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A CURACY CO SIDERA IONS IN TI--IE 

UNED-CIRCUIT WAVEMETER 

E OF 

6.By HARLE E. WoRTHE * 

P
ROBABLY the m t common 
type of frequ ncy tandar i the 
tuned-circuit wa emeter. The ac­

curacy of mea urement made with 
uch an instrument depends not only 

upon the accuracy rating of the wave­
meter it elf, but upon a number of 
other factors as well, all f which should 
be con idered in det rmining the ulti­
mate accuracy. 

The precision of etting of a wave­
meter is as a rule omewhat greater 
tl1an its rated accuracy. A a specific 
example consid r a low-frequency 
wavemeter of the Gen ral Radio pre­
cision type with a 2.500-division scale, 

etting of which an be duplicated to 
within one tenth of a divi ion. The con­
d n er used in this instrument ha a 
mm1mum capacitanc of about 50 µµf 
and a maximum of 1500 µµf. 

If we arbitrarily fix the lowe t u  eable 
cale reading as 100 divisions, it would 

appear that this wavemeter could be 
et to one part in 1000 at the low capac­

itance end and one part in 2.5,000 at 
the high capacitance end. Since the 
capacitance of the condenser varies 
uniformly with scale setting, and fre-

* Engineering Department, General Radio 
Company. 

quency varie a the square root f 
capacitance, we could et to one par 
in 2.000 or 0.05 per cent. in frequency at 
one end and to one part in 50,000 or 
0.002. per cent. at the other end. 

Actually, the sharpness of the tuned 
circuit and the characteristics of the 
thermogalvanometer re onance indi­
cator determine the ultimate preci ion 
of setting. At the high capacitance end 
of the scale, the top of the resonance 
curve covers about 5 di i ion and at 
the lower end about 0.5 di ision. Con­
v rti g th e values to frequency, th 
width of the peak i from 0.1 to 0.2. p r 
cent. By setting to the center of th 
peak a precision of about 0.05 p r 
cent. can be realized. By u ing the in-

remental capacitance method t to ob­
tain the re onance indication, the pre-

t Jame K. Clapp, "Improving the Precision 
of Setting in a Tuned-Circuit "\¥ avemeter," 
Genera/, Radio Experimenter, IV, September, 
1929. This i sue is now out of print. The method 
referred to involves the use of a small condenser 
which may be shunted across the main tuning 
conden er by means of a pu h button. The wave­
meter is adjusted until the resonance indicator 
gives the same deflection when the incremental 
capacitance is in or out of circuit. In other words, 
the operation of the push button spans the res­
onance peak. This method of setting is used on 
the General Radio TYPE 624 Precision Wave­
meter. - EDITOR. 
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cision of setting can be in l' a ed to ne 
part in 20 000 or 0.0 5 p r nt.* 

The rated ac uracy of the wave­
m t r i. not a high a the e fi gure 
would indicat . Thi i due to p sible 
error in alibration a d t aging of the 
tuned ircuit. Although extr m are i 
u ed in calibration ome error are 
bound to oc ur in etting the driving 

scillator to th fre u n tandar l 
and till other in et ing the wave­
nteter o the driv r. A bird source of 
error i. the plotting of th ca1ibra ion 
CLH' ·e . If all the e err r ar umula­
tiv ( ·hi h i. quit po ible) the ac-

urac � t within which the way m ter 
can be guarant ed i materially r -
du d. 

After the wa v met r i calibrated, 
the con tant. of the tuned circuit are 
�ubject to om drift du to aging 

ffe t in the rr at ria of which it i 
con stru t d. Ov r a peri d of one year 
thi ma, amount to a much a 0.1 per 
cent. Th ff t of temp rature on the 
tun d ci rcuit is of con id rable ma ·ni­
tude an<l in a high-preci ion wave­
nieter (guaranteed to 0.1 per cent.) 

pecial con truction or a temperature 
rre t ion mu. t b u d 
If a m t a.Ilic ody i. placed in the 

tit'"l<l of a wa veru er induct r. its 
eff et1v in<luetanc may be mat rially 
<'hanged and th calibra tion 1 • no 
long r corre ·t for the on ition. und r 
whi h it i u ed. "imilarly, the capaci­
tance of near-by object will affect the 
frequency of an o illator . When a 
wave1neter i pl ed n ar an o cillator, 
both effe t occur: th wavemet r 
change the o cillator frequency and 
the pre ence of the o cillator affect 
the wavemeter. Whether or not the e 
cha nges are large enough to appre-
·iably affect the a uracy of the mea -

urement depend on the conditions 
under which th m a urement is made 

* The preci ion i inver ely proporti nal to the 
figure giv n, tha i , the lower th percentage 
figure, the higher the precision. 

an may b t be det rmined by ex­

periment. 
Even when th capa i y eff ct ju t 

m ntioned are n gligible another rror 
may oc ur due to ''tran form r ac­
tion.' Th oil of the o cillator and 
'YaYem t r a t a the prim ry and 

econdary windings of tran f r r, 
and the imp clan e of the wa remeter i. · 

ret:le t d into the o cillating ir uit. 
The magnitude of th reaction d pend 
on the L/ 1 ratio of the two ircuits 
and the valu of coupling b twe n 
th m. 'i\71i. n tl e waY D'let r i t t 
re onance, he impedanc r fl t d 
into the illatinO' cir uit i purel r -

i tiYe and the hange in o illator fre­
quency thu pro uced i n gligibl . If 
the waYem ter i not in re onanc , the 
reflected imp danc ha a rea h\ om­
pon n , and the fr q u ncv f the o cil­
lator i materially chang d. 

A the capacitance of the wav m ter 
con den r i Yari d through re onance, 
the frequer y hang a hown in th 
accompanying diagran1 , where the zero 
axis repre ent th frequ ncy of the 
o cillator before the wavem t r i � 
coupled to it.t Th point at which thi. 
curve cro e the axi i the ting at 
which th v avemet r i, jn T • onance 
a1 d this,' tting h uld h � 1v din nt 'r­
ing th caJjbra ion h· rt. 

Th fr qn n y h ange ·ho'"''ll jn the 
diagram can be d t t cl b. list ning in 
a h rodyn dete t or a th wav -,_ 

meter con.den r i varied. lf th he r­
odyne i et to zero b at with th wa 
meter far from r sonance, then a th 
wavemeter i une tb b at note will 
ri e and then fall to zero twic . The 
directi n of the beat-frequency chan g 
cannot, of cour e b detect d. 

With a given wav met r and o il­
lator and a given degree of coupling 
between them, the magnitude of the 
change is entirely independent of the 

t Thi di cussion a umes that the oscillat r 
is uncontroll d, that is, that its frequency i 
determined by the reactance of its tuned circuit. 
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os illator power. The higher the power 
of the oscillator however, th smaller 
I he d gr of oupling ne e .. ary to 
produce a given deflection rn1 the tht>r-
1nogalvanon1eter. 

When the wavemeter is coupled to a 
controlled o cil lat r or to the output 
of a power amplifer the e effe t are 
u ually negligi le. The capacitance 
eff ct of the pre enc of the o cillator 
or power amplifier upon the wavemeter 
i ho weve r , till pre ent . 

Wl en u ing reaction method of res­
onan e indi ati n, the point of maxi­
mum reaction is where the greatest 
fr quen y hift occur , o care should 
be taken to make the reaction as small 
a. p ible or el the etting hould be 
nla<le by listening to the beat note a 
outlin d above. 

In makin frequency measurement 
with a wa veme er, if no ar e i taken 
to eliminate or minimize the variou 

ex: 
0 � .J .J 

� 
.._ 0 0 
>-u, z .., :::> 0 ILJ a: ..... 

FREQUENCY OF OSCILLATOR! 
IN ABSENCE. OF WAVE.METER I 

I 
I 
I 

RESONANCE 

WAVE.METER CONDENSER SCALE -

FIGURE L Reaction of £ wavemet r upon the 
frequenc of an o clllator to ... vhich it i. coupled 

effects which have been di cu ed, th 
be t accuracy which can be ·ealized i 
about 0.5 per cent. but if due attention 
i given to them , th rated accuracy of 
the wavemeter can be reached. Ev n 

hen the ''rated a ura y" may l of a 
materiall. lower order than the per­

ntage pre i ion with " hich on i.· 
able to read the cal . 

FIGURE �. A n ral Ra i wav m ter of the preci i n 
type referr d to in thi article. The onden er j driv n 

b ·the micr meter control handle at the right, one com­
plete turn f whi h r volv the cond n er through 1 /25 

fa emicircle. The micrometer haft carries an ac urate 
l 00-division cal , o that any desired etting of the conden er can be duplicat d 
to within at lea t one part in 2500. Besides, tenths of divi tons CR.n b estimated 
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SIMPLIFIED S SITIVITY MEASUREME T FOR 

r HE RADIO SERVICE M 

GJ3y HARLE T. BURKE* 

Y
ARD I I( for the evaluation 
of radio r c iver have ome into 
general u e. In the re earch lab­

oratory where new designs are de­
veloped very elaborate ystems of 
mea urement have been et up cover­
ing every fea ure of receiver perform­
ance. t im.plilied te t are al o in u 
on the production line , where the per­
formance of every et may be checked 
against the pe ification determined 
by the development laboratory. There 
ha been, however, no general mean 
available for a performance check in 
the field. To a limited extent the 
methods used in the developm nt 
Jaboratory have bee applied o field 
check by some of the larger organiza­
tions, but the e methods are not gen­
erally uited to ervice te ting. 

* Engin r, General Radio ompany. 
t J. R. E. Yearbook, 1929, pp. 106-12 . ee al o 

harles T. Burke, "The tandard-Signal 1\iethod 
f Mea uring Receiver haracteristics," General 

Rad'fo Experimenter, IV, March , 1930. 

It i recognized that a nsitivity 
mea urement erve as an excellent 
indication of the receiver performance. 

ny erio s fault in the r ceiver will 
be accompanie by a lo s of sen i­
tivity as compared with tandard per­
formance. The usual method of mea -
uring sensitivity is illu rated in Figure 
1.  A modulated source of radio fre­
quency i connected to the receiver 
through a dummy antenna. The power 
output of the receiver i mea ur d in a 
standard output circuit. The magni­
tude of signal voltage required to give 
equal output power under tandardized 
m a uring conditions i of cour e a 
mea ure of the en itivity of the 
receiver. 

A number of simplification may be 
made in th procedure outlin d abov 
to make it more suitable for ervice 
te ting. A test-signal generator for serv­
ice testing hould be asily portable 
and all une ential adju tment should 
be eliminated. It i al o desirable that 

r---------------------------1 
I ... OOVLATING RADIO-FREQUENCY TNERMOCOVPLE I 
I OSCILLATOR OSCIUATOR � STEPftt:D I 
I ATTENUATOR ic1=oq I INT��L :.���eC:e c"�:�:V�T�� T I EXTERNAL I 
!----------��0A��5lC.N� G�Nf:R��---------J 

OU�MY 
ANTENNA 

AECEIVER 
UHO�R 
TEST 

OUTPUT 
ME.T"ER 

FJGURE 1. Component part required for the standard-signal method of measuring ensitivity as 
recommended by the In titute of Radio Engineers .  hove : an outlin chart. Below (left to right): 
TYPE 377-H w-Frequency 0 cillator for upplying e ternal modulation; TYPE 403- , , tandard­
Signal .. nerator; TYPE 418 Dummy Antenna; receiver u nder test: and TYPE 4 6 utput eter 
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the instrument be alternating-current 
operated in order to a oid the nece ity 
of carrying batterie for it. 

'J'horough · shielding i a furth r re­
quir n ent for any in trument with 
which comparative sen itivity meas­
ur ment are to b mad � o herwi e 
diff r nee in hi ldin of th rec iv r 
will introduce wide variation . The 

hielding must, of cour e al o include 
complete isolation from the alternating­
current line if the rec iver under te t i 
also alternating-current operated. An 
adequate test-signal generator hould 
provide a modulated radio-frequency 
voltage continuou ly adju able in fr -

qu J cy and constant in amplitude over 
the broadcast range. It should also pro­
vide mean for chano-ing it output by 
definitely known a ount . Thi la t 
requirement involve the d ign of an 
attenuator or voltage divider which will 
be accurate at high frequ ncie and 
al o require careful hielding of the 
in trument. 

The uses of such a te t- ignal g n­
rator are nu.m.erou . It can be u ed on 

the d mon tration floor to compare the 
nsitivity of different receivers; alway 

e tr m ly difficult to do under store 
conditi n by other mean . It is in the 

field of receiver ervicing. however, that 
the test-si nal generator has it gr at . t 
u efulness. n ing ea ily portabl , it an 
be taken to the job and with its assi. t­
ance, the ervice man can immediately 
determine whether or not a real diffi­
culty e i t in the receiver. He can al o 
i olate receiver troubles from troubles 
due to local condition or to antenna 
and ground in tallation. If the troubl 
i in the recei er, the test-signal 
generator pro ide an immediate che k 
on the efficacy of the means taken to 
remedy the defect, since the restoration 
of the receiver o normal sensitivity 
can be interpreted a a ucces ful cur . 
Thi u e of the gen rator permit the 
making of all kind of minor adju t­
ments of the receiver on the owner' 
premi e and eliminate unnece ary 
tran portation of the re eiver to th 

hop. The te t- ignal generator is al o 
u ed in the customary neutralizing and 
aligning adjustment where a source of 
modulated radio-fr quency voltage i 
required. 

The General Radio ompany ha 
been working for a con iderable period 
on the development of a te t- ignal 
generator which will fulfill the require-

L ments outlin d above. The result of 
,---------------------------, 

I 
MODULATION 1-- R ADIO-FREQUENCY OSCILLATOR 

I -- >- I 
FROM 

FR EQUENCY ADJUSTABLE STEPPED l. POWER-SUPPLY 
ATTENUATOR ,_ RIPPLE OUTPUT INDEPENDENT OF 

- FR EQUENCY >--- >- I 
I 

I I 
I 
I I l 
I TEST-SI GNAL GENERATOR I 
L__ ----------------------� 

- -
RECEIVER OUTPUT 

y UNDER - METER 
TEST 

� -

FrnuH.E 2. ompon nt part r quir d for the ·implified en itivity mea urement de cribed in thi 
article. Ahove: an outline chn.rt. Below (left to right): TYPE 404 Test-Signal G n ra.tor; re iver under 
l .·t; and T PE 48<.i Output l\J t r. � t th similarity b t reen thi and the a rra nge me n t shown on 

the oppo ite page 
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hi devel pment i the TYPE 404 Te t­
Si rrnal Genera or. t con, i. t. of a on­
sl ant-output vacuum-tub o. · illa or 
modulal d by tl r<:> tifi 1· ripple , and 
a.1 a ttenuator, t g h r with a pow r-

upply transformer and r c tifier. 
The attenuator i carefully designed, 

and well hielded. The alue of the 
in trum nt in making comparison de­
pends entirely on the ac uracy of the 
attenuator and thi portion of the 
circuit ha , therefore, re eiv d particu­
lar att ntion. Th attenuator has 

ol ag ratio of 1, 2, 5, 10, 20, 50 and 
100: a range that will in lude all 
modern type of receiver . An addi­
tional set of terminal provide an out­
put of about .1 volt for m aking 
n utralizing and alignino· adju. tm nt 
'I he error in attenuator ratio i le 
than 5 p r cent. for adja ent r atio , 
and the cumulati e rror in the entire 
a t nuator do not exceed 20 per c nt. 
Thi mean that the in trument will 
compare the en itivity of two imilar 
recei ers with an ac ura y f 5 to 20 

p r cent. 
The ab olu e alue of the outpu 

voltage may vary due to aging of tu 
or to changes in line voltage. The 
change in output due to line voltage 
variation i approximately propor­
tional to th change in line voltage and 
may be corrected for, if the line voltage 
i measured. 

The input to th attenuator i ad­
justable and is correctly et at the 
fa tory. Where facilitie are availabl 
for etting the input voltage to the a -
tenuator from time to tim , correction 
can be made for change in tube con­
ditions. The total vol age atte uation 
from th p int of adju m nt to the 
lowest output point is 1 :100,000. The 
oscillator is so de igned that he output 
voltage is nearly on tant over the en­
tire frequency range. The voltage aria­
tion i le s than plu or minu 5 per cent. 

The test-signal generator i entirely 
alternating-current operated. Thi fea-

ture requir con idera 1 are in the 
design of th in trum nt, in rder to 
k p radio-fr qu n .y currents ont of 
1 ht- 1 in . Sin · th radio re ·eiver 1s 
w-n1all r perate<l nth sa.m lin as the 

ign al generator, any leakag into the 
line wou ld b pi ked up in the rec i er. 
A careful tudy of thi pro bl m ha re-

ulted in £1t ring i the line input to 
the o-enerator, uch that the receiver 
and the ignal genera or can be oper­
ated from the ame o k t without 
interference. 

It hould be mpha ized that the 
te t- io-n· l gen rator doe not give n 
ab olute reading of n itiv ity in mi­
crovolt . So many fa tor aff t u h 
r ading. that v n a laborator. m-;-

trum nt ma. b 10 r cent. in 1-ror 
in absolute valu . rih TYPE 404 T :st­

ignal Genera or has a eri • of r lative 
outp t £ gu re , and i primarily de-

igned for comparati w ·k ith r 
again t a tandard, or as a straight 
compari on betw n two et . Th om­
pari on doe n t h ve to b mad at 
the ame input l v 1 to the receiver 
however ince the ratio between th 
output at variou t p i in di · ted . 
The range of th in trument i of the 
order of 10-1000 micro olt with an 
additional 100,000-mi rovolt t i·minal. 
The 1 akage i quivalent to about 2 
microvolt . 

In using th t- io·nal o-enerator for 
making n itiv1ty mea urement i 

hould be borne in mind that a number 
of implification ha been mad in 

r---------------- __ .... _ ---------------_f!!"�� !�l��u_c:__.. __ - -- 1 

! . :;;.:.;:·:;.:"""" ! 
: �·���- :., 1 i .:r-·· ·:. :::! 

T� r l 
-:.;:-"t :_ _________ J 

i 
I 
l ________ ---------------------

i:i 
1: ''i ·, H 'ji1 :: . II : : il l 

------ -< -�:::.=:;�_:_< _._�=-��;���J 

FIGURE 3. Wll:ing diagram for the TYPE 40{ 
Test-Signal Generator 
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thi in trument to make i t  e t adapted 
o the requirem nt of receiver rv-

1c1n0' . The e implification. in the 
t t m tho l uch that the mea -
uren1en obtained ' ith the e t-

ignal g n rator annot b ompared 
with tho e obtain d b other method 
of m a urement. . such as th standar l 
. en iti rity te t utlin d b. the In. ti­
tute of Ila io Engin er and generally 
u ed in d velop ent laboratories. The 
in dulati n in th te. t- ignal generator 
i � obtain d from h re tifier rippl and 
i � n adj 1 tab] ither in frequ n y 
or 111 p r ntage. R ading taken with 
the t t- i ·nal generator are, however 

on1parable among the1n eh es. If re­
f tl e am tvpe are being 

c n1par l, th o· nerator can b on­
n ted directly to the antenna-ground 
po t of th receiver. If the receiver of 
wid ly cliff rino- t., p of inpu circuit 

N1ISC 
'By TH 

W
E are pu li hin ·:\Ir. \V r hen's 
pre aution for the i e of a 
tun cl-cir ·uit wavemet er in the 

h that it will disp 1 n f the 
common n1i ·a.pprehe11sio1 .

· that are 
held b 1nany l · r · of preei si on w av -
r neter. . r hi que.·tion ha8 l orn 
Herious ·i th announcement f th 
new TYPE 423 Va utun-Tub 0 illator 
w hi · h en able he u r to con ert hi 
General Radi TYPE 224, 224-A or 
2�4-L Pr ci i n Wavernet r into 
heterodyne wavemet r. Th oTeatly 
increased preci ion of set ing which 
on can obtain by li tening o the beat 

are being compared , it i de irabl t 
u e a b ocking conden er of about 
100 µµf capacitance between the gen-
rator and th recei er under te t. 

The en iti' ity of a receiver i mea ur d 
in term f he radio-frequen y lta · 

input required to give a certain utput 
p w r. Of two r eiver deliv ring th 
. ·am po - r to the speaker circuit the 
rn r sen i i e is, of cour e, that whi h 
requires the mall er input oltage. The 
general pra tic i to ubstitut for the 

p ak r a uitable resi tance load and a 
m an for measuring ith r h urr nt 

hrough or the voltao·e aero it. A. 
onvenien value of output p wer i 
elected (50 milliwatt i often u d 

b au e it i the Institute of adio 
Engineer tandard) and the inpu 
from the ignal g nerator a ju ed to 
giv thi alue of output for all the 
receiver m a ured. 

LL ANY 
EDITOR 
note ha led many people to as ume 
that they w re 1naking mu h more 
accurate mea ur m nt 

The poin i that the frequency 
stabi1it f a. heterod, n wavemeter 
i... 11<) l) tler ·tl1H,Tl tl1e � ahilit:v· <>f 
the tunin ,. ir ui ' ith whieh it 1s 
asso iat < l .  A h�terod. 11. \vaven1eter 

may enabl one o muumiz the error 

in setting a given unknown o illator 

to a de ired fr quenc but the r -

liability of hat heterodyn wav -

meter a a tandard of fr q uency i 

no greater than the refr bility of it 

tuned cir uit. 

The General Radio Experimenter is published 
1nont:hly to furnish useful information about the 
radio and electrical laboratory apparatus manu­
factured by the General Radio Company. It is 
sent without charge to the business address of 
interested persons. Requests should be made on 
your business letterhead and addressed to the 

GENERAL RADIO COMPANY 
CAMBRIDGE A, MASSACHUSETTS 
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A Service-Testing Oscillator 

of Radically New- Design 

Type 404 Test-Signal Generator 

E engi neers from pr gre iv radio manufa turer haver p atedly 
ask d f r a implified m thod h_ means of which t:h individual servic -

man ouJd mak n iti it T n1easur m n l . The TYP 04 Te t:- ignal 
G n rat:or i th 

Then win trnment i th id al o cillat r for "th ervi eman. It d livers 
a modulated ohag {known rnagnit ud at any point in th hr adcast: hand, 
an<l wit h it help clefe 1:s an b l aHzed whi h without: it ould require 
ti me-\.\ asli ng c u t-and-tr_ - method . t re-pla the unre iabl Ii tening te L 
�' i1h an actual, readily dupli at cl 1nc-asure1ncnt. 

ln audition, it 1wrform all of th l1 ualfnn t:ion of th impl· scillator 
in making n utralizing and aligning adjustments. 

h ngine r who designed th t t- ignal gen rat:or tudi cl the ser 
man' requirem nt fr m v r angl to make ur that no n gl ·t d d 
would mar it p rfe t rforman . Each individual instrument i gi 
thorough h k in th lahorator to mak ure that it i as g od a 
original d ign. 

See thi i u f the Experimenter for a dis ussion of te t- ig al g n rat:or 
in general and th TYPE 404 in parti ular. It will be atalog d in a new 
bulletin for th r ic man whi h will be mailed to all rvi eman readers 
of the Experimenter o pt :mb r 5. 

Price, $95 .00 

GE ERAL RADIO COMP N 
OFFICES L BORATORIES FACTORY 

CAMBR DGE A, MASSACHUSETTS 
PA IFIC COAST lVAREHOUSE: 274. BRANNAN STREET, S N FRA 

RUMFORD PRESS 
CONCORO, N.H. 
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