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CONNECTION ER'RORS IN 
CAPACITANCE MEASUREMENTS 

• WHEN A CAPACITOR is connected 
into:J. circuit, somc type of connecting wires 
must be used. These wires will have capuc-

IN T HIS ISS U E itullccs to each athol' and to other parts of 
• .,010 

\' .... , .. c {)Y" .. UUD PRO'rr.<:-
TION"."", •. ", . • 

the circuit, wilh the result that the capaci­
tance aelually int roduccd illio tbe circuit 

M ..... ~. CU.l~IU'rrON ~1T1I 
Til" \'MUAC. 1\ is dilferellt from t.hat of the capacitor alone. 

Au roR T~'8 T .. o •• , , Even when one capacitOr' is substituted for 
:\1,*,1:"",,,,,, , , , , ,. 8 another, using exactly the 8:lInc I cad~, the 

'-_________ ...J capacitance of these connccliOIll; Illily be 
different in the two cases, particularly if t.he two capacitors ditTcr' in 
size and shape. Such connection errors, while negligible in m:llly CllSCS 

im'olving large capacit.'lIlces. become of impOItnllcc in the mC:ISUI"(!­
mont and intercom parisoll of small c.'lpncitanccs and or st~l!ldal'ds. 

How many diffcrcnt types Qf COllrlcctioll cnpacit:lllccS arc there and 
what al'e their magnitudes'! An actual exnmple will scl"Ye to illustrate 
them. Suppose that tll"O TYI'e 722 Prccis ion CondcnFlCrs nre to be con· 
nccted together, With their punels touch ing, their terminals are three 
inches apart. Let these ter­
minals be connected by two 
No. 16 bare copper wires 
spaeed ~ of an inch apart 
(standtud Gcneml Radio 
sp:lcing). The wire sbould 
be b:ue to eliminate both 
the extra capacit.'lllce intra-

Figur" 1. Th .. C>cc\Iracy 10 whi<;h lIIe 
calibration of a Type 722·0 Pr .. d.ion 
CondetKer (Ihown a l right) can be 
.pacified dapend. 10 (3 con.id.,rabl .. 
dagr., .. upon III .. ."ra.., di~ .... d in 

"'i, arlH;le, 
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Juced by the insulation, whose dielec· 
tric constant is greater than unity (3 
perhaps), and the added dielectric loss 
in this insulation. The wire should be 
of small diameter because its capaci· 
lance varies as the logarithm of the ratio 
of its diameter to some other length, 
spacing of the wires, or distance to 
ground. Precision condensers are two­
tenninal capacitors with olle tenninaJ 
connected to the panel and shield. One 
of the connecting wilocs is, therefore, 
connected to the pallet and to ground. 

There are three types of capacitance 
involved: capacitance between the two 
wires, capacitance between the high 
wire Ilnd the panel, nnd capacitance 
between the high wire and ground . The 
calcu lated values of these three capaci· 
tancesare 0.22 jJjl.f, 1.07 jl.jI.f, and 0.79 jJjl.f 
respectively. They nre, however, by no 
means addith'e. The grounded wire 
shields the panel so that part of the ca· 
pacitance to the panel is transferred to 
the grounded wire. Similarly , part of tbe 
capacitance to an infinite ground is 
transferred tQ the panel which is shield· 
ing it,. The Ilctua l lotal capacitance is 
1.I9 jl.jI.f. This is certainly not ncgligible 
when measurillgcapaeitanccsQf 1000 jl.jI.f 
or smaller. 

I L should then be sufficient, when con· 
nceti ng two capAciwrs in p8.mllel, to 
acid the tap3.('itance of t he added capac­
itor find the connecting wire!!. l lnfor· 

= , 

Cg 

---r 
h __ J. 

Cx 

, . 

fill"'". 3. The .Iroy copocilonc .. c. on<! c. produc. 
effort in Ihe m.o_.men! of !he .....,!mo .. n «>pocilOr C •• 

tunately, the latt.f'I·, as indicated nbove, 
is HOt. n consta nt for a given pair of wires. 
bu t depellds gretltiy upon the distance of 
thl>8e wires to all grounded pallels and 
hence ou till' size and shape of the added 
capacitor . lL is, thercfore, usuul in sub· 
!ltitution measurements to keep t he lead!! 
COllnected to the stallcill.rd cupaeitor 
with the unknowll in position and with 
its grounded tcnninal already con· 
nected. The high lead is in I)oailion and 
just not l<mchillg the high tel'mjnnl of 
the ullkuQ\\'u. Such a. dispoililioll of up ... 
paratus is shQWTJ in Figure 2. l'laving 
made a sufficient mcasurement, !Such a. .. 
balancing a bridge, fo r this condition, the 
unknown cnpacitOl' is COllllccted into 
circuit. and thl' S(.'Cond balance mllde. tn 
this mnnncr the effect. of the leads is 
I aken into aCt'ount, for this should be the 
SlHue in lxIth mC:l8I1remellts. It uppcars, 
hO\\'e"cl", that the c:lpncitance mCIlSUrt'd 

dcpends Upoll 1 h(' nl"igill!l.1 septlr.lti()l\ Qr 
the high lead lind the high tcrminal of 
the IInknO\nl. 

FI'IIurl 2. Th;, fin, wire connector. by "".OM of .. 1\ic:tI 
C ...... A of fi'llw. S "0. Obloined, is .... d in colib.olin'll 
011 pledtion(opocilon in .... r Ioborololle .. All oId.r type 
of ~ it. w..... Ieonin'll 0'110;"'1 tt.. copoc:iIor 
co ..... , ond prod ..... a I'Iuc:h 'II,.ol,r ... 0< Q. 01>0_ in 

eun. •• of fill"'"' S. 
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, 
Figure 3 iIlustmtes the various capn.Co­

itances which enter the problem. For 
the first measurement. the high lesd has A­

total cfipaci lance C. to ground nnd 11 

capacitalJce C. to the high tel'minal of 
the unknOl\"l1 capacitance C~, both of 
these capacitances corresponding to f\ 

certain scp!lrfl.tion h. The total capaci­
tHllce of the system is 

C+ C, + C,C" 
C. + C& 

The high lead is then brought. into 
Contact with tbo high terminal, making 
h.,., 0 and C. - co, The standard con· 
denser is then changed to a capacitance 
C' such that tbo total capacitance of the 
system is the same as before. The 
rhnngc in capacitance tJ.C of the 
standard capncitor is 

AC E C. + AC. - CA 

I C · . r C.C. " .. W lcro .. 18 written or C Ul,.'I;lluse .. + C& 
in genefal C, is vcry small compared to 
C., Other observations are then made for 
different distances of sel)''l.rnl ion h, and 
I he cnpacital1ce changes IlC plotted 
against II. as shown in ji'igurc 4. Jf in 
moving the high lelld over the distance 
h. the ground capacitance C, docs not 
change, i.e., :::.C, = 0, the plot of IlC 
against h will have a horizons I asymp­
tote, which is tbe true value of C~. Even 
under the most ravorable conditiona, 
there will be some change in this ground 
capacitance as the spacing h is changed . 
If the high lead is a fine wire and is kcpt 
a considcnlblcdistance from nil grounded 
~urfll(,c s, the chllnge ill C, will be :lPproX­
imalelr Il linear function of h. The plot 
of :::'C II ilIlhen have a slanting asymp­
tote whose intercept is the va.lue of C~. 
The finN the wire and the greater the 
distam.'c to ground, within Iimih', the 
more nearly horizontal is this asymp­
late. For It large wire IIcsr the grounded 

MA Y, 1941 ~ 

panels the change ill Ct is such that this 
plot of IlC has a maximum and changes 
by such a large amount lImt it is im­
possible to draw lUI asymptote. 

Observations made with a 'fyPl': 71 G-A· 
Capacitanoo Bridge (}II :\ Typ.~ 722-0 
Precision Condenser tire plot.ted in Fig­
ure 5. Curve II wn~ obt..'lined with the 
connector shown mounted 00 the bridge 
in Figure 2. The fine steel wire is kept as 
far from the grounded panels as possible 
and is raised by means of a. cam whicb is 
mounted on the triangular support. The 
slanting asympt.ote is well defined and 
gives a value or 9!J.l3 ~~r for the cnpaci­
tnnce of the unknown capacitor. Tbe 
CUf\'e hns this value for a separation h of 
U inch . H ence, wit.h this connector and a 
7.(-ineh separation, it should be possible 
to measure capacitance within ±O.Ot 
~jJf. Curve B wasobtflincd using the con­
nector which is shown leaning against 
the precision capacilor. Only the '-erti­
cal rod movC5, !lnd its capacitance to 
ground should cbange only slowly. The 
supporting bar is, however, wide enough 
to shield the rod tlncl cause the ground 

• 

• Fi"",. 01 . n..o.e&olly ..... "' .... "'.d capoci~ 0 ' an 
air copoeilo< plotted 01 a fvncI;an of th. <I\olal"l(e " 
thawn '" Fig" ... l hal .ilM . .. ItarizOl'tlol Of ... I .. "ling 

o'y"'plOl • . 

capucitnnce to chtlngo rapidly as the rod 
is raised. Hence nil mcasured values o[ 
IlC arc low, and 110 asymptote can be 
drl1wn . The pllnel of lhe preci~ion capac­
itor WltS next d~pr{'f<Se(1 5 inches and 

• Tilt """",D' .....del .. T .", 71ft-C dMeribed i.n II .. April 
;.. ..... 1 the 8"""'_1#< 
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figu •• S. 01ff ....... ' 'rPM OI"d o .. a"g.",~" of cOMee­
Ion produce differently .hoped plob of "'Ia,ured 
cOpoc:ilOll(e ago,,,,,' Ihe di'lanee h. Curve A, lak .... 
wi'" "'. fin. wire """,eel".. af figl/'. 2, I. Ihe only one 
of the four cu ....... wfooich hal Q w.U-d~llned olympia ' •• 

CUiVO C QbtaUwd. This shows [l great. 
impl"O,"cmcnt 0\'01" Curve 11, but the 
slanting asymptote ig not C:lt<Uy defined. 
'I'll(' critical separation II is 13{ inches. 
CUI'v{' D was obtained with No. 16 par­
,did "ir(>!:\ :it. the same height. from the 
pane] as thc hole in t he tcnnin:ll. There 
i ~ no PQs;;ibilit.v of dr-J\\'ing an nsymp .. 
lotf'. Ilnd Ill(' ('ritiefll i't'P111°u t iotl is only 
0 . 1 im'h 

' rile fin.' wir(' ('OIlIJ('('\or is now used fo]' 
all nCC11r:lle {'ap!I('it:IIl('C mC:l1<nrcm(,llt~ 

in the Gcneml lhdio lestint:!; labonllory, 
'fhe critical scp:mHlon (If 1.\ IHeh is 111-
\\'[lY:< ubtained hy adjustment of the 
h(,ight, of tbt' high tenninal alld the cam 
1 hell u~rI to make quick ('onnection or 
di f<conncction. ObllervlItiolli\ cun be I'e­

I)f'a.tf'd to 0,0 I PI,d. and to 0 ,02 ~~f even 
\\ hen til(> capacitors are removed and 
then l'Cft5.<;embled. Different, typcs of ca-

• 
!lueilors, bot h :;t:lIIda rd and unklJowII, 
can affect the V:.lJue of the cri lical sepa­
ml ion 00 t hn t 0.1 ~J.<f is a.t prescnt set:tR 
a. COtlSCl"vative error. 

Thcre a1'e, of course, nmny ways of 
conncctillg capacitors in pllnlliel so that 
their cUpHcitanct>s lldd with only :;light, 
rrror, Tn}: 509 Condensers lIrc bui lt to 
be shlcked onc on top of :Ulother. P lugs 
projecting downward from the tel'minals 
fit iuto t he jack tops of the terminilis be­
low, The plugs add a capacitance of 
abouL 0.5 ~pr. The error from stacking 
in t his way is leSlS t ha n om ppf. 

When the power factol' of a capacitor 
as well as it", capacitance is to be mea s­
ured, ex tra care must be Illken to keep 
the contact resist..ancc of the cOlilleetiolls 
loll'. The equivt\]cnt scl'ies rcsistnn('c of II. 
ea pncitor varies illvcrsely both as t he 
(,lIpadtftllc(' ::Ind as the fl'cqllcJll'Y. E ven 
II t a f requeue,\' of I kilocycle the n.>­
sistancc of a I pf ca paci lor of 1)01I'('f fne­
tor 0.0005 iE; only 0,08 obm, T he use of 
plugs and jacks under tlrese cirmlll­
slnnecs i ~ Ilu('stioll:lblC', 

In t he mOf"t pr(l('i8C work the eaplI('­
ItOI' i.'\ prm'idcr! \li th a third terminal 
('onnN:ted to guard electrodes OJ' 10 

the shield from wh ich the ma in Lt'!'­
minalli of t he cn pacitot' IIrc noll' in­
su lated, and the bridge is pl'O\'idcd 
wit h a guard circuit to \\'h1eh the 
extra te t'minal is COlmc(' tOO. By these 
devices the connection cllpacitnllces 
aod tbeit' pO\\'cr factors ore removed 
from t he direct mCaf;lll'ement. 

- ROll £HT F . F IEt.1) 

VARIAC OVERL OAD PROTECTION 
The pl'ohlrm of ov{'rioad prot{'ction 

for \ ':l1'i:lt, aut() tl':ms fo nners i:i gl't'atly 
t'omplicntNl by c('rtaln inhtrcnt. (and 
df'sira.ble) \'Mine characteristics. These 
HI"(' tbe ability of \~flria('" safely to 

\\' ithstand comp.tlr3tivf'ly heavy o\'er­
Imlding for .:5horl \>cliod s (!Ii> in motor' 
i;t!l.J'iing 01' lamp circuit inru~h) :\nd 
the variation of copper 105$ \\' ith b1'U:sh 
position which permit s a substan lial 
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• 
increase ;n allowtlblc loat! currents :11, 
ur Ill'flr, zero or line \'olhtge settinb'S. 

Rhortr-Ierm ovcrlo:.ld i! arc ]>cmlissiblc 
OOClIlI8C of the thermal inertia inhcl'l'llt 
in Vndllcs, liS in any device hinting 
:lPPI'ft'il!.blc rna Ilnd good thermal con· 
dudi\'ity . The ex~ heat released in 
the o\'erload 1>Cliocl i1'i quickly dig.­
Iribllte<1 throughout t.he structu re aBd 
ft.bsol"bcd so tlmt cxccs.~i\·c tempem­
lures will not be r~:lchcd in a sllort 
lime. This iii a !nOlit importalit COII­

ftidemlion for the user MI it meaus that. 
his \ 'anae rating ncro not be increasro 
in order to handle st:trting or surge 
conditions normally cn('ouIlICI'ed. 

Ob"io1l8Iy, til{' Uf\(' of n protective 
devi("{' incapable of p:ll!8ing 811fe short­
term o\'crlood:; would unduly limit Ih{' 
lIt;CfulllCSS of tl \ 'minc. This, theil , 
precludes the uS(' of fu~ (even 'Islol\"_ 
blow" types) if the fllllC8i usc of 111(.' 
Variac i.., to he rctIlized , IU1(1 ca ll!:; for 
t he lime-curr(>nt intcgr1lting ty pc uf 
prolerlor whkh uutom:iticlllly nllO\\'1\ 
~horl-lerm OV(>fI~,ds with in the :<afc 
limits of ' "limw uperutioll , 

The variation in aUuwublc load cur­
relll J>08f.'S a still more difficult prob­
lem, and one foJ' which we hll\'C 110 ~It,.. 

isfactory univcrsal sol ulion, If hill 
adv:mtage is to be takell of the mu"imum 
a.lIowable load cUrl'eni, Ihe protective 
device canllot be expected to functi "l1 

MAY, 1."7 

where the ftUoWAblc current curve drup!:; 
to it minilllum, lI ere, Ihell, 18 11 ('011-

dilion th:lt t'tdls for the exel'ci8(' uf 
judgment 011 till,' purl uf the USCI', \IIlt'), 
i)eillg familiar with the requiretlwlI\:l to 
be met undt,,, hi:! 8('rvice t'Oll(litiOIl!<, 
can best decide whcther to prO\'idc 
maximum J)1'Utcctioli lIt the 8:lcri fi{.'C of 
increased current dm w for soille :;cUings, 
or 10 SJlcrificl' ~ol11e protection in the 
interest of heing able to obtnin ma;\.i­
mum current. 

Rc\"cJ'81 protect ive devices or the 
necc&-'I8.ry time-<'ur~llt lyIX! flrC COIU­

merci8 11~' available. Of these, the 
mugnetie-trip df'IHyro-action circuit 
breflkcr. made by the i-I eincmann Cir­
cuit Bl'Cl.tkcr Co., Trenton , No\\ Jeri!C.\' , 
8('('ms most Crlicicllt nud reliable, 

~inc(\ the ' "It!'>t Illnjority of \'nri:tc 
U~'~ do 1I0t emph):'o' prote<'tin' r\rvitcs, 
t il(> ('lif(>('t il1t'O!'IX,ralioll of :\ pl'(ltre­
tive devlt'C into ' "ariH<'S ~m8 uncto-
1I00nicn l in v ie\\ tlf Ihe ilH'I'C:lsed toot 
thni wou ld rcsult. 

lI einemann Break('r :-\0, OIIITS i,; 
rceommelidNI for nil present ptoom'tloll 
r :u;:U'f', and mn," 1)(> obtaint.'<i ill all 
\':lhll'8 of either ruled or maximUIn cur-
1'1'111. OVe.I' the r:lIlg<' l'('{Juircd, :\ !a;\.imum 
prolection to the Vnl'inc will be pro­
viLled by conllection of tltis breukcr in 
!'Cries \\ iUI the bmsh Icnd. 

GILBEH'l' l""~HU:' 

METER CALIBRATION WITH THE VARIAC 
Olle of the muny UlK'S of the \"llritl.\' 

is in supplying cnlibfltting voltages and 
currl'nt:; for elcctricnl indicating in­
btrunll"lllS such lUI voltmetef:>, am­
meters, find wattmeters, The :1(.'('01\1-
I1IHlying diagram:! :!holl a. circuit for a -e 

~ illsll'umcutcAlibraliollllsed by 1-'rofes."01' 
R , ;\1. :\1nn;ball of Purdue University. 

The circuit of Figure 1 is u!:iC'..1 for 
current cali brntions, The source is It 
OO-cycit' gtlllCJ'8l0r, although, if of'fli­
nar.\' line \'oltage va rilltions Ci!.11 be toler­
a ted, ordinary fl-(' lin('s C.!l n be used, 
Variat' Xn, 1 i:! used to adjust the 
Cllrrcnt tu gin' f1l11-scale rcadiog on 
the in!'>tl'umCllt tu be calibrated, which 
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is connected between the ± tcrmiu[l\ 
and the tcnnillal most nearly represent­
iug the full--scnle value. With Vnrines 
No. 2 and No. 3 set at maximum, 
No.1 is udjustcd until the instrument 
reads full scll ie or slightly beyond. Zero 
deflection then con-esponds to tho zero 
r-ettings of No. 2 and No.3. The ful1 
runge of Variac No.2 then covers the 
range of the instrument frem zero to 
full scale. Variac No. 3 changes the 
current. l/20th as fast as No.2. The 
range and precision of control in tenns 
of fuJl.·scale deflection are thus the 
same, regardless of the instrumen t 
impednnces. 

Two curreut tmnsfol"mers nre used 
so that !l11 tests can be made in temlS 
of a 5-tlmpcl"c st.'lndard instrument. 
Each current trnnsfonnc.r has sevcnli 
mnges. The standard instrument cn n 
be conn(:ct<.-O to olle of the instnnnent 
transformers or directly in series with 
the meter under cnlibrn liOIl . The tmns­
formers must be shorted as shown, if 

" • " o , 

'" ~nll 
'UHS'O~ "'U 

30' UANS'C"ME" 
' .... UT. 0 " 20v .0-13. 
OU' ''UT 0-<1 V ,0·100. 

EJ~' . ' 
• o .. " 

o 

Fill"'. 2. C;"Cl/it for potential ~alib.atian •. 

they tire not connccted to the standard 
instrument The SCI'CIl resistors are used 
to stabilize the circuit and to bring t he 
current more 11C'J.rly il1to phase with the 
line voltllge. This nrrallgemenL gives 
upproximatc1y 100% I>ower factor for '" 
\\'nltmeter tests. 

The potential circui t of Figure 2 
opcratCB in a similnl" munner. The two 
tcnninals pl"Ovidcd ltlkc care of nil 
instruments rMcd up to 150 volt.s. F'or 
higher voltages nn nJditio rm l trons­
fonner can be inserted Ilt the I>oints 
where links are shown. The standard 
instrument is COll nccted in parallel with 
the instrument under test. 

A grounded conncction betwccn the 
current und potential circuits is provided 
118 shown in Figure 2. When n. wuttmeter 
is being tested, the potential terminal 
leading to t he mult iplier should be 
connected to lhe l5()..volt terminal 
rather than to the + termina l, in order 
to 8\'oid a high potentia l betwccn the 
wllltmeter coils . 

fill ..... 1. Circuit for cur.ent ~alib.atlom. 

• 
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ASK FOR THIS TAG 
BEFORE RETURNING EQUIPMENT FOR REPAIR 

Instruments nre often l"Clurnoo to 
tiS wiLh purchftSC ordel's specifying 
" Repair." We then thoroughly recondi­
tion tho insLl'umcnts find recnJibrnlc 
them to the same Inoor'.J.lory testing 
specificstions thnt lire used ror newty 
manufactured equipment. Occ3sionally, 
after receiving the repaired instrument, 
the customer will rel>ort that lhe in­
stmmcot still exhibits Ole same erl".ltic 
f!lUlL or illtenuit.tent operating defect. 
tim! OCCl\8ioned t he original return, Ilnd 
it is ncccs&Iry to scnd the equipment 
bnck n second time. 

To p l'C\'(,IlL this, we h!l.ve boon spclld· 
illg a grooter th.'Ul nonna l time in test­
ing I'cpaired infitrumcnts. Only in this 
way can we be slire of catching dcJect.s 
that would not occur in Ilew instruments. 
Such n procoouJ"C, 38 records show, in­
evitably lllcrenses rC:p!lir CO::lts, :lI1d 
the chnrges billed 1.0 the customer tHe 
often as much as 10% grC:ltcr th:m 
normal. i'.luch time and money Cll/I 

• 

ubviou:;ly be SllVed if we know when 
thc instrument is retu"ned exactly 
wlml. is wrong with it. 

COIl8(.'qucntly, we nre now requesting 
lhnt our new rcturned-rn:lteriaJ tllg be 
athtchcd to all returned instruments. 
Before return ing equipmcnt to us, please 
write fur this tug. which gives sh ipping 
ins tmctions and has spnce for describ­
ing the conditions that need correction. 
There will be 3. d(>\ay in handling re­
t nmed equipmenl. unless this t~~g is 
:lUnched. Material ,·C'tu rucd for credit 
or l'eplacl'mcnt c:umot be IIceepted UIl­
less lI'e :Iuthorizc it. by ii'l.':lling t1 r('turned­
lJlateria.1 l.'\g. 

Please coopemle wit h us in speeding 
up tohe h:Uldling of returned equipment 
by using t his tag. The tYI)e numbers and 
serial numbers of the instruments to be 
returned should be spe<:ified when you 
request the returned-material lag from 
our Sc,'vice Dcp.'lrtmcllt. 

- I I. II. DAW~S 

RETURNED MATERIAL TAG N9 252 
Returned by 

Addreh 

TyI'4'J No. ". 

DelCri~ d ifficulty 

Sr:rilll No. 

Returned ror ilecond iliol1 illg 0 
Returlled ror Cr~dit 0 

o 

DelC. 

Purcbase Order 

ImjWf'laPlI: Plea~ rollow ibipping 
instruction. on reverse . ide 

SERVICE OEF>ARTMENT ,.,h ,., .~ ....... 

GENERAL RAOIO COMPANY, 278 MASSACHUSETTS AVE .. CA MBRIDGE. MASS. 
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GE N U ... L .... 0 10 EX P E.IMENH. • 
MISCELLANY 

'1' 111'; .\ HT I(,LE 011 "Colluectioll 
Errors" hy H. F. Ficld is repri nted with 
millor chang('~ from the .J ~lIIutlry, 1()38, 
issue of lhf' Kq)crilllJ'lIil'J'. It has be£-rr 
out of print for I:!Cvefftl .ye:u~, tu rd we 
hllVl' hrHllatl'ly a eon:;idemhle dClllllt1U 
fur il. ThiH arlitl f' is still limely , pe r· 
haps mor'C:,o IIOW thftll when ol'igimrlly 
Imbli.;hl'd . 
• Thl' T\ I'E: i22 Prl'{'i.:;ion ('ondCllsN is 

til(' U('('cptNI st.:l11dnrd uf t'npacit:1ll('c 
for the melio flnd elettronic industries. 
To realize fully it" illhcrent !\ccurocy, 
the rHcchaniMII of conncclion is impor­
t:lIlt. The IILclllod rec(lIu nlcnded here hM:! 
hcc lL 11111'(1 in I he SlandlH-di zing Lilbont­
tory at t hl' ( ;l'lwml H:ulio ('om prwy 
for a IIl1mlK'r of ,Y(':)rl-!. 

Two uthN :u'ticlc:-; of impOrlaHl'C to 
thlJ,..(' ilrh:f'('"tf'(l ul ctlpacit:1nce measure· 
1111'111 !lnd ... tand:II'(lization will 00 pub­
Ii.::lwd ill IIII' !l{,XI few mOl1th:-o. Oil(' of 
the~' l,iJI ('\IIlt'('r1i til(' aCCtlnlc .... of t h(' 
'1'\ 1'," iZ2 PI'('cisioll ('llndcliser, a nd t he 

o thl'r will d iscu,;.'1 t he proj£>ctNi dl3nge 
from t h{' currell t internlltiollul \'ti ltle,. 
of elect rieul units to t he n('\\ ;lb~lute 

\·aliles. 
TECHN I CAL PAPI~UN " Th(' 

Io;vuluat ion and ('ontrol of NoitiC," hy 
IVlm C, EaS\'OIl , !\t t he AIlI IIIIlI :O;a fl'ty 
Convention of t il<' (;r('lltt'I' f\f"W York 
Rafety Council, i\ 1:t r('h 2i ; "~ 1 1':l:<1I1'f'­

ment find Analysis of Sound nnd \' ibm­
lion," by William H, Raylor. :It t he Aplil 
S m{'('1 ing of the Cen tl'll l I nd illnil S<-ction, 
lnstrnmc.n t Socicty of Amerie:!., lit In­
d itl nnpoli5; ';Designofnn F-l\ I l\ l on il or," 
by ('h:I.I·lcs A. nldy, at the C'hict\go I. H. 
l~, CU!l fel't'IIl'c, Apl'il Ifl ; " Het'ent, De­
v('\opmentsin InstI'lUllcntatiOlI," by IV!HI 
G. EtistOIl , a t t he April 2 1 meeti ng o f I he 
i\ I('aSlitemcllts N>f'lioll of IIU' ,\ . I. E.E., 
Phil:ldelphia; "('ur'rell t-T ime CUf\'CS in 
Insu lution He~istml('C ~ I eastlremcnt," 

by Hol>cl't F. Field , at t he NOrlheuJ'itel'll 
lJi.stril'l l\ lect ing, ,\ . I.K E., W()rcestcr. 
i\ 1:lS. .... 'l('[lIIsett :.., April n. 

TilE Gen era l Iladio EXPf:RIM ElVTEIt is. mailed u:itll out charge eacll 

mouLlI to en gin eers, scien tists. t.ecllllicians, fHld o thers in terested ill 

comlllu llicll lion-frequ ency m ellSilrem ent ond control proble lus. Iflil en 

selldillg requests Jor su bscriptions and oddress -clum ge notices, please 

supply th e folloteing infor mation: name, company (lddress, r.ype of b usi­

'l ellS company is engaged in, and r.ide or position of illdi vidlwt. 

GENERAl RADIO COMPANY 
27 5 MA SSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACH USETTS 

II( W 'O U I . NEW 'O U 
.. WEST ST U n 

Hl.-WO I 'H '·IIB 

TElEPHONE: TROWBRtDGE H IIII 

BRANCH ENGINEER ING OffiCES 
l OS AN&E LES lI. CAL H O.ll t A 
lSi NOIlH HI &HL AH D H UH 

Tn . _ HO ll YWOOD Ul l 

CH I CUO ~ , IlllNOU 
121 sonH MICHIU M H EN UE 

Tn .- WAUS H 3UI 

"';'" 
" ' " 
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