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e A G 0 0 D M A N Y ] abor ato y me a -
urements would b considerably simplified 
if there were available a de ice to do at 
radio frequencies the job that the :familiar 

heterodyne type of wave analyzer does at audio frequencies. 
early every laboratory, however, has a communications type of 

radio receiver which can be quite easily adapted ·to t:he prob) m .  'v'hile 
the input impedance may not be so high, and the output met.er and the 
frequency dial calibration may not be so accurate as may be desired in 
many cases, such inadequacies can often be remedied b proper use and 
calibration. Standard-signal generators and frequen y meter are 
readily used for this calibration. 

The simpli ity with which an elementary type of analysis can be 
made with a com.m_unications receiver is illustrated by its use for deter
mining the length of s ort, periodically-
repeated pulses of voltage. Harmonic 
generators1 and Class C amplifiers oft n 
operate with such pulses of plate cur
r nt. The adju tment for proper op ra
tion in these cases is usuaUy well indi
cated by setting for the desired length 
of current flow, and a simple technique 
for the measurement of this length pro
vides an additional tool in t.his adjust-
ment. 

lF. R. Lansel, " ome Anal e of · ave Shapes Used in 
Harm nic Proch1 rs," Bell S_y teTT• Technical Journal, v. 
20, n. 3, July, 1941, pp. 331-339. 

FIG RE l. Envelope of the frequency spectru.rn 
of a rectangular pulse. 
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GENERAL RADIO EXPERIMENTER 2 

The a· eform that is gene1·ally ob
tained in a Le m of thi type can be 
well repre en.Led b a horl pul e Lhal is 
a section of a •n wa . Th ang le of 
curren L flow, 0, i th u ual mea ure o ( 
the Leng th o[ u h a pul e and i related 
to it le ngth in con<l , T, b the ex
pr lOll 

0 = 27rjT 
where .f i the frequency of the funda
mental driving oltage . 

In many ca th pul i o flat on 
the top that it i b Lt · repr nt d by a 
trapezoid with id.es of finite lo s a 
limiting ase it an be on ider d 1·ec
tangul ar, and, b au th analysi and 
measur ment for the r tangular hape 
1 imp] , it will be con idered fir t. 

The length of a rectangular pu] e can 
be de term.ined from the locations of t e 
minima of inLen it of the �om pon nt 
jn_ it frequenc peclrum. }'or a truly 
re ·tangular pul , th inima (zero f 
the n lope) o ur at int gral mult :ipl 
of th frequ n wh period i equal 
to the length of ·th pul e. Thus a 10-
micro ond pul ha a pe ·trum with 
mini1ua of inten it at 100 k , 200 k , 

300 k , el . ; and a 1-micro second pul e 
has mi nima at 1 Mc, 2 l\1c, 3 M 
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The Fourier anal is of a rec tangular 
pulse2 yi eld s a frequen �y spectrum of the 
form shown in Figur 1. Her only h 
envelope of the amplitude of the om
ponent is plo tted. pul e that is peri
odica Uy repeat d ha a Jin pectrum 
·with di r le comp nent at in egral 
multiple of th frequenc of repet ition., 

and the a tual minima will in general 
not o cur at e ·actly the abo e v alue . 
Thu , if the rep tition rat is 1100 cps 
for the 10-mi ro econd pul e, om1 o
n.ent an be found at 1100, 2200, 3300, 
etc., p . The amplitude of the e com
ponent ' ill de rease gradu ally with in.
creasing frequ :n until the first min 
innun at 100,100 cps, beyond which the 
amplitude increa e ·to a econ.dary max
in1um , decreasing again to th econd 
minimum at 200,200 �p . ucce ding 
m1nrma occur at 30 ,300; 400,400; 
500,500; 599,500; 699,600; et ., p . 

If a re L angular pul f volt age i ini.-
pr d on a ommuni a ti on recer er, 

th g n ral nature of he p trum can 
readily be observed on the output meter 
a the r cei er i tuned o er its range . 

Then th frequencie at whi ·h minima 
occur can b readily locat d. Th impl 
re la ti on hip be tween th lo a Lion of the 
min ima of the fr 1uency pe trum and 
the 1 ng th of th pul th n make po -

ible the al ulatio:n of the length of 
the puJ e. 

Becau e of th relati el broad band 
of rece p tion (e cept with the u e of 
quar tz-cry tal :filters) at audio-fr quency 
repetition rates, the respon e may ap
p ar to follow th n elope of the . c
trum in. te ad of giving th pattern. of 
di er t r pon hat one might at fir t 

2'I'he rectangular pulse is analyzed in man te ts. The 
art"cle by tansel (eee F otnote I) onsiders all the wa e 
ebapel.' treated berc. 

FIGURE 2. En lop f the frequ n p trum 
of a trapez idal pul . t i ery im.ilar to the 
envelope of • igur I but ha a doubl t f 

zer . 

opyright. 1944. General Radio ompan , 
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xpect. This envelop respon e i gen
rally ad an tageou f or locating th 

minima, in that a smoo·th drop to a min
imum as the re · iver tuning i aried 
make po ible rapid lo ation f ea h 
one. In addition, ince the en i-tivity of 
Lhe re ei er i not perfe tly uniform 
o er i ts range, the frequenc p trum 
ma appear to be om what different 
from th exp ted, but u uall the di -
L or Lion i not trouhJ om . 

ne precaution worth ob r ing i 
Lhat the receiv r houJd not be overload 
ed. l [ o er load ing occur the fr quen · 

p trum may be altered 
Lo ntake th m a ut· menl u 
I low er, xcept for ery low r pe
t• t1on rate and impul of e tremely 
. h rt d uration, one can u uall obtain 
ad quate mea ur ment of the fr -
quen 1 of th minima with rel ati el 
lo' input . E traneou ig:nal may 
cause purious re po :n e to be btainecl, 
and Lh apparatus therefore houlcl b 
arrang d to avoid pi kup of unwan-ted 

ignal . 
Although the foregoing ha be n ha ed 

on a pul e of trul rectangular hape, 
th pro -edure can al o b u ed for pul e 
that are only approxima·tely rectangular. 
In ac tual practice the ide of a pul e 
ha a fruit lope , and a trap zoidaJ 
pul e (a -r: ually of an .i oscele -trapezoid 

hap ) i a be tt er approxima-r:ion to th 
usual case. 

The n elope of th frequen 
Lrum of a pulse whose base i 86 

pec
longe r 

FIGURE 3. nvelopc of the fr quen p tru.m 
of a pol t.ha't is a ery small ction of a sin 
wav . When the pul i a half sine wa e re

peated at the sine-wa e funda·m ntal fre uenc , 
the relative amplitude of the omp n nt of th 
frequ nc spe 'trum are as shown b th rtical 
lines in the plot. The amplitudes for interme

diat. pn l e lengths will li b 'twe n the limiting 
value hown hPrP. 

JANUARY, 1 944 

than i t o p i bown in igure 2. Two 
et of minima o cur. Tho e in the fus1: 
et are inn crral multiple of the funda

mental frequenc hose period i the 
a erage 1 ngth of the pul . Thi rela
tion hip is true in general for trap zoidal 
puJ e and it is normal ly th on] on 
of int re t. 

The minima in the ond et oc ur 
at inte gral multiple of the frequ nc 
·who e period is one -half th cliff. ren e in 
J ngth of th ha and th top. Thi 
latter differ n i often small, wit h th 
r ult ·that only a few su h minima oc ur 
Cor man minima o( h l rr p nd
ing L o  th a erag l ngth ( th pulse. 
For the extrem case of th ·triangular 
wa shape the 1:"\ o et are iden-tical, and 
the a erag l ngth i ·th onl on ob
tain I. 

The pulse that is a e tion o( a mu
oicl ha a eries of zero that are not o 
imply relat d ·t t h I ngth of th pul 

If ·Lh ect ion i a comp]ete half wa 

the zero o cur at frequen ies that ar 
3/2, 5/2, 7 /2 etc., multi pl of the fre-
quency who e p riod i qual to h 
l ngth of th put e. Thi a e i th fa
miliar one of t e half-wa e rectifier 

who outpu ha no component of th 
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GENERAL RADIO EXPERIMENTER 4 

3rd, 5th, 7Lh, tc . , harmonic of th funda
m ntal frequen y. 

the pulse b com a maller ection 
of a in . wa e, these minima shift dow n
ward in fr qu nc , reaching in the l imit 
1.430, 2.459, 3.471, 4.477, 5 .. 82, 6.484, 

etc., tim s the frequenc y whose p riod is 
equal to the len gth o-f the p ulse. The 
shift from th simpler alue given above 
i. small, he omin g smaller with each uc

eding minimum. The envelope for a 
very h or L p ul i sh wn in � igure 3. 

rt i inter s t ing lo noti that the av-

erage length, c nsidered a the area 
di vided by th ma imum hei ght, for a 
half inu oid, i 2T/-rr and ·tha t for a e -
tion of a ine wa e which repre ent only 
a small angl of flow is 2r/3. Thu , the 
fir t minim.um i appro imately at the 
frequency who p riod i equal ·to the 
a erage len gth of the pul e. Howev r, 
ea h uc ceedin g minimum i p aced from 
the one prece ding it by appro, 'matel 
the frequency who e period i equ al t 
th t tal length, T. 

R OLD PETER 

CONTINUOUS INTERPOLATION METHODS 

eTHE FREQUENCY CALIBRA
T I 0 N M E T H 0 D S which ha been 
outlin d pre i ou ly1 are quivalent ·to 
point-by-point in terpolation , where the 
frequency of an oscillator could he et 
to, or m a ured again st, the nearest 
multiple of a low audio-frequency stan d
ard. e now con id r ethods for set
ting an o cillator to, or mea uring the 
fr quenc y of an osciJ lator at, an point 
·n the frequen y range. 

Th basis of continuou interpolation 
i q ui t e ge erally a <'On tinu u ly vari
able o ilJ ator, u ually in the audio
freq uency or low radio-frequen cy range . 

uch an oscillator i de i gned to b a 
tabl as possi ble and to permit alihra 

tion n a greatl e p anded cale. In 
general, the o er-all ac ura of m as
urement dep nd upon the ah olut 
a_ nra (in y 1 per econd) of th 
interp la tion o ci llator, and for greatest 
absolute a curac this requir that the 
o ci lla tor b in the low- freq uen y rang 

The problem i indicated in the ery 
imp ]e diagram of Figure 1. The fre-

11. K. Clapp, "Calibration of Equipment in the Low and 
Mediwn Radio-Frequency Ranges, in S.mall t:eps of Fre
quency," General Radio Experimenter, ol. XVIII, o. 5, 
October. 1943. 

quency to b measured, or the d :U-ed 
final value of fr q u ncy, i shown al 
f:i:, ly in g a:nyw her between two known 
multiple of a standard frequen y f s, 

nfs, an d (n + 1) f. ince all interp 1a
tion s stems are ha ed on the interpr -
tation of thi 1 mentary diagram, j t i 
w orth c n idering in greater detail . 

Fir tly, as uming nf� and (n + 1) fs 
to exi l a phy ical frequencie , tha-L i , 
that voltage of th e frequenci e i t 
in usable magnitu d , f x can h evalu
at d in veral way , as foll w : 

(1) n auxiliar radi o-frequen cy os
c illator i u d, generally called a 
"Heterod ne Fr qu nc M et er." Th 
dial ettings of thi o cilla tor are d t i·-
1nin d for nfa, J x, and (n + 1) fs in turn; 

"fs (n--t-l)fs 

FREQUENCY--

F1G R 1. Ba i Interpola1:ion Diagram. 
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f x is then found by linear in terp olation , 

as will he sho wn later. 
(2) The frequenc ies f x and nfs, or J x 

and (n + 1) fa, are impressed on a de
t to r (or receiver) and the lower b at 
frequen y difference prod uced in the 
detector is o bt ained. This beat fre
quen y range from 0 to J s/2 cy cles. 

he mag nitud of the frequency diffe ·

ence is mea ured, and it ign d et r
min ed, by methods considered below. 

(3) The :frequen ie j x and nfs, or J x 

and (n + 1) fs, are impre ed on a d -
tector, and the higher beat frequency 
di fferen ce produced in the detec·tor is 
o btain ed . Thi beat frequency rang e 
from f s/2 to J s cycles . T e mag nitude of 
this differenc e i measured, and its sign 
det rmined, b m eth ds de crib d later. 

(4) If th e tandard frequenc an be 
raised, by a moothl ac ting fine fre -
quency control, the harmonic nfs can 
be slid along the frequency scale until 
it is brought exactly to the v alue / x· The 
amount that nfs is raised to acco mpli h 
thi can be determined fro m  ·the fre
quency co trol ett ing ; the sign of the 
chang e is always positiv e . 

econdl , assu1ning that nf s and 
(n + 1) fs do not exi t physically, J x 

can still be e aluat d in t rm of th 
multiples of the standard :frequency fs, 
as follows: 

( 5) Th e difference between f x and the 
kn.own :frequen y of an interpolation 
o scillator , /i, is made equal ·to a multiple 
of the ta ndard :frequenc f s• u ing 
cathode -r ay o scillog raph patterns. The 
i m po r tant point to no tice i tha t thi 
method permit s m asurement to be 
made at high multiple of a tandard 
frequency , where th tandard ource 
has no harmonics. he multipl e t 
only as p a·ttern on the o illo cop 

reen. 

JANUARY, 1944 

Method (1) and (2) are con idered 
in the follo w ing paragraph wh re fa -
t or affecting th e operat ion are detailed. 
Methods (3) and (4) will be disc us ed 

in a for t hc oming issue of th Experi
menter. 

Th method are summarized in the 
accompanying diagrams, where the e -

ential frequenc re lation hip are ill 
trated at the to of th figm·e, fo llowe d 
by a blo k diag ram belo w. The equa
t ions per ta · ning to ea h m thod are 
follo ed b a brief listing of th pr1n 1-
pal limitation and ad antage .. 

M ethod 1: D irect Interpolation 

Thi method would not be u d wher e 
pre i e re ult are r quired , pr in cipally 
becau e of th basic fault that int rpola
tion i acc omp li hed by u sing o nly a 

ery small portion of the o rking s ale. 
To obtain fine interpolation, then, it is 
nec essary to � mag nify" this small por
tion of the scale which, in ·this case, can 
only be a co plished by me hanical 
mean s. These are subject to evere 
limitation , a the list indicate . 

Th method is till of value for ro ug h 
work, or where m a ure ent f moder
ate accurac need to be made only 
oc ca s i onally. 

M ethod 2: D irect Beating 

Thi method is widely u ed and i 
apable of hig h preci ion. It has certain 

limitation , particularly a to th m a -

m·ement of v-ry high frequen c·e . Be
·au e of it g n raJ utilit , how ver, t he 

d tail b lo may be helpful. 
If the frequ ncy f x is tha of a r mot 

transmitter, or one of e eral local tran -
mitter or o cillator , radio fr qu n y 

el ctiv ity, as pro ided by the rec i r 

in th e diagram, 1 a practi al n e .. . 1ty. 
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GENERAL RADIO EXPERIME.NTER 6 

Wh r inter:£ rence or noi e condition 
p rmit, the nuisance of having o tun 
th r cei r to each alue off :z: can h 
a oid d h u ing an untun d detector 
for Lhe r cei r. enerally thi re ults 
in ome decrea e in th upp r limit of 
range for fx b au e of the decreased 

en itivit . 
compronri e arrang ment, which i 

u f ul if  the unknown frequ ncy i inter 
mi LL nt (a , for in tan e, that of a eyed 
Lran mitt r), is to use an untuned de
Lecl r with a l  al substitution oscillator. 
Thi. o illator is et to zero beat, or 
inaLched, with the unknown frequency. 
The fundamental freq uenc o( th os il
La L or is Lhen measured aga ·n t ·the 
. Landard. 

By u ing harmoni . of Lhe sub titu
tion o ciUator to mat h th unknown 
frequency, th effective upper limit of 
in a ur men.t an be greatly increased. 
B hoo ing parti ular har.m.oni s, which 
can b done ea ily when ver an approxi
mate alue for .fx i known , simple or 
de imal mult iplier can be maintained 
for all mea urements. 

For e ampl , when 10 kc andard 
frequen y harmonic aT used it is diffi
·ulL to make m a UTement abo e 8 to 

10 Mc. Wh n a uhstitution oscillator 
i used, if the 10th harmoni is u d for 
ma tching to f x' then the final re ul t is 
alwa 10 times th mea UT d oscillator 
fundamental frequen. ·y, requiring no 
computation. 

In common wj Lh other method of 

measuring :frequencies, ome di fficul ty 
is encountered in mea urin.g :frequencie 
whi h ar only a fe y le removed from 
a tandard harmonic frequency, or whi h 
ar very nearly halfwa be·tw n two 

tan.dard harmonic frequenci . The .fir t 
2J. K. Clapp, "Identification of Harmonics in a Harmonic 

Series.'' General Radio &perimencer, Vol. VIII, o. 4, 
eptemher, 1943. 

an be a oid d b uh titut ing a new 
alu of tandard frequency through th 

use of a 9 and 11 kc multiv j brator, in-
tead of 10 k , which ef£ cti ely trans fer 

the mall frequen difference ·to app ar 
a that same differ nee from a mult iple 
of 1 kc, where it i ea il measured. Thi 
holds for all frequ ncie e ept mul ti ple 
of 990 kc (9 X 10 X 11). imilar uh ti
Lution can be made by u ing an off- t 
tandard2• A third po ibility i to u e 

an illating r ceiver, tuned so Lhat a 
beat tone of abou L 1 k 1 obtained 
again t th tandard harmonic fre
quency. The b at ton obtained again. L 
the unkno n frequ nc ,. ill b only a 
few cycles differ nt. he mbination 
acts a a ton of about 1 k , " axing and 
warr ing at a rat equal to the djff rence 
of th unknown and . tandard fre
quencies. The ��fluLter" can b mat heel 
wi·th an inter olation o illator using a 

athode�ray o ciJloscop 3• 
When the fr quency to be measur d 

lie nearly halfway b tween tw tandard 
.frequ cy harmoni the receiver elec
ti ity can he us d to favor the beat 
obtained with one of the two standard 
frequ ncie , at the e p n e of th th r. 
In ca whe1·e th lectivity i not ade
quate, or where an unt uned dete tor i. 
u ed, the tandard frequen. y an b 
douhl d. In effe t, thi ]iminate all 
odd-numb red harmoni from the orig
inal harmonic erie , and onl a in.gl 

beat frequ n differen remain to be 
mea UTed . 

In at tem pting t ext nd the measur
ing range toward higher fr quencie , 

ev ral problem arise . . � ir t, with a 
g1 en tandard frequency ay 10 kc, 
mea UT men.t at higher frequencie re
qwre orrespondingly high r multipl 

•J. K. Clapp, " sing the athode-Ray 0 cillograpb in 
Frequency Comparisons," General Radio R'T:perimencer, 

01. VI. o. 7, December, 1941. 
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oI the landard frequency. It is ery 
diffi ul t l get harmonic of u able am.
pli Lud much beyond the lOOOth har
moni . ome i1npr vement an b had 
by modulating a higher fr qu ncy mu1ti-

ihrator with -Lhe output of a lower 
frequency one. For example, ubstan 
Lially stronger 10 k harmonics can be 

obtain d by using a 50 k mul tivibrator 
modulated by a 10 kc mul tiv ihrator. A 

·onlrol for th amoun t of modulation 
mu t be provided ince the amplitude 
of different ultiple of 0 k var su -
s tanlia lly with different amounts of 
modula tion . 

An ac ompanying difficul ty in thi 
ca e center on identifying th standard 
frequencies. This become more and 
more diffi ulL a Lh numbe1· of u d 
harmonic i increa ed. here t he m od 
u la ted m uhivibra tor y tern i u ed, the 

JANUARY, 1944 

modulation an redu d to zero and 
t he neare t harmonic of the high fre -
qu ncy multi ihrator can be identi fied .. 
On reintroducing the modulatio , th 
number of low- frequency harmonic 
passed over to reach th u ed harmoni 

�an b counted. 
If a higher ta ndard Ir quen cy i u d, 

to a oid the u e of high m ulti ples, o-ther 
problems ari e. First] , t.h pa s-band f 
the receiver must be made wider, the 
higher the standard frequen . econdly, 
Lhe interpolating equipment n'lust ha 
a corresponding increa n range, u u

ally accompanied by a corre pondi ng 
los in absolute ac ura y. Sine the 
in t erpolatin g equipment must be capa
ble o:f mea uring from 0 to f /2 cle , 
an substantial in_crease in fs mean a 
gr at tension in the range of the inter
polatin g equipment. 

SUMMARY 
Method 1: Direct Interpolation 

ing an o cillator (Heterodyne Frequency 
Meter), and a uming the calibration to he 
straight-line-frequency over the used portion, 
set for zero heat succe sively with the three 
frequencies nf., f:,,, and (n + l)f., calling the 
r pe ti e dial readings 8n. 8,,,, (J,. + 1• Then, 
from the figur 

fz - nf. _ 8,,, - 0,. 
(n + l)fs - nj. 8,. + i - 8n 

= fx - nfs 
f. 

From whi h, 

f:z: = nfs + (J 
8

., -
(Jn 

0 f. n. + 1 - " 

' hen the m asurem n1. i r ferr d to t.he lower 
tandard frequency harmonic, 11] •• Al o 

(n + l)fs -f,,, 
(n + l)fs - nf. 

From which 

(J,. + l - fJx 
(J,. + l - 8n 
(n + l)fs - fz 

f. 

f:,, = (n + l)fs - Bn + 
1 

- (J_,, f. (J,. + 1 - (J,. 
when the measurement i ref rred 1.o the higher 
standard frequency harm nic, (n + l)f •. 

Principal Limitation of this method are: 
(a) Lin arit of calibration ur of Hetero-

d ne Frequency Met.er. 

FtGUKE 2. Diagram illustrat.ing 1nethod and 
equipment for dire t interpolation. 

nf s 

I 
-t 

I 
__ L 

I 

(n-t1)f s 

I 
I 

I 

---fs 1 

nfs f)( (n+1)fs FREQUENCY---

STANDARD 
HFM 

DETECTOR 
OR 

RECEIVER 
TX 
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(n-i)fs I 
I 

h._ -- -fb MA� '2 -

nf s 

1 "fs 

I +h, I 
I fb M�)I. + 

STANDARD 

f)'(. 

(nt-1)f s 

I 
f,.. 

(n+�>fs I 
I 
I 

_, 
... +h 

'?. 

r 
I 
I 
I 
I 

1-----<M RECEIVER 

-f x 

I 
L ______ _ 

o� 
DETECTOR 

f b 

INTERPOLATION 

O SC I LLATOR 

Fie ll E 3. D iagrams illustrating me·Lh d and 
equipmen f r die- t beat i ng . 

(b) 
(c) 

(d) 
(e) 
(/) 

Fineness of graduation of the cale. 
Mechanical errors of drive, such a eccen
tricit , backla h, worm correction , et . 
A ccurac of setting for zero beat. 

· ccurac� of calculations, or of reading 
charts, for soJ ing equati n. 
Use of only av ry mall portion of th scale 

for making interpolations.  
Principal Advanta{!,es are: 
(a) implicit of equipment . 
(b) Simplicit of op ration. 
(c) alues of nf. and (n + l)f. are known at 

once fro.m heterodyne frequ nc m L r 
calibration. 

Method 2: Direct Beating 
The taodard frequ n y nf. and th unknown 

frequency fx ar impre sed on the receiver, 
which is tuned to accept both. The lower beat 
frequency differ nee +fb = f:,, - nf. (or -fb = 
11]. - f z ) i obtained in the recei er output and 
i measured by matching with the interpolation 
o cillator, co ering a range from 0 to fs /2 cles. 

Then fz = nf. ± fb· 

Principal, Limitations of this method are : 
(a) tandard frequency harmonics mu t be of 

usable magni tude in region around f:z:. 
(b) The frequency of the used standard fre

quency harmonic, nf., must be determined. 
(c)l The sign of the heat frequenc , fb, mu t be 

determined. 
(d) The over-a1J accuracy depends on th 

accuracy of the interpolation os ilJa"tor and 
how arefully iL i mat hed to fb· 

Principal Advantage are: 
(a) Relatively high ab olute accurac is po si

hle, inc the entire range of the interpo
lating equipment is devoted to mea UC"ing 
fb which is onl a small part of the final 
result. 

(b) The absolute accurac i the accura y in 
cycle with which fb an he measured and is 
constant over a ver wid frequenc rang 

-J. K. LAPP 

(To be continued) 

ERRATA ( 1 0) 

Reader � ho were m tified by th r � -

lation between Equations (11) and ( 1 0) 
on pag 1 of the December Experimenter 
will be relie ed Lo learn that the x
p neut (Y2) a omitted from Equation 
(1 ) which hould read 

ln addition, a fact r of Y2 wa omilt <l 
in th numeri al e "pres ion for Ro on 
page 2 which hou ld 

.
read 
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R = 7 1 .2 [1 . _!_ (2.1 + 10.3)2] 
0 + 2 7 1 .2 
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