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• EVE R SIN C E commercia] broadcast
lllg began in 1922, Genoml Radio 
monitoring equipment ha.s been used to 
measur'c s tation pcrformtlllcc. T he fi rst 
General Radio frequency mon itors were 
gelleral purpose \\'a\'emctcrs, latcr dis
placed by narrow-mllge, morc precise type;; 
as frequency tolcl'UllcCI'i \\'ore narrowl'd. 
Simple ery:;tal oscilbtol'1-: were used in the 

latc 1920's and, by 1929, temperature control \\'US required. T he dircct
[('ading frequC'llcy-dcviation meter] was added to the improved cryst al 
oscillator2 in 1932 to provide a cont inuous indication of magnitude and 
direction of transmitter frequcncy dri ft. Succcs..';:i,'c modcls incorporilted 
a number of improvemcnts, but thc basic design remained unch:1Jlgro 
until the ncw, postwar T YI'E J J81·A Frcquency Dcviat ion l\lonilor 
aplX!ared. 

'U.i'l.l'o.t.~().1.9·H.31~. 
·U.S.Pat. N(). 2.Ol2A97. 

0::: fig .. r. 1. Panel view 
~ of the Type 1181_A 
(.) Frequency _ Dev;ation 
I..I..J Monitor . .... .... 
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GENERA.l RA.DIO EX PERIMENTER 

Dcwloplll('nt of t he modulation moni
tor hili' followN! a ",imila.r COlin-C. An 
in."lrumcnt for the direct mea'iUN'mcnl 
of modulntion percentage, the Tnt:: 
J57-A ).rodulntion ~1('t('r3, WM int ro
ducNl by General R'l.dio in 1930. T his 
wall fuHowed in It few year:; by ol\e of the 
fit'St ('onlil\uously indicating lll!)dulat iOil 
lllwlilor:<' , liIe TnE 731. The I fl.\('~t 

moO('I, T YI't: 1931 -}\, embodies u num
b('r of impro\'eml'llt,:; Hot found in oldN 
model .... 

Th(> new frequency and modulation 
lIlonilot:-\ al'C the rcsult or many years' 
ex]X'rience in the design and construc
tiou of this clil, .. "8 of cquipmcllt. Designs 
were partia lly com plete in 1911 , but 
primity tcgul::i.lions <.lid not permit thc 
lllanuftlcture of broadcast. monitors UUI'

iug till' wnr. Tlw-"c llew inslfunl(~nt.'l a rc 
now in pro<lul'lion, although deliveries 
a~ still hnllllX'r('d by malerial £lhorttlges. 
Xo tWIlOUllcelllcnt of t he new monitors 
iU\$ hitherto 1)('('11 made in thl' f..'xperi
I//.{' ,,(er, although soml' hundrcds of 
monHot'S han' already lx.'<'n ~old. The 
following hl'icf dc.~cripl ions may be of 
inlCfc.~L to many of our renders who tHe 
not. dir!'dly connected with t he brond
casting ind u.stry. 
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. "",'urIER 

MI)l. ER 

l:~-.. , 
. -, bL . -, 

A"'PL l"ER UIIP LIFIER 

f 111OQO .... I 

, 
TYPE 1181 _A 

FR EQUENCY DEVIATION 
MONITOR 

The 01l1..S1anding op!'mli ng feat.ure of 
t hi" monit.or is its ability to opcmte on 
fi modulated Sigllfll. l-l ith(,l'to, it has b('('11 
IIf'CeN;tlI'Y to couple thl' mOllitor to :1 
p(lin t ill the lmll.smi t.l{'r where un 1111-

modu lated ~ignal W!I .. 'i a\·nilnble. 'fhi" 
ohen pOst-'d a pl'Oblf' lll , p:uticularly in 
tl'3n"mitter8 wit h low-level modulation. 
OjX'l'utioll directly from the modulated 
tran . ..;mitte r output j:'l !\ considerable im
provement, simplifying both installa
tion and operation. 

The system6 for mnking lhedcvialion 
indiClltion indepcnd('nt of waveform is 
in<.lif'aled in the block di:tgmm of Figmc 
2. Dy meallS of clipping and limiting 
circuits, the bcaL frequcncy waveform 
is modified to n COIl.'1tnnt, square \\'3.\'e 

form, thus eliminating thc amplitude 
variat ions cilu.scd by modulation. lUter 
suitable amplification, thcsesquarewtl\·cs 
tU'C .'l.pplicd to a d iscriminator circuit. (or 
freclliency meter), f.; imilnr to that uSt."'<I 
011 pre\'iou!S model'l, but modified some
what for operat ion on squnre waves. 

As n furt her simplificalion of the 
coupling pfoblem, the sensitivit.y has 

rREQUE~CY 

(1J 
", [TER 

. -, 
A"' PLI"ER 

Fig .... '2 . f"""riongl 
bloc. d i,,"'''m ,how
ing rll. op".olion of 
Ik. I •• q\l.nc y·de~io· 

Ij"" m""jlor. 

SlAI'IOARD- PEA"'- SQUARE WAVES 
FREQUE~CY CLIPPII'IG 

OSCILLAtOR M.tPUF IE R 'OOO~.:I: lIol 
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, 
ueen illcrc:tsed so tlUlL su fficient pick
lip is obtained 011 It few feet of WII'(', 

acling as nn antenna. 
An aperiodic amplifier is used fol' the 

r-f signal, tbus assuring su fficient VOIL
age to satumte the sqWlrc-wa\"c gCllcr
aling circuits uncler all normal condi
tions of operation and fo r high h~\'cls of 
modulation. Sufficient sClisitidty is pro
vided to lX'rmit remote monitoring if a 
tUllcd antenna is used. 

The consUl.nl.-tcmpcl'atul'f' oven ill the 
nell' moni tol' i.i smaller than thllt used 
ill previolls models, since modern, low
tcmpel':.ltul'c-cocfficicnt crystals do not 
require as preclic a temperature con
trol as the older types. This leads to nn 
appreciable saving in space, which, wit h 
other improvements in meciuwif'nl de
~ igtl , makes the lIew monitor consider
ably less bulky than the t\\-o·.p:llll'l 1\1'

m.ngement prc\'iously used. 
Mechanically, thc assembly i ... dl'

"igHcd for ('wy accc:-:s to all parl;;: auel for 
dficicllf. \·cntil!\.iion. Chassi . ., a>;scmblif,:-: 
1"1111 vertically :tl each ('TId of Ihe pam·l, 
:;0 that the hf'ut gcnNati'd in 11I1w,.: and 
trllll"rOrmcrl'l 1'1111 he ('!Irried out at tlJ(' 
top by the natural nil' ",tr('t{Zll through 
the eentor of the instmmelll. Sub
mounted parts arc acecssible when CO\'or 
plates nre removed at t he sides. 

Thc illuminated mcLc,· is c:"LSi ly read 
at n I'onsidemhlc distant'f'. Both tilt! 

Figure 3. Panel view 
of tile Type 1931·A 
Modulatian Monitor. 

N O VEM B ER , 1 94 6 

motel' lamp and a pilot hun)) 11 1'0 cxlin
guL:;hed Whell the I'-f input sign:ll fnlls 
below the rcquired minimum .. -\ push 
button i,,; provided fm· checking the 
crystal signal amplilude, As in prcvious 
models, fl. heat fuse protects the tem
)JCmturc-contl'ol :-:yslclIl from burnout. 
in Cfise of thcrmofltnt failur(', 

Accumcy, cOllvcnicnce, und rclhlbility 
were the design objcdiYCS in the TYI'E 
1181-A Frequency Devialioll i\loniior, 
tllld it meets or cxe('ed~ all F.C.C. 
specificat ions given in the SWllcitlrds of 
Good Enginrering .Prncticc. 1t is now 
undergoing F.C.C. approval tesl:-:. 

TYPE 1931-A 
AM PLITU DE - MODULATION 

MONITOR 
\Vlli1c operating orl the .-;tunc prilleiple 

as previolls models, the new Tn'E 
193'I -A :' lodula.tion :\Ionitol' embodies a 
Illllnber of irnprovemrnb;. 

V:lriOUS eircu it ('hangc;; han~ l..ecl! 
mad(' to :\chil'n: greater (.kpcnduhil il Y 
and fl('CUnH'Y, partir'tllIlrly in flU' flll. ... h

ing lamp ('ircuit. TIl{' meter .:'('u\c:-: al'c 
illuminated and pusily rC:lCbblc from 
across the transmittcr 1'00111. 

One new fcntUl'c of con~iderable im
parlance to users of high-fidelity tmns
mitl(,l~ is nil additional dete<"lor eircuit 
II'hil'h provides !l. (\cnlodulntor' output 
with lp~ th:Hl 0.1(;; (\i. ... tortioll. IIlr':"LSllre-
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~ G ENE R A L RADIO E X PERIM ENTE R 

monts of audio distortion in the trans
mitter CUll be madc by fceding this out
put to a THE 1932-A Distortion and 
Noise Meter or a TYPE 736-A Wave 
Analyzer. A low-impedance, 600-ohm 

• 
output circuit is also provided ror 
audible moni toring. 

The TYPE 193 1-.'\ Amplitude-Modula
tion "M oni torisa pprovcd by thcF. C. C. and 
hus been assigned Approval No. 1555. 

A WIDE-RANGE U-H-F TEST OSCILLATOR 

Olle of the instruments developed for 
the armed services by General Radio 
during the war was a low-power, port
able, u-h-f oscillator which was used for 
making rough fi eld 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 Me, were used in the radar-counter
measure program for monitoring tind 
locating enemy radar stations, for set.
ting a jamming transmitter on the fre
qttency of an enemy radar, and for mtiny 
other purposes. Conscqucntly, large 
numbers of thcm were installed on ships, 
in aircraft, ilnd at ground positions. In 

order to attain maximum performance 
from the receivers, it was found desir-
able to test them frequently under 
actual operating conditions, as installed 
in a ship or aircraft. Since it was usually 
impractical to transport bulky test 
equipment to the operating site, the lest. 
instrument had to be a singlc small unit, 
simple to usc 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 Camem and 
Instrument Company· to General Radio 
drawings, and borc the service dcsigna- ...-.. 
lion, '1'S-47/ APR Test Oscillatol'. 

As can be seen frOlll the panel \'iew ill 

.[)avid W. ~l"",e. Jc .. 
.. ,. ... ~ 08<:illal.O. T8-47 
IA I'It." R<>dio Nt'"' 
}.by. l!l~6. 

Figure 1. View of Ihe 
inslrumenl ini .. cobine! 
WItt. cove. r.mo~. d. 
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• 
Figure 1, the oscillator was unusually 
"mall and compact. T he unit shown, 
containing!l. tunable oscillator, a rnochl
lator, an n-c power supply, and a built
in antenna, was housed in a moderately 
wcll-sbielded cn.sc. The dimensions werc 
only 10" " 8" 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 
freque ncy range between 40 lind 500 
megacycles was covered on the fWlda.
mental of the oscillator with a maximum 
output of at least .') mw at frequencies 
below 400 Me and a somewhat lower 
output at higher frequencies. The out.
pu t signal was rich in harmonics, and 
relatively strong usable signals were 
present up to frequencies of about. 1500 
Me. Since only rougb performance 
checks were required, no provision was 
made ror moni toring the. power output, 
but a simple output. control was in~ 

eluded . Tn order to make the instnlment 
R:I generally useful as possible, in ternal 
circuits werc provided for ll mplitllde 
TlIodulating the Cfit"I"i CI' with a iOOO~ 

cycle sine wave or 3. fa irly long pulse. 

R ~ F CIRCUIT 

Siue!! simplicit.y was a prime factor 
in t.he dc!:' igH of the ins trumcnt, :l Vf"ry 

elementary 1'-f circuit was chosen. B:",i
ca.lly it. cOLlsi;;;tcd of :l pi:lte-modIlJatN\ 
oscillator whoi>{' ontput W:lS f('d to all 

Olltpu L connc("tOI" 01" fill antCllll:1 t hrOllp:h 

a coaxial caulC'. The. (·ol1Jlling hctwi)cll 
cablc and oS('illntor w:t.~ :1\:colll pli;~ l lt'd 

hy mcans of n. rot:ltllble loop which 
served as thc ouqlut control. 

In the frequclle)' I'lUlgC covered by the 
instrument, a buttcrfi)' til'cllill.l,~ ha.'i 
several characlcl'i.:!t ics which make it a 
logical choiet' for liFe a.'i t he oscillator 

NOVEM BER, 1946 

resonator. Some of these characteristics 
arc: 

1. A butterfly is capable of tuning 
over very wide frequency rouges at 
relath'ely high frequencies, thus mini
mizing the complexity of band swi tching 
problems, 

2, With a butterfly of the propel' dc~ 
sign , wide-range oscillators usually can 
be made to operate up to about 80% 
of the nalum! resonant frequency of 
the oscillator t.ube, 

3. The frequency of oscillation IS 

varied simply by 11 single control. 
4. A buttcrAy circuit bas no sliding 

contacts carrying la.rge r-f current.s. 
5. The unit, is small tUld com pztct. 
111 order to keep the size of the oscil

lator at a minimum :md to s implify the 
instllllation of (l band changing switch, a 
scmi-bullcrfl y of the t.ype shown ill 
Figure 2 wns selected. 

A buttedly resonator, wh ich is 1l01"~ 

mally a two-terminal network, is well 
!!uitcd for lise with a. triodc tube ill a 

' E. Karpl .... "TIHI lIu~terfty Ci""uit." e ... .,..,1 Rnd,~ 
8 .. por;",,,,Icr. V"!. XIX, No.5. Oct.ober. 1\1+'1. 
IE. KArpl .... "\\'id.-Ra"-,,, 1'UD~ Ci,cp;.., and o.c,l
la1.,... flH' UiIEh t'requeru:IM." ProcHd,,.,. ,,' tit, I .R B, 
\'oJ.33. Xo. 7, July, I{U 5, pp. t~r,"" II 
~IJ.I! Patent -':0. ~,367 1. 

flgur. 2. Diagram of Itt. r·f <»(illoIOl lhowing g.n.,al 
conll,uclian o f ,h. bun.tAy and Ih. band . wilch. 
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...___ BUTTERFLy 
I--~ I 

I ~---.-+-T---, 
I 
I 
I 
I 
I , 
L ____ ..1 

figllre 3. Balle ,_f o.(illolo, cirellit. 

modified Coipi!l !; oscillator ('ircuit in 
wbich the inlt'l"cicctrocle lube (,:lpflci
tanceR form the ft'Cdback circuit. A basic 
schematic of the circuit i" shown in 
Figure 3. 

The Tn}] 9002 i\linilllU!"c Tl;od(' wa .. 
seleC't.f!d M Ihe oscillator lu be \)('C'UUH' 
it II·:'\.."- a prdt'l'rt'(i type and bec:lu,,:l' of 
il s reiatiwly high natural r~on~l11t fn'
t"lU('llcy , "mall size, and low power rt'
quir(>TllC'lIts. Sincc continuOllS cov('ragt' 
if; not pos."iblc with the butterfly rt',.:n
nntor at frequencies higher than aboul 
SOT, of the natural resonant frequcncy 
of thc tube, the uppe r frequpncy iimiL 
wa~ fixed by this cboice of t ube. 

A :-1cmi-buttcrfly resonator is actufilly 
:~ parallel reSOllant circuit which li tis a 
I'aparltive branch n.nd an indu('live. 
branch. From Figure 2 it ('all be st'C1i 

Ih~tl 11t(· capacitiv(· branrh is made up 
mllinly of the ca pHcitnncc f!"Olll one 
~latO I· ."-ertion to Ihe rotor in ~ri('s with 
th(' (':lp!lt'italH'C from the I"otor· to th(' 
ollrl'l" .,,1 nl 01' !'leel ion, and that the induct
:UtCt' of til!' ann bct\\ccn POillts A and 
B rnnsti!llt('s the mllin portion of the 
inductivl' branch. As the rotor is turned 
in the counterdoth,;sc dil'CCtion from 
the po~itioll ~hO\\,ll in the figure, the 
f'apaeil:1llr(' from Ihe right·l.land stator 

, 

section 10 1 he rotor dCt'1"etlsc~J th us de-
cl'etl8ing the tot.al effect ive cap:lCit:mcc. "'""'"\ 
T ht' rotur niso advances along Ihe in
ductance ann, partially shielding it 
tnngnctically and hcnce reducing its in
ductance. As the resul t of t he dccl"(,n...~ 

in ind uctnnce with decreasing capaci-
It~nce, n. much wider t.un ing m nge is 
obtained t han cnn be produced by 
nll"yiug the capa.citance alone, Tn Ihis 
butt erfly tl 2.25 to 1 change in induct-
ance ov('r the tU lling range was obt uined, 

fn s pi te of !he 3d"antngt' gained f!"OllI 

the vilriat ion of both L Il.lld C ill :\ 
\.mtlc rfiy, it was found to be impm('ticlIl 
tu cover t he f'nlil"e bilnd from 40 to 500 
?-ol e in one s tep, and it \1'11.S ncct'ssary to 
break it into 111'0 bands. Thc high-fre
quency band from 115 to 500 ~ I c was 
covered with the I"csonator aCl ing as :1 

butterfly ru; described 3bo\·e. H owcver, 
for the 40 to lib Me band, the butte rfly 
induct3nce arm Will':< open-circuited by ~ 
rnenlls of the bnJHI .,>witch which placed 
:r low-frcquf'lwy coil neroRS till' cap3ci-
tn1lce sect ions of thc butterfly a~ showl! 
in Figure 2, In thc 10w-frc<llIcncy bnnd , 
the iuductancc rl'maincd fixed alld UI C 
lltning was accomplished by men1l !> of 
the vuria uon in capacitance alonc, 

The design of the band switch WM 

important, as the inducl!rnce iL intro
duccd in i ts closed position hnd to be 
small compared to t he millimum indUl"t
ance of the inductivc arm of the butter
fly, 01' the luning mngc would have 1}Cf'1l 
apprecia bly reduced. Thc loss('s it. intro
duced in the t in·uit. also had to be small 
to avoid reducing Q below t he vulue 
required tosustnin oscilln.tion. Thercfore, 
it. wns eonsl rueted of tl multiple SN of 
blades which intcricuved til(> riJlgs fOl"m
ing the ind~LetulJce arm flo" !'hown in 
Figures 2 :Ind -I. Each b ludl' con,.:i,.,H'd of 
1owo spring ICIH'cs wh ich were COI11 -

pressed when the blade WIIS betwccn the 
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, 
nngs and mude a rigid, !ow·!oss, low
iudUCI3.ncc conne<:tion. 

In tlill type of Colpitts circuit uSt.·d, 
the who\f' oscillator circuit, illduding the 
t:lthodc of the tube, is floating witiJ 
respect to ground and connections were 
made to til£' cathode, heaters. and plate 
through cbokC8. H owever, a choke is uot 
:Ul infinite impcdllllcc, And it was found 
1 hnt a "hole" in tht' oscillations occurred 
over a narrow frcquclicy bund, which 
appeared to be caused by a resonnllcc in 
the circuit consisting of the cathode 
lead induchwce, tbe choke impedance, 
und the stray capacitances of the stator 
sectioll,; to the shield. Although the fre
quency u.t which the hole appeared could 
be shifted by changing tbe r03<'1:1I1ce of 
the choke, a practical choke design wus 
not found which would shift it out of the 
desired rauge. The hole wns eliminated 
by connecting 3. resistor across one of 
the ehokCli 3.!l shown in Figure 2, to 
rrouce the Q of the undesired resonance. 

.\t the upper end of tbe freque ncy 
mnge, the operati ng freq uency is largely 
dependent 011 the tube c81>aritunces. 
Thererore, in order to comrlClisate for 
changes in tube cnpncitauee whell the 

fl;ur. " . IIII.rlo< .. i.w 
of th. i."trv",.nt witt. 

.hi.llh •• ono".d. 

NOVEMUR , 19.' 

oscillator tuLe is replaced, :L smail 
adjustable trimmer capacitor was COIl

nected from one .<;t8 tor ~'('t ion to ground. 
:'I lcchanically, the butterfly stator 

WII.~ mounted on till'(.'l' iu:<uiulillg posts 
~ shown in Figure 4, IUld W3.S CU\'cred 
by all insulating platl' that. performed 
the dU(l1 function of supponing the 
o:.<cilln.tor lube sockeL ZUlli of clumping 
and aligning the two stntor seelions of 
lhe butterfly, The insulated rotor shaft 
turned in n. set of ball bearings mounted 
in a casting beloll' the butterfly, How
ever, it wns found that quarter-wave 
resonance occurred in the shaft circuit 
near the upper cnd of the tuning range, 
and iL WM necessary to ground the upper 
end of the mctal shaft with /l. grounding 
strap as shown in Figure 4 i.n order to 

shift the spurious l'CSOIUlIlCCS out of lhe 
ol:ICrnli.ng range, 

The orientatioll of the outpuL coup
ling loop WM adjusted by a knob on the 
pR.ne\ and W!1S armnged to have its 
minimum and maximum coupling to 
both the butterfly inductance arm I\nd 
the low frequency coil aL approximntrly 
the same position. The JXlwer from the 
coupling loop was fed throui!:h It coaxial 
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lmn~mission line to the modified type N 
connel'lor located Oll the pllIlCI. Thi.~ con
nccwr was COnslltlclN:1 in 3. llon~1 manner 
u.s it could be uS<'d ILl!! 0. 8lftlulard connec
tor or un nntennll. [<'or usc as nu antenna, 
the cen tel' conductor was pulled Oll t. to a ny 
desired length up to 6 inchCli, :l$ illus
trated in Figure 1. The center conductor 
was formed of a tightly coiled spring ami 
hence was not damaged by bending. 

MODULATOR 
AND POWER SUPPL Y 

The modulator was somewhat. UIlCOIl

n:ntional, consisling of 3. single tube 
which could be made to produce sine 
wave or pulse moduh\tion. For siue wave 
modulation, 11. conventional Hartley cir
cuit. was used with the primary of the 
modulalion traJ):'!forrncr acting as the 
tUlling induct.or in the resonant. circui t. 
Por pulse modulation, t.be transformer 
was eOlulected to form an oscillating 
circuit with an abnormally Iargc amount 
of feedback and a Ilatural frequency of 
about 7 kc, determined by stray cllpaci· 
lances. The grid resistance was so choscn 
that only one cycle of 7 kc osciUation 
occuned before the grid blocked. The 
finH half cycle, which was positive, plate· 
pulsed the r·f oscillator. Although along 
pulse VIM produced by this modulator, 
it WfL"I found to be adequate for many 
fi t'ld testing purpo;;cs. 

Fo .. maximum utility in its intended 
Ilpplicatioll, the instrument. W88 de-

• 
signed to operate :l.t !ill of the supply 
voltages and frequencies then in use by 
the Allied military services: 80, 115, and 
230 volts, at frequencies bct,,'ccn 50 and 
2600 cycleg. ProvisiOIl W!\S also made fol' 
operation fcom external batteries. A 
selector switch made the proper COll· 

nections for the variOIlS types of power 
sources, and the type of power required 
was indicated on a drum attached to 
the switch whicb was "isible through un 
opening in the panel. 

MECHANICAL FEATURES 

I n order to facilitate quantity pro
duction and to simplify maintellance, 
unit constructiou W!l.S used throughout. 
The wbole Q~cill:ltor assembly WfI.S madc 
one removable unit and the power supply 
and modulator scction was another u!lit. 
Connections were made bet.wcen units 
by mcans of jumper wires connected 
between adjacent. tennill1ll strillS. 

Other mechanical featurcscontribu tcd 
materially to the util ity and :lCCepla· 
biJity of the instrumenl. Among these 
IVUS an cdgc-.illuminatcd frequency dial 
which could be rC!ld regardless of ex· 
ternal lighting conditions. 

The unit was adapted for mountillg 
in fl standa.rd A l'R rack , and the whole 
nssembly was shock mounted within its 
carrying case, a feature that made it 
possible for the instl'Umen L to witiLstnnd 
without damage the sc"ere condition!" 
of military IISC. - R A. SoD.~nM"s 
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