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GENERAL RADIO EXPERIMENTER 2 

IDENTI ICATION OF HARMONICS 

SERIES IN A HARMONIC 

e I N U S I N G frequency tandards, 
the u eful outp ut of w hi ch consist of 
o ne or more ene of harmonic , the 
ready identification of cer tain or al l of 
th harmonics in a given frequency range 
is one of the first problem encountered 
in alibrating equipmen t against the 

tandard. Basicall the prob lem is alway 

th same: (1) The id ntification of a ke 
point, or of widel epara ted key po int ; 
(2) dividing th interval b etween u ch 

p ints, or the frequen. rang about one 

. uch point, in to mailer frequency inter­
val , and (3) sub dividing uch inter a] 
into u essively mall r in terval . D -
pending on the method u e d, the identi­
fication and sub dividing tep may or 
1nay not be combined into a si n gle oper ­

ati on . 

I. Using Calibr ated Oscillator 
or Receiver 

Within ertai.n ranges, t he implest 
rnethod depend . on the calibration of an 
osci lla tor or a re eiver, or both. The e 

·alibra ti on must be suffi iently accu­
rate and stable o that the rrors are 

ub t an t ially le s than one half of the 
(undamental frequen y of he harmonic 
s ries, that i , sub t an tially I s than 
one half of the frequen y interval be­
tween succes iv harmonic . 

If a fine calibration of a piece of equip ­

ment is required, it is obvious that as 
harmonic seri s having lower and lower 
funda mental frequencie (to obtain ali­
brating p oint near r and nearer ·to­
gether) are u ed, a point will be reached 
where any gi en o cillator or receive1· 
calibration is not uffici en tly preci e ·to 
identify po i i ely the frequency of any 
g1 v n harmoni . 

A 

B 

FIGURE 1. 100-kc harmoni identified 'by ca li­
bration of oscillating receiver are shown a A. 
Knowing f 1 and f 2, poi11"ts at 10-kc intervals ar 
filled in a at B and the frequencie are known. 

II. U s i n g Ca Ii b r ated 0 sci 11 at o r 
or Receiver and Successive Har­
monic Ser ies 

By use of different harmoni eries , in 
turn, howe er, thi ituation can b ov r­
come. For example, uppose the recei ·er 
calihr a ti on in the frequency range of 
interest to he good to± 5 kc. It is ob iou . 

that this calibratio n would ot er e to 
identify 10-k harmonics, hut it ould 

b e enti rely adequa t to id ntif y 50- c or 
100-kc ha rm.oni s. 

By fir t potting th identifiable:so-k 
or 100-kc poin ts on the cale of the equip­
ment b eing calibrated, uch "key " points 

erve for po itive checking when calibra­
·tion points at, say, 10 kc or mailer in­
tervals, are fill din as hown in Figure 1. 
Ill. Identity in g H arm on i cs Sep a -

rated by a Desired Inter val 

When the frequen range or pan of 
an oscillator is to he che�ked a Gove.ring 
certain limits, it i onvenien t to be able 
to i dentify two harmonics of a rie 
which are not adjacen t harmonics. Thi. 

pan should be checked before detailed 
calibration is tarted. 

f an au iliary osci la or is et at a 
fundamental frequenc equa l to the de -

op-yright, 1943, General Radio Company, Cambridge, Mass., • S. A. 
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;- AUX\LlA'RY OSC. HARMONtC.S? 

11 (STANO�RD IOOKC 

I 
HAR MO .. ICS .::=: I 

_______ 11� �? _LJ ___ 1 ____ 1_ 
1500 \<.C 2000 loC-C 

Fie RE 3. Showing bow two tandard harmonic marking a p arti cula r frequency pan are identi­
fied u ing an auxiliary os illa to r. 

sired span, one of its harmonics then falls 
at the bottom and one at the top of th 
desired range. If the span is not a multi­
ple of the funda:m.ental of t" e harmoni 

eries of the standard, a test span can be 
cho en which is uch a multiple. 

If this i done, the auxiliary oscillator 
i preferably not set in e a t zero beat 
with the standard. If the oscillator is 
offset slightly, then the top and bottom 
points of the test span will he identified 
by two harmonic frequencie1S of the 
standard marked by a characteristic 
double beat tone when picked up in a 
non-oscillating recei er, while all other 
standard frequency harmonic points will 
be marked by single beat tones, as the 
oscillator frequency is varied through its 
range. A block diagram of the system is 
shown in Figure 2a. n oscillating re­
cei er, or one with a heterodyning oscil­
lator, can also be calibrated by this 
method, as shown in igure 2b. 

As an example, let us assume that one 
range of a m.ulti-range frequency meter 
to be calibrated covers a span from 1460 
to 2090 kc. If the auxiliary o illator i 

set at 500 kc, a Les pan of 1500 to 20 0 
kc isl.�marked off by the third and fourth 
harmonics. If thi oscillator is et off 
from 500 kc h 30 cycles or so, then a 
characteristic double beat will be heard 
when the test oscillator is set at 1500 or 
2000 kc. When these two po· t hav 
been checked as falling within normal 
li:m.its on the frequency meter seal , the 
auxiliary oscillator is turned off and final 
calibration started in terms of the 
standard alone. 

his same procedure provides for 
setting up, in effe t, a harmonic series 
of higher fundamental frequency than 
the highest available from a given fre· 
quency standard. For example, if the 
highest frequency harmonic series is 50 
kc, an auxiliary oscillator set at 500 kc. 
and slightly offset from the standard. 
identifies every 10th 50-kc harmonic by 
the characteristic double beat tone, 
whi h is equivalen-t to a standard 
harmonic series of 500 c. This series 
extends o er the range covered by har­
monics of the auxiliary o illator. inal 

alibrations at any such points should 

FlG RE 2. (a) Block di agram showing the process o:f calibrati ng an oscillator by 1means of an 
au...xiliary os illator set to the desired frequenc pan. (b) A similar system for calibrating a receiver. 
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GENERAL RADIO EXPERIMENTER 4 

be Lak n Jir tly again t the 0-kc 
harmonic , with the au, iliar os i Hator 
e ffe Li l di connected :from the de­
tector. 

1 inall , if ever al eri of tandaL·d 
fr quen harmonics are a ai.lable, iden­
Lifi alion of an de ir d harmonic of the 
low frequen y eri an he made by 

ounting, pro ided only that harmoni c  
of the highe t frequ n ene can be 
identified. For �"ampl , if a r ei er 
calibration idenlifie an harmonic of a 
LOO-kc en and i set to one u h 

hannonic, w ·an, on uh tituting a 10-
k · , ri unt th numb r of 10-k 
point pa ed o er ·n tuning tb rec i er 
Lo either ]ow�r or higher frcquenci . By 

ounling n t mor than fr e J 0-kc 

harmonic , "' an et Lhe recei er to 
an required 10-k mu] ti pl . 

For e ample, if 1670 kc i to b id nti­
fied, L Lhe recei r at 1700 kc, as 
eh ck d again t 1 0-kc harm nic . Lea -

ing the r cei er at Lhi LLing, uh Litute 
I h 10-k · hannonic erie . Tuning the 

r Loward lower fr quencie., Lhe 
-k harmonic r a ·hed i 690 kc, 

the cond 1680, and Lbe third i the 
d ired point of 167 kc. 

IV. Identifying Harmonics on Un· 
calibrated Equipment 

It i fea ible, and, in inan ca e , ery 
·on enient to ha a tern of identi-

4001<.C 

370011&£ ... 
�7(,oolooo)-
\ 

SoANl>ARO t<ARl<\ON\C.S 

0 0 
� 

0 0 0 
'<I 

IN C.'<C.LE.S 

f ing any tandard frequency harmoni<-, 
without Lhe n ce it .f a ing an ali­
brated radio-frequen quipment. To 
d this it i neces ar to ha e mean of 
m a l ing audi o fr qu ncie ' ith pr -
cision but, sin ce u h equipment i 
u ually a a:ilahle ,, iLh the fr quenc 

tandard, thi is gene all no n w 
pr bJem. 

H it i d ir d, for ample, Lo kn " 
which 100-kc tandar l harmoni ha 
been tuned in n an uncalibrated r -

i er, an auxiliar etup or ••identifier," 
c n i ting of a c Lal o ilJaL r and 
100-kc multi· i hrator, i ne d d. Thi· 

er tal o iJlator n d not b o( lahoralc 
de ian. If th er tal ha a l  w temper­
ature co ffi ient and the circuit i pro-

ided with a fine f-:t· qu nc adju Lment, 
for purpo e of ac uraLel ad.ju ting th 
differ nee in frequency, r ••offset," 

b Lw en the tandard and idenLifi r fre­
quenci ccasionaJ r adju t men l i all 
Lha L i requ ir d. 

The u · of an ••off el" fr 
tandar<l as a m an .f a 

I w b at frequen 
m a uring ·adi frequenci i. 
known. Th parti u]ar featur of u ing 
a pecific offset for identification pur­
po wa propo h th writer' c -
worker 1 ·. H. H. I-Iolli . '.}! 

Thi au iliar er Lal o cilla lor i: 
adj u ted to a frequen that i a d fini L 
number o( c le b Jow 1 0 k and 'the . 

multi ihraL r i ontrolJed from it. F r 
., ample, if th tal i l .6. _ le Im 

on th 100-kc fundamental, Lh fr -

q uen of an identifier harmonic is 
nfi = /1 (f s - .6.) = n.f s - n.6. cy le , 

here Ci is the id ntifier fundamental 
frcquenc and fs i -the standard fre­
quenc . 

ow, if the uncalibrated non-o ilJat­
ing recei er i tuned to om harmonic 

FIG RE . howing op ration of id ntificr. 
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f th tandard, i t  freq uenc i nf8• If 
th n, the tandard and id ntifier outpu L 
are both connected to th re ei r input, 
a b at outpu t from the recei ·er I ob­
tained qual to 

J b - nfs - (nfs - nt'.\) 
= nf s - nf s + nLJ.. 
= nLJ.. cle 

w hi ·h i the beat frequenc mea ured 
\; j th the audio-fr quenc· mea urmg 
equipme 

Jn general ' e a1·e not int re le in 
the nwnber of the hai·monic n; we wi h 
Lo know it frequency. B choo ing 6.. 
appt·opriately, the b at nLJ.., in cycle an 
b inad qual num.eri. ally to the fre­
q u ncy nf s of Lhe tandard harmonic, in 
kilocycles. 

r e. am l , take 6.. a 100 c le , a 
hown in igu re . If the rec i ver i 

tuned to the 37th harmoni f the 1 0-
Landard, th b at utput of the recei er 

will b 100. 37 = 3700 le . Th 
frequency of the harm onic to which ·the 
uncalibrated re eiver i t uned i 3 700 kc. 
The n .·t higher harm ni (38th) ' ou]d 
gi e a beat output of 3800 c cl 

Fr m thi ' e a ee that the fr -
quency of the ident.fier r tal · uat or 

hould be et carefuU · just 00 ycles 
b lo' t he tandard, hich i mo t ea il 
d ne b tuning in a kn wn high-fr -
quency harmoni and adju ting th 

r tal o illator to ob tain the correct 
beat frequen y. e al o can e that, 
for a gi en 6.. and a gi en audio-fre­

mea uring range there i an 
upp r 1 imit to the numb r of tandai· d 
harmonics which can be iden tified . For 
e.'a 1npl if th audio-frnqu nc· mea ur­
ing quipme t er a ·ang u to 5 00 
c cles the high t tan ard fr que c 
hannoni which an b identi fied i 5000 
kc or 5 Nl . 

With ome care in adjusting th 
identifi r cry tal o iUa tor fr quen 

S EPTEMBER, 1943 

and in operalin rr the a idio-fr quenc 
mea uring equipm n t, a 6.. f 0 ·y le 

an be used, which gi e h at frequ nci . 

one tenth of th s gi n abo . Th fre-
u nc f the harmonic in k 

· 

th n 10 
time th audio-beat frequ ncy. Th 
upper fr equ n liiniL i al t n Lim 
higher - 50,000 k or 50 Mc. 

rom the pre edi ng de cription ' 

an ee that, to o Lain de im al mulli­
pl "er for con erting the ob er d hea l 
frequ n to the fr q u ncy of the tan -
ard harmo i , w hould hoo a 6.. 

hi hi a d imal fra t. o I th Land­
ard fr q en . For exam ple if th 

tandard frequ nc i 0 kc, a 6.. of 50 
cy le gi. e heal fr qu c1 in 1 
' hi h are num ri ally qual Lo the fre­
quencie of the tandar harmonic m 
kilo ycle . 

If the i en tifier i L up a de sc ri b d 
abo e for id ntifi ation of tandard 
harmoni on Lbe dir ct-reading ha is 
·then the additi n f a lo we · freq u n · 
multivibralor Lo Lb id Li.fie · � ·n pro-

id for id ntif ing the harm onics of 
thi lower standai·d fr quen . If a 10-k 
mul t i ibralor b added to th iden t i fi r 

[th pr c ding paragraph, th ff ctiv � 

i 50 divid db 5, be oming 10 le . 
Therefore ·the a udio b at btain b -
twe n a tandard 10-k harmonic en· 
and the 10-kc rie from th iden tifi r 
i again in , equal to the fr qu n · 

of the 10-kc harmoni , in kilo ycl 
A fw:Lher li1ni ta t i n n the num b  -r 

of J armoni ' hi h can be i dent ifi_ d b 
thi m th d ome about when th heal 
frequen y. ntl r a h or e on 
half the (undam n Lal fr qu nc of th 
harmonic ri " ith tl taken a 10 
c cle , as d e �rib d in th la t para­
graph, with a 10-k harmonic r1e. , 

ntl b om equal to fs/2 hen th bea l 
i 5000 y l corre pondi g to th 
500th harmonic .. While it is po sib Je to 
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Fw RE 5. howing u e of identifier in a oiding 

ry low beat frequencies in measuring a radio 
fr quenc er near a Landard harmonic. 

int rpr t the result when the beat fre­
quency effect"vely xceeds this value, 
it is generally simpler and much mor 
convenient to choo e a  alue for fl. which 
avoid this situation in the frequency 
range of interest. 

Summarizing, a value for fl. can he 
cho en which will · dentify practically 
all useful harmonics of a high frequency 

eries, within the lim.its o a given audio­
frequency measuring range. This sam 
value of fl. will identify harmonics of a 
lower frequency series up to the limit 
of he audio-frequency measuring rang 
or fs/2, whiche er o curs at the lower 
frequ ncy'} where fs is the fundamental 
of the low frequency harmonic series. 

In many cases this method of identi­
fication need be applied only to the high­
est frequency harmonic series of the 
frequency standard. In any given fre­
qu ncy range a larg number of identi­
fied key frequenci ar then a ailahle. 
The intervals between these known key 
frequencies can then he uhdivided by 
one of the other methods described, 

6 

without the nece ity of u mg a lower 
Irequenc identifier eri 

The u e of a definite value of off�et 
from standard for he identifier crystal 
o cillator frequen y in no way impair 
the use of the y tem in avoiding low 
beat frequencie when mea uring a radi 
frequency. If a hroa cast station fr -

quency · b ing mea ured, the b at ob­
tained between a 10-k tan ard har­
monic and the station frequenc would 
only be a ew cycle . If the audio hea r 
hetw en he tandard and id nti:fi r 
eries, at the harmoni corresponding to 

the tation frequency, i first mea ured 
and then the beat helw en the identi:fi r 

eries and the station frequency, the 
difference of these b at frequencie i · 

the number of cle that the tation i 
off frequ cy. 

For example, uppo e a tati n at 
1590 k i being checked, as illu trated 
in Figure 5. If the identifier i et ex­
ac l_ , the beat difference between th 
identifier and standard at thi harmonic 
would be 1590 cy le . Suppose th iden­
tifier is ligh ly off frequenc , giving a 
beat of 1588 cycle . If the beat between 
the identifi r and tation frequencies i 

596 ycles, the tation i 1596 - 1588 
= + 8 cycles (high); if the beat wer 
1583 cycle , the station ould be 1583 
- 1588 = - 5 cy le , or t e tati n 

would be 5 cycle low. The error in 
setting the identifier do no appear in 
the final result. - J. LAPP 

SERVICE DEPARTMENT NOTES 

Tell Us What Is Wrong 
In writing a bout erratic op ration of 

an instrument, plea e d rib in detail 
the t pe of service, hours of usage, oper ­

at" g conditions, power ource, and re� 
ult obtained from following dir ctions 

given in nstruction Boo , and r I • 
and Maint nan e e . t will oft n be 
po ible for us to analyze the trouble and 
to end dir tions for it corr tion b 
return mail_ 
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Jf it i ne e ary -.:hat an in trum nt 
be returned for reconditioning, this de­
tail d information "' ill prev nt delay in 
doing the work. 

Service and Maintenance Notes 
Thi inf ormation is mailed without 

charge to all users of Gen ral Radi 
equipment. The otes will h Ip ou 1n 
making adju tments and repair , thus 
a oiding tim lost in ha ing re on­
diti oning d n at the factory. If y u do 
not have a et of er ice and Main­
tenance ote , nd u a Ii t of our 
General Radio instruments, gi "ng -type 
and serial numbers, and our cop ·wi 11 
h mail d promptly. 

Check Your Equipment Now 
Con tant u ag £ General Radio 

equipment will e ntually re ult in th 
wearing of moving componen-t , deteri­
oration of tub and batterie , hange 
in the alues of resi tors and capacitor , 
and the colle ting of du t and grit 
throughout the a rnbly. The e on­
ditions o ur ery gradually and the 
effects are not noti eel until en·or be­
com eriou or poor operation develop . 

Why not check your equipm nt now 
to see if it c nform to the sp ci:fi ation 
in the atal g? The in formation given 
in the Instructi n Book an.cl in the er -
ice and Maintenan e otes will elp 
you in deter ining if opera·tion · nor­
mal and in malting readjustments. Keep 

our instrument in fir ·t-class operating 
condition in o d r to get a cm·ate re ult 
from our mea uremen1: . 

VA RI A C S  
Most of th ariac r turned for re-

pairs have damag d windings. Defe tive 
bru hes or po r contact of -ihe hrushe 
on a corrod d or blackened winding 

urface result in ar ing, ventuall dam-

S EPT EMB E R, 1 943 

S£RVICE flOO ffifitnHnAnCf 
OOTfS 

i!lYlt( OlPBfftlllrnT 
G rn rn Rl RR n in c nmr llJI y 
t:flmBRIOGf ffiffSSilmmrs, v s ff 

aging th oil . 0 ca ional -in tion 
and cleaning of your ariac wiJl pr ent 
delay cau ed by return to the fa tor 
for r pairs. Order for replac ment 
bru he ar hipp d prompt] . Pl a e 

p cif type of Variac on your or er. 

Repl acement Parts 
Whit an effort i made to main tain a 

rea onahle stock of part uch a uppJ 
must neces ari I y he limi t d, be au oJ 
general hortage . .  In placing a re qui i­
t1on for r placement parls, pJea ord r 
only the amount ufficient for your im­
m di.at needs. Ord r for larger quan­
t1 tie may depri e another custome · 

from getting part need d in an mer­
gency. 

Whenev r po ihle, r pair minor dam­
age in your own plant. If you cannot 
make repairs to part of General Radio 
manufacture, why not return them to u 
for repair rather than order a replace­
ment? Prompt er ice can he gi en and 

trategic material will be con erved. 
-H. H. DA ES 
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A S T A R  F 0 R OUR 
men and women of the General Radio 

roup f mplo e 

holding the ' b" hann r. 

"E" BA N N E R  
om pan are proud tha t Lheit· effort Th 

ha and o ur e mer i ted a ren wal of Lhe Arm avy "E' award. To our . uppli r 
uh on lra tor w xpre o ur thanks for Lhejr help in addino- thj tar to o ur ••E" 

hanner. 

The a 's I ·tt r of awar<l. 

DEPARTMENT O� THE NAV'f 
Ol"f'ICC o,.- nil!: u ... o£i=t SCCACTAA't 

Mr. Melvi.lle F.a9tha.m, President 
Genera1 RAd�o Company 
Cambridge, Massachusetts 

Dear Mr. F.astham: 

9 Jul,y 194) 

At the le.st meeting oJ: the Navy Board for Pro­
duction Awards the question was taken llP whether your co�pa.ny 
would be granted a renewa.l of the Array-Navy 'E' Award for an 
addit.ional per iod of six months d ating from Jmie 15, 1943. 

It is wit.b great p1easure that I inform you that 
a.ffirma:ti.ve action was ta.ken i.n the case of tbe General. Radio 
Company at Cambridge. Accordingly, there is being f'orwarded to 
you a new pennant with one star affixed, •h�ch you should receive 
1n the near future. The Navy Department desires that no cere­
mony be held i.n connection with the star award. 

Tbe ·men and women 0£ the General Radio Company 
have achieved. a signal honor by continuing their splendid pro­
duction in such volume ae to justi£y this renewal of their 
s.w&rd. In t.be :first instance it wae di.fficul t to win the 
Army-Navy 1E1 and by meriting a renewal, the DUJ.nagement and 
employees have indicated their solid determination and abil.ity 
to support our fighting forces by aupplying the equipment which 
is necessary ror ultimate victory. 

The Navy Depar·tment extends to ea.ch and every 
man and woman of your company its hearty congratu.l..ations on 
the� accomplishment and desires to express a fervent hope 
that future production will be even more out.stand.1.ng. 

GENERAL 
30 STATE STREET 

Si;�e!
.

y� 
C. C. BLOCH 

Adm:irsl, USN (Ret.) 
Chairman, Navy Board. for Production 

Awards 

RAD I 0 COMPANY 
CA MBRIDGE 39, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 

90 WEST STREET, NEW YORK CITY 6 
1000 NORTH SEWARD STREET, LOS ANGELES 38, CALIFORNIA 
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