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TYPE 1170-A F-M MONITOR 
FOR BROADCAST AND TELEVISION SERVICES 

• WHEN GENERAL RADIO ENGINEERS set out to design the 
TYI'E 1170-.-\ F-M :Monitot', their aim was to provide, for the f-m 
broadcast band und for television audio Ch!llUlCis, a monitor that would 
h:we the same high quality of performance unci simplicity of opcl'Ution 
as the monitors for the a-Ill band that have so long been accepted as 
standard by the industry. 

The problem of design ing an instrument of this calibre was more 
difficult than that of dcsib"Tling a-Ill equipment, because of the more 
stringent requirements set by the FCC on distortion, noise, and audio 
frequency runge. The first step was, therefore, to determine what cir
cuits could be adapted directly fmlll Elandard a-Ill practice, and 
the second to determine what circuits wcre new and critical. 

To generate the ~taJldard 
frequency, thc highly stable 
crystal oscillator dewloped 
for the a-Ill frequqIH;Y moni
to!' could be used. Sirniilll'ly, 
the modulation indicating 
circu its could I'cEcmble those 
used in the ll-Ill modulation 
monito!'. The I'cquirements 
for distortion and noise 
measurement, ho\\'cvcr, as 
welJ as for adequate stabil
ity of center-frequency in 
dication, called for a dis
criminator bettel' in both 

figu .. 1. Pone' "lew of the 
Type 1171).'" f..M Monitor. 
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GENERAL RAOIO EX PERIMENTER 

The stand .. rd. of p"f .. rm .. nu f .. r f_m bro .. d .... ' . 
Ing a" 'h ' high s' th .. t 'he Indu •• ,y ho. , .. e r 
... n, owing p,lmorll y 'A 'he "It ion and Un.'" 
milling , ff .... of M .. t ... Edwin H. A.ms t.ong. 
Only th' \lSI of equipmen' .. f 'he high .. , quoilly 
w ill InIU,. th ' moln'enon u 0' thu, "ondo.ds. 

linearity tlud fi f:lbili ty than the tuned
circuit t.vpe. 

TWlcd-.:ircuit discriruin:ltors have 
been ured in earlier types of monitors. 
They ure highly scnsitive and hence 
considembly simplify the monitor de
sign. However, the tuoed-cireuit dis
criminator is not particularly satisfac
tory in f'ithCl" lincarity or stability. It is 
basically a nOll-linear device. To approxi
mate lillearity ov('r a 2OO-kc runge, it 
!Dust operat.e at an intermediate fre
quency of several megacycles. Slight 
drifts in circuit component values are 
troublesome, so that. the cellter-fre
quency zero must be continually reset 
by com pal·loon with a second crystal. 

Pulse counters nrc inherently linear 
devices, und a discriminator employi11g 
this type of circuit. can be mudc to 
operate lincru·ly over a wide range with 
n minimum of critical circuit compo
nellts and adjustmcnts. T heintermediate 
frequency cun be low enough to ach ieve 

, 
the stability llel'Cssury to elim inate se{:
olldary calibration adjllstments. 

A characteristic of the counLcr-tJ!:x} " 
discri.rnillll.tor is it.g low sensit ivity, so 
thnt it must operate nt a high sif,,''11ul level 
to give a high sigllal-t.o-liOisc ratio. This 
need 1101. be ase rious li.rn.itut ion, however, 
for the desired resu lt can be achieved 
quite simply, and the added circuits are 
notably free of critical adjustments. 

Consequently, the pulse-counter type 
of discriminator was selected fo r use in 
the General nadio monitor. Using this 
discriminatol', it is possible to obtain an 
over-all monitoring stauility approach
ing that of lhe crystal oscillator, 
or a few parts per million. 

As a l"Csu lt, the original design aim 
has been completely achieved. The new 
monitor gives (1) a cont.inuous indica
tion of cent.er frequency without the 
nect:ssity of frequency cnlibmtiOIl rbe(:ks ; 
(2) an indication of percentage modula-
tion (posit ive, negativc, und full-wave) ~ 
nnd a flashing lam p ind ication of over
modulation; (3) a high-fidelity out put 
for distol·tion measurements - less t.h~l 

0.2% distOltion iot roduced by monitor; 
(4) a 600-obm circuit for nuclio Illoni-

figu re 2. fun.tionol blo.k dio g ... m of the monllo,. 
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, 
toriug. Finally, the Illon.itor is designed 
for tclcvi~ion uudiorerviee as well as for 

,.... f-m broadcasting. 
The hmct ional arrangement of the 

monitor is shown ill Figure 2. A har
lIlonir of a cr.ystal Ollcilbtor bents with 
the incoming signnJ to prod uce nn 
inlenllooiate-frequcDcy of 150 kilo
cycles. This bent p M-BeS through ampli
jjcrs !lod limiters to a <'"(lunter-typc 
c1iscriminatOl". The d-c output of the 
discriminator pI'0,-id08 the ccnler-fre
quency indication, while the a-c output, 
after suitable filtering, operates the 
modulation indiclltol"S and furnishes a. 
signnl (or distortion nnd noise measure
ments, as well as for audio monitoring. 

The monitor is fll'flulged mechanically 
60 t hnt tho vnrious circuits arc segre
gated through the m:c of individual 
ChMSifl fl."'~mblics. This mukes all parts 
nCCC8Sible IUId fucilitates maintenance 
and tube replacements. 

,-.. With onc ex(.'Cption, vacuum-tube 
diodes nre used throu~,hout. the monitor 
I·athcr than crystnl rectifiers. CrySlttls 
nrc not yct commerciZilly available with 
characteristi('!! :lS uniform as thooc of 
tubes. 1n particular, crystals exhi bit. :1-

fluctuation with time in the ratio of 
front.to-back rcsi5tsncc, which pre· 
dudes their lise in ci rcuits where long
pcriod stability is desired. 

Thc &iugle cr.ystal rectifier used in the 
monitor operates the r·f level indicator 
!tud the warning circuits, lUld supplics 
the bi:18 on a control tube. For these 
functions, variations ill dw.rncteristics 
have little errect. 

CIRCUIT DETAILS OF THE 
MONIT OR 

R·F Section - The cr.y!!!a! osci llator 
cirnlit. is one dcvcloped nt the Ccncrn l 

_ Radio Compnny specifically for usc 
in frequency monitors. It is high ly 

OCTO!ER, 19 47 ~ 

stable; vuriations of 4% in thc circuit. 
cupacitance, for ill~tancc, chrul6"C VIC 
frequency by lcps than one pa r'L pCI· 

million. The crystal has a tcmlX'rtlturc 
coefficient of IC8Ii t han t.wo parts pe.r 
million, and its tcmpcl'llturc is lIIain· 
tuined at 60° C. within ±O.15 dcgree. 

T he fundamcntnl frequency of thu 
crystal iii ixtwC('1l 1.4 and 2.2 1\Ic, and 
is SQ chosen that olle of its hannonics, 
when hetC'l'oUyncd with the tmnsmittcr 
ch:umcl frequency, wi ll producc 3. dilTer
cn(''C frequency of 150 kc. 

The cr)'st.al oscillator is followed by 
a.n aperiodic butTer amplifier and three 
multiplier stages. 

T he tuned circuits in the multiplier 
stabtCS have low Q and arc operated 
at a high Ic\'o.l to minimir.c Ule gencra
t ion of (-Ill noiFC by phase modulation 
ill the succc$Sivc multiplier st36"C8. A 
figure of SO db below 100% modulation 
was cbosen as :.L design objective for 
residual f-m noise. This is cQuivalent to 
a fluctuation of 7.5 cycles at the earricr 
f~qllency, or 7.5 paris ill ]00 million. 

The 150 kc be:\t. bct.wcc.lI crystlll har· 
monic :ul(ilram;mitter frequency is pro-
duced ill tl. pe.ulagrid converlCl' and is 
amplified by tl 8.ingle output s t:\gc. 

For proper opcr:ltioll of the succ!J('(I· 
iug circuit 8, it is important that. a Bpcci· 
fied minimum voJtab"C be maintaincd, ut 
the output of the mixer. An indicating 
meter is provided 1.0 mC3sure this lovel. 
Since the voltage at this point del>cnd$ 
on the r-[ input, this device is also used 
U8 :U l indicntor of r-f input level. 

DISCRIMI ",!ATOR AND 
IF SECTION 

limiter Amplifier - To opcmte thc 
discruuinlltor it is nCCCSSlll·Y to 6"l'IICfate 
u squal'C-wavc of constant :unplitud('. 
The 150·ke output from the r-r section 
passes thl'Ough il. diode clipper, a \"Oh:lgC' 
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~ GENERAL RADIO EX 'ERIMENUR 

amplifier, a second dipper, and finally 
drives two power tlllJt's lIS limiting 
Ilmplifiers. 

The amplitude Ilt. the out.put of this 
ullIplifier is I!uffieient to n.~uro a high 
signul-to-noise ratio and to eliminnte 
all effects of contact. potential ill the 
tliscrimillator diodes. 

The voltage Jew"j is stabilized by 
rcgulntillg the plate Iwd SCI"CCIl supplies 
of this finuJ outPl\t !ltngt'. At this point 
in the circuit t ho E.igmil is tl square-w9.\'p 
of constant amplitude. The wuve si.Jul)C 
tmd Ole amplitude must. be independent 
of frequency over a r:mgc of 150 plus lind 
minus 100 kc in order to provide for 
wide modulation swings. 

A control tube cub.! otT the gain of the 
flInplificr tubes until su fficient ll l>UL 
voltage has been reached to permit 
complete saturation of the input clipper 
stage. This prevents erratic illdiczltions 
on the meter with no input, sign:ll. 

Di l crimi na tor Operation - The dis
crimillntor is shown ill elementary £ol1n 
ill Figure 3. The two diodes nre <:on
nect~1 if} pa.ralld blll in opposite ':;c05<', 
bO thnt. the CQlI(lemcr i~ dl:lrg«l through 
tile left-h!lnd diode and diiiehnrgcd 
t lu'Ough the right-hund Qllll. The lime 
constants of tho U.-C circuits :u-e I'rltlde 
smn l! (.'ompare<i to the l ime of one-half 
('yc1c of the intel1ncdintc frequency, so 
lhat the COlldell~er is charged to the 
peuk value of the sqU!lre-Wtl\·C and then 
completely dischnrged during altcnHltc 

, 
haJr cycles . The output of the discrim
illator, which appears acroos the l'C .. i::tor 
HI ill series wi,JI the right-hand diode, 
consists of unidirectional pulse!! of COII

stan t shape Ilnci amplitude. 
When t he transmitter is unmtx lu

Intoo, the discriminator output has a 
d-c component equal to the averub"C 
value of the VOIUlb"C across R~and :t scries 
of a-c eomponcnt8 at the pulse repelj
tion frequency and its harmonics. The 
d-c component varics linea rly with the 
lram!.llutter frequency and consequently 
can be used to actuate the center
frequency indicator. 

WhelJ the tmnsmitter is frequency 
modulated, the pulses arc "bun ched up" 
or "spread out" when referl'ed to a 1 imfl 
base. Tbe d-c componcnt is not :l.lJeclrd 
by the modulation except to the degree 
by which the IlveTUb"C, or center, fre
quency changes undcr modulation. 

ModlllntiOIl also produces in t he c1~
criminator output a componellt of til(' 
mooulation frequency, which is used to 
operate the modulation indicators and 
to feed the audio output circuits of the 
mon.itor. 

Ce nter Freque ncy Indicator - The d-c 
component of lhc discriminator outpu t 
voltage is :l.pplicd to Il va(:uUIll-t uUc 
voltmete,', with a bucking VOltllgC thllt 
is independent of frequency, to opemte 
II. 7.ero-cenler meter. A oonter-frcquclwy 
shift will cause the differential voltage to 
change in magnitUde and sign, Iwd lbe 

FIRII .. 3 . Elemenlar y nhematl. di a gram of Ih . dl ... lmlnalo •• 
The InpIII waveform ;1 I hown 01 ,h. lef' , 110. O"'p"t w " ".fotm 01 ,10. r; ghl. 
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d-e indicating meter will swing in one 
direction or the other by an alUount pm .. 
portional to the change in ~8. rricr fre
lluCllCy. The bucking voltage ill dcri\fcd 
from the square-wave that dri\'CS the 
di!5criminl1l0r :Uld is propor! ional only 
to mnpliLudc. H CJl(.'C, mino]' vnrilltiQlls 
in !lqunre-wnvc amplitude will :tfTci.;t. 
lJje output of both the discriminator unci 
Ihe bucking circuit equally. The usc of 
this amplitude stsbilizing circuit elim
inates the need for e!<iremc regulation of 
tLe plnte supply voltages as well 1\8 for 
precise control of all factors influencing 
the ::qUIl1"(HVnVe runplitude over it.s 
complete rauge of carrier swing. 

AUDIO-OUTPUT SYSTEM 
lo ordcl' to recover the origiuni mod

ulation !ligna), the high-frequency com
ponents pre>ICnt in the pulEe wswfonn 
nre 1'Clllovcd by means of low-pass filters. 

Since tJ\C dc-(:mph!ll'is circuit nor
wally employed in the audiCH>utput 
rlUlllllCls constitutes an H-C filte r wit h 
lo\\"-pass charut1cristics, this nctwOI'k 
t'tLIl ndvtllltngcom:ly be lIsed to couple 
tho discrimimltO L" to the :llIdio (·hlUlLlcl,:. 
The high series rcsistnncc. helps to 
lI\inim i~ Ule reactive loading cff<,ct.s or 
OLC external circu.its upon the discri m
inator, Ilnd :lot the same time reduces the 
high-fJ'tXluency components of the origi
nal Imll<e. 

The resulting de-emphasized !!ignru 
P3&qcs to a cnthod(l.-(·oupled amplifier 
and thence to one sect ion of 3, low-p:\.SS 
IUtel'. This filter sect ion must pnss with
out nttemmtioH nJ[ lIudio frequencies LIp 
to 30 kc, t he uppcr limit of audio 
measurements required by the FCC. 

The second section of the fiiter is 
plaet.xl directly in the output of an am
plifier, whose sole (LUlction iJ; to drive 
the cxtemlll d istortion and noi.."-C meter. 
This filter sect ion elimiJlatcs allY re-

OCTOBER , 19",7 

tn!lining r-f componcntfl including pick
Lip in the amplifier iL'iCIf. '1'0 insure a 
minimum of r{'~id1l81 di:storlioll, the 
tunplifier is op~rnled tit a constant low 
level. The input gain control can 1)(' set 
to gh·c a COlLRt:Wt. output. fOI' tiny valtll': 

of trnne.lIlitter frcqu('H('Y swing l)CtwCen 
6 aud 100 kilocycles. 

A second output. iutcndcd for 10(:0.1 
program monitoring, ip: obtalned from 3 

cnthode-eouplcd amplifier with an effl'C
tiyc output impedance of 600 olurLfl, 
unbahnccd. 

Modulation Metering Section 
A st.andnrd pre~mph3Sis circuit rc

stOl'CS jhe OrigilHl l aud io-freq uency 
chnTnctcri..;tic fo r mocln llllion tllCHsurc
ments. This appnretLtly rOlilldtloout 
method of ptwucing thc modulation 
signal by first de-(,LnphftSizing and then 
~rnph~izing has one vcry con"il.1cr
able advtmtagr . .\1\ poi.nted out abovl!, 
the d~mpha.8is rireuit he lps materially 
to clilIlin:l.te the radio-frN'lllt'ncy COILl

ponents of the pulse wavdorm. Th iJ< 
r{'{lu('cs by till' !l/lmc dCgJ~~ the ,:hicldi.llg: 
neccssnry in the LIlodulntion mOllitoriJlg 
ci rcuits. The sitmclUl'd pl'C..('mplulSii$ cir
cuit restores the audio-frequency com
pOl1ents to II. much grcntcr dcgree than 
the r-f compollcnts. 

. \1\ adj ll~tablc gain COTltrol is pro
vided in the pre-tunplificr circuit. This 
gain control permits the monitor to be 
calior:)tCti for 100% modulation, with 
finy vulue bctwl't.'1l tlm limit.s of 25 ami 
i 5 kc .swing. 

The modulat.ion IlLctcriJlg c"i rcuits :llId 
the ovcrmouui:l.tioLL indicntor cit'cui t !.Ire 
Ilcnrly idcnticnl with UlOse used ill 
General Radio a-Ill monitors. The meter 
charactcri"tics mt.'Ct lIlI FCC specifica
tions. An important feature of this 
monitor, howcyer, is the illclu810n of a 
peak-ta-peak, or lotal Rwing, indication, 
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Gf N ERA l RA DI O fX PE R IM E NTEl 

Ul addition to the usual positive nnd 
lI('glltiVC penk indications. 

PERFORMANCE 
CHARACTERISTICS 

Canter~Frequency Indie-alion - Moni
toring practi(,'e in the fttandard tl .. m 
broactl'ilst band hilS UtlcustoJllcd the 
transmitter engineer to stable ccntel"~ 

frequency ind icators. A glnm.'C at the 
monilor g,ives him u frequency indicn~ 
lion thnt. can be relied upon without 
clllibr:l.tioD chcc:ks. 

1\lnny existing f-m monitors, how
ever, do 1IOt. have this degree of stability. 
COIl.l'equently, the zero reading must. be 
ch(>ckcd against 1I1lother crystal standard 
before !\ oonter~rrcquenuy N:lnding is 
taken. I t is clisiomal"}, to provide a push 
button on the pane! for th is cnlibrutioll 
{'het'k. Sllch :1 procedure is ill('()n\"en icnt 
tllld tilllc-eollslIming und is nearly i.m~ 

po&.ihle \\ hen remote indicutors nre used. 
The Tl'I'E ll70-A F~)' I :Monitor is de

~igllcd to give the ssme dt'b"TCC of Btabil
ity as i ~ cust{)lLlary in fHn monitors, It ;t 
OV('I"~lI l1 s l:'l.Lility is ±4 part~ pCr lI1illioll, 
0 1· about 400 cyuil. ... s ... \ zero scI. is Jlro~ 

vidcd, whir·h checks the clectricnl zero 
of the melcr, but t his need be 11sed on ly 
oU(:e a day. 

" " 

.......' ... __ .......... '1 _'011 
,011 ' . _ • "'~_'000< .ta_..r~1S 

,"._ ... , .. G .... Lt~ ogo ... toM> 

• 
When this cheek is made, the accuracy 

of indication is bettered by a factor of 
two and is good to ± 2 parts per million. 

A glance at the meter gi.\·cs the (..'(!nter 
frcqueocy of the tr:1Hsmitter, even on a 
rcmote meter, and , in addit ion, a re~ 

COlxlcr etUl be operat ed to give : .. con~ 
tinuous rCI,'ord of center frequency. 

To prevent erroncous on~fl"eqllency 

indications when the transmitter signnl 
fails or drops below all adequate level, 
two warning signals nre provided. The 
iIlumi.nation of the cel\t.cr~frequency 

meter drops nearly to zcro, and a pilot 
lamp on the panel is extinguished. 

Distor1ion ond Noise Meosuremen's 
The FCC hM required lhe use of the 

standard 75 microsecond de-emphasis 
network in the measuring instru ments. 
This rCEults in :1 fl a t frequency response 
for the elltire system betWl'C1l the tralls~ 
mitter audio i.llput and the measuring 
devit.'e, and 80 duplictltcs the conditions 
actually obtained between stud io and 
homc l"Cc('ivcr output. l\ rc~llrClllcnls of 
lIoise alld distort ion arc, however, rc~ 

f('ned to a. given mouulat\on pCl"centage 
and frequency. T hu output voltage 
available for operation of t ilu distortion 
and noise meter is thus reduced at the 

fig .. , • • . 
O,...olinll ,onge 
of the monitor 
for distortion 
ond "oil. 
m ...... ,..m. ntl. 
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high audio. frequencies, :lIld this Jimit~ 

the minimum pcreelltllge modulation at. 
r which dist rOon measurements eRn be 

mnde. l~i!."ure 4 shows this chnJ'llClct 
islic. 

Tbe very low ois-tonioll Ic\'cJJS IJmt. 
willllorumlly be mCIlSUI'cd ill (-Ill tmns
mittel'S impose rigid requiremen ts OIl 
ull units of the measuring system, :md 
these iucludc ( l ) Ule test ().'!cillutol", (2) 
the f-Ill monitor, and (3) the distortion 
meter. ]~or this reason it is b.igbly im
portant to k('Cp the residual distortion 
iu lUlY Qne unit as low as possible, since 
the minimWl1 ind icated level may equal 
the sum of al1 eompollcnts in the system. 
CancellntioJl effec1s I11ll)' reulL( .. 'C the in
dicMcd level below this alllolUlt, but, by 
the suwe jokcn, rCildillgs of the tr:ms
mitter distortion may be iooorJ'C<'t, 
should the le\-cJ be so low 3S to approach 
the residual IC\'cl of thc measuring 
LnstrUlllcnts. 

- Coul!idcrn.blc effort WM devoted to· 
wlu'd kff'ping the re8idmd audio distor
tion ill the monitor extremely low and 
!~ figul'o of better t han 0.2% has bccll 
ao.:hic\'cd. When UIC monitor is: lUlt'{l in 
conjunl'tion with a T YPE 130J· .. \ Low· 
Dis tortion O~eiUn.lor und TYPE 1!l32·A 
Distortion and Noi.!'.c i\lctc.r, meusure· 
mcnts CUll be made of f-m transmittcr 
audio modulation distortion at. values 

OCT08ER , 1947 

in the vrdcr of 0.5% rills distortion with 
II. rc~onnble degree of nCCIU·IlCy. 

Noise measuremcnts in r·m systems 
wiU ordinari ly be mafie III levels below 
- 65 db. The rc,!'idun l noisc le\'cl in both 
the F·m monitor alld (he noise mctel' i,. 
thercfol'C of considerllblc ilUport!U1cc. 
The cOlllbiJlation of the TnE 117()..A 
F·IH Monitor with the 'l'yl'~ 1032·.\ 
D istortion and Noise !ld eter will pennit 
mC3SUtemcnts to be made at levcls of 
- 75 db with accuracy. 

In addition to its ugc in thc trans· 
mittiJlg station, this monitor is suitable 
for the production testing or f-Ill trang... 
mit.teI'S. The rombin:l.tion of the TYI'E 
1301-A Low·Distortion Oscillator, TYl' ~; 

1 932·A Distortion and Noi8e :\Jetcl', and 
'1'\'l'E 1170·A E-l\f I\tonitol' will permit. 
transmitter type tests to be made as 
specified in the FCC's Standards 0/ Good 
gtlgincCTitl!} Pradire ConcerPlill!/ P-M 
Broadcaal. St(Jtioll~. BcC3\lSl! of the wide 
rauge of frequcncies over which this 
instrWllCllt wiU OJX'ratc, and the CfI.SC of 
calibration adjustments, the monitor 
can eMily be used with televi;oJioll aural 
transmitters. Tbis flexibility of opom· 
lion permits transmitter d~ign CIl· 
gillccrs to perrornl type tests lIpon £-Ill 
transmjttera of all types with :l minimum 
of equipment. 

-c. A. CADY 

SPECIFICATIONS 

r 

Tran.mlttu f r.q .... n~y Rang.: 30 to 102 Me 
with Tn~l 11 70-PI J{..F Tuning Ulli~ i 160 to 
22Q Me witb Tn'" 1170-1'2 R· F Tuning Unit. 
R-' Inp ... t Imp.danc., lIigh impedlmQC, with 
'('yp f) 77-1 Corudal Conllector. A ctlpacit:\llcc 
MtclIIlllLor ili provided for adjusting thc lul)ut 
ICI·e!. The monitor call be used witl l ~t:llldnrd 
Il:.r-..I.A. transmitter monitoring output. 
Input Senutlvlty, 1 volt r-f, or better. 
Input l ••• t Indlcatarl' A Ineter for indiCllting 
r-f iuput level iif provided ilL the rellr of the 
cba&i!I. SiguBI pilot lamp and l'eutcr-(requency 
meter piloL BTe ilhuninated when input level i8 
Ildequllte II.Jld are erUJlguisbed whert le\'e! d rops 
below tbe \laablc minimum. 

Int. rm.dlat. fr.qu . ncyl tOO kc. 
Dlurlmlnatorl PuJae.oount.er typo Iinc:u to 
better than 0.05% OV{lr Il. range of ± lOO kc 
(133 % modulation). 
C.nt.r fr.q ... . nel" 

Indl~atlon! Meter is co.!ihrated in lCJO.-<:ycle 
divisions from - 3000 t() +3000 cycles per 
IIC(l(Illd. No leTO set. ill 1lCl..'CIIStlry for each re.'\d· 
ing aud no seeond CT)'/;:tal ill provided. 

Anu .... eyl Crybto.! fT6Q,ucnry, when monitor 
is rnt:eived, ill within ±IO p.'1rt..J per million of 
SIMleified eh!l.nne1 (te(juent·y. Zero rending is ad· 
jWlt.'lble over ±3000o(:yeie rouge tQ bring moni
tor into IIf!:reement with frequency·mClliluring 
serviee. Center frequency indit"tioll is then a,c.. 
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GENERAl RAD iO EXPERIME N TER 

curate to ±200 cycles per second. 
0 .... '·': .. 1 STablllly: ±400 cychlil. or better, 

for long periods. 
Percenlag. Madulalian. 

Indlcatlan, l\ lete.r is tnlibrute..1 from 0 to 
133 70. Addil i'mn] db s.:.:ale is provided. Switcb 
selects positive or negative IW.llk!!, or full-wRve 
(pc,u.-to-pe,.k) indicll.lion. l00(~{, modulaliou 
t'(lrrIl!!PQnd~ to i5 kc dcvi:ltioll for f-m hnnds. 
Single int.cruul ndj,,"stlnellL of moter cirl:uit 
cb:u)ges calihration to rend 100% at 25 kc de
viation, for t.elevisiotl audio monitoring. Meter 
ballistics meet FCC requiremellts. 

"'ccuracYI ±5< ~ modulatioll. 
O .... rmoduialion Indicator. Lamp ftllShcs 

""hen Ilrt>determined modul:l.tioll level, !l8 set 
on 11 (ial, is exceeded. Hange of dial is 0 to 
120% modulatiou. 
O\llPUI Ci,cuiu. 

1. 01110"lon and Nabe Mea ,ureme"U: 
Termillsb arc provided for conuecting a 
Tyl'.: 1932-A Distortion and Noise !\I et.er, 
aud /l, gaiu control is provided. 

a .,ld",a! DI,IaMlon, Lese than 0.2% fit 
100 ke swing ( ± 133 % mWulatioll ). 

• • , pon •• 1 50 to 30,000 cyeles per IICt'Oud 
±}.1 db. Standard 75 microsecond de
emphasill circuit is included. 

Ma .. lmum Oulpul; 1.5 volts into 100,000 
OiIiIlS. 

R. ,id",ol No15. L.ve l, - i5 tlb or better 
referred lo 75 ke deviatioll; 65 db or 
bcuer for 25 kc devinUon. 

Sen,ltl ... lty: Full output can be obbined 
down to S% of i5 kc deviation. Senailiv· 

.ity vru-ies with ruodulation frequency in 
:Icooroance with standard de-emphasis 
cllarncteristill. 

2. Audio MonItoring OUlput: 
Impedance l (j()() obms, unbalanced. 
O",tpul, Zero dhru at 75 kc devintioll 
(100% ruodultllion). 

TV", 

• 
Ie'ponle. 50 to 15.000 CyclC9 per second 
±!:( dh. 

C.yllol O"illoto.1 Genernl Hndio high-stabil
ity circuit. Crys1nl ill teOII)l).r:lture-eontrollcd at 
(60 ±0.15) C. T (lIllperll ture coellicieut of cry8-
t:l1 is 2 pllrt5 per million per degree C, or less. 
CrY~l!11 Ql'J(lilbtor output level can be read on 
pnnelilletcr by pressing n I>usb-button switch. 
A jack is mounted ll.t the rear of the chA8:>is for 
t'(UlIlccting a milliuliltleter to tlhcek crystal 
05cillfllor plate current. 
• • mOl. Indlcotonl Circuits and term innIs 
(Ire provided for connecting the foliowillg indi
calors externally: 

Center-frequency iudicator 
Percentage-modulat.ion meter 
Over-m!KIulatiou Ismp 
GQO..ohm uuba.lanced IIl1ralmOllitor 

Vacuum Tub • • , T he following tubes are mcd 
alld nrc supplied with t be monitor: 

l -GAlitl 2-GAG7 2-601 
J-6AB7 2-OSN7-GT 1-815 
I-GB EO I-MG5 2-OD3/VHI50 
2--2050 1-GSJ7 1-6.16 
6--(;AL5 4-6SU ·GT 1-991 
I-GSK7 1-6AS7-G I- 0C3/VRI05 
2-3-4 

Acc. llo.I., SuppU. dl All tubes, coaxial. COIl

nector for r-f input, power Jine connection cord, 
power supply IJlug. 
Po .... . , Supply. 105 to 125 volts, 50 w 60 cycles.. 
Power-trallsformer-prim.'l.ry-{:onnectionil ('nn be 
changed to permit operation 011 210 to 250 volts. 
Pow • • Input l 300 wntts. 
Maunting' I \J.. inch re!i\.y-rn.ck pane! wilh dl1llt 
cover . 
Panel Flnl. h, Standard Generlll R ndio black 
crnclde !!M.'tluer. Certain stll.lldard graYII that 
can be proeC5!!ed in quantity clln be furnished 
at un c."'(trn charge of $20.00. 
Dlme n,iOnA' Pn.u~J 19 x 26J.( illche!;; depth 
behind panel, 13}1 iuchC9, over-.'!l!. 
N.t Weigh,: 88 pounds. 

Code lVord Price 

11 7 0 .... I F·M Manllor . . . . . . .. 1 AHEAIJ $1625.00 
(Lif!<'nted under ~t~Dt.o 01. the '\ln~rieo. .. Telephcme Bod 1'ele' .... ph Com~ny.) 

T he T YPE 1170-A F-l\ [ ). fonit.or was develo]lCd by a group COIl f:. istinp; of A. P. C. 
Peterson, C. A. Woodwll.rd, W. F. Byers, and C. A. Cady, author of the foregoing 
urtit:lc. 

GENERAL RADIO COMPANY 
215 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETT S 

NEW YDRK t. NEW YDRK 
.. WHT STAEET 

TH.-WDRTH 2· 5131 

TELEPHONE: TROWBRtDGE HOD 

BRANCH ENGINEERING OFFICES 
lDS ANGELES lI. tALIFORNIA 
n a NORTH HIGHLAND AVENUE 

TEL.-HDllYWO OD 1201 

t Hl tAGO 5. ilLIN OIS _ 
ua SDUTH MICNIGAN .I.HNUE 

tH .- WAlASH lI U 

1 
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