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BRI DGE - CONTROLLED 
OSCillATOR 

BRIOGE - CONTROLLEO OS-
C III A TOR , Inn· jug part ir'u tar ad vall' 
tages in usc "itll lo\\.frcqllc rwy 'p,arI O'; 
cr ~ sials 31HI 10\\ .frl·qul· ... ·.' 1I1IrnHI -nillge 
tr lned c ircuilS. i ~ s lIOI\1I s,-Iwmati"all, in 
Figure 1. The tlin;!"rlllH inrli('atN' tlw ar · 

range me nt fur ii I'{' .... ith a .,}O· or lOO-kc till a rt :.e Cr )!'11i 1. \ .5i ngle ·stage 
high.gain tuned alllplifier is (ollo"c<l b~' a triod .. u"t'ti as a phai't:­
inl'crter. The illl cricr is connectcd 10 Ihe hridh'" input tcnninals: lhe 
bridge output terminals IIfC (;olll1ecl c (1 baek to Ill(' input nf the high­
ga in a mplifier .' 

Firs L, consi,I,-r II,,: , 'ol1,li lioll" for balall(,(' of til<' hridgr·: tlWi<e arc 
II I U2 = N.1 U 4 

nnd x. = O. 
\1 iJalam:c. the hri.lgc Olltput \'oltal,'C is ".ert> and th .. 1T~"'lal rca'-l mJt'C 

is 7.ero. indil'ating tha t Ihe er~sla l opera tes al C."llt' t ~·rie~-n: .. onlllll :eo 
Obviousl) no O!;(: illntion .. 1'011 1.1 he rnaintnined IInol"r 111<"8(' condition". 

Next. if tltt· rlltio arm H-I he gi\e n II ,a im' "f n 'l' i!'lant't' ,. Ii~htl~ le,,-' 
Ihall that of the arm 1( -2, tllen: .... ill be a 6111 1111 0 "11'"1 \olta;!.· from the 
hrid:.'C ill Ihe t·orrt.°,· 1 phase to mai ntain o;;o- ill a tio nll . 

·l'h .. ;, • • "1 .. ,.",,.11- ""'1,101 .. ,1 ,,,,~I ;fN. •• ~,,, "f " ..... ,.'"· ... ,,,11." ... I. , •• 1." ,~ • • I,h' .,1. , .... 1.0 
n, .. , •• ;,,,, ",'er • "or"',,, 10.,,<1 HI ("'1'''''''-;' ' ..... II"".~..;;,.I"I, ... ,I n .... ,I1., ... :· I. \. \I .... h.m. 1'" ... 
(,H,E .. \ ' n!. 26. , ... W • .... , "'.1M. ". 1~7M 

Fila '''_ l. S,·I ... ""'li ~· ,·ir ... ,il oIi;l g r ~ U1 ,,( Ihl' hri,I~" .... ) "lr"lIr,1 o;;cillalor. 
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GENERAL RADIO EXPERIMENTER 1 

Th is condi t ion is 1101 s laMe; II.e slight­
est c"a n~'e in bridge I,ulanre comlilions 
or in the f:ai n of Ihe amplifier "auld 
cuu&! the amplitude of osci llation to in­
I.: rcasc or llccreasc . If Ihe valuc of re­
sistance of the Mm H- I Lc milde 
dep. ndent on the voltage acr0e8 it , 
then staLlc amplitude conditions " ill 
he maintaincd. III Ihis case, the value 
of R-I must increase if the vol tage 
uerosa H-I increa!'<el!. If H-l is a lung­
s tell fi lament lamp thi!; eondi lion is 
real izublc. (I n ot her arrungc menlS of 
the bridgc, a resistam.;c whose " il ille 
decreases wit h increasing \"o\t.lgc Illay 
be necessu ry. In such case a carbon fila­
rnentlllmp could be IISCII.) 

With It 11 5-\'oh 6-W8U tungslcn fil u­
rnent lamp operatcd at 0.6 LO 3.0 VOllii, 
n!sis lances fro lll abou t 300 to 600 ohms 
"ill be obtaincd. III the region of L.O 
volt the resistance is ncar 1100 oh ms. 
Thcrefore, if l la = U4 and if a voltage 
of approximatel) 2.0 volts is impressed 
on the bridge inpu t t,errnilla ls, a resist­
o.llce balance will be rellcbed_ 

As an oscilla tor, assu ming first that 
the amplifier is tuned for zero phase­
shift, the S) 6 1(~ m " 'ill operate so that the 
lamp res.is tancc is ntll q llite equal to H-2. 
The equilihrium valuc will be such that 
tlte 10&8 from the illplllterminals t hroug lJ 
the bridge to tlte output terminals isex­
Betly equ al to tbe gai n from the bridge 
output tcrminals through the amplifier 
to the hridge input termina ls. J t is e \'i­
deut Ihat \'er)' slight changes in the 
100I11p resis lluu,"f' "ill very grea tly ulTect 
the magnitude of tbe bridge output. A 
change in ga in of t he amplifier is then 
immedio. te l) t'olll l:ICnsated for b) a '-ery 
s light cltanb<e in lamp resis tance, which, 
ill turn, is prodlll:ed by an ina ppreciable 
change in Ihe \'olta ~'tl across the bridge 
illput terminal ... , or the le ,-ci of operation 
of t he oscillator. 

The i1ulll' ·controlied hridge is there­
fore a form of aut omatic te\cl (or ·'vol· 
lillie") control. In coutrast 10 the us ual 
for ms of j\ . V.c. circuits it has Sf! \ eral i ll _ 
teres ting and important properties. It 
hus in finit e I;ut-off_ at balancc. w ltCIl!1IS 

J\ . V.e. ciff!uilS hale 1l!!'lrit: led range". 
Also. s ince tht: lamp resistancc cannot 
t·ho.nge lIl a t ~ rio.lI )' over the time of oue 
cyd c o( the oscillation frC(IUency. the 
la ill p-control led bridb'C inlrodtH:;es no 
dis tortion or phasc-shift as regulation 
takes placl" with t he cousequCll1 alt t' ra_ 
tions of the frC(IUency of osci llation .' 

With conditions outlined aoove. lite 
am plitude I>crformance o f the o;;d llator 
enn lie ca lculated t:ompletcly since the 
system isenti rc1y lincur. Wi th the hrid ge 
nca r balance , and with Ra = R, - 3000 
ohms (whicb "ould represent operation 
with a pnrtil"1I1 ar 50·kc plated (Iuartz 
har). the ne t load Oil elld. ha lf of Ihe 
phasc -ul\'erter \\ ould be sligbtly less 
than 400 ohms. The gai n of the phase ­
inn' rter is; 

A = Eou~= . 2~ 
E", r p/U + ~ + 2 

where It is the Ile t resis l aoec of each ha ir 
of the brid ge loa d. The intern al resist­
ance of t ill' phasc.ill vertcr stage is: 

" U 0 = --::;-'-:-; 
JJi 2 + 

With a Lube such as tbe 6J5- G, ~ - 20, 
rp _ 7600 ohms and "e fi nd A ~ 0.92, 
Ro - 690 ohms_ 

If "e have nearl y 2.0 volts acrOilS the 
bridge input terminals ( 10 bring the 
bridge ncar balance), the input ,'oitage 
to the phase·in\'er t,l'f st age wiU be 2 ..;.-
0.92 = 2.li ,·olts. If lite gain of the 
tuned amplifier is ,100 ("hich ea n ea"il )' 
be reali:rell), then Ihe input ,'oltab'C 
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wou ld IJe 2. 17/ 100 = 0.0055 volls. This 
vol tage is olnuincu from the brid ge out· 
put whe n the lump resistaLlce is a pprox­
imate!) one lief cen t 100, cr tlUIll the re­
sis tance of the fixed ra t io arm, or 396.0 
ohms. Each half of t llc bridge, consis ting 
of 3000 ohms ill paralle l wi th 400 oh ms. 
presen ts a load of 355 ohms to each half 
of the phase-in\-crtcr , or a total load of 
710 ohms. With the internal resis tancc 
of the pha~: - iJlvcrter. il l» a t 690 ohms. 
It very good power ma lch is ob tained 
fro lll the in ve rter to the bridge. 

The condi t ions outl ined 80 far call be 
reprcsell l l~d in a ,-ector diagram as shown 
in Figure 2. To avoid confusion, the 
\·oltagcs across the uPIl,c r a nd lowe r 
bridge arms, and the brid ge out put vol t· 
ub'C, are shown 0 11 separa te lines. 

If lIex t "c CQllsider tlla t the am pl ifier 
pha..."C .shift is not :.r.cro, thcll the crys lal 
phase.angle mlls t aS8l1m~ such a va lue 
luat tbe phuse-shi ft through the bridge 
is c(lu al and opposite 10 the phase-shift 
ill the ampl ifier . or thc t0 1U1 pl-asc-shift. 
around the eiltire loop is zero. These con­
ditions arc ou tlined in thc diagrum of 
Fi gure 3. 

From the diagrum . e \'CLl though it is 
not to scule. it j ,:; e \' idcnt that a given 
amplifier phase ·shih is compensa ted by 
I he bridge with thc crys tl1 1 phase_shift 
much smaller than tli llt of th~ bridge. 
Sincc the crystal phase-sh ih is brou gh t 
about by a change in operating (rc ­
qucue),. tbe small value of phase-shift 
Illeans a correspondingly sll1l1l1 cha llge in 
freque uey. 

finall y, in practice, \Ie retluire a 
means uf adjus ting the operat in g (re· 
(lueIlc)" o \'er a small r.1uge lIrOlllld the 
Irue crystal series·resonant (rc<Juency. 
This is accollipl ished by placin g 11 series ­
tuned L·C l.'ircuil in series wit h the 
crys tal. \Vhen Ihi;; cirCllit is tU l1cd so 
that its reac tanec is zero 11.1 the c rystal 
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Freur,,:: 2. VeelQr Ji1l~ra lll for ol ,er1ltiQtl "i , i> 
'l:efO I'huMl-sb rft in PIU I,ldicr. 

frequency, and the amlJlifier is adjusted 
IJY lest for ?.ero phase-shifl, Ihe lL t he oper· 
a liu g Crc<luency is lire ;;eries -resolLaul 
frequc ncy of the crystal. U the capaci­
tance of the tuncd circuit is madc larger 
Iha ll the resonant value, Ihe opera t ing 
freq ucncy is redll("cd ; if sll11lller, it is in­
creased. 

-------+------
I e.. ,.l' 

., 
I t ),\.~:'.If.~{:'. 

r. 

FrCUHf. 3. Vec tor .li1lgr .. m for ol'cn.riun .. ith 
:Ul1l.1ifo cr I'h :lse-~h i ft (."(ILI81 anJ " 1'1,rn;ite 10 

hridge phaiHl -ahifr. 

These conditious are shown in J~ig llre 

4, where the flet. react tlllCC of Ihe series 
Ililled L·C circllit is X LC and Ihe IIel re­
aetancc oC the .;rys l:11 is X c. 

In actual operation, the resis tance of 
Ihe crystal is ge nerall y unknown, so that 

FiCUlU:: 4. Vector Jiagr .. ", for operation ,,'ill , 
reactance 1ldded in i!Crie~ with l toe crys tal. 
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GENERAl RADIO EXPERIMENTER 

the at.ljust un:nt uf H I IQ e1 1ll al U. ca nnot 
ltr made ill Ilthlll\('e. COnSC(luen tly, it is 
COII\cllienl 10 UI'f'rale Ihe lI}stem &0 Ihal 
eol = t'!. \> hie!. ("11/1 he dwd..cd expe ri­
mentall}. adjlll!ling H I to ob lain Ihig 
condition. Sill{:c the rt!"iSla nces of the 
nrllls H·3 aud H· I arc !!UhSIIUltially 
bigher than Ihose of the ratio arms 1(·1 
aud 1{.2, oolllOilleraLlt· lulilude in 11M' 
value .. uf H·3 IIl1d 1l·1 is I~ihlc ,. ithoul 
s ubstanliull ) altering thc \ohab'e lie· 
\eloped across Ihe nllio arms. CoU5e­

<iuendy, .II rudillle utllrY vacuu lII · lube 
'olt ult"ter can be built into the system 
imliclltiJlg the \ohugc at the grid Ilf Ihe 
phase.il1\ertcr. Such a \ohmc lcr is also 
necessary to imliclI.te \\hen oscilln tious 
lake place. Sincc the system is lilH:ar, 
plate . or grid·currellt Illl'tc rs nrc of no 
• allle for lIlis purposc . A particular read· 
ing uf this vol l rueter thcn eorrcsllOnds 10 

the (·oudit iou that t'l = ("2. \Vh a tc \cr the 
value of the er)'lila\ resistance H-4, 
within reasonable Iimiti! for !'imilar 
rr}slals . [(·3 is aliju"led to obtain the 
proper reading of the \ol tmctcr.~ When 
thi .. is done . tht: ,alLle of H-3 exceeds the 
\ alue of H·I' b} a \ ur) &mnlllllllount. the 
amount king in\cr:.cl) ( I er~ nde nl on 
the gui n of the amplifi,·r. 

0 1.lCratiou b~ this me thOtI opens lip 
tLtc possihilily o f measuring tlw char-
1H" leris ties of tile er) slul. Frolll thc ab(" e. 
the value of It·:' slightly cxceeds the re­

,,,. '" , I", T " ... 67$. ' · on.1 _·U 1'; .... ·1'10.:-,,;., o..,il· 
I ... ,.. •. 

ON 
THE EFFECT 
ELECTRICAl 

• AS SUMMER APPROACHES , 
\\e prepllrl' for the usual t·rop of corn. 
plain~ thn t {'ome ill regard in g the cr· 
ratic beha\ ior of electrica l IIlcllsurillg 
equipment. partic ularl ) precISIOn illl­
l-.edam.:e bridb'e"'. Tllc \ uriou .. s toriCIi con· 

·W*",.n,.d 1._ d .. "" .... " 1913. , ....... 1 .... '".,_,-, .. 

~iS l ance of the cr~ slltl plus Ihe n·"is t3Ut'i" 
of the induClor. For cOlllpurati\e pur · 
poses these need not he sc puralf·ll. 

To de lcrlliine tlw I:r) slal rt'llc tanu.· , 
\\1: adjust the L-C circuit 10 inlrOllut'i" 
kno\\!l \alues uf rt:llctam·c \..·L ami 
X·Z. The n : 

X l + Xc = 0 = X l + 2~ IXO 
X 2 + X c = 0 = X~ + 2~1Xa 

\\here ~ I alii! ~2 arc the rt!sult illg fre· 
quency devia tiollil und Xo i" the rc;.unallt 
reactancc of the t rys tal . Thcli 

V " X 1 - X I 
' \ 0 = ---

2 (~z - ~I) 

Using til is method. tile resi"t llllcc of II 

pllrticlilar type of 50·kc (IUllrtz hur lIas 
2700 ob ms, it s rf'sonanl reac tancc was 
228 X 106 ohms. The "Q'. of III/' IJIII' • 

Xo R, wail 8'1.500. 
The Illet hod is I'ery useful in "Olllpar · 

ing the l:;crforlllanee of hars in prOllm· . 
lion. The resonant reaetall(,'C", of sueh 
bars are all the Slime . since the reactam:c 
de pends on the cut and ,Iimen,.ions . The 
c ffecti\'e resislu lU .. 'e of the hars is alw de· 
termined by Ihe cu t and dimens ions, bUI 
ill midil;(m de l>enlls upOn lIlall) othl:r 
factors such as the I) pI! lind oon{lition uf 
the mountin g device. supersonic' radia· 
tion and re flec tions. Where identieal 
ban; are being pro(:e!;SCd. Ihci'C r llc;I(J1"'S 

can be t:Qntrollci! so that the o J,.,enc,1 
resistanccs are close ly the sa me. 

J. K. CI.,U'I' 

OF HUMIDITY 
MEASUREMENTS ' 

/Iict. Some times the t,rill g'· ,d: llIs tu rC/HI 
high, sometimes 10\\ ; the lIala nl'C IIlU) 

(Irifl bad I) or s uddenl) jump In line" 
valuc; it 1II11} 5110\\ increu"illg errors 116 
thc frequency is IO" erc(1. Or tlu: balalllt~ 
may shift \\ith applied \oltage. I\t fir .. t 
glanl"e it seeUls lhat there lUus t he as 
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ma uy ca use .. as kinlls o f ,' rro.-. \ ct ually, 
there is jus t one (:al18(:, high r .. la ti\"c hu· 
milli t,.. 

lI igh rda til'c hUllliili t) a ITCI' ls ius ulll­
lion i,l hH) I,a } s . If tht: insula lion is 
porous_ mois ture I, ill he a hsuri)('(l intu 
Ihe vohull (; of the ma ter ial , \\ hile if 
mois ture \\ c ts the surracc, a t hi ll film 
of \\ a lcr;s forn lctl cOI"cring tiLe Ilho le 
s Li d ace . Wa ler llis lri ['u tCII throughuu t 
tl w in lerior o f an inSLL lalOL' pnl,iLw{'s 
int cr facial po larization wlr icli causes an 
increase in C1l Il 11eil llne,'. dissipa tioLl fac­
lor . and lolurne cOlrt!uc til·ity . The 
III11(HlUts o f these ;ucreases var} wilh the 
re lati ve hu m id ity and irr vcrsd y willl the 
frcque nc) .1 At 100% rChll iv\! humidi t) 
lIu t! a frefl llCllCY of 60 l'yc1cs, inerem;es liS 
mueh as 50(1'0 iu cupal'i I alice, o f u Illi 11.(111 -
fo ld in cond llc ti vity. a nd tip 10 (I dissipa­
tion factor of 1.0, are lill ite possi!'lc for 
such pOtouS Illalcriu ts liS fill cd and lami­
natcd the rnro-SC l tiug pillsti!'s, IU lIll Y 

Ihcr lllopillst ics and na lurnl fi be rs likc 
colton, '1 001, a nd s ilk. T hc ra te at \\ hid L 
a porous lIl a teriul a bsor bs \\ ut cr a nd the 
te llae i t~ wi th \\hidl it ho lds it dC I.M:ud 
grCIl t I Y U II the 1'f()!!.S sect iOIl of t he pures. 
Whe n Ihese ap proac h molecular di meu­
sions. as in s ilica gel , which is a sil iclite 
ha l jug microscopic pores Pl'OdUCCl1 by 
s uitublt hent tl'cat mcnt , t he ma lerial 
acts as II de;;iecan l, and the absorbed 
"a ter can be r..: rnovetl only by hen Ling 
aLo ve t.hc boil ing l)(lin t . ;\ l ica a nd somc 
ccrluuics ac t in th is ma nner. Onl y quartz 
a nd mm t glasscs, SOIllC stea ti tes, Iw ly­
Styrene, and a fe w o the r polymcrs a rc 
frce fro lll \'o lu lI1c absor ption autl the 
llecompa nyi ng tlc tcriora t ion of clielectric 
prope r t ics. 

The forma t ion of a surfa(·c fillll o f 

APRIL . 19 44 

which in tur lL is measurcd OJ' the con· 
tact a ngle be t Il ee ll the sur fnf'c (ifill a (Irop 
of wa tcr 011 the sur f;t L"C.~ 1\ l os t of the 
porous mat erials t hat show la rge l'ol· 
ullle absor ption also wet \'er y casily. A 
mieroS4.:opi(' roughlle:.s of the surface 
helps fil m for ma lion. Quart .:, glass, a nd 
stea tite also we t easi ly. Only wa}!:. 
1)()I}s tyre nc , li nd SOUle ot her polymcrs 
success fully pre\'c n t t he forlll atioll o f u 
conlinuuus 111 111 . The cOllll ilion of t he 
Burftl CC is also importan t. Dus t anrl par ­
ticularly acid IlC rs pinttion from han ­
tili ng grcatl y a id \\c lt ill g. Thc eOllll lle­
til' ity of even a th iu film is enormous. 
\J e rel)' brea t hing on the surface of :l 

good insulator li ke f)u art z ",i ll lo\\'er the 
insulUlion rcsist a llce Oct wce ll term inals 
spaocfl 31 illl'lr a parl from IIbove 
10 .\ 1 ~ 1 D LO below 1 M D. A fi lm so 
fo n ned \\ill va •• ish rapid ly if the s LU'fac."C 
is t:he lll icall ), clClln anu the rcla l ivc hu ­
mid it y low. On a lli r t)' sur face, uowe ver , 
the [i,lm persists autl Clln be. rcmoved only 
hy thorough clea ni ng or by he lltin g. 

Becu usc the re a rc 110 rigid s la ble in­
sll la t.ors which a rc unaffccted by mois­
ture, it is cus tomarr to impregna tc t he m 
or u t lens l10 coa t II.e ir SUrfllL'i!S Kilh one 
of t he W it ter- repc llen t Bubs lan('es sucb as 
W!l}!: , polys tyrc lic. or rue newe r silicoll 
resius. An ~· of thcse mat erials opcr:ltcs 
succc~s fll ll y on the lion-porous insu ­
la tors, sllch liS glass a nd Slea t i I,c, so long 
as perfect adhesion is Ulllin ta ined . Large 
changcs ill te m pe ra ture, par t icularl ) 
10\I'ur<l freezing. will produce cracking 
and r hippin g of tIre sur face mater ia l be­
caui5C of t he djlTcrc nccs in tempera t ure 
coe ffi cie nt S of li near e}!: pa nsion. 1111 ,1 lie­
causc 1I10St coa tings. thc 11'11)((,8 in 11l1f' 

ticll lar. "" co llie brittle a t the 101" :-'r 
wa ter 0 11 li n inSli la tor iSflc t(' r ll lintHI b} I he tempcrn t II res, 'Il }' mois ture fil III \\ hiuh 
case wi lh \I hi eh wa ler \\ clS the surfal:t! , 

' II . II. 1' ;<1.1 ... . . ,~.'''~,,~) c"""""".",-. Ar !) .. ·.,I. c..n· 
,I ........... .. C.o~f.1 n ~, L; ... I;, ....... "', •• ,"'. 1 .. 1 \" \"1 1. l".;.,". 
Or ••• I ~ I ~. 1'1,. 1.7. 

... ,,, ,I", .. '.11 .... ~,I .,,"; .. ~ of .n ~",o>n,,' ... !. """,.t m 
f~'''. I.fro .I,,,,," _,." .r .. ,, 10 D .",.11 '.-~"'r •• " .... I~. ,h~ 
••• ~ .,f C"" '.C' t ... " . "".It •• ,h." ,I, .. '""''''',,''' ",.,,,,,, 
"f ,I,. " .. ,p. 
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GE N ERAL RAD I O EXPE RI MENTER 6 

the n fonus oo t" ce n the iusulat ioll and lion. 1t will have, lio"ever, little effect 
Ule coa ling persists and can be removed 
ollly by compl(' le deaning of the surfaue 
or by heating. 

On porous ma t,erial8 a thin protecti ve 
,;oa tl ll :: is of 00 value IlCcause C\' CII lhe 
waxes are t.hemse lves some" hat porous. 
Such a coa ting llc(Teases the ra te at 
" 'hiel! mois ture pe netra tes to the in ner 
matcrial, but continued eX I}QSurc. to bigh 
relut ivc humidi t) II ill cventually result 
ill the same equilibrium cOllll ilions. Por 
reasonable success, wax coa tings must be 
heavy, the result of multiple dippinb'S ' 
and of the order of 0. 1 inch. 

In all Generll l Hadio instrumen lil 
great care has been taken to pro\' ide 
ade(lu3 Ie pnltect ion a~a i ns t high rela tive 
humidit y. ,\" solid dielectric condensers 
are hermetically sc:lled or heavily waxed. 
All high-valucd resis tors arc waxed 01: 

.. imilarl ) protected . All stea ti le insula _ 
tion is protec ted by a surface coa ting by 
the mall uracturer. Mica-filled phcnolic 
or polys tf renc iij used as insulation for 
mountin g all hi gh impellances. Wires 
ror cablcs are insula ted with rubber or a 
sYlithe tic, I, itll a lacqut.: red ide ntify ing 
braid. 'J11CSC prec3utiollS arc suffi cient to 

a llol' norlll ll l operat ion uudcr 90% tela­
til e humidity a t 90° F. of all instrulllents 
cx(;c pl the 0.1% impedance bridges. 1\0 

eve n more severt' tt's t occurs when, a t 
90% relat ive humidi ty, the temperature 
lluctmHes sufficiently to reach the (lew 
point ami call5C direc t mois ture con­
densat ion . Under these conditions the 
opera tion of an ins trumcnt may not 
mect ell talog specifica tions. If power is 
dissipa ted insille the instrument, the 
hea t generated lI'iU quickly evapora te 
t.he conducting mois ture fil ms. O ther­
\> isc some lime OIust e \;q>5C to nll o\>' 
II /Uura! eva poration. A 10·\\ a t I la mp or 
ollicr resist il'c loud mai ntained inside 
the ca~ will u5l1a ll> prevent condensa· 

o n moisture absorpt ion . 
The '!'\' t'E 7 l6· B Ca pacitance Brid ge 

is probably as grea tly affected by mois­
ture as any of our illSlflllllCIlIiI. All 
s tea ti te insula te,i terminals are wa .1( 
coated, the input transformer is wax­
sc aled, m il] the bridge wiring is open 
uus. Oul y t he T\'I' E 722 Precision Con­
denser. used on the capacilalh:e stand ard , 
is ufTected by mois ture, and that ouly in 
its die lectri c losses, 1I0 t. in its capaei. 
tan cc. Its 0 11'11 dissipation factor is de­
fined hy its fi gure of merit F = DC = 
0.0·" ,",,", f, corresponding to a dissipation 
factor of the s teati te s ta tor suppor t of 
O.OO·k At awut 60% rel a tive humidity. 
luois ture absorption through the wa.x 
coa ling on these hars causcs their dissi· 
pation fad or to risc. A le ll fold increasc 
at 90% relative h umidi ty mus t he ex­
pected. This will producc a neguti ve 
error ill tile direol n:adi.ug ordi ssipatioo 
{actor exactly equ al to the increase ill 
llissipatioll rac tor or the precision 0011 -

denscr. No error will ap(>e ar ill para llel 
substi tution measurements. 

Another dielectric loss occurs in 
nluminluu .pl ale air eondenscrs under 
high Immidi ty cond itions from the abo 
sorpt ion of moisture lty the aiumill tl lll 
oxide 011 the surface of all the plates. In 
its dry s ta te a1U lllinUIJI oxide has a SIIl ll l1 

dissipation factor and imparts to the 
whole condcnser a ll issipa tion factor of 
Dilly 0.000000 1, sinee its contribu tion is 
proportional to tbe ra t io of the thickness 
of '-he oxide fil m . awu l 10 million t.hs or 
an inch, to the plat e splicing of 30 mils. 
When eX I)Qscd to mois ture ' the dissipn­
lion factor of t.he oxi de is an ex poneilijal 
fti lic tion of the relat ive humidity,S in ­
crensing u decade of dissiput ion fac tor 
for e \'ery 15% risc ill relat.i ve humid i!)' . 

' A. V. ""In. " ... . , .. ,. ,,( ~: n • • ,~ 1.00.." I ~ AI. c.p •• ; ' OlO 
. , Lt> .. F"".". nc<e.," } ""'Qrn '" H_rdo of .A. ",,,,j,,,,,J 
JJ~ff"" oj ""'nJ~r<I,. ' ·"t. 22. "'0. 6. J"o • . I9J9, .'p. 613-69~. 
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AI 90% the air cOII(IC II~ r has a dissipa­
t ion factor of abou t 0.01. Since the d.ie­
lect ric loss occurs 0 11 the surfaccs of all 
the pl a tes, lhe air .:orHlcnSCf behaves like 
u ,-aril,ble solid die lec tric t:ondcnse r, aud 
its dissipation factor (1~8 1101 canccl out 
elen in parallel suhs lilulion measure­
lIIellt.6. AIl hefore. lire e rror in Ihe bridge 
reading is ncga tin: . 

Boll. of these kinds of mois ture ahA 
sorp tion in stea tite a nd ill alu minulII 
o:\i uc nrc troublesome wllell the relative 
humidity s tays a t 60% throughout the 
day, since a t this Ic,-el on ly a ha lf day is 
rC(luireti to attai n equilibrium . 0\. re la­
ti ve humidi ty of 'W% causes no appre­
cia ble {,fror, and ('veil a risc to 600/0 fol. 
lowed by a drop huck to 40% withi n six 
hours "ill cause little trouble, The time 
needed to attai n elluilibriulU increa~s 

I; ith the rdati\ e humidit y and is a t least 
three days at 90o/c. 

Eve r) laboratory should be equiplJCd 
with some type of hygrorne lrr ill order 
lhal the possi bility of errors in brid b'C 
measurements may he anticipated. The 
ordinary hair hygrometer is very useful 
in spite of it-s large e rrors because it ill of 
the indica ting type. A wet aud dry bulb 
hygrome ter should be ava ilable as a 
check ullder ex l renw eOlldition~. Heg· 
ul ar readings tlf rehlli\'e hUlTlidity flilr ­
ing the sumlllcr months a re full y as illl _ 
por laot as arc those of lclH(:lCralure. for 
t he units being measurcd arc in lIl a ny 
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cases 1Il0re Liahle to be affeclell b ) high 
humidity th an Ihe Illcasuringe<luipllIenl 
itself. This facL indica L!' !! lh a l the brid ge 
re lldings of Ilissipu tiQII factor rna) tI I'pl' ar 
to be high or low dependcll t upon the 
relati \-e ra les al I; hieh Ihe \In(..;'OIIIl 

t..'OnllcrL"'Cr and Ihe standard conJcnscr 
in I he bridge c1U1nge I bei r dissipat ion fae· 
tors with IIl1l11illil )'. \\ ithout a h~b'1"O/ll ­

cler this situation ca llnot be delillitcly 
rccogni7.cd rXI'cJlI as I he rcading of di ssi­
pa lion factor l~colUes ridjeulousl), 1011 

or acwall y lIega li\'e. A certa ill ill,.13_ 
bilitr of brid ge IJitlam;c "ill 0PI>car at 
relative hUluidilics aoo\-e I>crhap" 700-(, 
lUi indicated b~ a morc or less s l('ad~ 

llri ft of bo lh ea paci lllu('''I! IUIlI di~ .. ipu­
lion factor b:l lancc l)Oints. 

Tllt!rc is little Ilm l can be dOl1e "illl 
.-xiSliog measurin g: ins trumcn lll 10 ... Iilll ­
inate Illis I) pc of error, !>hor t of air ("011-
ditioning. This should preferahl ) a ppl~ 

10 the enl ire room oollt aiuing meas1Iring 
equjpmcnt. Then tile un known ullit is 
meas •• red utHl"r s laudard llol){l il iolls. II 
is a lso possiLlc 10 ,I ry 0111 tile measuring 
ins trumenl by placing a desiccant, IHlch 
as silica gel. inside its case . II 0" cycr , 1 he 
amount of moislure IIhich ran ~ep 

th rough the join t!> ootl; cc n panel 0 1111 

('asc and around the conlrol "haft is 
amazin g. Unless unusual care is luke n, 
it will be lIeces"ar)" 10 renc" t he desie­
ca nl each "orking day whcncver Lhe 
rela ti ve hum;di l ~ is abole 70~ . 

- IloBEJIT r. FIEI_n 

SCHEDULED DELIV ERY DATES 
• MOST OF OUR CUSTOMERS 
"bo bave to deal (iir(,l.: ll), wi lh procure­
ment are familiar 1I ;lh the schcdnlill!; 
sys lem under I; hieh e lectronic lest 
equipment is now deli \-cn!ll. To our eu­
gineering custOIllCrs \\ ho5(' princi pal in ­
terest is ""hen do I g.- I il" rather llt;lu 11 
detrrileJ explauntiol1 of flda ys in dc li ,, -

cries, 5C\'eral " 'orrls 10 darify Ihe pre­
dica ment ' of CCII(!rlll Radio sc .. m 10 be 
in ordcr. 

Early ill the lia r il Leeame opparen l 
Ihal Ihere "oulll he SCH re "horlages of 
manpower (11111 material,. a l1d Ihnl les t 
instrllInCllt 1lI t1 l1u faC lu rf'rs. f;OQ llcr or 
InIN. \\ould de\clop Itl rge shortage lil'l ls. 
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Tho.: matcr iul!! shor tu ge "as IIII!' nOI only 
to a ~ ,'a rl'il ) of i'crwi n IHlsi(' raw UBI ' 
ter ill ls and Ihe ' le('('~"lIr~ 1l1llllj:IQwcr 10 
!,l"ocells the lli . bu llll,.o 10 1111 Cli'll gn'alt'r 
;;hortal-(O: of a ('olll:; iJ(' ral, ]c 1I11lllber of fin ­
i!'; llcd cOUl I'OI It' IIIS ,,\lii'h im;lnrll lc ull'on· 
Irae iors 1>1lrdlll$e from subcon l ru(' lors, 

>\t fir;; t IIIHUlIfuI;l uri'rs al tl ' lIll'l,CII In 

('!O lalllis l. lhe IlcliH'r) SC(IUCIlOC of orders 
frOIl1 the II rgl' II .,;) ",I a ll'lIIe u 18 o f Ihl' I;IIS­
iOlU{'r , TIl(' pri()ri I) I! ) stC lll &c I lip al the 
lA'gi nll ing: d id lIo t l'O'1'f tC;<1 CII"iplIlt' ut 
allIl sOll1e other Inols of produ(, l ion. 
OflC.n t ile ax le II hil'h s lluell k~'d Ihe Inud · 
1'101 got the most oil, si lil'(' Ihe IlHtnll fa c­
tuft' r hnll no insirle kuo\\ledge of the 
husi, ' \\llr 1,III.IIIIUr a ll ) in for ma l ion as III 
110" llll orrle r for a parllcllial' ins tnuncn l, 
fittl' il inlO Ille I'lir piclure. I t I)I'C3mC 
n(JI'eSSar) fO I" e lOSl' r SlIlwf \' isioll hr I ho.: 
gO \'(:fl llllelllal agcnl') II hid I IHl II IJeel1 
sct up to de l(,rTuinc tile pr ior i l ~ of orders 
for tl'S I efluipmcnl. Tlr is fWlf'tio ll is 
now admi niSlered by the \,"' ar PrQduc­
l ioll Boan l, in I'olla horatioll wi lh till' 

pr(l(.:urenH'J1l agt'nCil'!'. \I bich ,iccidcs the 
re hlli\c illl l"'orllll ll'(, of nnlers 1'1 11('1.111 U) 
the l\nIl} , Na,}. 'i\ l ari t lme Colllln is · 
sion. the. British, Il w;sia n and C hill!'S<' 
Gu\Crlllllc n ls. lin d all other bra llches of 
the L nilcil J\atio l1 !!, lIar 1·lTorl. 

Ffl (' sollie time the !>Cquc lUx o f s hill ' 
menl S to 1111';;(; age ucles ha;; IX'ell dcei(lcd 
~lc1y b~ Ihe tac t ical Ilrg.o.: ne~ of the lI'ar 
prohh"111 imoll ed. S .. h·,-U \ i~ions of ellcll 
agen..:) sc t th .. Il rg~ Il ('y of urders with in 
the age lt('}. 

\,\' hc n atl)fl lW plae('~ an Ol'd(' r for etel" 
t!"Onie te,. t C1luiplIl.,;n l i l is no\, f l'fl'lir"ll 
t hai \t'f) eOIllI'I~, t (· I'upportill/! in furma· 
li. lll Ill' supplit' ll 10 the \'\ J>U a.;; 10 t l1l' 

13I'tif'lIll1rgI'I1I:.' i ll IIn l(' r Ihal thl' proper 
dc l i \'t' r ~ ,wllN hl le nt H} Lo.: "s lnblisllt'd, 
T h is sdlf'dull! is I,a5('(llIl'oli 1\10 Ihin lF"; 

the pro.hwtiol1 t'lipaeit ) of the manll ' 

f111' 11i rcr (lIlrclld ) eX l'andNlto Ih,' lim it) 
allli the 1I1'g.e nc·) of tho: \\11 1" problcm 
il1 l'oll ("I. 

\fte r a ,Icli\er~ ilat e halO 111"' 11 ~,t L) 
W PB. the (· UI' IOllIe r au(111 1C suppl ie r a rc 
no tifiCI!' The order lhe n tllkes ils pl aee 
in the t1l unuflll; turcr s dcliHJry schcdule. 
Tire llI anufact m cr IIl 1lkes evcry elTort to 

Itleet IIII' .1c1i\cr y datc and hise fTM ls a re 
supple ment c'rl IJ) tllO~ or the ,hillY· 
Nll\'r Electronics Pr<)dll (: tio tl Agency, 
"lt ie ll is in dose louch "i lb f"llllllg('s in 
urgenc) a nd wi t h an) ShOt·lagc;, a nd 
bo t tle ll!'l:ks which rnay develop. All 
chlln ges in sc hcduled de li vc ries arc (,Oil· 
Iroller.! h} the \'CPU. a mi hccomc nc('es ­
sar) prineilMII ) fro m h H. ca llsc,;: 

(1 ) From rre 'lIlCIlI chan ges in the war 
1'1;111 . ti ll' urge ncy s tmul ing o f 
1l111n} or(/er5 ehang"('s fro m Ilay 
10 d a~. 

l2) Due 10 s hQr tnges of ra\\ mat cri a ls. 
fi lli ::; lted ('OI'Il)(l Ilt: lll s. allli m an· 
11Im ... r. t he manufac turer's pro · 
. luetio!! ~,.jle dtJlc 11I g~. 

When it bc('umes necessary for WPB 
10 ch3nge a dcl i\ cry rlau.:. the m anufae_ 
lu rer has no l)I' ior knoll letlgc uf t lral 
faf' l . nor an y illformlltiOiI 3'; to ti lt' rca· 
SOil fo r l he e hang;I'. I-Ie is requ ircil iI) law 

to fill all o rrICI'" in I he scfluelH:e Ilef' ided 
1I1)() 11 hr Ihe WPB s('itedll lt!s, Appeuls di · 
rec th 10 tl1l' m an ll f;lct urer to I"cslwme 
del i\'c r iCi! IU;I 'o rt'li ngl~ can nut I", arll' ll 
upo n, 

The presen t sdl('(lul ing S~,,1C 1ll al 
ti mcs result s in re pc lll l!d di .ea ppoint. 

nll' n LS to Iltlf j ·IIS I 0 Itllt r s. 115 "hole p llr · 
1}()5C. ho,,'cvcr, is to Sli ppl} Wil r tlt aterials 
"hen a lIt! "llerc the), lIn.' rno.;t urgc ntly 
neelled. This, afl er a ll , !;cCIIIS In be the 
hilSi/' ai m of Ilur prO(llictioll, 
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