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• E V E R S I N C E commercial broadca t­

ing began in 1922, General Radio 

monitoring equipment ha been u ed to 

measure station performance. The fir t 
G neral Radio frequency monitor were 

general purpo e wavemeters, later di -

plac d by narrow-rang , more precise typ 

a fr quency tolerance were narrow d. 

Simple cry tal o cillators wer- u ed in the 
late 1920' and, by 1929, tem1 erature control wa required. The direct­

r ading frequ ncy-deviation met r1 wa added to the improved cry tal 
o cillator2 in 1932 to provide a continuou indication of magnitude and 

direction of tran. mitter frequency drift .. Succ sive models incorporated 

a number of improvements, but the ba ic design remained unchanged 

until th now, po twar TYPE 1181- Frequency D viation Monitor 

appeared. 

lU . .  Pat. -o. 1,944,315. 
2u.S.Pat. o.2,012,497. 

Figure 1. Panel view 

of the Type 1181-A 
Frequency - Deviation 

Monitor. 
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GENERAL RADIO EXPERIMENTER 

Development of the modulation moni­

tor ha followed a imilar cour e. An 

instrument for the direct mea ur m nt 

of modulation percentage, the TYPE 

457-A Modula ion Metera, wa intro­
duced by G n ral Radio in 1930. Thi 

wa followed in a few year by one of h 

fir t continuou ly indicating modulation 

monitor 4, the TYPE 731. The latest 
model, T PE 1931- , mbodi a num­

ber of impro ement. not found in older 

mod 1. 

The new frequency and modulation 

monitor are the result of many y ars ' 

experience in the design and construc­

tion of thi cla of equipment. De igns 

were par ially compl te in 1941, but 

priority regulations did not permit the 
manufacture of broadcast monitor dur­

ing the war. Th en w in rument are 

now in production, although deliv rie 

are till hampered by material shortages. 

No announc ment of the new monitors 
ha hith rto b n made in the Experi­

menter, although ome hundred of 

monitor have already been old. The 
following brief de criptions may be of 

intere t to many of our reader who are 

not directly connect-d with the broad­
ca ting ind us try. 
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TYPE 1181-A 

FREQUENCY DEVIATION 

MONITOR 

The out tanding oper ing fea ure of 

this monitor i its abili y to operate on 

a modulated ignal. Hitherto, it ha b en 

n c ary to couple the monitor to a 
point in the tran mitter where an un­

modulated ignal wa available. This 
oft n posed a probl m, particularly in 

tran mitter with low-level modula ion . 

peration directly from the modulated 

transmitter output i a con iderable im­

prov m nt, simplifying bo h · talla­

tion and op ra ion. 

Th y tem5 for making the deviation 

indication independe t of wa eform i 

indica d in the block diagram of Figure 
2. By m an of lipping and limiting 

circuits, the b at fr qu ncy waveform 

i m9dified to a onstant, quare wav -

form, thu eliminating the amplitud 

variation cau ed by modulation. After 

suitable amplification, th se quar waves 
are applied to a discriminator circuit (or 
frequency m ter), similar o tha u d 

on previous model , but modified ome­
what for operation on quare ave . 

A a further simplification of the 
coupling problem, the ensitivity ha 

FREQUENCY 

CZJ 
METER 

A - F 

AMPLIFIER 

au . .  Pa�. No.2,012,291. 
4U . . Pat. No.2.069,934. 
6U. .Pat. o. 2,362,503. 

figure 2. functional 

block diagram show­

ing the operation of 

the frequency-devia· 

tion monitor. 

STANDARD- PEAK-
SQUARE WAVES 

FREQUENCY CLIPPING 

OSCILLATOR A MPLIFIER 
1000'""± Af 
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be n increa ed o that uffi.ci n pick­
up i obtained on a f w f t of wu , 

acting a. an antenna. 

An aperiodic amplifier i us d for he 
r-f ignal, thu a uring ufficient vol -

ag to aturate the quar -wave gener­

ating circuit und r all normal ondi­

tions of operation and for high leve of 

modulation. Sufficient ensitivi y i pro­

vid d to permit remot monitoring if a 

tun d antenna is us d. 

T he con tant-temperature oven in the 

new monitor i mailer than that u ed 

in pr viou mod 1 , ince modern, low­

temperatur - oeffi ient cry tal · do not 
require as precise a t mp ratur on­

trol a the older type . Thi 1 a to n 

appr ciable aving in pace, which, with 
oh r improv ment in m chanical de-

ign, make the new monitor con ider­

ably les bulky than the two-panel ar­

rangem n t previou ly u ed. 

Mechanically, he assembly i l -

. igned for easy acce to all par . and for 

effici nt ventilation. ha i a ·semblie,' 
run v rti ally at a h nd f the panel, 

ha h h a g n rat d in tub ·· and 

ran former can b arried u at th 
op by he na ural air r am hrough 
he center of the ins rumen . ub­

mountcd parts are acce ible wh n co er 

plate are removed at the ide . 

The illuminated m t r i ea ily read 
at a con id rabl . Both the 

figure 3. Panel view 

of the Type 1931-A 

Modulation Monitor. 
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m t r lamp and a pilo lamp are x in­

gui h d when the r-f input ignal falls 

below th r quir d minimum. A pu h 
bu ton i pro ided for ch Iring he 

cry tal ignal ampli ud . A in previou 

models, a heat fu e protect the tem­

p rature-control y t m from burn ut 

in ca e of thermo tat failure. 

cura y, on eni nc , and reliabili y 

w r the de ign objective in the TYPE 
11 1- requ ncy Deviation Monitor, 

and it m t or exc ed all . C . 

specifications gi n in h Standard of 
Good Engine ring Pra tic . It i now 

undergoing F. .C. approval t t . 

TYPE 1931-A 

A MPLITU DE- MO DULATION 

MONITOR 

While opera ing on th ame prin ipl 

a previou model , the new TYPE 
1931-A Modulation Monitor e1nbodie a 

number of improvement . 

Variou. ircuit change. hav been 

made to achie e gr at r l p n l bili 
and a uracy, parti ·ularly in b fla h­

ing la1np circuit. The met r ·cale� ar 
illuminated and a ily r adable froni 

aero th tran mitt r roon�. 
n n w f atur f con id rabl im­

por ance to u er f high-fidelity trans­

mitter is an addi ional d ctor ircuit 

which provid . a d modulator ou put 

\ ith 1 s' than 0.1 / di tor ion. lea urc-
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ments of audio distortion in the trans­
mitter can be made by feeding this out­
put to a TYPE 1932-A Di tortion and 
N oi e Meter or a TYPE 736-A ave 
Analyzer. A low-imp dance, 600-ohm 

4 

output circuit is also provided for 
audible monitoring. 

The TYPE 1931-A Amplitude-Modula­
tionMonitorisapprovedbytheF.C.C.and 
has been assigned Approval No. 1555. 

A WIDE-RANGE U-H-F TEST OSCILLATOR 
One of the instruments developed for 

the armed services by General Radio 
during the war wa a low-power, port­
able, u-h-f oscillator which was used for 
making rough field checks of the align­
ment, calibration, and performance of 
several types of wide-range radar-inter­
cept receivers. These receivers, covering 
the frequency range from 40 to above 
1000 Mc, were used in the radar-counter­
measure program for monitoring and 
locating enemy radar stations, for set­
ting a jamming transmitter on the fre­
qttency of an enemy radar, and for many 
other purposes. Consequently, large 
numbers of them were installed on ships, 
in aircraft, and at ground positions. In 

order to attain maximum performance 
from the rec iver , it was found desir­
able to test them frequently under 
actual operating conditions, a installed 
in a ship or aircraft. Since it was usually 
impractical to transport bulky test 
equipment to the operating site, the test 
instrument had to be a single small unit, 
simple to use and capable of operating 
from a wide variety of power sources. 
The unit developed by General Radio to 
fulfill this requirement was later manu­
factured by the Fairchild Camera and 
Instrument Company* to General Radio 
drawings, and bore the ervice designa­
tion, TS-47 /APR Test Oscillator. 

A can b een from the panel view in 

*David W_ Moore, Jr., 
"Te.:;t Oscillator TS-47 
I APR," Radio News, 
May, 1946. 

Figure 1. View of the 

instrument in its ca bi net 

with cover removed. 
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Figure 1, the o cillator was unusually 
small and compact. The unit shown, 
containing a tunable o cillator, a modu­
lator, an a-c power supply, and a built­
in antenna, was housed in a moderately 
well-shielded case. The dimension were 
only 10'' x 

" x 11" overall and the 
weight about 15 pounds. Oscillator 
tuning was controlled by a single knob, 
and the dial indicated the operating 
frequency directly within ± 1 %. The 
frequency range between 40 and 500 
megacycles was covered on the f unda­
mental of the oscillator with a maximum 
output of at least 5 mw at frequencies 
below 400 Mc and a somewhat lower 
output at higher frequencies. The out­
put signal was rich in harmonics, and 
relatively strong usable ignal were 
pre ent up to frequencies of about 1500 
Mc. Since only rough performance 
checks were required, no provision was 
made for monitoring the power output, 
but a imple output control was in­
cluded. In order to make the instrum nt 
as generally u eful as possible, internal 

ircuit w re provided for amplitud 
modulating he carrier wi h a 1 00-
cycle in wave or a fairly long pul 

R-F CIRCUIT 

ince implicity wa a prime factor 
in the de ign of the ins rum. nt, a very 
elementary r-f ircuit was cho n. B i­
cally it con i ted of a plat -m. du]ated 
o cillator whose output wa fed to an 
output connector or an an nna through 
a coaxial cabl . The ou ling b tw en 

cable and os i lla r -v a� ac ompli h d 
by means of a r tatabl loop v hi h 

rved as the output control. 
In the frequ n y ran()'e c v red by th 

instrument, a 1 utterfiy circuiti.2,3 ha� 
several cbara t ri tic whi h mak it a 
logi al choic for u a the o. cillator 
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resonator. Some of these characteri tics 
are: 

1. A bu terfly is capable of tuning 
over very wide frequency ranges at 
relativ ly high frequencies, thus mini­
mizing the complexity of band switching 
problems. 

2. With a butterfly of the proper de­
sign, wide-range o cillators usually can 
be made to operate up to about 80% 
of the natural resonant frequency of 
the oscillator tube. 

3. The frequency of o cillation 1s 
varied simply by a ingle control. 

4. A butterfly circuit has no sliding 
contacts carrying large r-f currents. 

5. The unit i mall and compact. 
In order to keep the size of the oscil­

lator at a minimum and to simplify the 
in tallation of a band changing witch, a 

emi-but erfly of the type shown in 
Figure 2 was selected. 

A butterfly resonator, which is nor­
mally a two-terminal network, is well 

uited for u e with a triode tube 1 a 

tE. Karplus, "The Butterfly Circuit," General Radio 
Experimenter, Vol. XIX, o. 5, October, 1944. 
2E. Karplus, "Wide-Range Tuned Circuits and Oscil­
lators for High Frequencies," Proceedings of the I.R.E., 

ol. 33, No. 7, July, 1945, pp. 426-4-H. 
3U. . Patent o. 2,367,6 1. 

Figure 2. Diagram of the r-f oscillator showing general 

construction of the butterfly and the band switch. 

BUTTERFLY/ 
INDUCTANCE ARM 

TYPE 9002 TRIODE 

-�-
c' ·;-STRAY 

�-!.� CAPACITAN CE � 
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_ ----- BUTTERFLY 
r - - � - -, 
I 
I 
I 

I 

I 
I I 

L ____ _j 
Figure 3. Basic r-f oscillator circuit. 

modifi d Colp"tt illat r ircuit in 

which the interelectr d ub capaci­
tance f rm the f dback circuit. ba i 

chem a ti of th circuit i . hown in 

Figure 3. 
The TYPE 9002 Miniatur Triod wa 

selected as the oscillator tu be b au. e 

it was a preferred ype and because f 

it. r latively high natural re. onant fre­

qu ncy . mall size, and low power rc­

quir m nts. Sin e continuous coverage 
i not po ible with the but erfly re. ·o­

nator at frequ ncie higher than abou 
0 of the natural re onant frequen y 

of the tube, the upper frequency limi 
wa fix d by his choice of ube. 

A emi-butterfly re onator is actually 
a parallel r onan circuit which has a 
capacitive branch and an indu tiv 

branch. rom Figure 2 it can be een 
tha the capacitive branch i made up 

inainly of he capacitance from one 
stator e tion o he rotor in s rie with 
the capa itan e from the rotor to the 
o h r ta tor. ec ion, and that he induct­
anc of th arm b ween point A and 
B con it i th main por ion of the 
inducti bran h. A th rotor is turn d 
in th o int r lo kwi e direction from 
the po i tion h wn in the :figur , the 

capacitance from th right-hand tator 

6 

ec ion to th rotor d er a e , bu d -
creasing he total eff tiv capa i an 
The rotor al o advan along h m­

ductance arm, par ially hi lding it 
magnetically and hence redu ing i in­
ductance. As the result of the decrea e 
in induc ance with decreasing capaci­
tance, a much wider tuning range is 
obtained than an be produced by 
varying the capacitance alone. In this 
butterfly a 2.25 to 1 hange in induc -
ance ver th tuning rang wa obtained. 

In pit of the advantag gained from 
the varia ion of bo h L and C in a 

utt rfly, it wa found to b impractical 

to cov r th n ire band from 40 to 500 

Mc in one tep, and it wa neces ary to 
break it into wo band . The hiO'h-fr -
quen y band from 115 to 500 Mc wa 
covered with the re ona tor ac ing a a 
butterfly a described above. owever, 
for the 40 o 115 Mc band, he butterfly 
inductance arm wa open-circuited by 
mean of he band . wit h which placed 
a low-frequency coil aero the capaci­

tan e ec ion of the but erfiy a shown 
in Figure 2. In he low-fr qu n y band 
th indu tanc r mained fix d and th 

tuning wa a compli h d by an of 
the variation in apacitan e alone. 

Th design of the band witch wa 

important, as the inductanc it intro­
duc d ·n it clo ed po ition had to b 

mall compared to the minimum induct­
ance of the inductive arm of he butter­
fly, or the tuning range would have been 

ppreciably reduced. The los it intro-
duced in he circuit al 0 had to be man 
to avoid reducing Q below the alue 
required to sustain oscillation. Therefore, 
it was con truct d of a multi pl· t of 
blades whi h interleaved th ring form­

ing the inductance arm a hown in 

Figure 2 and . Ea h blade on i t d of 
wo spring 1 a whi h wer com-

pre sed when th blade wa b ween h -
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ring and made a rigid, low-lo s, low­
indu tance connection. 

In the type of Colpitt circuit used, 
the whole o cillator circuit, including the 
cathode of th ube, i floating with 
re pect to ground and connections wer 
made to the cathode, heater , and plate 
through chokes. However, a chok i not 
an infi.ni e imp dance, and it was found 

hat a "hole" in the o cillation occurred 
over a narrow frequency band, which 
app ared to be cau ed by a r onanc in 

he circuit consisting of th cathode 
1 ad inductance, the choke imp dance, 
and the tray capaci ances of the tator 

ection to the hield. Although the fre-
quency at which th hole appeared could 
be hifted by changing the reactance of 

he choke, a practical choke de ign wa 
not found which would shift it out of the 
de ired range. The hole wa eliminated 
by connecting a re i tor across one of 
the chokes a hown in Figure 2, to 
r duce the Q of the unde ired resonance. 

At the upper end of the frequency 
rang , the operating frequ ncy is largely 
d pendent on th tube capacitance . 
Ther fore, in order to comp n at for 
changes in tube capacitance wh n the 

Figure 4. Interior view 

of the instrument with 

shields removed. 

OUTPUT CONNECTOR 

COUPLING LOOP 

PLATECHOKE 

NO VEMBER, 19 4 6  

o cillator tube is  replaced, a mall 
adju table trimmer capaci or wa con­
nected from one tator e ti.on to ground. 

M chani ally, the butterfly tator 
wa mounted on three insulating po t 
a· hown jn Figur 4, and wa covered 
by an in ulating plat that perform d 
the dual function of uppor ing the 

o cillator tube o ket and of clamping 
and aligning the wo stator e ti.on of 
the butterfly. The in ulated rotor shaft 
turned in a set of ball bearings moun ed 
in a casting below the butterfly. How­
ever, it as found hat quarter-wave 
re onanc occurred in the haft circuit 
near he upper end of the uning range, 
and it wa necessary to ground the upper 
end of the metal haf with a grounding 

trap as hown in Figure 4 in order to 
hif t the spurious re onances out of the 

operating range. 
The orientation of the output coup­

ling loop wa adju ted by a knob on the 
panel and wa arranged to have its 
minimum and maximum coupling t 
both the butterfly inductance arm and 
the low frequen y coil at approxima ly 
the same posi ion. The power from the 
coupling loop was fed through a coaxial 

LOW-F'REQUENC'Y COIL GROUND STRAP 

R-F OSCILLATOR TUBE 

HEATER CHOKE 

GRID LEAK 

CATHODE CHOKE 
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tran mission line to the modified type N 
connector located on the panel. This con­
nector was constructed in a novel manner 
as it could be used as a standard connec­
tor or an antenna. For u e as an antenna, 
the center conductorwa pulled out to any 
desired length up to 6 inches, as illu -
trated in Figure 1. The center conductor 
was formed of a ightly coiled spring and 
hence was not damaged by bending. 

MODULATOR 

AND POWER SUPPLY 

The modulator was somewhat uncon­
ventional, consisting of a single tube 

which could be made to produce sine 
wave or pulse modulation. For sine wave 
modulation, a conventional Hartley cir­
cuit was used with the primary of the 

modulation tran former acting as the 
tuning inductor in the re onant circuit. 

or pulse modulation, the transformer 
was connected to form an oscillating 
circuit with an abnormally large amount 
of feedback and a natural frequency of 
about 7 kc, determined by stray capaci­

tances. The grid re i tance was so chosen 
that only one cycle of 7 kc oscillation 
o curred before the grid blocked. The 

fir t half cycle, which wa positive, plate­
pulsed the r-f o cillator. Although a long 

pulse was produced by this modulator, 
it was found to be adequate for many 
fi ld testing purpo e . 

For maximum utility in its intended 
a1 plication, the instrument was de-

8 

signed to operate at all of the supply 

voltages and frequencies then in use by 
the Allied military services: 80, 115, and 
230 volts, at frequencies between 50 and 
2600 cycles. Provision was al o made for 
operation from external batterie . A 
selector switch made the proper con­
nections for the various types of power 
sources, and the type of power required 
was indicated on a drum attached to 
the switch which was visible through an 
opening in the panel. 

MECHANICAL F EATURES 

In order to facilitate quantity pro­
duction and to simplify maintenance, 

unit construction was used throughout. 
The whole oscillator a sembly was made 
one removable unit and the power supply 
and modulator section was another unit. 

Connections were made between unit 
by means of jumper wires connected 
between adjacent terminal strips. 

Other mechanical features contributed 
materially to the utility and accepta­
bility of the instrument. Among the 
was an edge-illuminated frequency dial 

which could be read regardless of ex­
ternal lighting conditions. 

The unit was adapted for mounting 
in a standard ATR rack, and the whole 
assembly was shock mounted within its 
carrying case, a feature that made it 
po sible for the instrument to withstand 

without damage the severe conditionR 
of military use. -R. A. SODERMAN 
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