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A GUARD CIRCUIT 
FOR THE CAPACITANCE BRIDGE 
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One of the most common 

• TO INCREASE the lIscfuln(>1;Snnd fl exi· 
bility of the very popular TYI'~; 71G-e 
Cupacila.nce Bridge, the 'l'n·g 7!G-P4 
C UrLrd Circuit is noll' olTcl"C<1 ns an aceC3-
sory_ Although the nUll mujority of cilpnci­
tnnce measurements, whet her one is dealing 
with components or matl'rial testing, C:U1 

be made with tl. t.wo-t('rmi nal oonncction, 
there are a Ilumber of situatiolls where a. 
throo-tcrminal tneUStll't'IlH' nt is r('{llilred . 
is encountered in the m('HSlIJ"cmcnt of the 

dicle<:l ric properties of insulati ng materials, In muny instnnces it is 
pOK..; ible to make enti rely s:ttisfactOl'Y diclt>ct l'ic 1llf':lSUl'emelllS on two~ 
termi nal specimens, buL there exist conditions under which it becomes 
(>!<.:;(>nlial to lISC n gun rc!('(1 or three-terminal lll('asW'cnH'IlL in order to 
fl-'alizc the best pos,<;ihle accumcy of mensurcmenl. While it is IXlS8iblc 
to compute wilh rt'nsonablc accuracy the fringing cfT(-'("ts t hat. occur in 
lwo-tcrminnl me!t8Un'1l1l'nt>l, it is fre<llIently 1l(,<"('S,"'lry to cli mintllC the 
~lIriacc elTeet from ti ll' measurement. For example, t he Ill{'flSUfement 
of di"'''ipation fador of ft Lwo-tcrminni speci men UlI{lcr conditions 
of high humidity ca n SOllwti m('S !'tin 

into serious di ff icult,\' Uel':lllSC of !enk~ 
Uj:W 0\'('1' the etlgc of t 11(' m!lt Ct'ia! bei ng 
IllI'tlStlrcd . 

'I'll(' guard {"ir('uit, wh ich provide:; 
lhe !loltllioll 10 tlil' !llxwe problem, 

figure I, Generat bridge ".' ... or • 
...ith guard circuit. 
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OENERA l R A D I O E X P E R I MEN T ER 2 

11130 provides the solution to an impOl'­
tnnt related problem. When COmpon(mts 
and materiuls are to be metlSu nxi over 
wide ranges of humidity I\nd tempera­
ture, as is required by modern testing 
specificatiuns, I,he mcasurement shoUld 
be made with the specimen in some sort 
of conditioning chamber. The problem 
raised by tbe connection bet-ween the 
specimen and tbe bridge is a very serious 
one when accurate meru!w'ements are 
desired and when only two-terminal 
equipment is available. The guard cir­
cuit is provided with a double-shielded 
cable which can be used between t.he 
bridge and the specimen mounted in the 
conditioning chamber. The high lead is 
guarded, and the undesired capacitances 
are placed in the b'UIlI"d circuit where 
they are effectively eliminated from the 
measu ri ng circu it proper. This tech­
nique pennits lhe same accuracy of 
measurement to be obtained when the 
component is at some distance from the 
bridge as would be obtained if it were 
connected directly to tbe terminals. 

BA SIC PRINC I PLES 
With the addition of a fifth point' to a. 

convcnwomd four-arm bridge network, 
it becomes possible to measure the direct 
impedance between two points of !\ 

lhree-terminal network. Such a network 
is shown in Figure I, with impedanl.:es 
beLween the fifth point 8l1d each of the 
four corners of Ihe bridge. It can be 
shown that the network is in ba laoce if 
either of the fo llowing conditions are met: 

A B F 
N ~p /J 

( I ) 

A N S 
(2) - "'" - = -

8 P 'f 

Ubviously these conditions include 
the ordilltiry equation of balance of the 
tour-arm network A-B-N-P. 

TERMINOLOGY 
T he tenni nology to be used in con­

nection with a network such as Figure 1 
is not clearly establi shed nor standard­
ized. Tbe word "guard" is used rather 
consistently in the literature to desig­
uate the third point in a three-electrode 
measuring system, the connotation being 
that the third tcrminal or electrode 
"guards" the two measuring electrodes 
or tel·minals. With respect to tbe me.'\s­
uring network itself, howcver, tbe usage 
is not so consistent. The circuit [lrflUlge­

ment llSed in tbe TYPE 716-P-4 Guard 
Circuit is frequently referred to in the 
literature as a IIWagner Ground. " On 
the other hand, the circuit connected 
across the voltage source is often reierr<.'<i 
to as a guard circuit, and the cil'cnit 
across the det.ector called a. coupling cir­
cuit. This terminology can cause. diffi­
culty, however, if the generator und de­
tector are interchanged, as they occn~ 
sionally may be, particularly in a low­
voltage bridge. 

T he following terminology is arbi­
trari ly adopted in connection with the 
TYPE 71 6-P4 Guard Circuit : 

(a.) The third terminal of II. thrcc­
terminal network or electrode system is 
referred to as the .Iguard" or "guard 
poinL." 

(b) The fifth terminal of the measur­
ing network is also called "guard" or 
"guard poi ot." 

(c) The two arms connected across 
tbc similar arms of the bridge are callt .. '<l 
the guard circuit, irrespective of the r'\ 
method of connecting generator and 
detector. 
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Fig"", 2 . Ba.le Kh.malic of bridge with guard cI.cu't, 

(d) The \.wo Grms connected acros.'! 
the unli ke arms of the bridge a rc called 
thccoupling circuit. 

(e) The entire auxi liary circuit is 
nnmed the TYPE 716-P4 Guard Circuit. 

CIRCUIT DES IGN 
CONSI DERATIONS 

The usual design of guard circuit for 
rapacituncc bridges makes Lhe guard 
arm impedances Sand 7' approximfl.tcly 
equal to the impedancCFl A and 8 of the 
arms of the bridge. Wben this is done, 
the guard arms must be capable of being 
balanced to about. the same degree of 
precision ns the bridge arms lhclllseh 'cs, 
and the precise balance must be made 
irresl>cctive of the magnitude of the 
undesired impedances in the three-
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terminal network being mcu.."'urcd .. \ 
different design approach is used in the 
General Radio guard circuit in that the 
guard arms are of relativel)' high imped­
ance compared to the ratio arms of the 
THE 71(}..C Capacitance Bridge. The 
basic philosophy is thut, of introduci ng 
no more aurniUance I II I\D is nCC('''iISary to 
b .. '1laoce the admi t.ta nce between the high 
terminal aod guard. When Ihis condi­
lion is met, the guard circuit halanc'C is 
less critical. 

In the TnE 71(}..P4 Guard Circuit the 
capacitance bala nce pro\' idcd consists 
of a 1000 J.lJ.If variable capacitor, with 
the only fixed capacitance being the 
zero capaciLtlllce of the variable unit 
plus the circuit wi ring st ray capacitance, 

For the resistive balance, fl. fixed re­
gistor is used in arm 7' and a variable 
resistor in arm S. These clements, shown 
schematically in Figure 2, make it p0s­

sible to balance any combination of 
capacitance and loss introduced across 
arm T by the terminn.1 impedance of the 
unknown. 

DESCRIPTION 
An elementary schematic (Iiugram of 

the TYPE 71G-P4 Guard Circuit is shown 
in Figure 3, as connected to 8. TYPE 
71G-C Capacitance Bridge, also shown 
in elementary form. 

The guard circuit proper consists of 
a set of resistive arms (corresponding 
to Sand 'f in the gcncr:l! net.work of 

r-- ­
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gram 01 th. Type 
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GENERAL RADIO EXPEtlMENTER • 
Figure 1) one of which is a fixed resistor, 
the other variable, consisting of a pair 
uf I'h{'o~tllts for coarse and fine IIdjust­
m('n!. '1'11(' VIlriuhle capacitor and \'ari­
able resistor together permit. complete 
adjul'!tmellt of the guard cireui!.. 

The coupling circuit consists simply 
of an adju~lable resistor conlleetcd be­
tween thl' gluml point and the junction 
of the re;:;i~ti\'c arms of the hridgr. Thia 
allows n 1Ktrti(I' coupling balance, bal­
ancing th.· capacitive component of tho 
J!;uard-to-ground terminal impedllflcc. 
The 1l"llilahility .of mcalls for parlial 
h;\lanre of til(' coupling ci rcuit. facilitates 
the balnneing of the guard circuit. 

The circuit and switching IIrc ar .... U1gcd 
by either dirCCL reading or suhstitution -.... 
methods. Whcn mCll.Surcmcnts arc to be 
made hy substi!ulioll methods, i.e., by 
connecti ng the ullkuown capacitor across 
the precision capacitor of thc bridge, it 
is necessary to conllect a halancing 
capacitor in the adjacent arm of the 
bridgf'. A variable air capacitor (SUBST. 
CAPACITOR) with a ma.ximum capaci­
tance of 1100 IAllf is built into the guard 
circuit for tlus purp08e. Appropriately 
Rhiclded and gu{mlcd switching is pro­
vided for connecti ng or disconnccting 
this capacitor as required. Thus the 
only e.xternal cOllncctiOIl required is that. 
to the unknown itself, whether direct.­
reading or substitution methods are 
employed. 

Four pairs of mho arms arc provided 
in thf' bridge, for direct-reading 0l>em· 
tion at 100 cycles, 1 kt" 10 kc, and 100 
kc. Correspondi ngly, four sets of resis­
tive gunrd I~l'ms arc provided ill the 
guard circuit, sclef'ted by a mUlcl switch. 
Four adj ustahle resistors are provided, 
with the switching so arranged that they 
arc used ill pairs for each switch setting, 
one "coarse" and onf' "fine" adjustment. 

Shielding 

AILhough the circuita JUSL described 
arc exceedingly simplf', it is necessary 
that componel1t~, switches, {mel leads of 
the guard circuit be cnrcfully shielded 
ill order to re:dizc the fulIllccuracy of the 
TYPt: 716-C Capacitance Bridge. In the 
TYI'~: 71H·P<I Gutlfd Circuit, all com­
poneut~ which could contribute unde-

Agu •• ". View of III. Typ. 1610·A C(3p(3crt(3nn 
M.a .... ing A .. embly c ..... ;.t'ng a f gua.d <i.curt and 
bridge _ted in a •• I(3y-'ack willi anociat.d equip. 
ment, Type 1302·A O",illato', Typ. 1231.BIIFA Ampli. 
fI .. and NuU De'""'o,, Typ. 716·'-411 Gua,d Circuit. 
and Type 7J6·C Copodtonce 8ridge. A .. embly In· 
clud". ,alay rock and all na .... ary ,obI" •. Ol(illolo' 
and ampllA", operol" from a 115-.... 11. 60 cycle 

power IInl. 
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, 
sin, ... 1 capacitance ' t) gwulld al'e lILuunted 
ill a IL j m~u laletl shicldetl compartment., 
which is connected 10 the gua rd poi nt. 
thug plttci llg the stray cn plwitaut't'S inlo 
lim b'1.mrd circuit" where they !u'e hllrlll­
Ics. ... Spc('i ul double-shicldcd lcads :uo 
used to ('onnect the gUllrd circui t. to the 
bl'idge and to the unknown. T he cntire 
a.~mb[y is enclosed in a grounded mdal 
cu.bin('I, which SCf\'es to fix the internal 
guard -to-ground capacitance at a dcri-

AU G U S T , 19 52 

lIi le val ue alld all:lO to ~h icld the sytitcm 
against oo.-c:ycic pick up. 

T he circuit conncctiollS arc so ar­
mngcd, !l.S shown i ll Figure 3, that. two­
terminal measurements ca n be made 
directly with l he hridge. I L is merely 
Ilcccssary to discormrot. the 1.\\10 cabl es 
at the UN K NOWN" D I RECT ilnd 
UXKNO WN SU BST . terminals of thc 
bridgc. No other circuit. rea rrangement 
is necessary. 

- I \ ' AN O. EASTO~ 

SPECIFICATIONS FOR THE 7 16- P4 GUARD CIRCU IT 

COpGellal>(' Rang.: D cslgned p ri nmril y for II!:IO' 
with t h«x1 mul t ipli!'.r rauges of the T YJ't: 1 1 G-C 
Cl'pncitlJ.II CC Ikidgc, i.e., I\. runge o( 0-1000 JJ.P/. 
Fnqu' nc,/, ll a no-: CorfC::lpouds to that of 1' 1'1'F. 
71G-C Cnpncit.'UlI:e Bridge. 
O .. ard &alane. Ca pGdlor. Any vrulle of <:nplU.'i­
lNl~ iM'twccli the guard poill l. nr1d the h ig h 
Ine:li'urllig t.cm linni up to 1000 I'"f CIJ.II be biil­
IJ.need o ut. 
Maunll ng: Availllhlc in 1.."'0 Inodrl.~: Tn' .! 

7 1G- P41\\ III wnl" ut. cnhlllct mntching cnbind of 
TY l'E 116-Cl\l ; '1'1'1'£ 7 16- P4 R for re)lJ.y-rack 
mounting. Leads an) I\.rrnngcd fo r pl l/.cing t he 
gufltJ circuit d im;:lly nhove t.he bridge. 
Acu uori., Suppli,d : One 1'1'1'11 814-Q2 Coaxiru 
Adaptor .• 
N. , W'~ht: TYl'J.; 11G-J>.t1t , 17 Ills.; TYI'J.; 71 6-
P4M,23 lba. 
01 .... n l ;an l : 19 x 8'. X !)5 S IIIcht'IJ. 
-ll. S. Pnlente 2, 125,816 nlld 2,648,457. 

I'riu TYI~ 

7 1&'1'4M 
7 1&.1'411 

('1)(16 W(ml 
----,­

Guard Ci,cuit (in Wal n .. 1 Cabln tl). ..•. -' -' .. " .. ,.1 11/),.0\101l"'III 
1J0:<' 1 ~(lIJAIIU Guard Clrc .. lt jfo. Ro'ay_Ra ck M .... ntlng) , -', " ... -' 

$315.00 
29.$,00 

TYPE 1610-A CAPACITANCE MEASU RING ASS EMBLY 

The ncw guard circuit described abovc, 
in conj unction with equi pment regul arly 
aVllilahle, makes II wcll-in tcgmtcd as­
sembly for the mc:tsw'cmcnt of ca pac­
itance lwei dissipation fuc tor ovc,' a wido 
range of f r cqUCIlCy-, 

For cOll venicnce ill ordcl'ing, set.up, 
nnd usc, thc bridge, guard-circuit, oscil­
lator, and detcctor a.re assembled in /I. 

bcnch t.ype cabinet rack, complete with 

all interconnections. The assembly is 
designated 118 TYI'E Hi lO-A Capac itance 
Meas uri ng Assembly. 

With this equ ipment, Lwo-termina l or 
threo-tcrminal mcasurements of capaci­
tance a nd dissi plI.tioll factor can be made 
either by direct. or substitut ion methods, 
o\'er the freq uency rn.ngc from 60 cycles 
to 100 kc. 

Code II' OM {'rief. 

1610-... CapGtilon •• M . .. . u, lng A ... mbly " -',., .. _." -' -' J T $"50 .00 
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GENERAl RA O IO E XPERIM £N T E R • 
A GOOD CA USE 

Tim leLter reproduced below merits 
the consideration of all eleclronic CIl­

b';neCl"S and manufact.urCl'S. Few will 
dellY that. electronic equipment is tend­
ing 1.0 become increa."Iingly complex ­
in design, in construction, ill opemtion, 
and in Ilmintenance. 

At the recent. Joint AI ES- I R I~ 
RTMA Symposium on Progress in 
Quality ILlectronic Components, the 
statement was made thaI; 60 pCI' cent of 
all electronic C<luipment. in operation by 
tbe fleet is not operating satisfactorily. 
When we consider that a des troyer uses 

O£PARTMENT OF' THE NAVV 
BURE,,"U OF S HIPS 

W,,"SH'NGTON 2S. 0 C . .~ "VOL' ..... " . 

567(801 ) 
EN8/A2 - 6 
Ser 801/819-45 
6 June 1952 

Attention Technical Director for Research and Engineering 

Gentlemen: 

SubJ; Electron1cs; project simpl IficatI on 

The increaSing complexity and resUltant increased mai ntenance 
and reduced re liability of electronics e quipment is a matter of 
great concern to the Bureau of Ships. Every effort is beIng 
made by the Bureau of Ships to s impli fy the design of electronics 
equipment. To successfully accompl ish our objec tive, the full 
cooperatIon of the engineering s taffs of all Bureau of Shlps 
contractors 1s needed. 

The Bureau of Ships solicits and wi ll we lcome proposals from 
contractors whlch wi ll reSult in the producti on of less complex 
and more easi ly maintained equipment. Such proposals for simpli­
fication of deSigns are desired any time durlng the performance 
of existing contracts and wl11 be evalua ted on a not-to-delay 
production basls. It is understood that under no eircumstances 
shall changes be invoked in existing contracts unless authori zed 
by formal change under the contracts. 

In order to insure prope r evaluation by the Bureau of proposals 
for s impllf i cation of design, it is requested that the proposal 
COmpletely set forth any existing specificati on requirements 
which cannot be fully met. Such proposals should also recommend 
specificat ion changes which will be necessary to accomplish the 
proposed slmpl i f i cation. 

Proposals for Simpl i fication of deslgns on existing contracts 
should be fo rwarded to Bureau of Ships, Electronics DeSign and 
Development Division, Code 810, Washington 25, D. C. 

;,; 

Sincerely yours, 

H. E. Bernstein 
Acting Assistant Chief of Bureau 
for ElectroniCS 
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, 
3200 \'ncuum t.ubes and tlmt the process 
of Ilavigation in n B-50 involves some 
2500, such Il statement. no longer seems 
sULrU ing. 

With these thousands of tubes in the 
opct!ltion of each fighting unit, the p0S­
sibilities for failure are high !lilt! the 
maintenance requirements are severe. 

Simpli6c3.tioll of design is [l prime 

AUGUST , 1952 

necessity if lhe world is DOL to become 
bogged down in U 1ll0l":lS8 of inoperative 
devices. Design simplification olTers a 
challenge to the cngince:I' that he must 
accept. The simplest wl~y is often the 
most difficult, rct:luiri ng con::.idemblc 
horse sense and, usually, a higher degree: 
of creative cndcnyor than mere tcxLbook 
engineering. 

A USEFUL VARIAC CIRCUIT 

~ .. 
OU 
>5 

J ~~ 
",,,, 
"':, LOAD 
'0 

"'> -I 
The ctr,ui' lIIow .. In th. o((ornp,,"yinll ill u.lfOllon will b. found ... eM whir. a limited .angl of fOnt.ol Ii 

n •• ded on a 230.vaU, 3 .... 1 •• d.eu; t. 
Ill. ranljl. af cantroll. fro<!! lIS 10 230 volt., and III •• lJectiv. ,atlnljl af .... n.s·volt Variac 10 daubled. Sine. 

110. <;om .......... I,e In a 3·wlr •• y.' em 10 usually ljI.oo.ond.d, 110. load """'Id ..., b. 1jI,_ded wtlen 11010 CONMCtioto 
' ..... d. 

NATIONAL ELECTRONICS CONFERENCE 
Plan to visit the Gcncral Radio exhibit 

at. the 1952 National Electronics Confer­
ence to be held in Chicago September 
29 Lhrough October I. In booths 62 Ilnd 
63, General Radjo will show 0.0 cxtell­
!'live line of UH 1?-V Bl? measuring cquip­
ment, the new Geneml na.dio Sound­
Measuring System, nnd a number of 
impedance bridges for laboratory and 
production testing. 

'fhe UHF- VH r cquipmcnL on dlsplll)' 
,- will include instrumcnts £01' the measure­

ment.. of voltage, power, f requcncy, 
standing- wave ralio, admittance, im-

pCf.1nnce and receiver characteristics. 
The sound-mc:lSurlng equipment ill­

cludes the sound-level meter, sound­
survey rueter, Iluxiliary microphoncs, 
octave-band and continuous-spectrum 
:malyzers, und all acoustic calibra­
lor. 

Among the bridges exhibited will be 
a. resisWllce-limit bridge, useful for both 
laboratory measurement and produc­
t ion tcsting, and nn a-c comp:l.risoll 
bridge for cbceking capacitors and in­
ductors agai nst a standard sample at 
1000 and 5000 cycles. 
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GENERAL RADIO E X PE R IMENT ER • 
M I SCEl LANY 

ELECTED - Harold 11. Ridllnoncl , 
Chairman of the l3oard, CeBertl.1 Radiu 
Compauy, 10 Life l\Iembership of till' 
Corporation of til(' l\1a.<;.<;achusctts I n­
sti lute of T echnology. 

NATIONAl ELECTRONICS CON­
FERENCE, CM..,... S .... 29-0.1. I. 
Vi.it 800 .... 61 ..... 63 to ••• dirt. 
pla)'ll oJ G.DM'a' RaMo Equi m."t. 

CONGRATULATIONS to SeyfTer alld 
Co., A.C., exclu!'i ivc distributors of Gen­
eral Radio products iJJ Switzerland, who 
this year are celebrating tbe 30th an ni­
versary of the founding of their com­
pany. Our pleasant associl1tion wit h this 
fiJ'1ll and itsoffiecr~ bcgttn in 193fl . 

RECENT VISITORS FROM OVER . 
SEAS - Jacques Bendayan, Chief, T~l ('­
('ullllllunieation l ..uborutories, Ctlhlcs d(' 

Lyon de Ie Compagnie Gellcmle de 
Elcctricit.~, Lyon , ["ranee. 1\ 11". llclldll.ynl l 
was IIceom plItli<.'(1 by Marius Hed in. of 
Hndiophon, Psr'is, exclusive d isll"i bulOJ'S 
of Gellert" Ihilio pnxiuds in Fr:.uU"!· 
and the Frelleh colonies. 

- Professor Abdu l Hahman Hamoui , of 
t he Enginec.r'ing ~chool, SyritUl lTni"N­
sity, Aleppo, Syria. 

- Dr. A. i\ l alodi , Dil'Cc Lor of Broad('u.sir 
ing, Republic of IndonC8iu, Djnkn l"l ll., 
Indonesia. 

- Stanley H. Lives, Ceneml Works 
Manager, A. C. Cossor, Ltd ., London. 

- Per-Olof LUlld born, Rcscarch £ugi­
ilt..'Cr, Research Ins titute of Nnlion:ll 
Defense, Stock holm, Sweden. 

- .M asaru Ibub., President, Tokyo T ele­
('ommuoiention Engi nccri ng ( ·ornp:l.IIY, 
!.td., Tokyo, .I apun. 

TilE Gel/ crill Nm/io EXI'EItIM,.;.YTEU i s m(liled u'i"'Qu' charge cm:II 

1110110, to cIIg ; II ecrs. sc ien,jsI.s. t eclinil'iwM, {!lui oll, ers jll'('''', .. / ('(I 

'" f'o'n,ullll i.c(J'. io".jr~(lflenl'Y "'('!lSl/renlen' (111'/ cOlllra l p,·o/)I""l s . 

Ifl l' ell sending ' ·C(I'H'.'1 I.s jor .'1 l1bsf' rip,joll.'1 (llId uddress.du/IIgc II n ,il·Nt. 
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GENERAL RA DIO COM PA NY 
215 MA SSA CHUSETTS AVENU E 

CAMBRIDG E 31 MAS SACHUSETTS 
TELEPHO NE : TRtwbllriat 6·4400 

BRANCH ENGINEERING OFFICE S 
MEW YORIl 5, ME. YOU 

U Inn STRUT 
T£L . - .Orl ~ l · HJ1 

LOS ~"GEl[s JI. tALifOR Mr. 
IQDI MOnH $( WARD STREET 

Hl . - HOllr."~ ' ·UGI 

CH!CAG O 5. !Ll/ MOII 
II I SO UTH ... !tHrCaM HE~U[ 

TEL ." ... 1 IIli 

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
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