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A N  ANALOG FREQUENCY METER FOR 
MODERN MEASUREMEN TS 

The direct-reading frequency inet r 

that di play it re pon e on a dir ct 
d fl ction instrum nt ha., been jde-

racked of late in favor of the more ac­
curate (and 1nore ·p n iv ) digjtal 

counter. Previou ly aYailable frequ ncy 
meter · have had b · tod ay' tandard , 
a rather low accuracy a fe"r per nt at 

bc.·t, and a omewhat limited frequency 
range. The onvenience and reliability 

of the analog frequenc:--· meter, however 
make it particularly at raeti,·e for many 

type of mea urem nt . Recognizing 

thi General Radio Corn.pany ha d -

,·elop d a new fr quency m ter, which 
not only step up the accuracy hy a 
fa ·tor of 10 and greatly increa e he 

range of frequen :'-.that can be rn. a ured 

but al o double a ·  a highl�v linear di -

·riminator for fm m a uremen ts . 
The new TYPE 1142-A Fr quency 

l\1eter and Di criminator i ba ica lly a 
fr quency-to-dc-current convert er , op r-

ating on the principle of a puls&-count 
di criininator. L It design feature., ach 
tailored to meet d finite de ign obje '­

tive , com bin to produce an instrument 
of outstanding performance. 

The TYPE 1142-A Freqµ.ency Meter 

and Discriminator will dir ctly mea ure 

fr quencies between 3 cp and 1.5 Mc. 

The nominal accurac is 0.2% of full 
cale for all but the extremes of it fre­

quency cm erage. Input sensitivity, like 

frequency coverage and accurac , has 
been improved by at lea t an ord r of 
magnitud o er previou frequency me­

ter . Input ignal of 30-millivolt pea.k 
amplitude are adequate over most of the 
fr quency rang , and the en iti ity i · 

ind pend nt of input waveform . . 
Connection of an xternal ac volt­

m t r permit mea ·urement of f rn. d -
Yiation; wi h a  \vave an· lyz r, ind i idual 
comp n n of incidental fm in o. cillu.-
•L �·.Patent Xo. 2,362,503. 

Figure 1. Pan e l  V i e w  of t h e  T yp e  1142-A Freq u e n c y  M eter and Di scri m i n ator. T h e  i n stru ment is hou s ed 
in a rack-b e n c h  cabi n et (see "The Case of t h e  W e l l -Desi gned I n str u m e n t," General Raclio Experimenfer, 

M ar c h, 1960, page 7). 
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tors, multiplier , and amplifiers can be 

measur d. Dii::;criminator re idual noi e 

level is 100 db below full al , con­

sisting mainly of the f undam 1 tal and 

econd harmoni of the pow r-line fre­

quency. All oth r fr qu n ·ies are down 

120 db or more, permi ting a r olution 

of one par in a million for direct 

mea urem nt. 

The u abl frequ ncy ranO'e, particu­

larly for fr quency-drift and incidental­
fm mea urement , can be ex ended up­

ward to the thou and of in ga y le if 
the fr quency to b m a �ur d i het ro­

dyned with a known tandard . Thi 

gives a proportionate increa 'e in re olu­

tion. Exn.n1ples of drift Inca 'Urem n to 

one part in 1010 and of in iden al-fm 

measur ment to one part in 109 are 

de cribcd in APP ICATI N below. 

R EA D-OUT ACCURACY 

To olve the probl m of r adout to 

0.1 o/c a c iracy, t :vo f ature are incor­

porat d. The fir ti th u of a unique, 
precision ,  6-inch meter, who. e scale dis-

ribution is linear frorn 0 to approxi­

mately 15o/c of full cale and logarith1ni 

in the upp r 85 . Thi rn t r i a ·ura e 

to 1% of r ad-t"ng down to 10 0 of full 
cale, which i Ii erally an order-of­

magnitude greater accura y at thi p int 

than a 1 o/c -of-full- al m t r. Th 

ond fcatur i th u. of .. n int rp la i01 

or calibrated, n�ei r- xpan. · ion technique 

6 .7 • 9 
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.!l 1.2. 
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wh reby a one of 15 equal portions of 
an of h fiv (5) ranges can be ex­

pand d pr ·i el' 10:1 ( ee Figure 2). Thi 

tran fers the fir t digit of the m t r indi­

cation to a wit h and displa s th e -

ond and third digit on he meter. Thi 

al o provide' 50 overlaps and elimi­

na t the need for end-of- cale r ading . 

Provision ha. b - n made for dri ino· 
1- and 5-ma r ord r. . Wh r hio-h r 

re order r elution i de'ired, additional 

in.ding postt-; are provided , whi ·h sup­
pl the interpolation signal. 

EASY TO OPERATE 

Whil no w r h' hil feature ha b en 

omit ed to lin�it the versatilit of thi 

in trurnen - th requirement of simplic­

ity of operation ha not been overlook d. 

Mea urement of an unknown fr u n y 

is no mor or plicatcd thar mea ur -

inent of a voltage with a voltmeter, as 

can be een from the front panel controls. 

With the METER FU CTIO wit h in 

DIRE T po i ion (Figure 1), irnpl et 

the J"l N E wi ch to the appropri te 

po.·ition and r ad th m ter. Adju tn'lent 

of the INP T ' A VEF R.!.\II control i neces-

ry only when op irnum en itivity i 

required. The men ur m nt cu racy i 

1 o/0 of reading down to 10% of full 
al · 0. 1 0 of full cale at indi ations 

b low 10 0 of full s al . In other \vords, 

·. ·ent ia lly all the error i due to the 

me er . 

Fig ure 2. Il lustratin g  m eter sca le­
expa n sio n .  With METER FUNCTION 
s wit c h  set o n  DIRECT, meter i n d i ­
cates 0.77, a s  s h o w n  at t-op. W he n  
set o n  INTERPOLATION, as s h o wn at 
b o tt o m ,  t h e  frequency m eter i n d i­
cates 0.766. T h e  fi rst digit (.7) is 
set o n  t h e  INTERPOLATION OFFSET 
FREQUENCY svvitc h a n d  the i n terval 
fro m  .7 to .8 is expa nded to c over 
t h e  scale from 0 to 1.0, so t h at t he 
sec o n d  a n d  third digits (66"} a re 

easily rea d o n  t h e  m eter. 
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fi gure 3. Functio n al b l o c k  s c h e m atic of t h e  fre ­

qu e n cy m eter. 

J A N U A R Y - F E B R U A RY ,  1 9 6 1 

FM 

DIRECT 
RECORD 

OUTPUT STAGE 

STANDARDIZED PULSE(CONSTANT AREA) TO METER 
Cl RCUIT. PULSE OU RATION CHANGES I DECADE 

STEPS WITH RANGE SWITCH 

If Teater read-out r solu 10n I re­

quir d, et th INTERPOL TION OFF E'I' 

FREQUENCY wit h to corre pond to the 
fir t dio-it of the Ineter indi ation and 

witch the METER FU CTION switch 0 
I TERPOL TIO . Th m er scale will 
then ff ctiv ly b xp nded by a factor 

of 10 ( ee Figure 2) , with a r ad-out 
a cura y of 0.1 o/c. 

CAUBRAT I ON 

calibrating ignal which i he 
e ond harmoni of h po" r-lin fre­

quency provide a quick he k for 
normal operation. Control for con­
v m n alibra ion of both the DIRE T 
and r 'I'ERPOLA'I'IO n-iod of op ra ion 
on th 1 50-cp · rang re provided on 
the front panel. Th e con rol are 
primaril required for omp n a ion of 
an long-term drift of the urr nt 

our , and, therefore, they correct all 

range . 
Independent calibration of the oth r 

four ranges is rarely r quired after ali­
bration at he fa tor· xcep when 
the ti ing or output tube ar r plac d 
which may nece. itate a ingle adju t­

ment on each of the four top ranges. 

PR I NCIPLES OF OPERAT ION 

Frequency Meter 

Fio-ure 3 is a com bin d block and ele-

MONOSTABLE 

MULTIVIBRATOR 

-V� REG 

mentary h me. ti diaoTam. The inpu 
ignal i. clipp d or limi d, mplifi � d, 

lipped a econd irne, and amplified 
again. The re ulting wav - hape approx­
imate a quare ' av or a en of 
puL es depending upon whe her h In­
put igna.l i a Ine wave or pul es, 
re p tively. 

The pulses trigger a Schmitt circuit, 
whi h produ es po itive pul e of O.l­
µ e dur tion, coin ·iding in time with the 
po i ive- lope zero ro ing of h input 

ignal. These pulse are amplifi d to 
trigg r the m ono table mul ivibrator, or 
timing . tag . Adj u m n o the INP T 
w VEFORM con r 1 make po sible a 

on tant Schmitt-circuit ensitivity re-
gardl of the dut ratio and polarity 
of the pul 

The mono table multivibrator pro-
du a pul of on tant ampli ude and 
dur tion for each inpu pulse. Th pul 
duration IS deterrnin d by re i tor­
capa.ci or combination with accuracy 
and bili y a ur d by the u of pre­
cision temper ur - ornpensated apaci­
tor and General Radio wire�V\ ound re-
i tor . Rang wit hino· changes the 
irning re i tor and apa itor to pro­

du 
·
e decade hano·e in pule duration. 

Th tandardized pulse is then fed to 
the output stag (to implify the dia­

gram, two Ineter ar h own in pla of 
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one). The left-hand triode \vhich i 
normall_ r at ut-off , i turned on b,, th 

tandaT<lized pulse and remain on for 
preci ely the dui·a-tion of thi pul . Th 

curr nt fl.owing at (\his time is determined 

bv the regula ted::.�0Jtage, V4, and th 

athode r i tor - a stable, wire-wound 

r ::;i tor in en with th DIRE T AL 
poten iorne er. The average current 
through the plate-load re istor is 

therefor , directly proportional to the 
number of input pul e per econd nd, 

hence, to th input frequency. A meter 
a ro · a portion of the load re. i tor in­
dicates thi frequency. 

The average de voltage developed 
b twe n h pla ·e and grou nd , i.e., at 
the fm termin 1 i pre i el 15 volt. 
at full- ale deflection (1.5). A high­
impedance recorder or d voltmeter an 
be conn cted to the e tenninal a an 

dditional readout. 
Th right-hand triod i a con tant­

urren t ource with a plate load con­
i ing of 15 equal-value, 0.05%, wire­

wound r i tor . It plate curren i 
adjusted so that the total voltage drop 
a ro the e resistor is a con tant 15 
volts. When used for interpola ion the 

meter i com1ected between the plate of 

the left-hand triode, which i bet' een 0 
and -15 olt , d , depending upon th 
input frequency and the appropria e 
"bu king" voltage from the prec1 1011 

{o) 

4!! {bl �30 
>IS 

cw 

INPUT 

OUTPUT 
lPLATE OF OUT· 

PUT STAGE) 

"' 45 1 AVERAGE DC OUTPUT 

.... 30 (clg is i---------' 
o �· -------� 

FM 

voltao-e divider and full-scale sensitivity 

i in -r a ed 10:1 b) removal of it h in . 

End-of- ale reading are eliminated .Y 
the provi. ion of a 50% ov rlap on ea h 

of the 15 interpola ion ranges; hence a 
indicat d in Figur 1, any fr qu n in-
licated be ween 1.0 and 1.5 may be r ad 

al ·o on the meter betw en 0 and 0.5 if 
the r� 'l'ERPOL TIO.i: OFF ET FREQ E T 
.,Yi ch i set one digit higher . 

With the horting l ink removed, a 
inaximum of 7 ma i avail ble at the 
DIRE T RE ORD t rmin 1 0 hat mo. ·t 

tandard 1-ma and 5-ina r order can l 
u ed. The RE ORD CURRENT potentiom.-

ter i a onv nient n i ivity control 
for the e r cord r , and ha no vi ibl 
interac ion on the DIRECT METER in­

dication. 

An additional recorder output at the 
RE RD I TERPOLJ� •. TI :r terminal make 

vailable the interpolation ignal from 

the m ter circui . Full- cal vol age i 
0.64 vol behind 4800 ohm . Use of 
a high-ilnpedance ·ecord r eliminate. 
any intern. tion on the meter indication. 

Discriminator 

Operation of the frequ n y meter 
circuit require. he gen ra ion of a 

con tant-a1nplitude, con tant-duration 
pul e for each input cycle. Th e tand­
ardiz d puls ha a fi xed-tj me relation 

with re�p ct to the input io·nal and when 

(d) 

(e) 

(f} 

AC REAO WITH AC VTVM, 
WAVE ANALYZER, ETC. 

Figure 4. Illus tratin g t h e  o peratio n 

o f  t h e  pulse-count discri m i n at o r  

f o r  (left) con sta nt in put freque n c y  

a n d  (right) freq u e n c y- m o d u  ated 
input. 
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. uitably filter d provid a pr 18 pul e­

ount di riminat r output. 

,.1 he outpu ignal a he fn1 terminal 

i · h wn in Figure -!. With a on ·tan -

frequen y input ignal ( 4a), th . and­

ardized pul ar uniformly pac d 
(-lb). lmY-pa filt r remov all a· 

·omp nent of the pul e rain leav ino­
only the a\ erage (de) componen t (-1-c). If 
the input frequenc. in rea c , h aver­

age-value component i n  r a e ls . 

Thu · , if  h inpu fr quen · var ie  · ( d) 

i'. . i fr qu n ·y m dulat d, the tand­

ardiz d pul e are no longer unif orn1ly 

-p·1ced ( 4e) and the a' erag -value ('Orn­
pon nt varies corre pondingl (-!f). Thi 

Ve. riL bon i an ac ig al identi ·al to the 

original modulation. 

Th fr quency deviation for an fm 

. ignal i · readily d tern 1ined inc fill­

scal devia ion peak- -p ak, on any 

range orr pond o 15-vol peak-t -

p ak output. A hang in input fr -

qu ncy of 1 ppm either peak-to-peak , 
p ak, or rm , r ult in an ac output 

voltage of 15 µv, peak-to-p ak, peak, or 

rm , re pectively. in e the narrow ban d 

n01. i more than 120 db dmvn from 

fill output , p ak de iation a mall 

1.5 cy ·l on th 1.5-Mc ran ·e, or 0.0015 

!-' le on the 1. 5-kc range, can be 

mea ured. 

It i obviou that the filter mu t 
liminate th a compon n of th 

pul and till p rmit the v rag value 
co1nponent to var at the modula ing 

frequ ncy. A i ngle-sect ion RC low­

pa filter with a br ak frequen y of 10 

kc i d for thi p npo although, in 
in an e when low carri r fr u n i 

ar m a ured, additional filtering may 

be nece ary. If the standard 75-µ ec 

d -empha i n "-ork u d in fm broad­
ca ing i de ired a1 ddi ional apa 1-
tan of 0.011 µf h uld be pla d a ro 

th fm terminal . 

J A N U A R Y - F E B R U A R Y , 1 96 1  

APPLICATIONS 
The TYPE 11-!2-A Fr quency iet r 

and Di rinlinator an be u to 

mca ur and to r cord frequency and 

fr quency changes , or u ·ed a !l.n ex-
remely linear and lmv- noi e di crimina­

or for fin demodula ion and in idental 

f m m a ure1n nt . There ar , however, 

man additional appliea ion utilizing 

thi meter a the main elem nt in a 
m a ·urement r ten1, whi h gr <- tly ex­

tend it rang and u tili y. 

Frequency and Drift Measurements 

To extend the range of fr qu n ie 

over whi ·h m a uren�en s an b made 

the ignal under m.ea ur men i hetero­
dyned with a lo al o cjll tor to bring 

their diff r n frequenc within the 

rang of th frequenc meter. Thu , with 

th arrangement hown in Figur 5a, fre­

quen ie an be mea ur d a d re ·orded 

throuo·h th kilom ga ycl range. The 

m a urem nt accuracy i es ntiall that 

of th local o cillator. For example, if 
h lo al o cillator i a pr ci. ·ion tandard 

os ·illator, opera ing at 1000 M · and t 

Figure 5. B lo c k  dia gra m s  of a rr a .;'g e m en ts f o r  
h eterod y n in g  hig h freque n cies d own t o  t h e  r a n g e  

o f  the fre q u e n c y  m eter. 

{a) 

{b) 

OSCILLATOR 
UNDER 
TEST 

OSCILLATOR 
UNDER 

T EST 
,......._ 

, ---- --- .., : AMPLIFIER : 
L____ _ __ ...J 

TYPE 1142-A 
FREQUENCY 

METER 
ANO 

DISCRIMINATOR 

TYPE 1213-D 

LOCAL 
OSCILLATOR 

RECORDER 

UNIT T IME/FREQUENCY 
CALIBRATOR 

I 
TYPE 1142-A 
FREQUENCY 

METER ___,RECORDER I ANO 
DISCRIMINATOR 
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IOOMc MIXER­

RECTIFIER 
IOOOMc 

OSCILLATOR ,___. __ __, 874·MR r-------..i OSCILLATOR 

FREQUENCY MULTI PLIERS 

95c 

TYPE 1142-A 
TYPE FREQUENCY 

1230-A METER 4µf d-c 
AND 

I mo 
RECOR D ER 

DISCRI MINATOR f---------; AMPLIFIERt-+----L ___ _J 

Figure 6. A r r a n gement of equi p me n t  used to measure t h e  rela tive drift of two 5 - M c  o sc i l l ators. The 
5-Mc freque n c i es were multiplied up t o  1000 Mc to m a g n i fy their freque n c y  drift. 

frequency of h o illa or under t t i 
within 150 cy le of the local o cillator, 

hen frequency chang of 0.1 cycle or 

approxin t ly 1 part in 1010 can be 

directly read on the frequen y meter. 
Sin e a frequ n y cliff rence a high a 
1.5 Mc i also readable on the meter, 
mea uremen of 'varm-up drift on high­

frequency o cillators are conveniently 
made with the ame equipment (Figure 

Sa). 
Frequency mea ur ment near inte­

gral value of m.ul ipl of 100 k , 1 M 
and 10 Mc are readily mea ured using 

the Unit Tim /Frequency Calibrator, 
TYPE 1213-D.2 Thi in tru1n nt in­

cludes a crystal-controlled source of 

these fr quen ies toge her with a hetero­
dyne detector and audio-beat amplifier. 
As hown in Fjgur 5b, th local o illa­
tor, 1nixer, and amplifier are r plac d by 

the calibrator unit. 

•R. "1.V. Frank, "A Tim /Frequ ncy Calibra.tor of hn­
proved Stability," General Radio Experimenter, 33, 10, 
October 19-9. 

The arrang ment hown in Figur 6 
wa u. ed to obtain he record (Fic:rure 7) 

of the r lativ drift of two 5-M r. al 
oscillators. The 4-µf capacitor on the 

int rpolation recorder output pro ide 
ufficient filtering to prevent the re­

corder pen from re ponding to the pulse 
frequenc in the fr qu ncy-met r ou -
put. The shunt resistor was used to 
adju t the full- al e itivity of tb 
re order, in thi instance to one part 
in 10 . 

Measurements with the Discriminator 

Sources of Error 

While the use of th discriminator 
po es no problems peculiar to thi jn­

trurnent, certain pre aution hould be 
aken o in ure accurate mea urement of 

lo' valu of fin de iation. Obviou ly 
sufficient ignal mu t be availabl . Op­
eration at the limit of n itivit) will 
not give ·the be t r ult . Furthermor , 
mea ur ment cannot be rnad in the 

Figure 7. C h a rt record o f  t h e  
m easurem ent of F i g ure 6. 
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pre ence of noi e o great hat ex ran ou 

zero cro ing ar ener ted. 

Effects of Additive Noise 

A more ubtle error in inciden al fm 
mea urem nt can b cau ed by a low­

frequenc noi e ignal up rimpo ed on 

the input signal. The o·enerated pulse 

does not start at precisely the zero 

ro ing of the input :ignal but at a 

im when the i1 put ig1 al r a he ome 

fixe voltage (u uall le s than 10 mv). 
oise introduced with the signal will 

result in some variation in the t:ime 
relationship between the input signal 
and the output pul and will be 

measured a fm. The amount of thi 
generated fm is a function of the fre­
quen . of the r oise as well a the signal­

to-noi e ratio. The peak deviation of 
thi extraneou fm. i approximately: 

A noise 6Jcps = J noise X A sional 
where A = amplitud of noi e and input 

signal 

For exampl , a 1-volt, 100-k rrier, 

wjth a noi e ignal of 1 mv at 100 c le 

would give an equival nt fm output of 
0.1 cycle or 1 ppm devia ion. A simple 

RC high-pa filt r an he u ed to re­

duce the low-fr quency noi e ignal and 
usually i adequ te to eliminat thi 
problem completely. Thi filter hould 

alway be used to remove the recovered 
ampli ude modulation in the mea ure­

ment of incidental fm on an ampli ud 

modulated signal that ha b n h t ro­

dyned in a diode mixer su h a the 
TYPE 874-MR or to remove 60-cycle 

hum pickup on th input. 

E ffects of Amplitude Modulation 

The pre ence of high level of am­

plitude modulation on the input signal 

can also produ 1-ror . Obviously, as 

JANUARY- FEBRUARY, 196 1 

th modulation appr ach lOOS{ th 

input carrier is near zero amplitude 
during a considerable number of carrier­

frequency cycles and the input level may 

be too low for proper operation. E n 
with uffi ien signal a diffi. ulty exi t 
a shown graphically in iuure 8. The 

DISCRIMINATOR' 
OUTPUT 
PULSES 

fi gure 8. Il lustrating the a p p a rent frequency m od­
ulati o n  produced by a n  a mplitude-modul ated 

wave. 

tart time of the output pul es i 
determin d b  the time at which the in­
put ignal reach s a given instantaneou...., 
value; therefore, any change in the 

slope of the input signal aff ct the ime 

of the e pul e with re p o th z ro 
ro sing of th inpu ignal.., The frn 

deviation produ d by amplitude modu­
la ion is approximately: 

L.fcps = fmod MA-car 
where fmod = modula ion frequency 

S = ensitivity of the meter 

at the arrier frequ nc (no modulation) 

M = modul tion ind x 
Acar = amplitude of the carri r 

The ensitivity is found by reduction of 
the signal to he failure point. As an 
example let u urn that at 100 kc 
Si found to be 10 inv. A 1-volt 100-kc 

carrier, modulated 25% at 
will produce an fm outpu 

mately: 

400 c cle , 
of approxj-
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G EN E R A L R A D I O  E XP E RI M E N T E R 10 

(al 

IOOKc 

OSCILLATOR 

ISOLATIO N 1 
AMPLIFIER 

CAPACITOR ROTATED_..,... 
AT 1800 rpm ..--- · ==-

(30cps) ""' 

-
TYPE 

114 2-A 
FREQUENCY 

METER 
ANO 

DISCRIMINATOR 

(Above) F i g ure 9 a .  Equipme n t  used lo determi n e  
f m  deviati o n  i n  a n  a m p l i tude-modulated wa ve a s  

a f u n c t i o n  o f  i n put l evel. 

(At right) figure 9b. P l o t  of results of the mea sure­
ment shown a b o ve. 

.01 
- -±00 X .25 X - = 1 cvcl 

1 . 
( r 10 ppm) 

Thi · a-n1-u· n rated frn may he mini­

rniz d 1 an increas in the input lev 1 

or n. r duet.ion in th p r ·entu.ge modula­

tion. Th inpu . ignal ann t b in-

·r a. d ind fini ly how v r. B ·au 
of of limiter , wh th r t.h y 

ar ir ternal or c r add d x rnally to 

aid in eliminating th a-1n, ·om l -

modulation of th a-m ignal will oceur. 

T'hi. d m.odulated ·ignal react upon th 

input ·tag .., in th ame me. nn r as 
additive noi e and re ult in a di. rimi­

nator out pu t a previously d rib d. 

It i. difficult, if not in1po ible to 

m a. ·ur t hi eff c with available arnpli­

tud -modulat d o cillators or signal g n-

ra tor. a i of th diffi ultv of 

pant ing: th fm gen rat d in the ource 

fr n1 hat of th di ·criminator. 

To m a. ·ur thi. eff ct, a motor­

d riven apa. itiv vol aO' <livid r, FiO'ure 

0a, \\":.1. u. · d to g r rat an ainplitu<le­

modulat d \Ya e r l· ivel . fre of any 

fm or pha. e-modulati n ffec plot 

of eff cti ve fm a a fun ti on of input 

carrier leYel i hown in � igur 9b. It 

i. apparent tha.t an ir put 1 v 1 b w n 

approximately 0.5 volt and 2.0 volt" i. 
optimum. On either ide of thi rang 

there i an rncrea in m a ur d frn. At 

low ol tarre there i in uffi i nt ign I 
for accurate mea urern nt and above 2.0 
volts the limiters produce some de­

n1odula ion. 

TYPE 
736-A 

WAVE 

ANALYZER 

TUNED TO 

30cps 
( b) 

A knowledg of th . e ource of error 

in m ur m 11 · with the di rim inator 

hould be helpf 11 in xplainino- the fun ·­
tion of the vari u s  filt r · u ed in the 

measurement of fm, :flutt r, and WO\Y 
de cribed below. 

Frequency Modulation Measurements 

Fm d via.tion n1 a. urements are mad 

b · ubstitutinO' an a voltmeter for the 

de r order shown in Figure 5a. The u · 

of heterodyn techniques not only ex­

t nds the frequency range but al o in­

the r olution. 

an ex mple, incid ntal-fm mea. ure­

m I of a 50-lVfc o illator were mad 

b T u ino· a batt rv-powered 9.5-Mc 

lo al o cilia or· batter power \Va.· 

utilized to eliminat in id ntal-fm om­

pon n of th po' r upplj fr -

qu ncie from th locc. l o  ·cillator, bec:c.tu · 

the e were the primary fm ompon nt 

of inter t in the o cillator un<l r 

men. urement. The re ult ho\\-e\· r, 

howed th while 60- and 120- yel 

fm components of a normal lev 1 did 

xi t even lar ·er peak deviation at 25-

and 45-cycl rate w r al o pre ent . 

h fm compon nt · w re finally traced 
to microphonic · in th o ·cillator und r 
t st. The ources of the vibration w r 

a blower-cooled o cillo cop and pow r 

u ppl v r tin , on h ame b n h a th 
50-M o illator with fan pe d of 1500 

and 2700 rpm re p ivel ! 
A m a  ur ment that demand cl the 

full utiliz i n of the te hnique and 
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1 1  J A N U A R Y - F E B R U A R Y ,  1 9 6 1  

F i g ure 1 0. B l o c k  dia­
gram o f  system used 
for the measurement 
of fm n o ise level of 
t h e  T y p e 1 1 1 2 - A  
Sta ndard - Frequen c y  

IOO Kc T Y PE 

1 1 1 2 - A 
MULTI PLIER 

IO M c  

T Y P E  

874 - M R  

M I X E R  

RECT I F I E R 

9.9988 M c  XTAL 

OSC I L L ATOR 

M ult i p l i er .  
70 ,..,_, __ � 
POWER I N PU T  c=J 

1 . 2 Kc ± F M D E V IAT IO N
�

---� 

T Y P E  736 -A 
WAVE 

T Y P E  
1 2 06 - A  

AMPLI F I ER 

2 K c 

L P  

p r  caution:-; previ u l y  di.  ·u.  d wa. h 
d t rn1 i n n  ti on of th fm noi e le 1 of 

th TYPE 1 1 1 2-A tar dard Frequenc.'· 

� I u lt ipli r .3  A bl o k diagram of th 
m a . ·u rmg tup i h own in Figu r 1 0. 
I na. mu ·h , the predomi nant fn1 com­
pon nt wer xp ·ted to b harm onic. · 
of be pm,·er-l in freq u n y, the mu l i­

pl i  r wa pow r d b a vari bl fr -
q uency pO\ver upplv et to app rox i­

mat ly 70 c c l  o a to perm it 
epa ra ion of the multiplier' fn1 

1 ,. 1 from that of the re t of th 
Th 1 w output l vel of th e  9 . 99 
local o ( " i l lator nee ssitated th u of an 
amplifi r (T PE 120 - ) to driv the 

fr quency meter. A band-pa fi lter on­
. ·i t i ng of a 2-k · RC,  l ow-pa i on 
t og ther \Yith a 1-kc,  R h igh-pa . 

c ion attenuated ex raneous ignal 
( - and 70- y 1 h um a wel l a h igh­

fr quency carrier noi e) wh ile p i ng 

th 1 . 2-k a rrier and id band . Th 

00- y 1 and 5 le fi l t  r hown in 

Figu re l O pr vent the 45-volt ,  1 . 2-k · pu l. 

from overl oa dino- h ' ave ana lyzer . 
I n  the above etup , i .e . , with a 1 0-Mc 

carrier and a 1 . 2-k beat, a 7-µv r a.ding 
on the wav analyzer orr pond to a 
peak d viat ion of approx imately on 
part in 1 0 10 •  The total noi e level of 
the TYPE 1 1 1 2-A tandard ' requen y 
l\ 1 ul iplier wa found to b approx:i­

n1at 1. ' 5 part i n  1 01 0. 
VVh i l e  the previou example have 

3 F. D. L wi , " ,Tew tandard- Frequcncy :\ I ult ipl i  r , " 
General Rculio Experimenter, 32, 1 -4 ,  July.  1 9 "  . 

T YP E  1 1 '1 2 ·A 

F R EQUENCY 
M E T E R  

A N D  
DISCRIMI NATOR 

l . 5 1<c RANGE 

800"' 
L P  

AN A LY Z E R  

0 

b en primaril.\· cone rn d "·ith . mall 
pea l deviati on . ·  t low modu l:ltion rat 
ther are occa im s ' hen th m a ur -
1nent of larg freq uency deviation or 
h igh m odula i n fr u ncie i d ired. 
I t  i appar nt that the laro- t p k d -
viation mea ur .. bl with the TYP < 1 1 42- \.. 
Frequ n y M ter and i crim ina r i 

equal to one-half of th r nge- wit h et­
tin · in u e, or ± 750 k on the 1 . 5 - M  
rang . For modulating fr quen i above 

1 kc,  the output i decrea d becau e of 
th internal 1 0-kc fi l ter. I i therefore 
nee ary to r m o  e th 0 . 0033-µf fi lter 

apac itor if a h igher roll- ff frequen .'' 
l d ired . nder thi condition he 
output imp dance is 5. 1 -ki lohm . The 
roll-0ff frequency now depend u pon the 

apa itiv l oad of the external voltmeter 
or fil r. It i n ot po ibl her for to 

at categori al l  the maximum de-
t eta.bl m odu lation fr quen without 
a knowledge of the chara teri ic of th 
filter nd voltmet r b ing u. d. H m  ev r, 

''°i h a total hunt cap citanc 1 00 µµf 
it  i po ible to m ·:i..intai n the r spon 

wi h i n  1 dh out to a 1 00-k modu b ion 
freq n ncy.  

Flutter and Wow Measurements 

The men. u r  m n of flu t r and wow 
of tap r order , both audio and data 
or of turntable i po ibl v ith he 
setup hown in F igure 1 1 . The o il la or 
freq uency i u ually an i ndu tr  r tand­

ard . g . , 3 k for audio r ord r . The 
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� G EN E R A L  R A D I O  E X PERI M E N TER 12 

T Y PE 12 1 0 - C  

OS C I L L A T O R  
3 K c , 50Kc 
OR OTHER 

STANDARD TEST 
FREQUENCY 

0 0  
TAPE RECOR DER 
OR TURNTA B LE 

, - - - - -, 
I I 

I I 

I I 
L_J; __ J 

T Y PE 1 1 42-A 
F R E Q U E N C Y  

METER 
A N D  

D ISCR IMINATOR 

T Y PE 1554-A 

SOU N D  A N D  
r -

LP I V I B RATION L!°ILTERJ A N A LY Z E R  OR 
- -

T Y PE 736-A 
WAVE 

A N A LYZER 

F i g ure 1 1 .  E q ui p ­
men t  set -up f o r  the 
mea s urement of fl ut ­
ter a n d  w o w  i n  

rec o rd i n g  devi ces. 

LOW -=-- � H I GH 
PASS 

- -
PASS 

h igh- and l ow-pa s fi l ter pre ed ing th 

TYPE 1 1 42-A Fr quen y M eter and Di -

crimin t r may or m ay not be ne ry. 
The fun tion of the h igh-pa filt r i 

to att nuate the low-fr qu ncy h u m  

component from h r order ampl i fiers 

so tha th y will  n t generate any fm in 

h e  fr qu nc meter ; the low-pa fil t  r 

i included to a enuate the bia i nal 
oft n pre n a h outpu t terminals 
of a thre -head tape recorder when 

record i ng and playback are occurnng 

imu ltan ou 1} . Th low-pa fi l t  r fol­

l owing th fr qu nc m e  r may not 

be n · ary " hen data record r are 

b i n ff te ted , sine th i nt rnal 10-kc 

filter of the frequ n . m eter is usually 

adequate when carrier of 50 kc or 1 00 

kc i u d .  

Whil " '  wid -band rm voltm t r with 
the .. ppropna e lo" -pa fil t  r (300 

cycle for aud i o  r order , 5 kc or 1 0  
kc for data r ord r ) w i l l  give the total 

flu ter and vow 1 vel , a wave analyzer 
incli at pecific frequ n y omponent 

al lowing one to pi npoint di rectl th 

sou rce of the maj or flutt r com ponent · . 

For example Fio:ur 12 i an automatic 

plot of flutt r of an audio tape re ord r 
made with the use of the TYPE 1 554-

Sound and Vi bration Analyzer (tu nable 

from 2.5 cycle o 25 k ·) oup l d o th 

TYPE 1 52 1 -A G raphi Level Re order. 

Peak flutter ·01nponent are produced 

not onl at p ower upply frequ n i 

but al o at frequ nC' ie. d ir l y  re­

la ed to mo or p d ,  cap tan peed, 

idler peed , et . 

I 
I 

T Y PE 15 2 1 -A 
SO U N D  LEVEL 

RECOROER 

Autmnatic p l ot l ik e  that of Fig ll'e 
1 2  can be m ad over a fr qu n c  ranrre 
of 20 cycle to  25 k . Th r ponse of the 

G raphi c Level Re ord r drop off below 
20 cycle o h at hand-plottino- i n e -
sary at l ow r fr qu ncie . 

Other U ses 

ince th frequency m eter generat s 
a standard iz d pul e for ec h input 

cycl i t  fol l ow that it will  m , u r  the 

average of a frequenc that i ch nO"ino­

even if i is  aperi odi or random . This 

fact i made us of in pr due ion e tin er 
of the TYPE 1300- eat-Frequen y 

Video Generator. To cal ibrat h 

w p-fr quenc circuit , the p ak dev i­

ation \vith ine wave w p i et o 1 
Mc by mea ure1n 1t of h averag out­

put frequ n y .  i n  the averag of a 
. ine We i . 636 of pea k ,  the freq u  ncy 

i .  adj u. ted for a frequenc y  met r i ndi a­
tion of 636 k c .  

It is  also apparent that ignal to b 

coun ted may be d ri d from simple 

ph otocel l devi ·e , achometers, creig r 

tube , magn ti pi kup or ny oth r 

tran:--duc r. capable of upplying a 30-
m v p a k  iffna l .  

Note 

- Co T- H ITOURAS 

The d l opm n of h TYPE 1 1 42-A 
Freq u r y M ter and Di crim i na tor 

w carri d out by M r .  Chi toura . R .  Vv. 
Fran k contributed to th a rly d i o-n 

and the proj � t wa ii r ted by M .  C. 
Holtj  . - ED ITOR 
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1 3  

A.NAL..YZ:t:R 
BANOWtDTH 
C I :!I O<:TAV£ 
\'S .NA .. ROW 

CHA�T SPJ;;EO 

J A N U A R Y - F E B R U A R Y , 1 9 6 1  

F i g ure 12.  A ut o m at i c  
p l ot of fl utter i n  a n  
a u d i o  tape r e corder, 
m a d e  w i t h  t h e  
e q u i p m e n t  s h o w n  i n  
Fig u r e  1 1 . A re ­
s p o n s e  o f  - 60 d b  
c orre s p o n d s  to a fre ­
q u e n c y  d eviati o n  of 
0. 1 % o f  the t e st 

freq u e nc y. 
L'. 2 '5 .2"-70� 1+----...-4-.,._.�"---f---.J.t-7.1$ ,.. 7'!! z 

0 
I)., 
� l-t'9:t+--i4"11Wl--hllr---+�-+f+�-l-�-.J!.-1+4�t---l�J1---4 

RECOR DER 
'\YRITIN $PEf[0 
C t i:;z 10 · 1 " r .zo 

IN se:e 

a: 

25 50 IQO 
F R.EQUENCY ( c ps )  

SP ECI FICATIONS 

R a n ge :  3 cp to 1 . 5 1\1c i n five d ('ad ranges. 
Full-.·<'n,l va l ues are 1 50 cp , 1 .5 kc , l 5 k , 
1 50 k (',  a.nd 1 .5 : w e .  cc1l i bratctl  in t erpofo.tion 
feature ff tiv ly expand th meter _ cal by 
a factor of 1 0  so that 1 / 1 0  of any f h ab ve 
ra.ngcs covers the ful l meter scale. 

A c c u r a c y: 
H . ecord r Output Curr n t :  0.05 0 of ful l  cu.le 

+ . 05 0 of reading, below 1 5  k . 0 . 1  0 of ful l 
�ca.le +O. l % of reading, above 1 5 kc. 

:\.fot r Err r: 
ireC' R eading: 1 of readi n g  ab ve l O o/c  

o f  full  scale (0. 1 o/c of fu l l scale below 1 0  0 of 
ful l . ·ale) . 

I nterpolating: 0. 1 % of ful l  ·al (nnge 
witch . ttin ) . 

Lin Voltage: ariations of ± 1 0  pr d uce 
approximately a ±0. 1 5  c h ange in read ing 
hclow 1 50 kc and ± 1 3 above ] 50 ke. 

Temp l'atu rn :  Drift after a few 1ni n ute i 
1 s than 0.2 0 of r ad i ng, · u b. tan tin.l ly 
com p let \vi·thin 30 minute . 

Over-n.11 ac ·uracy is the s um of he recorder 
out put current error and any of the above 
a p p l icahle error . 

C a l i brati o n :  Inte1·nal alihration at twic l in 
fr que ncy to tandard i ze outp u t  current . 

S e n sitivity: 20 mv rmR, for frequenC" i  " $  h tw en 
20 < 'P and 1 50 kc, rising to 200 mv at 3 cps and 
1 . 5 l\ 1 c .  Peak-to-peak voltage requiremen t s  for 
p ulse and ine wave i n put. ar appr xima.t ly 
equal , excep for ex t rcm ly . ·hort puL· , . I n p u t  
puL'e widths of th ord r f a nanoscc nd may 
requi r a much as 5 vol 
M a x i m u m  I n p u t  V o lt a g e :  400-v peak. 

Type 

I n p ut I m pe d a n c e: 1 00,000 ohm dropp ing to a 
mi n i mu m  of 1 0,000 hm ab ve 1 50 kc. 

D i s c ri m i n ator C h a r a cterist i c s :  

Output Vol tage : 15 v de ful l scale ( 1 .5) ,  
a n  range . 

H idual fm oise : M ore than 1 00 db bel ow 
full output (primarily 60 and 1 20 cps) . Mca, ­
ured wi th a narrow-band wave anal. zer,  uc h  
a the TYPE 736- A ,  r idual noise at other 
fr quen ·ie i m r than 1 20 db down from 
ful l  output. 

Lin arity: 0 . 05 0 of full calc ( 1 5  v) + 0.05 0 
of utput vol tage , b low 1 5  k . 0. 1 of ful l  

ale ( 1 5  v )  +O. l 0 of output voltage, above 
1 5  kc. 

R e co r d e r  O u1 p ut:  

irect:  Output curre n t  adju tabl to d riv 
r corders from 1 -ma (3000 ohm. , max) to 5-ma 
(200 ohms, max ) .  

Int rp l a  e :  Ful l- en.le vo ltage . 64 v b hind 
4 00 ohm . 

T u-b e s :  One 6. W , one - · 7, on 6 � 5, three 
5965, one 6 5GA, one 565 1 . 
A c c e s s ori e s  S u p p l i e d :  TYPE CAP-22 Power 

or l ,  pare fu. 
P o w e r  S u p p l y :  1 05- 1 25 ( r 2 10-250) volt , 50 to 
60 cp::<. This in. trurnent will al o operate at l ine 
frequen cies up to 00 cp . 

D i m en s i o n s :  Panel 1 2  x 5 7.i'  i nch (305 x 
1 35 mm ) ;  d pth h �hind pa.nel,  1 0 7.i'  inche 
(265 m m ) .  

Net We i g ht:  1 6  p und. ( 7 . 3  ku) . 

Code r Vord Price 
1 142 - A  
480 - P - 3 1 2  I Fre q u e n c y  M eter a n d  D i s cri m i n ator . . . . . . . . . . . .  . 

P a n e l  E x te n s i o n s  f o r  R e l a y  R a c k  (pair) . . . . . . . .  . 
M A G I  
ME RIT 

$495.00 
6 . 50 

U .S. Pat ent Nos. 2 ,362 ,503 and Di. 7 ,740. 
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G E N E R A L  R A D I O  E X P E R I M E N T E R  1 4  

TH E MA NAGEM E NT COMMI TTE E  
The operation of the General Radio 

Company is he re ponsibility of the 

Management Committee, whose mem­

ber are the head of the functional 

operating groups of the Company. The 

comrnitt e form of 1nanagement, which 

ha been in operation at General Radio 

for well over 20 year , ha , we feel, 

re ul ted in better decisions being reached 

and a better-run organization than vould 

be po ' ible for us wi h an ' other t pe 

of 1nanage1nent. 

There are, as well , a number of other 

operating ommittees each om.po cl of 
ho mo�t dir ctly concerned with t h ., 

matter · i ndicated by th comm .i t t ee 

titl e · .  Among the e are :  "New Prod 11ct . · 
for de erlll i ni ng our proo-ram of fut u r  

de,·eloprnen t , J1.'[ anuf acturing for coor­
dinating production activities, Perso n n el 
for admini ri1 g per�on.nel p rogrmn 

D velop 11ient for e ngi neering department 

operatio1r, Scheduling for d t rmi n i n°· 

produ · t i  on requ irement�. and for pri · 

etting,  and Patent for deal i ng w i t h  
patent,  l i  · n · , a n d  tradem.ark ma tter. · . 

(left lo right) L a wren ce E. Pext o n ,  Treasurer; A rt hur E. T h iessen, Chairman of the Board,- J o hn D. Oua c k e n b o s ,  

Secretary,- C h a r les T .  Burke, Director o f  Planning,- M yr o n  T .  S m i t h ,  Director of Sa/es; I va n  G .  E a s t o n ,  Vice­
President for Engineering,- H a r ol d  M. W i l s o n ,  Vice-President for Manufacturing; D o n a l d  B. S i ncl a i r, Executive 
Vice-President and Technical Director; C h a rl e s  C. Carey, President and Chairman of the Managem ent Committee. 
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1 5  J A N U A R Y - F E B R U A R Y ,  1 96 1  

TEST I N G  OF SOLI D-STATE DI ODES 
AT 1 00 MEGACYCLES 

One of the ba. ic m a u r  ment r -

quired i n  the manuf actur of solid- ta e 

diod i the d t rmination of he 

re ifi ation efficienc::y. J AK pe ifi d 

procedur call for a 1 00-M ignal to 

be fed through the diode into a pr -

cribed R C  load . The re ulting l oad 

voltage is a mea u re of the r tification 

effi i n y. 
Rheem erni onductor Corporation 

M ou ntain Vie' a l if orn ia thoroughly 

studi d variou methods of making the 

required te and develop d .. n a m bly 
that perm it the testing- ·orting pr · . R 
to be accompli h d at rat approach i ng 

on component per cond. Th r ult ing 

syst m u · · a Gen ra l Radio 'I Y P E  
12 1 5-B Unit 0 cilb or a ·  the 1 00-M c  

ourc , i n  onj unction with a TYPE 

1 263-A Ainplit ud -Regula i ng Power 

upply. rl his combi nation of i n  tru­

ment · p nnit . a on tan voltage ampl i­

tude to be a va i labl at th t t nninal.' 

r gardle of any load varia ion due o 

indiv j dual d iod haract ri tics. Th 

TYPE 74-VQ Voltmeter t tor and 

TYPE 7�1-VI Voltm t r I ndi ator ar 
u cl to make th initia l v l tag -1 ' el 

e t i n g. 

A eompl t t t · t comp rising the e 

TYPE 874 - RZO 

I 

TYPE TYPE T Y PE ... Y P E  T Y PE FLEX LINE � 
1 2 1�-8 974·4R 87� - Et... 874 · F IB5 874-EL 

50- 200Mc ROTA RY ELL 8!5�c 0· E L L  

OSCILLATOR J O I N T  CONNECTOR PASS FILTER CONNECTOR 

i n  t rum nt h a  been d 'igned b R h  em 
ngin r · and i h o w n  i n  operat ion in 

the ph otoO'raph on he front O Yer 
of thi · i ue. 

Ano h r  produ 

porating he aine t pe, 
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heenl. al o p rf or1n ev ra l t t o  

determin diode recov ry i m . I n  th e 
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