713 17.604 142.38 +0.38 
143 209.65 .21153 44.347 17.459 143.40 +0.40 
144 208.19 .21128 43.986 17.317 144.39 +0.39 
145 206.76 .21101 43.628 17.177 145.37 +0.37 
146 205.34 .21076 43.277 17.038 146.35 +0.35 
147 203.94 .21050 42.929 16.901 147.31 +0.31 
148 202.56 .21024 42.586 16.766 148.25 +0.25 
149 201.21 .20998 42.250 16.634 149.17 +0.17 
150 199.86 .20973 41.917 16.503 150.09 +0.09 
151 198.54 .20947 41.588 16.373 151.00 0.00 
152 197.23 .20921 41.262 16.245 151.90 -0.10 
153 195.95 .20896 40.946 16.120 152.77 -0.23 
154 194.67 .20870 40.628 15.995 153.65 -0.35 

was determined to be as follows: 
a. Loop at 41.5 cm. from short 
b. Coupling k = 8.0% 
Table III is a compilation of the data 

showing the inherent resistance, desired 
resistance, compensation available, com- 
pensated resistance, relative ringtime, 
and reduction in ringtime as a result of 
compensation, all normalized to 142 mc. 
as determined from Eqts. (13) and 
(15) and the corresponding values of 

X and L from Table III. By means of loop 
compensation it has been possible to 
reduce the variation of ringtime with 
frequency to less than 1 per -cent. Know- 
ing the reduction in ringtime due to 
compensation, the loop coupling can 
simply be adjusted experimentally by 
inserting it to such a depth as to cause 
the echo box under test to produce a 
ringtime less by the specified reduction 
percentage than the ringtime without 
the compensating loop. This adjustment 
at 142 mc. and a recheck at another fre- 
quency is all that would be required 
in production testing. 

It has been found desirable to adjust 
all echo boxes of a single type to have 
ringtimes within 1 per -cent under 
identical conditions, so that measure- 
ments made with one echo box could be 
duplicated with another echo box. The 
simplest method found to accomplish 
this is to insert a frequency insensitive 
loop close to the short in the outer wall 
of the cavity. In the first production 
run a box of average ringtime is se- 
lected as the standard and the loop in it 
is adjusted to decrease the ringtime 2 
to 3 per -cent. Thereafter all other echo 
boxes are compared to the standard and 
the insertion of their standardizing 
loops are experimentally adjusted to 
give the same ringtime as the standard. 
A loop identical to the input loop but 
with variable insertion has been found 
satisfactory for this application. 

Itingtime 
To determine the ringtime obtainable 

from the echo box it is necessary to 
know the theoretical unloaded Q, identi- 
fied as Q'. This can be found from:2 

Q 
1 1 2.575 
a+ b+\L + (X/ 15.57) sin (720L/1)) 

(14) 

386.84 f1/2 

For a = 7.055 cm., b = 50.8 cm., and 
values of f, L, and L/X from Table III, 
Q' can be calculated. 

For 130 mc. Q' = 19,600 
" 142 mc. Q' = 20,000 
" 154 mc. Q' = 20,480 

The ringtime without compensation 
can be found from the following equa- 
tion: 

(Continued on page 31) 
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SCIENTISTS DISCUSS 
POWDER METALLURGY 

The physics of powdered metals was 
the subject of a Symposium arranged 
by Walter E. Kingston of the Metal- 
lurgical Laboratories of Sylvania Elec- 
tric Products Inc., Bayside, New York 
recently. 

Among the outstanding authorities 
who participated and are shown below, 
left to right, were Dr. Morris Cohen of 

the Massachusetts Institute of Tech- 
nology; Dr. G. F. Huettig of the Uni- 
versity of Graz, Austria; Walter E. 
Kingston, chairman of the Symposium 
and manager of Sylvania's Metallurgi- 
cal Laboratories; Dr. Adolf Smekal of 

the University of Darmstadt, Germany; 
and Dr. A. J. Shaler of the Massachu- 
setts Institute of Technology. 

More than 125 attended the three day 
sessions which were held in the Post 
Theatre, Fort Totten at Bayside. 

OSBORNE TO HEAD USNC 

Dr. H. S. Osborne, Chief engineer 
of the American Telephone and Tele- 
graph Company, has been elected by the 
United States National Committee of 

the International Electrotechnical Com- 

mission to serve as its chairman for 
the coming year. 

Other officers elected were Vice - 

Presidents: P. H. Chase, chief engineer, 
Philadelphia Electric Co.; Frank 
Thornton, Jr., engineering manager, 
association activities, Westinghouse 
Electric Corp.; Treasurer, G. F. Hus- 
sey, Jr., (Vice -Admiral, USN, Ret.), 
secretary American Standards As- 
sociation. 

Through the USNC, the electrical 
groups in the United States take part 
in international work on standards in 
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the electrical field, working with the 
national committees of 26 other coun- 

tries that are members of the Inter- 
national Electrotechnical Commission. 

NEW QUARTERS FOR V&V 

Voice and Vision, Inc., Chicago, de- 
signers and installers of built-in tele- 
vision and radio equipment for the 
home, have moved into their new quar- 
ters at 314 North Michigan Avenue. 

According to Dr. R. E. Samuelson, 
President, the expanded facilities will 
enable the firm to better handle the 
increasing demand for integrating sight 
and sound with modern architecture 
and interior decoration. 

WESTINGHOUSE FORMS SPECIAL 

PRODUCTS DIVISION 

A Special Products Development Di- 
vision that will bring new products 
from the research to the commercial 
production stage and will handle special 
military developments has been formed 
by Westinghouse Electric Corporation, 

ects now under way include work on 

guided missiles, aircraft armament sys- 
tems, and new weapons for Navy ships. 

GE TV TUBE PRODUCTION 

Production of 81/2 -inch metal televi 
sion picture tubes has been started by 
the General Electric Company at its 
Electronics Park plant at Syracuse, 

Pittsburgh, Pa. The Division will be 
managed by Frank W. Godsey, Jr., who 
formerly directed the New Products De- 
partment, now absorbed by the new 
division. 

In addition to conducting market 
surveys and recommending action on 
new product lines, the Division will ' 
carry on "pilot plant" work on new 
products. Such special military proj- 

N. Y. The new size tube gives 50 per- 
cent more picture area than the seven- 
inch tube now used in low-priced re- 
ceivers. 

To house the new Syracuse tube 
facilities which will be in addition to its 
picture tube operation at Buffalo, N. Y., 

the company is converting and adding 
to an existing building. When com- 
pleted later this year, the building will 
have 15,000 square feet of manufac- 
turing space in addition to engineering. 
and office areas. 

NATIONAL MOLDITE EXPANDS 

Expanded facilities now available for 
the production of molded iron cores has 
been announced with the erection of 
National Moldite Company's new plant 
at 1410 Chestnut Avenue, Hillside, 
N. J. 

The announcement came from Sales 
Manager Sidney Lowenberg who states 
that newly developed, modern ma- 
chinery in the powder and mixing 
rooms will increase the efficiency of 
production operations. A new division 
completely equipped for the production 
of molded coil forms has been installed. 

TWO SCIENTISTS RECEIVE AWARDS 

Dr. John W. Mauchly, physicist, and 
J. Presper Eckert, Jr., electronic engi- 
neer, of Philadelphia who have de- 
veloped UNIVAC, the electronic com- 
puting machine used by the U. S. Cen- 
sus Bureau in compiling 1950 census 
information, have received the coveted 
Howard N. Potts Medals. 

Awarded by the Franklin Institute, 
Philadelphia, the medals were presented 
to the two scientists for their work in 
the design and construction of the 
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world's first large-scale, general purpose, digital electronic 
computing machine which is known as ENIAC. These part- 
ners also developed and built BINAC; and formulated the 
basic plans and suggested the general design for EDVAC, 
the electronic computer developed by the University of 

Pennsylvania. 

CONVERTER FOR UHF TV 

A program of development of u.h.f. television converter 
units has recently been carried out by Stanford Research 
Institute's Department of Electrical Engineering under the 
sponsorship of John H. Poole of Long Beach, California. 

The project has consisted of two parts, the first being the 
development of an inexpensive fixed -tuned converter which 
adapts existing sets to receive experimental u.h.f. broad- 

casts from Mr. 
Poole's station, 
KMZXAZ, which 
is now under con- 
struction. 

The second 
phase of the pro- 
gram has con- 
sisted of investi- 
gating circuits 
and techniques by 
means of which 
partial or entire 
coverage of the 
475-890 mega- 

cycle band may be attained. 

COLOR TELEVISION COMMITTEE 

The National Bureau of Standards has organized a Color 
Television Committee, at the request of Senator Edwin 
Johnson of Colorado, for the purpose of surveying the pres- 
ent status and future prospects of color television. The 
Committee will confine its attention to the scientific and 
technical phases of the problem and will present a report 
to Senator Johnson in his capacity as chairman of thé 
Senate Committee on Interstate and Foreign Commerce. 

The membership of the NBS Color Television Committee 
is as follows: E. U. Condon, Dir. NBS, Chairman; Newbern 
Smith, Chief, Central Radio Propagation Laboratory, NBS, 
Vice -Chairman; Stuart L. Bailey, Consulting Engineer of 
Washington, D.C. and President of IRE; W. L. Everitt, 
Dean, College of Engineering, University of Illinois; and 
Donald G. Fink, Editor, Electronics. 

FREQUENCY MONITORING SYSTEM 

A frequency monitoring system has been devised by R. 
E. Gould and H. A. Bowman of the National Bureau of 
Standards by which any Bureau laboratory may obtain the 
proper correction to be applied to a commercial interval 

timer driven by 
the city power 
line. 

The system, 
which depends on 
a frequency er- 
ror indicator, also 
designed at the 
Bureau, is simple 
and straightfor- 
ward in applica- 
tion. The cumula- 
tive error, aris- 
ing from varia- 

tions in the frequency of a commercial electric power supply 
used to drive the interval timer, is obtained over the period of 
observation by comparing the speeds of the two small black 

(Continued on page 28) 
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NEW 
TUBES 

TELEVISION TUBE 

Raytheon Manufacturing Company's 
new Cathode Ray Tube Division at 
Newton, Mass., is now producing an 
81" television picture tube which is 
interchangeable with their standard 
7JP4. 

The new Raytheon 8BP4 at the right 
alongside their type 7JP4 (left) is said 
to offer an increase in useful screen 
area of approximately 50%. 

Sales to set manufacturers in the 
East are being handled by E. Kohler 

with headquarters at 50 Broadway, 
New York City, while sales to Mid - 

Western manufacturers are being 
handled by C. R. Hammond at 445 Lake 
Shore Drive, Chicago, Illinois. 

SYLVANIA TUBES 

Noise Diode 
A noise generating diode suitable for 

measurements at frequencies up to 500 

megacycles has been announced by 
Sylvania Electric Products, Inc., 500 

Fifth Ave., New York City. The new 
T 5% tube, type 5722, is designed for 

standard laboratory measurement and 
is operated with 150 volts on plate and 
at filament voltages ranging between 

2 and 5.5 volts depending on desired 
plate current or noise output. 

Miniature Electron Tubes 
A T 5% pentode power amplifier type 

1W4 and a T 5% triode amplifier or 
oscillator type 1C3 have also been an- 

nounced. Both tubes are designed for 

battery operation and have 1.4 volt d.c. 
filaments requiring only 50 milliam- 
peres. Rated power output of the 1W4 
pentode is 35 milliwatts with 45 volts 
on the plate and 200 milliwatts with 90 

volts. The 1C3 general purpose triode 
is designed for 90 volts operation. This 
tube has an amplification factor of 14.5. 

Miniature Crystal Mixer 
Sylvania, Inc., is also showing the 

increasing possibilities of miniaturiza- 
tion in radio circuits. 

Shown are mixer tubes of the stand- 
ard and subminiature types together 
with a laboratory model of a four - 
terminal germanium crystal mixer. 

CATHODE RAY TUBE 

A multiple -intensifier -type cathode 
ray tube featuring a highly sensitive 
vertical -deflection system is announced 
by Allen B. Du Mont Laboratories, Inc., 
1000 Main Ave., Clifton, N. J. Poten- 
tials of the Type 5XP- as low as 24 to 
36 volts peak -to -peak are sufficient for 
one inch vertical deflection on the screen. 

Of the many features of this 5XP- is 
the satisfactory operation at high ratios 
of E to Ee: voltages and this ratio 
may go as high as 10:1. A shield placed 

between deflection -plate pairs D, -D, and 
D, -D, prevents interaction between plate 
pairs. At present the Type 5XP- is 
available with a choice of phosphors 
including P1, P2, P4, P5, P7, P11, 
screens. 

The Instrument Division will furnish 
additional information upon request. 

RCA TUBES 

Multiplier Phototube 
The RCA head-on, multiplier photo - 

tube 5819 is intended for use in scintil- 
lation counters for the detection and 
measurement of nuclear particle radia- 
tion, and in other applications involving 
low-level, large -area light sources. It 

has high sensitivity to blue -rich light 
and negligible sensitivity to infrared 
radiation. 

An outstanding feature of the 5819 is 
its semi -transparent photocathode which 
has a diameter of 1% inches and an 
area of 1.8 square inches. This relative- 
ly large cathode area permits efficient 
collection of light from large -area light 
sources, such as are encountered in 
scintillation counters. 

Subminiature Line 
A line of subminiature tubes consist- 

ing of four types is being offered to 
equipment designers by the Tube De- 
partment at Harrison, N. J. 

The four types are: a power pentode 
1AC5, a pentagrid converter 1E8, a 

sharp -cutoff pentode lADS, and a diode - 
pentode 1T6. These tubes have a seated 
length of 1%" and a diameter only 
slightly greater than %" and are con - 

(Continued on page 28) 
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"ELECTRICAL TRANSMISSION 

OF POWER AND SIGNALS", by 
E. W. Kimbark. Published by John 
Wiley & Sons, Inc., 440 Fourth Avenue, 
New York 16, N. Y. 461 pages. $6.00. 

This first textbook to apply trans- 
mission -line theory to all three fields 
of power, telephone, and ultrahigh - 
frequency transmission, is rigorous 
and authoritative in its presentation. 
The theory is given in three main 
parts: transmission -line parameters, 
steady-state phenomena, and transient 
phenomena. 

Transmission -line (hyperbolic func- 
tion) charts; and tables and graphs 
of the characteristics of power -line 
conductors, power transmission and dis- 
tribution lines, telephone lines and 
cables, submarine telegraph cables, 
and radio -frequency lines are included. 

An extremely useful reference book 
for professional engineers, its greatest 
value will be found in electrical trans- 
mission courses, particularly those on 
general theory with a range from 
direct current to microwaves. 

"ELECTRIC AND MAGNETIC 
FIELDS", Third Edition, by Stephen 
S. Atwood. Published by John Wiley 
& Sons, Inc., 440 Fourth Ave., New 
York 16, N. Y. 475 pages. $5.50. 

Written to provide a smooth transi- 
tion from the study of mathematics, 
mechanics, and physics to advanced 
professional -level electrical engineering, 
this book offers fundamental field 
theory in simple mathematical terms. 

In this third edition the author has 
divided the book into four parts: the 
electric field, the magnetic field, the 
ferromagnetic field, and the fourth part 
treats, in an elementary manner, the 
interactions between electric and mag- 
netic fields. 

Practice in expressing simple physi- 
cal ideas in simple mathematical 
language is presented as is practice in 
the methods of "field mapping". A large 
number of drawings give the cor- 
rect shapes to the lines of flux and 
the equipotential surfaces. Formulas 
throughout have been recast in the 
rationalized M. K. S. system. 

"TRANSFORMATION CALCU- 
LUS AND ELECTRICAL TRAN- 
SIENTS", by Dr. Stanford Goldman. 
Published by Prentice -Hall, Inc., 70 
Fifth Avenue, New York 11, New York. 
439 pages. $8.35. 

Dr. Stanford Goldman, currently 
professor of electrical engineering at 
Syracuse University and consulting 

physicist to the United States Air 
Force, has written this thorough, 
modern and practical discussion of 
transients. 

Included among the many features 
of this book are simple solutions to 
many problems previously considered 
complicated, such as the Nyquist 
criterion for stability, and the relation 
between amplitude and phase char- 
acteristics. The Laplace Transforma- 
tion and the method of contour 
integration in the solution of transient 
problems is given thorough treatment. 
Asymptotic solutions of electrical prob- 
lems is handled systematically, and all 
mathematics beyond calculus is de- 
veloped in detail in the book. 

Dr. Goldman's principal aim in 
presenting this volume is to develop 
the methods of the Laplace transforma- 
tion and its inverse for the solution of 
problems in electrical circuit transients. 

"MICRO -WAVES AND WAVE 
GUIDES", by H. M. Barlow. Pub- 
lished by Dover Publication, Inc., 1780 
Broadway, New York 19, N. Y. 122 
pages. $1.95. 

To meet the need of a large group of 
engineers and physicists for a complete 
exposition of the subject of microwave 
techniques, Professor Barlow of the 
Electrical Engineering Department of 
University College, London, has in- 

cluded in his book all the essentials for 
an advanced understanding. 

A physical picture of wave -guide 
modes, synthesized from constituent 
plane waves in association with ordi- 
nary transmission line elements, is pre- 
sented in this helpful volume. The 
mathematical analysis is comparatively 
straightforward, lending itself to prof- 
itable comparison in some respects with 
ordinary transmission line theory. The 
coaxial cable, representing as it does 
the common meeting ground of wave - 
guide modes and the simple transverse 
electromagnetic wave, is thoroughly 
discussed. 

The measurements and applications 
of microwaves are given to furnish the 
reader with an appreciation and knowl- 
edge of the methods adopted in actual 
practice. 

A co-ordinate system has been chosen 
to define the compone:its of the electric 
and magnetic fields. The M. K. S. sys- 
tem of units has been used throughout 
and as far as possible the symbols em- 
ployed are those generally accepted for 
the purpose. The usual convention has 
been employed in the graphical presen- 
tation of the electromagnetic field as 
lines of force. 

Engineers and physicists will find 
this volume a complete survey of this 
important field. 

"DIE -FORMED TO GIVE y 
YOU BETTER, MORE j 

DEPENDABLE COILS re - 

PRECISION 
PAPER TUBES .. . 

Precision gives you the plus . coil bases formed 
under heat and pressure. The result, a coil base of 
less weight-greater strength-more thorough insu- 
lation-more effective resistance to moisture, oil and 
heat. All at the very minimum of cost. It's a better 
coil that has a Precision base. 
Precision Di -formed Paper Tubes are available in 
the best quality, dielectric Kraft, Fish Paper, Cellu- 
lose Acetate, Asbestos or combinations. Round, 
square or rectangular. 

TODAY - WRITE FOR FREE SAMPLE AND COMPLETE 

MANDREL LIST OF OVER 1,000 SIZES. 

LOOK AT THESE FEATURES: 

No need for coil, form- 
ing after winding. 

Automatic stacking. 

Wire saved by closer 
engineering of coil. 

No side bow. 

PRECISION PAPER TUBE 
CO.2063 WestCharlestonSt. 

Chicago 47, II. 
Plant No. 2 79 7 IIII St. 

Hartford, Conn. 
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BETA GAUGE 

The second of a series of industrial 
measuring and control instruments 
using radioactive isotopes currently 
under development at Tracerlab, Inc., 

130 High St., Boston, Massachusetts is 

the SM -3 Beta Gauge. 
The essential components of the 

gauge are a source of beta radiation 
from Strontium -90 and a radiation de- 

tector. One of the outstanding advan- 

single cathode-ray tube screen. 
The indicator is similar externally to 

the DuMont Type 279 Dual -Beam Cath- 

ode-ray Oscillograph, but is equipped 

with the specially designed DuMorit 

Type K1027P11 Cathode-ray Tube, 

which contains four independent elec- 

tron guns, rather than the Type 5SP- 

Dual-Beam Cathode-ray Tube used in 

the DuMont Type 279. 

Details concerning the facilities of 

the Special Products Section may be 

obtained by writing the Instrument 
Division. 

tages of the instrument is the fact that 

no physical contact is made with the 

material being measured. The sheet 

material to be measured is interposed 

between the source and the detector and 

a part of the radiation is absorbed by 

the sheet material in proportion to its 

weight per unit area. 
A few typical uses of the Tracerlab 

Beta Gauge are measuring cellophane 

and other thin plastic films, plastic and 

rubber sheets up to 3/16" thick, paper 

ranging from heavy board to extremely 

thin condenser paper less than .0002" 

thick and sheet metal including steel 

and brass up to .040" thick. 

CATHODE-RAY INDICATOR 

The Special Products Section of Allen 

B. DuMont Laboratories, Inc., 1000 

Main Avenue, Clifton, New Jersey has 

operation from a 6 -volt battery, the 

Fleetfone is available with either 30 or 

60 -watt output. In addition, there is 

a 30 -watt model which operates from 

a 12 -volt battery. 
This unit is completely contained in 

a single metal -shielded unit which per- 

mits mounting the equipment in practi- 

cally any position, on either a horizon- 

tal or a vertical surface. The controls 

and loudspeaker are combined in a 

single compact unit for attachment un- 

der the dashboard. This unit is now 

available from either the Communica- 

tions Section of RCA, or from local field 

representatives. 

WIDE SAND CHAIN AMPLIFIER 

Spencer -Kennedy Laboratories, Inc., 

186 Massachusetts Avenue, Cambridge 

39, Massachusetts has added to its line 

of traveling wave amplifiers the Model 

204 Wide -Band Chain Amplifier for use 

developed a new Four -Beam Cathode- 

ray Indicator which is capable of dis- 

playing simultaneously four related or 

unrelated, independent phenomena on a 

TUNING FORK RESONATORS 

Temperature -compensated tuning 
fork resonators are available in fre- 

quencies from 1000 to 3000 c.p.s. and in 

accuracies from 1 part in 3000 to 1 part 
in 100,000 from Philamon Laboratories, 
5717 Third Avenue, Brooklyn 20, N. Y. 

These tuning forks are provided com- 

plete with their drive and pickup coils 

mounted in solder -sealed evacuated 

steel cans and are thoroughly aged for 

maximum stability of operation. They 

are available as individual components, 
as a part of sub -assemblies, or in com- 

pleted equipment. 

in the general laboratory measurements 
field as well as in nuclear physics and 

television testing. 
The instrument has a bandwidth of 

200 megacycles and a gain of 40 db. 

With an impedance of only 200 ohms, 

and a nominal transmission character- 
istic of ± 1.5 db. from 100 kc. to 200 

mc., the amplifier has a substantially 
linear phase shift. 

Further information may be obtained 
by writing to Department RT. 

MOBILE COMMUNICATION 
EQUIPMENT 

A highly -selective two-way mobile 

communication system for operation in 

the 3-50 megacycle portion of the fre- 
quency spectrum has been announced 
by the Communications Section of the 
RCA Engineering Products Dept., 
Camden, N. J. 

The Fleetfone, a companion system 
to the recently announced Carfone mo- 

bile equipment, is available in three 
models to meet individual needs. For 

MINIATURE INERT -ARC ELECTRODE 

HOLDER 

General Electric's Welding Division, 
Schenectady, N. Y., has announced a 

miniature Inert -Arc electrode holder 

which features a flexible front-end 
assembly made of malleable copper 

tubing surrounded by a sheath of 

silicone rubber so that it can be bent 

in any direction to reach hard -to -get - 

places. 
Specifically designed for the fluxless 

welding of non-ferrous metals in the 

thinner gages, the holder is availably 

in two models: one for 0.010- any 

0.020 -in. tungsten electrodes and th 
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other for 0.040- and 1/16 -in. tungsten 
electrodes. 

Small, light, and extremely adaptable, 
the new welding tool will find applica- 
tion in the manufacture and repair of 
surgical instruments, cutlery, business 
machines, control and measurement 
equipment, capillary tubing, electronic 
tubes, duct work, wire fittings, small 
sheet metal enclosures, metal novelties, 
etc. 

ELECTRONIC CELL 

An Electronic Standard Cell avail- 
able for any specified d.c. output volt- 
age from 0 to 100 and for any load 
up to 30 ma. is announced by Hastings 
Instrument Company, Inc., Box 1275, 
Hampton, Virginia. 

This electronic cell is not subject to 
freezing and is not damaged by momen- 

tary short circuits. It can be used either 
as a reference voltage in bridge or 
potentiometer circuits or for supplying 
current continuously as, an instrument 
power supply. 

Precise output voltages such as 0.10, 
1.00 or 100.00 volts d.c., or the usual 
standard cell voltage of 1.018 can be 
supplied. Electronic Standard Cells de- 
signed on the same circuit principles 
for output voltages above 100 volts 
d.c. for operation on other input volt- 
ages, higher current drains, or with 
non-standard chassis construction are 
available on special order. 

TWIN POWER SUPPLY 

Model 1210 electronically regulated 
twin power supply featuring a unique 

switching arrangement has been an- 
nounced by Furst Electronics, 12 S. 

Jefferson Street, Chicago 6, Illinois. 
The output voltages of the Twin 

Power Supply can be adjusted over 
wide ranges by the operation of two 
control -knobs on the front panel. A 
selector -switch, also located on the 
front panel, allows two ways of opera- 
tion: two independent outputs which 
can be used independently of each 
other; and one single output capable of 
supplying twice this current, obtained 
by connecting both regular circuits in 
parallel. 

In addition, a "stand-by" position on 
the selector -switch is provided for use 
when the voltage should be removed 
from the high -voltage terminals. 

UHF MEGALYZER 

Kay Electric Company, Pine Brook, 
N. J. has incorporated a coaxial type 
wide band mixer in its VHF Megalyzer 
to obtain improvement in performance 
and sensitivity. 

The frequency band of the UHF 
Megalyzer is now 30 to 500 mc. The 
sensitivity has been increased to the 
point that signals down to 100 micro- 
volts may be easily seen on the included 
oscilloscope. 

Equivalent input noise is approxi- 
mately 20 microvolts and the frequency 
response is within 4 db. Signals may 

be studied within a 30 mc. range on 

the oscilloscope at one time. 

ELECTRONIC RESISTOHMETER 

The Crown Industrial Products Co., 
1336 W. 69th St., Chicago, Illinois 
announces a new Electronic Resist- 
ohmeter. This unit is a Wheatstone 

bridge designed for measuring resist- 
ance and insulation resistance in both 
low and extremely high ranges. 

The indicator used with the bridge 
is a 6E5 electron ray tube. The Resis- 
tohmeter is guarded internally so that 
leakage across the bridge components 
due to high humidity does not enter 
into, or affect the operation or accuracy 
of the bridge. 

(Continued on page 29) 

PARAMOUNT WgND PAPER TUBES 

Square Rectangular Triangular 
Round and Half -Round 

With a wide range of stock arbors ... plus the 
specialized ability to engineer special tubes .. . 

PARAMOUNT can produce the exact shape and size 
you need for coil forms or other uses. Hi -Dielectric, 
Hi -Strength. Kraft, Fish Paper, Red Rope, or any 
combination, wound on automatic machines. Tol- 
erances plus or minus .002". Made to your speci- 
fications or engineered for YOU. 

Inside Perimeters from .592' to 19.0' 

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

Manufacturers of Paper Tubing for the Electrical Industry 
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personals 
HENDLEY BLACKMON, managing editor of Electrical 

World since 1947, has been appointed Assistant Manager 

of Engineering Association Activities for Westinghouse 

Electric Corporation. He will be headquartered at the East 

Pittsburgh Works and will assist Frank Thornton, Jr., 

Manager of the Activities. Mr. Blackmon will work with 

Westinghouse engineers in the preparation of papers to be 

presented before Engineering Associations. 

WILLIAM WARREN DAVIS, formerly on the staff of 

the Naval Ordnance Laboratory at White Oak, Maryland, 

has been appointed to do research on the high speed electro- 

static memory of the electronic digital computing machines 

at the Electronics Division of the National Bureau of 

Standards. Mr. Davis received his degree of bachelor of 

science in engineering physics from Ohio State University 

and did graduate work at the University of Maryland. 

H. B. FANCHER has been appointed Section Engineer of 

Broadcast Studio Equipment for General Electric Company 

in Schenectady, New York. Mr. Fancher joined the Trans- 

mitter Division in 1940 and during the war was active in 

the development of microwave relay equipment and radar 
countermeasures. He was named assistant section engineer 

in charge of television equipment in February 1948 and 

served in that capacity until his present appointment. 

ALFRED H. MASSALLEI{ has been appointed Executive 

Design Engineer of Shure Brothers, Inc., Chicago, where he 

will supervise new designs and act as consultant to other 

departments concerning design problems. Associated with 

the radio industry for the past fifteen years, Mr. Massallek 

was Chief Mechanical Engineer of the Majestic Radio and 

Television Corp., Chief Draftsman of the Zenith Radio 

Corp., and Design Engineer for the Stewart -Warner Corp. 

DR. OLIVER D. SLEDGE has joined the staff of the 
National Bureau of Standards to do research in the Micro- 

wave Standards Section of the Bureau's Central Radio 

Propagation Laboratories. Formerly a professor of electri- 
cal engineering at the Georgia School of Technology, Dr. 
Sledge has done extensive work in the fields of electronic 
and radio engineering. He is an associate member of 
Sigma Xi, and is a senior member of the IRE. 

DR. CHEN TO TAI of Soochow, China, has been appointed 
senior research physicist in the department of electrical 
engineering at Stanford Research Institute, Palo Alto, Cali- 
fornia. Dr. Tai, who received his Doctor of Philosophy 
degree in 1947 at Harvard University, will be in charge 
of the theoretical section of the Institute's Aircraft Radio 
Systems Laboratory. He is an associate member of the IRE, 
and a member of the APS and Sigma Xi. 

Field Intensity 
(Continued from page 13) 

chart for Radial B is shown in Fig. 3. 

The small numbers along one margin 
are log reference numbers and were 

marked on the chart each time perti- 
nent data was recorded in the log. The 

numbers on the opposite margin are the 
field car speedometer readings. It should 

be mentioned that the median value is 

not obtained by averaging the signal 
intensities recorded on each section of 

these charts but is found by determin- 
ing the field intensity received 50 per 

cent of the distance throughout each 

sector. These field intensity values 
must then be corrected for a receiving 
antenna elevation of 30 feet and for any 
effects due to the field car body as de- 

termined by the method given previously 
in this paper. The data for each sector 
of each radial thus obtained was then' 
plotted on log -log coordinate paper with 
distance as theabscissa and field inten- 
sity as the ordinate. A smooth curve 
was drawn through these median field 

points for all sectors and this curve de- 

termines the distance to the desired con- 

tour. This is illustrated in the graph ¡ 

of Fig. 2 for Radial B. These dis- 
tances were then plotted on the map of 

predicted coverage to determine the 
service area of the 1000 microvolt per 
meter contour. The 50 microvolt per 
meter contour was then found by em- 

ploying Fig. 1 of the FCC Standards 
for FM Broadcast Stations which gives 
instructions for this procedure, and 
this contour also plotted on the map. 
This map shown on page 11 gives the 
predicted contours in dashed lines and 
the measured contours in solid lines. 
The map was assembled from 4 state 
maps obtained from the United States 
Geological Survey, Department of the 
Interior. 

A technical statement giving a de- 

scription of the procedures and meth- 
ods employed, type of equipment, meth- 
od of installation, and operation and 
calibration was prepared to accompany 
the collected data. All must be sub- 
mitted in triplicate, except that only 
the original or one photostatic copy of 
the recording charts need be submitted. 

Needless to say, considerable time is 
required to make a survey of this kind 
and properly prepare the data for pres- 
entation to the Commission and much 
of the work is of a tedious nature. The 
author wishes to acknowledge the splen- 
did assistance and cooperation ren- 
dered by Arthur H. Hallam, WOL en- 
gineer, in making the field intensity 
measurements in which approximately 
900 miles of driving the field survey 
car was required. 
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Stabilized Element 
(Continued from page 7) 

signal current will vary with the am- 
plitude of the a.c. component. 

Example of Application 
One application in which the cathode 

follower voltage stabilizer has been em- 
ployed is the regulation of the screen 
grid voltage supply for beam power 
amplifier tubes operated in class AB. 

As an example, the case of push-pull 
class ABi operation of type 6L6 tubes 
will be considered in some detail: From 
the published data for these tubes, the 
following operating conditions will be 
assumed: 

Plate voltage, E,1 360 volts. 
Screen grid voltage, E, 270 volts. 
Screen grid current 

zero signal 5 ma. 
maximum signal 17 ma. 

Cathode resistor 250 ohms. 

The plate voltage at which the sta- 
bilizer will operate is: 

E= Ebb -E,= 360-270=90 v. (7) 

The tube selected must be capable of 
supplying the maximum current re- 
quired by the load with zero bias, or 
preferably, with some negative bias, at 
this plate to cathode voltage. From pub- 
lished curves for the type 6J5 tube, 
with 90 volts applied to the plate and 
zero grid bias, the plate current would 
be approximately nine milliamperes, 
thus this tube would not be suitable. 
However, the type 6SN7 with the two 
triodes connected in parallel should 
pass 18 ma. under the required condi- 
tions. Cutoff grid voltage at 90 volts 
plate potential is approximately 6 volts, 
and over the range of 0-17 ma, the 
variation in grid voltage is about 5.5 
volts. By Eqt. (2), the direct current 
regulation will thus be 2.04%; or the 
effective supply resistance over this 
range is: 

o 
800 

NJ 

2 
ó 
Z 600 

w i 

Fig. 5. Plot of a.c. load current 'vs. 
output impedance in ohms. These 
curves are somewhat sketchy 
due to the limited capacity of 
the a.c. load current generator 
employed, but serve to indicate 
certa,n limitations in the circuit. 

3 
400 

Ip B MA. la 5 MA. 

200 
2 3 4 
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R, =17 10' = 458 ohms (8) 

By Eqt. (6), taking an average d.c. 
operating current of ten milliamperes, 
the effective supply impedance to small 
components of signal frequency cur- 
rent is 160 ohms.' 

The attenuation ratio to power sup- 
ply ripple components by Eqt. (4) is 
0.048.' This is equivalent to 26.4 db. at- 
tenuation. 

It should be noted that, in this ex- 
ample, the direct current requirements 
of the screen grid circuit would load 
the tube selected for the stabilizer to its 
maximum capacity. For this reason, 
the stabilizer should not be required 
to handle the a.c. signal components of 
the screen current, or to provide ap- 
preciable filtering of ripple from the 
power supply. These functions of the 
stabilizer may be prevented by provid- 
ing a suitable bypass or filter capacitor 
across its output terminals. Should the 
filtering and bypassing actions of the 
stabilizer be considered desirable, a 
larger tube should be employed, or two 
tubes of the type indicated should be 
operated in parallel. The latter ar- 
rangement would result in the same 
direct current supply resistance, a re- 
duction of fifty per -cent in the small 
current alternating current supply im- 
pedance, and but slightly increased fil- 
ter attenuation ratio. 

The power required by the heater of 
the stabilizer tube is 3.78 watts. For 
comparison, a voltage divider dissipat- 
ing this amount of power in a bleeder 
resistor would require 14 milliamperes 
of bleeder current while the equivalent 
direct current supply resistance would 
be 3800 ohms. The equivalent supply 
impedance to alternating current and 
the ripple attenuation ratio would be 
largely a function of the bypass ca- 
pacitor employed. With such a voltage 
divider, the screen voltage would fall 
some 45 volts at maximum signal level, 
indicating a regulation of almost 17%. 
This is sufficient to limit seriously the 
power output of the amplifier. 

It can be shown that a voltage di- 
vider capable of providing the same 
regulation in this application as the 
cathode follower stabilizer would re- 
quire a bleeder current of about 190 
milliamperes. The power dissipated in 
the bleeder would be approximately 52 
watts. 
1. In the calculation of the effective supply im- 

pedance, Ro, and the ripple attenuation ratio, 
it was assumed that the a.c. impedance of 
the screen grid circuit ºoas one-half of the 
d.c. resistance at 10 ma. current. A large 
error in this value will have but little effect 
on the results obtained, as may be seen by 
Eats. (4) and (0) when Rp=9350 ohms and 
RL = 31,500 ohms. 
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Timer and Clock 
(Continued from page 5) 

If more accurate time intervals were 
required, and assuming that an accu- 
rate frequency standard be available, 
the input pulse repetition rate could be 
aised to 1000 cycles, 10,000 cycles, 

Fig. 8. Two deck wafer switch. 

100,000 cycles, etc., and the necessary 
scaler units added. If this higher speed 
were contemplated, the scanning matrix 
of resistors would probably be replaced 
by an identical matrix of crystal di- 
odes and use of these diodes would also 
make it possible to eliminate some of 
the vacuum tube mixing circuits. 

The intervalometer was developed in 
connection with a research project 
headed by F. C. Bell, Project Engineer, 
and under the supervision of Dr. Erik 
Ackerlind. 

New Tubes 
(Continued from page 22) 

structed with a very small glass -button 
8 -pin base sealed to the glass bulb. 

Power Triode 
The 811-A power triode is an im- 

proved version of the popular 811 
which utilizes a modified construction 

featuring a zircon- 
ium -coated plate 
having radiating 
fins to give greater 
dissipation capabil- 
ity, and grid and 
plate leads to have 
low r.f. loss. 

A pair of 811 -A's 
in class B a.f. serv- 
ice with a plate 
input of 470 watts 
(ICAS) is said to 
require a driving 
power of only 4.4 

pm watts and can modu- 
li YI late 100 per -cent an 

r.f. amplifier having 
an input of 680 watts. Operation with 
maximum ratings is permissible up to 
30 megacycles, and with reduced rat- 
ings to 100 megacycles. 

Image Orthicon 
The new television camera tube 5820 

is designed for outdoor -pickup use but 
it is also suited for studio cameras. 

It features exceptionally high sensi- 
tivity, a spectral response approaching 
that of the eye, stability of performance 
at all incident light levels on the sub- 
ject ranging from bright sunlight to 
a deep shadow, and a resolution capa- 
bility of better than 500 lines at the 
center of the picture. 

Glow -Discharge Triode 

The Tube Department of the Radio 
Corporation of America, has also an- 
nounced a miniature, glow -discharge 
triode 5823 designed to be used as a 

relay tube for the "on -off" control of 
low -current electrical circuits. 

Utilizing a cold cathode, the 5823 
requires no warm-up time and consumes 
no stand-by power. When operated on 
60 -cycle a.c. supply and triggered every 
cycle, it has an average life expectancy 
of about 45 million starts. 

TV MINIATURE RECTIFIER 

Hytron Radio & Electronics Corp., 
Salem, Mass., has announced the 
Hytron 1X2, another 
in its line of special 
tubes for low-cost 
television receivers. 

The 1X2 is a com- 
pact, T 61, , 9 -pin 
miniature of a fila- 
mentary -type, half - 
wave, high -voltage 
rectifier. It has max- 
imum ratings of 15,- 
0 0 0 volts inverse 
peak and one milli- 
ampere d.c. load cur- 
rent. A special fea- 
ture is the inclusion 
of two unconnected 
base pins offering tie 
points for filament 
dropping and high 
voltage filter resistors. 

Further information is 
writing the Commercial 
Department. 

available by 
Engineering 

News Briefs 
(Continued from page 21) 

synchronous motors (shown in the close- 
up on page 21, just right of center), one 
driven by the power line, the other by 
a standard crystal -controlled frequency. 

CZECHOSLOVAKIA REPORTS ON 
ITS ELECTRONICS ACTIVITIES 

Tesla National Corporation, Prague, 
Czechoslovakia, has published the first 
issue of "Tesla Technical Reports" to 
acquaint the technical circles through- 
out the world with the activities, prob- 
lems and results achieved in its research 
and development laboratories as well as 
with the work done in the production 
department. 

The first issue contains a brief sum- 
mary of the electronics industry in 
Czechoslovakia and several papers cov- 
ering television in their country, under- 
ground loudspeakers, etc. 

Readers who are interested may ob- 
tain a copy of this report by writing 
Kovo Ltd., Enterprise III, Publicity 
Department, Hybernska 32, Praha II, 
Czechoslovak. 

NEW LITERATURE 

Report on Engine -pressure Instruments 
A new type of electrical engine - 

pressure -indicating system for research 
and testing is proposed in a report now 
available to the American public. The 
report, prepared at the David Taylor. 
Model Basin of the Navy Department, 
provides a review of engine -pressure 
instruments. 

The report includes an as -yet 
untested plan for a high -frequency 
("H -F") transducer, or pickup element, 
in which indications are derived from 
circuit resonance. 

Orders for PB 96928, An Electrical 
Engine -pressure -indication Device, 
should be addressed to the Library of 
Congress, Photoduplication Service, 
Publication Board Project, Washington 
25 D. C. The report sells for $2.00 in 
microfilm, $3.75 in photostat. 

Brochure on Research Laboratory 
A 42 -page illustrated brochure de- 

scribing the research services, personnel 
and facilities of Cook Research Labora- 
tories which are available at Govern- 
ment agencies and private industry on 
a contract basis has been issued. Photo- 
graphic views of the physical facilities 
of the Laboratory are shown along with 
illustrations of newly developed elec- 
tronic instrumentation equipment, in- 
cluding magnetic tape data recorders. 

Requests for this brochure, No. B-2, 
should be made on business letterhead 
to Cook Research Laboratories, 1457 
Diversey Parkway, Chicago 14, Ill. 
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New Products 
(Continued from page 25) 

The Resistohmeter has a range from 
1000 ohms to 100,000 megohms. Three 
test voltages are used: 10, 100 and 
500 volts d.c. The unit operates on 115 
volts 60 cycle, a.c. current. 

TV STUDIO EQUIPMENT 

Television broadcasting studio re- 
mote control panels designed for mount- 
ing in the upper compartment of the 
RCA MI -26266 studio control console 

housing is now available from the RCA 
Engineering Products Department, 
Camden, N. J. 

The panels, 11" x 2%", are shown 
mounted in the studio control console 
housing. Up to six of the new panels 
can be installed and if less than six 
control panels are used, blank panels 
can be obtained to fill the remaining 
space in the compartment. 

This versatile new equipment can 
be used to provide remote control of 
various rack -mounted television units 
or a central control position for units 
mounted in separate rooms, or it can be 
incorporated as a desk section in 
multiple -unit control consoles. 

TRANSFORMER CORES 

The Electronic Components Division, 
Stackpole Carbon Company, St. Marys, 
Penna. is now offering their new Stack - 
pole Ceremag flyback transformer cores 
for television. 

The new cores are much smaller, have 
higher resistance, and operate cooler 
due to lack of eddy current losses. Ac- 
cording to the manufacturer, they offer 
permeability on the order of 10 to 1 by 
comparison with previous Stackpole 
types for similar applications. 

Complete details will be sent upon 
request. 

COUNTING RATE METER 

A Beta -Gamma Counting Rate Meter 
which has a Geiger -Mueller tube in a 
probe as the detector element has been 

announced by the Instruments Division 
of The Kelley-Koett 111fg. Company, 
F-222, W. Fourth St., Covington, Ky. 

Used by prospectors, health physi- 
cists, technicians and others concerned 
with detecting and measuring Beta - 
Gamma radiation, the Model K-800 can 
measure three ranges of Gamma ac- 
tivity. A scale selector switch permits 
choice of 0.2, 2.0 and 20.0 mr./hr. 
The scale is also calibrated in 360, 3600 
and 36,000 counts per minute. An ear- 
phone is provided for aural monitoring. 

Further details including descrip- 
tion of this unit and other Keleket 
electronic instruments for the detection 
ançl measurement of radioactivity are 
available on request. 

ADJUSTABLE SPEED DRIVE 

Westinghouse Electric Corp., Box 
868, Pittsburgh 30, Pa., has announced 
Mot-O-Trol packaged adjustable speed 
drive, employing electronic precision to 
provide a wide, stepless range of speed 
control for d.c. motors from a.c. sources. 

This unit starts motors, brings them 
up to a pre-set speed smoothly and 
rapidly, permits change of speed at any 
time, applies dynamic braking for 
stopping, and reverses motors. A special 
feature of the Mot-O-Trol drive is the 
sub -assembly construction which can be 
removed for easy maintenance. A 
single dial gives finger-tip control. 

Further information on this unit will 
be supplied upon request. 

FIELD STRENGTH METER 

Designed particularly for the com- 
munications and industrial heating 
fields, a field strength meter operating 

in the range of 200 kc. to 560 kc. has 
been announced by Clarke Instrument 
Corporation, 910 King Street, Silver 
Spring, Maryland. 

Entirely self-contained and weighing 
only 123 pounds, this field strength 
meter is a low -frequency version of a 
similar instrument widely used by 
broadcast stations. Field strengths be- 
tween 10 microvolts per meter and 10 
volts per meter are read directly with- 
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31, Nov. 1-2-RMA-111E Full Meet- 

ing will be held at the Hotel Syracuse, 
Syracuse, N. Y., rather than Rochester, 
as in the past. This meeting will feature 
the latest developments in radio and 
television engineering and manufactur- 
ing. Papers will be presented on such 
subjects as TV receivers, quality con- 
trol, and audio frequencies. Kenneth W. 
Jarvis will speak on "The Engineering 
Aspects of Sin" at the stag dinner on 
Nov. 1. 

Technical papers include the follow- 
ing : 

Monday, Oct. 31: "Measurement of 
Transient Response of TV Receivers," 
"TV Transient Response Measurement," 
"Underwriters' Requirements for TV 
Receivers," "Quality Control from the 
Producer and Consumer Viewpoints," 
and "Quality Control Gets a Job in 
Television Manufacturing." 

Tues. Nov. 1: "Intercarrier Sound 
System for TV Receiver using 6BN6," 
"Simplification of TV Receivers," 
"Univer. Applioation-CR Sweep 
Transformer with Ceramic Iron Core," 
and "Characteristics of High -Efficiency 
Deflection and High -Voltage Supply 
Systems for Kinescopes." 

Wed. Nov. 2: "Pickup Tracking," 
"New Audio Amplifier Circuit," "The 
Safety -Vox," "New Type of Dual Cone 
Loudspeaker," "New Miniature HF 
Transmitting Pentode," "A VHF Re- 
motely Tunable Receiver," and "Ad- 
vantages of Toroidal Transformers in 
Communication." 

31, Nov. 1-2-Nucleonics Sympo- 
sium, including the second annual Con- 
ference on Electronic Instrumentation 
in Nucleonics and Medicine, Hotel Com- 
modore, N. Y. Included this year will be 
manufacturers' exhibits of equipment in 
this field. 

31, Nov. 1-2-Fall Meeting of URSI 
and IRE, National Academy of Arts 
and Sciences and State Dept. Bldg., 
Washington, D. C. 

NOVEMBER 
14-18-NEMA Annual Meeting, Had- 

don Hall Hotel, Atlantic City, N. J. 

DECEMBER 
9-10 - Second annual Southwestern 

IRE Conference, Dallas Texas. 
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Tinier and Clock 
(Continued from page 5) 

If more accurate time intervals were 
required, and assuming that an accu- 
rate frequency standard be available, 
the input pulse repetition rate could be 
raised to 1000 cycles, 10,000 cycles, 

Fig. 8. Two deck wafer switch. 

100,000 cycles, etc., and the necessary 
scaler units added. If this higher speed 
were contemplated, the scanning matrix 
of resistors would probably be replaced 
by an identical matrix of crystal di- 
odes and use of these diodes would also 
make it possible to eliminate some of 
the vacuum tube mixing circuits. 

The intervalometer was developed in 
connection with a research project 
headed by F. C. Bell, Project Engineer, 
and under the supervision of Dr. Erik 
Ackerlind. 

New Tubes 
(Continued from page 22) 

structed with a very small glass -button 
8 -pin base sealed to the glass bulb. 

Power Triode 
The 811-A power triode is an im- 

proved version of the popular 811 
which utilizes a modified construction 

featuring a zircon- 
ium -coated plate 
having radiating 
fins to give greater 
dissipation capabil- 
ity, and grid and 
plate leads to have 
low r.f. loss. 

A pair of 811 -A's 
in class B a.f. serv- 
ice with a plate 
input of 470 watts 
(ICAS) is said to 
require a driving 
power of only 4.4 

¡m watts and can modu- 
li `il late 100 per -cent an 

r.f. amplifier having 
an input of 680 watts. Operation with 
maximum ratings is permissible up to 
30 megacycles, and with reduced rat- 
ings to 100 megacycles. 

Image Orthicon 
The new television camera tube 5820 

is designed for outdoor -pickup use but 
it is also suited for studio cameras. 

It features exceptionally high sensi- 
tivity, a spectral response approaching 
that of the eye, stability of performance 
at all incident light levels on the sub- 
ject ranging from bright sunlight to 
a deep shadow, and a resolution capa- 
bility of better than 500 lines at the 
center of the picture. 

Glow -Discharge Triode 

The Tube Department of the Radio 
Corporation of America, has also an- 
nounced a miniature, glow -discharge 
triode 5823 designed to be used as a 

relay tube for the "on -off" control of 
low -current electrical circuits. 

Utilizing a cold cathode, the 5823 
requires no warm-up time and consumes 
no stand-by power. When operated on 
60 -cycle a.c. supply and triggered every 
cycle, it has an average life expectancy 
of about 45 million starts. 

TV MINIATURE RECTIFIER 

Hytron Radio & Electronics Corp., 
Salem, Mass., has announced the 
Hytron 1X2, another 
in its line of special 
tubes for low-cost 
television receivers. 

The 1X2 is a com- 
pact, T 6Y2, 9 -pin 
miniature of a fila- 
mentary -type, half - 
wave, high -voltage 
rectifier. It has max- 
imum ratings of 15,- 
0 0 0 volts inverse 
peak and one milli- 
ampere d.c. load cur- 
rent. A special fea- 
ture is the inclusion 
of two unconnected 
base pins offering tie 
points for filament 
dropping and high 
voltage filter resistors. 

Further information is 
writing the Commercial 
Department. 

available by 
Engineering 

News Briefs 
(Continued from page 21) 

synchronous motors (shown in the close- 
up on page 21, just right of center), one 
driven by the power line, the other by 
a standard crystal -controlled frequency. 

CZECHOSLOVAKIA REPORTS ON 
ITS ELECTRONICS ACTIVITIES 

Tesla National Corporation, Prague, 
Czechoslovakia, has published the first 
issue of "Tesla Technical Reports" to 
acquaint the technical circles through- 
out the world with the activities, prob- 
lems and results achieved in its research 
and development laboratories as well as 
with the work done in the production 
department. 

The first issue contains a brief sum- 
mary of the electronics industry in 
Czechoslovakia and several papers cov- 
ering television in their country, under- 
ground loudspeakers, etc. 

Readers who are interested may ob- 
tain a copy of this report by writing 
Kovo Ltd., Enterprise III, Publicity 
Department, Hybernska 32, Praha II, 
Czechoslovak. 

NEW LITERATURE 

Report on Engine -pressure Instruments 
A new type of electrical engine - 

pressure -indicating system for research 
and testing is proposed in a report now 
available to the American public. The 
report, prepared at the David Taylor, - 
Model Basin of the Navy Department, 
provides a review of engine -pressure 
instruments. 

The report includes an as -yet 
untested plan for a high -frequency 
("H -F") transducer, or pickup element, 
in which indications are derived from 
circuit resonance. 

Orders for PB 96928, An Electrical 
Engine -pressure -indication Device, 
should be addressed to the Library of 
Congress, Photoduplication Service, 
Publication Board Project, Washington 
25 D. C. The report sells for $2.00 in 
microfilm, $3.75 in photostat. 

Brochure on Research Laboratory 
A 42 -page illustrated brochure de- 

scribing the research services, personnel 
and facilities of Cook Research Labora- 
tories which are available at Govern- 
ment agencies and private industry on 
a contract basis has been issued. Photo- 
graphic views of the physical facilities 
of the Laboratory are shown along with 
illustrations of newly developed elec- 
tronic instrumentation equipment, in- 
cluding magnetic tape data recorders. 

Requests for this brochure, No. B-2, 
should be made on business letterhead 
to Cook Research Laboratories, 1457 
Diversey Parkway, Chicago 14, Ill. 
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New Products 
(Continued from page 25) 

The Resistohmeter has a range from 
1000 ohms to 100,000 megohms. Three 
test voltages are used: 10, 100 and 
500 volts d.c. The unit operates on 115 
volts 60 cycle, a.c. current. 

TV STUDIO EQUIPMENT 

Television broadcasting studio re- 
mote control panels designed for mount- 

; ing in the upper compartment of the 
RCA MI -26266 studio control console 

housing is now available from the RCA 
Engineering Products Department, 
Camden, N. J. 

The panels, 11" x 2%", are shown 
mounted in the studio control console 
housing. Up to six of the new panels 
can be installed and if less than six 
control panels are used, blank panels 
can be obtained to fill the remaining 
space in the compartment. 

This versatile new equipment can 
be used to provide remote control of 
various rack -mounted television units 
or a central control position for units 
mounted in separate rooms, or it can be 
incorporated as a desk section in 
multiple -unit control consoles. 

TRANSFORMER CORES 

The Electronic Components Division, 
Stackpole Carbon Company, St. Marys, 
Penna. is now offering their new Stack - 
pole Ceremag flyback transformer cores 
for television. 

The new cores are much smaller, have 
higher resistance, and operate cooler 
due to lack of eddy current losses. Ac- 
cording to the manufacturer, they offer 
permeability on the order of 10 to 1 by 
comparison with previous Stackpole 
types for similar applications. 

Complete details will be sent upon 
request. 

COUNTING RATE METER 

A Beta -Gamma Counting Rate Meter 
which has a Geiger -Mueller tube in a 
probe as the detector element has been 

announced by the Instruments Division 
of The Kelley-Koett Mfg. Company, 
F-222, W. Fourth St., Covington, Ky. 

Used by prospectors, health physi- 
cists, technicians and others concerned 
with detecting and measuring Beta - 
Gamma radiation, the Model K-800 can 
measure three ranges of Gamma ac- 
tivity. A scale selector switch permits 
choice of 0.2, 2.0 and 20.0 mr./hr. 
The scale is also calibrated in 360, 3600 
and 36,000 counts per minute. An ear- 
phone is provided for aural monitoring. 

Further details including descrip- 
tion of this unit and other Keleket 
electronic instruments for the detection 
and measurement of radioactivity are 
available on request. 

ADJUSTABLE SPEED DRIVE 

Westinghouse Electric Corp., Box 
868, Pittsburgh 30, Pa., has announced 
Mot-O-Trol packaged adjustable speed 
drive, employing electronic precision to 
provide a wide, stepless range of speed 
control for d.c. motors from a.c. sources. 

This unit starts motors, brings them 
up to a pre-set speed smoothly and 
rapidly, permits change of speed at any 
time, applies dynamic braking for 
stopping, and reverses motors. A special 
feature of the Mot-O-Trol drive is the 
sub -assembly construction which can be 
removed for easy maintenance. A 
single dial gives finger-tip control. 

Further information on this unit will 
be supplied upon request. 

FIELD STRENGTH METER 

Designed particularly for the com- 
munications and industrial heating 
fields, a field strength meter operating 

in the range of 200 kc. to 560 kc. has 
been announced by Clarke Instrument 
Corporation, 910 King Street, Silver 
Spring, Maryland. 

Entirely self-contained and weighing 
only 12% pounds, this field strength 
meter is a low -frequency version of a 
similar instrument widely used by 
broadcast stations. Field strengths be- 
tween 10 microvolts per meter and 10 
volts per meter are read directly with- 
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31, Nov. 1-2-RMA-11íE Fall Meet- 
ing will be held at the Hotel Syracuse, 
Syracuse, N. Y., rather than Rochester, 
as in the past. This meeting will feature 
the latest developments in radio and 
television engineering and manufactur- 
ing. Papers will be presented on such 
subjects as TV receivers, quality con- 
trol, and audio frequencies. Kenneth W. 
Jarvis will speak on "The Engineering 
Aspects of Sin" at the stag dinner on 
Nov. 1. 

Technical papers include the follow- 
ing: 

Monday, Oct. 31: "Measurement of 
Transient Response of TV Receivers," 
"TV Transient Response Measurement," 
"Underwriters' Requirements for TV 
Receivers," "Quality Control from the 
Producer and Consumer Viewpoints," 
and "Quality Control Gets a Job in 
Television Manufacturing." 

Tues. Nov. 1: "Intercarrier Sound 
System for TV Receiver using 6BN6," 
"Simplification of TV Receivers," 
"Univer: .1 Application-CR Sweep 
Transformer with Ceramic Iron Core," 
and "Characteristics of High -Efficiency 
Deflection and High -Voltage Supply 
Systems for Kinescopes." 

Wed. Nov. 2: "Pickup Tracking," 
"New Audio Amplifier Circuit," "The 
Safety -Vox," "New Type of Dual Cone 
Loudspeaker," "New Miniature HF 
Transmitting Pentode," "A VHF Re- 
motely Tunable Receiver," and "Ad- 
vantages of Toroidal Transformers in 
Communication." 

31, Nov. 1-2-Nucleonic® Sympo- 
sium, including the second annual Con- 
ference on Electronic Instrumentation 
in Nucleonics and Medicine, Hotel Com- 
modore, N. Y. Included this year will be 
manufacturers' exhibits of equipment in 
this field. 

31, Nov. 1-2-Fall Meeting of URSI 
and IRE, National Academy of Arts 
and Sciences and State Dept. Bldg., 
Washington, D. C. 

NOVEMBER 
14-18-NEMA Annual Meeting, Had- 

don Hall Hotel, Atlantic City, N. J. 

DECEMBER 
9-10 - Second annual Southwestern 

IRE Conference, Dallas Texas. 
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out recourse to charts, curves, or compu- 
tations of any kind. 

TIMING MARK GENERATOR 

A 1000 cycle pulse generator for ex- 
posing 1/1000 second timing marks on 
the film in the high speed Fastax cam- 
eras is now available from Potter In- 
strument Company, Inc., 136-56 Roose- 
velt Avenue, Flushing, N. Y. 

According to reports, the output pulse 
power is adequate for supplying timing 

marks to as many as 14 cameras simul- 
taneously or 14 one quarter watt argon 
glow lamps. A 100,000 cycle per sec- 
ond crystal oscillator included in the 
instrument precisely controls the tim- 
ing marks. 

The unit is completely self-contained 
and can be used for either laboratory 
or airborne work as the power supply 
will operate from 50, 60 and 400 cycle 
supplies at 110 volts. 

TELELINK EQUIPMENT 

General Electric's Transmitter Divi- 
sion at Electronics Park, Syracuse, 
N. Y., has announced that its Telelink 
equipment for three types of television 
microwave relay systems is now avail- 
able commercially. 

The new equipment, all of which 
operates in the 1900-2110 mc. band, 
includes transmitters, receivers and 
antennas for intercity, studio -to -trans- 
mitter, and semi -portable relays. Trans, 
mitter output for all three ranges from 
5 to 10 watts. The frequency response 
of the system is flat to plus or minus 
1 db. out to 5 mc., with modulation and 
demodulation linear within plus or 
minus 5 per -cent. 

Further information about this TV 
relaying equipment can be obtained by 
writing GE Transmitter Division. 

ASBESTOS TUBES 

Originally designed as a heat resist- 
ing base for electric coils and bobbins, 
the asbestos tube manufactured by Pre- 
cision Paper Tube Co., 2045 W. Charles- 
ton St., Chicago 47, Ill., can also be 
used for insulation in such units as 

electric heaters, thermal heating de- 

vices, for insulating rods, etc., for both 
heat and as a dielectric. 

These tubes can be made in any 
length, with wall thicknesses from .010 

up. They are made by spirally winding 
specially prepared asbestos tape to pre- 
determined sizes around a mandrel, 
then di -forming into either square, rec- 
tangular or oval cross sections. 

The company has invited users of 
electric coils and manufacturers who 
have a problem which they believe this 
tube may solve to send for a sample 
made to their specifications. 

POWER SUPPLY 

A regulated power supply, Model A, 
designed to provide a stable source of 
d.c. for experimental setups has been 
announced by The Howard Co., 934 
Argyle Rd., Drexel Hill, Pa. 

According to the manufacturer, the 
unit is light, compact and inexpensive, 
and can be supplied in the cabinet 
shown or panel mounted for rack instal- 
lations. All component parts are of 
high quality (filter capacitors are oil - 

filled paper) and each unit is guaran- 
teed against defective workmanship and 
materials, except tubes, for one year. 

Specification information may be ob- 
tained by writing the company. 

SAMPLING DEVICE 

A high speed subminiature mechani- 
cal sampling device having two poles, 
each of which contains sixty contacts, 
has been announced by The Applied 
Science Corporation of Princeton, 
Princeton, N. J. These poles may be 
synchronized in any phase desired. 

Driven by a 12 or 28 volt d.c. motor 
and having a power consumption of 
only a few watts, the sampling rate of 
this device is nominally 300 r.p.m. 
Over-all dimensions are 3%" x 21" x 
4%". 

I'IIOTO CREDITS 
Pages 
3, 4 Northrop Aircraft, Inc. 
8, 14, 15 National Bureau of 

Standards 
11 Esterline-Angus Co., Inc. 

These switches facilitate investiga- 
tion of a large number of separate 
quantities or of a single quantity under 
a number of various conditions. 

In addition to telemetering applica- 
tions, they may be used for the display 

of characteristic curves and multi- 
channel voltage comparison. 

Heater -Compensated 
(Continued from page 8) 

to a common line voltage and the 
screen grid voltage of the amplifier 
tube set at its proper value, the heater - 
compensated power supply shows a 
maximum deviation of 0.01 volt from 
the nominal 350 -volt output for a ten - 
volt change in the input. This is a 
variation of less than 0.0005 per -cent 
in output voltage for a one per -cent 
change in the line. The extremes in 
line voltage were taken as 100 and 120 
volts. 

The compensating voltage exhibits 
a time lag dependent on the time neces- 
sary for the cathode temperature to 
come to equilibrium. The effect of this 
time lag can be reduced by connecting 
a series resistance -capacitance circuit 
between the input terminal and the 
screen grid of the amplifier. When a 
sudden change of line voltage occurs, 
this RC circuit applies the proper vol- 
tage to the screen grid of the amplifier 
to compensate for the thermal time lag 
of the cathode temperature. The time 
constant of the RC network was chosen 
to equal that of the cathode tempera- 
ture change. 

Heater compensation gives much bet- 
ter operation in most power supplies 
using degenerative voltage stabilizers, 
without sacrifice of design simplicity. 
The principles of heater compensation 
can also be applied to good advantage 
in both a.c. and d.c. amplifiers. 

NOTE: 
For further tehnical details on this work. see 
"Cathode Heater Compensation as applied to 
Degenerative Voltage Stabilized D -C Power 
Supplies" by Robert C. Ellenwood and How- 
ard E. Sorrows. J. Research NBS 43, 3 (Sep- 
tember 1949) RP 3027. 
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Quadrature Networks 
(Continued from page 9) 

e, I,R (1-j) 
. (5) -1 

e2 e: 

From (2) : 

I,R=1,R (2-j) =e, (2-j) (6) 
Substitute (6) in (5) : 

e,(2-j) (1-j) -1=- 
e, 1 

35 (1) 

(8) 
e, = 3 2 

This shows that the output voltage 
lags the input by exactly 90 degrees 
and has an amplitude of % the input. 
The essential requirements of this 
special case are that this source 
impedance be very low and that the 
loading on the network be extremely 
light. 

These conditions are easily met by 
feeding the circuit from a cathode 
follower. See Fig. 1G. 

When two precision resistors and two 
precision capacitors are calculated and 
assembled into the circuit shown, an 
accuracy of plus or minus 1/2 per -cent 
may be realized. 

Design of An Echo Box 
(Continued from page 18) 

0.7333 Q' 
g 

ß lo , (1- tr = f(1.) - 

3.14fT(1-Eta) 
e Q' 

+20 . . (15) 

Where t, = ringtime in microseconds 
f = frequency in mc. 
T = pulse width in seconds 
o = level difference between 

peak pulse power and re- 
ceiver sensitivity at the 
echo box input in de- 
cibels. 

ß, = Q'/QL - 1 
For the application for which this 

echo box is required o = 100 and T = 
5 x 10'° seconds. It has been found ex- 
perimentally that the maximum ring - 
time is obtained, while still permitting 
sufficient loading for crystal current 
output measurements, if p, has a value 
in the vicinity of 0.1. This value de- 
pends on the degree of output coupling 
required to give adequate crystal cur- 
rent for the particular repetition rate 
and pulse width of the system under 
test and must be determined experi- 
mentally in conjunction with the system 
with which it is to be used. For the 
present consideration ßa = 0.1 is suffi- 
ciently accurate to permit determining 
the relative order of magnitude of the 
ringtime. 

d. From Eqt. (15) the ringtime at 
142 mc. is found to be 363 x 10'° sec- 
onds. From Table I the reduction in 
ringtime due to compensation at 142 
mc. is 7.41 per -cent so that the resultant 
ringtime is about 336 microseconds. 

20 

42.9 

RINGTIME COMPENSATION LOOP 

INPUT LOOP 

STANDARDIZATION LOOP 

.252 R. 
g 

INPUT LOOP 

.2528. 
COMPENSATION LOOP 
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CRYSTAL HOLDER 

FREQUENCY 
ERROR 

CORRECTION 

I I/e"-T 
THREAD 

Fig. 4. Drawing showing construction of 130-154 mc. coaxial echo box. 

Since p, is Q'/QL- 1, then for p, = 0.1 
at 142 mc., QL = 18500. 

From the definition of QL = f l t1 f the 
bandwidth of the coaxial cavity for 142 
mc. is found to be approximately 7.7 
kilocycles. 

The loop dimensions can be closely 
approximated from the relationship: 

Rob' AL- .005048 . . . (16) 

where AL= loop area in square cm. 
Ro = input transmission line im- 

pedance 
b = inner radius of outer con- 

ductor in cm. 
f = frequency in mc. 

Though the value of AL is only an ap- 
proximation it has been found suffi- 
ciently accurate to provide a good start- 
ing point for the final experimental 
determination of the loop dimensions. 
For the mid -band frequency of 142 mc. 
the loop area AL is found to be 1.29 
square centimeters, corresponding to a 
loop diameter of 0.641 centimeters or 
0.252 inches. 

Conclusions 
A quarter -wavelength coaxial echo 

box has been designed having the fol- 
lowing electrical and mechanical para- 
meters: 

a. Diameter -20 inches outer conduc- 
tor, 5.555 inches inner conductor 

b. Length -42.9 inches over-all 
c. Plunger Variation -3.516 inches 
d. Tuning-Direct reading frequency 

dial with 100 -division vernier dial 
e. Tuning accuracy with dial correc- 

tion = 0.1 mc. 
f. Average unloaded Q - 20,000 
g. Average Loaded Q - 18,000 
h. Average Cavity Bandwidth -7.7 

kilocycles 
i. Average Ringtime-336 µsec. 
j. Ringtime Variation with Compen- 

sation is equal to 1.0 per -cent 
k. Loop Radius -0.2.52 inches 
The resulting echo box design meets 

the requirements of the system with a 
good margin of safety. An over-all con- 
struction diagram (Fig. 4) shows the 
outline of the physical layout of the 
echo box. The input and compensating 
loops have 50 -ohm resistors built in so 
as to provide matching for the trans- 
mission line and the loops. 
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with studies of actual installations 
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complete text on two-way radio. TWO-WAY RADIO 
covers the mechanics and applications of two-way radio 
for all forms of fixed, mobile and portable communica- 
tion. It is written in non -mathematical form and in 
language easily understandable by users or intended users 
of this type of equipment. An excellent guide for service- 
men and radio amateurs, as well as engineers, executives, 
and planners who are interested in a detailed analysis 
of the applications and equipment in this field. 

Answers all questions 
TWO-WAY RADIO gives concrete answers to your practical 
questions: How is it used? What are the potentialities of two-way 
communication? Is it efficient? Is it economical? What types are 
best suited for specific uses? What are the technical requirements? 
What are the licensing regulations? Here, in accurate, complete, 
and useable form is the data you need for these and a host of 
other pertinent questions-the basic technical information which 
will enable you to keep pace with the fast -coming developments 
in two-way radio communication. 

Graphically illustrated 
Included in TWO-WAY RADIO are 87 informative illustrations- 
charts, diagrams, and photographs of equipment and installa- 
tions, carefully chosen by the author to illustrate his twenty 
chapters of text material. 

The opening chapters are devoted to planning of two-way radio 
and details of equipment, power supply, mobile and fixed stations, 
and proper antenna systems. Then follows a detailed analysis of 
AM and FM equipment, radio and guided carrier systems, and a 
full discussion of microwaves. Latter chapters describe two-way 
radio communication as used by railroads and police, fire, highway 
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ample information on maintenance, repair, and trouble shooting, a 
full chapter on licenses and regulations, and a description of 
typical installations by states, communities and border patrol. 
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Photographs! 
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Advantages of microwaves 

How two-way radio is used 
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etc. 
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two-way radio equipment. 
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IN YOUR 

8 BIG KITS of SPARE TIME 

Radio Parts and Equipment . 

ALL KITS ARE YOURS TO KEEP 
Each of the hundreds of Radio parts and other items I send my students Is 
theirs "for keeps." You may use this equipment In your Radio and Television 
service work and save many dollars by not having to buy expensive "ready- 
made" teat equipment. Each of my 8 kits will help yoq advance and learn 
important steps in Radio and Television servicing. 

R 
L- ' CALVIN SKINNER 

of New Orleans. La. 
tells us he makes $5 to 
C10 In spare time re- 
nairing radios. He Is 
now also working with 
Ms own Television set. 

My Training Includes: 

Radio Servicing 
Television 
FM 

Frequency 
Modulation 

Public Address 
and High 

Frequency 
Applications 

LOREN D. SAUCIER 
of Coloma, Mich. re- 
ports that my training 
has made lt possible for 
him to repair large 
numbers of Radio and 
Television receivers. 

NOW IS THE TIME To Get Into This 
Fast Growing Industry -Prepare For A 
Fine Paying Job Or Your Own Business! 
If you want to get into Radio -Television and Electronics .. . 

you owe it to yourself to get the facts about my training. I have 
trained hundreds of men to become outstanding service tech- 
nicians-and I'm ready to do the same for you. Whether your 
goal is a fine paying job in one of Radio's many branches- 
or a successful Radio and Television business of your own-you 
need the kind of training I offer! My braining is practical and 
down to earth. YOU NEED NO PREVIOUS EXPERIENCE. 
You'll be astonished at your rapid progress. I start you with. 
basic fundamentals and give you plenty of practical shop -bench 
training with many kits of parts I send you. This is the training 
that sticks with you and makes money for you on the job! 

Get Paid For Spare Time While Learning 
Soon after you start training I send you my famous BUSINESS BUILDERS that show 
you how to make money in -spare time doing interesting Radio jobs. Look at the useful 
and valuable equipment you get while training with me (illustrated at left)-I send you 
these 8 big kits of Radio parts and equipment and help you build step-by-step a power- 
ful 6 -tube superhet radio, a 16 -range test meter, plus other mighty useful equipment 
for Radio and Television servicing. You will perform over 175 fascinating experiments 
while training. You will learn about Television-so that you will be qualified to step 
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diagrams and my book telling exactly how to set up your own Television and Radio 
shop. I want you to learn all about my training-and that is why I urge you to clip and 
mail the coupon below for my two big FREE Radio books. I employ no salesmen-and 
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HAVE A BUSINESS 
OF YOUR OWN 

A profitable Radio and Television Service 
Shop may be started with little capital. I 
will show you how to get started and how to 
build your small business. At left is pictured 
one of my graduates, Mr. Merrit C. Sperry 
of Fairmont, Minnesota in his own shop. 
The way is also open for you to build a good 
SERVICE BUSINESS FOR YOURSELF. 

RADIO AND TELEVISION 
INDUSTRY BOOMING 

You couldn't pick a better time to get into Radio -Tele- 
vision and Electronics. New Television stations are going 
on the air to serve every major city-hundreds of new 
AM and FM Radio broadcasting stations are also on the 
air to serve practically every community in America. All 
this creates new and bigger opportunities for the trained 
man who knows Radio -Television and Electronics. Good 
Radio and Television service men are needed NOW! 
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FREE! Radio Books 

Just mall coupon for a FREE 
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my big FREE book, "How To 
Make Money In Radio -Television 
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really practical training Is best of 
all for you. Discover what's 
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tronics Industry. No obligation. 
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coupon now-and count on me 
for fast action. 

RRY All`AlN CANAL, PT.2O'11111111. 

VETERANS 
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