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PRECISE VOLTAGE REGULATION FOR TESTING RELAYS 

PROTECTS 
Spencer Thermostat Company uses Sorensen 
voltage regulators to test their Klixon C -6360 
motor starting relay. They say. "Sorensen regu- 
lators speed up our testing processes by pro- 
viding o steady supply of current enabling us 

to turn out a uniform product." 

Model 1000 shown provides full protection of your 
unit against OVER LOAD and OVER VOLTAGE. 

Sorensen protests your equipment against over load and 
over voltage and at the same time provides regulation of 2/10 
of 10/,, with a minimum of wave distortion and wide ir put ranges. 
Precision Klixons are themselves assembly line tested with Sorensen 
regulators. In turn, Klixon un is installed in Sorensen equipment pro- 
vide automatic shut -off of the output in case of over load. In prac- 
tically all AC and DC units the Heinemann circuit breaker iicorporated 
into Sorensen regulators insures against over voltage. 

Write today and arrange to have a Sorensen engineer ona'yze 
voltage regulation requirements in your plant. He can select a stand - 
crd Sorensen unit from 150 VA to 20 KVA to At your most exacting 
application. 

SORENSEN 

L COMPANY 

SORENSEN & COMPANY, INC. 
375 FAIRFIELD AVENUE STAMFORD, CONNECTICUT 
The First Line of Standard Electronic Voltage Regulators 
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PIONEER EQUIPS GROUND *STATIONS W TH 

Wilcox Type 378A Package Radio 
PACKAGE DESIGN SPEEDS YOUR INSTALLATIONS 
The Type 3784 is complete from microphone to ortenna, ready 
for connection to power moins. It is designed for aeronautical 
VHF gound -air communications at smaller troffic centers. 

PROVEN COMPONENTS INSURE QUALITY AND 
PERFORMANCE -T-te Type 305A VHF Receiver and 
Type 364A VHF Transmitter (50 watrs) are the principal 
components of the 378A. Long used separately and 
fieldtested by lead'ng airlines, these units ore now 

available in package fom. 

NEW AIDS TO CONVENIENT OPERATION 
The telephone he ndset with its convenient push-tor 

talk button, serve, as both headphone and micro. 
phone, with on uxiliory loudspeaker for incom- 

ing calls. The 378A includes desk front, message 

rock, and tYpewriter space - there cre no ac- 

cessories to be added. 

LOCAL OR REMOTE CONTROL -If der 

sired, the control panel can be removed 
and the 378A remotely controlled, eithei 

by re- installing the panel at the operat- 
ing pau t ar or by simple adaptation to 

your esisticg control egu..pment. 

' Pioneeroircraft are also 100% equipped 
with the new WILCOX Type 36M 
Airborne VHF Communication System. 

WILCOX ELECTRIC COMPANY 
K A N S A S C I T Y 1 , M I S S O U R I 

WILCOX Means Dependable Communication 

7i/4Cec today for complete information 
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New York Telephone Ccmpany 
men watch is a crossbar dal sys- 
tem reports to its test frames at 
exchange "Watkins 9," New York. 

A Dial System Speaks for Itself 
Ecs dial systems hove been imp-oved, so also 

have the means o= keeping them at top effi- 
c ency. Even before trouble appears, test 

frames, developed in Bell Telephone Labora- 
tores, are constantly at work sending trial 
calis along the telephone highways. Flashing 

lamps report anytiing that has gone wrong, 
and the fault is quickly located and cleared. 

If trouble prevents one of the highways 
frorr completing your cal', another is selected 

a- on:e so -hat your call car go through with- 
out dlay. Then on the test frames lights flash 
up telling which highway was defective and on 
what section of that highway the trouble 
occurred. 

Whenever Bell Laboratories designs a new 
telephone system, plans are made for its main- 
tenance, test equipment is designed, and key 
personnel trained. Thus foresight keeps your 
Bell telephone system in apple -pie order. 

l- B E L L T E L E P H O N E L A B O R A T O R I E S EXPLORING AND INVENTING, DEVISING 
.-7'-'4-''',z., 

AND PERFECTING FOR CONTIN;IED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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sECURiry QU1z 
for MANAGEMENT 

MEN 

can you answer these important questions? 

How many of your employees are buy- 
ing U. S. Security Bonds regularly 
via the Payroll Savings Plan? (35% 
to 50% of employees buy Security 
Bonds on the Payroll Savings Plan 
in those companies in which top 
management backs the Plan.) 

How does their average holding com- 
pare with the national average? (The 
national average among P.S.P. par- 
ticipants is $1200 per family.) 

Why is it vital -to you, your com- 
pany, and your country -that you 
personally get behind the Payroll 
Savings Plan this month? You and 
your business have an important 
stake in wise management of the 
public debt. Bankers, economists, 
and industrialists agree that busi- 
ness and the public will derive maxi- 
mum security from distribution of 
the debt as widely as possible. 

Every Security Bond dollar that 
is built up in the Treasury is used to 
retire a dollar of the national debt 
that is potentially inflationary. 
Moreover, every Security Bond held 
by anyone means fewer dollars go to 
market to bid up prices on scarce 
goods. 

Can't your employees buy Bonds at 
banks? Banks don't provide Security 
Bonds on the "installment plan" - 
which is the way most workers pre- 

fer to obtain them. Such workers 
want and need Payroll Savings. 

What direct benefits are there for 
your company? In 19,000 industrial 
concerns operating Payroll Savings, 
employees are more contented. 
Worker production has increased, 
absenteeism has decreased -even 
accidents have been fewer! 

All these benefits accrue in addi- 
tion to extra security for the indivi- 
dual who gets and holds Bonds. 
(Every $3 invested pay $4 at ma- 
turity.) 

But even a plan with all these 
benefits requires the sponsorship of 
top management for real success. 

What do you have to do? The Treas- 
ury has prepared a kit of material 
especially for you to distribute 
among certain key men in your com- 
pany. This will be your part in the 
all -out campaign -starting April 15 
-for America's economic security. 

Make sure you get your kit. Be 
sure to give it your personal atten- 
tion. Keep the Payroll Savings Plan 
operating at its full potential in your 
company. It's a major factor in 
America's security -your best busi- 
ness security! 

For any help you want, call on 
your Treasury Department's State 
Director. Savings Bonds Division. 

The Treasury Department 
acknowledges 

with a COMMUNICATIONS ppreciation 
tJte publication 

a Tit is of this ? zs ison official U. C message by . 4 Tr'nsttrt-idrerisctrteul COMMUNICATIONS prepared under FOR AUGUST 
1948 

nrauspieesof the TreasuryDepartment 
and the Advertising 

Council 

www.americanradiohistory.comwww.americanradiohistory.com

www.americanradiohistory.com
www.americanradiohistory.com


i 

C® MUNICAú0C KS 
LEViIS WINNER, Editor 

Microwave Links 

1ltE U -11 -F S -11 -F n. sis of 2,000 
to 8001 nie. in the blueprint and ;)arc 
experimental stage for quite awhile, 
have teed off the drawing board and 
out of the lab to become one of tv's 
best friends. In use in relay links, 
the microwave bands have been found 
to be ideal as a point -to -point trans- 
mission agent. 

Although in use for nearly two 
years, only recently, with the 
expanding telecast services, have the 
relays had a genuine opportunity to 
prove their commercial merit. The 
links have been a blessing to new tele- 
casters, permitting them to go on the 
air with remotes when studios were 
not completed. And the variety of 
field programs afforded through the 
use of remotes has been a boon to 
the tv'ers. 

The enthusiasm for the air links 
also steins from the wider bands af- 
forded by the radio line over the co- 
axial cable. Fading and reflection. two 
of the major problems which worried 
many, has been overcome in most 
installations. 

Mavens' novel link arrangements 
are being used by telecasters, particu- 
larly where studio facilities are not 
available. At one New England tv 
station a leased link with dishpan an- 
tennas and a commercial setup with 
a horizontal dipole is used. The leased 
link operates at 3930 me and dipole 
arrangement at 2000, the dishpan 
circuit picking up the dipole telecast 
from the ball park over a 1 / -mile 
circuit and transmitting to the perma- 
nent tv antenna some 5 miles away. 
AA another New England station, 
leased 3930 -mc facilities were used 
until a commercial 6500 to 7050 -mc 
dishpan link could be installed atop 
the tv tower. This circuit has served 
to loop community ball park games, 
military demonstrations, stadium con- 
certs, as well as programs from New 
York on the New York -to- Boston re- 
peater link. 

The s -h -f line has proved its ef- 
fectiveness on numerous long- distance 
links too: New York to Schenectady, 
New York to Philadelphia to Wash- 
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ington, am Chicago to South Bend. 
And before the year is over. Chicago 
may be linked to New York via a 
nt`.croweye link. 

Several types of link systems are 
being used. In one, operating on the 
6500 to 7050 -mc band, the normal 
power output for the transmitter is 
100 milliwatts, feeding into a 4' re- 
Hector. providing an antenna gain of 
5000. Another model is said to have 
a transmitter output of 50 watts, em- 
ploying a magnetron oscillator with 
direct frequency modulation. Fre- 
quency range of this system is 1990 to 
2110 ntc, and antenna gain with a 4' 
dish is 320, and 8' dish, 1280. 

Telecasters have found the remote 
systems extremely reliable. Bugs in 
some of the fixed link circuits have 
been ironed out to the point where 
stations can operate automatically, 
achieving the unattended classification 
originally planned. 

The successful application of the 
2000 to 8000 -mc bands for link serv- 
ice has in-roduced a striking and ex- 
citing new field, which is destined to 
become an extremely vital factor in 
the communications world, particular- 
ly television. In a salute to this new 
service, the October issue of COM- 
MUNICATIONS will feature a compre- 
hensive report on the status of the 
art, in which microwave possibilities 
and tv will he thoroughly probed. 

Troposphere and Distance in TV 

EXTREMELY 10i'ORTANT DATA disclos- 
ing the relation of the troposphere and 
distance ri tv were revealed by T. T. 
Goldsmit ,. Jr., director of research 
of the Alien B. Du\Iont Laboratories 
during the recent allocation hearings 
in Washington. He pointed out that 
under certain conditions the density. 
and consequently the dielectric con- 
stant of the atmosphere may not de- 
crease continuously and uniformly 
with altitude. Such conditions may 
be caused by temperature variations 
which in turn may be caused by the 
earth's cooling immediately after sun- 
set, or by the motion of tentperaturr 
fronts. He stated that a situation may 

exist ill which a dense laver of air 
occurs a short distance above the 
earth's surface. Under such condi- 
tions. a wave may be trapped between 
these two boundaries. This produces 
in effect a parallel plane wave guide 
and the energy, instead of being uni- 
formly radiated in all directions, is 
confined and guided along close to the 
surface of the earth. Such a condi- 
tion, he explained, may result in the 
signal strength at a distant point 
being many times greater than that 
predicted by the ground wave theory 
alone. While these effects occur more 
or less at random and. consequently, 
cannot be relied upon for a depend- 
able service, Goldsmith explained that 
they do, nevertheless, provide a very 
serious interference problem, necessi- 
tating the separation of stations con- 
siderably further than would he indi- 
cated by a consideration of ground 
wave theory only. He pointed out 
that at 100 miles on 82 me the ratio 
of the actual signal received to that 
of the ground wave signal exceeds 
7:1 for 10% of the time measured, or 
50:1 for 1% of the time. Continuing 
this analysis, Goldsmith said that it 
is quite probable that the more rapid 
attenuation of the high frequency 
ground wave more than compensates 
for the increasing troposphere factor, 
with the result that a shorter minimum 
spacing may be permitted between co- 
channel stations at the higher fre- 
quencies. 

JTAC 

ON l'AGE 34 of this issue appears a 
questionnaire prepared by FCC at the 
request of the recently formed Joint 
Technical Advisory Committee, con- 
cerning the status of the 475 to 890 - 
me band for tv, which will be the sub- 
ject of a FCC hearing on September 
20 in Washington. Answers to these 
questions would be extremely helpful 
ill formulating decisions at this all - 
important Washington session. 

We urge you to read these pertinent 
questions and reply to as many as 
possible. industry and government 
will be grateful for your help. -L. W. 
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High-Output Signal Generator 
For Antenna Me«su rem ei:ts 

Front view of signal generator. Controls are. 
from left to right: Zero set variable capacitor. 
handswitch with four ,ositions, modulation with 
30e; 50': and 100'í points marked, r-f output 
1000 -ohm control with the power switch on the 
same shaft, and a In -hi output toggle switch 
which can be bean above the small scale neon 

on indicating light. 

Interior view of the signal generat -.r. 

Layout of the generator. 

ëO,.'e, 

SO 

r 6,6 

a r seo.o. 

Instrument Particularly Useful for Measurement Work 

When Station Is Off the Air and There Are Strong 

Skywaves From Stations Operating on Same Frequency 

as Antenna Being Measured. High Output Permits 

Application During Summer Static Periods, Measurement 

of Antennas With Resistance as Low as 25 Ohms, Check- 

ing of Matching Networks and Transmission Lines, Etc. 

by HERBERT G. EIDSON, Jr. 
Chief Engineer, WIS and WISP 

Technical Director, WIST 

ix MAKING ANTENNA \IEASCRF \IF:\Ts 
the usual procedure is to measure the 
resistance and reactance of the an- 
tenna at three or four points on each 
side of the operating frequency, these 
points being 5 or I0 kc apart. As 
there are many stations that operate 
all the night through, the engineer 
usually finds himself trying to find .! 

sharp null point on his bridge while 
a strong jive session comes pounding 
through on his 'phones. The remedy. 
of course, is to use a signal generator 
with high enough output to effectively 
override any reasonably strong signal 
or static which will be encountered. 
However, it is normally necessary to 
set the bridge to the limit indicated by 
the maker of the instrument usually in 

the neighborhood of ten volts. 
Conventional receiver -alignment type 

signal generators tested, provided 
output ranges from .1 to 1 volt maxi- 
mum, ail output too low to be effective 
in combating the aforementioned apes 
of interference. 

In view of these characteristic de- 
sign features, it was decided to build 
an r -f bridge which would feature: 

(1) Output at any point, within the 
standard broadcast band, across 
a low -impedance output load, 
at least ten volts. 

(21 Bandspread, within the above 
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mentioned band. such that points 
5 kc apart can he read With ac- 
curacy. 
Stable oscillator, after a few 
minutes warnlup period. 
Modulator capable of modulat- 
ing output 10O %c with a 400 - 
cycle internal tone, with a dis- 
tortion of not more than ten 
per cent. 
Tight shielding so that radia- 
tion will be kept to a minimum. 
Wide-frequency range so that 
it can be utilized for receiver 
work. 

Signal -G for R -F Section 

6K7 r -f oscillator, operating in 
an electron -coupled circuit generate- 
the r -f voltage which drives the con- 
trol grid of a 6V6 cathode follower in 
the generator. The oscillator is tuned 
by a 14 -plate variable capacitor with a 
minimum capacit}- of 10 mnlfd and a 
maximum of 250 mntfd. (The larger 
section of the two -gang capacitor 
shown in the photograph is not used.) 
A double -pole, four -position wafer 
switch is employed to switch in each 
of four coils (380 to 800 kc, 800 to 
1.47 Inc. 1.47 to 2.75 me and 2.75 to 
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7.1 nte1: turn data appears in table I. 
Plug -in type standard coil forms are 
used for ease of initial coil construc- 
tion. Each coil has a small postage 
stamp -type variable across it to allow 
greater ease in dial calibration. 

Cathode Follower 

The cathode follower provides a low 
impedance output of approximately 
500 ohms at full output. When using 
the generator for receiver work, a 

stall toggle switch is used to place .t 

2- ntegolun resistance in series with the 
output. Variable output is obtained 
by using a 1,000 -ohm potentiometer in 
parallel with the 6V6 cathode resistor. 
A .0(11 -ntfd blocking capacitor removes 
the d -c. 

Audio Section 

A 61.'8 vein bridge audio oscillator 
is used to generate a 400 cycle tone 
which modulates the r -f oscillator. 
Two RC combinations in the grid cir- 
cuit of the first section of the 6C8 con- 
trl the frequency of oscillation. 

The output of the modulator is in- 
troduced into the grid of the cathode 
follower, along with the r -f voltage 
from the r -f oscillator, using the Heis- 
ing system of plate modulation. .\ 
47.0(10 -ohm resistor 'is used to drop the 
r -i oscillator plate village so that 
IOW', modulation i- 

10,000 -Ohm Variable Used 

.1 l0,(100-ohni variable re.i.tlfr, 
which varies the bias on the 400- cycle 
oscillator and connols the severity of 
oscillations, is a screw driver slot type it mounted so that it can be adjusted 
by removing a small cover plate on 
the Iront panel. Titis adjustment is 
critical with line voltage and it will be 
found that there will be no oscillation, 
when the supply line voltage is lute 
unless an adjustment is made. 

The S, Switch 

A switch (S,) provides a means i r 

removing the audio modulating volt- 
age from the output. It is on the 
shaft of the volume control which con- 

Circuit diagram ut the unit. ls_ mentioned in 
text is in plate circuit of 6C8. 

Frequency 
Band Range Description 

3 

380 -800kc 155 turns #30 enam- 
eled solid wire. 
tapped at 35th turn 
from bottom. 

8011 kc -1.47 me 65 turns #30 enam- 
eled solid wire. 
tapped at 22nd turn 
from bottom. 

1.47 -2.75 time 50 turns #20 enam- 
eled solid wire, 
tapped at 16th turn 
from bottom. 

22 turns #20 enam- 
eled solid wire. 
tapped at 9th turn 
from button. 

4 2.75-7.1 nie 

Table I 

Cnil data. 

trots the amount of 400 -cycle modula- 
tion. The dial is calibrated in per- 
centage of modulation and can be done 
with the he p of a 'scope. 

Input /Output Jacks 

Two jacks are placed in the modu- 
lator stage. for input and output. Th. 
former can be used when an external 
oscillator is desired to be used. while 
the latter cran be utilized for obtaining 
a 400 -cycle test tone for other uses. 

R -F Filtering 

R -f is filtered out of the power cord 
by the use of 80 millihenry chokes in 
each lead, bypassed on each side to 
ground by .01 ntfd capacitors. The 
output line is made up of four feet of 
flexible single conductor shielded mi- 
crophone cable fitted with two alliga- 
tor clips at the end. t For use with an 

r -f bridge, a special shielded plug must 
be used.) 

Cabinet 

The cabinet ( 1044" high, 13%" wide 
and 8" deep) is made up of W" ply- 
wood, covered with imitation black 
leather cemented on by waterproof 
lineolunt paste. The inside of the 
cabinet is well shielded with thin 
aluminum sheeting, held into place 
with small wood screws and tacks. 

Calibration 

The simplest method' of calibration 
is with a signal generator, known to 
be reasonably accurate, and a com- 
munications type receiver. Calibra- 
tion of the standard oscillator should 
be checked by beating its output 
against stations whose frequency is 

known (i.e., broadcasting stations, 
\W\ WV transmissions). To fill in the 
gaps IC frequencies above the broad- 
cast band, harmonics can be used. 

When this oscillator is calibrated, the 
composite instrument can be calibrated 
by beating its signal against that of 
the known oscillator. Light pencil 
marks are made on the cardboard dial 
face initially and then are later neatly 
inked over. 

Tests 

The signal generator has been op- 
erating now fir several months and 
has performed satisfactorily in every 
way. Strong harmonics have been 
found up to 30 flit which can be used 
in alignment of short -wave receivers. 

47. 
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MIEASCREMENT of power output at 
high frequencies presents problems not 
present at lower frequencies, since in- 
struments for voltage and current ap- 
plications are not yet available. In 
addition to instrument limitations, 
their inclusion would upset the reso- 
nant circuits. One satisfactory meth- 
od, however, is the calorimeter meth- 
od, In this system, the transmission 
line to the antenna is disconnected and 
terminated with a pure resistance 
equal to the characteristic impedance 
of the line. The dummy load is of 
special design which presents a proper 
resistive match, and is also geometri- 
cally designed so that it is coaxially 
installed in the transmission line. A 
coolant is passed over the resistance 
element and the temperature differen- 
tial between input and output is deter- 
mined. Rate of flow of the coolant is 
measured in volume per unit time. 
Power dissipated in the load resistance 
is then calculated from the temperature 
differential, rate of flow, and specific 
heat of the cooling fluid. Since water, 
is the usual coolant, a nomograph. 
such as illustrated in Figure 1. may 

be used for a semi- direct indication. 
It must be remembered that to deter- 
mine peak power output, it is neces- 
sary that sync modulation be applied 
so that 25% of the total output am- 
plitude is represented in sync signal. 
This percentage may be determined by 
means of an r -f percentage modulation 
'scope or other means previously de- 
scribed. Assuming the correct modula- 
tion percentage of sync, a factor of 1.68 
is used to convert the average power 
output (as determined by the calori- 
meter method) to speak power output. 
After determining the peak power out- 
put, it may be desirable to calibrate 
the transmission line voltmeter for 
future reference. The voltage (cor- 
responding to peak power) may be 

determined from the relation: 

or 

V' 
Wo.= - 

Z. 

V = \ .'\\'rk Z. 

Where: Wpk = peak power output in 
watts calculated from 
the dummy load meas- 
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TV 
Figure 1 

Nomograph for power dissipated in water - 
cooled devices tCoartrsy FTR) 

Figure 2 

Block diagrams nl synthetic composite video 
mixing systems. 

urements and using the 
1.68 conversion factor. 

Z = characteristic i ni p e - 
dance of the transmis- 
sion line. 

V = rms voltage on trans- 
mission line. 

Calibration is effected by varying the 
coupling of the diode into the trans- 
mission line r -f field -adjustment be- 
ing correct when the voltmeter reads 
the voltage as determined in the pre- 
vious calculation. 

Measurement of Transmitter 
Regulation 

Transmitter regulation is the change 
in peak signal amplitude from an all - 
white to all -black picture. This fig- 
ure gives an overall indication of the 
impedance of all power supplies, oper- 
ation of d -c restorer, a -c line supply, 
r -f driver impedance, etc. Any of the 
modulation indicators may be used for 
this measurement ; however, the most 
r -f convenient instrument is a r -f 
waveform monitor' which is calibrated 
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Tran$mittr Design 
directly in percentage modulation. A 
setup is macle for white picture signal 
whose sync to video ratio is 30/70. 
iIodnlcltion is adjusted for sync down 
to ; of peak and white down to 
15% of peak. The modulation indica- 
tor is set to peak signal = 100 %. The 
video input is then changed to a totally 
black picture ( sync only) whose am- 
plitude is the same as the sync level 
for a white picture. Decrease of total 
amplitude may be measured directly in 
percentage on the r -f 'scope, and the 
change in amplitude from the 100% 
value is the total regulation. The 
minimum standard of the change in 
peak signal amplitude from an all -black 
to all -white picture shall not exceed 
IO %Jo of the signal amplitude with an 
all -black picture. This factor should 
be measured with the transmitter op- 
erating under conditions of rated peak 
power output. 

Measurement of Output Variation 

Variation in output is the change in 
peak amplitude during a period not 
exceeding one frame in length. The 
r -f 'scope previously described is most 
satisfactory for this measurement. 
Since noise levels may change with 
modulation amplitude, it is desirable 
to measure output variation under con- 
ditions of black picture and white pic- 
ture. In either case the procedure is 
the same. The 'scope is adjusted to 
give 100% modulation for the maxi- 
mum signal excursion during the 
frame period, and measurement is 
made of the lowest value of sync peak 
during the same interval. The change 
in amplitude from the 100% refer- 
ence value is the variation in output. 
The minimum standard of the varia- 
tion of output shall not exceed 5% of 
the average of the peak signal ampli- 
tude. This factor should also be meas- 
ured with the transmitter operating 
under conditions of rated peak power 
output. 

Measurement of Amplitude Venus 
Frequency Response 

An amplitude versus frequency re- 
sponse characteristic is a description, 
by means of a graph, of the ratio of 
sine wave output voltage to input volt- 
age applied to the input terminals of 

(Continued on page 32) 

tDu tont type 5034 -A. 

Part IV.... Concluding Installment.... Covering Measur- 

ing Techniques: The Measurement of Transmitting Power 

Output (Calorimeter Method) Measurement of Trans- 

mitter Regulation and Output Variation, Measurement of 

Amplitude Versus Frequency Response, and Measurement 

of Transient Response. 

by G. EDWARD HAMILTON 
Head, Television R -F Development Section 

Television Transmitter Department 
A lien B. Du Mont Laboratories, Inc. 
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APPLICATIONS OF SCREEN -GRID SUPPLY 

Impedance In Pentodes 

6ÁC7 

:10K 

300V 

et 100K 

10 

250 
0 
O 

ESUPP 

Figure 1 

Experimental amplifier. 

Figure 2 

Circuit for dran ing static cur.... 

Figure 3 

Characteristics of suppressor rid voltage as 
parameters 

IN TILE NORMAL METHOD of operation 
a single -stage amplifier will produce a 

phase reversal between the input and 
output voltages. Pentodes when oper- 
ated in this way have a screen -grid 
voltage supplied by a source with a 

very low internal impedance. It is 
known that the screen -grid supply im- 
pedance will produce a degenerative 
effect, decreasing the gain of the am- 
plifier.' Further study has indicated 
that this effect might be increased to 
the point where the amplifier gain 
would he zero, and that a still greater 
increase in screen- supply impedance 
would cause the amplifier gain to in- 
crease from zero, but with opposite 
phase. 

Experimental Results 

Since constants such as ua - µ,a and 
u,r - up are not commonly supplied by 
manufacturers it is difficult to calcu- 
late the magnitude of these effects. 
Therefore the single -stage amplifier 
shown in Figure 1 was set up with 
provision for varying the a -c impe- 
dance of the screen -grid supply with- 
out affecting the d -c supply. With 
the suppressor grid grounded, the gain 
of the stage dropped to one -half of its 
original value when R was increased 
from zero to 100.000 ohms. However, 
with a negative bias of 45 volts on the 
suppressor the gain decreased to zero 
when R was adjusted to 7,500 ohms. 
This effect indicated that the magni- 
tude of the effect of a -c screen -grid 
voltage on plate current was equal to 
that of the control -grid voltage. and 
opposite in direction. With a further 
increase of R the gain increased, the 
output voltage of the plate then being 
in phase with the control grid voltage. 
Evidently the negative bias on the 
suppressor grid caused the formation 
of a space charge between the screen 
grid and suppressor grid, which ef- 
fectively increased u,x - 

In order to study this effect, with a 

view toward practical applications, a 

series of static curves was plotted or 
circuit of Figure 2. These curves, 
Figures 3 and 4, indicated that the 
plate current reached a maximum with 
a certain value of control grid voltage, 
and decreased on each side of this 
value. This characteristic is a func- 
tion of both suppressor grid bias and 
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Figure 4 

Characteristics of the screen -grid supply re- 
sistance as parameter. 

Figure. 5 

Phase inverter. 

Figure 6 

Static characteristics of phase inverter. 
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Analysis Shows That the Phase of the Output Voltage of a 

Pentode Amplifier Can Be Reversed by Insertion of an 

Impedance in the Screen Circuit. Interpretation Has 

Provided Development of Several Circuits, Such as a 

Phase Inverter, A -C and D -C Coupled Trigger Circuits, 
Relaxation Oscillator and Negative -Resistance Oscillators. 

by PETER G. SULZER 
Research Assistant, Department of Electrical Engineering 

Pennsylvania State College 

screen grid supply impedance, and is 
not observed with zero screen grid 
supply impedance. The negative slope 
to the right of the maximum suggests 
various applications. 

Phase Inverter 
Since the plate and screen grid 

voltages are 180° out of phase, the 
circuit may be used for driving a push - 
pull amplifier. In Figure 5 appears a 
circuit that gave good results. The 
voltage gain from control grid to 
either output was about 30. which is 
comparatively high for a single -tube 
phase inverter. The curves of Figure 
6 which give the static characteristics 
of the circuit, indicate that the balance 
is good and the distortion low. The 
arrow indicates the normal operating 
range of the circuit as a class _ l ampli- 
fier. If an exact balance is required it 
can be obtained eonvcnicntl by vary- 
ing the plate -load resistance. If the 
screen -grid resistance is changed in 
an attempt to secure a balance. it is 
found that the output of the plate cir- 
cuit varies also. which makes adjust- 
ment difficult. 

D -C Coupled Trigger Circuit 
liy providing a d -c path iront the 

plate back to the control grid, as in 

Figure 111 

Rclasatiun o.c ill utor. 

Figure 7. a trigger circuit having two 
stable conditions of operation can be 
obtained. .\ plate characteristic for 
this circuit appears in Figure 8: it will 
he noted that there is a negative slope 
over part of the plate voltage range. 
If a load resistance is inserted, as 
shown by the broken line. there will be 
two equilibrium values of plate cur- 
rent and voltage.' 'l'he circuit may be 
shifted from one condition to the other 
by changing any of the electrode volt- 
ages. It is convenient to use the sup- 
pressor grid for this purpose, since it 
is normally returned to ground. \ 
small positive voltage applied to the 
suppressor grid will give the higher 
value of plate current, while a small 
negative v dtage will give the lower 
one. This circuit has various applica- 
tions. ** such as an aunplilier for pho- 
totuhes. or a frequency divider. Since 
the suppressor grid current is very 

*Formerly with Radio Propagation I. nt. 
ll lohird Signal Depot, Baltimore- .11d. 

"This paper is Raced on research con- 
ducted prior lu present affiliation. 

** *Trigger tireuil application ols, atp- 

plicahM to the planlistroa. 
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figure 7 

.. d -c coupled trigger circuit. 

small, it may be used for measuring 
small currents by developing a voltage 
across a high resistance connected be- 
tween the suppressor grid and ground. 
This application has been used as an 
alarm connected to a vacuum system. 
The current from the collector of an 
ionization gage passes through the 
above -mentioned resistance, and oper- 
ates a relay in the plate circuit, which 
in turn operates a buzzer. 

A -C Coupled Trigger Circuit 
By replacing the d -c path front 

plate to control grid with a capacitor it 
is possible to obtain a circuit having 

(Continued nn page 371 

Figure 8 

Plate charucierii.Ccs of d -c coupled trigger circuit. 
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Panel view of the f -m signal generator. Note the adjustable indi- 
cator and auxiliary scale for standardizing the attenuator in terms 

of the meter reading. 

View of the chassis from the rear. All r -1 components are mounted 
within the cylindrical casting. The spun aluminum cover is held 

in place by the flexible strap shown at left. 

A Standard Signal Generator 
For F-M Broadcast Service* 
by DONALD B. SINCLAIR 

Assistant Chief Engineer 
General Radio Company 

DURING THE waR, our labs accumu- 
lated quite a bit of experience with 
f -m standard- signal generators. We 
had developed a beat- frequency gen- 
erator for the old f -m broadcast band, 
and this was adapted to different fre- 
quency ranges, both by changing the 
separation between the fixed and vari- 
able beating frequencies and by multi- 
plying the beat frequency with elec- 
tronic frequency multipliers. The per- 
formance of the resulting generators, 
however, was not entirely satisfactory. 
Spurious beats were always a prob- 
lem, particularly in covering wide fre- 
quency bands, and difficulty was ex- 
perienced in obtaining outputs of more 
than a few millivolts. Output tuning. 
in turn, introduced extremely difficult 
ganging problems. 

Other approaches were therefore 
tried. The frequency ranges to be 
covered were wide, and reactance -tube 
modulators were not found satisfac- 
tory. A standard- signal generator 
using a Miller -tube modulator was 
found to perform well, but very ac- 
curate tracking of the plate tuning of 
the Miller tube with the oscillator 
tuning was found necessary, and the 
instrument was fussy to build and ad- 

Signal Generator For Testing F -M Receivers Features 

Oscillator- Reactance Circuit, Adjustable Indicator and 

Auxiliary Scale For Standardizing Attenuator in Terms of 

Meter Reading, and Thyratron 6AQ6 6H6 Rectifier and 

Regulator Circuit. 

just. A design was finally attempted, 
again based on the beat principle, in 
which the then new butterfly circuits 
and lighthouse tubes were used to 
generate higher frequencies than those 
previously used. This generator cov- 
ered a frequency range of 20 to 250 
mc, with beating frequencies in the 
neighborhood of 600 to 800 mc. It 
gave adequate performance but was 
large and expensive, required consid- 
erable power input, and was not com- 
pletely finished when it was turned 
over to the Cambridge Field Station 
of the Watson Laboratory at the end 
of the war. 

It was decided, at this time, that a 
simpler design was necessary if a sat- 
isfactory commercial standard- signal 
generator was to be obtained. Experi- 
ence had shown that narrow frequency 
ranges were very much easier to pro - 

'From a paper presented at the New England 
Radio Engineering Meeting. 
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duce than wide. The limited objective 
of obtaining coverage of the r -f and 
i -f channels for the f -m broadcast ser- 
vice was therefore accepted. 

The fundamental requirements of 
the instrument appeared to be: 

(a) A band covering the 88- to 108 - 
mc r -f range. 

(b) A band centered at the 10.7 -mc 
standard RMA i -f. 

(c) A deviation range up to at least 
200 kc for sweep- generator 
applications, 

(d) Low modulation distortion. 
(e) Low incidental a -m. 
(f) An output range from 0.1 µv to 

at least 0.1 volt and prefer- 
ably 1 volt. 

Shielding adequate for opera- 
tion at the 0.1 uv level. 

(g) 

Oscillator -Reactance Tube Circuit 

It seemed feasible to accomplish 
these objectives with a reactance -tube 
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modulator, and an oscillator [corking 
directly into a mutual- inductance -type 
attenuator ; Figure 1. 

This somewhat unorthodox circuit. 
patterned after the stable circuit de- 

scribed by J. K. Clapp,' was chosen 
both because it is inherently a stable 
circuit and because it gives a deviation 
that varies only slowly with the oscil- 
lator frequency. 

In this circuit the tuning is accom- 
plished by a variable- capacitor section 
in series with the tuning coil in the 
grid -plate path and a ganged section 
between grid and cathode, while the 
reactance tube is connected across a 

fixed capacitor in the plate- cathode 
path. The series capacitance around 
the plate -grid- cathode -plate loop varies 
inversely as the square of the fre- 
quency. -' t low frequencies the fixed 
plate -cathode capacitance plays a con- 
siderable part in determining the oscil 
lator frequency. As the frequency is 
raised, however, it has less and les; 
effect, as its reactance becomes pro- 
gressively smaller said smaller com- 
pared with the reactance of the vari- 
able capacitance. There is therefore 
a tendency for the deviation to de- 
crease as the frequency is raised, and 
it actually turns out that the deviation 
varies inversely- as the frequency in- 
stead of directly as the cube. 

This relatively slow variation of 
deviation with oscillator frequency is 
desirable because little compensation is 
needed to make the deviation inde- 
pendent of oscillator-frequency setting. 

To obtain a deviation independent 
of oscillator frequency with the circuit 
illustrated it is necessary that the 
capacitance deviation produced by the 
reactance tube should increase linearly 
with the frequency. Over a narrow 
frequency range, however, an increase 
following a square -power low is satis- 
factory. It was found that a variation 
of this kind took place quite automati- 
cally in the SS- to 108-mc range be- 
cause of resonance rises hi the grid 
and plate circuits bet veer the inter - 

electrode capacitances of the reactance 
tube and the lead inductances. )'roper 
choice of components and mechanical 
layout were therefore substituted for 
a ganged compensation system. 

Output System 

A novel mutual -inductance attenu 
ator and voltmeter developed by Dr. 
A. P. G. Peterson for a higher fre- 
quency- standard -signal generator was 
found very well adapted to this instru- 
ment and was incorporated substan- 
tially- without change. 

'March. 1948, IRE. 

Figure I 

Basic Usci lator reactance -tube circuit. 

It has been our experience that the 
maximum voltage output from a stand- 
ard- signal venerator is never quite 
enough and that. therefore, as much a- 
possible of the generated power should 
be available at the output terminals. 
The best way of obtaining this maxi- 
mum output appears to be to use a 

sending -end termination at the pickup 
loop, and a smooth connecting system 
of the same characteristic impedance 
that can be extended by coaxial cables 
to the point where the voltage is 

needed. This system gives constant 
open- circuit: voltage and constant out- 
put impedance. equal to the cable char- 
acteristic impedance. at any point 
along the circuit. No power is wasted 
in attenuators or receiving -end ter- 
minations, and the open- circuit volt- 
age is less than that induced in the 
pickup loop by only the small attenua- 
tion in the cables. 

The principal difficulty in making suc- 
cessful outut systems of this ,kind at 
high frequencies has been to obtain a 

satisfactory mechanical design that 
would incorporate a loop yielding ade- 
quate pickup, and a resistance termina- 
tion having no appreciable reactance. 
These app:.relitly incompatible require- 
ments were mutually solved in the de- 
sign by making the pick -up lump an 

Figure 2 

%IUdulatiun circuits. 

open -wire transmission line of the same 
effective characteristic impedance as 

the coaxial line it feeds, and placing the 
terminating resistance in a well, where 
it terminates the loop. The lumped 
capacitances to ground at the ends of 
the loop are actually balanced against 
the distributed capacitance and induct- 
ance of the loop itself so that the loop 
becomes a n -type artificial -line section 
of the proper characteristic impedance, 
and the length of the resistor leads 
and the well diameter and depth are 
proportional to minimize the termina- 
tion reactance. Satisfactory perform- 
ance can be obtained with this system 
at frequencies up to 500 mc. and the 
principal departure from perfection at 
frequencies up to 108 inc is the toler- 
ance of ±2c,'; in the resistance of the 
carbon resistor and variations in the 
characteristic impedance of the cable. 

The method of monitoring the input 
is also of interest. Transverse magnetic 
fields attenuate flown a pipe at a rate 
of 32 (lb /diameter, while axial mag- 
netic fields attenuate at a rate of about 
67 dl) diameter. It is desirable to ex- 
cite the attenuator with only one of 
these fields, so that the field distribu- 
tion will not vary clown the pipe and 
the calibration in db will be linear. A 
mode suppressor was therefore placed 
across the mouth of the attenuator to 
minimize any axial field. It consists 
of brass strips, soldered across the 
attenuator opening. that are bent to 
conform with the magnetic field of the 
TEl -1 mode in a wave -guide of circu- 
lar cross -section. The currents in- 
duced in these strips by any axial 
component of field effectively cancel 
that component in the immediate vicin- 
ity. A monitoring loop across the 
mouth of the attenuator, outside the 
pipe but in close proximity to the node 
suppressor, therefore lies in a field that 
is of the same type as that in the pipe 
itself. It has been experimentally con- 
firmed that the ratio of the voltage 
induced in the monitoring loop to that 
induced in the pickup loop at any- given 
attenuator setting is constant. intlr- 

(Continued on page 351 
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Dynamotor Design 
Nine Factors Involved in Dynamotor Design: Wattage 

Output and Input, Ripple Requirements, Continuous or 

Intermittent Duty, Ambient Temperature Conditions, 

Regulation, Weight and Size, Starting Characteristics, 

Service Conditions, and Vibration Requirements. 

by K. H. FOX 
Chief Engineer 

Bendix Aviation Corp. 
Red Bank Division 

nvN:AMaroe, which is a combination 
motor and generator wound on a 
single iron stack, differs from a motor 
generator because it has only the com- 
mon iron system, while a motor gen- 
erator has separate iron circuits. Be- 
cause of the common use of the iron 
by both the input and output, the 
action of a dynamotor is different from 
that of a motor generator. The output 
voltage, which cannot be regulated by 
changing the field excitation, could be 
expressed as follows: 

[ 
T° 7 

E.,u t°°t = E,° - L R -I. Rout 
Ti 

That is: The output voltage is equal 
to the input voltage minus the voltage 
drop in the input circuit (which is the 
voltage directly applied at the input 
commutator), times the turns ratio of 
output to input, minus the voltage drop 
in the output circuit. if the previous 
formula were analyzed, it would be 
noted that neither the speed or field 
excitation or flux appear in it. This is 
perfectly true, and it is one of 'the 
major features in the use of a dyna- 
motor. When the input voltage varies, 
as it will on a battery or generator 
circuit, the output voltage changes by 
the same percentage. inasmuch as the 
turns ratio is fixed once a unit is 
wound, there is no way of changing 
this ratio for purposes of controlling 
the output voltage. 

Wattage output will be the govern- 
ing factor in deciding the size of a 
unit. To maintain a normal tempera- 
ture rise, the unit must be of sufficient 
size to dissipate the heat generated 
from the loss wattage of the unit. For 
instance, a 20 -watt output dynamotor 

with 54V efficiency would have to dis- 
sipate approximately 20 watts of heat. 
while a 200 -watt unit with 60% effi- 
ciency would have to dissipate approx- 
imately 130 watts of heat. (For a 
general illustration, it is assumed that 
all the losses are converted to heat.) 
The heat dissipation is handled in two 
ways. The first is to have a totally 
enclosed unit and to depend on the 
transfer of heat from the external sur- 
faces. This unit will be the larger of 
the two classes. In the second method 
an integral fan is attached to the unit 
to draw air through it and thus cool 
it more effectively. By using a fan, 
the rating of a unit can be raised ap- 
proximately two and a half tines over 
the totally enclosed rating. 

The heat losses may not be the limit- 
ing factor for a given wattage output. 
As wattage is made up of both voltage 
and current, an excessively high volt- 
age with a small current may require 
a larger unit for the same wattage out- 
put. because the high voltage in the 
armature will require more room for 
extra insulation, and also creepage 
paths must he longer for external cir- 
cuits. These extra precautions increase 
the size of a unit. 

Input voltage also affects the size 
of a unit. For the same wattage out- 
put a 6 -volt input unit will be larger 
than a 26 -volt input unit. This is chie 
to the fact that the current for the 
6 -volt unit is considerably higher than 
that for the 26 -volt input. That means 
larger wire, bigger commutators and 
brushes. 

The size of dynamotor brushes is 
very important. The temperature of 
the commutator depends largely on the 
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current density in the brushes. If the 
current density in the brushes is high, 
bad commutation will result, which 
will cause short life of both brushes 
and commutators. The grade of the 
brush must also be proper for the value 
of input voltage. \\'lien the unit runs, 
a film builds up on the commutators. 
This film varies for different grades 
of brushes, and each grade produces a 
film of different resistance. From this 
it will be seen that the grade of brush 
on the A side plays an important part 
ill determining the voltage of the B 
side. If the input voltage is low, the 
brush must have low specific resistance 
and have a film of low resistance, or 
the voltage drop through the brushes 
and film would be too high a percent- 
age of the input voltage. 

One of the more elusive factors to 
he considered in designing a dyna- 
motor is that of ripple. In producing 
d -c by means of a dynamotor, what 
one gets is not strictly d -c, but recti- 
fied a -c. In the rectifying, the re- 
sultant voltages vary by as much as 1 

per cent from the actual direct currert 
value. In other words 99% would be 
d -c and Inc would be variable d -c. 
This is variable d -c, because the ampli- 
tude changes, but the polarity does 
not. The normal way to measure the 
variable d -c voltage is to place a 2 -mfd 
capacitor in series with a rectifier volt- 
meter and place these directly across 
the output. The capacitor blocks out 
the d -c voltage, but passes the vari- 
able component, which is read on the 
voltmeter. Brushes for a specific unit 
are chosen or discarded on their abil- 
ity to commutate with a minimum os 
ripple. Anything that will affect the 
steady- output of cl -c will affect the 
ripple value. 

It is well known that silicon iron 
has a different permeability in the di- 
rection of the grain than it has at right 
angles to it. If the laminations in the 
armature were stacked so that the 
grain was all in the sanie direction, the 
permeability of the complete armature 
would change as it revolved through 
360 °. This would cause the flux that 
flows through the armature to fluctu- 
ate and increase the variable part of 
the d -c output, which is known as rip- 
ple. In the early stages of develop- 
ment. it was thought necessary to ro- 
tate each lamination from the next one 
by one tooth, so that a uniform flux 
path would occur. Later investigation 
proved this unnecessary if the punch- 
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View of a dynamotor with a 5.6 v d -c input and 420 v d -c output. 

Right: Observed running data on a dynamotor with a starting amp 
of 108 and starting time of .232 second. In this plot Et 24.2: 

Is - 15.5: Ea = 536: 1a = .450. 

iugs are :crumbled :mil random 
stacked. 

In the normal motor or generator, 
the armature slots usually run straight 
and parallel with the shaft. In the 
dynamotor, to smooth out the abrupt 
change from minimum to maximum 
flux, the slots are skewed in a spiral so 
that the change is more uniform and 
gradual. 

Along the same line, to further 
smooth out the changes in flux, it was 
also found very desirable to flare the 
tips cif the pole shoe. The major part 
of the pole face is on the circumfer- 
ence of a circle with the center at the 
center of the armature shaft. The pole 
tips, from about one -quarter of the 
way in front the end must flare on a 

Iinc tangent to the pole face circle at 
the one -quarter mark. 

In the windings, it is very necessary 
that all coils have exactly the sanie 
number of turns. \lost output coils 
are wound separately in forms and then 
inserted in the armature. In winding 
these coils, it is possible to vary by 
one or two turns. unless great care is 

observed or an automatic winding ma- 
chine used. The variations of turns 
from coil to coil increases the ripple. 

After the windings are in the slots. 
the coils must be connected to the 
proper bars, so that when the brushes 
pick up the voltage the coil sides will 
be in a neutral zone. If the lineup is 
not held very closely, the ripple will be 
high. 

The surface of the commutator has 
an important function in keeping the 
ripple down. It should he free from 
burrs, scratches, and anything that 
might cause a brush to chatter. Some 
claim that the surface should be 
snttitith as it mirror. and others that a 

very fine microscopic thread should 

IIIIIIIIIII 
1 

tllÍtIItilI 
60 CYGLE TIMING WAVE 

ED 

he turned on the srface. Both meth- 
ods have their good and had points. 
Needless to say. the brushes must ride 
smoothly and steady to provide arcless 
commutation and produce good ripple 
characteristics. 

The ripple must, of coarse, he fil- 
tered out for quiet operation of equip- 
ment used with the dynamotor. 

In electronic apparatus. background 
hash is hard to overcome. Some of 
this bash is generated in the dyna- 
motor and is picked up by the elec- 
tronic system both as conducted and 
radiated nose. During investigations 
to attempt to reduce this value, it was 
discovered that the physical position 
of the input and output windings in 
the armature had an important bear- 
ing on the amount of hash generated. 
Originally the high voltage winding 
was wound in the armature first and 
then the victor winding ryas wound on 
top. \ \-itlt this method, it is possible 
to machine wind the motor winding 
and thus reduce the cost of the unit. 
However. -.le noise is considerably re- 
duced by putting the motor winding 
on the bottom and the output winding 
on top. This is a more expensive way 
of winding an armature. but the better 
performance justifies the added cost. 
An additional method for reducing the 
hash is the addition of small bypass 
capacitors across the commutators and 
brushes. 

The next consideration is duty. 
Units are classed as intermittent or 
continuous. Continuous duty machines 
are always larger than intermittent 
duty ones for the same output watts. 
Temperature rise is the factor that 
governs the size of the dynamotor. 

There are innumerable cycles for 
intermittent duty units. For installer. 

one cycle could be one minute on and 
three minutes off. That is a 25% duty 
cycle. Classing a duty cycle in per 
cent could be very misleading. A 
cycle of fifteen minutes on and forty - 
five minutes off is still a 25% cycle. 
However. a unit that could stand one 
minute on might not be able to stand 
fifteen minutes continuously. 

There is another factor in the Butt 
line to be considered, and that is the 
type of operation, or how often a unit 
is started and stopped. In some appli- 
cations, a unit is started and runs for 
a long period of time before it is shut 
clown. :mother may start and stop 
very frequently. Special care must be 
exercised on units that start anti stop 
many times. 

Dynamotors are required to operate 
under many different circumstances 
front the poles to the tropics, from be- 
low- sea level to fifty thousand feet of 
altitude, and from dry operation to 
that of operating immersed. The ah- 
hient temperature requirements in- 
fluence the design of a unit in that the 
higher the ambient the larger the unit 
for it given output. The insulation 
must he capable of withstanding the 
higher temperatures without failing. 
This means thicker and heavier in- 
sulating materials. in turn, it stakes 
the slots bigger to accommodate the 
thicker material. in the higher am- 
hients, the heat transfer is less, so the 
losses must he kept down. This calls 
for heavier wire, which again makes 
the unit bigger and heavier. 

Bearings and hearing lubrication are 
a problem, particularly if there is a 

hot and cold test to be met. And yet 
there is no successful high and low 
temperature grease. A single grease 
may he good for either high or low 
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Performance characteristics of a dynamotor with the input voltage maintained constant at 25.5 volts. 

temperature, but not for both. For 
high ambient use, the bearings must 
be capable of being relubricated at 
short intervals. The most common 
type of bearing for dynamotors is the 
ball bearing. Plain or sleeve bearings 
have been used from time to time, but 
leave much to be desired from their 
performance. 

Dynamotors are sometimes required 
to operate in explosive atmospheres. 
If this is so, special construction must 
be used. The explosion proof unit 
must be capable of having an explosive 
mixture set off inside the unit and not 
ignite an explosive mixture surround- 
ing the unit. This means two things. 
The shell and end covers must he 
strong enough to withstand the force 
of the explosion and also have the type 
of joints that will not allow the flame 
inside to reach outside and ignite the 
surrounding mixture. This type of 
unit is the biggest and heaviest for 
any given rating because of its con- 
struction and the fact that it cannot he 
fan -cooled. 

One of the main operating charac- 
teristics is that of regulation. This is 

expressed in percentage and is found 
by subtracting the full -load voltage 
from the no -load voltage and dividing 
by the full -load voltage with the an- 
swer multiplied by one hundred: 

Reg = x 100 
I:,a1I IunA 

When these measurements are made. 
the same input voltage must be main- 

tained. The normal regulation for a 
dynamotor is in the neighborhood of 
17 %. To get good regulation, it is 
necessary to use large enough wire in 
the armature so that the IR drop for 
both the A and B winding is low. If 
this drop is low, then the difference 
between the no -load voltage and the 
full -load voltage would also be low, 
and good regulation would automati- 
cally follow. If a unit requires some 
special output value such as a high 
voltage, a small wire size must be used. 
The regulation would then be high. 
These factors are all interrelated and 
must all be considered when deciding 
on the proper unit for any particular 
application. 

Dynamotors vary in efficiency from 
45( to 69 %, depending on which end 
of the rating a frame has to work. The 
more watts taken from a certain frame 
size unit, the higher the efficiency will 
be. This is clue to the fact that a good 
percentage of the loss is more or less 
fixed for a given frame size. A dyna- 
motor to produce 15 watts continu- 
ously on a 28- or 14 -volt system would 
be 2 .4" in diameter, 4" long, and 
weigh 3Y2 pounds. A dynamotor to 
produce 60 watts continuously on a 

28- or 14 -volt system would be 4" in 
diameter. 71A" long. and weigh 9 
pounds, 11 ounces. 

In the aircraft applications, weight 
and size are very important consider- 
ations. Space is not abundant in an 
airplane, and the more weight the 
plane has to carry as equipment, the 

16 COMMUNICATIONS FOR AUGUST 1948 

less it can carry either as bomb load or 
pay load. In the commercial airlines, 
one extra pound has been estimated to 
cost as much as $1,200 a year. With 
this in mind, the engineer must use 
extreme ingenuity and be constantly 
on the lookout for new ways and 
means to decrease the weight and size 
and yet not sacrifice performance or 
service life. 

The motor side of a dynamotor with 
low wattage output is normally a 
shunt motor. When the wattage in- 
creases, it is necessary to do something 
to keep the starting current from be- 
coming abnormally high. For if this 
happens, injury may occur to some 
parts of the circuit, but the main diffi- 
culty is in the fusing of the units. 
When the starting current is too high, 
it takes such a large capacity fuse to 
handle it that there is no protection 
for the dynamotor even under 300% 
overload. The starting current is re- 
duced by adding series turns to the 
field coil, thus compounding the motor 
end. It is possible in this manner to 
bring the starting current within al- 
lowable limits, but in doing so some 
regulation must be sacrificed. This is 
due to the added IR drop in the input 
circuit, which changes between no load 
and full load conditions. 

Dynamotors are required to start 
fast and, in many cases, very often. 
They often must operate at -55° C 
after soaking at this temperature for 
a long period of time. These starting 
characteristics are obtained by the 
sane series field that is used to reduce 
the starting current. This gives the 
necessary torque for quick starts and 
fast acceleration even at the very low 
temperatures. 

All dynamotors are required to op- 
erate in a smooth and non -vibrating 
manner. This is accomplished by dy- 
nastically balancing the armatures. To 
dynamically balance an armature, it is 
set up on spring supported bearings 
ance, so that by reading the point 
to the bearings, and the amount of un- 
balance is read on a meter while at 
the same time a stroboscope lamp is 
synchronized with the point of unbal- 
ance, so that by reading the point 
shown while the armature is rotated, 
the operator knows where to add bal- 
ancing solder to overcome the unbal- 
ancing couple. 

Vibration may also be caused by 
rough bearings or by bearings that 
have been exposed to dirt and have 
picked up some dirt in the grease. 
The normal allowable maximum am- 
plitude of vibration on the lieads of it 

dynamotor is in the neighborhood of 

(Continued on page 36) 
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7oratorq instruments 
S E ir D A C A C Y il 

SETS A NEW PERFORMANCE STANDARD! 

YOU GET ALL THESE FEATURES 

IN THIS NEW HIGH FIDELITY 

SIGNAL GENERATOR i 

within 0.2 db 

Voltage accurate 
0.1 

Distortion 
less than 

Continuously 
variable 

a_{ voltage 
kc 

frequency rang 
e 

cps to 20 

uency 

High stability 
of {req 

-hP- 206A Audio Signal Generato 

For the first time all the features 

listed aboci are combined in one pre- 

cision instrument, to give you signals 
of utmost purity and accuracy for high 
fidelity measuring work. 

In addition, the new -bp- 206A Gen- 

erator includes low- temperature 
coefficient frequency determining ele- 

quality audio circuits, the -bp- 206A 
is ideal for FM transmitter mainte- 
nance, studio amplifier and console 

testing, a source for bridge measure- 

ments, a -f voltage or transmission 
measurements; and for other applica- 
tions requiring a very low distortion 
signal of known amplitude. 

RESISTANCE TUNED TUNED VACUUM TUBE 

OSCILLATOR. AMPLIFIER VOLTMETER 

SINGLE DIAL CONTROL 

MATCHING 

ATTENUATOR TRANSFORMER60otl 
I5oç 

-000 
Lllldb,o.'dbsteps 

Soil 

Figure 1 - Circuit Structure of -hp- 206A Generator 

60007 

ments for high stability and unvarying 
accuracy over long periods of time. 
A precision attenuator varies output 
signal level in 0.1 decibel steps 
throughout III decibels. 

Resistance -tuned Oscillator 
The resistance -tuned oscillator is 

followed by an automatically tracked 
amplifier whose high selectivity re- 
duces oscillator harmonics. Following 
the 111 db attenuator is a transformer 
which can be matched to loads of 50, 
150 and 600 ohms. A 600 ohm single - 
ended output is also provided (Fig. 1). 

Specially designed for testing high 

Full details available on request 

HEWLETT - PACKARD CO. 
1640E Page Mill Road. Polo Alto, Cci:fo-nia 

Export Agents: Frazar & Hansen, Ltd. 

301 Clay Street San Francisco, Calif., U. S. A. 

SPECIFICATIONS 
FREOUENCY RANGE: 20 cps ta 20 kc, 3 bands. 

CALIBRATION: Direct in cps on lowest band. 

STABILITY: Better than 2 %. Low temperature 
coefficient frequency network. 

OUTPUT: 415 dbm into 50, 150, 600 ohms. 

Aaprox. 10 v into open circuit. 

OUTPUT IMPEDANCE: 50, 150, 600 ohms bal- 
anced. 600 ohms single ended. Matched 

internal impedances. 

FREOJENCY RESPONSE: Within 0.2 db, 30 

cos to 15 kc, beyond meter, at oll levels. 

DISTORTION: Less than 0.1% above 50 cps. 

Less than 0.25% below S0 cps. 

HUM LEVEL: 70 db below oo:put signal, or 100 
eb below zero level. 

OUTPUT METER: Roods in dbm or volts. 

ATTENUATORS: Ill db in 0.1 db steps. Accu- 
racy approximately 0.1 db. 

e 

Power Supplies Frecuency Standards Amplifiers 

UHF Signai Generators Square Wave Generators 

Electronic Tachometer., Frequency Meters 

Audio Frequency Oscillators Attenuators 

Audio Signal Generators Noise and Distortion Analyzers Wove Analyzers Vacuum Tube Voltmeters 
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TUBE Engineering i News I 

F 

Measuring Sensitivity and Gain of Receiving System R -F 

Amplifiers and Converters Operating in the F -M and TV 

Bands, Using Power Input to the Circuit. Application 

of 829 -B at V -H -F. 

\VHEN x R -F amplifier and converter 
circuit, of the type shown in Figure 
1, is used, sensitivity measurements 
are conventionally stade by connecting 
a standard signal generator supplying 
a modulated signal to terminals (1 -1) 
through a specified dummy antenna 
network, and then adjusting the signal 
to produce a specified standard output 
from the receiver. In a low -fre- 
quency receiver, it is common practice 
to obtain additional data by connect- 
ing the signal generator successively 
to points (4 -4), (3 -3), and (2 -2) 
through a low -impedance blocking ca- 
pacitor. The frequency and voltage of 
the signal generator are adjusted for 

Figure 2 

Signal generator to resonant circuit connections 
for maximum power transfer. Maximum power 
is transferred to turned circuit when capacitor 
C and Ct are adjusted so that the impedance of 
the circuit between point a and ground is re- 

' e and equal to r which is the sum of the 
added resistance R and the internal resistor 
of the generator. The method applies to either 

circuit shown here. 

(a) 

each test point to give the standard 
receiver output. 

The voltage input at the i -f required 
at terminals (4 -4) to give the stand- 
ard output may be described as the 
voltage sensitivity of the receiver at 
the first i -f grid. Similarly, the inputs 
at the signal frequency required at 
points (3 -3) and (2 -2) may be de- 
scribed as the voltage sensitivities at 
the converter grid and at the r -f grid, 
respectively. The radio of the re- 
quired input at (4 -4) to the required 
input at (3 -3) is the conversion volt- 
age gain from converter grid to i -f 
grid provided that the receiver is 
nearly free of feedback effects. The 
ratio of the required input at (2 -2) to 
the required input through the dummy 
antenna to (1 -1) is frequently re- 
ferred to as the antenna circuit gain, 
but it must be understood that the 
dummy antenna is considered as part 

of the antenna circuit for this defini- 
tion. 

Nigh- Frequency Considerations 

At high frequencies. the attempt to 
make these measurements with the 
foregoing method leads to erroneous 
and misleading results. The major dif- 
ficulty is caused by the substantial re- 
actances of even short pieces of wire 
at high frequencies. A signal genera- 
tor is calibrated in terms of the open - 
circuit voltage across its terminals, 
but it is physically impossible to bring 
these terminals exactly to the points 
at which voltage -sensitivity measure- 
ments are desired, even when the ter- 
minals are at the end of a flexible 
cable. 

It is possible, however. to intro- 
duce a measured amount of power into 
a circuit of a receiver without en- 

Figure 1 

A typical r -f amplifier and converter circuit used to stud[ sensitivity and gain in the l -m and tv bands. 
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countering similar difficulties: Figure 
2. In this setup. a resistor R and an 
adjustable capacitor C are connected 
between the signal generator and the 
receiver tuned circuit. Maximum 
power will be transferred 6) the tuned 
ircuit tchen capacitors C and C, are 

adjusted su that the impedance of the 
circuit between point u and ground is 
resistive and equal to r. which is the 
sum of the added resistance R and the 
internal resistance of the generator. 
(The method applies to either circuit 
of Figure 1.1 Although the required 
capacitor adjustments will be differ- 
ent, the amount of putter \which can be 
transferred \with a given signal -gen- 
erator terminal voltage is the same for 
either circuit. \\hen the adjustments 
for maximum output have been com- 
pleted. the available power. /'. is equal 
to the power transferred to the re- 
censer circuit and is given by the 
raplatitm 

l' = e' 4r 
\ \There: e is the open -circuit voltage 

at the generator terminals, 
autel r the sont of the added resist- 

ance /t' and the internal resisuntee 
of the generator. 
In practice. resistor R is con - 

nected to the high- potential terminal 
of the signal generator, and the ad- 
justable capacitor ( is connected be- 
twccn the resistor and a point near 
the high -potential end of the receiver 
circuit under consideration. .\ value 
of approximately 3110 ohms. for re- 
sistor R has been found suitable for 
frequencies near ate. . \t other 
frequencies. heowever, different resistor 
values may be more suitable. Two 
pieces of hookup wire t' isted together 
may be used for the adjustable le capaci- 
tor- C. The circuit is toned to reson- 
ance with the signal frequency by use 
of whatever tuning oceans anse pro- 
vided :nul the receiver output is noted. 
\';minus adjustments of the series ca- 
pacitance are tried. with readjust- 
ment of the receiver circuit to restnn- 
ance in each instance, until the adjust- 
ment giving IllaN 11101111 receiver output 
i, found. The signal-generator volt - 
age is then adjusted to the value giv- 
Mg. standard power output from the 
receiver :nid this voltage is recorded. 
The power sensitivity can then be 
Computed from the signal generuor 
voltage and the resistance. r. 

Example 

In applying the foregoing method. 
an 1-in circuit similar, but not iden- 
tical, to Figure t, was used. Tubes 
were a 1_11F.ó as a converter and 
6N Ito as an r -f amplifier. 

The signal frequency used was '48 

sic frequency modulated with 40(1 

cycles. The receiver output was :11 

miiliwatts. A 260-ohm resistor was 

R -F 
DRIVER 

1.2-10 
MMFO 

L2 

B 

L3 

7,500 TO 
ISp00 

0-25 

HEATER SUPPLY 
12.6 V 

25 MFD 

3-35 MMFO 

L5 

L6 

S00 MMFD 

6,400 

0-75 
500 MMFD 

TO 
ANTENNA 
FEEDERS 

, 33sMMFo 

O-5o0 

0 -B 
(WITH CATHODE BIAS) 

TO 
MODULATOR 

A y-h-t platcmudulated pushpull r-f 
Figure 3 

er amplifier I operating at about 2011 mea for the 829.8. 

used, the output resistance of the sig- 
nal generator being 26.5 ohms. giving 
a total resistance of 286.5 ohms. Since 
the antenna circuit of the receiver was 
designed for 300 ohms. this resistor 
can also be used `or the dummy an- 
tenna. Connections corresponding to 
points (_' -11 and (3 -3) of Figure 1 

were made through a twisted-wire 
capacitor and connections to (1 -11 
\vexe made through the resistor only. 
The measurement values secured ap- 
pear in Table 1. 

The power ratio t 3-3 tu (2 -2) is 
the effective power gain of the r -f 
amplifier stage. This ratio represents 
the real advantage in sensitivity ob- 
tained by adding the r -f stage tu the 
receiver. and, therefore. conveys more 
significance to the designer than a 

measurement of grid -to -grid voltage 
gain. 

Advantages of Method 

When nicastu'emeitt- are stade at 
the input circuit of the converter tube 
(3 -3 Figure 1t. an important advan- 
tage is obtained. because the signal is 
introduced with only a slight disturb- 
ance of the circuit by the measuring 
equipment. The impedance of the in- 
put circuit to the signal frequency is 
reduced to halt its normal value, but 
the impedance of the circuit tu the 
oscillator frequency changes very lit- 

Table I 

\1ra.urements tabulated with apical f -m 
receiscr. 

Signal Available 
Point of Generator Output Power 

Input 'volts) P (wafts) 
12á lu 13.7 lu 

)2-2) 23 X IO" 0.41 lo 
11 -I) 23 X 10-° 0.46 x lu 

i'nwcrr ratio 1 3-3 tu 12-21 ).6 
Power ratio 12 -2) tu 11 -I) 1.11 

tle. At high frequencies, the amount 
of oscillator -frequency voltage in- 
duced in the signal -grid circuit is fre- 
quently an important factor in deter- 
mining the performance of the con- 
verter tube. Consequently, a method 
of measurement which ducs not affect 
the induced voltage gives a better in- 
dication of tube performance than a 

method in which the signal grid is 

effectively short -circuited to ground. 

The 829 -B 

RPI'FNt'I.w- Tate ivre 829 -B pushpull 
r -1 beam power amplifier was an- 
nounced to supersede the 829. 

In Figure 3 appears a typical v -h -f 
plate -modulated pushpull r -f power 
amplifier. operating at approximately 
200 nie, in which this tube can be 
used. The coils L:, and L, are com- 
posed of !4" copper tubing. approxi- 
mately 10" long and spaced about 
7.," between centers. The L,, and Lo 
coils are of >e" diameter copper tub- 
ing, atbuut 7" lung and spaced approxi- 
mately ?x" between centers. Dimen- 
sions of L, and L_ are dependent on 
the type of driver tube used but usually 
are similar to I., and L:. The coupling 
of L,, l., and I.a, i -, must he adjusted 
for optimum grid excitation. The grid 
resistors in the I.:, 1., circuit should be 
ad ¡listed at voltage node. 

For stable r -f amplifier operation, 
the 829 -B must be shielded. One 
method of doing this is tu) mount the 
tube with one end through a hole in a 
metal plate so that the edge of the 
hole is close tu the internal shield of 
the tube. Since at v -h -f short bids 
are essential, r -f bypassing must be 
tt'coniplished close to the tube tern-li- 
mb.. Ribbon leads acting as plates 
if the bypass capacitors are effective. 

[Data based on copyrighted information 
su/Dlied by RC.41 
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VETERAN WIRELESS OPERATORS ASSOCIATION NEWS 

/enjamin Wolf Retires 

VETERAN BENJAMIN WOLF, known to 
all old -timers as the manager in 
charge of the FCC monitoring station 
at Grand Island, Nebraska, retired 
recently, with forty -two years of Gov- 
ernment service to his credit. (The 
Grand Island station was the first 
primary radio monitoring station to be 
set up in the United States, the site 
being chosen because of its central 
location.) His plans for the future 
are not definite, except for one thing 
-he is going to do a lot of fishing. 

Benny's first work was with the 
U. S. Navy, where he enlisted in 1905 
as an electrician. He was discharged 
in 1913 as a chief radio electrician, 
and soon after was appointed inspector 
in the radio division of the Depart - 
nient of Commerce. 

When the first World War came 
on, he reenlisted in the Naval Service 
as a lieutenant, and was made com- 
munications superintendent of the 13th 
Naval district. He retained a commis- 
sion in the Naval Reserve for many 
years, later retiring from the Reserve 
with the rank of lieutenant coin - 
mander. 

In 1915, BW was named special 
agent in charge of the exhibit of the 
Department of Commerce at the Pan- 
ama- Pacific International Exposition, 
and was awarded a silver medal for 
his services. While on this duty he 
saw the first tiny audions exhibited 
by Dr. de Forest, and has never lost 
sight of them since ! 

Happy fishing, Benny ! 

Dr. Lee de Forest Slog. 

IT IS ABOUT time to dedicate a few 
paragraphs to our honorary president, 
Dr. Lee de Forest. The grand old 
audioneer is working hard: During 
the summers he is deep in the realms 
of color television, his habitant being 
Chicago; winters, he revels in the 
more delicate atmosphere of Los 
Angeles. Incidentally, he has com- 
pleted his long -promised autobiogra- 
phy, which is due for printing this 
month. You'll get full notice in time 
to buy a copy before the edition i 

completely exhausted. 

VWOA veteran Benjamin Wolf, who retied re- 
cently from government service. He had been 
in charge of the FCC monitoring station at 

Grand Island, Nebraska. 

Recently, Doc paid a visit to the 
B:Iréatt of Ships, Navy Department, 
Washington, which, under its old 
naine of Bureau of Steam Engineer- 
ing, bought much of his early equip - 
ment. In fact, the division was known 
as the Bureau of Equipment when his 
first spark sets were installed, at Key 
West and other points. 

Doc was greatly impressed by the 
progress made by Navy men in elec- 
tronic equipment. He was especially 
interested in the automatic tuning sea- 

Honorer! member Brig. Gen. Frank E. Stoner, 
chief of communications at United Nations who 
was in Palestine recently to set up U.N. radio 

contacts. 
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cure of one of the transmitters, ex- 
pressing a desire to tear into it and 
see how it worked! This shows that 
the old spirit is still there, for he 
demonstrated the sanie urge when he 
inspected the first vacuum tube trans- 
mitter, on the S. S. George ll'ashing- 
ton, in 1925, when he was the guest 
of Chief Pickerell and operator Tony 
Tamburino, both veteran V W OA 
members. 

Later, Doc was taken to Annapolis 
and there saw a fairyland of high 
frequency. According to the story, 
when he inspected the method of melt- 
ing ice from the antennas by heavy 
currents of power frequency, he re- 
marked that it was "one of his old 
patents, but the Navy could use it !" 
The Navy spokesman (or recorder 1 

remarked that "it had expired, any- 
way." 

Personals 

HONORARY MEMBER Brig. Gen. Frank 
E. Stoner, who is now chief of coin - 
munications at the United Nations, and 
was in Palestine recently to set up 
U.N. radio contacts, asked his office to 
phone VWOA for names of operators 
who would like to pound brass and do 
some general operating in Palestine. 
Several veteran VWOA boys did a 
bit of scouting which we hope resulted 
in the ops for the all -important inter- 
national job.... Bill Simon recently 
returned from a week's vacation. Bitl 
reports that his oldest daughter has 
graduated from high school and is 
scheduled to enter Houghton College, 
Houghton, N. Y., this fall to major in 
religious education. Incidentally- Bill's 
vacation spot is out at Rocky Point. 
not far from the towers and plant of 
RCAC on the north shore.... Honor- 
ary- member Paul Galvin, president of 
Motorola, retired recently as chairman 
of the RMA set division. Upon recoin- 
mendation of PG, the RMA board of 
directors voted to continue the associ- 
ation'sc policy not to sponsor or en- 
dorse any public or trade shows of 
television or radio receivers.... We 
are indebted to George Clark for the 
interesting facts about Benjamin Wolf 
and Doc DeForest, this month. Thanks 
sincerely, George! 
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_$endiv REGULATED 

YNAMOTORS 

MAKE A BIG DIFFERENCE IN RELIABILITY ... ECONOMY ... WEIGHT 

Under the most severe conditions in which your electronic instal- 
lations are expected to operate, Bendix* regulated dynamotors will 
deliver dependable, uniform voltage. You can count on them to last 
longer, too, because they are manufactured with the same painstaking 
care which has made Bendix Aviation equipment famous for quality 
all over the world. Before you design, write our engineering depart- 
ment for detailed information on Bendix regulated dynamotors. 

Dynamotor% Inverters Convenors D.C. Motors Carbon Pile Voltage Regulators 

RED BANK D VISION of 
RED BANK. N J 

- - 
NMIMINIEr "MII nvi 

It .r,0N COn PORI r10Y 

Output voltage constant witlin plus or 

minus 2.5% at rated load, with as much 
as 70% input voltage vatic/hon. 

Consistent efficiency of assoc.ated equip- 
ment under exremes of temperature, 
humidity, altitude and .rbrotion. 

Allows the use of smaller, lighter, less 
expensive components design of elec- 
tronic equipmer. 

Tubo life mate -idly lengthened due to 
narrow voltage tolerar.es. 

- - - - ON - - - - - - - - - - - - - 
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,Stub Tuntr$ For 
Power Division 
NI' IIICII FREQUENCIES such as used in 
f -iii and tv broadcasting it is often de- 
sired to divide the power into two 
loads or antennas. and employ a potter 
dividing a rrutneiIicnt. "Mw system has 
been used very effectively at Will: 1\ 

to control the division of potter be- 
tween the vertically and horizontal) 
polarized components. 

Qualitative Explanation 

First let us consider qualitatively 
how this potter divider function:. Ii 

tub 1 short í: from line 1 it will ap- 
4 

pe,u as ut open circuit where it joins 
on to the concentric line. Now if stub 

2 is - from line 2 it will present a 

short circuit where it loins on tti the 
concentric litre ;tnd tilt's prevent the 
putter flotving to output 2. Further - 

ì. 
more, since this short circuit is from 

4 
the junction of the input concentric 
line it trill look like an open circuit at 
this point. with the result that the 
power will flow into the input concen- 
tric line having a characteristic resis- 
tnce of R.,. All of the power will 
flow past the junction of line 2, func- 
tion of .tub 1 and on out through line 
/ with a good impedance match at all 
points. Next, let us consider that both 

auks are moved in . Then in a sini- 
4 

ilar Cushion all of the potter trill flow 
out of transmission line 2 and no 
potter will flow out of transmission 
line 1. If the transmission lines are 
matched into their characteristic re- 
sistance then these stubs can he moved 

Figure t 

Concentric line stub tuner power divider arrange- 
ment used at willN. 

Input 
n° 

Stub I / i x' Lin. I aspa 

/ z0 

Ein 

2bvt -- y _ - - - - _ 
,E. m a n 

Stub 2 ixe Lin. 2 Output 

z; Zp 

Controlling Division of Power Between Vertically and 

Horizontally Polarized Components at F -M and TV 

Frequencies. 

by CARL E. SMITH' 
Vice President, In Charge of Engineering, 

United Broadcasting Company 

through this quarter wavelength. 
ì 

ni;tintaining difference in length, and 
4 

the power will be gradually shifted 
iront one transmission line to the other 
and an impedance match will be main- 
tained at the input and output ter- 
minals at all tintes. 

Quantitative Analysis 

Now we consider the quantita- 
tìee analysis of this power divider. In 
Figure 1 the input impedance at the 
junction of stub 1 is, 

R, (4- /XI) 
Z = (1) 

R.+ I \, 
Where: 

Z. = ohms input impedance at stub 
junction 

R.= ohms characteristic resistance 
of line 1 

= ohms reactance of .stub 1 

And the input impedance at the junc- 
tion of stub 2 is, 

R ( +.iX_) 

R..+ 
Where: 

Z.= 
R. (+!\ 

R.. +i\ 
R.. = ohms characteristic resistance 

of line 2 
!\, = ohms reactance of stub 2 
Since stub 1 is degrees in length. 

the reactance of this stub can be writ- 
ten as 

¡X, = R.. tan i3 (3) 

'Also president of the Cler eland 
ln.etilnft of Radio Electronics. 
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And since stub 2 is 3 + `t0 in length. 

= R.. tan (f3 +90) =- jR,. cot 13 t4) 
To show that the input impedance is 

alt%ays equal to the characteristic re- 
sistance R,, we can set up the equation 
of the input at the junction of the two 
transmission lines. Since Z. and Z 

are both a distance of from this junc- 
4 

(ion they are transformed to the fol - 
lowing values at the junction point, 

R.' 
Z,' =- (5) 

Z. 
and 

Zs 
(o) 

Figure 2 

Circuit diagram showing the relationship of phare 
$ and the voltage vectors in a concentric line 

stub tuner power divider. 
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If the input is always equal to R , then 
we shouhl h :l V, IIW following identity 

Z.' + Z.' Z. Z. R,:' 
R.= - _ 

Z.' + Z.' R. R,:' Z. + ZI, -+ - 
Z. 

or R = Z. + (7 ) 

Now substituting equation (?) into 
equation (1) and then in equation (7) 
for Z and substituting equation (4) 
into equation (2) and then ill equa- 
tion (7) for Z. we get 

R ( j R. tan #) R.. (-f I2 cot #) 
R..= -- + 

R.. + j R tan O R,. -j R cot íj 

1= 
j tan # j cut 

I+j tan # l-fetltg 

Multiplying both sides of the equa- 
tion by II + j tan ß) t 1 - j cot ß) we 
have 

I -j cot O + .1 tall O + tan g cot 
= 1 tang + tang cotti - i cot# + tang cotg 

Since tall ß cot ß = 1, it is evident 
that this equation is an identity and 
therefore the stub tuners operated as 

shown in Figure 1 will always present 
a pure characteristic load to the gen- 
erator, regardless of how the power is 

divided bchten the two loads which 
must always present :I characteristic 
resistance lal l i R to the power 
divider network. 

Vector Diagram 

It is also of interest to note the volt- 
age magnitudes :Ind phase relation- 
ships of the voltage vectors in this 
power dividing network: Figure 2. If 
it were not fur the 911° phase delay in 

the - wavelength line: from the corn- 
4 

moil feed point to the shorting .tub.. 
the input vector would lay along the 
diameter of the circle \liagrant. It 
will he noted that the phase of output 
1 is al%vays 9))0 in advance of the 
phase of output -. . \s the power tu 
output / increases front zero to maxi- 
mum the phase retards front zero to 
411° as shown in Figure 2. At the 
aune finie the puwcr to otttpUt 2 will 

vary from maximum to zero and the 
phase retard. from 9110 to ISO'. The 
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Figure 3 

Plot of Ps and Pig as a function of 8; total power is espr.sscd as 11111' , 

angle ß is the sanie as the electrical 
angle illustrated in Figure 1. 

Power Division Curve 

The power division as a function of 
stub placement can be derived from an 
analysis of equation (7). The induc- 
tive reactance in Z. must equal the 
capacitive reactance in Z,,. This can 
be proved by equating the reactance 
component; of equation (8) equal to 
zero and showing that the equation is 

ali identity. The resistance compo- 
nents of equations (7) and (8) can be 
written as 

R..=R+k= 
R. tart # R., cot O 

+ 
I + tan' O I + cot' d 

(01 

The power division in the two loads 
is proportional to the respective re- 
sistances. Therefore, the power in 
line I is 

R. tan' O 

= l', = l', 
R I + tan" # 

and the power in line 2 is 

R . cot 0 
I',,= l', - = l' i - - -- - 

R., I + cot' O 

Where: 

= watts total l'i '(t' 
F. = watts power in line I 

F,. = watts puwcr ill line 2 

R, = ohms resistance at junction of 
line / 

12, = oints resistance at junction of 
line 2 

R., = ohms characteristic resistance 

= degrees length of stub as .hown 
in Figure 1 

P., and I',, have been plotted in rig- 
t-e 3 as it function of 3. The total 
power is cxpre.scd as I00'; 

Example 

In a concentric line stilb tuner power 
divider, as shown ill Figure 1, the 
characteristic resistance is 52 ohms. 
Ii output I is to recvi\v 511() watts and 
output 2 is I. recoivc 401) watts, what 
is the proper adjustment of the .hubs.' 

Soh( ion : Referring tu Figure 3 the 
-nubs must he set such that Ç = 52° . 
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A Studio Modulation 
Monitor Setup 

Synchronized Light -Flash Monitor Setup Devised to Help 

Announcer Maintain Studio - to - Transmitter Program 

Levels. 

MIODI.'LATIOX \IONITOkISG as used in 
small stations k often not too satisfac- 
tory. The usual practice is, of 
course, for the announcer to ride gain 
at the studio by means of the console 
vu meter. If the announcer is inex- 
perienced. careless or used to a differ- 
ent console, several days of inefficient 
operation must be overlooked while he 
is learning. Even then difficulties may 
be experienced, particularly when 
using bi- directional mikes, since the vu 
meter reads both peaks while the mod- 
ulation monitor reads only one. Some 
error may be introduced due to phasing. 

Meter and Flashing Light 

Our modulation monitor' employs 
the customary meter and flashing 
light. It was felt that a light flashing 
similarly in the studio would assist the 
announcer in achieving proper gain 
control and thus improve volume level 
at the transmitter. 

Direct Line Connection 

Accordingly we rewired one jack in 
the jack panel at each end and con- 
nected the spare line directly across 

'(:rnrral Radio 1931 -A. 

by WILLIAM J. KIEWEL 
Chief Engineer 

KROX, Crookston, Minn, 

the bulb in the modulation monitor 
without going through equalizers. 

(Our transmitter is located about 
three miles from the studio and con- 
nected by an operating loop and a 
spare. Both loops are equalized, but 
their resistance without the equalizing 
circuit is 300 ohms each.) 

Use et Unequalised Line 

Another jack enabled us to jack 
quickly into the spare line equalized. 
By using the unequalized spare line 
across the bulb and a bulb of the same 
type ( G.E. 120 v 6 watt) at the stu- 
dio end. we achieved a simultaneous 
light circuit, the light at the studio 
Hashing in synchronization with the 
one in the monitor, with no effect on 
the monitor. It was noted, however. 
that when the light was not flashing, 
each side of the telephone line was 
15(1 volts above ground. Since the 
telephone company would not tolerate 
such a condition the system was re- 
designed to isolate the line with re- 
lays. An immediate improvement was 
noticeable in the volume level at the 

Figure 1 (above) 
Circuit of the synchronized flesh system 

employed in the studio 

24 COMMUNICATIONS FOR AUGUST 1948 

transmitter. The engineer no longer 
had to have his hand on the gain con- 
trol whenever the announcing staff 
changed shifts. 

D -C Relay at Transmitter 

At the transmitter end we used a 
spst 24 v. d -c relay wired in parallel 
with the lamp in the modulation in- 
dicator. Operating only on peaks the 
relay will not chatter on the a -c sup- 
plied to it. Almost any relay will 
work, but it should have a resistance 
of at least 500 ohms. or the light in the 
modulation monitor will not operate 
properly. Incidentally, across the 
points of this relay we placed a 45- 
volt battery, in series with the tele- 
phone loop (equalizers disconnected). 
At the studio end of the loop we in- 
serted an army surplus relay designed 
to operate do 1 -7 ma. A 6 -volt bat- 
tery was placed across the contacts 
with a 6 -volt pilot light in series. 

Wide Application Possibilities 

This system which is approved by 
the manufacturer of the monitor could 
be used anywhere with slight changes 
to compensate for various line resist- 
ances. 
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Broadcast Studio Desi,yrs* 
by LEO L. BERANEK 

Technical Director 
Acoustics Laboratory 

Massachusetts Institute of Technology 

THERE ARE FOUR PRIMARY conditions 
to deal with in small studio design 
which have not always received 
proper attention in the past: 

(1) There are unsufficient reson- 
ant possibilities at low frequencies. 

(2) It is not possible to locate 
both the source and microphone so 
that they make use of all the nor- 
mal modes of vibration available. 

(3) Flutter echos must be con- 
tended with at the higher frequen- 
cies. 

(4) The absorption of ordinary 
acoustical materials at low frequen- 
cies is too small, hence, a booming 
effect results. 
Generally the solutions involve some 

sort of means for sound diffusion in 
the studio. As a result a fad has 
arisen for building studios with poly - 
cylindrical linings, multiple- layered 
plywood interiors and hemispherical 
bumps. It appears that perhaps an 
adequate job of design can be clone 
without going to the extreme expense 
that is indicated by these current 
trends. 

To remedy the low frequency prob- 
lem, let us look at the question of 
studio shape. A study of the other 
regular shapes such as spherical, cyl- 
indrical or eliptical reveals that even 
less satisfactory coupling between 
source and pickup exists. Hence, the 
desirable trend is away from regular- 
ity. not toward more of it. 

Scientific evidence indicates that we 
can preserve flat surfaces, and still 
greatly improve the coupling between 
microphone and source by adjusting 
the [walls so that no two of them are 
parallel to each other. This leads to 
interesting results. in the first place, 
the skewing of the walls shifts the 
resonant frequencies, some of them 
upward. some downward. In most 
cases this shifting results in the un- 
bunching of the frequencies of the 
modes of vibration and gives a more 
even distribution along the frequency 
scale. 

A second result is obtained. There 
is a crosscoupling between modes of 

'Front a paper presented at the New Eng:and 
Radio Engineering Meeting. 

New Approach to Studio Design Suggests Preservation of 

Flat Surfaces and Adjustment of Walls So That No Two 

Are Parallel. 
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Figure I 

Relationship between optimum reverberation time and volume of a 

, 

room. Beranek indicated that 
this relationship should he satisfied in the basic design of a studio. 

vibration in skewed rooms which does 
not exist in rectangular rooms. That 
is to say, when we sound a low fre- 
quency tone in a room with skewed 
walls, one (or two) modes of vibra- 
tion will be excited. In a skewed 
room, however, several more adja- 
cent ones will be excited because of 
crosscoupling. Hence. there will be a 
better transfer of energy from the 
source to the microphone because 
more modes act as the carrier. An- 
other interesting effect results. These 
adjacent modes have their own fre- 
quencies of free -vibration. When a 

number are decaying at once, they will 

Figure 2 

Layout of a studio 
with nnnparal lel walls. 

beat against each other and will pro- 
duce a sort of vibrato effect -nearly 
imperceptible to the ear -but sonic - 
thing which every string instrumen- 
talist or vocalist attempts to produce 
when he plays or sings. 

The question arises now as to how 
much distortion of the sidewalls there 
should be. The general answer is that 
there should be as much as possible. 
One is, however, limited by economic 
considerations and considerations of 
appearance anti convenience. As an 
example of a suitable compromise, we 

(Continued on page 33) 
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Power -Line CARRIER 

COMMUNICATIONS 

Part II of Paper on 50 to 150 -kc Systems. Presented 

are Data on Electronic Transfer Units, Multi - 
Station Duplex Arrangements and Calling Systems. 

IN THE FIRST PORTION' of this paper 
the general features of carrier -com- 
munications simplex and duplex sys- 
tems were analyzed, with specific data 
being offered on a single- frequency 
manual- simplex system and a two -fre- 
quency duplex arrangement. 

In this, the concluding article, are 
offered data on a single- frequency 
automatic simplex system, multi- station 
duplex system and the many different 
types of calling systems which are 
employed in carrier -communications 
circuits. 

The single - frequency automatic 
simplex system is the most versatile 
of all the power -line carrier communi- 
cation systems. The number of sta- 
tions on a given channel is not limited 
to two, as is the case with the usual 
two- frequency duplex system; it per- 
mits a single conversation among sev- 
eral stations on the channel ; and it 
permits operation with two -wire tele- 
phone extensions and through PBX 

by R. C. CHEEK 
Central Station Engineer 

Westinghouse Electric Corp. 

boards without requiring balance of a 
hybrid unit. 

The electronic transfer unit is the 
key unit in an automatic simplex as- 
sembly. It is the unit that performs 
automatically the switching functions 
required for changing the assembly 
from the stand -by condition to the 
transmitting or the receiving condition 
as required. 

The operation of the electronic 
transfer unit can best be understood 
by reference to Figure 1. The equip- 
ment is normally in the stand -1,y con- 
dition; that is, no signal is being re- 

1 Coal MUNIunoss, August. 1947. 
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ceived and none is being transmitted. 
The transmitter is blocked by voltage 
1 and the radio- frequency circuits of 
the receiver are energized, ready to 
detect the presence of an incoming 
carrier signal. The bias -controlled 
amplifier is blocked in the stand -by 
condition by voltage 2 so that no au- 
dio output from the receiver reaches 
the telephone line. During periods 
when no carrier signal is being re- 
ceived. the avc circuits of the receiver 
increase the gain to such an extent that 
noise on the channel might become an- 
noying if the bias -controlled amplifier 
were not blocked during such periods. 

In the stand -by condition, the trans- 
mitting audio amplifier is unblocked 
and ready to amplify voice signals 
from the telephone line. Reception of 
it carrier signal will cause the trans- 
mitting audio amplifier to be blocked, 
so that no transmission can take place, 
once reception has started. until the 
equipment returns to stand -by condi- 
tion. On the other hand. if an out- 
going voice signal reaches the 
transmitting audio amplifier from the 
telephone line when the equipment is 
in the stand -by condition, it will cause 
the entire receiver to be blocked so 
that no signal can be received until 
conditions return to stand by. The 
switch from transmit to reel ive and 
vice versa therefore requires that the 
equipment pass through the stand -by 
condition in each direction. The 
functioning of the transfer unit for 
changing from stand -by to transmit- 
ting and receiving is as follows: 

Transmit 

An audio signal (3) from the tele- 
phone line passes through the trans- 
mitting audio amplifier and is applied 
simultaneously to the transmitter and 
the transfer unit. The audio signal is 

Figure 1 (left) 
Functional diagram of electronic transfer unit. 

Figure 2 
Basic units of a multi -station duplex -communications assemhls. 
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further amplified in the transfer unit 
and then rectified by a diode detector. 
The positive ilia, 1n-oduced by the rec- 
tified signal is applied to the .rid of 
a small thyratron; which breath-: down 
and begins to rectify a 111,11ít11- cycle 
voltage applied to its place by an os- 
cillator within the unit. The'negative 
voltage which then appears :v_russ the 
thyratron load resistor is used to block 
the radio -frequency circuits of the re- 
ceiver t voltage 4 of Figure 11 and 
simultaneously to stop a second thyra- 
tron from rectifying a l0.000 -cycle 
signal. The extinguishing of this sec - 
und thyratron removes blocking volt- 
age / frotta the transmitter. allowing 
the audio signal that initiated the 
switching function to be transmitted. 
The attire sequence of ope'ratium ,h 
scribed occurs its 2.5 milliseconds or 
less, so that not even the first sellable 
of the outgoing speech is lost. 

The disappearance of the audio sig- 
nal from the telephone does not in- 
stantly return the equipment to the 
stand -by condition. Resistance- capaci- 
tance time delay circuits with adjust- 
able tinte constants are pruviticil in the 
diode rectifier circuit tu prevent the 
actuating bias from disappearing im- 
mediately when speech ceases. This 
tinte tleÌay can be adjusted te. allow 
return to staial -by conditions at the 
end of words. phrases, or sentences, 
depending upon the preference of the 
tier of the equipment. 

Receive 

-I-he incoming carrier signal (i) is 
taken from the output i -f stage of the 
receiver and applied to an amplifier in 
the electronic transfer unit. The am- 
plified signal is rectified by a diode 
detector, and the n suiting ilia. is used 
to cause a thyratron to break clown 
and start rectifying a 111,1100 -cycle 
voltage supplied by the oscillator in 
the transfer unit. Current through the 
load resisun' in the th yratrun plate 
circuit produces a negative bias volt- 
age 6, which is used to block the trans- 
mitting audio amplifier. The sanie 
voltage simultaneously extinguishes a 

secum I thyratron, removing blocking 
bias _' from the receiving audio ampli- 
fier and permitting the incoming sig- 
nal tu reach the telephone line. This 
entire operation occurs in 2 milli- 
seconds or less. 

The disappearance of the carrier 
signal renatves the actuating bias 
furnished by the diode rectifier and 
causes the opposite sequence of events, 
returning the equipment to the stan'1- 
by condition. 

The applicability of the convention- 
al two-frequency duplex system is 

-uet. that limited because the system 
can he used only for point -to -point 
channels. It is possible to use the ordi- 
nary two -frequency duplex system in 
a sn- called :Waster -station duplex ar- 
rangement in which one terminal can 
communicate with ally one of several 
others. none of which can communi- 
cate with each other. This arrange- 
ment is seldom satisfactory, however, 
and it is not widely used. The multi- 
station duplex system is not subject to 

this Iimitttion of the conventional. 
duplex system, and it provides the ad- 
vantage: of duplex communication be- 

tween :uty two of a number of .a :dine 

nn a channel. 

Basic Units of Duplex System 

The basic units of the multi-station 
duplex system are shown in Figure 2. 

Comparison with Figure 6 u Aug. issue) 
shows that a transmitter unit, a receiv- 
er unit, and it contactor unit have been 

added tu the conventional two -fre- 
quency duplex assembly. None of the 
other units of the conventional assem- 
bly are duplicated, such units as the 
audio amplifier, the rectifiers, the 
switching and hybrid panels, and the 
calling and ringing equipment being 
used in vunun m by both receivers and 
hutte transmitters. 

Only one transmitter and one re- 
ceiver are used at a given station dur- 
ing a conversation. Which transmit- 
ter and which receiver are used de- 
pends upon the point of origin of the 
call. Designating the two frequencies 
as F, and I ., for example, all stations 
wutuld normally receive on F1. A sta- 
tion originating a call, however, trans- 
mits on F,. The F, transmitter is 
selected by the calling party by the 
simple act of picking up the telephone 
handset. The closing of the d -c cir- 
cuit through the hook switch operate'' 
it relay which causes the contactor 
unit tu apply the output of the audio 
ampli her to the audio terminals of 
transmitter F,. Simultaneously the 
contactor unit energizes the trusnr' 
ter and applies the output of receiver. 
I', to the audio hybrid unit. At the 
called station, the reception of the car- 
rier signal from the calling station 
on receiver F, operates it relay whose 
contacts open to prevent the transfer 
from transmitter F_ to transmitter F, 
front being m:ulc by the contactor unit 
when the called part' replies. Trans- 
mitter F, aval receiver F, at the calling 
station and transmitter F, and receiver 
F, at the called station remain ener- 
gized throughout the cunversa- 
ion. When the conversation com- 

pleted, the hanging up of the telephones 
at both -tatiuns returns conditions tu 

normal. with all stations receit ing on 

Calling Systems 

\ number of different syst:nts of 
establishing a call over a carrie r chan- 
nel are in general use. .Among the 
more important are: code -hell calling, 
voice calling. automatic -hell calling, 
and dial -selective calling. 

Code -Bell Calling 

Coda' -Gì11 calling is the system of 
calling so often used on rural party 
lines in which all telephones on a giv- 
en circuit ring, the desired party be- 
ing indicated by a code trade up of 
lung anti short rings. The calling 
party transmits the code by turning a 
hand generator or applying 60 -cycle 
voltage to the line with a push -button 
on his telephone instruments. A relay 
in the carrier set actuated by calling 
voltages between 16 and 60 cycles oper- 
ates in accordance with the coded sig- 
nal to apply 60 -cycle a o(hulatiun to 
the transmitter. At the other terminal 
or terminals of the carrier channel, 
the receiver output energizes a circuit 
selective to 60 -cycle modulation. This 
circuit its turn operates a relay which 
applies ringing voltage (either 20 or 
Ell cycles) to the telephone extensions, 
causing all telephones to ring in ac- 
cordance with the coded signal. Code - 
hell calling may be used with either a -c 
or d -c telephone extensions. and is by 
far the most popular system of call- 
ing in power -line carrier work. 

Voice Calling 

In the voice- calling system. the call 
is placed by simply speaking the de- 
sired party's name into the telephone 
transmitter. Loudspeakers with indi- 
vidual amplifiers are provided at all 
telephone extensions to call the de- 
sired part'. The loudspeaker is dis- 
connected when the telephone instru- 
ment is picked up. Calling by voice is 
supplemented in some installations, es- 
pecially those where ambient noise 
level is high. by a high -frequency 
audio tone, which is transmitted at the 
option of the calling party. \ push- 
button or keysw itch is provided for 
this purpose. Voice calling can be 
used with either a -c or d -c lines. 

Aufomafic Bell Calling 

In file autuutatIC bell -calling system. 
the bels un the telephone in.,,rnntent 
or instruments at the opposite terminal 
are rung automatically when the call- 
ing party picks up his handset. The 
ringing continues for a few :seconds 
:and then is cut off automatically. To 
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Organizing Studio Facilities 
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Figures 1 and 2 

Typical terminal block designed for a distribution frame for indexing and filing of electrical circuits, 
which permits rapid location of all circuits. In broadcast work, two types of terminal blocks are 
used: one for a -f and another for power. Terminal block A. at left, terminates a cable connected 

to the terminal block in rack or cabinet A. 

THE COORDINATION OF TECHNICAL FA- 
CILITIES is an extremely important 
factor in broadcast -station organiza- 
tion, affording quality production and 
showmanship and contributing to good 
engineering practice. 

Systematic Organization 

Smooth operation requires a sys- 
tematic organization of studio equip- 
ment and a rigid adherence to the 
system employed. The system must per- 
mit continual expansion of facilities 
without sacrificing flexibility or oper- 
ational simplicity. 

Wire Communications Uses 

For many years two continually ex- 
panding systems of wire communica- 
tion, the telephone and telegraph, have 
employed an equipment- organization 

method that is excellent for radio com- 
munications facilities, too. 

Filing System 

Actually it is a filing system wherein 
electrical circuits are carefully filed 
and indexed. The filing cabinet of 
such a system is called a distribution 
frame. Every circuit is readily located 
because it is terminated or filed on the 
distribution frame according to a defi- 
nite plan. Then all interwiring of 
equipment is accomplished by connect- 
ing short jumper wires between vari - 

ous terminals on the frame. 

Sysfem Simplicity 

Unce equipment has been installed, 
it need not be moved about should 
changes in interwiring become neces- 
sary or desirable from an operational 
standpoint. It is only necessary to 
change a few short jumper wires. 
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Letter- Filing Similarity 

On the other hand, should it become 
necessary to remove a piece of equip- 
ment to a different location, it may be 
moved to another cabinet or some 
point where a cable containing spare 
wires is terminated: the other end of 
the cable being terminated on the dis- 
tribution frame. The operation is 
similar in some respects to filing a re- 
classified letter in a different folder in 
aletter file. 

Application to Broadcast Stations 

The distribution frame consists of a 
metal frame upon which has been 
mounted a number of terminal blocks. 
In a broadcast studio, two types of 
terminal blocks are required; one for 
audio and one for power circuits. An 
audio terminal and a power terminal 
block are needed for each rack or cab- 
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With 1I Fi l in g S ys te mn 

Filing System, Providing Indexing and Filing of Electrical 

Circuits on a Distribution Frame, Can Be Applied to Broad- 

cast Stations to Trace Audio and Power Circuits. Pro- 

cedure Facilitates Maintenance, Permits Partial Pre - 

Assembly of Equipment, Pre -Wiring Before Studios Are 

Completed, and Simplifies Installation. 

¡net of equipment, each connected by 

a separate cable to its respective audio 
or power terminal block in the distri- 
bution frame. Separate conduits are 
required for each cable. 

Indexing the System 

Some form of designation indicating 
to which cabinet or rack each block is 
connected is the first step in indexing 
the system. Thus, cabinet or rack .9 
is represented on the frame by block 
A; cabinet or rack B, by block B, etc. 
The terminals of audio blocks are usu- 
ally numbered by pairs, while the ter - 
minals of power blocks are usually 
numbered individually. 

Index Sheet 

A separate index sheet, kept for 
each block on the frame, discloses in 
tabular form . . . designation of the 
block, orderly listing of the pair num- 
bers, briet description of the use of 
each pair, and the block and terminals 
to which each terminal or pair of listed 
terminals is connected by juniper wire. 

Flesoline 

Flexoline,' or a similar indexing sys- 
tem, is best suited to this type of work 
because it permits minor changes to 
be made in the interwiring without 
the necessity of retabulating an entire 
sheet for each of the terminal blocks 
involved. It also permits color coding 
certain important circuits throughout 

Acme Visible Records. Chicago. Ill. 

by THOMAS D. REID 
Technical Staff, Melpar, Inc. 

Formerly, Audio Engineer, WASH -FM 

the entire index, permitting them to 
be traced quickly by color. A good 
example is the color coding of a net- 
work circuit. Colored spaghetti could 
he used en the wires at the terminals 
to tie in with the color coding of the 
indexing system. 

Figure 1 illustrates the manner in 
which information is tabulated for ter- 
minal block A. This block terminates 
a cable or group of wires, connected to 
the terminal block in rack or cabinet .4. 

The pairs of terminals are listed 
first. After each listing follows a brief 
description of the use of the pair. 

Use of Color Coded Leads 

Pairs 13 and 14 of block A are color 
coded. The equipment connected to 
these pairs of terminals are part of an 
important network circuit, with pair 
13 terminating the output of the No. 
1 isolation amplifier, a jumper con- 
necting pair 13 of this block to pair 2 

of block E, which terminates the No. 2 
remote mixer. 

Troubleshooting Uses 

Pair 2 of block E in Figure 2 is also 
color coded. The information on the 
strip representing this pair also tallies 
with the information given on the in- 
dex of block A. However, the infor- 
mation is in the reverse order. This 
brings out an interesting point, the 
system is automatically cross- indexed. 

Another important advantage of 

this system is that it simplifies trouble- 
shooting. Most trouble in studio 
equipment could be eliminated quickly 
if the source of trouble could be 
quickly located. Often it amounts to 
the simple replacement of a tube and 
this system permits rapid trouble- 
shooting by quick tracing of circuits. 

Equipment Pre -Assembly 

A rather novel advantage of the sys- 
tem is that it permits partial pre- 
assembly of the equipment and pre - 
wiring before studios are completed 
and even before some of the equip 
nient is on hand. The cables between 
the rack terminal blocks and the frame 
terminal blocks can be made up before- 
hand if the length of its conduit is 
known. If the interwiring plan is 
known, the jumper "wires may be ap- 
plied to the frame before final instal- 
lation. Equipment, if at hand, can be 
mounted in the racks or cabinets and 
wired to the terminal blocks before the 
equipment is installed in the studio. 
The entire studio system, in fact. could 
be set up on a factory floor and tested. 

Filing System Rules 

Because this system is essentially a 
tiling system certain rules must be 
met. To have a system there must be- 
a plan: and that plan must be adhered 
to if complications are to be avoided. 
All who work with the system must be 
thoroughly familiar with the rules if 
the system is to work efficiently. One 
person should be in charge of this sys- 
tem, make all decisions and see that 
they are properly executed. 
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The Industry Offers 
DOOLITTLE F -M FREQUENCY AND 
MODULATION MONITOR 
A nay : :ellei t :., I : :...om monitor. FD -L. 
fur the im emergent. services has been an- 
nounced by Duolittk Radio, Inc., 7421 S. Loomis 
Blvd.. Chicago 36. III. Handles one, two, three 
or four frequencies anywhere between 25 mc 
170 me and chess s ire quency deviation and per- 
centage of modulation. 

Provided with plugin type antenna coils. 
The unit employs crystals which are ther- 

mally controlled for those fn quencies above 5U 
suc. The accuracy is said to be guaranteed to 
be t. 4015"; over the range of 15° to W C. 

Direct reading cl modulation up to 3) kc on 
positive or negative peaks and the peak flasher 
to show over -modulation can be set at any 
value from 5 to 2C kc for either positive or 
negative peaks. 

Sensitivity for measuring is 510 microvolts 
or less across the antenna terminals. The el, 
cuit is so designed that it is possible to nieas- 
ore distortion in a transent iter. 

Has 5011 -ohm output for a-f monitoring. 

JAMES KNIGHTS STABILIZED HEAT 
CRYSTAL HOLDER 
A crystal holder with a large 7 -pin base de- 
signed to accommodate crystals from 80 to 
10,000 kc with a 6.3 e heater. and operating 
temperature of 50' C -1` has been developed 
by James Knights co.. Sandwich, Illinois. 
Available as double oven on special order. 
Crystals electrostatically shielded. 

SYLVANIA AUTO RADIO TUNERS 
Precision timing assemblies built to order for 
auto radio receivers are available from the 
Parts Department of S>Ivania Electric Prod- 
ucts. Inc., Emporium, Pa. Service provided 
includes tooling for production. metal stamp- 
ing. plating. fabrication and overall assembly 
of component products built to customer speci- 
fication. 

KLYSTRONS NOW AVAILABLE 
FROM RCA TUBE DEPT. 

K1> str,r1 mia . a t don being marketed by the 
RCA Tube Department, 

First of the type to be offered are 2K26 ail 
2K25, used principally in microwave relay equip- 
ment for tv transmission and in multi- channel 
communications equipment. 

BROWNING LAB 
OSCILLOSYNCHROSCOPE 
.L. tI. -SB, for ub- 

ation ui transient and recurre u phenomena 
involving wide ranges of frequencies, has been 
announced by the Browning laboratories. Inc.. 
Winchester, Mass. A five -inch a r tube with 
4,t00 volts accelerating potential is used. 

Other features include a vertical amplifier 
bandwidth of 6 nit. recurrent sweeps of 5 to 
50.1,0t0 per second and driven sweep rates of .25 
ncroseconds per inch to 200 microseconds per 
inch. An internal trigger generator is also 
provided as well as a variable dela> circuit 
wl-ich may be used to provide delayed triggers 
or a delayed sweep either internally or exter- 
nally triggered. A calibration device provides 
measurement of deflection sensitivity through 
the amplifier. 

BELL LABORATORY TRANSISTOR 

Above. Dr. William Shockley i seatedl and Dr. 
John Bardeen Refit and Dr. Walter H. Brattain, 
who initiated and directed the development of 
the recently announced Bell Labs transistor, 
emplosink a semi -conductive material soldered 
to a metal base, which can serve as an amplifier 
or oscillator. Below, the transistor. which has 

produced amplification up to 20 db. 
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TRANSVISION SOLDERING IRON 
.\ soldering iron called -Suldetron." which 
weighs three ounces, has been announced by 
Transvisiou. Inc.. New Rochelle, S. V. 

Iron features interchangeable thin tipheadst 
fingertip control; Bakelite handle with cork 
covering; heater element incorporated in each 
tip head. 

The iron is said to heat up within 20 seconds 
from a cold start. 

Iron supplied for operation on II0v a -c 50 -60 
cycles: titi mugit transformer supplied with iron 
or 6.8 volt a -c or d -e without transformer 
l front an automobile hatter)'). Choice cf three 
tip -heads - long, stubby. or medium shape 
heads. Overall size of iron is '4'i"x15 /I6". 

SWITCHCRAFT LITTEL -PLUG 
Litt"! -Póo, featuring as dual -purpose sleeve 

terminal which can be clamped over the metal 
braid of shielded wire cables. to provide a cable 
anchor has been announced by Switchcraft. 
1328 N. Halsted Street, Chicago 22. Illinois. 
Can be soldered or be clamped over outer in- 
sulation of unshielded 2- conductor cable. An 
extra lug is provided in the terminal for wire 
connection. 

A one -piece tip rod threads into the tip ter 
urinal and is staked to insure tightness. 

Available in red or black tenite handles ut 
nickel plated handles for shielding. All ex- 
terior metal parts nickel plated. Fit .4" diam- 
eter jacks. Body and h:mdle 1/4' outside lulu 
eter. 

RCA 500 -WATT TY TRANSMITTER 
.\ 5GO -watt tv 'transmitter. type l'f -560A. has 
been announced by the RCA Engineering Prod 
acts Department. 

Used with this transmitter a three - section 
RCA super turnstile antenna. which has a gain 
of approximately four. can radiate an effective 
output of about 2 kw. 

Transmitter is housed in two identical cab- 
inets which can he installed as one unit meas- 
uring 56" wide, or arranged as individual cab- 
inets, each 31" wide. 

The video section consists of the carrier - 
generating circuits, video amplifiers, modulator 
power supplies. and the necessary control cir- 
cuits. high -level modulation is employed in 
the power stages. permitting meter tuning of 
the preceding r-f stage as straight - forward 
class C amplifiers. 

Another feature of the video portion of the 
transmitter is the clampcircuit type of d -c in- 
sertion used in the grid circuit of the moiu- 
lator, which is said to automatically maintain 
the proper black level. 

The sound section of the transmitter consists 
basically of a 250 -watt f m sound transmitter 
(type BTF- 25CÁ1. 
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GENERAL RADIO CAPACITANCE 
TEST BRIDGE 
.\ capacitauar test bridge. type tell -A. which 
measures capacitance 

e 

r the range nt I moisi 
o. In,(Mb mid has been :uutounerd by I encrai 
Radio Company. 275 Massachusetts Avenue. 
Cambridge 39. Mass. Over this entire range 
to acemacy of +(l9 t I nattily is said to he 
maintained. Tlx dissipation factor range is ti 
to ÓG'; :. The frequency of the test voltage i. tU 
cycles. 

A feature of the bridge is a Xe ro -cum pen:at 
ing circuit that balances out the initial capaci- 
tance and dissipation factor at zero setting pt 
the dials. 

Self -contained. including visual null detector 
and operates from the on -cycle power line. 
over -:ill dimen.i, , ni. ,u 14, "-.cl" ,1, 

DU MONT CATHODE -RAY 
OSCILLOGRAPH 

23u. with three different 
ug 1, ,e hiel signals lita) be applied 

to the vertical deflection plates thigh gain. 
capacitively coupled amplifier. medium gain. 
directly coupled amplifier. and direct connye- 
tinns to the deflecting plates) has been 
nuuncat by Allen 11. Du Mont I.alstral in e . 

Inc., Clifton. X. J. 
Built -in voltage calibrator for calibrating the 

sensitivity of vertical amplifier circuits is put 
into rise by it second switch which counecls the 
calibrator tu the inputs of the Y-axis amplifier. 

Signalas are applied to the horizontal deflec- 
tion plates through a similar choice of ch: Is. 
and a fourth punition of the horia,nrtal selector 
switch connects the sweep- circuit output to the 
:amplifier input. 

The recurrent range of the linear time basa 
is I cps to ISO kilocycles per cond, and the 
duration of the driven sweep ` p continuously 
variable from 1 second n, 11 1111,0seconls. 

The cathode -ray tube used is the type 4 I' .\ 
which. with intensifier. operates at 
Celt-rting iatlrnt ial ,if 1.01, s,'It, 

CARTER ROTARY CONVERTERS FOR 
WIRE AND TAPE RECORDERS 

of rq 
1,4c1 t .Motor Co.. 3:44 
N "rah \I :gdyw.,.d . \eras Chicago. Illinois. 

Converters at said to deliver a pure a e ont - 

put without filtering. 
Bulletin, No. 748, illustrating and describing 

the converters i availably. Bulletin includes 
.rlrctor chart which tells the proper couvert, 1 

to lise in each application to ,i sure comply: 
operating satisfaction. 

Telecast Engineering Clinic 
-hEI.f:t tsr I-. \'.Ian :liR!NG design, pro- 
duction, installation. operation and 
maintenance were featured topics of 
a five-day se-i' s sessions held re- 
cently at the Camden facilities of R('. -\ 
tor nearly 1110 broadcast engineers. 

Presented 1w t\' specialists at RCA 
including 'Al. A. Trainer, H. E. Gihr- 
ing. C. D. kentner, R. A. Meisen- 
heimer. L. J. Wolf, R. W. \iastcrs, 
I. E. Young. T. \I. Gluyas. E. H. 
}'tatter, W. J. i'och, J. H. Roe, N. S. 

Bean. G. H. Goble, R. Y. Little, Jr., 
C. A. Rosencrans, R. J. Smith, N. F. 
Smith. E. Stewart. D. D. Halpin, 
F. S. Clammer. 1 L I. \Ia rklcv, P. J. 
Herbst. W. W. \ \'atts, T. A. Smith 
and A. R. Hopkins. the sessions cov- 
ered discussions of 23 subjects. These 
included the basic television trans- 
mitter. antennas and antenna equip- 
ment, pylon :antennas, transmitter test 
and assembly. typical station opera- 
tion. studio equipment. cantera equip- 
ment (television film projectors, kin- 

escope photography and relay and aux- 
iliary apparatus), tv video and audio 
systems, commercial television opera- 
tion. tv test and measuring equipment, 
and tv transmitter and receiver serv- 
ice and contract procedure. 

Most of the meetings were held in 
the theatre in the main building at 
Camden. Several, however, were con- 
ducted in the field. For instnce, the 
f -n) and tv antenna sessions were held 
at the development laboratories where 
a complete demonstration of tv and 
t -in antennas was conducted. In an- 
other on- location visit, engineers vis- 
ited station \Y3NEI' the tv experi- 
mental station of RCA. operating on 

channel 10. 

in a visit to a typical studio. the 
broadcast men received complete in- 
struction on the operation of the as- 
sortment of equipment used there. 

A visit to the research laboratories 
at Princeton concluded the tive -day 
clinic. 

At W3XEP, the RCA experimental tv station in Camden. during the tv clinic, with Dale Kentnur, 
supervisory engineer of transmitter design at the console controls. Looking on: Carl Olson. KLAC: 
Lewis Esenden, WJVB: John March. WARC: Harold F. Huntsman, KLAC: Bob Emch. WARC: 
Seymour Raymond, WFMJ: Kenneth Hewsnn, W'OXBV: R. H. Musselman. WSAN: J. Leahy, RCA 
Victor: Scott N. Hag=nau, WSBT -WSBF: Charles Kihling. WWI': Ed C'ammer. RCA I sales): 

John P. Riley, Jr., RC.4 (sales): Frank B. Ridgeway. WF.BR. and ye editor. 

STACKPOLE MOLDED 

TRANSFORMER CORES 
Ilia ie,.nr.,l ,letloction and flyback transformer 
cures molded from iron powders for tv applica- 
tions have been announced by the Electronic 
Components Division. Stackpole Carbon Com- 
pany. St. \larys. Pa. 

Two standard types are available: Type MOM. 
a large rectangular unit with sliding hub. de- 
signed for universal use with any tv tube where 
magnetic deflection is used. Type 10748, smaller 
spool type. recommended where space is at a 

premium and where tubes are no larger Linen 
IO". 

ELECTRO -VOICE SPEECH CLIPPER 

A speech clipper, model 11A.0, which is said to 
effectively increase the ratio of consonant -to- 
vowel intensity by clipping the peaks of the 
vowels while limiting the peaks of the con- 
sonants to that of the preset modulation per- 
centage has been announced by ElectroVoice, 
Inc.. Buchanan, Mich. 

Clipper operates directly from any high im- 
pedance microphone into the microphone input 
of a conventional speech amplifier. The gain 
of the. speech- clipping pre -amplifier is pur- 
posely held to unity at an average clipping 
value so no overload will occur in the main 
amplifier input stages. Filament and plate 
power is obtained from the main amplifier. 
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The No. 90881 
RF POWER AMPLIFIER 

This "500" watt, RF power amplifier unit 
may be used as the basis of a high power ama- 
teur band transmitter or a for in- 
creasing the power output of 

meant 
existing 

transmitter. As shipped from the factory, the 
No. 90881 RF power amplifier is wired for use 
with the popular RCA or C.E. "812" type 
tubes. but adequate inatructions are furnished 
for re-adjusting for onerat ion with such other 
popular amateur stye transmitting tubes as 
Taylor TZ40, Eimac 3ST, etc. The amplifier is 
of unusually sturdy mechanical construction, 
en 10,5" d rtan panel 

he grid an plate k tuning p capacitor 
as well as the grid and plate cent 

milliammeters. Rug n inductors are available 
for peration on 10. 20, 40 or 80 meter m teur 
bands, fro as stock. a well as special coils to 
order for commercial Frequencies. The stand - 

rd Millen No. 90800 
e 

iter unit is an ideal 
driver for the new No. 90881 RF power 
amplifier. 

JAMES MILLEN 
MFG. CO., INC. 

MAIN OFFICE AND FACTORY 

MALDEN 
MASSACHUSETTS 

Tv Transmitter Design 

(Lunhfn ed jrom page 9) 

the video amplifier. There are two 
means by which this characteristic 
may be measured: (1) An ideal linear 
detector whose output is properly ter- 
minated in conjunction with a h -I 
'scope,' or (2) an r -f waveform moni- 
tor whose r -f response is flat ±5 me 
from carrier frequency. The r -f 'scope 
response may be checked by means of 
the built -in r -f wobbulator included in 
the transmitter. 

To be assured that the transmitter is 
operating under typical operating con- 
ditions, it is desirable to supply sync 
plus synthetic video signal. The lat- 
ter component may be injected from ,t 

suitable h -f generator in place of the 
camera signal. It has been found 
more desirable to use a mixing system 
which will take sync, blanking, and 
sine wave signals and mix them in a 
manner such that composite video is 
available, plus a variable pedestal 
level, from which the sine signal may 
obtain a zero axis position. Such an 
instrument is shown in block diagram 
in Figure 2. The modulating signal is 
set up for 30% sync /70% video and a 
reference value of 100 kc applied. As- 
suming that the r -f 'scope is used as a 
measurement device, the percentage of 
video signal (sine wave modulation) 
is determined- toward black as the 
upper limit and toward white as the 
lower limit. The difference between 
these values is the reference value at 
100 kc, and may be considered as 
100 %. The synthetic video signal 
(sine wave frequency) is changed in 
discrete steps and the same process of 
measurement employed -the ratio of 
the individual frequency response to 
the 100 kc reference is the voltage 
ratio of signal amplitude response. 
These voltage ratios may be converted 
to db for convenience. Extreme care 
must be exercised to keep the input 
signal at constant amplitude over the 
entire frequency spectra by means of 
constant 'scope monitoring -a 'scope 
flat out to 5 me is essential. The over- 
all frequency response of the system 
is primarily affected by the passband 
of the class B linear and modulated 
amplifier stages, and the video ampli- 
fier and modulator stages. Figure 3 

shows the minimum standard require- 
ments for the FCC and proposed RIM 
standards with respect to total ampli- 
tude response of a television transmit- 
ter. The r -f passband characteristic 
required for the minimum video fre- 

1Du.Mont 248, 
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With JONES 
PLUGS & SOCKETS 

P- 306 -CCT - Plug, $. 306 -A8 - Socket 
Cable Clamp in cap. with Angle Brackets. 

Series 300 Small Plugs & Sockets 
for 1001 Uses 

Mode in 2 to 33 contacts for 45 volts, 
5 amps, for cap or panel mounting. 
Higher ratings where circuits permit. All 
plugs and sockets polarized. Knife :witch 
socket contacts phosphor bronze, cadmium 
plated. Engage both sides of flat plug - 
double contact area. Bar type plug con- 
tacts hard brass cadmium plated. Body 
molded bakelite. 

Get full details in Catalog 16. Complete 
Jones line of Electrical Connecting De- 
vices, Plugs, Sockets, Terminal Strips. 
Write today. 

HOWARD B. JONES DIVISION ` Cinch Mlg. Corp. 
PC òo W. GEORGE ST. CHICAGO 18, ILL. 

quency response of the transmitter is 
shown in Figure 4. 

Transient Response 

The foregoing measurements pro- 
vide an overall performance indication 
of the television transmitter ; however, 
items such as overshoot, púlse rise 
tine, leading white distortion, trailing 
ghosts (ringing) and time delay char- 
acteristics have not been considered. 
These may be classified under the term 
transients. Standards have not yet 
been established for these factors, but 
techniques for their measurement are 
being developed. 

A transient response measurement 
useful for evaluating performance in 
the h -f range can be obtained by using, 
for a video input signal, a symmetrical 
square wave repeating at a frequency 
of about 100 kc. The square wave 
must be substantially undistorted in 
the sense that rise time be in the order 
of .03 microsecond. An ideal tele- 
vision receiver is required, having an 
r -f and i -f passband characteristic 
whose deviations from the ideal are . 

within a tolerance to be specified. In 
addition, a 'scope having a rise time 
comparable with the applied square 
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wave with Z axis or equivalent mark- 
ers is required. Degradation of the 
square wave showing effects of over- 
shoot, ringing, etc., as measured by 

means of this equipment will give an 
indication of the transient response. 
Standards for the measuring equip- 
ment and transmitter performance are 
oeing investigated with promise for 
early specification. 

Credits 
The author is grateful to Leonard 

Mautner and P. Brown for their as- 
sistance and criticisms in the prepara- 
tion of this manuscript. 

Broadcast Studios 
( ,slimed irnni paye 25) 

can consider the small broadcasting 
station shown in Figure 2. The outer 
edge of the building has two walls 
which were not at 90° with respect 
to each other. Also, every attempt 
was made to break up parallelism be- 
tween the walls of the studios except 
where existing columns (lid not per- 
mit it. Because we were unable to 
eliminate all parallel walls, we had to 
place on the flat surfaces either 
patches of absorbing material or 
bumps. These bumps or patches dif- 
fuse sound reflections and the possi- 
bility of flutter is eliminated. 

In probing the low- frequency ab- 
sorption problem Professor Paul 
Boner, of the University of Texas, 
employed structures made of parallel 
sheets of plywood. These structures 
were formed by taking two ,Ai" 

sheets and spot- glucing them at a 
number of positions. They were gen- 
erally mounted with an airspace be- 
hind them and braced so that each 
panel resonates at a different fre- 
quency. Generally, the sizes of the 
airspace behind the panels varied so 
that a wide variety of resonant pos- 
sibilities result. There is no need for 
the cylindrical shape which he de- 
scribes except to produce diffusion 
where needed. This diffusion may be 
accomplished by the use of splays 
with flat surfaces. 

An alternate arrangement might be 
to use two sheets of thin metal and 
chemically treat the surfaces in con- 
tact. so that frictional losses would 
take place. Or else to spray on one 
of them a rubber -like coating and to 
place it in contact with the second 
panel. To the best of my knowledge, 
this sort of structure has not been 
tested, and it offers itself as an in- 
teresting development problem. 

Final judgment as to what treat- 
ment is best must await psychological 
studies. Unfortunately, to date, no 
adequate psychological experiments 
are underway. 

THE problem of meet'ng new power 
and frequency requirements ii Com- 

munications systems, wit', minimum ob- 
solescence, is so,ved by the Telepak 
line of transmitting equipment, tie 
latest achievement in this field by F.acio 
Receptor. 

Telepak consists of a oasic frame supporting a series of separ- 
ately and easily removable units or cells of standard construction, 
varying in height according to power requirements. These unit 
assemblies are housed in standard cabinets, as illustrated. 

Any cell may be easily removed to permit servicing or replace- 
ment by a new unit of d'fferent function or frequency. This adapt- 
ability offe-s another aévantage as it permits the combination of 
units of all ratings in a single installation. Units are available in 
power output rating.: varying from 5)0 watts to 3 kilowatts. 

Remote control elements are a so on the unit cell basis, and are 
capable of expansion along witF cther elements in the system. 

It will Fay you to look into the many exclusive features of 
Teleoak, Radio Receptor's new transmitting system that enables 
you to keep in step with Progress. 

Write for the new Telepak Handbook containing information 
of value to every engineer. .address Department C -9. 

lq I 

Communications Division 

RADIO RECEPTOR 1OMP: %N1' INC . 

Since 1922 in, Radio and Electronic 
251 WEST 19 th STREET NEW YO K 11, N. Y. 
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News Briefs 
INDUSTRY ACTIVITIES 
The Joint Technical Advisory Committee, the 
policy advi su ry group recently established b: 
the iRE and the RMA to advise the FCC and 
other bodies on matters relating to radio allo- 
cations and standards. are now seeking data 
on various problems concerned with the 475.89( 
me band which will be the subject of a FCC 
hearing on Sept. 20. 

At the request of JTAC, members of the 
FCC stati have prepared six pertinent questions 
which would supply very helpful vh -f infor- 
mation: 

(II What is the present state of development 
of equipment in the band 470 to 890 mc, 
in regard to 
tad transmitters. tubes and components 
Ib) receivers and components 
lc) antennas, transmission litres and re- 

lated equipment for transmission and 
reception? 

( l How much experimental work has been 
undertaken in tv systems in this band, 
with respect to field operation (transmit- 
ter hours operated. number and distribu- 
tion of receivers. and propagation tests) 
and laboratory work (development of re- 
ceivers, transmitters and tubes)? 

(3) \\-hat consideration has been given to the 
costs of tek-vision systems for this band. 
particularly to the reduction of receiver 
costs, and the transfer of cost burdens to 
the transmitter? 

141 What areas of service might be expected 
ìn this band, based on the following as- 
sumptions 
(a) a particular system. using one of the 

following typical bandwidths: 6. 13 or 
20 me 
(b) radiated power. available now and 
expected to be available, say, 10 years 
in the future 

(c) receiver sensitivity 
(d) at each of the following typical fre- 

quencies: 475. 610 and 890 nie? 
(51 What co- channel and adjacent -channel 

separations would be appropriate under 
the assumptions made in item 4? 

(6) How many channels would be available 
in the 475 to 896-mc band on the assumu- 
tions of item 4. and how night they be 
allocated among the 140 metropolitan dis- 
tricts of the United States? 

Any information related to these questions 
should be communicated directly to the secre- 
tary of jTA t'. I.. G. Cumming. IRE. 1 East 
79 Street. New York 21. New York. 

The State of New Jersey has awarded Mo- 
toru!a. Inc.. :I contract to supply the Depart- 
ment of Conservation Forest Fire Service with 

state -wide 2 -way f -m communications sys- 
tem consisting of 30 barer stations and 65 mobile 
[nits. 

Equipment will operate in the 160 me band 
with automatic repeater equipment. 

A 10 -kw Westinghouse ( -nn transmitter will 
soon he placed operation by \VSIt FM. 
owned by the Atlanta _journal. 

Station \\BJI has for the past four years 
been operating a f -in transmitter on a do 
velopmrntal basis. 

The transmitter will be. installed on a new 
site. where a building and SE -brat toner are 
being erected for both f -m and tv. located on 
one of the highest hulls approximately three 
miles from the center of Atlanta. Tite coll 
struct ion of the new f m/tv center is under 
the direction of C. F. Daugherty. chief engi- 
neer of \ \'Sit. 

The cornerstone for the first of a group of 
research laboratories for Sylvania Center in 
New York City was laid recently by Walter 
E. Poor. chairman of the board of Sylvania 
Electric Products, Inc. 

During the ceremony a microfilmed record 
f all employees. stockholders. employee pub- 

lications. plaints and catalogues of present coin- 
pan)- products were deposited in the corner- 
stone. 

The initial laboratory building which. with 
equipment. will represent an investment of 
approximately a million dollars. will be dedicat- 
ed late this fall. 

Don Lee Broadcasting Corp., at Los Angeles. 
Cal.. will soon install a G.E. channel 2 tv 
transmitter at Lee Park atop Mt. Wilson. 

The station will change its call letters from 
Wti.C: \O to KTSL. 

PERSONALS 
William A. Browne has been named merchan- 
dising supervisor for the Radio Division of 
Sylvania Electric Products, Inc. He will super- 
vise the coordination of design, production and 
merchandising of test equipment for radio 
Service Men. 

Martin Kiebert, Jr., Iras joined Raymond Ros- 
en and Company and will he responsible for 
the engineering. design and sale of all tete 
mete -ring equipment. 

Charles J. Lemieux, Farnsworth Television & 
Radio Corporation senior engineer in charge 
of the Capehart laboratory, died recently. 

Fred Hannon Seaver has joined FTR as sales 
representative covering the Far \\'est terri- 
tory for the mobile radio division. 

Charles A. Hampton is now FTR .sales rep 
for the mobile radiotelephone division. cover- 
ing the state of Washington and Northern 
Idaho. 

Eugene L. Berman has been namt -d Shore 
Brothers rep in the northern California ter - 
ritury. Mr. Berman was sales manager of 
Shure Brothers from 1933 to 1939. 

E. L. Berman 

Leo L. Helterline, Jr., has been appointed 
general manager of Sorensen and Company. 
Inc.. 375 Fairfield Ave.. Stamford. Conn. He 
has been with Sorensen since early 1946. when 
he joined the company to work very closely 
with the late Mr. Sorensen as a development 
engineer. Shortly after Ni r. Sorensen's death 
he became senior engineer and later chief 
engineer. 

L. 1.. Hrlrrline. Jr. 

Glen McDaniel, vice president and general at- 
torney of R(':\ Communications. laic., has been 
elected a rice president of RCA to serve on 
the president's stati. 

David C. Adams, assistant general counsel of 
the NBC, is now vice - president and general 
attorney of R('A Communications, Inc. 

Fabian Lewis has been appointed manager of 
telephutu e and telegraph sales of Raytheon. 

Joseph P. Bannon has been appointed field 
sales manager of the RCA Victor Home In- 
strument Department_ 

J. K. Poff has been appointed manager of a 
distributor sales department of Erie Resistor 
Corporation. Erie. Pa. Newly formed depart- 
ment will handle parts jobber sales of tubular 
ceramic bypass and coupling capacitors, high 
voltage television capacitors, ceramic trimmers. 
temperature compensating ceramic capacitors. 
button silver mica capacitors. insulated and 
non -insulated carbon resistors. etc. 

Puff was formerly sales- service engineer with 
the Asiatic Corp. 
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Ralph T. Brengle, president of the National 
Association of Relay Manufacturers. has discon- 
tinued his operations as Ralph T. Brengle Sales 
Co. to devote his full time to ('otter & Brum- 
field, 549 W. Washington Blvd.. Chicago 6. Ill. 

R. T. Brengle 

Raymond Rosen & Company, 52nd and Walnut 
St.. Philadelphia 4, l'a.. has formed a new 

holly -owned subsidiary company, Raymond 
Rosen Engineering Products. Inc.. to handle 
all of the business formerly handled by the 
Engineering Products Division. 

President of the new company is Raymond 
Rosen, and vice president and general man- 
ager. Louis P. Clark. formerly the general 
manager of this phase of the business when it 
was operated as a division. The other officers 
are Thomas F. Joyce. secretary. and Joseph 
Wurzel. treasurer. 

John C. Van Grote, 1406 South Grand Avenue, 
Los Angeles 15. Calif.. has heen appointed 
Shallcross field engineer for the states of Cali- 
fornia. Nevada and Arizona. 

G. E. Gustafson, Zenith Radio Corp. vice pres- 
ident in charge of engineering. recently re- 
ceived the President's Medal of Merit for his 
contribution to victory in \\orld War I1. 

LITERATURE 

Sylvania Electric Products, Inc., Emporium, 
Pa.. have released an 8 -page power and trans 
miffing tube booklet covering such data as 
rated plate dissipations (from 21) to 175 watts) 
in the following services: a -f power amplifier 
and modulator, class B and A112: r -f power 
amplifier and oscillator. class C telegraphy; 
r -f power amplifier. class B telephony; plate 
modulated r-f power amplifier. class C tele- 
phony: grid modulated r -f power amplifie -, 
class C telephony: suppressor -modulated r -f 
power amplifier. class C telephony: and recti 
fiers. Bulletin also includes tube base dia- 
grams and tabulation of tulle types by base 
arrangement. 

Kopp Glees, Inc., Swissvale, l'a.. have released 
a 24 -page bulletin describing glass products for 
signal, technical and industrial purposes in- 
cluding color filters. industrial lenses. instru- 
ment covers and sight glasses. signal lenses. 
etc. Copies may be obtained direct from J. L. 
Newton. 

The Broadcast Equipment Section of the RCA 
Engineering Products Department have releaser 
a 24.page brochure providing information on 
5 -kw and 10 -kw a-n, broadcast transmitters. 

Contains simplified schematic diagrams of the 
transmitter circuits. specifications on the opera- 
tion of the transmitters. suggested layouts of 
the equipment in a typical broadeast station 
installation, and data on the control console and 
Alter accessories designed for use whit either 
of the transmitter units. 

Entitled AM Broadcast Transmitters. Tropes 
BAT -5 and 10F. the brochure can he obtained 
from any RCA district sales office or by writ- 
ing to Department 516. RCA Engineering Prod- 
ucts Department. Camden. N. J. 

Andrew Corp., 763 East 75th St.. Chicago 19, 
have released a 4 -page bulletin describing how 
Andrew put \VICO \V, \ladison, Wis.. on the 
;air recently. 

Cannon Electric Develeprr.ent Company, 3309 
Humboldt Street, Los Angeles 31. Calif.. have 
published a 6 -page bulletin. \V -248. offering 
dimensional data on \V connectors (Nos. 16, 22 
and 36). together with photos of underwater 
geophysical applications. If' connectors are 
said to withstand pressures up to 250 pounds 
or approximately 550'. 

Shells are brass with suckle finish. Special 
rubber packing pushing and heavy threaded 
construction keeps the connector sealed tightly. 

American Microphone Co., 370 South Fair Oaks 
Avenue. Pasadena 2. Calif., have published a 
12 -page catalog describing dynamic and crystal 
microphones. phono pickups. handsets and 
floor stands. 
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Carrier Communications 
I( nnlinued from poop =i 

repeat the ring the calling party taus: 
hang up the telephone instrument and 
remove it again. or close the hook 
switch manually and then release it. 
Since it is the closure of the ai -c cir- 
cuit through the tel transmitter 
that initiatis the application of calling 
voltage to the carrier set, automatic 
bell -calling systems require d -c tele- 
phone extensions. Because this sys- 
tem provides no means of ind'cating 
which telephone on an extension 
should be answered, it is in general 
used only on point-to-point carrier 
systems where only one extension is 

used at each end of the channel. .\ 
carrier channel linking two l'B X 
boards provides an ideal application 
for the automatic bell -calling system. 

Dial -Selective Calling 

In the Iliad- selective calling system 
the desired number is dialed in exactly 
the same way as is done on "dinars 
dial -telephone system. Each carrier 
set includes its own line- selector unit. 
which receives incoming dial pulses 
anti applies ringing voltage to the de- 
sired extension. Each of these selec- 
tor units is in itself a complete private 
automatic telephone exchange. The 
automatic simplex carrier system with 
selective calling provides nearly every 
operating feature found on modern 
dial -telephone systems, such as a busy 
signal, and a revcrtivc or ring back 
signal, local intercommunication, exec- 
utive right of way or preferential ser- 
vice, and as disconnect signal. 

As many as ten separate extensions 
at as many as ten different terminals 
can be selected by the selector unit. 
The whit provides for selection of one 
line by another at the saute station, 
independently of the carrier channel. 

Although it party attempting to orig- 
inate it call normaliv receives a busy 
.signal if the channel is in use, the dial 
selective calling unit provides for 
making any one or more extensions 
preferred for dispatchers and others 
who mast he able to interrupt routine 
conversations and take over the chan- 
nel in emergencies. 

Power Supply for Carrier 
Communication Assemblies 

It has been ;ih ,.t universal prac- 
tice in the past to e -c 1211- or 240 -volt 
a -c supply for carrier communication 
sets. At locations remote from tiran 
generating sources, it has been com- 
mon. practice to use motor generator 
sets or.converters, ;-utomatically started 
upon loss of normal a -c supply, to pro- 

F -M Signal Generator 
(Continued from page i3 ) 

pendent (d frequency. The monitoring 
voltage can, therefore, 1w read on a 

diode voltmeter as a measure of the 
attenuator input. 

Modulation System 

Some of the details of the modula- 
tion system used in this generator are 
shown in Figure 2. One -half of a 

6SI.7G'i' twits triode is used as a 

cathode- coupled amplifier to drive the 
reactance-tube grid. A full -wave rec- 
tifier of germanium crystals is used to 
measure the audio voltage, and the 
distortion introduced by the rectifier 
load is made negligible by the low 
impedance of the cathode circuit. 

The other half of the 6SL7GT is 
used as a phase -shift oscillator to gen- 
erate an internal 400 -cycle modulating 
frequency. A four- section series -re- 
sistance .shunt -capacitance phase -shift 
circuit determines the frequency. A 
thyrite varistor across the shunt capac- 
itor of the third section limits the am- 
plitude. No adjustments are neces- 
sary to maintain the frequency tvithin 
+_?<< and the overall distortion below 
It;;. 

The main problem to be surmounted 
in this section was the heavy capaci- 
tive loading in the reactance -tube grid 
circuit. :\ fairly large bypass capaci- 
tance was necessary to prevent exces- 
sive capacitive reactance in the resis- 
tive element of the phase -shifting net- 
work. -this capacitance was further 
increased by the bypass necessary to 
minimize leakage at the point where 
the nunlulation lead entered the oscil- 
lator-reactance-tulle casting. . \Itlu ugh 
only It few volts are necessary to ob- 
tain a deviation of 21111 kc. clipping of 
the output of the cathode -follower 
stage occurred at the higher audio 
frequencies. until the impedance level 
was raised by interposing a choke be- 
tween the two bypass capacitors to 
form a constant-A- low -pass filter hav- 
ing a l5 -kc cut -off. 

Power Supply 

An unconventional circuit suggested 
originally by Gilbert Smiley and de- 
'eloped by Dr. AV. Norris Tuttle is 

used in the potter supply. This circuit 
uses It thyratron both as the rectifier 
and as It series tube in a voltage - 
regulator circuit. 

With the usual electronic voltage- 
regulator circuit the power input from 
the line varies linearly with the line 
voltage over the working range, and 
the increase in potter, as the line volt- 
age increases, is dissipated in a series 
tube. At normal line voltage there is 

therefore sonie power loss in the series 
tube, even in tike ideal case. In a 
practical circuit there is often sub- 
stantial loss because of the heater 
potter for the large series tube. 

If it thyratron rectifier is used, how- 
ever, the potter input can Ile made con- 
stant over It range ut line voltages. 
since the tiring angle crut be adjusted 
to pass only enough current to main- 
tain the load power constant. This 
can In accomplished automatically by 
using a shunt tube to coutrnl the grid 
voltage in the sanie arty as in the cint- 
temtiunal circuit, the putter loss of the 
series tube then being completely elim- 
inated. 

To control the thyratron tiring- 
angle, a component of line voltage is 
shifted 90° in phase and applied in 
series with the variable d -c bias. 
When the phase is properly chosen the 
grid voltage rises to its most positive 
'aloe ait the time tchen the plate vint- 
age is passing through zero from posi- 
tive tu negative. For high negative 
d -c biases the thyratron does not tir 
at all. As the d -c bias is progressively 
decreased, however, the thyratron first 
starts to tire at the end of the positive 
half -cycle of plate voltage, and then 
fires earlier and earlier until ultimately 
it tires at the beginning of the posi- 
tive half- cycle. .k smooth comh'ul of 
firing angle is thereby achieved with 
the variable d -c voltage obtained front 
the shunt tube, and the performance is 
comparable to that of a conyeitiumal 
regulator. 

Credits 

Ilcury C. Littlejohn moats responsible 
for tue mechanical design of this in- 
strument and Albert M. Eames stade 
the instrument work. 

vide power for the carrier set during 
emergencies. This practice is still fol- 
lowed oil long -haul channels using 
relatively high -powered connnunica- 
lion sets. but the development of car- 
rier communication assemblies capable 
of operating directly from 125 -volt or 

250 -volt station batteries has shade it 
possible in manu cases to provide un- 
interrupted carrier communication 
much more economically and without 
the maintenance problem's asáaciated 
with rotating equipment and accom- 
nanying control devices. 
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STANDARDIZED READY- 
TO-USE 

METAL EQUIPMENT 
ADAPTABLE FOR EVERY REQUIREMENT 
Par -Metal Equipment offers many features, including func- 
tional strecmlined design, rugged construction, beautiful 
finish . , plus ADAPTABILITY. Eliminate need for special 
made -to -order units on many labs. _ -- 

r 

Engineers and manufacturers will 
effect economies with Par -Metal 
Products, which ore available for 
every type of job from a small 
receiver to o deluxe broadcast 
transmitter. 

Professional techniques and years 
of specialization are reflected in 
the high quality cf Par -Metal. . 

CABINETS CHASSIS 

PANELS RACKS 

?ate& 0, eataea9. 

32R6 CT,f `pRp q AN 
:9/h STREET arr. F.rpoer 

ri Srree! er Yor4 . 
no, `o 

r6 

The units illustrated represent a complete 
redesign of our older precision attenuators for 

laboratory standards. Flat for all frequencies in the audio 
range. Reasonably flat to 200 k.c. up to 70 db. 

Bulletin sent on request. e 

1NC.e `Ay06ATOtit 
Manufacturers of Precision Electrical Resistance Instruments 

337 CENTRAL AVE. JERSEY CITY 7, N.J. 
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Dynamotors 
(Continued from page 16) 

.0007" as measured on a vibrometer. 
The vibrometer is an instrument that 
multiplies small vibrations by means 
of a mirror and light beam, so that 
when the period of vibration is fast 
enough, the amount of movement 
shows up as a solid band of light on a 
calibrated glass scale. 

Dynamotors often must operate at 
high altitude. The altitude problem 
in a dynamotor consist of brush and 
commutator wear, which also causes 
ripple and a large amount of hash or 
background noise. Dynamotors will 
normally operate up to about 20,000 
feet before the effect of the lower 
density air is felt. At higher altitudes, 
the brush life becomes much shorter. 
An attempt, has been made to over- 
come this fault by using altitude 
treated brushes. These brushes will 
do the job in some instances, but the 
brush life is still very much less than 
that at sea level. The only sure way 
to test altitude requirements is to flight 
test the equipment. The results ob- 
tained in altitude chambers still do not 
completely duplicate the results ob- 
tained by actual flight tests. 

Multiple Input /Output Designs 

All of the preceding discussion has 
been concerned with single input, 
single output units. Dynamotors have 
been built with as many as five indi- 
vidual windings. These windings have 
been divided into units with single in- 
put and four outputs or with double 
inputs and triple outputs. Any varia- 
tion is possible, because any winding 
may be used either as an input or out- 
put by using the proper turns and wire 
size and making the correct connec- 
tions. 

A very desirable quality in a dyna- 
motor would be to have a constant 
output voltage regardless of changing 
input voltage or load. A satisfactory 
way of doing this without the use of 
external regulators has not been de- 
vised, but engineers are working on 
this problem, and some preliminary 
patents have been filed. Units are 
being built, that have regulated out- 
puts, by using a carbon pile regulator 
and they have proven very satisfac- 
tory. 

A great deal of engineering effort 
is being applied toward the goal of 
smaller units and higher outputs along 
with the research toward regulating 
inherently. It should not be too far 
in the future before major develop- 
ments are available to dynamotor users. 
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ilscAN 
TEN,f,NuAe-4a 

Designed especially for your sta- 

tion, incorporating the recom- 

mendations of your consulting 

engineers, JOHNSON phasing 

equipment offers: 

1. Optimum circuit design. 

2. Heavier components, wider 

range of tuning adjustments. 

3. Individually designed and built 
by E. F. JOHNSON for YOUR 
existing installation. 

4. Automatic switching from di- 
rectional to non -directional 
operation. 

E. F. JOHNSON CO. 
WASECA, MINNESOTA 

OVER 10,000 
Broadcast 

Communications 
Radio -Television 

Engineers & Executives 
Subscribe to 

COMMUNICATIONS 

Advertising pays dividends! 
ABC net paid. 

Screen -Supply Impedance 

(Continued from pain 11) 

r,nly one stable value of plate current: 
Figure 9. At rest, the control grid 
will have a slight positive bias, be- 
cause R is returned to 8+. Charac- 
teristics of the circuit are such that 
the plate current will be zero when the 
control grid is about 3/2-volt positive 
with respect to the cathode, and will 
also be zero when the grid is 8 -volts 
negative with respect to the cathode. 
Between these two values of control 
grid voltage plate current will flow. 
This can be predicted from Figure 4 
which, however, is not drawn for the 
same operating conditions. 

Positive Pulse Application 

If a positive pulse is applied to the 
suppressor grid, the plate current will 
increase, and the control grid will be 
driven negative by the coupling 
through capacitor, C. The grid volt- 
age will continue to increase negatively 
until it is 8 volts below the cathode at 
which plate current is very nearly cut 
off. During this period the screen grid 
current has rapidly decreased and the 
screen grid voltage increased. These 
effects are indicated at A on the wave- 
forms in Figure 9, and can also be seen 
on the oscillograms, Figure 11.4. Ca- 
pacitor C wil: now start to discharge. 
increasing the control -grid voltage and 
the plate current. This will continue 
over region B of Figure 9 until the 
control grid voltage has reached -4. 
At this point the plate current passes 
through its maximum value. As the 
control grid becomes still less negative 
the plate current starts to decrease 
driving the control grid rapidly posi- 
tive, the circuit returning to its initial 
condition. The recovery time is a 

function of the product RC and is di- 
rectly proportional to C. but is not 
directly proportional to R. 

Trigger Circuit Uses 

This circuit has the usual trigger 
circuit applications. For instance, por- 
tion B of the plate voltage may be 
used for the horizontal deflection in a 
driven sweep oscilloscope, while por- 
tion B of the screen grid voltage may 
he applied to the control grid of the 
cathode -ray tube to increase the in- 
tensity dring the sweep. 

Relaxation Oscillator 

If resistor R of Figure 9 is returned 
to the cathode instead of B+ there are 

(Continued on page 38) 

MAXIMUM 
PERFORMANCE 

These outsta,ding 
Loud Speakers are the 

result of more than a 

quar'er century of 

development in t h e 

Sound -eproduction 
field. They are de- 

signed to provide 
maximum dynamic 
range and frequency 
response. 

Compare 

JIM LANSING 

SIGNATURE SPEAKERS 

BEFORE YOU BUY! 

MODEL D 1002 

Two Way System 

MODEL 
D -130 

The world's finest, 

mosern styled two-way 

console Loud Speaker 

designed especially for 

F.M. monitoring and 

high quality home 

sound reproduction. 

Write for descriptive 
catalog containing 
tom plete specifica- 
tions. 

AVAILABLE 
THROUGH 

YOUR JOBBER 

JAMES B. LANSING 
SOUND INC. 

4221 SOUTH LINCOLN BLVD 
VENICE, CALIFORNIA 
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COSMALITE * 

COIL FORMS 
FOR RADIO AND TELEVISION RECEIVERS 
Punched. threaded. notched and grooved to meet individual 
specifications. Exceptional performance at lower material costs. 
Ask about other COSMALITE types for coil forms and de- 
flection yoke shells, cores and rings. 

. Trade Mark' Rru stored 

ih CLEVELAND CONTAINER a. 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 

a 
ryinuum hods uls.atPlumtv.Niss., Odeubort.N.1., Cuup.ul.. C trail IdRN. l,aesSugNJ. 

PLASTICS Da1SION at nawtl, Nlse. AORASIVE DIVISION it Cleveland, Olio 
SALES CHIDES: MIN SOD, Coal Catro1 ara.11q., New Tart II. N.T..uIS,NI Milo SI.,N,rNd, Cu.. 

CANADIAN PLANT: Ile Clullald Camiau Caaada, Ltd.. heualt, Qatari. 

AMPERITE 
Studio Microphones 

at P.A. Prices 

Ideal fcr BROADCASTING 
RECORDING 
PUBLIC ADDRESS 

"The ultimate in microphone quality," says Evan 
Rushing, sound engineer of the Hotel New Yorker. 

Shout right into the new Amperite 
Microphc ne-or stand 2 feel away- 
reproduction is always perfect. 
The only type microphone that is not 
affected by any climatic corditions. 

Guaranteed to withstand mcre "knock- 
ing arourd" that any other type mike. 

Special W -'te for Spec -a1 lntrodoctory Offer, 
Offer: 'and 4-page illustrated Folder. 

Models 
R&LG -200 olns 
R&HG -Hi -imp. 

List $42.00 

u ng.,..i'y;.PxK. h;an' ¢:f`i }:`;. :.,. 
_ . _'i _ .. .. - .. __ . ' 

AMPERITE Cmpany 11 

561 BROA:WAY NEW YOFK 12, N. Y. 

In Canada: Atlas Rad o Corp., Ltd., 560 King St. W., 

"Kontak" Mikes 
Model SKH, list $12.00 
Model <KH, list $18.CO 

Toronto 
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Figure 12 

Two -terminal negative- resistance oscillator. 

no stable equilibrium conditions, and 
the circuit functions as a relaxation 
oscillator. Its characteristics may be 
studied with the aid of Figure 10. 
During time, Tt, the plate current is 
cut off. because the control grid is 
positive with respect to the cathode; 
see Figure 4. In this interval capaci- 
tor C charges through the control grid 
to cathode resistance of the tube and 
the plate load resistance. As the plate 
voltage approaches 8+ the charging 
current decreases and the control grid 
becomes less positive with respect to 
the cathode. At this instant the plate 
current is once more cut off, or very 
nearly so; there is only a slight de- 
crease in plate voltage during this 
process. Capacitor C then starts to 
discharge: the control grid becomes 
less negative with respect to the ca- 
thode and the plate current increases. 
This takes place as C discharges, and 
the plate voltage decreases, all of which 
occurs during T,. Eventually, as the 
control grid voltage approaches the 
cathode potential the plate current 
starts to decrease; see Figure 4. Be- 
cause of the coupling through capaci- 
tor C the control grid voltage rapidly 
increases to a positive value and the 

Figure 13 

Threeterminal negative resistance oscillator. 
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PRE t 
Lo -Hi Television Antenna 

COVERS ALL CHANNELS 
SIMPLER 
EASIER TO ERECT 

LOWER COST 

A radically new Television Antenna provid- 
ing two separate arrays, each consisting of 
dipole and reflector, to insure maximum pick- 
up for all 13 channels. Both arrays are fully 
adjustable in both horizontal and vertical 
planes. Simple design, quickly and easily 
assembled. A low -cost, satisfactory Antenne 
that gets results. 

Get complete details from your 
radio jobber or write direct. 

PREMAX PRODUCTS 
DIVISION CHISHOLM -RIMER CO., INC. 

4809 Highland Ave., Niagara Falls, N. Y. 

plate current is cut out. The oscillo- 
grams, Figure 11/3, show that the 
plate Voltage is of good saw -tooth 
form, making the circuit suitable for 
use as a sweep oscillator. The screen 
grid voltage of the oscillator may he 
applied to the control grid of the cath- 
ode -raw tube as a return trace elinl- 
i tator. The vertical discontinuities in 
he plate voltage have been exagger- 

ated in Figure 10; they are very sig- 

nificant as tar as the method of opera- 
tion is concerned. but are almost in 

visible on an oscillograuu. The cii 
suit will produce a good saw-tooth on 

frequencies as high as 50 kc. Sy.l 
chrouizing v,,Itage may be applied to 
the suppress.. ti grid. 

Negative Resistance Oscillators 

I i re-i >t: :ncc K of Figure t) is re 
placed tvitll :L tuned circuit a negative 
resi-tancc ',dilator, Figure 12. will he 
obtained. The value of negative re- 
sistance appearing between control 
grid and cathode can be predicted from 
the negatixr slopes of Figures 3 or -t. 

assuming, that all of the a -c plate volt- 
age is applied to the control grid. 
which will be the case if the reactance 
of C is very low at the operating fre- 
quency. Negathe resistances as !ow 
as 200 ohms have been measured. If 
the O of the tuned circuit LC is suf- 
ficiently high, the operating frequency 
will be determined by these constants. 
Oscillation will also 'occur if the tuned 
circuit is inserted :n the plate circuit. 
or in the screen -grid circuit. Osedla- 
tions have been obtained on frequen- 
cies as high as 2.5 mc; the shunt 
capacitances in the untuned portions 
of the circuit are the limiting factor in 
this case. 

The frecuenev of oscillation may be 
increased by connecting the tuned cir- 
cuit as shown in Fig. 13. which gives a 

three -terminal oscillator. All circuit 
reactances which tend to limit the 
maxinnwn frequency of oscillation are 
then tuned out, and the circuit will 
function a; frequencies up to 50 me or 
higher. 

'Terman, Ifewlett, Palmer and l'an, Calcula - 

tion and L'esi'on of Resistance Coupled Amp /i. 
fiers l'simt Pentode Tubes, Transactions of 
M EE, Volume S. p. 89; 1940. 

Itrainerd. Koehler, Reich and Woodruff, Ultra 
High Freq ueoey Techniques, p. 169, Var Nos. 
trandi 1947. 

Figure II 
lscillograms illustrating characteristics of trigger and relaxation oscillator circuits. In R it s. ill he 

noted that the plate voltage has a satisfactory saw -tooth form necessary for sweep oscillator systems. 
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NEW AND 

IMPROVED 

TYPE ttP" PLUG 

On December 1st, 1947, Cannon Elec- 
tric announced the completion of a 
new Type "P" to replace the P -CG -11 
and P -CG -12 straight cord plugs. At 
the same time, list prices on all "P" 
fittings were revised, mostly up, a 
few down. 

taw 
CINE i 

CABLE 

-. NEW 
STEEL 

BARREL 

e`,. 

PARTIAL 

EXPLODED VIEW 

NEW TYPE 
RUBBER BUSHING -r 

NEW SPRING 
ON LATCH LOCK- 

INSERT 
AND L 

The new -11S and -12S plugs replace 
both the old -11, -12 and former -11S, 
and -12S. Features of the new fittings 
are shown by arrows on the view 
above. The shell is lightweight steel 
with an integral clamp of zinc. The 
zinc clamp is superior to the remov- 
able clamp and prevents twisting of 
leads. The rubber bushing adds in- 
sulating factors within the solderpot 
cavity and acts as a cable relief ore 
the P2, and P3. The latch is stronger 
and better than on the old design. 

For complete information. 
write for Special Bulletin No. 
PCG -1. and any other catalog 
material which you may re- 
quire. Please use your com- 
pany stationery when writing. I 
Address Dept. H -I21. 

Qaaaoai 
// /7V0 

, Uc r e(, o I i r` .Y 0er 

SINCE 1915 

3409 HUMBOLDT ST., LOS ANGELES 31, CALIF. 
IN CANADA a BRITISH EMPIRE: 

CANNON ELECTRIC CO., LTD., TORONTO 13, ONT. 
WORLD EXPORT (Excepting British Empire': 

FRAZAR ó HANSEN, 301 CLAY ST., SAN FRANCISCO 
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WTAD -FM did. That's why they selected Andrew 61 /B" 

coaxial transmission line. In spite of the 800 ft. long 
run, including a 750 ft. run up the tower, the overall 
efficiency is 90 %! 

Not only is this 61/4" line the most efficient standard 
RMA line used in broadcasting, but it offers the addi- 
tional advantage of very high power handling capac- 
ity. It will handle up to 166,000 watts at 100 MC with 
unity standing wave ratio, allowing a wide margin for 
future power expansion. 

Fabricated by Andrew in twenty foot lengths with 
connector flanges brazed to the ends, sections can be 
easily bolted together with only a couple of small 
wrenches. Flanges are fitted with gaskets so that a 
completely solderless, gas -tight installation results. 

Still another advantage to buying Andrew equip- 
ment is that Andrew engineers are available to prop- 
erly install it. NO OTHER TRANSMISSION LINE 
MANUFACTURER OFFERS YOU THIS COM- 
PLETE INSTALLATION SERVICE! 

Here's what Mr. Leo W. Born, Technical Director 
of WTAD -FM, writes about Andrew installation 
service:- 

"You will be interested to know that the installa- 
tion of the Andrew coaxial line made by your 
organization has been giving us trouble -free per- 
formance of high efficiency in the daily operation 
of WTAD -FM. 

Knowing the great difficulties involved in the 
installation of such a large line on a 750 foot 
tower over a period of such inclement weather 
conditions, I feel that the excellent operation of 
the line is indeed a tribute to the men of your 
company who were on the job. Such performance 
is not accidental and we congratulate you on a 
tough job well done." 
This again emphasizes Andrew's unique qualifica- 
tions:- Unsurpassed equipment and complete en- 
gineering service. 

WANT THE MOST EFFICIENT ANTENNA EQUIPMENT FOR 

YOUR STATION? WANT EXPERIENCED ENGINEERS TO 

INSTALL IT? WRITE ANDREW TODAY! 

The 750 ft. high tower of 
WTADFM, Quincy, Illinois - one of America's finest 
FM Stations -showing 6'/g" 
copper coaxial transmission 
line manufactured and 
installed by Andrew. 

363 EAST 

C O R P O R A T I O N 

TRANSMISSION LINES 
A N T E N N A E Q U I P M E N T 

75TH STREET, CHICAGO 19 EASTERN OFFICE: 421 SEVENTH AVENUE, NEW YORK CITY 
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for A -M BROADCAST MEASUREMENTS 

TYPE 

1931 -A 

MODULATION 

MONITOR 

TYPE 

1932 -A 

DISTORTION & 

NOISE METER 

General Radio Company has supplied pre- 

cise measuring equipment for broadcast 
stations for over twenty years. G -R instru- 
ments are designed for accuracy, ease of 
operation and long, trouble -free life. G -R 

broadcast instruments are quality instru- 
ments designed specifically for broadcast 
station use. 

These two meters are standard equip- 
ment in most a -m broadcast stations; they 
are essential ''musts" where transmitters 
and associated station equipments are to be 

operated continuously at peak eficiency. 
The Modulation Monitor ,ndicaces con- 

tinuously the percentage amplitude modu- 
lation of broadcast and other radiotele- 
phone transmitters. The Distortion & 

Noise Meter measures the a -f distortion in 
transmitters or audio equipment such as 
line and speech amplifiers. It finds many 
uses in communications laboratories and in 
production testing of radio receivers. 

GR 

FEATURES 

The TYPE 1931 -A Modulation Monitor 
allows the fol :owing measurements to be 

made continuously: Percentage Modula- 
tion on either positive or negative peaks; 
Program -level monitoring; Measurement 
of shift of carrier when modulation is 

applied; Transmitter audio -frequency 
response. 

Requires r -f input of only 0.5 watt; car- 
rier frequency range 0.5 to 60 Mc; terminals 
for remote indicator; distortion less than 
0.1 %; 600 -ohm audio output circuit for 
audible monitoring, modulation percentage 
range 0 to 110 %; flashing over -modulation 
lamp operates over 0 to 100% on negative 
peaks; overall accuracy at 400 cycles is 2% 
of full scale at 0% and 100% and 4% at any 
other modulation percentage; a -f frequency 
response of meter indication is constant 
within 1.0 db between 30 and 15,000cycles 
when used with :he True 1932 -A Distortion 
& Noise Meter. 

Type 1931 -A Modularían Monitor $395.00 

FEATURES 

The TYPE 1932-A Distortion & Noise 
Meter is continuously adjustable over the 
audio -frequency range and can be ;et to any 
frequency quickly, since it has only one 
main tuning control plus a small trimmer. 
With it measurements can be made on a -f 

distortion in radio transmitters, line ampli- 
fiers, speech amplifiers, speech input equip- 
ment to lines; noise and hum levels of a -f 
amplifiers., wire lines to the transmitter, 
remote pick -up lines and other station 
equipment are made with ease. 

Full -scale deflections on the large meter 
read distortions of 0.3 %, 1 %, 3%, 10% or 
30%; range for carrier noise measurements 
extends to 80 db below 100% modulation, 
or 80 db be!ow an a -f signal of zero dbm 
level. The a -f range is 50 to 15,000 cycles, 
fundamentals, for distortion measurements 
and 30 to 45,000 cycles for noise and hum. 
Type 1932 -A Distortion 8 Noise Meter .. 

$575.00 

GENERAL RADIO COMPANY 
90 West St, Neer York 6 

Cambridge 39, 
Massachusetts 

920 S. Michigan Ave., Chicago 5 950 N. Highland Ave., Los Angeles 38 
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.? 

20 m 000 
FREautNCY IN CYCLES PE, SECOND 

iREORENCY RESRONSE OF A TYPICAL ON-2A REMOTE AMPLIFIER 

2a 

a000 20000 

-30 to 15,000 cps 
HERE IS ONE of the finest high - quality 

amplifiers yet designed for remote 
services. Distortion is less than 1 per cent 
over the complete frequency range of the 
instrument. High -level mixing reduces gen- 
eral noise level by at least 15 to 20 db. 
Stabilized feedback holds program quality 
steady over a wide range of operating con- 

ditions. Each of the three amplifier channels provides an 
over -all gain of 92.5 db- enough to help high -quality 
microphones through nearly any situation. 

The BN2A is plenty flexible, too. You can feed the pro- 
gram to the output channel and the public address system 
simultaneously. You can isolate the remote amplifier and 
feed the cue circuit into the PA direct. You can monitor 
both circuits. You can switch in as many as four micro- 
phones- through the four microphone inputs provided 

(inputs 3 and 4 are switchable to mixer 3). And you can 
run the BN2A from a battery simply by removing the 
power line connector -and plugging in the battery cord. 

Weighing only 29 pounds, and completely self- contained 
for a -c operation, this sturdy remote amplifier carries as lightly 
as a brief case. More about the BN2A from your RCA Broad- 
cast Sales Engineer. Or drop us a card. Dept. 23 H. 

SPECIFICATIONS 
Mixing Channels Three ewer Source 

103 -125 v. a. c. (or battery) Microphone Input 
Combinations Four 

Freq. R 

(±1.0 db) 30.15000 cycles 

Noise Level...70 db below +18 dbm 

Distortion Less then 1% rms 

Rated Output Level +18 dbm 

Size I119"l., 91/2"D., 10"N. 

Weight.... 29 lbs. (complete with a -c 
cable and spare tubes 

Cabinet .Deep umber -gray metaluslre 
wrinkle. Removable als.mi- 
num front cover. 

The One Source for Everything in Broadcasting-¡s 
RCA 

BROADCAST EQUIPMENT 
f RADIO CORPORATION of AMERICA 

Valk ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, N.J. 

In Canada: R C A VICTOR Company Limited, Montreal 
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