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A NEW PRECISION W A VEMETER 

mOl{ the rapid ami conven· 
ient measure ment of freF queney with a minimulIl o f 

r eq uipm en t, t.he tun e d· 
circuit absorplion-type ..... a"cmctcr has 
enjoyed a long and userul career. Whi le 
(or precise meas urements it has long 
since been displaced by the 
morc modern hcterod ) ne in
sl rumenls und the qunrIZ-Cf} ,, ' 
tnl Slancluni of reference. it s 

IIsefulness rcmai ns lI llciluilcnged ill thal 
wide field of measurement where only 
a moderate aocuracy is demanded and 
"here sim plici ty is 8 n important re
quirement. 

The absorption-trpe "8vemeler COIl-
siSis fundamenta lly of a condenser. 

one or morc coils. and a resonance 
indica tor. Illl pro\' CIIIClllS in the de
sign of these componcll l8 1I1IIkc pos
sib le considerably improved per
formance in the 1"[l\'Clllc tcr. 
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Fila tn: 2. Cin'uil "r '1', I' e 721-.\ I'r' .... i~ io" 

" ""f'I""If'f 

The TlPI; 724- ,\ Wa"cmctcr is a 
lIew instrument replacing the older 
'1" I'I~ 22 1. \ 8 a result of the fe-design 
of coils. cOIulcllscrs, and resonance 
indica tor. the tunl \\-a,'crueler hils II 
I,ider frequency range .. nd a greater 
sensili"ity tllnn its prcdCt·es8or . The 
condenser is sill1ihu' in constructional 
Ile tailiJ to Ihe T''"'' E 722 Precision COil
,Iellser receut l} descr ibed .· This con· 
tlerlser is built arollml nn integra l!) 
cas t fr a me of an a lumi nulu alloy, with 
Ihe rot!)r shah, JHator rods. and spacers 
of tllC sa me material. Ball beari ngs 
8uPI)Ort the main shah. The drivo is 
of tlU! ",orlll ·gear micrometer I) pc 
\\ i til the \\ orll l {" lit (/in..'Ct lyon ita shaft . 
III Ihe 1\llvCfIlclcr dcsign, Ihe cffcctil'c 
all gulllr rOIA liou is abou t 270". 

The cl)n~lenscr sc tting is i .. di~ ·lI l cll 

·"It "' .... I~; ....... C"",kme<." w .. " .... 1J.d;., f:'_i. 
... ..,_. Vol. " . ..... ,. R. hllQo'r. ,<13(>. 

on the d ia l and drUIIl a nd is cont rolled '"" 
from the fronl of Lhe I)anel. There aE~ 
7500 di"isions for the culirc crfecti\t! 
IIngular rola I ion nf tile (.'OlIllcnscr 
rotor. The precision of comlCllscr 
setti ng is bellcr th an nll c pari in 
25,000. The plat es ar(' shaped 10 give 
all a pproxi mately lincar \'"ria lion in 
fre(lllcllcy \\ ilh scale sc i ling. This 
makcs it possible to usc ca lihm lion 
('harts ill ,ahular forl1l and 10 in ter
polate hCI" CeJl poi n ts in the tllll ie. 

Se,'CII coils are used to cover a fre 
quency range be t wccu ]6 kilocycles 
and 50 megacycles. The coils are wouud 
0 11 isolllntite forlil s to give 10" losses 
and a high degrcc of s tabi li ty. Elich 
coi l is enclosed in a 1U01l 1(led bakelite 
case. Thc plug-in mount ing ullows t he 
coi l to be rotated to ob tai n (Iilfercnt 
flegree!! of coupling. 

The resollu nce indica tor is a rC{·lificr· 
Iype I'acllluu-tuhc \ohlll cwr, a dis · 
tinct adl'aulage oler Ihe Ihermo· 
cou ple formerly IIsed , sinc~' Ihe danger 
of o \-erloads burnin g oul the ind icator 
is ~ · I i rn i tl a l ed. The rect ifier is ~ :ou pled 

10 the t uned ci rr uit. Ihrougll 11 capaci
tive ,ol lage di vider liS "hOI\ n in t.he 
circuil diag ra m, Figure 2. 

- \ nTlWII C. UUl SQI1ET 

SPECIFI CA TIONS 

!"retlll !!IIC, Hang l': 16 I. e 10 50 \ 1,·. 

\ " f:urm": O.::!,3%. 

COIHl c n ,wr : "rcc i,;;jo n \\ orm ·rlri \ c 
I ) pc. 

Coils : \\: OUlid 0 11 i"olanUt c form". 

Ind icator; Rectifier.type \'II('U IIIII 
tuhe lollmetcr. 

"'\ Cl \~ c ig h I: Will i cllrr~ illg: (·:lse. 3;'i1 .1 
pounds ; I,il hout c31'1' ) ing case, 18~.1 

POI UJt!S. 

Dilllt'll "io Il 5: C:lfn ill " case. 177. ;\ ,0 0 

I:{ \ 12 12 inches ulcr ... 11. 

f'A'H lt· \Vonl : I I ( 11\ \ ... . 

I' rice: $190.00. 
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MEASUREMENTS AT LOW FREQUENCIES 
WITH THE RADIO FREQUENCY BRIDGE 

Tm: Tn'lo; 516·C /( •• lIio Frc{]uency 
Bridge,l although dc~igncd to oper· 

utc throughout the broudeus! haud of 
frequencies and up 10 5 mcgacycles, 
ca n be used aL all lo"cr frequencies: 
carrier frequencies 1IU11 awlio fre_ 
quencies, and even the po\\ cr freque ncy 
of 60 cycles. The oul), important 
cbanges that lIlus t be mu{le are the 
replacemeut of the ra tio arlJlS and o ul . 

put lranaformers. This 1110 ), be readjl ~ 
ac(:o lllpiiahed because both 1I1Iits are 
cusil) dctachnb le and are mounted 0 11 

Ihe slIhpanei jusl below the removable 
cover. The .. ccurae}, of "H~II S llrcmCllt 
oiJta illuble a t the lower frequcLlcie1! is 
for a ll cases sUIk: rior 10 that for 1 
megatl) de. At a frt!(llIcnc)" of 1. kilo· 
c)c1e the accuracy of lIuiJs Lilli tiou 
mcasurellIcots is Ii miled on I y by lila l o f 
the ell pudttlncc tlili l reiiis talicc s land · 
aNls used. 

!!Clti,,:,'S alld t he e1lua liziog of the 
ca pacita nce unus for series induc tance 
Bud parallel ca pnci tnnce by the addi· 
tion of the indUl·tor Lp and tlJe COli 

denser C''O' 
T he ratio II rlll1l furni shed v.itll tile 

Lridge ha ve resis tanccs of lOon. The 
pov.er fac tor eOIl<icll8t!r C.4 hil S u 
lII axi mum ca paci ta nce of 50 Jl/-! f, gi\' iug 
u 1)Qv.er factor ra ll~e at 1 ,\I e of3('1c . 
The oonJ co.ser eu piucc(1 aer058 the 
arm 11 serve;! mere!} to balance oul 
the zero ea pacitll nee of CA , The ell li 
brution of the 1}01o\I:r fa clor d ial is 
proporlioll a l to bOlh the resislunce of 
the ratio arUl aud 10 frequency. H elwe. 
when the bridge is uscd at fteflueneics 
belov. 1 .\l c. the runge of Ihe pov.er 
factor comlcnscr CA call be restored 
by increasi ng the rutio arms. This iii 
cOII\'eui clllly dOlle in multiples o f ten , 

that is. 1000·ohm unns for 100 ke, 

Tile drcui t used in the Lridge is . K . .... )"Id. HCoo,.'an' I .. J""' ..... H .... '_.~ G~ ..... I 
sltown in Figure 2. Whe n a ll unknov. n /I.d ... &_,-, "'I, \' 111. , ... 10, M.",h. 1"1. 

condenser is t:onnectetJ 10 the termina ls 
in lLte P arm, the bridge is ba lanced 
for ca pacitallce by adjus lOlcnt of con 

denser CA, Hnd for rcsiSlunce either by 
lhe decade resistor Nor Ly Ihe 1}O\\'er 
fac tor condenser CA' The ca libra tion 
of these three contro l" is such as 10 

make the bridge direct reading in ca
pacitullce, resistance, ullll llO"er factor, 

T he fenlllres of lhis bridge whidl 
make possihle its usc as a direc t readi ng 
bridge at L M e arc Ihe cCluality of the 
rlll,io arms A and B. the usc of a 
docaJe resistor ! f\T compensated 10 
maiu tain a collStant induc tauce a t a ll ..-.. 
'e. t;. W..,\loon. " I ~.J>"O""""'. in Hod;" '-'''lu~ner 
lI"d.~ \1 0,100)01. f"" Mu .• "",,. ""'enn" and O,b", 
" n".d.'>eea," G~n~r.1 Ihdio 6:;,'".,..1"...,"6. \ ' 01, \ I U , 
No. 7. I~'b""r, lOJU. 

F ,CUIIK I. ' 1'1 1'10: 5 16·C HflJi"-Fr".t"'·"~· ) 
BriJj!1! 
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IO,OOO4lil ru Itrll1 s (or 10 ke.a nd 100,000. 
olun anus for 1 kc. For lhe power fre· 
{Iucne} of 60 cycl t:S the arms sbould bl:' 
1.667 megohms. H Ulio Afms of tllt."Se 
sizes a re 1I0W available. 

The ))0\\(:( (actor rltnge lIIay be 
cxtelllh:t! uy uudillg a condenser acrOSii 
the arm A \\ ith its shield connected 
to the jUllction of tile ratio arms, so 
us not 10 increase tbe parallel ca l'aci. 
lallce C''O' At a frc(luency of ] kc 
wilh lOO,OOO-obm ratio arms, a LOlal 
ca l)acilau~ of 1600 p~f will gi\'c II 

dissipation fac tor of lInit y. 
Increasing the rcsj,; wnce of tlill ratio 

UflllS as the frequclH':Y is IO" 'cred serves 
also to keep their regi8lunce compara
ble 10 the reac lam:e of the capacita nce 
Ilrms. In general, Ihis eondilioo gi\·eg 
to II Lrill gc its UluxilllulII sensitivity of 
Illllance. Bridge 8e1l8ttivily a lso dc
l)CnJs 0 11 the relali\'C IJOSitioll of gen
erator aruJ de tector \\ ith respect to thc 
,'ariotl!; bridge arms, usually being 
grea tcs t for that conneel ion which 
allo\\s the greatest cu rrellt input to 
thc bridge. Witll ralio arms much 
lower in impedan ce than the ca paci
lance arlllS, tbe generator should be 
conut.-cled aeross the ratio arms, pro· 
vided Ihe ioptlt impedancc of thc 
detcctor is high. A limit to this practice 
is set h) Ihe power di l>si patioll aHow _ 
llble in till: ratio arms. For this reason 
low voltage bridges have tbe generator 

FH':URt; 2. Cirt:",l "r II ... nul .... · 
fn."luenc)' l, r;,lge. Cin-.. il C< ... ~ W. .. I ... 
a ~ .. II~ follows: 

A. ll _ lOo n 
CA - O:;O /-ll' r 
C8 ,. 15 }iJ'f, a.lju51I1b'" 
eN - 1000 I'J' f. lIIu iruunl 

N _ O-Ill t, 
f:r.;t), f.'1"O - 35 }iJ'f 

LI' .. I.:! J.' h, " llpro,,;noal e1y 

("onllected across Ihe ratio a nll S and 
high \'o lta:::e britil:lcs betwcen lil t:: 
jUllc tions of ratio arms and ca paci La llce 
arms, The termi nals of this bridgc nre 
markell for the Jailer connectioll, bul 
gcncrator and J eteclor ilia), bc trailS_ 
posed as occasiOIl demands. 

The lower limit or rrequcncy of the 
air core transrormer furnished with the 
bridge is about 500 ke. For the lowcr 
frc(lucllcies TYI'!!: 578 Sbielded Trans· 
fOrlllerSI are a\'ailable in 1\\0 111()(lds, 
ha ving the t\\O frC(luency ranges 2 I...: 
to 500 kc and 20 cycles to 5 kc. Tiles.: 
trullsronneu ha ve ncarly complete 
shields around Loth wi ndings with 1111 

lIir space bel\\Cen Ihe shields. This oon· 
struction makes the c lT(.'ctive tcrminal 
capacitance to be plact:d aer05S the 
ca paciLa nce arms IIbollt '10 ppL Alltli ng 
this to the 35 IJ.IJ. { IIlready in the bridgc 
increas.:s thc va lue ol CaJ to about 
70 pp f. This I1Il1y ditTer b) ± 10 pIJ. f 

bet'\ een transformers, and the t\\O 

terminal capacitances in anyone 
transrormer ",uy differ Ly 3 IJ.lJ. r. 
Because of this hIller difference ill 
capacitance the pa ra llel condcnser C''O 
should be rcs.: t for eacb transformer, 
as must also the zero adjustment ("on
denser Cn' The exuct value oC tbis 
capaci tance may be measured by a 
direct capacitance measuremcnt ou a 

'·'''' ''~Idw T .. D.r .... "'~.. ,.". """"d • ...,. Uridl"." 
c ...... ] U.d;" fu:pvi""", • .,., Vol. X. No.5, 0.-,<>1 .... 1935. 
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,r- TYPE 650- \ Impe(lance Bridge .~ It 
may a l:.O Ix: meas ured Otl the Lridge in 
which it exislil br changing olle of tlle 
ratio arma a kuowll amount , such as by 
shunting it "ilh a ratio arlll of ten 
timcs its resistance. 

T he capacitnnce lind resistullcc 
rangcs of the bridge arc SCI Ly the 
inductance and resulting IHltural fre_ 
quellcy or the capacitauce arms, and 
by the impollllibility of com pC:lIsatiug a 
c.J.;:cade resistor much abo\'c loon. As 
the frequency is lo"ered these limits 
Celli IJc e:\ lcndell. T ermjnal" arc pro
vidc/I for the addition of l)arallcl 
1·lI pal.)itll.lI("e and series resis tan ce. Siucc 

' II . ~'. ~'i<I.I . " IJ,,«' Collad, . ...... nd It. \I ••• u,.., ,, .... ,." 
C." ••• I Hodi" ~:"'_;h"''''"r, \'01. VI II . " ... 6. No.·~", I_. 
1933. 

FIGlK~ 3. Tn'lI: 578 'l'ran,;fvrnu:f1I au: II\'Mil · 
,...-.abl .. Oil plug.io t.aM6 for U~ .. ill, tI'e rp, li(). 

f~ucIIG, hri, I;:e. The ",odel &100"-" in the 
!lhQIOf,>raph CIl li be u~1 L.!t,,·« n the t,ri.lge 

.no l 11, .. M·" line (or 6O-t:~·d.., meaSll remell'J! 

natural frecluency varies 3S the square 
rOOl of tbe total capacitance, it ceases 
to be au important limitation in 
capacitance below 100 l c. For the same 
rca80lI, re.sis tors need no longer be com
pensa ted for inductance below that 
frequency; hut the eapacilttllce to 
ground of the rotor of the stan dard 
condenser ami of the Ihree decade 
resis tors. amoullting to about 100 )j!Jf, 
will be placed across Ihis added resist
ance. This shunt capacitance sets lim its 
of perhaps 1000 olllils a t 100 kc and 
100,000 oh ms al 1 kc. 

The accuracy oC the bridge for direct 
reading at the lower fre<ltlcncies is 
essenlially the sallie n 8 for radio fre
(Iucncies. AI. a fre{lucllcy o( 1 kc the 
errors are, for ca pacitance, 5 !J!Jf or 
' %, whichever is the grealer, and for 
resi5(ance 0.1 oh m or 2% . ])fovided the 
proper preliminary adjust lllenu of tbe 
bridge II3\ e IJccn lII ade. For power 
faclor the error is 0.0002 or 5% if the 
error caused by lhe parallel capacitance 
C,'fJ is laken inlo accoun l.' 

Suhstitution Illeosurcments in which 
the unknown condeuscr is connected in 
parallel with the s tandard condenser 
are more accurate than direc t meosure
!IIeuts across tbe bridge. T be prelimi. 
lIary adj ustlllcnts o( the bridge are re
placed by au initia l balance with the 
unknowll di8(.'Ollnecled. Losses in the 
s tandard condenser a re eliminated ex · 
cept at high frequcucics where the 
ohmic resis tance of tbe condenser is 
significant .a 

When tbe {'alibrill ed coudeusers 
mountell in the 
stand ard.!!., any 

hridge lire used as 
fixed condenser or 

' AU »0 ..... f ...... ... .1, .... n"N' ~ .............. bJ' ,be 
ero 

(""..". (II cp ). 

"· IIe.id~.1 !oQped.o...,.,. ,n II", /',...,;.;..., C-.......... M 

('.., ...... 1 H.dio ":",_,_, hoi. X, 111 ... S. Q.,'obe<, 
1935. 
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suitable size lOa,.. Le COllnected in the 
P arm 10 ('om ple!/! t he br idge circui t, 
together ..... it b su ffieicll I resistance 10 
Illtlke ].IOSsihle a rC8islaucc halam:c 
wi tl. the added' rClJis'Ior N or the power 
(actuf I'ondcnser C,.,.. The error for 
capacita nce is that of lue s tundanl 
condenser. 5 Ji./J f or I %. Small flapnc i. 
lances of less than 20 p.p f ('a u bj: 
measured 10 an accuracy of .2 I-I}lf or 
2% by using the sma ll condCIlSt!r which 
is connected in para llel wi th t ile main 
condenser. 

When 8n external pre.:isklll con· 
dcm.er is usell us a standard , it is 
oonnected in the P a n ll and the cali. 
!.ralcd I'ondcnscr in the bri dge used 
merely as a ba lancing OOlldCIl 84;!r . The 
unknown condenser is tlwll couneclcrl 
across I he precision condenser. T he 
error for capacita nce is that of the 
preeisio lL condenser 0 -I IJ.lJ. f or . 1 % for a 
direct rea di ng on the T HE 222-J\f 
I>rl!(:ision Condenser Or .1 j.iJ.l { or .l % 
.... ith the applicatiou of its worm (.'o r 
rec tion? The resista nce Lalance c.m 
be made by lUeallS of the added re
"istor N, au exTernal rleeulle resistor 
conne<:ted in series with tbe preci:.ioll 
cOlldens..: r or the power fac tor COII 
denser CA' 

The power supply for the brid ge llI ay 
ue eit ber a mod ulated or ull modu late<1 
\'acll um-tube osei lla tur, depending on 
the type of detector used. 

Above 150 kc a ll a ll ·wave radio 
receiver makes a \'ery satisfac tory de
tector when used ill oonjunction I>'ilh 
a modulated oseill alor. A short-wave 
receiver arn uged (or the reception of 
cow signals lfIa y be used with a n 
unmodnla ted osci lla tor. 

rR. Y. 1'" .. 1<1 .... "C"""_ "'''':0''''<1 ..-ioh .... f'~io;"", 
(;oqde • ...,.. ... Cc", .. 1 Ib<lio e ' ''''''''''''''e". Vol. },.. r. ... s . 
0<10be •• 11I3S. 

Beluw 100 kc a resis tance couple,l 
1IIII I' Iifit!r. havin g: a gain of 80 lib all tl 
us.ing a copper·oxide recti fier or 
vacuurn -tube voltmeter. fortHs lhG 
most con \'enien t deteclOr. I t mus t. 
hO'I1;vc.r, be luncrl su/liciclt tl) to ha ve 
a discrimination of at Icast 20 ilL 
agai lls t. t he sec-ond hartlJ onic, both to 

remove the error resulti ng from har
monics ;11111 10 sharpen the hridge 
balance. 

In the narrow hand t'l f amlio fre_ 
'llIelH:ies I) illg be tween 0.5 :tnd 5 kc. 
head telephoJ1{~ lII ay tIC usctl a nti th (
a ilipl ifier ga ill sOlllewlm t reduced. )\ ( 
Ihe power frequency of 60 cycles eer
la in prGca lttions lIlus t be Laken ifpower 
is ta ken frolll Ihe a·c linc. The 60·uycJc 
8ta li(" a ll d ma gnetic (jelli s in the aver
age la hora tory a re often suffi cieuti) 
intense to provide a ppreciable cou p-
ling he tweell generator and de tector. ~ 
While t.he eITeel. of the e lec trOS llltif.' 
Geld may be remove(1 Ly sl, ielding, Ihe 
effect of magnetic f.ie lds at 60 cyell's 
ca n be reduced only by rcmoving their 
source 1.0 II suflicient dista llce or h~

using as tatic transformers. At othcr 
frequellcies it. is nlso im J-K>r t.ant Ihal 
the generator ha ve a negligi ble e:.:lerua l 
Ill agnl!lic field. 

The T YI'E 48·1./\ Modula ted o.~ci l

lutor. whieh Ili a} hI! used either IIH)llu-
lated or unmoduhllcd, CO"crs the (n:
lluency raoge down to 10 kc. '1" ' 1'1':.<; 

713-A alld 6 13·J1 Bea t . l"l·cfIUf' ll ey Os · 
cilla tors ex ten d the frC(llIcllCY range \(0 

10 cycles. The T YPE 508·A Osci llator 
eOvers the aml io· fre(luelicy range CrolU 
200 cyd l!S to ,~ kc iu 10 discrete steps, 
\> hi Ie the TYI'ES 213 and 813 Audio 
Osci l1at ol·s opera te ut. the silJgle rre
(lllencie8, 400 cycles IUIlI 1 kc. TYI'E~ -"""'" 
5 t4_A and 7l..j,·A A mplifier8 are re
sis tll ll ce coupled amplilicrs lJaviug 
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gains of '~5 and 80 lib, respectively. up 
10 50 kc, the latter being a-c opera ted. 

A T n" S78-A Shielded Trans
former TIllly he uBcd to connect the 
bridge to the 110-volt 6O-eyclc suppl}' . 
Lt should he used s le p up when COII-

ucctet! 10 the generator tl'nninals and 
step down when conuected to the 
detector terminals . .In the former 
case abou t 400 vollS will be appl ied 
alToss caeh o..:ondcnser , in the latter 
3 voils . - R. F. FIEL.U 

RATIO ARMS FOR TYPE 516-C RADIO FREQUENCY BRIDGE 
't ype 

5 L6-1'2 
· ;;16 _1':1 
516- 1' 1 
5 16 -1'5 
:>16_1'6 
5 16- 1'7 

Il,,,, i.',,,,,,,,", r'rC'I"efIC)' 

10 n 10 M e 
100 n 1 M e 

1 Hl t()() kc 
10 kfl 10 kc 

100 k n Iko 
H'('7 k fI W,· 

SHIELDED TRANSFORMERS 

" riC(' 
$6.00 

6.00 
6.00 
6.00 
'.00 

10.00 

__ "'"',),1H"."' ____ .--cP""~p.cllcyc"c"e"."c---_.--_c~/'C,i"~C_--------____ _ 
· 516-1'10 51\10 IOi\ l c $1\.00 
578_'\ (.I) C 8"I'I'I}' L5.oo 
578-'\ II 50 c- iU k,. 20.00 
SiB_nn 20 c- 5 kc 20.00 
578~CH 2 ke- 500 kc 20.00 

A DIRECT-READING CONDENSER FOR 
SUBSTITUTION MEASUREMENTS 

~It capacitance measurcmcnt s h) 
... the substitution mcthod ,1 a varia ble 
nir condcnS<!r readi ng negatil'c incre 
ment s of capaci tance direc· tly on its 
!'calc is a gl'cat cOfl\'cnicucc. The T\l'E 
:!:!2- \ 1 Prccision Couclcnscr_ II hich has 
ilecu \Iidely uBell for this purposc, hilS 
1IOW hccn discontinllCll and is re placerl 
L.y the TWE i:!:! -\I Precision Con
dcuscr. The ncw ins trllfllcu t ie !'imilm' 
in til-rai ls of cons truc tion to the '.1'\ I'B 
722 -11 and Tn' l" 722_P Precisioll Con
llClIscrs rece ntl y described.! 

The JlHn:i llllllll capacil allcc of the 

~ 'fl. t' . f;~I,I. "A" ~:""al.A r'" C.l,.";u,,o~ /Jr'oJ~~.'·G~ ... ,.1 
11 •• 1;" "./""''''''nr ..... 1' ,,1. II', No. II. hn .... Y, 19.10. 

"'A '\ e .. l>n<:i.i"" C""dcn.., •• " G~ ... r.1 n . (I;o F...I>~im .... 
tw. \,,,1. X. No>, 8. 1",,,,,,, 1939. 

coucicnS<!r is in the vicinity of 1100 ~~r. 

'fhich provides a direct-reading range 
of 1000 ~~ f. 

FI(;IIRI': 1. EllternaJ vie ... of R '1'," '1> 722 
Pfcci ~ ior! Conrieni;/"f 
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SPECIF ICATIONS 

CU pucitllll CC Hange: Direc t reading 
in capacitance rCflIOL'f!f/ frolll circuit 
o\'er a range of 1000 ~J.lf. 

Accurncy: 1 J.lJ.I { or 0.1 % . whichever is 
larger. 

Dimens.iOIl S: P:Ulet, a x 9}s iuciIC!:!; 
depth, 8 VB inches. 

Net WcighL:ll yg pounds: 20 ,/1 pounds 
with carrying case. 

Oxic Won/ Prj"" 
CU~IIC SIOO.OO 

TYPE 713-A BEAT-FREQUENCY OSCILLATOR 

WHEN origina lly announced in Ihe 
July. 1935. issue of the Experimenter 
the TYPE 713-A Beat-Frequency Oscil
lator was ca librated be tween 10 and 
16,000 cycles per second . The aclua l 
frequency ran ge covered is greater than 
this. 8nd, in order to lake full all\-811-
lage of Lhe capabilities of the ins tru
ment, the upper limit of ca lihralion 
has been ex tended to 20,000 cycles. 
Unit s currently available are calibrated 
over th is larger range. 

FlGUlu: I. Tn·v. 713.'\ Bcat_ Fre<lucncy 
Oi!("i ll"\Olr 

TilE General Iladio EXI'ERIMEtVTER is mailed without charge each 
mOil til t,o engineers, scientists. techn.icians, and others interested ill 

couunllnicat_ion_frequency measurement and control proble lns . 'P1! en 
sending requests lor subscriptiollS and address-clHlII ge notices, please 
supply the following illformatioll: name, company llame, compa" y ad
dress, type of business compall)" is en gaged ill , alld title or position of 
illdivi,dual . 

GENERAL RADIO COMPANY 

30 Shit. Street Cambridge A, MUSilichuseth 
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