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MEASURING NOI SE LEVEL S 

ON 
FR E QUE N CY -MO DU LATE D T RA N SM ITT E RS 

IN THIS ISS U E 
p(l~ 

TilE V.:IUI_~TI"'; VOI:r .. 
MiE DI\"II)I~It, PAitT 

111. ............ .. , 

.THE "Standards of Good Engineering 
l)r:tCticc Concerning F-i\! Br(»ldcasl. Sta­
tions" impose certain minimuIll noise-level 
requirements on frequency-modulated 
transmitters. Goth f-m and u-m lIoise levels 
must, be held below specified limits. i\lorc­
o\'er, it is 1I0W required that these tests be 
made Oil an annual basis, at least. once dur­

ing the four months' 1>Cl'iod preceding the slation license renewal. 
1n the past, the evaluation of noise level might be limited to II. single 

Ret. of measurements made when the t l':1nsmitter was first installed and 
operated. The practicabiliLY of repeat mcusurcmcnts was largely a 
nuu.ler of balanci ng the cost of a distortion and noise meter against the 
desire for slI l>erior quality. New FCC requircments, hO\\'c\"er, mnke it 
de.-;imblc to have the neCCSi>l\ry mcasuring equipment aVllil:tble in the 
slation for tho routine inspection of the transmiLler characteristics. 

F .. M NOISE LEVEl 

:C\lcasurcmcnts of the rom noisc lc\'el arc usually madc by applying 

Figure I. View o f IIIe 
Type 1932-PI A·M, 
Dele<;tor Un .. plugged 
Inlo IIIe panel jack. 
of a Type 1932·A 
Ot.larti.... ond Noi.e 
Me'er. ~Iow 'he Oi,. 
tortian and Noi.e Me· 
' er i. a Type 1301·A 
low-Ohlort..... OKi!· 

1010 •• 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



GENERAl RA OIO EX PERIMENTER 
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C'ftlt5 1'£11 5lCOtCl 

fig",. 2. Eft..:! of III. d.·empha.l. chara" ..... · 
lie .... non ... nd diJlorIion m.a ...... m ... " willi 

c .... "anl m.odul"tlorI p.rcenlage. 

1111' uudio uutpui. derived from an ]i'·M 
modulaliou monitor to n. eonventivrml 
distonioll and noise meter, The TYI'~:S 
117()..A F-M i\ l onitor' and TnE 1932·A 
UilStortion and Noise l\'lcter' have been 
previously dCl)Cribed for this purpo!)(.', 

The F':\I .\Ionitor provides a vcry 
linen f-m detector and de--empluu:izcd 
nudio output circuit. The Distortion and 
\ ' oi:>(' Meier is an audio-fr<'<IIU!lwy de­
vice exelusively find measures the distor­
t ion and noise chal'acleristics of an audio 
l'oignul. i\ l cmlurcments arc made at a 
I'Cf('I'Cllce of 400 ('yell'S, 100 per ('ent 
modulation. 

It is important to recognize thtH the 
reference frrqut'llcy mUSl ulso IH..' given, 
bccauS(' of t Iw de-<lmphnsis l'irl'uit wit hin 
the merumring equipment. which n.'8ullS 
in n. dC<'rcnse in audio output al high 
modulntiOIl frequencies fol' :t l'ollslallt 
pcrccnlug£' of modulation, TIll' ow!r-lIll 
II'ansmi~<;;iun >I.y!Stem fl'om mil'l'ophutll' 
10 rcc<,ivcr output is flat. IX'C:lU~(' of the 
l'filH:eling elTetts of prC'-emphnsis in the 
Irallsmitter lind de-emplm .. 'iill within lilt' 
reccivN, Il owe\'('r, when tite tmnsmitler 
pertenttlg<' modulution is Iwld COnl;l:lUl , 

'c.' A. Cad" ' 'Type 1I70-A F·M MOllit'" fM 8....w..t 
/lDd Te\oov;""" Set __ : ' I!z ____ , x-xu, 6 , OclOboer 
1947. * Y.-nt O. I ..... , UU.I ... tlon :\1 ..... ..,......1 in the llrt>&d. 
_line l'ot..atllt" '" E~i ... "ftI ... , XX IV, I, June, 1\j~1) 

, 
rather than its audio input level, the de­
emphasis resulla in less audio outpu t. at. 
1 he higher audio freque nc ies, 

As all exnmplc, consider a typiClll ellse 
in wbich t he power line hum components 
al'c the ma jol' ~OU l'CC of noise. If the 
refcl'clIee frl."<luCIH',Y is 400 cyclcs, the 
!'C8UItS might be, l>lLY, - 60 d b. Shouil.l 
lhc measuremcnt be I'CfNTCd to 15,000 
cycles, the same conditions lI'ould gi\·c 
:lh indication of only - 43 db, as shown 
ill Figurc 2. 

I t is also intel'C!tling to note that this 
samc eITed will influcnce the rcsulis ob­
tailled ill dist ortion metlSUrCmelllS, T ake 
for example, the ensc of u 60 db noise 
level below the st!li.l.'d !'eference of 400 
cycles, 100% modulflt. ion, l\'i osL distor· 
lion und nOLl:!C meters clirrently used 
operale upon t he Iwineipl!! of remo\'ing 
the fUlldulIll'lltul audio component on ly 
and indicating the remaining coml>O­
ncntsabovc und lx-low the fundllmcnllll, 
lL8 distortion, Thus the GO db noise 1C\'el 
at 400 cycles would pl'OOUCC:I1I eITI.'(:li\'{: 
minimum distortion rcading of 0,1% on 
the mete!', since 00 db COI'I-esPOllds to 11 
voltnge ratio of I :0 ,001. Likewise, tim 
s..'\me system noise levf'1 would I'esult in 
a. minimulll distortion rendi ng of 0 ,7% 
at 15,000 cyclcs, si nce 43 db ('orresponds 
to a \'oltage rnlio of 1:0 ,007. 

A - M NOISE LEVEl 

The ll.mplitudo-modulation noise level 
has i:lI'gdy been the concerti of the 
tmllsmittel' design enginCf'r ill the past, 
bIlL it, is now tteCefiSll!'y for Ihe u'uns­
mitter ope rating enginC<'I' 10 become fa­
miliar with its meliSllt'emcnL T he de­
moduln.tion syslem, showl) ill I'igll l'l.' 3, 
uses a cOII\'enlionlil linenr rectifier nnd 
r-r filter us is uSlInl in u·m practice, bill 
there ure two imporhUlI difTerellces ­
(I) there is 110 IOllg<.'r fin Ilvailuhle re fer­
ence modll!Jltion In calibnlt(' the system, 
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F,gur.3. CirculI of the Type 1932·A O"lorflon and No" . Mer.r. 

lind (2) a 75 p-sccond, de-cmphn8is net­
work is speci fied by the FCC in the 
audio measurement device (to match the 
receiver characteristic). 

Since the noise modulnlion is in her­
ently a very low modulation percentage, 
certain of the problems IIssociated with 
linear detector design are removed, such 
as negative peak clipping at high modu­
lation frequencies. \Veda, however, have 
to provide for an external audio calibrat­
ing voltage wh ich can be established at a 
level equivalent to 100% amplitude 
modulation. This is accomplished by 
using the d-c output of the rectifier us :l 
standard of comparison. COllnecting 811 
external audio signal to the detector and 
establishing an urbitrary reference level 
us not('''{1 by the rectified dc, and at, the 
Bame time setting up the noise meter to 
I·ead full scale, establishes the filost. ref­
erence point. When the inserted audio 
signal is removed and replaced by the 

fi gure 4. elene·up ~;ew 
of Ihe A·M O.'.c'or 
Unll. Th , coa~lat con· 

.......... neclor or Ihe rlghr If 
supplied wilh rh . unill 
rlIe card, plllg and lack 

01 Ihe leflore nol. 

transmit.ter ctl l'fier frequency and the 
r-f level is adjusted to give the same d-c 
I·eclified cmreni us bcfon~, the noise 
meler wi ll thcn rcad the noise level 
directly. The change in rectifier effi­
ciency between the audio test frequency 
and the transmitter carrier frequency is 
compensated for, since the average 
rectifier de is mainlltined constant in 
each case. 

An r-f filler, following the detector, 
isolates r-f components from the noise 
met-er. The 75 ",-second de-emphasis net­
work is added to give the desired re­
sponse characteristics. 

The r-f input circuit clln be coupled 
directly into 11 [ow impedance transmis­
sion line, thus tn-oiding tbe limitations 
of tuned circuit.s upon the 1'-£ hand width 
and the need for adjustment'S. 1\108t 
transmitter monitming outputs arc fide­
qunte to provide 4 to 8 volts for opcm.t­
iug the crystal rectifier. This \·oltage 
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rflngr iis 3. compromise hel wccu detec­
tor linearity and over-all sensi ti\·ity, 

TY PE 1932- Pl A-M DETECTOR UNIT 
The dct{'('lor unit, arnmgcd in tl. COIl­

venient plug-in form, is shown in Figure 
.l. It plugs directly into jacks 011 the 
p:\nel of the TYPE 1932-A Distortion and 
:.: oisc r-,'1cter. Direct conncetion to the 
r-f monitoring line is provided by means 
of a coaxial jack on the I·ight Bide. An 
!ludio input jack and a convenient am pli­
tude control and disconnect switch arc 
pro\·ided Oll the left side. The diode­
I'urrcnt microammeter is mou nted in an 
l'llsily viewed position at the top of the 
unit , together with :l. switch for remov-

• 
iog lhe 75 ~-!sccoIlJ JL'-el1l ph:U'is 11('1-
work when it is IlQt desired. No r-f gail! 
control is provided bccnul!C it. is nut 
needed . It. is merely nctessary to :lCI'Cllt 

lilly reference r-f signal with in til(' 
operating runge of the meter, the'll to 
establish t he audi o level equa l to t.his 
\'lllue by means of the conlrol provided, 
und fi nally to rei nscrt. the r-f connection 
and measure the noise level directly. 

The plug-in constmetiOIl is cOlwenienj 
and avoids unnCCCS5.."\ry duplication of 
facilities, particularly when the dist.Ol·­
tion and 1I0ise meter is to be used with 
S<'vcral transmitters, as in stations opcr­
:lting A-M , F-M, und TV transmitters. 

- C. A. CAm" 

SPEC IFICATION S 
lI·f Inp ..... 

r,(l- 2"2() )1('. 

<I 10 8 volts requiu'{l, rrom low.impetlnlloo 
lille. 

Type 771·0 ('-(muM·!!)r. 

Avdio Inpuf: 
II)() eyrlC!!. 
4 to S "olls roluin.'tl : iutt'rnll l pOlcm iornclcr 

is provided. 
In[lul itnl)Cd'lnec'" 1000 fI. 
l't./I lldard single-eonlnct. telerhonc-j:u'k t'ClII­

neclor. 

TIlT>' 
1932.P1 

A ..... loO"tpllf: 
30 - 30,000 eyclea ± 1 dh ; or 75,ILSCC de· 

emphasis charntt.cristic. 
1 to \.5 yolts, illio 100 kn lond . 
rlu~ to fit IIWludrl)'{i W. E. pnnel j,U'k$, Oil 

Type 1932-A Dilltorl ioll nnd Noise !'o\('t('r 
nre pro,·ided. 

Ace."ori •• 1 

1 Type 7N-~ 1 Cnhlc J :l('k. 
Mo"n ri ng: 

mack wrinkle-finish casc. 
Dlmond on, : 

S}( x 13 x 2H illChe!l, uv('rll\l. 
Not W,lghl: 

I j.i [lUU/ldii. 

COtk Word Priu 
$.55.00 

THE VERSATIL E VOLTAGE DIVID ER 
PART III 

EXAMPLES IN GENERAL 
RADIO INSTRUMENTS 

~[any speciaJized voltage dividers 
have heen designed and 1Il!lIlUraeturcd 
ror usc ill various or our illstruments. 

1. CRl Dial s for Bridges, elc. Olle of 
the most widely used items if! a TYP E 
433-LC Voltage Divider (L for log­
:-arithmic, C' for oompc.ll~nting mecban­
is.m) \ISed as a rh(!()i;tnt ill several 

aitcrnntillg-currcnt. bridges, including 
TYPES 625-A , 650-A, 7<10-13, 740-BO, 
und 1611-A. The 2O-db logarithmic fea­
ture is not. used as such , sinoo there is no 
extension resistor. The mandrel is used 
only to spread the scale at the low em! 
ill order to mZlke pen:cntHgc accuracy 
more nearly the same throughout the 
d ial. 

The din l~ nre etched to a cu rve whi!'ll 
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, 
r('p~Cllts the av('ragc of a lIumber of 

,...... voltage dividers in prod uction. It is a 
faidy s imple maU er to track the VOltllgt' 

di vider to til{' f;ca ic by using; 11 8CrcW 

driver on the ndjuSil ing screws of the 
compen.sating mechanism. A d-c Wheat­
Ftone bridge is simply set. for a I'C8iJ:'L­
n1H.'C value corresponding to the thell 
dinl selting and the (''OIllI>ellsllting 

mechanism adjusted until the bridb"C 
bl\Jnnccs. 

2. Wien Bridge. Two voltage dividers 
vcry similar to that dce:cribcd under " 1" 
but having a different re:istancc vullle 
nnd being ganged together back-to-back 
are employed in ou r 1'n'E 1141-A Fre­
quency Meter (Wien-bridge type) for 
continuous frequency adjustment, while 
tbo bridge capacitors nre switched to 
provide decade steps. For various rea­
sons tbe compensating mechanism is not 
included, and so each instrument is 

r- bund-(!alibrated. Techniques have been 
worked out for engraving a complete set 
of marks on tho frequency scale distrih~ 
ut('(1 accordulg to a smooth curve but 
starting from a minimum number of 
actually calibrated and marked points 
on the scales. In this ins trument, exten­
~ion resistors are em ployed , the dial 
(:ove~ a rango a li ttle over ton to one 
and docs not go up to infinity, and the 
accuracy of setting is practically uni­
form throughout thc di:lI. 

AUGUST, 1949 

figll'. 11. Pon.l vi."" of .... Typ. 650·A 1m· 
p.done. Bridg • • Th. Iogorithmk ....... Iot cQn­
Ironed by the fo.g. diol ""01 Ihown in Figll'. 2. 

Port I, of ,hi. ortid •. 

3. Twin~T R~C Networks. Our '1'\' 1'ES 

760-A and 762-A Sound and Vibration 
Analyzers use R~C twin~T networks for 
frequency dotermiJlation. Capacit ors are 
shifted for stepping multipliers of three 
and ten, while the continuous ndjUl~t­

ment thcreix'lwc('n is afforded by three 
ganged voltage di\,jders operating as 
rheostats. One of these \'oltab"C di\'iders 
is one-half the resistance of the other 

fig ..... 12. Pon.1 (I.ft) ond interior (rigllt! vi ..... of th. Typ. 1I4' .A Alldio fr.qll.n<)' M.t.r. -
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flgvr. 13. P"n.l VI""" (1"fl) "nd portion "f lnl.r;", "f Typ. 760.1. Sound M"I),z.,. In III. inl.,ior 
~j""" "I Ih . righI, .,... unil "f III. four'g"ng vgjl"g. divld., c"n b. I ...... 

two. ('lose tracking is important if the 
instrUlllent~ arc to function properly. It 
has bc<.>n fo und th!lt the desired close· 
ncss of tracking is not easy to obtain if 
the lhird or one-half-resi~taIlCC un it is 
wound using a d ifferent l'izc of wire from 
the other two. Experience has shown 
that. it coats I~s in t he end to make the 
half·res<istancc unit by connecting in 
pnrall('1 two full-rcsistance unit !oJ. Ac­
cordingly, four voltage dividers are 
ganged and dri\'cli by a single steel­
cored phenolic shaft. 

The trapezoidal mandrels lu\Ve a 
stmight tnper with a ratio of about 211 
bctw('('1l extreme widths. The curve 

shape is, accordingly, II portion of a 
parabola. In manufacturing thcse four­
gang VO\tab"C dividers, the mandrel 
shapes and thickncsses are closely con­
trolled , the conccntricity and dimensions 
of t he bases aT(' tl58urcd, the winding is 
carefully cont rolled, and each group of 
four associated units is carefully selected 
from among a large production quantity 
for tracking uniformity. 

EXAMPLES OF SPECIAL UNITS 
FOR CUSTOMERS 

With the factors mentioned earl ier 
under thc head ing of ECONOMICS taken 
into account, there have been many 

flgur. '4. P"""I yi .... U.ft) of " W.II.rn Eiedric d , '.cto' .... 01 itI ch.,kitl" coil .. Th. f()Vr'vong 
rholl"l cOOItroIl.d b)' the TUNING di,,1 h """ ...... ", the rlghl . 
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special voltage dividers manufa.ctured 
for our customers. A few exam ples may 
prove Lntcrcstmg: 

1. Twin-T R-C Networks. III t he man­
ufacture of coih; of many sorts for USf' 

in t he nation-wide telephone system, 
mCfI.'5urilig equipment is used for which 
hyper-uccurate gang<.-d rheostats urc 
needed. These 81'0 s imii:u to the OllCS 

jus t dcscrilx.'{i for lise ill Oll r IltHlIyzcffl, 
but nrc held to closer tracking tolerances 
and have some special features de­
sired by the customer, such as pigtails in 
JllU"allcl with the sliding center contncts, 
for instailt:e. Pigtails have not been 
necessary on the gUJlgt..'<I. resistors for Qur 
analyzers, unci could not be lIsed any­
how, since ru; a cOllvcnieu(:e fea lUl'o there 
are 110 stops provided and the ;;hnft c all 

be roluted cOlltinuously. 
2. Vacuum-Tube Checker. The J [ickok 

Electrical Instrument. Company desired 
Il. precision rheostat. which should have 
a resistance-rotation curve in which the 
resistance would be proJ)ortionnl to the 
five-thirds power of the rotat ion. If the 
rheostat were so macie, the dial would 
have /lumbcrs, r·epr-cscnLing "C" biM of 
the tube, evenly spaced . 1f the rhcostatd 
could be Illude nccurately like one an­
other, th is diul could be electrochem i­
cally et.ched wit h consequent sllving in 
calibration time. 

AUGUST . 1949 

-
fill"'. 15. Mond •• l MOp ..... d kx !he riC·· 
bio< ........ 101 in ,... luI.. checke< of fill"'. 16. 

To meet the flw-lhirds ])()wcl" curve, 
the 1enb>1.hs o f the turns of wire 011 the 
rheostat. should VIl I'Y according to the 
two-thirds l)Ower of the rotation. This, 
unfortunat ely, wou ld lIleall that the 
width of a IIlCuuirel of Il fini tc thickness 
would be ncgative at zcro rotation. Ac­
cordingly, the shape had to depart from 
the theoretical for about the fifflt fifth 
of the rotation. This departure \\IllS ac­
counted for in the ctehed scnle, making it 
somewhaL crowded neM zero. Cuts of 
a modified illst rume nt l\nd of t he 
special voltage divider with the !'hape<l 
mandrel are shown . It'igurc 15 shows the 
actual mandrel shape employed, the 
dot.ted line showing what the shape 
would have been if nothing govenll->d it. 
but the mathematics. 

3. Air-Brak~ Test Set. The problem 
of braking It modern high-'Spced pas­
senger train is not a sirnplc one. I t s hould 
Uc possible to apply the bl"tl.kes to any 
desired degree, having a ~C I·vo-mechaIl­

ism t.o US8i.st in that l~ppli cation , lind 
t here should be safety fcaturt'S to llSSure 
tbat. all emergency braking system will 
H,ke over if t he. 8en·o system fails. 

fill"'. 16. Pon.l ¥;.w !l.ft] and ;"I •• io.- (';liIht] of the vocuum·tub. dlen ••. Th. "C"·blo< ........ Iot 
i< n.Or the low., r111h1·holld co.".. ;" the hI, •• io.- ¥;'w. 
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Figure 17. Panel and Inllrlor "lew, of the aIr-broke le,llet. The dioll conlrolldenlleol meo,lol1, one 
of whim can be ,een 01 Ihe ri"hl in the Inlerlor "lew, gonll.d with onoth .. , ,moller, .hectlol. 

As part of this complete braking sys­
tem, Westinghouse Air Bmke Company 
of Wilmerding, Pennsylvania, designed 
IL \Vheatstonc-bric.lgc--type device which 
periodically checks to ~cc whether tho 
brakes on ull of the cars arc working. 
This system hn.s Ix~n described in tho 
technicnl literaturc." I 

Each car contains a solenoid n...<:so­
cilltcd with the braking mechanism. In 
a long train these solenoids are connected 
in parll.llel and fonn one (the tmknown) 
arm of the bridb"C. Tho other, or vari­
able, ann i.s the specinl rheostat manu­
factured here. Its ctched metal sca le 

flll"'-' 18. Mondrel ..... d for It.. m.o.tolS in 
the oir·broke I .. t .et. 

is Ilpproximntely evenly divided, with 
the divisions lIumbered to correspond 
to the number of cars in the train. 'fhe 
resistance must V:lry inversely with the 
rotation, thell. 

It was soon discovered tbat the slope 
at the wide cnd was too large and thc 
width at the Illlrrow end too small to be 
manufaetufIlble. llowever, a ~uitable 
compromi.sc was reached in which the 
rheostat mandrel W38 eun'cd for about 
80% of the rotation and paraJlel-sitied 
ror the fCmaining 20%. On this stmight 
portion, t.wo different wire siztJs were 
used, giving a dog-leg approximation to 
a mathematical curve. Figure 18 shows 
the sbape of the InlUldrel employed. The 
rheostat is shown in the interior view of 
the circuit-checking equipment. The two 
dials are U8socil\ted wit h two like rbeo­
stats, s ince each equipmcllt :lCtually 
contains two operating Wheats tone 
bridges as well as a number of r('la~ 
and other circuit clements. 

- Po K. 1I lcEt.uor 

GENERAl RADIO COMPANY 
215 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 
TElEPHONE : TR owblldle '·HOO 

BRANCH ENGINEERING OFFICES 
MEW YOU I, N£W YOU 

II WEST STIUT 
TU.-WOrt. J·SlH 

LOS ANGElES U. CAlifOR NIA 
1001 IIOITH SE WARD STun 

tlL.-HOII' .... '·"11 

CHICAGO S. ILLINOIS 
'11 SOUTH MtCHtDAN AHNUE 

TEL.- WAtu . J.JUI 

See Our Display of the 5th Annual Pacific Electronic Exhibit­
San Francisco, August 30 - September 1, 1949 "'.;;, ... ... 

-
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