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DISTORTION MEASUREMENTS IN THE BROADCASTING STATION 
eQUALITY OF TRANSMISSION 
is rapidly becoming an imporlantfactor 
in successful broadcasting. While pro­
gram excellence and strength of signal 
go a long way toward determining to 
what station John Doe scts the dial of 
his 1937 recei ver, he is definit ely in­
nlleneed by a third faclor, (Iunlit)'_ 

Excessive audio-frequency dis tor­
tion is annoying to the radio listener, 
and the difference between good-qual ­
it y and poor-qualit y stations is easil ,. 
distinguishable on modern receivers. 
Tests have indicated Ihat a 10% 101111 
distortion is about the maximum which 
can be tolera ted if the signal is 10 SOLlnil 

reasonably pleasant 10 the lis tener. 
Fortunately, it is not cliRil;ul! to keep 
distortion well helol! this level in [rans· 
mining and receiving equipment. 

In order 10 insure acceptable qualit~ 
of transmission, the Federal Communi. 
catiOIiS COOlmission has required that 
no broadcast transmil.ler shall ha\'e 
more tban 10% combined audio·har· 
monic rus torlioll when oflCrating at a 

level of 85% U1()(lul alion. T his has bccn 
covered in paragraph (a) of the F.e.e., 
Rule 139, dated October 29. 1935, 

During recent years, transmill.er 
manufacturers have placed a good deal 
of emphasis on freedom from diSlortion 
and, as a result, transmillcrs are n OlI 

available .... ilh distortion levels as 10\\ 

as 3%. Complete performance charac· 
teristics of alltransmill crs inl enrled for 
general sale are submilled to the COlli ­
mission as proof Ihat. Ihe rC(luiremenl s 
are being met. 

Holding diSlort ion!lt a 10\\ fi gure has 
I'ooscqllcnti) become a problem of 
maiutcnauce f a I her (hUll of tranSllIi I Ler 
design. In the ca rdull~ balall\ 'ed elec· 
trica l (' ircuit s lhat make lip Ihe mo(lern 
transmitt er , changes in the ollCraling 
biases and the charae t.eris l ies of \ Beuum 

tubcs, as well aS lhe slow aging of ot.her 
cirelli t element !', lil a) resu II in cxcess.i \'C 
dis tortion. Proper care and maint e· 
nance arc necessary Lo oiJta in bes l 
performance. I)eriodic tests arc the 
obvious safeguard agains t excessive 
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distortion and, when made as part or a 
defin ite mal nt enancc routine, the} ad{1 
very lit t le to the du ties or the opera ting 
stafT. Simple lest methods ami direct­
readi ng instruments ha\Te reduced the 
tes ting time to a fel\ seconds. 

TEST METHOD 
A transmitter which distorts at one 

audio frequency wi ll usually do so at 
all frequencies, al though the magnitude 
of harmonic components will vll ry wi th 
frequency in accordance wi th the over­
all characteristics of the transmiller. 
A single-frequcncy tes t in the middle 
of the audio range, therefore, is gener­
a lly acce pt ed as an indica tor of Irans­
miller distortion. 0\ s tandard lest 
fre{IUeney of 100 eYI'I('s has been arbi_ 
trarily IOClected becausc it is cOllImonly 
uscli in IranJ!. llIill er allfl receiver test -

mg. JMeasuremenl s made at Ihis fre­
(Iuency arc proof acce ptable to the 
F. C.C. that the transmitter is opera ting 
properl r as long as the combined audio· 
frequency dis tortion is lcss than 10% 
at 85% modu lation. 

Thc method of leSI. is to apply a purc 
sine wa,'c at the input of the pre-ampli _ 
fi er or speech amplifier and to measure 
the tota l harmonic distor tion placed 
on this sine wave by the complete 
transmill ing sys tem up to the antenna. 

TEST INSTRUMENT 
The TYPE 732-A Distortion and 

Noise Meter has been designe(1 to 
measure Ihe combined harmonic dis­
tort iOIl :It ,tOO cycles. In practice it is 
loosely coupled 10 the OUlput s tages of 
the tra nsmitter, preferably to the 
an tenna loadin g coil or one of its as-

The ClaM 730-A l'ran8miMion Monitoring AMembly in&talled at WNAC. The operator it "" 
~hown using the Tn'v. 731·A \Iodlliation Monitor. The TVPE 732_A Distortion and Noise 

.\letcr is just below 
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I>and vie ... or the Di8LOrtion ami NO;8e Meier. NOle the 01}t.11 . ea6i ly. rea tl e.;a l~. Full -tlCol .. 
rp"g~ or 1 o/r . 3%. 100( . :mJ .10% Dr .. r wvi /l, , ' 

socia ted circui ts. The radio·(re(IUeucy 
energy picked up (rom this circuit is 
passed to tbe distortion meter which 
reads directly in percentage the 10lal 
r·m-8 distortioll which is prescnl (ln 
Ihe audio·frequency em'elope of modu­
la ted carr ier.· 

J\1easuremenLS are made with the 
dis torti(ln metcr simply and quickly. 
All that is necessary is 1.0 make au ad· 
justment to a reference level with the 
lone on, and then to lurn one dial to 
read the distortion directly on a large 
meter. The whole operation doos not 
lake more than ten seoonds, e \'en "'ith 
inexperienced personnel. 

A wide range of distortion can Le 
measured wit h this ins trument , the 
maximum distortion that ca n be read 
being 30% . The sensitivity is sulli­
ciently sensitive to permit measure­
ments at low dis tortion levels. A dis­
tortion of 1% will give a full-scale 
defl ection on one of the measuring 
ranges, and distorlioTlS as low as 0. 2% 
are easily readable. 

TONE SOURCE 
To generate lhe tes t 10lle of 400 

cycles, the 'I'YI'£ 733 -A Oscillator has 
"I"be pri"",pw. or .",.... ,""' .. .....".;b.,d by L. n . A, ....... . 
Ion in the c"n ... 1 R.dio &_i ...... ' ... rOO" .'.10 .... " . 
1955. 

been designed. This is u vacuum.lube 
OBcillal or genera ting a nearl y pure 
400-cyele tone with a le \'el sufficient 
for all measuring purposes. The actual 
diSlortion or this oscillator is 0.2% or 
less, ulld this amount ca n be neglected 
in most measurements. Three output 
illlJ>edances, 50, 500, and 5000 ohms, 
are provideri so that allllost any studio 
circuit can be approximately matched . 

ROUTINE 
Ln Ulally broadcas ting sta tions where 

the TW E: 732-A Distortion and Noise 
Melcr is already insta lled, it is cus­
tomary to make a roul ine distortion 
measurement at the beginning of the 
day's operation and a t the end , and to 
record these reudings in the station log 
along with the other deta ils of the daily 
opera t ions. 

NOISE MEASUREMENT 
Another feature of the meter which 

,s \'ery useful in broadcas t·s tation 
maintenance is the faCI that it permits 
the measurement of the residual noise 
and hum level of the system. This 
measurement is made by comparing 
the residual noise in the transmitter to 
a reference lone Ic \'el. For example, 
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after the dis tortion measureme nt has 
been made with a modulation percent· 
age of. say, 85% . the test lone is turned 
off, aud tlJe noise meter is switched by 
the single control dial to another posi. 
tion where the meter will register the 
residual noi se in terms of decibels be· 
low t.he test·tonc level. In this way ex · 
I:esslve hum or a lIoisy transmitter 
tube can be discovered ilUmediately. 

Sources of noise. whether io lines or 
amplifiers, can be loca ted {Iuickly Ly 
patching out the various amplifiers and 
equi pment iu the sys tem until the 
nOIse disa ppears. Tbe fact that the 
noise level is meas ured in deciLels is 
lIlost useful ill e \'a luating the amount of 
noise inl.roduced by any element in the 
system. This method of test is \'ery 
(Iuick and serves In emergencies to 
isolate aoy noise prompt ly 80 that it 
can be cleared wi th a minimum of 
iuterruption to the program. 

No staudard of background noise 
level has been established as yet , but io 
good traosmitters tbe noise level IS 
sOIllc:times kept as low as 60 decibels 
below 85% modulation. It is not diffi· 
cult to keep the ooise level at least 'lO 
decibels belo" the dis tortion tes t -siglla l 
level, a figure which is good enough for 
most practical purposes. 

DISTORTION IN THE AUDIO 
SYSTEM 

In addi tion to its usc i ll measuring 
the over·all quality of the transmitter, 
the TYPE 732.A Dis tortion and Noise 
Meter has a ll equally important applj . 
calion in measnrements Oil the audio. 
rrequcncy system alonc. T wo audio· 
frequency input circuits are provided 

for this purpose. One of tbese circuits 
has an inpnt impeda nce of 500 ohms 
balanced 10 ground, and the other an 
im pedance of 50,000 ohms unbalanced. 
BOlh circuit.s are a\'a ilable by means of 
jacks in the frOllt panel. To make 
distor tion measurements at Ihe 500· 
ohm inlj)Cdance. it is necessary to have 
a signa l with a level of about plus I 
dCl'ihel, or ahout 2 volts as a reference 
level. The exact adjustment of this 
input \·ollage le \'el is provided for by 
the panel meter. Approximately 20 
vol ts are required across a 50,OOO.oilm 
circuit. The 500·ohm input circuit is 
carefull y balanced 1.0 ground 80 that 
the measurement call be made on bal· 
anced as well as Wlbalanced circuits 
withou t disturbing the circuit under 
measurement. 

Hesidual noise measurements lD 

audio-frequency circuits ca ll a lso be 
made by the same means. 

SIMPLICITY 

T he TYPE 732·A Distortion and 
Noise Meter is relay.rack mounted and 
alternating-current operated. It re­
p laces earli er di s tortion .measur ing 
equipment consisting of TYPE 536-A 
Oistortiou M eter, TYP E 514-Al\1 Am· 
plifier, and TYPE 488 Copper·Oxide 
Hectifier Meter. AU of the essenti al 
components are self·contained ill the 
new ins trument, and no ex ternal ap· 
paratus is requ.ired except the TYP E 
733.A Oscillator. This is au obvious 
advan tage for allY laboratory applica. 
tion aud is, of course, absolutely es· 
sential in broadcast·s tation practice. 

- ARTUUlt E. TIJIESSEN 

'I'n>£ 732.A Distortion aud Noise fully described on pages n I and ] 12 
Meter and TYPE 733·A Oscillator are of Catalog J. ,,-.. 
Tht. I","t,mo .. ' ;" Il ..... "'" "Bd .. p'''''''' or .h " " .. rico" T~I'I'hou. on" T.I...,-.~" c.-p.o~r ... 1,,11 r ... • ,Htu,lo. ;n 
,..,.., . ... h. 1 ...... ;..,11 ..... _ •• ....-.01, >eo .... I, "'''"'a ...... ad ,1 .... I<>p!Aetl' " ... k In 1'" __ .ad . ppl;,,! ocleD ... 

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



-

A IOOO·CYCLE BANO · PASS FIL TER 
.TYPE 830·R WAVE FILTER isa 
highly selective band-pass filter, pass ­
ing only a narrow band of frequencies 
in the vicinity of 1000 cycles per sec­
ond. In order to provide lIlaximum Oex· 
ibility in application, several input and 
output impedances arc provided. One 
side of the filter has two impedances, 
500 ami 5000 ohms; the other side has 
four. 50, 500, 5000, and 50,000 ohms 
respectively. 

'fhis arrangement makes it possible 
to work from either a 500-ohm line or 
a vacuum tube into a circuit of almost 
auy impedance with very little im­
pedance mismatch. 

The attenuation characteristics are 
the sallle for either couuection on the 
two-impedance side, but differ some­
what for different conuections 011 the 
four·impedance side. From the plot of 
Figure 2, it will be seen that greates t al· 
tenuation to harmouics is oblained on 
the 5000-ohm output tap (this is the 

, , 
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FIGU"~ I. Photograph of TVP K 830·H Wave 
Filler, showing the arrangement of terminals 
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curve siJO\\ 1l ill Ca la log J). An attenu­
ation I>cak at the second harmonic 0(> 

curs when the 500· and 5ooo-ohlll 
lllpS 011 the four-impedance side 
are u!!ed. This peak is 110t pres­
ent with the other two taps. 
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Since either side Illay be used 
as input or output, two dilTerent 
connections are possible when 
working between 500 ami 5000 
ohms. From the curves of Figure 
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2, it is evident that somewhat 
bet ler characteristics will be ob­
tained if the 500-ohm cOllnection 
is made at the two-impedance 
side. 
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< 
o The attenuation for the desired 

frequency is about 5 decibels, 80 
>< the discrimination against har-

~O<I'OOO !>OOO IQOO(I monics is 5 db less than the actual 
FREQUENCY IN CYCLES PER SECOND height of Ihe curves. 
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FIGURR 2. Tran~01;Mlioll charllcleriilliC6 of the filler - \V. N. T U1'1'LF: --
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VISUAL·TYPE FREQUEN CY MONITORS 
A·C OPERATION FOR BATTERY MOOElS 

eW E ARE STill PREPAREO 10 

reLuild the earl) Latter) -operated 
hroadcast (requeue} monitors. eOIl\>crl· 

ing them to a.c operated in;!IrulUcnls. 
These monitors ha\c been in sen 'iel' 
from Ihn:e to fi\ (' years and U cOlllple te 
o\crhauling is dcsiruIJle. \\luny 61atiOll8 

have had their monitors rchuill during 
the pas L '''0 )cars, and the s lulion CIl­
gillct.:r8 feci that the expense involved 
is justified b) the results ohtained . 

The modification oC the piczo-clectric 
oscillator into a T)PE 575·E includefl 
insta lling a nc" panel amI modifica tion 
of the terminal sirip. replacing the 
ICIIII>crulure l"Qnlrol rela} with 1111 a·c 

IIlIil , ins lulling fusible protc<'t;vc links 
in the tcmpcrature-conlro l cirelli! , re­
place ment of the heat indicator lamp 
b) one of the "bu ll's-e)e" t)pe, and 
fHWh other minor ('hangee Of'; ili a) be 
nef~Sear) . 

6 

The qua rtz plate v. ill be readjuslf"d 
to exac t frc(IUcnC)" and hakelit.e ba ses 
v. ill be repluced by isolsn tit e. 

The (Ievia tioll IIH:tcr, uher moJificll­
tion, willlJe called TY,,~; 581 ·n Ilnd \1 ill 
supply the pov.er for the TWE 575-E 
Ost·il1ator. The instrullIcnt I\ill be 
gi \'en a comple te o\crhnuling and pUI 

in first-class electrical and 0l>erating 
t"onWtiou. 

The total charge for the modification 
is $155.00. 'rhe rebuih instru lllents will 
carry lhe sa me guara ntee 8S new 
equipmellt. The (llIotcd price v.'i11 in· 
dude minor repairs 1I0t s trictly a part 
of tbe reconditioning operation, hut 
necessary major repaiTi! will be subject 
10 additional charge at a fair rat e. The 
time required to do tile work will be 
hetv.een tell da) 8 and two v.eeks. 

When, in addition to this v.ork, a 
lIev. Tl'N; :176.1.., low-temperature. 
coefficient, quartz plate is insta lled, the 
tOlal price is $215.00. 

The Federa l Communica tions COul · 
mission wi ll grant II permit to operate 
a broadcasting sta tion (Of' a period of 
30 days without a visua l monitor, pro­
vided it is lusted that the freque nc) 
Ulooiloringequiplllellt is beiog returnet.l 
to the manufacturer for m()(lifica tion 
lind calibration. II is. therdore, essen­
tial that the permit be granted before 
the equi pment is returned to us. 

Uefore returning ins truments for thig 
modification, write to the Servif'e De· 
partment for shipping instructiolls. 

- II. U. DAW~;S 

-

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



HIGH · SPEED MEASUREMENT WITH THE STROBOTAC 
eWE HAVE OFTEN BEEN ASKEO 
ho..... 10 measure s l>ceds out side Ihe 
fund amental ra nge of from 600 rpm 10 

I k 100 rpm covered hy Ihe StrobOlac. 
Speeds of less than 600 rpm may Ix: 

IIwaliured by the simple ex pedient of 
marking a single ra.-lius UI)(Ul t he end 
of the shaft to be vie" cd. The true 
speed ill then Ihe Strohotat· sellin g to 
give a motionlclIlI multiple pattern 
divided b) the IH.mhcr of radii seen in 
Ihe pattern. ThUll a cross seen on the 
cnd of a i'hafl at a Sirohotac .selling of 
1000 rpm indicates a true shart s l~cli 

of 1000 divided by four, or 250 rpm . 
I n this manner the range of the Strobo. 
lac may be ex tended 1.0600 divided by 
6, or 100 rpm. 

For speeds grealer Ihan 14,400 rpm. 

"b Ihe formula is rpm - "here ( I a tHI 
(I·b 

b are adjacent sellin gs of the Stroho lac 
for ..... hir!. a mot ionle lll'i image is ob ­
lained. Thus for s tlltionar} images al 
8000 rpm and 12.000 rpm 

fib MOO X 12.000 
... 2 t,(M)() rplH . 

,,·b 1000 

For higher speeds. the 'Hille of (I·b Le­
COllies progrcssiHly smaller. gi\ ing 
increasing errors ill speed determin a­
tion for small crror$ i ll obsenalion. 

Take fl alii ' II ill se lcral pallcrns 
apar t and rnullipl~ lhe ans"cr b~ the 
number of pallerr ll; rea riled in gniug 
(rolll II to b. ill or.ler 10 res tore the 
accu rac) of (he measurement. 

Thus. 6uPI~ a li lill image al II 

se lling of 12.000 rpm and anotbcr. the 
lenlh image a\\a~. at i200 q )l ll . The 

0' 2.000 X noo 
trLle il pccd is 111t'1I 10 X ISOO • 

or I HO.OOO rpm , as found in a4) IIIl' I} pc,; 
of "llrli centrifuge!'. The Slrobotac i" 
the casic,. , allt l ' Iu icke .. ' \,a,' 10 meas­
ure these s I JCe~ I !'. 

Si nt'c tile ra tio <If ",haft ~ p('c. 1 'n 
Slrol.Hltac flash rnlt' mw;;! be II " hole 
Iltll"hcr. a 1'l igh ll) l1I'tt", res ult lIIa~ 

~till he oblai twd II} t·orrel' ling' Ih i" 
ralio 10 Ihe nearc .. 1 .. dl()le Jluml~r ami 

The Tyrt: 631.A Stroboue., u~ to mC.~lIrc multi pi) ing II.e Sirobola\· rlial reading 
the !IJo«ti of • « nlrifuge I. ~ I hat \\ hole numl:H:r. - F. 11t ~; I. \ '\ U 
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MISCELLANY 
• G ENE R A L R A 0 I 0 employees 
have recently organized a camera and 
Iclcscol:te club. The fir st meeting was 
entilusiasticaJly auended by some 
{Ofty people, including many, we 8ur; ­
pect, who hadn't pushed a camera 
"huller for years, but. were carried 
along by the current urge for hobby 
cu hi,'aliou. The attendance was di ­
vided almost equally among the three 
di visions of still pictures, movies, and 
telescopes. Courses of instruction in 
fundamental pholographic processes 
are plauned, as well as the construc tion 
of a {·ompletc telescope. 

• T HIS is onl y one phase of an ex­
tensive program of out-of·hours ac­
ti vities promoted by General Hadin's 
genial Dean of Education, Hora tio W. 
Lamson. C lassroom instruction ill cle­
mcntllcy electrical and radio theory has 
been avai lable to our production men 
for several years. During tbe past few 
1ll00l1hs a series of informal lalks has 
been inaugurIlled, covering a wide 
range of popular and special ized sult · 
jects. Some of these. delivered hy 
General Hadioelllplo.vces, serve 10 ac-

quainl men with activities outaide 
their OW II departments. Others have 
been presented by representali\-es from 
outside com panies. Of these latter. two 
were outs tanding: that by Messrs. 
Oleson and Lamb of the Weston Elec· 
trical lnstrumeot Corporation on >'In· 
dicating Instruments," and tuat by 
n. W. St. Clair of the Mico lnstrument 
Company on " A-laterials." 

• H . B. RI C HMO NO , General 
Radio's treasurer, was the speaker at 
an Electrica l Engineering Colloquium 
held al M. I. T. March 15 and 16. The 
subject: "Tlu: Operation of an Engi. 
oeering and Manufacturing Organi7.a . 
tion of A'I odera I,e Size." 

eOR . W. N. TU TTLE of our cugi. 
neeriog staff has returned from his ski­
ing vaca lion in the Alps. He reports tbe 
skiing cOlldilions good in spite of con· 
tinual ltlizzards. Combining busi ness 
wi th pleasure, Dr. Tuttle visited OUf 
agents in il aly, Ing. S. Belou; alld c., 
al Mi lan. as well as the Nationa l E lec­
IrOlechnicaJ lnstilul c. Galileo Fcrraris 
at Turin, where many General Iladio 
instruments are installed. 

TilE Getlern/. /(fulio EXPEfUMENTI-:R is moiled wit.liollt, cliorge cflcl, 
IIWIU I, 10 ellgillf·('r.~ • . ~ciell t.isl.s. I.ec"" ;{";flrl S, (1 11.(1 ol,h ers ill I.erested ill 

co rUnl,1I ";et! 1.;0/1 -J refl"el' cy IlIetlSUre m ell t nlld CO" I.ro l problems. W il en 
sendill!! NUI/lest,sJor s,.,bscr;p t i01' S (/1H/ m /dr es.o;-c/wIIge notices. Illease 
supply tlleJollowi" l.! i"Jormll l.ion: Iwme, cOllllx lIl.y nome, compflny (1(/­

(lrc.~s. ' .fpe oj b" l"j"CSIi CO IIIPfll1)' is c lIg fl ged ill , fwd tit.l e or po!lition oj 
j "dit'id',lu {. 

GEN ERAL RADIO COMPANY 
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGtNEERING OffiCE _ 90 WEST STREET. NEW YORI( CITY 
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