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L\II'ROI'I:'\G TilE PRECISI O:'\ OF SETTI NG IN .~ 

TU~FD-CIRCUIT \YAVE~IETER 

'/~ \' J \\Hs K. Cr .. \1'1' 

T i lE difficulty in observing acc\!· 
rarely the true tewn:Ulce ~erting 
of the variable condenser in a 

tuned..circuit wavemeter is known to 
anr on!! who has attempted to make 
pfl:ci~ion measurements b\' lookin~ (or 
tnt:: curren! maximum. The peak: of the 
n'Wnancc curve is so liat that thc pre­
cision of setting the condenser is of tell 
far less than the inherent accurac\' of a 
high_grade tuned-circuit wave~leter. 
These difficulTies have led to rhe de. 
vdoJl1llcnr of the incremcntall'ap:\('it~, 
methOtI lor inili(':lring resOl1ance and TO 
Its being: mcluded in the (;encrallbdiu 
Compan) 's Tl'I' F.. 1'24- 1{ Precision 
Wa,'emeter,. a special instrument to 
covl:r thl: high.frequenc}' bands. 

Thl: I:ssenrial~ of the circuit are in. 
dicated in Figurl: [, where the fixed 
inductanCe L, the variable condenser 
C, and the thermogalvanomerer I make 
lip the \I~\Ial W1H'emeter circuit. The 
tixed air condenser (marked .lC, for 
incrernt:ntal capaciq') and the pu~h. 
hutton switch are the additional ele· 
ment~ for making possihle a more 
precise adjustment of C. The by.pas~ 

condenscr, shown in dotted lines, 
makes the readings uf the thermo-­
galvanometer more nearly constant 
over the frequency range. 

When testing for resonance by the 
incrementa l capacity method, the main 
tuning condenser C (which is of the 
\Iorm_·drive precision In}!.') is slowly 
adjusted, and the push-but ron switch is 
ahernatel~' ope ned and dosed. There 
will be found an adjustment of C 
when: the thermogalvanometer reading 
do\~s not l'hangc when the push hutton 
~~ 1I)ll'r.ltl'd. Thi s i~ rhe dc.~irl'cI ad. 
]lIsunent . 
. The principle of this proc~durc is 
shown in Figure 2, when~ h and 1~ 
correspond to the tWO settings of C, 
CL and C:. Since 1\ and I~ are equal, the 
thermogalvanometer shows no chan~e 
in reading when the push button ~is 
operated. The scale reading of C, corre­
sponding to Cl, is taken as the c:tlibta~ 
tion setting for the frequency in ques. 
tion. This is allowahle, since, in a given 
wavemeter circuit, there is a definite 
relationship between C" which corre­
sponds [0 the scale setting observed, 
and Co, which corresponds to the true 
resonance condition. '"Although the Tl·,t '!l.f I'~cision W,,"c. 

mClcrA hA~e for <;orne time ban calibn.rc.1 horh 
in fJ't'tluency lind in wavelengrh, they Mt' nill 
known Il~ WIIIHIIr(/tTJ for c;ltalng "uq~~. 

Suppose the main condenser C to be 
set at a value of capacit}' slightl~' less 
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-hnullf. l. C,rCUIt for a luned_orcmt wavemeter 
(0 be used with the incremental capacity melhoJ 

of illdicating rl'SOnan CC 

than C, (see Figure 2). The correspond­
ing current is 1'1 which is less than h 
\"hen the push button is depressed and 
the .:onden:-:er J.C is shunted across 
C, there results I'~, which is greater 
than f~. For this se tting of C, operating 
t he push uutton causes the current to 
ch ange from 1'1 to 1'2. This change, 
which is tluite noticeable, makes possi­
hIe a precise adj ustment of C. 

When usi ng this method, it is onl y 
lIt'ce:-:sa n ' to observe how the current / 
beha\'es 'when the push button is oper­
ated in order TO tell whether th e setting 
uf C is tOO hi gh or too low. I f the settin g 
of C be tOO low, depressing th e push 
hunon will inm'flu the n::acling of 1,- if 
the sett ing of C be too bigb, depressing 
the push Lutton will df(r(,flSf' the 
readi ng of f. 

;\ wavemeter which has Leen COIl­

structed and calibrated for use with the 
incremental capaci ty method must be 
used with some care and caution, si nce 
it is not in resonance with rhe frequency 
being measured for either position of 
t he push outton. The ordinary wave­
meter calibrated for maxim um defl ec_ 
tion of the th ermogalvanometer f is 
intended to oe in resonance. 

Inasmuch as a tuned_circuit wa\'e­
meter is coupled to the circuit being 
measured, the coupling coils of the 
wavemeter and of the measured ci rcu it 
are, in effect, the primary and second ­
ary windi ngs of a ttansiormer. The im_ 

pcdance of the wavcmeter cirCUIt IS 

rcflencd into th e oscill ator circuit by 
.. transformer action," the magnitude of 
the reaction depending upon th e \'alu e 
of coupling between the two circuit~ . 
For close coupling the retlected im_ 
ped ance may be large enough to matc­
rially modify the effective imped ance of 
the oscilla tor ci rcuit. I t should, there­
fore, oe apparent that when a wave­
meter is coupled to an un con trolled 
vacuum-tube circuit: th e wavemeter 
may react upon the oscillator and 
l'hange its frequency. 

When the wa\'emeter is in resonance, 
the imped ance refl ected in to the oscilla_ 

i' , 

c-

Fu.uu; z. Typical rc<onan(e eurve showing: the 
opcrafi()n nf the incrcmental capacity ITlclh(>o. l 

tor is nun-reactive and little damage is 
done beca use pure resistance intro­
duced into an oscillator ci rcui t causes a 
fre<luency change that IS entirely 
negligible. If the wavemeter be out of 
reson ance, the reflected impedance has 
an appreciabl e reactive component 
which alters th e reactance of the oscilla­
tor circuit, and consequen tl y alters the 
frequency of the oscill ator. 

The reactance refl ec ted into t he os­
ci llator ci rcu it depends upon the 
amou nt bv wh ich the waveme ter is de­
tuned, for a given val ue of coupling. 
The de-tuning is dependent upon the 
rat io of t he incremental condenser, 

·One whose (rcquenc), is determined by the 
reaCtance of the tuned ci rcuit, in other word,. 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



Yo!.. 1\', No. -I-

dC, to the variable condenser C. As 
the value of C is changed in adjusting 
the wa\·emeter over irs range, the reac­
lion of thL' wavt.'merer on the oscillator 
also varies. HI" choice of the value of 
coupling cmpio}"t"d with each setting 
of the wavemeter, the reaction may be 
kept at a small and practically constant 
value. 

The precision with which readings 
may be taken with a wavemeter fitted 
with this incremental condenser is 
remarkably high, of the order of one 
part in 20,000. Thi s means that an 
osciltator could be st!t to within 1000 

cycles of a desired frequency in the 
vicinity of 20,000 kilocycles, or 15 
meters. The absolute accuracy of the 
wavemeter involves such factors as the 
permanence of construction of the coi ls 
and variable condenser and the changes 

3 

III the constants of the circuit with 
temperature. 

It must be borne in mind that the 
ratillg of the oscillator h:t ~ Ilothing 1<> 
do with the shift ill frclluency thar will 
bc caused by improper handling of thL' 
wavemeter. I f the wavemeter is coupled 
to 5-watt and looo-watt oscillators 
having identical tuning characteristics, 
then the wavemeter will cause the same 
shift in frequenc), in both for the same 
values of wavemeter-oscilla tor coupling. 

For this reason, the push-button 
type of wavemeter mllSt be used with 
care and the coupling kept as small 
as possible. Ordinarily no difficulq' is 
encountered when measuring the 
frequency of a transmitter if the wave­
meter be coupled to th e power am ­
plifier following all\' form of master­
oscillator. 

FIG un; J.:\ ~IJCeial "]'1'1'£ ZZ4- R Precision W;J.vemctcr equipped with a push_button switch 
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T'-1E sen 'lel:: laboratory wh il"h spe- view, it should be as foolprooi a devil-\.' 
cializes in the mllin[(:nance and as the phonogra ph or the automobile, 
repair of rad io receivers finds it. and he will not pa y for the expense of 

sd f in n position verr much like that of tearing dOWI1 his set whenever minor 
the automobile garage. Present-day re- tr'oublcs develop. 
ccivers are almost as com plex as auto_ There are nnw available on the 1ll:1T_ 

mobiles .W(\ it requires the same high ket instruments for making sen liee 
type of ..... o rk to service both . T here was tests which not only make it possible to 
a rime when an yone owning a few do morc work in less time, hut al so t o} 

\\ fellches and a tire pump could set do a materially hettcr job of it. 
him5Clf up as an au tomobile sen 'icc Whether or 1I0t the :-;crvice man will 
s \:\tion, bu t thnt da)' is gone. Garage~ equip himself with gtHx l instrumell' ~ or 
eq uipped wit h m:lny kinds of special dcpcnd upon cut-and -tqt methods is 
trials are ahle to perform work ""0 much a Ilucstion that he mUST ~c ttle for him_ 
cht'aper that th e man without equip_ !'.elf, purely on a basis of cost . I f one 
Illcnr must often charge I.$s than his scr \·jccmaninagiven loc:alitymakesu"C 
cOS t in order to compete. of the hest available testing: equipment 

Th ere was also 3. time when all tha t ;Ind is enabled therein' til do hetter 
one nceded to service a radio receiver work at a lower cost th;\Il his competi­
was to possess a working knowledge of tor, the compet itor will be forced to 
two or three popular circuits and an adopt si milar method~ or else go our of 
ahili t ) to hand le a screwdri\'er and a bu si ness. J\ la ny of these helps th t 
solderi ng iron. Onl} the si mples t of 5Crvice man may construct for himself, 
tools were required. The radia-fte_ hut here again. he mu st decide whether 
'1uency sect ion of most receivers COIl - he has saved anything by building his 
sisted of a relatively simple set of own after allowing for the cost of his 
wning controls which operated the timC'. 
deTeClQr tube; or, i ( there we1'e radio­
freq uenc), amplitiers. each one had it s 11 

own control. Troubles were easy fO The t roubles thar ll1a~ ;mse 1Il a 
localize when one could get at all the modern radio receiver ma~ be rnl/ghly 
connections. classified into the following th ree 

T he modern radio recei ver wit h groups: (a) those due to de fec t ive tuhes, 
ga nged tuning controls and chassis (b) those due to defccts in the audi('}.. 
construction present s a much more amplifier system, and (c) those that ap_ 
difficult service problem. Ganged con_ pear in the radio- frequency amplifier 
ltols and concealed wiri ng make it and detector units. T ube troubles wi ll 
troubleSQme in man v cases to use obsu.. lx· disclosed by an} one of a num her 
lere Cllt_and_tt\' methods. Besides, rht of testing units now on the market; 
COS t of doing service work mUSt now be many audia-amplifier troubles may be 
taken in to consideration. The owner of quite sati sfactorily investigated by 
;! radio se t looks upon it as ;! finished si mpl e direct-current continuity tests. 
instrument installed in his home to give For maki ng checks upon the radi()_ 
him enterta inmen t . From his point of frequency system , however, t he funda. 

[;] 
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rnt:ntal testing: de\'ice that must be 
used is ;t modulated radio-frequency 
oscillator, for furnishing a test signal at 
one or more points in the broadcast 
band, 

" -hen nl.'utraliling, when adjusting 
trimming: condensers, when aligning 
gang tuning controls, when making 
general radio-frequency continuity 
tests, alld when making anyone of a 
number of other investigations in the 
ahSt!llce of a reliable signal from St!veral 
different broadcasting stations, a test 
oscillator is an absolute necessitv if an 
intelligent test is to be made." Since 
practically everyone of the neW re­
ceivers USes a complicated radiO-fre 
(Iuencr amplifier, the importance of a 
radio_frequcncy driving circui t for the 
service lahorarory necdJ': no further 
cmphasiJ':, 

II I 

T () meet the demand for a general­
purpose driving oscillator, the General 
Radio Company has developed its 
Tyl'£ 360 TeSt Oscillator shown in Fig­
ure I, T his instrument consists of a 
modulated radio-frequency oscillator 

FlecH I_ The T,'pl/. J60 Tcsr Oscillaror 

which will operate at any point in the 
broadcast band (550 to [500 kilocycles) 

r---------------, 
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A ND 

175 &. 180 KC 
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TEST 

F .. -:nr.r. 1. FlJncrion~l schematic ,1i~gr:lm for the T I·pr. JIIo T~t Oscilbtor 
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and in addition, it delivers a signal at 
175 and 180 kilocycles for making tests 
upun the interlllediate-frequency stages 
of superhe terodyne receivers. 

The frequency of the test oscillator 
in the broadcast band is :ldjusted by 
means of a variable condenser whose 
dial is calibrated directly in frequency 
(kilocycles) with an accuracy of '1 per 
cent. This makes it possible to know in 
which part of the broadcast 
banJ the test is being made. 
It also makes possible the 
app~oxjmate calibration of a 
receIver. 

receiver results in a maximum output. 
The output voltmeter is the same one 
that is used in the Tn'F. 4R(i OutPltt 
f\ \eter which was described in thl! J lIl\ 
August issuc of the General Radio I',;x. 
pt'rimcllter. It consists of a direct-cur­
rent micro-ammeter in conjunction with 
a double-wave rectifier of special de­
sign. Thi s type of instrument has con~ 
siderable value in alternating-current 

measurements, since it per­
mits the building of low_ 
range instruments of high 
resistance. 

The tWO test frequencies 
at 175 and at 180 kiJoqrcles 
;Ire made available b\' a 
selector switch, which t~kes 
care of rhe necessary changes 
in the tuned circuits. A small 
variable condenser which per­
mits varying the oscillator 
frequency over a band of 
about 4 kilocydes on each 
side of the specified channel 
is included in the circuit. Th e 
channel fre<lucncy is adjusted 
by the General Hadio Com­
pany to the spel·jfied value 
\\ith an accuracy of plus or 
minus 0.'25 per cent . 

The dri\'er is modulated 
at a frequency of approxi_ 
mately 800 cycles by means 

1;ICliU J. Novel test 
(001 for use with the 
TnE ;)60 Test Oscil_ 

T Ilt: output device IS 

hrought to pin_jacks on the 
panel for connection to the 
output circuit of the radio 
receiver under test. A resist­
ance network which offers 
an impedanct!. of 4000 ohms 
is provided for ust!. with the 
voltmeter when testing a 
receiver designed for use with 
a high-impedance (co n e ~ 
type) speaker. The voltmeter 
is connected directly across 
a low-impedance (dynamic) 
type of speaker, and a selec­
tor switch is provided to 
choose between the two con­
nections. The output volt­
meter is intended onlv (or 
the indication of optfmum 
adjustment and is not de­

btar 

of a grid leak 31ll! condenser. Th is 
is, of cour~e, supplied so that some 
kind of a sign:tl-indicating device 
(p hones or voltmeter) may be used in 
the output circuit of the detector tube 
or of the audio-frequency amplifier to 
show resonance. This system provides 
complete (100 per cent.) modulation. 
It must be remembered, however, that 
the test oscillator is intended for gen­
eral testing rather than for making 
lluantitative measurements. 

The T YPE 360 Test Oscillator is 
provided with an output voltmeter for 
shnwing when an acijustment on th e 

signed for quantitative measuremenrs, 
There is also provision for connecting 
a pair of telephone receivers into thl:" 
ou tput meter circui t. 

The equipment provided with the 
'!'VI'E 360 T est Oscillator includes 
the necessa.ry leads, long- and shorr­
handled insulated screwdrivers, and the 
test tool illustrated in Figure 3. 

The test tool consists of a bakelite 
rod with a heavy closed loop at one end 
and a flat spade at the ot her. In align­
ing a stage of radio-frequency amplifi­
cation in a receiver, the loop end is 
brought into the field of the coi l. the 
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closed loop acting as a short_circuited 
turll to reduce the inductance of the 
coil. Should this test cause an increase 
in signal strength, the trimming capac­
ity in the stage should be decreased. 

The /lat end of the tool is intended to 
ue brought near rhe tuning condenser 
of the stage being tested, the resulting 
stray capacity to the tool increasing the 
effective capacity of the tuning con_ 
denser . . -\ decrease in signal strength 
indicates that the tuning capacity for 
the stage is either correct or too large; 
an increase in signal strength indicates 
that the tuning capacity is tOO small. 
This method of test, which is suitable 
for all receivers where the parts are 
sufficiently accessible, greatly facili­
tatt'S the task of aligning the receiver, 
since it shows exactly how the trimming 
condenser should be adjusted. 

The TY\'~: 360 Test Oscillator em­
ploys one 11'2_type tube which requi res 
a 6-volt storage battery and -+5 \'olts of 
plate b:ntery to operate it. T he neces­
sary connection leads are provided. A 
hand-hole covered by a meta l plate is 
located in the base of the cabinet so 
that the tube may be insetted with­
out removing the panel. There is a 
small pilot light to show when the. 

7 

fil ament o( the oscillator tube is lighted. 
T he. test oscillator is coupled to the 

receiver under test by a single lead~ 
wire provided with the instrument. I t 
is intended that it shall be placed far 
enough away (rom the recei\'er to mini­
mize spurious couplings. even though 
the receiver be poorly shielded. 

II· 

Last year, it will be remembered, rhe 
Genera l Radio Company built a test 
osci llator particularly (or use in making 
adjustments upon the Radiola super­
heterodrne receivers. There was a test 
signal at 180 kilocycles and one at 
either end of the broadcast band. This 
instrument is now obsolete. its place 
ha\'ing been taken by the TYPE 360 
T est Oscillator. Although it is similar in 
man\' wal's to the old one, the new test 
oscilia tor "is distinct! y a general-purpose 
testing device (or use with any kind of 
receiver whose radio-frequency ampli_ 
fie rs are tuned to frequencies within the 
oscillator's working mnge. 

T he price of the T\'I'F. 360 Test Os­
cilla tor is ~I I O.OO, its size is Ioj.{ 

inches br IO~ inches b~' 7 inches, its 
weight is I I ~ pounds, and the code 
word is OVATE. 

IIZ·A 

I 'MeG I 

H.!F ~ 
11!. UI-
,~ I '~ 

~:; b ::k 8+ .... ·BLACK A+-
L-.: ~ SLATE 8 ·VEl.LON REO 

; ~~ ~ 
100 'IIIF .... f 

'-----'--"-----< 164" 3e.4OtI 

TYPE 360 TEST OSCILLATOR 

FIGU!l.1! ~. Diogram showing 'he wiring detai ls for the Tvr£ :;60 T ... ~, Oscillator 
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'B\' Til E EDITOR 

E:'\'CI.OSEIl with this issue of the 
F.xpl'l'immfl'r is a postal card 
upon which ),ou are asked to 

report to us whether or not your name 
and address appear correctly on our 
stencils. The card will also give you 
an opportunity to indicate whether 
you wish to continue on the mailing list. 

Please print or typewrite your entries 
Ull Ihe card :lnrl rermn it promptl~ in 
unler 10 insure ~ our receiving the Oc­
TOber issue. Our Ilew mailing list willl>e 
made up from the returned ca tch;. 

., ., ., '" 
Thi s year's superheterodyne receiv_ 

crs have intermed;a te-frequt:nc~' ampli­
hers tuned to 175 kilocycles; laSt year's 
models operated at I~O kihx:~·des. The 
General Ibdio T"PE 3'20 Test Oscilla­
tor (no longer manufacmred) may be 
mclt\it1ecl HI !'upply the new test fre­
'IUClll'r' Thcre I!' a charge t)f :Oil.50 
net for this scr\"ll'e, II hkh ll1a~' be per­
formed onlv at our facton-. 

I n~tru1l1~nts returnee! for modifica_ 
tion ~ho\lI\II)e mrefullypacke,l,shippl'd 
express prt{1llid, and hear the name and 
add ress ()f thl' sender. They ~hould he 
accompanied hy a letter stating cxat·tly 
what changes are to be made. 

Th is rel;;;t work will not con\'ert a 
TYPE ,:1'20 Oscillator into a T YPE .160 
T c!tt CkcillalOr; the latter is an l'llIirely 
different instrument. 

Th e General Radio Company t:tkc$ 
plea~ure in announcing that on 5eptem~ 
her .1 ;\rthur G. BOllsquet joined its 
Engineering Depar Wlent. Since his 
graduation from the course in electrical 
cngineering at T ufts College with the 
Class of [9"18, he has been l'I'ith the 
Hell T etephone l ,a!Joratories. Inc .• in 
the .'\pparatus Devdopment Depart_ 
ment. 

CONTR IBUTORS 
Hoth contributors to thill issul' of 

the Exptrillll'1l/rr are members of the 
(;eneral Radio Company's Engineering 
Ueparullen t : 

J AMES 1<. CLAPI' , S.U., i\lassachu~ 
se tts Institute of Technology, II)'!]; 
5.i\1. , "/26. " ;\ l arconi Wirdess 'I'dc.'­
graph Compan~- , If}q. 16 ... l ' nited 
States :-\avy, 11)17 II), foreign sen'ice 
19I1l- 19. Radio Corporation of 
America 19'10 , also 19'2'2- '2:1 .. , I nstruc­
tor in elecnical communicatiuns, i\las_ 
.~ achU ~l'TtS In STil llte flf 're('11 nology. 
1I}'2,'1 '2~_ .• Engil1t'crinJ; IlCp:lrtlll l'nr, 
(;ellt'ral Hadiu Cflnlpan ~· . ~pecializing 
in t he de\'elopmcl1t of app:lralus (or 
the precision mensuremen t of frC[IUl'nc~' 
II}'2li to daTe. 

Readers of rhe £:o:pn·jmmltr will 
recognize CHAR I.F.ll T . BURt:": as a 
previous contributor to Ihe magllzinc. 

The General Radio E:rperimenter is published 
each month to furnish descriptions of the Illtest de­
velopment! in Genera l Radio apparatus and to di,. 
tribute useful engin~ring information. I t is sent 
without charge to interested penons. Address re­
quests to the 

GENERAL RADIO COMPANY 
CAMBRIDGE A, MASSACHUSETTS 

"u .... o"l;! ~.« •• 
CONeOIlO 
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