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eTHE RAPID GROWTH of communi a

tions in the frequency range above the 

tandard broad ca t band has created a 

demand for monitoring equipm nt that i 

omewhat different from the types u ·ed in 

mo t tandard broadca t ransmitter work. 

In order to produce a atisfactory monitor 

for his service there are many factors to be 
considered in addition to the strictly 

technical ones of circuit design and phy ical layout. 

Monitors for hese frequencie will be u ed by a variety of radio 
ervices such a public service companies, municipal d partments, 

railroad , airlines, highway tran portation companies, high-frequency 

Figure 1. View of the TYPE 1175-A Frequency Monitor with TYPE 1176-A Frequency Meter. 
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GENERAL RADIO EXPERIMEN TE R 

broad a ing, tel vi i n, and point-to

point commumca 10n. The ulti a 
th refor , will have varying 

egr of t chnical kill, rangino- fr m 
th very minimum o hat of the pro
f ional radio engin r. on quently , 

h monitor mu t imple t op rat 
and comparati ly imple to in tall. 

u h factor a mul i-ch nnel p ra

tion, remot moni oring, and mobil 
ervice will al o influence h de ign ; and 

further limitation ar impo d by the 

wide frequen y rang to be covered and 
he diff rent ype of modulation n
oun t red in th ransmi tter . 

The o er-all requir ments for the 
monitor from th op rating standpoint 
may be li ted a 

1. STABILITY 

2. 8IMPLI TTY OF 0PJi}R Tl N 

3. MINIM M M 1 TE E 

R.JiJQ lREME1 T;-; 

4. ADEQ T • E , ITT ITY 

5. EA E OF IN. TALL TI 

6. -i LEXIBJLJT 

To me t thC':'<' r quirem nt , a w 11 a 

th m r technical on of high
frequen y m ni oring th TYPE 1175-A 
Frequency M ni or ha b n de elop d. 
Wh n u  d in conj un ti on wi h th YPE 
1176- Frequency M er1, hi moni or 

provide. a dir c indi ation of frequen y 
de iation for all yp . of amplitud -
modula d tran mi t r. op rating at 
frequ n ie b twC'cn 1. 6 an 150 m ga-

y cl . 
The ompl te monitoring a .. mbly i. 

in two art , a ho n in 'igur 1. Th 

T P • 1175-A Fr uen y Monitor con
tain a ry tal o illator, a buffer mpli
:fier, a mixer , an r-f amplifi ,r and an 
output amplifi r. h tran 1nit er arrier 

2 

fr qu n y is h rodyn d wi h th 
ry tal o cillator to produc a b a -

frequ n y ignal corr ponding o he 
deviation from th a igned ar ri r fr -
quency f th . tation. The T P' 1176-
F r qu n y M t r i u. d to indi at the 

xact fr quen y of th h rodyn 
ignal, or the devia ion fr qu n y in 
ycl per econd. Thi in rum n has 
ix cale ranging from 200 to 60,000 

cy le , full. cale, in multipl of 2 and 6. 

GENERAL FEATURES 

Stability 

1n e the func ion of a monitor i to 
gi e a continuou h ck on th tation 
frequ n y, tability of the ins rum n i 
of paramount importanc .Low-t mp ra
tur -coefficient cry . al are u d in a 
th rmo tatically controll d o en. Tub 
voltage are r gulat d to minimize th 

ff t of varying lin vol tag - . The ry tal 

o cillator cir uit2 i on d elop d 
spe ially for frequ ncy moni oring u e 

and ha ex 11 nt 1 ng-period tability . 

Multi-Channel Monitoring 

many a four chann 1 an be 
monitor d i h a ingle in rum nt, 

ince fa ili i for four ry ·tal are pro
id d m th t mperatur - ontrolled 

chamb r. or appli ation involving 
monitoring mor han four channel a 

ri f h e monitor can be moun ed 
in a r lay ra k, and a ingl fr qu n y 
me r arranged t b witch d b  w n 
monitor . Wbil i i ome i1n po ibl
to ub titute cry tal in on monitor 
a1one, thi pra ti e i o r omm nd d 
owing o he inaccuraci in 1 d in 
r -tuning th cry tal o cillator ircuit 

ach tim that n w ·y al i ub-
ituted. 

1 General Radio Experimenter, Vol. X ',No. 9, February, 2 U . .  Patent o_ 2,012,497. 
1946. 
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Mobile Transmitters 
'I 

o r the wid fr qu n y r·nge 
(1.6 o 150 Mc) with mul i-channel 
operation, aperiodic amplifi r ar u d 

for both ry al and input buff r ag 

The hav ufficient nsitivity for all 
local monitoring appli ations. For mo-

ile- ran mitter monitoring, how v r, 
ufficient sen itivity mu t be provided 

to permi r mote checking. In police 
work, f r xam le, it i mo convenient 
to be abl to check, directly from the 
main on rol r om, he transmitter fr -
qi n y of an automobile loca ed in th 
adjac nt repair hop or cruising along a 
nearby stre t. To do this r quires nsi
ti vi ty approaching that of a radio re

ceiver. For the low r frequencie , the 
internal wide-band amplifier produc 
the d ired en i ivity, and it i only 
neces ary to connect any onv nient 
form of an enna directly to the ·nput 
t rminal of he monitor. Unl th r 
i a dang r of adjac nt chann l int r
fcrence, h antenna y tern need no be 

un d. If there are eral ransmit r 
locat d in the vicinity which are within 
approxima ly 100 k of h tation fr -
que y, a impl form of antenna tuning 
will eliminat any int rferenc . 

n the high-fr quency hann 1 , r -
mo ·e mo · oring an b a ompli hed by 

he a dition of a radio r c iv r to h 
moni 011.ng y t m. In thi a the 
monitoring o illator fr qu n y i  h ro

dyned with the receiv d carri r by in
jecting th two ignal "nto th receiver 
antenna t rminal . The re ulting low 
beat-frequ ncy ignal deriv d from ·h 
recei er is th n measured direc ly on the 
frequ ncy met r in he monitoring 
a embly. The one limitation o thi 

y tern is the fact that th maximum 
deviation frequency that can b moni
tored will b determined by the band
wid h of the radio r iver's output 

FEBRUARY, 1947 

Y' ein. 1ncc h fr qu ncy m t r re
quir only ab u 0.25 ol or m r 
input ignal, and ha. a 0.5-m gohm 
imp dan e, it is po ibl t avoid thi 
limitation by onn tin · dir ctly to the 

ond d t tor in th radio r c 1v r. 

Effect of Modulation 

ne of h mo t important f e ur 
of the monitor i th fact that it will 
op rate dir ctly from an amplitud -
modula ed wave. Thi permit x r m 

fl xibility in appli a ion, pr viou 1 
not d. Th ir uit mpl y d o produc 
thi haract ri ti ar not unlik h 
u d in f-m recei 'ng sy t m o di -
cnnnna again t amplitu modula ion, 
but with one important exception: th 
limi ing cfrcui , in tead of being plac d 
in th radio frequ n y or · -f ircui , ar 

in the low frequency circuit of the 
fr quen y-meter ection. Thi arrange
m n i ma n ary for ral 

rea on . F"r t of all, limit r ircuit 
rela i ly larg ignal a1np1i-

t ork effecti ly, and th 
canno d ri d wi h u tun d lr-
cui t or oth r c mplications at radio 
fr quencic , but are quite imp]e o 

btain at lo' fr qu n i , . ndly, 

placing limi er- in the fr qu ncy-m t r 
ec i n p rmi t op ra ion \.\ 

ran e f ignal amplitud- , ln th 

Figure 2. lnput sensitivity of the TYPE 1175-A Frequency 
Monitor over the normal operating, range. The shaded 
area indicates the normal variation to be expected. 
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frequency meter is not ensitive to 
input- ignal amplitude changes over a 
ratio of 600:1 (0.25 - 150 volts). 

While not specifically designed for 
televi ion, thi monitor has been suc
ces fully u ed to moni or televi ion 
video-transmitters in he first six chan
nels, i.e., 44 - 88 Mc. 

The pulse type of ampli ude modula
tion employed doe not impair the 
operating characteristics of the monitor 
in any way. 

Deviation Direction Test 
Since the cry tals are operated on 

exact carrier frequency harmonics and 
are not offset, an indicator to show th 
sign of the transmitter deviation-fre
quency is provided. A push-button 
switch is provided on the front panel. 
Depressing this switch lowers the crys
tal-oscillator frequ ncy by a discre e 
amount. The direction of the change in 
deviation frequ ncy, as noted on the 
frequency meter, determines the ign of 
the deviation. If, for example, the in
dicated frequency incr a when the 
button is pres d, th devia ion of the 

ransmitter is on he high ide of the 
assigned carrier fr quency. The wide 
range of carrier frequencie and re ul -
ant wide range of deviation frequenci 
make a multi-step indicator neces ary. 
This is achieved through he u e of a 
three- t.ep device on th push-bu on. 
Each t p hifts the monitor cry al fre
qu ncy a litt e more than the preceding 
one, and the final tep is adjustable. This 
feature is nece ary to cover the wide 
variety of monitoring condition en
countered. For example, one channel 
may operate at 2 Mc wi h the frequency 
meter et on the 200-cycle range; the 
next at 100 Mc, 6000-cycle range; one at 
150 Mc, 60,000-cycle range; and per
haps a fourth high-frequency channel at 

4 

110 Mc, who e deviation frequency hap
pens to be rather small and hence the 
frequ ncy me er ha be n set to, say, the 
600-cycle rang . In th la t case, only a 
very small shift in the monitor crys al 
frequency will b required to give an 
observable shift in the meter indication, 
and the push-button should be depre ed 
only to the fir t notch. Further depre -

ion of he push-button will cau e the 
beat-frequency produced betw n the 
station carrier and monitoring crystal 
harmonic to go through "zero bea " and 
will thus re ult in a f al e movement of 
the indicating meter. This condition can 
be avoided by depre ing the pu h
button only one tep at a time until an 
observable shift in the meter takes place. 
It is al o po ible to det rmin the sign 
of the tran mitter deviation by making a 
very slight hift in carrier frequency and 
noting the result on the frequ ncy 
monitor. 

Other Indicators 
As a guide to normal operations of the 

monitor, an el ctron-ray tube indicate 
the approximate ampli ude of e bea 
frequency produ ed between h moni
tor crystal harmonic and the tran mitt r 
carrier frequency. I can al o be witched 
into the crystal circuit to c eek the 
oscillation condition. Telephone jacks 
permit aural monitoring of the deviation 
frequency or vi ual checking u ing an 
external cathode-ray o cillo cope. 

Panel 
In the interests of operating ea e, the 

panel controls are iden i:fied by suitable 
engraved marking , thu making h ir 
function ea ily apparent. uch hing 
as instruqtion books are often misplaced, 
and under these conditions the operator 
must rely upon memory; panel controls 
are th refore kept to a minimum. 
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CRYST)fL 
TUNfNG 

CRYSTAL BEAT 

FEBRUARY, 1947 

+ 

Elementary schematic diagram of the TYPE 1175-A Frequency Monitor. 

CIRCUIT DESIGN 

Input Circuit 

Figure 3 is a functional schematic of 

the monitor. The r-f amplifier is u ed 

to obtain maximum sen itivity for the 

lower range of fr . Above it 

cut-off frequency he input i coupled 

directly to one of he mixer-tube grids. 
A capacitor-type input a tenua or i pro

vided o adjust he r-f input level. Four 

input ircuits are provided, and one i 

automatically selected, together with 

the associated cry tal, by means of the 

panel selector switch. For simplicity, 

only a single one is shown here. t the 
highe t carrier frequencies, the mixer 

tube will not operate e:fficien ly, and 
hence another system is employed. A 
single u-h-f coaxial input is used for this 

range. It i not neces ary to provide 

more han one common input circuit, 

ince the possibility of interference is 

greatly lessened at the e frequencies. 

Coupling is achieved electromagneti

cally dir ctly to the tube envelope of the 

crystal amplifier tube, and the tube 

formerly used as a mixer now functions 

as an additional output amplifier. 

Crystal Oscillator 

The temperature-controlled crystal 

oven contain mounting sockets for a 

total of four crystals. These are rela

tively low frequency crystals (1.6-4.4 
Mc) for maximum stability, and each is 

adju ted to have one of its harmonic 

coincide with he xact fr quency of th 
ran mitter o be monitored. The o cil

lator · of the tuned-grid magneti -

f edback typ , and is loo ely coupled to 

the buff r amplifier and harmonic gen

erator. A low-impedance link-coupled 

circuit i brought out to panel terminals, 

and is provided with an attenuator. This 

permits a quick check to be made on 

receivers, tuned amplifier , etc., u ing 

the crystal as a calibrated source of r-f. 

Since the generation of crystal har

monics does not depend upon tuned 
circuits, multi-channel operation can be 

achi ved without compl xity. Cry tal 

frequencies are selected to avoid possible 

interference between ran mitter whose 

frequencies might faJl at, or near, exact 
mul iples of the same crystal funda

mental. 

- c. A. CADY 
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SPECIFICATI ONS 

Canier Frequency Range: 1 0 kc to 150 Mc. 

Accuracy: With TYPE 376-M Quartz Plate, 
. 02%. 

Quartz Plate: o cry tals are includ d in the 
price. e price li t below. Cry tal are gr und 
to a uh-multiple of th hannel fr quency. 

Power Supply: 105 to 125 volts, 50 to 60 cycle 
By changing connections on the power trans
former, the monitor an b operated from a 
210- to 250-volt line. 

Power Input: 75 watts, including temperature 
control. 

Accessories Supplied: All tube ; multipoint con
nector; spare fuses; pare pilot lamps; power 
cord. 

Type 

Vacuum Tubes: 

1-type 6 7 1-typ 'J5 
1-type 6 G7 1-type 6 5 
1-type 6E5 1-type 7 AS 
1-type 6 7 ·r 1-type OD3/ Rl50 

All vacuum ub ar upplied. 
Panel Finishes: tandard eneral Radio black 
crackle. ertain standard gray whi h can be 
processed in quantity can be upplied at a pri e 
increase of 10.00*. 
Mounting: Standard 19-inch relay-rack panel. 
Walnut end frame are available for adapting 
the in trument for table mounting. ( ee price 
list below.) 
Dimensions: Panel, 19 x 7 inches; depth b hind 
panel, 117.;l inche . 
Net Weight: 22 pound . 

Code Word Price 

1175-A 

376-M 

ZFRl-410-Pl 

ZFRl-710-P5 

Frequency Monitor. . . . . . . . . . . . . . . . . . . . . . TIP Y $285.00* 

50.00 * 

1 5.00 Pair* 

Quartz Plate. . . . . . . . . . . . . . . . . . . . . . . . . . . . LABOR 

End Frames for Type 1175-A. .. . . . . . . . . . . E DFRAMDAY 

End Fromes for Type 1175-A mounted witli 
Type 1176-A as o single un it. . . . . . . . . . . ENDFRAMGA 

Thi in trument i manufa tured and old under h following 
1 967,1 5 2,012,497 

Pat nts and patent applications of G. W. Pi re . 
Patents of he meri an Tel phon and Telegraph ompany. 

. Patent 

TYPE 1176-A FREQUENCY METER 

1 5.00 Pair* 

d cription of this in rum nt will b found in th Experimenter for F ruary, 

1946. 
Type Code Word Price 

1176-A I Frequency Meter . . . .. . . .. . . ...... . . . . I TIMID $230.00* 

Thi in trument is manufactured and sold under 
American Telephone and Telegraph Company. 

*Add 10% to above price 

. Patent No. 2,362,503 and patents of th 

REPRINTS AVAILABLE 

ON IRON-CORED CO L ARTICLES 

We hall hav available hortly a 

reprint of the ev ral ar i les on ir n

cor d oil hat hav app ar d in the 
Experimenter. The pamphl t will in

clude a ardboar Q mplate, a full-

· ze pl of ffe ti . m a ured air 

gap and the complete text of th 

following ar ·icle : 
L. B. A.rguimbau, .. Losses in Audio-Frequency 

Coils," ovember, 1936. 

P. i Elro and R. F. Field .. How Good 
is an Iron-Cored Coil?" Mar h 1942. 

P. l{:. lVIcElroy, "Those Iron-Cored Coils Again," 
Decemb r, 1946, and January, 1947. 

Thi r print bring toge her for a y 

r f r nee a aluable fun of inf rmat· on 

on coil design and hould b a v lcome 

addi ion to h ng1n r' te hnical 

data file. 

A copy i your for h asking. 
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NEW SIZES IN PRECl.SION FIXED RESISTO.RS 

To complete the 1-2-5 distribution of 

re i tance values in three decade of the 

resi ance range cover d by TYPE 500 
resistors, three new units have be n 

added: 20 ohm , 2,000 ohm , and 5,000 
ohms. These handy resistors are excel

lent tandard for u e at audio- and 

low-radio frequencies. They are ealed in 

molded phenolic ca es and ar provided 

with both screw-type and plug-typ ter

minals. The complet range of valu s is 

listed below, and mo t ize ar in stock. 

11 unit are adju t d within 0.1 0, 

ex ept the 1-ohm ize, which i adjust d 

within 0.25o/c. 

Type 
500-A 
500-8 
500-K 
500-C 
500-D 
500-E 
500-F 
500-G 
500-H 
500-l 
500-M 
500-J 

NO. 16 
DRILL 

Over-all base dimensions of TYPE 500 Resistor. 

SPECIF I CAT I 0 NS 

Resistance Maximum Current Code Word 
1 ohm LO a RESISTBIRD 

10 ohms 310 ma RESISTDESK 

20 ohms 220 ma RESISTFILM 

50 ohms 140 ma RESISTFORD 

100 ohms 100 ma RESISTFROO 

200 ohms 70ma RE ISTGIRL 

500 ohms 45 ma RESISTOOAT 

600 ohms 40 ma RESIST GOOD 

1000 ohms 30 ma RE ISTHYM 

2000 ohms 22ma RE ISTBELL 

5000 ohms 14 ma RESISTPIPE 

10,000 ohms 10 ma RESISTMILK 

Add 103 to e1ll prices listed. 

View of TYPE 500 Resistor, showing how the terminals can be a.dapted 
for either screw-type or plug-in terminals. 

Price 
$2.50 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
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MISCELLANY 

This venerable publication is in it 
twenty-first year, making it a Me
thuselah among radio and electronic 
jour als. Such a claim to antiquity gives 
us an excuse to look back in the dusty 
files to find out what happened in our 
childhood days. 

Twenty years ago in the Experimenter 
-Volume 1, o. 8, February, 1927 -

the feature article, "A Study of Coil Re
sistances at 40 Meters," by L. B. Root, 
described the measurement of losses in 
a series of single-layer coils. Results were 
plotted as a function of wire size and of 
form factor. Measurements were made 
on th TYPE 353 Radio-Frequency 
Measuring Set, a remote ancestor of 
today's precise bridges, that flourished 
in the laissez-faire days before residual 
impedance were invented. 

Another article described the TYPE 

383 Portable Capacity Bridge for mea -
uring small capacitances, such as those 
between the electrodes of a vacuum 
tube. Tubes in those days had a �axi
mum of three electrodes, and grid-plate 
capacitances were about 10 µµf. 

Accuracy requirements were less strin
gent and frequency range more limi ed 
twenty years ago. Then as now, how
ever, General Radio was making the 
radio indu try's measuring equipment 
and GR in truments were tandard in 
the radio laboratory. 

The international aspect f General 
Radio's bu ine s is one from which w 
derive a good deal of pleasure. ontact 
with busine smen in other countri are 
invariably stimulating, and they fos er 
an international, rather than a tric ly 
national, viewpoint on contemporary 
affair . Most of our foreign repre enta
tives ha handled General Radio 
products for a number of year , and with 
them we have built up a personal as well 
as a busines interest. Since the war 
many of them have visited this country, 
as previously mentioned in this column. 
Two more that we have rec ntly had the 
pleasure of welcoming back to our plant 
are Mr. Robert T. Ting, General Man
ager of the China ci ntific Instrument 
Company, Shanghai, who have repre
sented us for over fifteen years; and Mr. 
V. G. Motwane, Managing Director, 
Eastern Electric and Engineering Com
pany, Bombay, our representatives in 
India for more than ten years. 

Other recent vi itors from abroad in
clude Dr. B. J. O'Kane of the General 
Electric Company, Ltd., England; Mr. 
C. W. Goyder,· Chief Engineer of the 
Broadcasting Department of the Gov
ernment of India; Major Chen Ya-Sun, 
Ordnance Corp , Chinese Army; Mr. 
David Rich, Managing Dir ctor, Taylor 
Electrical Instrument Co., Ltd., Slough, 
Bucks, England. 

GENERAL RADIO COMPANY 
275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

NEW YORK 6, NEW YORK 

90 WEST STREET 

TEL-WORTH 2-5137 

TELEPHONE: TROWBRIDGE 4400 

BRANCH E N G I NEERI N G  OFF I CES 
LOS ANGELES 38, CALIFORNIA 

950 NORTH HIGHLAND AVENUE 

TEL.-HOLLYWOOD 6201 

CHICAGO 5, ILLINOIS 

920 SOUTH MICHIGAN AVENUE 

TEL .-WABASH 3820 
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