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RAC'" OF NEIl' OK" 
C ITI TF.I. P.I'UUNF. 
Tlln.; S"II\'IC.:. 6 

A GUARD CIRCUIT FOR 
CAPACITANCE BRIDGE 

MEASUREMENTS 
• THE FUNCTION OF A GUARD 
C IRe U I T is 10 provide a ]wint 10 which 
the third terminnl of u th ree·termi nal im-
,)Cdancc can be ('o IlJlf'C lcll. so Ihal ,he Iliret:! 

impedance ix-t\II'en the other \\\0 terminals ('1111 1)(' meas urell corn'('II~ 

by means of a 811il ablc bri(lgc circuit. A Iypil'at ('ombinatioll of 1';lpa('i. 
lanee briflgc. glHlnlcircu it. ami three-termillal capndtallec is slumn in 
Figure 2. The (Iire(' t capacitance C is measured by the hriflgc bCt'all~' 

t he tcrminll! (-apal'iwne('s arc ('ar~ icd to the guard cirellil. C. providing 
I·ollplillg to the guard ('in'uI!. alii I Cz becoming a pari of guard arm If" 

If the thir~1 t(>rminalll(>rC" nOll"onnCI"ICfl to tht' gllanl ,"ircnil , Ihc bri,lgt' 
"ould lIIea!i- lIr(' I h(' dir('l"t ("apal'itlHH"(' C in parallel" i I h 1 Ill' I \\"0 term ina I 

F .... lHK I" ['DUel lie" of the TYI,t; 7 16- ["'2 GuanJ Cir.;u;! " 
~----~~ -------
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GENERAl RADIO 2 

capac'itllnces C. nnd C~ in series, Ex. 
8mplc!; of three-termina l capat"i t 31U" R 
arl' IIIl1l1 ip[e-", ire ca l,[e8 and multiple_ 
'" illfli,,~ Iransfornll'rll. Til l': II irel'l t:apaci . 
tmlt'c of a n) pa ir of terminals can I.oe 
mest'urc.1 by cOll nect ing a ll lhe other 
termin als to the Illiddle point o f the 
gun r r] (' irt·lIit. 

GUARD ELECTRODES 
,\ 8e('ond class of three·terminal 1111 -

l>cda n('cl! is thai ill v.hieh a guard e1ec
trOll" is added 80 that 1\ pllrlinlinr 

properl)' or lhe impedance Ill ay be meas
ured (,orrectly. One of the eadiest (ormA 

of guatfl clcctrOlle is Ihe guard ring 
showll in Figure 3. II hi/,ll is used in 
mcasurin{! the ins.ulation relli~ l a n~ of 
eabl.'s. It serves to prevent III(" 1rilkage 
current O\'t' r the surfaee or the insula
t lOll from lJcilig inchuled II it Ii that flow
ing I hrough I h .. ,·ohmle of I he inSlllal ion. 
T he gua rd ring. inner eOllll uc lor. and 
unl t'r ",hell III laken loge lllf'r form a 
Ihrl'e-Ierminal n' ", istlUlC{, 8uch as IS 

sho .... n ,Iiagranuu aticu ll y in Figurt! I. 
Th .. glUml rill f!: is 1Islla ll ) ('onnected to 
ol1e of Ihe otlwr ~'orllt'r-" or 1111' bridge all 
>l IIO\ln in figur!' 3. 'In error result s as 
long a ll I he termina l rt'SiSlullce R2 is 
large ,'om pared II it II I he ",sislallce of I he 
hridg~' ; Iflll V. I r I his cond il ion is 1101 ful
fill('(I , Ihe /!uarfl rin t-! IIIU8t he conllef'led 

to a guard circuit f'f-f shown (;ounected 
to the bridge by (Io llcd lines. The sa me 
sorl oft/irect "OI1I1Cl' l io l1 to tile bridge is ~ 
somelinw8 uscd ill lieu of a guard circuit 
011 ca pacitance britlgell_ the jUllctioll of 
the ratio arms be in g the COTllt'r of the 
brid ge 10 wh ich thc guard e1eclrode is 
COllnc("I('.1. This places the tl'rminal 
ca pacitant.'4! C1 of Figure 2 across ratio 
arm 11. Thc capacilance rca(ling of the 
Lri,lgc will be eS8e1lliaily correct. bulthe 
flissipation faelOf' "ill be in error hy an 
a lDount I1wC,_ 

In CUPll" ila nce measurement s t he 
most importanl use of a b'll8rd e lectro(lc 
is in defining eXActly tile measured ca· 
paci tanc.:e, so that Ihe air capacitance 
can be ca lculated and the dielectric con. 
stall! ob",illefl thc reCrom. A sectional 
vie .... ' of guard and measuring electrodes 
a pplied 10 a disk of ins ulation is given in 
fi gure 5. The sa p betweell the guard and 
gnllrded j' leclrOfles is kept lUI small as 
l.IOSsible. The e ffectl\'f' fliamet cr of the "'""" 
guarded meas uring electrode is take n as 
that o f Ihe middle of the gap. It is usual 
t<l f'onnf"et the electrodes to Ibe bridge 
and guanl t"ireuil. in sllch a wa y as to 
bring Ihe guard and g llarded electrodes 
10 the sa lllC potcnlial. The lettering of 
the tllrCf' ('a ll8eita rwcs in Figure 5 is in 
accordall{'(' "itll llii ll "Ollilitioll when ap_ 
plied 10 tile brid ge of Figure 2. The 
da nge r arising from (:onnecting Ihe elec
trodes in uny other order is Ihal tilt' voll-

FIt,LlU!: 2. Sdu-mo lic .Iiagrom $how;ng h",,,' 
II g llllni <';l1:nil i~ "(>1\1"'<:1".1 ." ft I.ridgc for 

"'l'a~lIr;IIg 10 Ih rec_lcrmill«1 clI l,ucilallc". 

FIGl KR 3. 1);"lI rlllll &nnwin!; ho..- a gllprd 
ring ; ~ <:om1f .. ' lrJ Iva bridge ... hen n ... a~"r;":; 

the ;n8111:'Iivl1 rc;; i~ l an"" of cabll'll. 

-------- - --, 
• I 
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" 
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Flta)" !!: 4. Ellu; vu1eUl ei. cu;t of thc cal.lc 
"f Figure 3. sho ... ing 1'0 '" Ih" r~iil l " uee I'"th~ 

mll k ~ " I' 10 th ret.'_ terrninal net .. nrk. 

age bet \\ eell guard and guarded e lec
trodes may be sufficientl y hi gh 10 br" ak 
dO\\11 the short ga p between them , or at 
least to prod uce a n error in both cUI,aei
lance and dissipation factor because of 
oou-lincur charactcristics of lhe insula 
tion . For low voltages the order of con
nection is immaterial , because capaci. 
laliCC atHl resistance del)Cnd onl y on 
geometrica l (''Qllfi guration and the prop· 
erties of tbe material. 

GUARD CIRCUIT BAlANCE 

Because a coupling iJllpedun~ all1 8Y8 
CU S1!l between at. least one of the corners 
of the brill ge to which the guard circuit. 
is not COllnected and the middle l)Oint. of 
the guard circuit, as C, in Figure 2, the 
guard circuit becomes a part of the 
bridge arms to \\ bich it is coupled . The 
reading of the bridge will be incorrec t 
unless lhe guard circuit is also balanced . 
The \'ector (.'Qnditions of balan('e arc 

A B P 
-~-~-

N P /I 
(1) 

where the gU8nl circuit impedilllCt·S F 
alHill include any tcrminal illlpellunt:cs 
added frolll the impedance under mea!! " 
urement. The guard circuit Clin ill, hlll
anced aga inst e ither pair of bri(lge arms 
A alHl LV or lJ and P. The bridge must 
then be rebalanced . Suctessi" e IJalancell 
of bri(l gc and guard circuit II1USt follow 
until the conditions of E{lu8tion ( I) are 
satisfied. 

3 EXPERIMENTER 

c, 

cE:::I~::::J 
Flla .HI> 5 . Sect;onal I·i.. .. of t::"Hrtl anti 
meailllring .. Iect r .. d ctl a ij " oed ;n determining 
th~ did ectri.· ~·t)n~ t an t of II ,I i~k of i n~,,1 a ti ng 

ruateri . l. 

Tbe us ual methOtI of tcsting for bal 
ancc of the guard circuit consist s in 
transferring onc terminal of the ,Ieleetor 
from brid ge ~ ' ircuil to glJllrd circuit b) 
means of suitable shielded swit ching. 
This neecsslirily impli!'s Ihllt thc guanl 
circuit is eonnccted at'roSS the generator. 
An altcrnative IIIc llio.l , which has sev· 
eral point s of slll)Criorit y. is to eOlmect 
the middle point of the guard circuit to 
one of the (:orners of the bridge to whicb 
it is not o thcr\\isc directl)' connected, 
The guard circuil is thus lliaced in paral 
lel with a silllilar pair of bridge arms. 
Successive balancing of brid ge alone and 
bridgc and gUlIrd circuit in parallel, car· 
ried out ill exac tly the SUIIlC uHtnner as 
l)C forc. "ill satisfy the conditions of 
Equation (1) . 

COUPLING CIRCUIT 
The error illtrod.u . .'cd into the bridge 

FIc;l HE 6. Dillgr:u .. of .. I ,ri dg~ will . tHot" 
g"" r,1 IItHl C< ' '' l'l iug ci l'1:ui ta. 

• 
T 

GEN . 

H 
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GENERAL RADIO 4 

rcadings by a lack of ba tuncc of the 
gua rd ci rcuit dCllClills on the magnitude 
o f the impedances coupl ing it to the 
brid ge. T hese are sho\\ 1\ diagra lllllluti 
call } in fig ure 6. The t \\' 0 im peda lH.:cs S 
a nd 'f togethe r form a cou pling circuit. 
It is obvious Ihat, i f ho th o f these illl 
IlCda nces 'Iere infinite, tlw bala nce o f 
t he gua rd c ircuil " 'Quid 1I0t mutter Ulltl 
this circui t 'Ioulll 1.It' merel y a load o n 
t he generator . Bu t Illis is, of course, an 
impossi ble cOIHlilioll, l)Ccausc in the use 
o f I ht! gua rd ('; rcu it o ne of Ihe Icrmilla l 
impclla nces is cOllUee lcd to i t. A second 
\\ay in \\ hi ch unbai a rH'C ofl licgua rd cir 
cu it wi ll no t a ffect t he Lridge rcltdill gs is 
t hat t he coupling cirellil is ba la nced so 
t hut 

A N S 
8 =p=r (2) 

From t he S) mmel ry dis played in .Fig
ure 6, Ihere is rea ll y 110 differe nce be· 
tween guard ci rcu il a nd cou pl ingci rcuil. 
Equation (2) IUUSI fo lio ..... from Eflu ut ion 
( I) si no.."t! the POSi l io l1s o f genera tor a nd 
detect or arc in'le rcha ngca ble. These con· 
di l ions have been 8lmliell rcccI1I.I y in 
considera ble dct ll il by Bulsba ughl a nd 
A~t i n ~ . All}' a pproaeh tOI'.urd ba la lU'c of 

d lC coupling circuit .... ill decrcase thc 
lle pc ndcnce of lhc brid ge on gUlird c ir -
cui' halaru:e. II is, thcrefore, quitc usua l ~ 
La pro vidc a partial balancc o f Ihe cou
plin g circ uit by balancing onl y the 
do min a nt componeni. In thc circuit of 
I;' igurc 2 a variable a ir cOllllenser C$ 
cOllllcct ed be t wccn the junction o f the 
guanl arllls F and 1/ a nd the j Ulie t ion of 
the bridge arms A a llil LV \\ould be ad
j usted IIlIlil 

A C, 
li= Cs 

(3) 

The only l!on veniCII'l method for dc ter 
mining balance of thc couplin g circuit is 
by cOl1lu;cting its middle l}Oinl, t he j une-
t ion o f guanl and couplin g circ uits, to 
whiche ver corner of thc bridge plal.'es it 
across a silllilar pair of bridge arms. III 
the cirCllit o f Figure 2. the middle l)Qinl 
would be carried to ground . 

The earliest type of g llanl circuit " as 
suggested by Wague r for lhe purpose o f ........... 
removing from 1he bridge circuit the 
capllcil.a nces to hYJ'o uml or Ihe brid ge 
a rms. ge nerator, ami de tec to r. Since the 

' lbl,ba"ll, &: ~I """,. ··n.;,II~ fur I"'-;,~", 1'00"" ~' ... " ... 
M •• ,,,,,,m.,,,"," o\I ~; .; 1',." ... Vol. 52. I', 523. 1\Il3. 

1I.I,b.".1o "" II ..-.. nl""-I. "Comi>,.b~".;. ' . '1'1"' .... ,. <or. .'u .. · .. • '.c'". Ur;,I . . ... 1""",. ' "r Ih< . ... "klin I"";",, •. 
\",1,218.1" ·1',). 1<}3'1. 

' A. v. A.lin. "M ... u..."n~,,, or BeI .. i ..... nJ '1',,,. I'" .. · •• 
f oo' .... , of Air C. I'.ci . ...... " Jou,,,, ' or Il _ ....... "r Na,~,,,.1 II" ... " (0, S,.",. •• J •• \' 01. 21. I', ~2~. 1933, 

FIGLI'~ 7. "iring <Jiugralll or ll1c T\' I'~ 7 16- 1"2 l ;""rJ CirCllit. 

CI RCUl l 
Ifo'OOOT~ , , 

• • 8 0 • • • • ! e 
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e 
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ge nerator \\a il. u5uall) connec led a"ross 
I he rat io arms. A atlll H of Fi gure I, 'he 
Wagner Groun d was eOllllJOSell of ;o;i lllilar 
impedances. lik(' the cou plin g i'in::uit 
jll ,.\ IlcM:ril: ... d for Figure 2. Fretllle lll l) 
il eonsiSIN I nll'rcl} of II rhc05\111 u8('(1 as 

a vollage ,Ii\ ider "i,h IIie sliding ('011-

18(; 1 groulllleJ . Ua lslJaugll1 has s ugf!el'i ted 
tha I Iht' t'irt'uil COlmccleJ acrus,; Ihe 
ge neralOr be ca llctl I he gttartl ('irt' llil , nnd 
I he cireuil "(moecled a('r088 I he ,11·1I',· lor. 
Ihe coupling l·i n ·lIil. 

TYPE l16 · P2 GUARD CIRCUIT 

The T YI' I~ 716- P2 CuanJ Cireuil e m
bodies most of t he feat ures ('onl a ined it! 
the aho\'~ ,J i.;t'ussion . Its \\ ir in g diagra m 
is :;iH'n in FigufC i in t'onllcction "i th 
Iha l of the Tn'!': 716-A Ca pacit a nce 
Brid ge. "ith \\!t ich il is dcsignc,1 to lie 
u;wd. It eou ~iBl !' of gUllrd arms F a nd U 
lind II l..'Ouplin!; capacilllnn' Cs• togelhcr 
\\ ith the 8\\ ildling nccc~sa ry 10 eVllllcel 
Ihe jtme linn of guard a nd coupling ci r
cuilS to Ihe bridgc for h ll l.lt1cing, li nd to 
l'onncc' a n~1 Jiscolltwcl the ,llrec_ 
h 'rminnl ,·t'pucilancc I ..... ing lIlf' lI suI·cd . 
The arms F lind /I an' matlc as fI{'xi lile 
a" possihle .':io that tilt: !fuanl cirl' lIil may 
('o,'cr t he !'lI l11e capneila nce and tl i"ll ipa
l ion fa Clor rungcs lIS II ... bri,l ge. The cx 
:11' 1 nUUlerical ,a lucs of t hese arlllS are 
,,110\\ 11 in Fig-un' i. The res is tance arm P 
iii ma t.lc \ aria bit, Lecausc the IOlal ca pac
itll1U:C of urrn II , Il4.'in g Ihc sutt! o f CII 
and onc of IIII' tCfminal ('a paeit nnccs_ 

lila ) be grcater tha ll C". Arm P al..o has 
It parallel capat'itllnL"C CII' and a "c ries 
ill,llH'laJltc L,.. so Ihlll il may he IJUI
Im l'cd (ur t.li ~~ iplltioll factor untler a ll 
l'Ond ilions. The tlt'ca,le I'onde ue('r is 
IIceessury " he n tell iSiance F iii s m all. 
The illll tH:lanee_ \\ h ic ll pro\ides a nega
li\e dissipillioll faClur. is "ce,led '.!It' li 

U.IoIo& ...... 11"".11 '" 1>0" ....... .. ' ........ h..,,1 K .. d,~ ,,1-
... _~ fo< 11 ........ ";,- ,\ I .~."..,n"Q'." '" b., loubt;,.t..;l in 
.\1 1·. \, .. I"......,,,,",,,., ''''' " ,,,, ... c.,,,.~.""' .. (" .. /i ,_"'.,, 
1 n., ;'b'. or """,,~·.1 ~'~Iit .. ,,, ..... "c .. " .,.1". J • • ",." ~2-~6. 
!lHII, 

5 EXPERIMENTER 

lhe Insses in the te rminal ca l':tt' il ll ll('('!' 
ad de, I to t he a rlll II an' c'«'Cs.;ive. T he 
l'oml it iOlls 10 ht· mc t arc eo.:l' lI II) ex press 

ing E{l'ta lion <I) in lerlll 8 of Ihe st orage 
fa l."1ors of Illc resis ta nce arms a nd I be 
dissipa lion factors of lilt' j'a l)ll,cillluce 
urms. 

Q I + 0 ,\- = Qo + 0 1, = Q,.. + 0 /1 (II) 
wht'rc Q,.. "" "'wC~, . V II - /-l wCII • e ll'_ 
Whe n DI} is \Cr y la rge, Q,.. m uSI bt· 
nega li ve 10 make a baJa lll,'c p08Si bl~ . 

', '111' '('\ 1' 1; 716- P2 Guurtl Ci rcoit is 
made of reill y_rack .. ,i<llh lil..c the ' I'yN ; 

'I G·A Ca pacitance Uri,l gl' a lld is in
tcndCl1 to l.Ic mo unted I1 lx)\c Ihe IJridge 
in II rel ll) rack or in hack for table 
mounting. '1'111' appea rullt:c of the I';",d 
is seelt in Fij!ure 1. The gua rd circuit 
propc r is eOlllle.: lc ll to Ihe bridge h) a 
siliclde,1 ,·a bl,· . 1'111' ot lle r ,'orners o f thc 
IJrill gc (the high sillel! of I he cu plicitalll'e 
arm s) a rc l'arricd tv the !mi lcl tc in the 
gllanl circu il in shie lde,J t';lhles \\ith the 
sh ic ltls cou neclcd to I ll(' m i,ItJle of II ... 
gu ard circuil . This pr()t'cdure: minimi1.(!s 
I he ('11 pacitant·c 1t,ItJcd across I he ('apll(' i 
IUIlI:e arlllS o f t he britl ge a nd makes it 
pOfls ilJle 10 u~' Ihe hrill b'C for l'i ther 
~lirf'\' I -reuding or SubSlil u t ion IUcasurc

ments. The three leads to t he "nk"O\"1 
Ih,,:c_lerm illul condenser are ca rr ied 
frOIll the guard eireuil pane l, 11' 0 in a 
sltil' ldcd cahlc IIno one al! II ground I CII~1. 

The ("Ou plin g "omlellscr il! mllde up or a 
fixe,1 I)art. \\ hich equal ll II II' capac it a nce 
inlrodueed h) the shie lded ellhlc . and a 
variahlc air t'ondcnSt" r, "hid t hll luIlf'('l! 
th. · lermina l CapltCi la nL'C' CI_ 

While Ihe '1', I'E 7 1 5-P6 l~ uanl Circ uil 

is arran ged for o lJCral ion "ilh tbe T\P~ 
716- \ Cli pat'ilan l.'C Bridge. it I·:t n be 
uso·.1 II il It an r l'a pacitllutle bridge hll "ing 
(,'ompara Llc rcs iSI;JJlCC It nd ('apacil a ll l'C 
artU~_ pro\itic,1 su itable I'o nncctio ng ClI li 
he malle 10 11,,· Lridgc_ It ca n 00 IIsell 
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GENERAl RADIO 6 

I)ver the SlIlIle fre(lue ncy n mge as t he 
bridb~' This frt'quclwy range call be ex
tended by changing the va lues of the 
resistance a rm and its series inductance. 
A wide.frc(IUcncy.range gua rd ci rcuit 

ca n be constructed by ga uging logether 
three se ts of resist a nce arms and pro· .--... 
viding three diffe rent imiuclofll. the 
various sets heing se lected by a three
poio t switch. Pril:es ror these special 
arrangeme nt s will be quoted 0 11 rC(luest. 

- H. F. Fl EW 

SPECIFICATIONS 
Rlnft and Accur1cy:The ruugeoml oocll ' 
racy of Ihe TYPK 716.A Cal'llcitonce Brid~" 
are nol altered by Ihe usc of the guanl CirculI. 
The audition or the g n ll r u circui t CIl U'le6 a ll 
error ill the reud ing of Ihe C£lI'hcil ance di"t of 
I I'J,lf l.uI 11 correo;:tio,rclltl he easi ly nUIlI" for 
tbill. 
Reslsllnte Arm : 0 to 2U k O in se ri"" .,..itl, 
o to I I, u"u ill I,uru llel with 20 to 5000 I'l' f. 
Ca~acllance Ar m: '10 \0 1150 ppf with II 
line Rdj"~ l menl. 

Coupllnl Cllcull : 180 10 525J".f. 
Shleldln .: The three transfer IInu disco" . 
neeli,,!:: swi tt:he~ ure lUoun leJ in an il\~ulal ed 

716-1'21\1 
716- 1'2 H 

lkseriplj,m 

Cahinct . . .......... 1 
Helay Huck. 

~hield kepi II I gnard potent ial. A melP l c1u!t 
oo,'er and the IIlmninnrn pallel form a coml.lcle 
groull(leJ shield. 

F re q uency Ranle : The guard c ircuil il 
ill lc",l"d 10 be " sed III II fn'queney of I kc. It 
Can be u~ ... ..,j. howevcr. over Ihe !D llle range a$ 
the TYI'~ 7Hj·A CUr llci lunce Bridge. "rovidecl 
the power fHc lors ... tl,e termina l capacitances 
a re nOI ellOceiI!!.;,·e ut the lower freq .. encie.l. 

MOl/ n II n I: n elay-rack or cu t.inel mount ing. 

Dimensions : L'oncl. 19 lIO 7~ inches: dCI' l h 
I.chind IlI,nd. 9 indll~!. 

Net Wel l ht:30 1>O""u~. 

tIO;so~l o;lJ" IIU 

1I01'o' t}SCUA HIl 

$190.00 
170.00 

CHECKING THE ACCURACY 
TELEPHONE TIME 

OF NEW YORK CITY 
SERVICE 

• " WHEN YOU HEAR THE SIG
N A l , t he lime wi.l l be olle t hjrl y-cight 
and olle-quarter:· r Ollr limes each min
tile. an operat or sitt ing before a micro· 
pbone.. in a soundproof room al a Ne\>' 
York Tclepholle Company building ill 
mid-Manhattan tdls Ihe correct t ime to 
tIle ill(luiring e il y - a nd someune in I be 
New Yor"- area wants to k llOW the lillie 
a lmost continuously duri ng the day and 
night. 

The Telephone COlllpaJlY's ti me·tell · 
iug scn 'iee carries the high polish of good 
engineering. The operator, select.ed for 
her voice appeal, faces a panel fitted 
with SII itl;h knobs, lamps, and a double 
clock - double in case of emcrge llcy, 
Uesidt: t he Ilumbers registering the t.ime 
in hou rs and minutes. quartered seconds 
roll under an index for their revolvi og 

disk . A green light. b';ves the operator the 
cue to aunounce the ti me just bcfore. hc 
signal tone . If her voice is too loud, a 
yellow pilot li ght glows 0 11 the p:mel ; a 
lIlue one ad monishes her if she speaks 
too loll'. Since ·Ihe operalors shift every 
half hour these signals are part icularly 
hdpfuJ to the new operator in adjustin g 
her voice. 

Miss Time Service docs no' hear tht: 
" Thank )'ou" of her listeners because of 
a one·way connection to t llc ir lines. A 
pilot light indica tes 1hat her number, 
Meridian 7. 1212, is being; called. If Ihe 
light should go ou t, t he operator could 
rest her voice. But it .seldom goes out. 

T he T elephone Compau }' arranged to 
check the accuracy of the clocks by a 
binaural comparison wilh Ihe Arlington 
radio time signa l;" listening 10 Ihe elock 
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pulse with one car and to thc radio sig
nal with thc other. By this mcthod a 
Cluarlcr·second is a good accuracy. 

T o bencfit je\,elers, astronomcrs, aud 
others who asked for highly precise time, 
it becamc desirable to provide a means 
for making a closer chcc k. T o meet thi s 
nced, a visual stroboscopic checking de
vice was worked out with the Genera l 
Uadio Company, which, wllile com
parativcly inexpensive, permit s check ing 
the Time Bureau signals to five-thou
sandths of a second . 

This unit , the P-489 Time Com
parator, is essen tially a 1l3-ki locycle 
amplifier which flashes a StrobotrOIl 
lamp at the beginning of each Arlington 
signul and at the begi nnin g of thc time 
tone se nt to the telephone subscribers. 
The flash shows through a slit in a disk 
turning once a second . and an y \'ariation 
in the time as compared to the Arlington 
signal is measured by the spa ce between 
the flashes. The one-hundredth second 
scale graduations surrounding thc rotat · 
ing disk arc thrcc -si x1eenths of an ineh 

1 EXPERIMENTER 

ap<lrt. The narrow slit permits reading 
to half·di visions - fi ve I hOLlsa ndths of a 
second. 

Today the equipment is ins1alled a t 
the Time Bureau, wherc. each hour that 
thc Arlington time signals arc trans_ 
mitted , 11 check lIlay be madc 0 11 the 
accuracy of the Burea u's tone. Since the 
Bureau's time source is the crystal clock 
of t he Bell Telephone Laboratories, the 
stabilit y and accuracy of the t ime uans
ruilled to t he Bureau are Ull(luestioned. 
The Time Comparator is the final abso· 
lute check 011 t hc functioning of the 
several miles of ca ble. the clocks, alHlthe 
in genious pu lse-con trol rela ys. 

The use fulness of the P-4f19 Time 
Comparator is 1I0t limit cd to timc bu· 
reaus. Astronomica l obscn 'atories and 
public utilities. whose cllstomers depend 
on electric clocks, will find in it a distinct 
a(lvantage in the stroboscopic rather 
thall the aural method of checking their 
timc against the Arlin6<1on time signals. 

- F. l1tELANO 

The lime 8erviee Ol'era tor sea ted Ilt her desk with the double elock. The rectangular panel on the 
wa ll above the de$k is the T ime Comparator . Pho togrnph oourleey New York Telephone CornIHl11~' . 
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A portion of the s tandardizing labora tory a t the General Hllu io Company. I" t hefor<!groll nd art· 
se'·e rll l Tv" ft 605- 1-1 Suuuh, rd.Signal Gcncra lore undHgoing calilora';on. 

MISCELLANY 
• THE TYPE 631 · B STROBOTAC 
is now equipped with a slow-motion 
drive which great ly faci lilates sel1ing 
the Bpt.'Cd control dial. This driw: has a 
reduction ratio of 5 10 1. Pre('isc sct
tin /,'"8 of fl ash ing speed can be made 
whi le the Sirobotac is hel ,1 in the hand . 

. " THE NON · OESTRUCTIVE 
T EST I N G of Insulation" was the tille 
of a pal)Cr (Ieli\'ered hy H. F. Fiel(1 be-

fore t he Fe bruary 8 meeting of The 
Elect rica l Equipment Com mitt ee of 
New England . lin organization composed 
of engineers from New EnglalHl public 
utilit y companies. ~ 

• " SQUARE·WAVE TESTING " 
was discussed by 1\"1r. L. B. Arguim ba u 
at the January 26 meeting of t he Boston 
Sect ion, I.H. E., and also a l the recent 
Broa(lcast En gineer ing Conferenre at 
Ohio St ate Universit y. 

TI1E Ce" erol Ratlio EXI' ERIMENTElt is "'(Ii/cd IciLhant cltarge eaclt 
month to en gi n eers, SciClItisls , lechniciolls, llluI o tJ/Crs in.I.eres led it! 

rommflfli ca liOlI-j re(lllcn cy metlSurem ent lIIId cont.rol problems. U""en 
$elldillg re{luests for subscript.ioll s (I/HI adtiress - clwlIge '101.ices. pletlse 
supply th e follou;illg il/jormol.ion: 1It1l11 e, co mplUlY /ltlm e, COli/pOll)' lId
dre.,<.~ , type oj business comptlll)' is e llgaged il/ , {llul t itle or position oj 
; "eli cidufll_ 

GENERAL RADIO COMPANY 
30 STATE STR EET CAMBRIOGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 

90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARO STREET, lO S ANGElES, CALIFORNIA 
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