
'" z: 
c::> 

l­
cc .... 
..... 
Q.. 
Q.. 
cc 
..... 
cc 
co: 
l­
V> 

= c::> 
z: 

..... 
cc .... 

PEBIMENTEB 
VOLUME XX No.4 SEPTEMBER 1945 

A PRECISION TUNING FORK WITH 
VACUUM· TUBE DRIVE 
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I'KOOlCTLO.... TIlSTLl'C 

'''TIL hll·KD~'CIK!I .. ; ! 

• THE LOW · FREQUENCY TUNING 
FOR K IlllS !"cell \; ide!) u~:d as a s tunl!a/'J 
both fur rreq"~nt:y lIleUsurc lllCIl! and eon­
Iwl and for dU'Ollograpi.Jic "ork, In \Iay, 
1936. Ihl' Gl'/wrat Hadin Com pall) RII­

nOli/wed' the ' I\f'~: 8 15 I'rcl'il'ioll Fork 
" I. il'h is supplied to opera te at 50, 60, or 
100 c~'dcs per 8Ccond. 

This relillil) -I'ortalilc instrulIlent is a 
llouble-bullon lIIicrophonc.ori\cn fork, 

",hich is cncrgi7.f'"d b~ a lIath,-rr of from 1106 ,olu. The fork itself is 
lIIade from a f;.lailllcss -s ll'd ullo) havin g II 10\\ temperature cocfficiclIl, 
SO that the operati ng freqlwl1C) rcnwius "ithin 0.01% ofi18 raletl \uluc 
under all normal flut"luatiOJlS of 3ml,icnt temperature and bailer), 

F'u:\ HII I . I'an"l, ;e" "f the TV"1l RI6 Var"",,,·T,,lw· Pr,·,·;.;,)" Fork . 

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



GE NERAL RADIO EXPERIMENTER 2 

\'ollag(', In late r tests! ulJ(lcr eon trolled 
f'ond itiOIlS of temperature and driving 
vohage, one or these forks stayed wi thin 
0.002% of its nom inal value duri ng a 
I\\o-rnmllhs,' I"loCri,)(\ of eonliTlllflUS 0per· 
al;oll, 

SubSCfluClI1 st udies showed that the 
fork it~'1f, bct:ausc of its high value of Q 
(about 19.000), was ultimately eapable 
(If s till greater pret'ision, Accordin gly, 
:t modifie,\ form of this tUlling-fork 
strllldard. designateJ as T n'£ 816'1, was 
dc\(' loped to min imi)'.e sollie of the limi ­
tations i11 111'1"(' nt in the original instru­
IILeli t. 

Nt';..t to tempera tu re varia tions, the 
ehicf 6 01111.'C of erratic residual /luctua· 
tions in the fre<luellcy of the mi(To, 
phonc-driven fo rk is the microphone 
hullon lIsed in th t: driving circuit. The 
ampli tude and phase characteris tics of 
a Inme po..::ket of granular carbon arc 
IIOt "Ol1stant , bu t arc subjec t to consid­
erable randOIl! vari a tion, Consequcntly, 
the microphones were removed, and ll.e 
fork was driven by generating from the 
tine mo tion a smull emf in a polarized 
elec t roma gne t, f .. l • ampl iryin g this emf. 
ami sullscl\lIerltir d riving the fork by a 
sccond poltlri 'lcd elcct romagnet, t t. This 

'(:." ••• llI . ,J;'" £;,..,..j~,«<,.,.. v .. 1. XI II , No:», 4, 5, 
. Alth .... ,." tho 1'VH HLG v.~u,,, .. -T"hoo I''''''i ....... ~·",.k 

loa . 1_" . ~.lI.blo. far wa r lOt<. f.,.. 00 .... ti"",-, il 10 .. nut 
hilh<<I<> L_" ,I...,.II....! i .. tho f;",oui","""" 

l>ermillcd a smalle r lille 1lI0 tion. wildl 
itse lf iuereaSCll thc inher('l1t s iahility of 
the fork. 

Ano tht! r limitation of the microphone . 
,Iriycn fork for SOllie applica t ions is thr 
lIpprcciablc Iml uni1voi(lable va riation 
in power output , again eauscd by the 
e rratic beha vior of a carLon microphone. 
This is essenti all y eliminated in tJle new 
amplifie r_driven fork. 

In orde r to reduce the effect of am­
bient temperatu re fluctuations, tbe fork 
is built illto a tempcrature-controlled 
!tox regulated automatically by a ther· 
mostat so that the actual temperature 
o( the fo rk is kept to within about 0.1 0 
Centigrade of an optimum meun value. 

'1'0 provide for univel'SlLI ope ration tbe 
circuits arc so designed that power for 
energi zing hoth the hea ler elemen ts and 
tbe amplifier system may bt! obtainell 
fro m either of two sources: 

(1) A single·phase a-c power line 
supplyin g from 100 to 130 volts at any 
commercial frequency, Or 

(2) A d.e power line o( 100 to 130 
volts, 

While this method of dri\'ing a tUlling 
fork is !lot basically novel, scveral fea­
tu res havc bee n inlroduced int o the 
amplifier sys lem, all or which CQntribul c 
to thc ultimate ", tahili!.y. The inpul 
tube, Vlt of the Illllplifier is hfcla\' il y 

fllalH R:!. Sch,, "' ~tie circuit dillgrllm ..,r Ihe T VI'" 816·A Vac" "m_'I' ,,!.o: I'reci~i<) n Fork. 

,., • ,., H 

IEk "' 
,., ... ,., 

" 
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, 
biased by lIleans of un a-v·o tube. V3, 

\\h05C control potential is regulat ed in 
turn by a gaseous discharg:e tllLe. V&.. 
t hus providing u rigid .. :Qut rol of tine 
amplilutlc. indc l:lC ndcll l- of s li pply line 
flu c tua tiollS. The amplifier desig .. is sud. 
Ihal phase il l.ift;; ill the Oll tput of the 
driving lube, V2• are redlU'c<1 10 a vcry 
low minimum . These fea tures. combined 
wi th the higb Q of t he fork and ils 
Inw temperature eoc Ricicn l , proJll t'C a 
tuning-fork s tanflanl "hose rcsi.lual 
varia tions, when temperatu're control led, 
,Iggrega te less than 0.001% . aut! cun , 10 
a considerahle degree, be attrihuted 
directl y to diurnal fluctuations in baro­
metric pre!;surc. 

I r a leM; precise stanJa:-d will s ulliec 
for allY parlicul:u' npplicalioll. the 
heater p·ower sou~c may be omitted , 
and the freq ue ncy stu bilil y of Ihe fork 
wiU be determined chie n), by ambienl 
telll lJerature nuctuiltions. 

OPERATING CHA RACTERISTIC S 

Because of the high t he rmal ca pacity 
of the fork. the actual lellll:ICnl ture rc ­
mains ",ithiJl O.l o Centigrade of the 
opti mum controlled value of about 600 

Centi gradc during successivc cycles of 
thermostat ol:ICratioll. AI 600 t he telll­
peratu re coe ffi t· ic llt o f frelillc ru ') is I(>ss 
than t ..... o parts. l:lCr mill ion pe r t1egrct-. 
When tllf" te mperature con t ro l is nOI 
used. the effec ti ve tCIllI:ICra tu rc o f the 
fo rk "ill folio\\' , with l:onside rable li me 
lag. the fluctuations of amhien t te lll l.ICr­
ature, and Ihc frequcncy wilt be slI lJjC" 1 
to a negativc temperature l.'OOflici en t l of 
the orde r of 10 to 20 PMts per million 
per degree Ce nt igrade. 

The a- \' -c bi as IJOten tial. and hc ute 
th ... fork urnpli tudc, is adju5tah le by 
means of the pOlcnliollletcr. p . thus pe r-

''Th~ " .... u ..... t '0"''''''' ''''. ",,,,ffi"io,,' i. "'I'I,lled .. ltl, 
•• eh r,.,.L 

SEPTEMBER, 19~5 

mi lling an electrical con trol of the fo rk 
freq ue ucy over a runge of ahollt 0.001 %. 
Wi th a mi nimum vul uc of th is bias 
potential t he supply_lillc_ \'oltagc ('ocf­
fi cicll t o f freqllellcy is r.lOSitive li nd is less 
Ihu n 0.03 parts lK: r million Iter \'ol t 
dHlIIge o f line volt:tgll . At the mi .. I-\aluc 
of t his bia s po tcn tial , the 1:000 f1i l:;ell t is 
less than 0.01 pa rts pcr million l:lCr \'olt; 
while a t t hc maxi mum hias IJOte nti al t il<: 
I'oofli\:ien l is ncgutivll and ltlss thlill (1,1 
parts l:lC r million per \,Q[ t dlangc . 

When one o f these forks was d led,e" 
against. a piezo-elect ric primary sl al1l1-
ard having a still higher dcgr<'e of prc­
cisio n, it was fou nd Ih (11 the major part 
of l he minutc Uuctuat;ons of the fork 
freque ncy could be att l'i bulcd to varia­
tions in baro rncl ri l: pressure. Increal'f' of 
prcSSurl: ca used a grouter effective loafl­
ing on t he lines of the fork a n.l a ('nrre­
sl'onding I'cduction in frequency. TIle 
rcsultan t nega tivc cocflicienl. is alJoll t 
2.5 pa rts l)C r mi ll ion I>cr inch of U1c reur) 
ehallge in the hammc ter reading. Sincc 
lhc fo rk is maintaincd al iI fixell tc m l.IC r ­
a t ti re above a mhient , it "ould a ppear 
Ihnt fluctuations ill ambient humidit )" 
\.ould have no appreciable c ffect upon 
its frc(luc ncy_ 

T hese I:ocfliciellts arc cal'll SO small 
Ihat wHler all norll1 al va ri a t ions ell ­
('otmlered in practice the un lllon ilOrl,d 

Flt. l"I": 3. Typicat fretl'. enc), "ariati"u fur" 
"lor-.lay iUI.'n' al. NOli' tlml when Ctlrr,-el"d fur 
haromcl";., pfl'Mum 11ll' fr<"!J ",'n£'), f. ,tno.itwd 
" 'ilhin (lUI" par i in II mittio!' ... r.ts tlouuna! .' ~I",·. 
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GENERAL RADIO EXPERI MENTER 

fre(ltlcney "i ll rema in stahle "ithin con­
&-na li\ c limi lS o f 10 pnrli! pe r lIIil1ion 
VI' O.[.oJ{I:( "hich, as a ch rono me te r. 
lUca n" a ll error of IclioS than olle sccOIu l 
1'(' 1' tla). I f ('orrc t' liOIiS for baron le tri" 
l'r(:~)lU I'i' a rc Il pplierl by adjustmellt of 
t ile I,utcn tio llie lcr, P. a preci;; ioll of 
he Lle r thall fh c pn rls l)Cr millioll may he 
t·.\pectcI! fo r li tis s t:mdard whcn I'tl l III' 

:IIHI rUII t'Onlitntfl us]) . 
Tile Iia ia plo tted in F igun: :i \It;/'C 

ta l-e ll o n 11 50"')TI(' fork lluring II ly pical 
ninc-i la) inlen ' a l of continuoliS o pe ra­
tion ami sho" ho" Ihe rcsidulll vu ri lilion 
4I [ Ihe frequcm') of o nc of these (ulling­
fOt'k s IHtlflan:l" follo" s in\ crscl ) the 
\'nriul ;nll of Iml'Omdrie pt'l';;;;Ut'(: . The 

(Ibst'rvetl fn' IIIICltl' ) valliCS "c n.: IIwas­
tlr .. d "illl n prceisioll of (l lie pari ill fi\(, 
miJljo ll . The ~t'olltl curve gi v t· ~ Il wiIe 
d atu l'orret: ted to a Oleau b a ro me ter 
va lue of 30.2 inches. It will be secn Ihal , 
during Ih is inlenal , the oorrCY;lCfI da lu 
tli.1 1101 dC]lllrl by more th an one pari 
ill a milliQn f rom lhe nominal \ aille of 
SO C')c-Ieo> ller WI'Olld , 

CONST RUCTIONAL FEATURES 
The T'I' " 81 6 Pret'is ionfo rl- and 

i t;;; assoc ia letl l'i rt: llit s a re eOlllplclcl) 
liouo-(: ti ill II metal ('abi ut, t_ Thl' inSlrll ­
mt nl i;; Mla plctl c ilita for relay-rad" 
nllm n t illg o r fo r ~ t andin g upo n a laho­
rator) he nd l nnel. i f I-cpl a l'proxi malci} 
horiwnl lll, is rca il i l} portable for 1i"111 
1180'. input and o utput lend s are IIl1 acl l(' ,1 

th rough pI li b'S Ill! the rear of the cabim't . 
'rl .. ~ fork nnd IIssuCiatcd muglll' IS an' 

IIIUlllll cd 1m (I s pring-suppo rt crl 8ub , 
panel 10 IIlillilll i;.;e dumping. This Ugi'C III ' 
LI~ . in tUI'II . is t:on taillct! ill a I1l1'l all;c 
It()'\ I'nrr) ing the III~II I (' r ullil ,~ a mi i" !llIr . 
rOJlIIH!t'(] II , 3 It a l ~u ',,)0(1 ho'l: for tht'rmul 
il1 :.ulut ;"II. 'rIll' ho)'\. ami the a mplifie r 
l uhl'~ 1I1't' mutull t'd IIpon II horizoll tal 
.. helf he nen llt " hil'h are the \ arioll o> 

e le mcn ts of lile a lll plifier circui ls , If 
dcsired , a the rmome ter II\ IIy be inserted 
t hrough the .l! ide wa U (If the cabiue t inlo 
the fo rk bo:o: , The illi; trumcnl PU lle! 
Ilarrics \' lI rious ,'OIl t rol s"i h'hcs and a 
;;ym;il ronolls cl(l~'k. C, " hi ch carl he 
tlr i\'eJI frO li1 Ihe fn rk-i 'Olll r<l lle,1 o ulpUI 
1I1l11 1Is.'d fo r l'lI lihral ing Il le s t:mdanl 
o\'cr long-lime inl en,,, ls in ler lllS o f 
rRflio lime sign:11 uhscn ·atioll!;. Thi ... 
dfH.:k ma ) loc rCSo.' t h) n knol, o n t hc rellr 
of t ile cabinet. 

T hc nceessar) "in'lIil l'imn:;cl! for 111' ­
eOllllllodatin g Ihe 1" 0 ,Iiffl'ren l SOll n::C .. 
o f I)()"-e r supply arc mat Ie al the inpul 
powe r jack. 

Coal'S4! IIl lj uSIIIIClIl S of tlte fork rre­
qllency mu)' be Illude II} sclserCll S in the 
C,..: trCllli lics of the rork lines. and line 
adjlls tllle nt i! by mell ns o f Iht, lI -\' -C bias 
eolltrol, P. 

OUTPUT 
Oiliput l)Ower al the con trolled fre· 

'Iucney is obta incd by t he UijC of a sep­
IIrale Oll tpUI tuhe . Vh furnis hin g about 
I" 0 wa l ts wi I hOtl I uml one ,,'at t wil h the 
6}'nci lrOllous (' lock ill o pe ralion, This 
01llput l)llWc r !lill y hc o lll ai liNI a l Ih ree. 
differen t ge ne rlilor illlpl'Il :lI leC va lues, 
The Olltput \'ohage ro:I.\ he nearl) s inu­
soidul 0 1'_ for l'crlain c hmllographic U.eef;. 
ilia) he shll rply pcakNI in ch arac ter, a i' 
se lcclcd L) a s"ilr11 W1 the 1)811e l. This 
peakt'd wa\ dorrn heing rich in har­
IIlonit·s is rrcll'lCn ll ) USeful ill mensu rillg 
lUl l-no" 11 fT'C lluen t ' ;e~ of h igher val ue 
thull the s tnndllrJ , Th" l1~C of 1111 nutl'ut 
I ransfo l'llle r. '1', IloI'n il i Is 111c OUIPUI signul 
, ' in~ l\it 10 loc un grolllll! t:1 1 ami free (Will 
tl-i ' polarization, 

'1'1 ... oribrinal Tn'E HI;; Prf' eision 
ForI.. .; till relai ll !;! i l .... Mh :llll ac;e o f bei.n g 
liglll in " eigh l :111\1 uf minilllulIl bulk , 
toget her .. it ll i ~ a hilit) tv Ix: IIa·i\'cn b~ 
Ih ree small d r} t~ 1I5 , II nil pos;;esSt·s an 
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accuracy which makes it reliable to 
O.OL %. On the other hand , the lIew TYPE 
816-A VaClium-Tube Precision Fork has 
li t IClis t 8 te nrolll higher precision , hc ller 
IIian O.(}()I % . gi ,-cs a higher ami 8 11 1111 -

va r:ring OU lput I'0 ... ·t'r.; ~ etlllipl~ ' ! 1 v.ilh 

SEPTEMBER , \945 

a 8}, lIch rOIlOIl! d ock for lime kccl,ing 
alill cal ibrat ion, and Illay be ope ra ted 
eit her from lUI a oe or a d -c power line. 
Elich ins trument tllt- rcfon: hilS 11 field 
of application ill wh idl il proves mos t 
1lll n llllagcolls. - II OII \TIO W. L\\I50'" 

SPECIFICATIONS 

FreqUlncy : 50 or 60 \:)'clt.'I! 1"-' &,'Cf)ud . 
CJllbrltian: The frf'{Jllcn cy ie ~llj\lS I ,~1 "itllin 
U.OOO5'~ of ilg rl let! va lue and ii! mell~"red 10 
OJ)(IOI f'( ;11 our ~I.nda((lizi" g labora tory. 
Sla billty: \\" .. " th .. temperature_cont rol ~~8' 
I,-m ;8 oJ I~rated. II ... f~C(I .. "ncy ill wi lhi" nne 
pa~t in IOO.4X)/1 (0.00 1%) o( it .. m Can \' III " e Ih .. ~ 
tin,iul; I.(> hcnpr than one &e<..Vnt) ller day. 
" ';lhuU I ,e,nllt'rature l'OlIl rol. the (''''-I"cllcy 
" 'iII (.1110w ( .... th a oo,,~idcra l. le lag) var,ations 
in a", hip" t lemjleru tllre. , \ 1 <I • • iinar,. .. oom 
1f' 1111 ...... lurC!'. II" , 1""'I,cralure QI)<·llicij·1I1 of 
(r"'I""""" is ""l;lIli,., and i~ 1~lwe<:n - 10 
• nd :W I ~"'" in 10" IW'r dq;rl'i' V il li. 
e:r.de. Fr<:Olue" c,. change;" ,,'ilh eUI,!,I,. .'ohage 
and II lrnOl!l'lIerie l'reM"re lire usua I)" ''''l;: ligil,le 
ill eOll1rllril101I 10 the ral",llIcc"rlle)" o( Ihe fOf"k . 
Power Supply : The 1I1II1.lifier cireu;1 lind the 
heat.,... (or leml"'falu' e ~trol are lI .... anged to 
O1"'''.le 011 ei lh~ or t .. ·o !)'Joe. o( power IUpl.ly. 
edcetk.n being ",adc by plu/; and jack ternunale: 

(I ) lI·e lil1c, 100 10 130 voh •• 50 to 60 eyel",. 
(2) doe lille, 100 to 130 volte, 

Pt •• r In,at: For tcm~ ... t\lre 00111 ..... 1. 30 
.. ·.11.11: (nr fork .nd . mplir",r, 45 .. ·.IUI. 

Output : !'CU ll'(l ur S; "",I",<lal. a~ 81: 1('1.:11:"<1 1,,. a 
~w'.ch. When .h"~~· ,,ch(o"''''Bdock i80,wrlll l .. l. 
mnimum '''II I'''' IS I Wilt. When doc\; ill "'" 
,,~ .. ,I. ma):.imum " "Ii",1 ,. :! ... alt~. Outl'"1 eir. 
r"i l ill nOI gr<lll"ded 8ml i .. fr~ ("'''' any ,I·c 
l"Oluri"tU lioll, Y"noll i O"IJ'" ' iml'l,<lancCl! be· 
t "''(!11 200 o" ,J 30.000 ,)hnl~ are p('widell, 

\1 "" imllm I'eaked ul ... ' .... ,ireuil ""Ipll. v ... lt . 
ase i~ 350 'I)h~, 
V.tuu m Tu b,,: Suppli ....... ilh 1,\Slrume'". 

~ - 6AiG 1 - t!Q7r. 
J - Z5 L6GT I - :.!5Z6 

1- 1,'J9·1)19A 
ACctssorl u Su pp lil d : Sl,ar~ fu..ei!; 2 ,\IIIlti • 
I"";n t Cnm'et: IOr.l!j 1 line e'.>nn~lor l'()(d. 
Mounl1nt: The entire 81111Cmbly i. n.QUllled 
on a ! t alldanl 19·inch r" lay. rack \"'"CI. which 
un be adapted (or table mounti"!,, 'Y the \I~ of 
the " 'ooden end Iram", . "I'pliel . Tbe ;onr" . 
Inent ill re.di ly IlOrtable in an ol>ef'lIlinr; condi . 
ti"n i( kept ill al""'o_,mately itt o~alillg 
1'000i lion. 
OlmlnliDnI: I'linei. 19 If 12}.i' inct,,,,: del.lh, 
12).i inchea. 
N.t We ith l : 491~ 1 1t)""d~ . 

Vae1ll ll,, ·Tullt' I'r~i"i"'l1 F')f"k. 

\'IIC"IIIll .T"I,,· P~ .. ·d~iu" F •• ~1... 

83B5.00 
:J8.'i ,00 

BUS MAN ' S 
• EVEN WHEN ON VACATION , 
Ihe e n g ince r seldom 1051'S in te res t in re· 

seu .... h, \Ir. Holwrl F, Field of tI,t' Ell. 
gincf'rin g' S l uff ... hile \aCH liunillg al hi ;:; 

\Iereflitlt. Ne.. lIarnp!:lhire. S IIIII IIIt:r 
hUllle. recently t'OInlu(' lc tl an in \'cs l iga. 

HOLIDA Y 
l i,m of l ite va rialion!> in .. aler \Jcplh 

1I111ilt'lIlpCraturtl over p a ri s o f Win ne pc . 

@u ul.ee BIIII S IIU 8 11l lakes. The res lllt i' 

.. e n : rcporh:d to ti ll! \I c rudilh BOlar) 
CIII I, al Iln: ir '\I'cl.ly hLlld'c un Oil 

.Augu51 15, 
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GENERAL RADIO EXPERIMENTER , 
BALANCI NG TO 

WITH THE AID OF 

( Ill'/"II' ) Th" ()~ n"tr,c bala"':' n:; mllch,n" ~ho .. -
;nl% Ihl' Slrol",lac and .. ~Jro in I l'~t ""o'lion. 

0. 000070 INCH 
THE STROBO TAC 

• THE f AM OUS NOROEN BOMB · 
S I G H T , until recently n comple te lI1i li­
IIIry secret. is probnLly O ll{' of the llIos t 
precise ins trulllents mullc by mun , ye t 
it is being built in IIlUSS production by a 
11 1I1II1)(:r of manufacturers. 

The oombsight consists of h\o main 
unit s: the stabilizer_ v.hich cont rols the 
horizont al fli ght of the plane during till" 
hombing rUIl ; lind the sighting mechan­
ism, which contains the telescope and 
computer. Each of these maill IIllits con­
laillS a gyro, \\hich II1l1st be balanced to 
the unheard-of acclirncy of iO millionths 
of nn incl1. At the plnnt of the Vietor 
hiding \lachine COIllI>any, one of the 
lIIanufuctll~rs of the Norden bomb­
sight , this balanC'ing is uccomplished ou 
II "Oynetric" balancing IIIl1chine, IlIOIlU­

fllcturcd by the Gishotl 1\ l l1chine Com­
pany. This machine uses as one of its etc­
lIlents a General nadio Strobotuc_ 

T he llccol1lpanyi ng photogrllph shows 
the balancing machille I,ith a gy ro and 
its housing in the lest position . The 
StrohOlne. \Ihieh is ShOl\l1 at the lefl of 
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the g}ro. has ' .... 0 fUlw lions: fi rst, to de­
termine the rotational speed of lhe gyro 
.... hed; al141 sc(:olld. to indica te the angu· 
lar posi l;ou of unl,a!tllwe. 

The Strooolac iii sc t 10 Ihe .let-ired 
~pecd. ant.! the gyro i;;; then brought up 
10 this sp.,!cII by lIleaus of the cI"IHronie 
s llCed controller in the ,'a bint' t at the 
extre me left. When t he Ilcsin:11 speed is 
reached. the rotor, as vic .... cd in the light 
from the Strobotnc. :qJllCars s l:llionar). 
A precise se lling and control of tile SI:M':cJ 
i8 necessary beca use the halallccr IIJ­

eludes a sharply l Ulled filter. 
in the balanci ng Olleralion itself, Ille 

machine .It·tcrmincs the a mount and 
angu lar IlOsition of lI.e unbal!lIl(,.'C ill 

SEPTEMBER , I,.5 

each IJf ' .... 0 piullcil ..... hich are the faces 
of tile gyro .... heel. The angill ar posi tion 
a l. II hich unbalance occurs is shu" n op· 
IJOsi te 11 s tationary I>oi nt er \\hen the 
S t roho tac fl aslU'o;. On the me te r bclli l1f1 
t he gyro is shol\ll llireet\} Ihe "eigh t 
that mlls t be relllOlcd a l tile illlliea t;>d 
I>osition 10 remo,c Ihe unbalaJlee. The 
!OC(luenL"C of these opera tions is selected 
by swit ches. shown a t t he righ t of ti l(' 
ID ro roto r. On~ switch selects the plane 
of ohscn·(l tion. i.c., lefl or right ; ano thc r 
se lecls e ithe r th .. me te r indication of 
ImlOllnl o f lIJ1 bululH..'e, or the Slrobotac 
iudiea lion of a ngular posi tion ; while u 
third provides 1"0 on lers o f meter 
scnsil i ,·i I y. 

PRODUCTION TESTING 
WITH IMPEDANCE BRIDGES 

• WHEN THE TYPE 740 · 8 CA · 
PAC IT A N C E B RID G E all(llhc Tn'..: 
650-A J mpcdanee Brid g(' are used {or 
t he proo:lllction test in g of ca l)acilOrs. in . 
ductors, and resis tors. uneven \\ear of 
Ihe poten tiometers in the bridges may 
occur as a result of continued ope ration 
nve r narrow ranges of Ihe ll ia ls. This 
('an he avoided by connecting in se ries 
"i lll the pote ntiome te r an cX lernalllnit 
",ow'rin g Ihe to lc rall~ range nef:essa r} 
for Ihe measuremen t, IUIlI maki ng ba l· 
ances eutirdy on Ihis Ulli!. Th .. \·a lihra· 
lion of t he au.xiliary l>Otc n tiome tN ca n 
be luade expc rilllc lltall} by eO lllparison 
"ith ,hf' hridgf' dia l, o r can be cul.,:u· 
laled from the Lridgc conS1811 11>. Our 
TYPE ,n 1. :17 l ,or 3 14 ali(I 214 Po le nliOIll' 
.. u·rs "ill be fou nd quill' sa lisfaetory 
for Ih is application. 

'\ 6 an exa mple, conside r li n; measun·· 
me nt all Ihe T, I'~; 650· \ Im ped a nce 
Britl gl' of 500'}l}lf (;a p~lf'i tnn; \\ i I h lin nc· 

ceJltance tolerance of ±5%. With IIII.' 
CIU. Multiplier set at lOO J.'}l f, Ihe Lal · 
anef! l)Oin t fo r 500 /l}l f is a t 5 on the en \, 
dia l, l,.'()rres l>OlIlling: to II resiUallCc of 
5000 oh ms on t he eH L rlleos ta l . At the 
balance poinl fur tbe lower limi t of 475 
}l}l f (500 }l}lf less 5%) , Ihe resis tance of 
the C RL tliul is '1.750 ohms. nml at t h,' 
uppe r limit is 5250 oh ms. 

Conscfluentl}, D. 500-olun rheOSlat 

AUXIUIIR'\' 
R"IEOSTAT 

En 
OET. 

UNKNOWN 
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CENERAl RADIO EXPERIMENTER • 
"all be ul.Cll. ",itlt its dial marke(1 .. .ero 
a t the ce nler alll i marked +5% a nfl 

5% al t ht' cll,k T he en L tLiall!hould 
he !'I.,t al 17;)0 ohms. or 4.75 (/II the 
H'al€', 1(. make ,he au:~i liar) rhcost ul 
1111111 111'(' al ,'(' nlt' r scali' for ;)00 /A/Ar. 

To con nect the au.\iliary rheos tat, 
il is necessary 10 break t he connect ion 
bchn .. 'Cn Ihe arm of Ihe CHL rheostat 
and groU llll.. ~1II.1 to jllSt'rl the llu \: il ia ry 
lit Ihi;; roinl. 

ATTENTION: MIDWEST 
• M R .. ROBERT F. FIELD orour Ell .. sui ts of some of his re(.'Cnl "'ork on Ih is 
giue.'ring Ilcpllrtlllcllt ",ill presellt II 

pllrer enti tled .... The Ekhal·ior of Dielec .. 
Irics over Wide Banges of Fn·lluclll')' . 
Ternl.ICralurt:. and Humidi ly" :I t IIII' 
followiug local sections of the 111 ~lilule 

of Hatlio 1~ lI gincers: 

Cellar Hapi,l s Se ptemher 19 
Chicago Se ptembe r 21 
KalJsas Ci t} Sc ptemLe r 2 1, 
\linne"I)!}lis Se ptember 25 
\1il",uuk(.'(! Se ptembe r 26 
South Ikml Se ptembe r 27 

\ Technical Conference on r· ( coil 
de~igll is being arranged by our Ch i"a go 
offil,.'C. At Ihi ;;. Illeeting Mr. Fielll will 
It'n.1 the di""1I1I8ioll an.1 prt'!\('1I1 II ... re · 

subject. This mt.'Cting ",ill be he ld the 
aftemooll of September 18 alill t'ngi nt:ers 
int erested in all~nJin g alUl partic·ipat . 
iug are in vited. 

Mr. Kipling Ada ms of the Service­
Department will !Je in Chicago during 
Ihe last two w(.ocks of Septemher and the 
first week of October. The purpose of h is 
\ i.-it is to orrer owners of General HaJio 
C(luipmcnt in the Chicago area greate r 
assista nce in service and maintena nce 
proble ms than ",ould be l)()SSible by ---.. 
corl'f'sl'ondclJ'·c. ~lr . Adullis will be 
IIvniluble for consultation. and arrange· 
nwnl s a rc IJot'ing' IIlatlt· hy nur Chi,'agn 
offi'·t·. 

Til H Gl'n era/ nadio EXI'IUClM EN1''';1( i ,~ II/uiled u ·j I.IWII I cllflrge cuc/' me)lll/i 

to ellgi " cer.~. scien tists, " ,('11,1 i cillllS. fwd 0 1 hers i,1 teres led i" COlli III u"i­
clllioll-jrecl'uwc'Y measurem ellt (IIul conlrol fJrolJlem .~. ' Fil e" selllJirlg 
re'I,u!s ls jor .~ ub.<;criptiolll'l UtHI oddn·ss.rlwflge IloI,ices, ,} Ie(fl~e supply lil e 
jolloll·jlli! iujor"u";OII: IHlm c. com/XIIIY, (It/dress. type oj blMilu~ss COUl/XIIIY 

i.~ e ll /{fl;!('d ill , //lId title or IJOl(i I it". oj j,uliuidu(Jf. 

GENERAL RADIO COMPANY 
275 MASSACHUSETTS AVENUE 

CAMBRtDCE 39 MASSACHUSETTS 
TELEPHONE : TROWBRIDGE 4400 

BRANCH ENGINEERING OFFICES 

M(W TOR' I. NEW TO.' 
.. WHT STUH 

TEl . WOUH 1- "11 

LOS nann 1I, CHIFO RN U 
1'" NORIH SEWARO SUEEI 

TEl. HOLlTWOOD Ill! 

CHICAGO i . IllII(O!S 
UI $GlrlH "ICHICU lHMUE ........... 

TEl. WUASH lU. 
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