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PERIMENTER 

SENSITIVITY OF THE TYPE 916-A 
RADIO-FREQUENCY BRIDGE 
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• ALTHOUGH IN MOST APPLICATIONS 
satisfactory performance is obtained f!"Om 
the TYPE 916-A R!ldio-F rcqucncy Bl'idb>'C 
when commercial s ignal generators and re
ceivers are used, in some ca..«cs difficulty is 
encountered from apparently low bl'idf,'C 
scn.<:itivity or from noise and other ex
trancous signals picked up by the circuit 
under tcst. To those who hl\VC cxpcl'icnecd 
this diffkulty, the following analysis may 
be helpfu l in 8u~rcstiIlg a solution. 

In order to discuss bridge sensitivity, 
the term first must be defined. The defi

nition lIsed in thiil article j;.! based on the follow ing reasoning. Wi th 
both the rCf: isiancc and I'cactan(..'e dials sct at the true balance posi
tions, the voltage dC"cloped acroos the detcctor tcrminals if', of course, 
zero. Howcv('r, if onc dial is displaced from its tme balance position 
while the other n>mains at 
its true balance position, 
the output voltage pro
duced across the detedor 
terminals is directly propor- tr.ol-+-+ 
tiollal to the deviation from ~ 1-+-t--f\~++--1I-+-+--1--hif--l 
the balance setting for small ~ 

, 
i 

FIIIU.' I . Vol"'II' o~,ou th' d . '.clor 
' . rmlnol. of th , .·f btidll' os a 
'un~tion of ,h. d. viation of .ith. r 

, "'r-H---t 
I , dial from the tru. null position. 

, I-H-H--+-+'\ift---H-y 
·!·I O.'.t 

cu.L DE ... 11O/O ... _ ~ T1IIJE ..... L 
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cll'vi:ttiolll!. Thf'rcrore, 0. bridge sem~i
tivit.\' fZ1("IOI', 8, l'IUI lie defiTH'd 0.:;: 

V, 
V 

S =-' 
~ 

where Vu i!l tho genemtor voltage in 
\'olt~, and V~ is the vollage in micro
\'olts de\'l~lolX'd across the detector tcZ'~ 
minnli! whpu either dial is displaced 
(rom il:s truf' halance position by the 
amount ~, in ohms, and the other dinl 
is sct. at its tmc balance point. 

The 1'C'lntiol\slt.ip betw('Cn the output 
\'olttlgc produced :lCl'088 the det.ector 
lCl'ln illah., in terms of the s~nsiti\'ity 

f:u:tor and llpplicd voltage, and the 
(loviation fl'um the t rue bul:Ulce positiun 
in uhms is plotted in Figure l. If the 
I'cn8itivity faclor, the applied voltage, 
tUid lite !lett'tior sensitivity are known, 
the limitation Oil tltt' bl"idge accuracy 
due to sensitivity CIlIl he determin(.'{\ 
frum thc grllph. 

The bridge sell~iti\'it.r factor (or nn 
infinite dett'ctor impedance, So, is plotted 
n8 a. funct.iun of frequency in Figure 2 
Cor both tho Land C positions of the 
LrC switch 011 the bridge. Of course, ill 
the proctic:!] case, the t1etector im~ 

pedaoce is f10t infinite, nnd in ordcr to 
obtain the truc sens iti vity fnctor, S, the 
opcn circuit sensitivity factor, So, must 

d I Z, I I Z' be Inultiplic by r ,W lcre ~ fI. IS 
IZ.oI + Z. 

• , 
I ~ , 

• , I ~~-~~ .. 
, 

"-,.,. 

• , , .. , 

, 
the detector impedance, and Z. is the 
output impedance of the bl'idgc. 
The resistive :tnd reactive components 
uf thu output. impedullc(J arc plotted ns 
a funct ion of frequcney in Figu re :.t, 

The voltagc develolx.'() :l.cross the 
bridge generutol' termi lUlls, V" is not 
equul to the open circuit. voltage pru
ducecl by the siglllli gencrutol' used u.s :1 

signnl source unless the generator out
put impedance is zero as the input un
pedanee to tho bridge is not infinite. T o 
Obtain the mng~l i tudeof thcapplicd volt,.. 
:lgC, the open circuit gellorn1or volt:lgt> 
must be multiplied br the fnc tOl' 

I, Zi Z I where Zi is the input impcd
:t. + "Q 

:mce to the bridge nnd Z, is the out.
put impedance of the gellCr:lLor, The 
input impedltoce to thc bridge is plotted 
us a function of frequency in Figu re 3, 

The scnsiliviLy factor ill !lot illdu~ 

pl'udcnt of tbe magnitudc of ihe rC8is
lh·c component oC t he unknown iJ11ped~ 

:mco but dceI'Cuses s lowly as the resis. 
tive component increases. The scnsil iv· 
ity factor plottcd in ~'igl lJ'c 2 is for I'cia· 
lively slllall rc!>istnnccs; huwever, the 
effect of the uncertainty of balanec UpOIl 

the mcasuremcnt of the rC8isti \'c compo
ncn te:~prcesed as n percen tor the un known 
l'crii1:i tancc decreltses as the II1ngnitudl' 
of lhe resistive COlllponCllt. increases. 

I n some applications, and particu
lurly uz thu measurement of broudcilllt. 
antennas, cxtranoous signuls and noisc 
picked up by the Cil'cuit unde!' lest nnd 
inlroduced into the brid brfi lend to de· 
t.'I'Ctt.<;c the measuremcnt accuracy by 
plirtially masking the null. Thi:; effect. 
call be scrioui! when the maximulll volt· 
age available Cur application to the gel!
erato!' terminal'l is low. The use of l\ 

flO"'"' 2.. 0 ...... <1'( ... 11 .. ,um"lty loct .... s.. 01 0 
f", .. ctlo .. of ,"" ", ... cy . 
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highty selective l-ecciver is helpful, since 
it amplifies a smaller amount of the un
desired signal than docs a receiver with 
poor selectivity. OrdillflfY communicn
t ions receivers with crystal filters arc 
dr;<jrable for this application. 
Fig u r.4. Ga in in 111I"ol_lo-nol •• • 0110 01 .. fu".,lon 
of "'.quo .. cy who .. tiI , .. erolo, and d , t.dor • .,nn • • _ 

r • • 
I 
r , , 
• 

lion l .. riO I"'trek",,,;, d . 
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• • 

1 

Anot her method of l-educing the 
effect of noise introdw::cd inlo the bridge 
by the circu it under test is to I'CVCrsC 

the generator und detector connections. 
Tn the normal connection, the bridge 
isolating transformel' is cOlllle{·ted he
tween the generator and till' brid6"C. In 
thi~ position the lnRcrt iOIl loss of the 
transformel' attenuat es only the sigrHlI 
applied to the bridge. 1n rever'SCd con
nection, the transformer is bet-ween the 
brid6"C and the detector and both the 
desired Rignal and noise from the un
known arc attelllrnted by it, resulting, 
in 6"Cneral, in an incrense in the signal
to-noise ratio producrd in the detector. 
The amOllnt. of increa."C is appreciably 
uffected by the impedRnces of thr signa! 
generator and det.eci.or. I n a typical 
arran~mcnt, lIsing a Genom! Radio 
T YI'E 805 Signal Gencmtor and a Na
tional l'yp£ NC 100 Hccciver, the in
cl'en.<;c in ,"- ignal-t.o-noise ratio pJ'odu('cd 
by revC'rfling t he connections is plotted as 
It function of frequency in T"igurE' 4. 

tn the reversed connection, the ratiQ 
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of the signal voltage appl ied to the cir· 
owt under tcst to the voltage produced 
across the detector terminals for a 
given degree of bridge unbalance is 
larger than when the normal connection 
is llSed, nnd hence leakage between the 
circuit und<'f test and t he detector may 
be greater. This fact makes it all the 
morc desirable to use coaxial fittings 
on the rccei vcr as recommended in the 
instruction book for the normal connce· 

• 
t ion. In the reversed connection, leakage 
from the signal generator to the circuit 
under lest is less important than in the 
normal connection because t he relative 
vol lub>e levels are more nearly equnl. 

In the reversed connect ion, the input 
\'oitage applied to the bridb>'C should be 
limited to lcss than 15 volts to prevent 
damage to the standard resistor, U·3, 
shown in Figure 8 in the instruction 
book. - R. A. SODERMAN 

BRIDGE IN BRAILLE 
The cususlties of war have focused 

increasing attention on the problems of 
aiding the ph~icaUy handicapped to 
find a satisfactory niche in industry and 
in society. With most typc.<; of disability, 
tbe solution is not too difficult: arti fi cial 
limbs are being perfected for the legl~s 
and armless; plastic surgery restores lost 
featlucs; and ollly the restriction to 1\ 

~pdclltar)' life i!> nece88i1ry for many of 
thow wh~p handicap is functional 

With Ule blind, however, the solutiou 
ii'l mOl'e difficult The loss of what is, for 
many purposes, the most used of the 
fivc S('llfCS means that otheri' of the four 

remaining must be re.educated to per
form, as far us is possible, the work of 
the lost sense of sight. Touch, hearing, 
and smell nrc all caUed into play for this 
purpose, and in the educatioll of the 
blind are developed t.o all amazing 
degree. 

For written communication, and for 
utilizing the various instruments and 
machine.<) thnt implement contemporary 
existence, the scnee of touch is thc one 
most used. 

Under the auspices of the American 
Fowu\ation for t he Blind , mUIlY special 
instrulllent.s and appliances have been 

developed fo r lise by 
blind persons. In t be 
cngineering field, a mUll

ber of instruments for 
the blind have been 
developed by T . A. 
Benham, Assi!;tant P ro
fcssor of Physics at 
H ave rford College. 
Among these are a 
microrunmctel' , a mn~ 

chine calculator with 
the housing cut away to 
expose the Braille dials, 
and a circular slide rule 
in BraiJlc. 
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, 
One of Professor Benham's develop

ments that is of particular interest t.o 
the General Hadia Comp:l.ny is the mod i
fied TYI'E 650-A Impedance Bridge 
shown in the photograph. This bridge 
has been fitted with celluloid dials with 
Braille figures, and the dials are so 
mounted that they do not interfere with 
the normal operation of t he bridge. 

JANUA.R'I' . 19 ." 

.Profcssot, Benham has been blind 
since tbe age of two and hIlS devised 
thi... dial system for bis own use. 
A more complete discu.ssion of the 
work being done in this field will 
be found in his ar1.icle "Aids for 
the Blind/, which appeared ill the 
- I~ebrllary, 1947, issue of ELECTRICAL 
ENGINEERING . 

AUTOMATIC RECORDING WITH 
THE BEAT-FREQUENCY OSCILLATOR 

Of the many adv!Ultages of the bent
frequency type of oscillator, the out
standing is probably its abilit.y to seWl 
rapidly a wide range of frequenc ies. 
This fcature is particularly valuablc in 
conncction with automatic graphic re
cording arrangements where frcqucncy
response data or other information is to 

f"'" be obtained in the forlll of a permanent 
aod graph ic record. The single-control, 
single-sweep arrangement of the beat
frcqueney oscillator is readily adapted 
to mechanical drive from, or in conj unc
tion with, a recorder mechan~m. 

For several years, enginccrs of thc 
Sound Apparatus Company of New 
York have been engaged in a prOb'l'am of 
dcveloping methods of graphic record
ing at audio frequcncies. They h!Wc 
choscn the General Hadio 'l'YP£ 913 
Beat-F requency Oscillator as t]l C most 
suitable signal source, and a drive 

t • 

fiIlU", 2. Vi.w of th. Mod. ' fR- l Graphk Ruord. 
with th. Ty~ 91 3-C S.at_F .. qu.ncy O. clilalor. 

mechanism and chart are available for 
us ing 1his oscillator in conjunction witb 
1 heir recorders. 

Flgu .. 1. Funcllonal diagrom of Ih. ",cord.r. 

, A-C 
\ AMPLIFIER , 

INPIIT , 
POTENllOMETER\ 

AN D \ 
RECORO!NG STYLUS \ , , 

LINEAR 
RECTIFIER 

'-0 
AMPLI FIER 

'1... ________ C!,JJ!.CI! Q.()ol.:r~_OF _______ __ ..J' 

POTENTIOMETER POSITION 

MAGNETIC 
CUJTCHES 
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'I'be h:u<ill of OI>f' ratiQn of thl' rccord(>r 
ill !'Cadily undcn;tood with !'('fe1"el1C(, tu 
Fib'lll"(' I. It will be ",1.'t.'11 that the system 
is R i!('rvo nH'clmnif'lll, whieh maintains 
lit, 0. predetermined 10\,('1 the !lignal input 
to the iI-C llmplificr, The posit.ion of the 
potcntiometer :.1 1'111 lind recording stylus 
ill tlm.~ proportional to th€' 8ignalle\'el 
imp~ed on the input potentiometer. 

Figure 2 I<hows the combination of 
the 913-C and the Sound Apparatui:! 
('ompany's Model Flt-l r:raphic H ...... 
t'order_ The ooeillalor dilll drive is chain 
coupled to the Ilaper-dri\'c mcch:'ltusm 
(If thl' rceorder through the link unit, 
~howlI , 

A recently tUlIIOllHccd development of 
particular intertlst is the " Impedance 
Vcctorgraph." Incorpor3ting 8. twin 
recorder, )orodel nx, and the bcat
frequency oscillator, i\f()(lel 913-C, thi;" 
equipment mnk(lf: posf'ibll' the !< lWIlI
llUloo\l1l and fully automatie recording 
of the separate t'omponellli!- of imped
ancc as a funrtion of frequent)'. Equiva
[pnt e:cries rt1l: i"tlllH'C nnd rc:I.CtlUll'tl vr 
equivalent, pal'nllct ('onductzU\re and 
1!1If1f'cphmCf' of a two-ll'I"JiliJll\1 network 
()r ('olllponcnt ('llll he plotted. 

• 
" ~el1tifl.lly the met hod t'onsil't..,.; of 

maintnining a con,;taJllr cum'nl. l.hrough 
1 he unknown impcdlUH:o and of rccord
in(( the (lomplex rompone"u~ of voltage 
developed acr(l8!3 il. Th(' rf'!ll And imagi
nary componen t..- of thill voltage. Zlrf' 

d iN:'clly proportional to the rcsistance 
and TCnclance l"0.'pectively of the un
known impednllcc. RcfNring to the 
functiollal diagram of F igure 3, th(· 
operatioll of t he system i ~ Il8 follo.w!!: 
FOI- impedanc(' measl11'('menkl, t he A<I
mittanc(' nan~ Switch if! short-rir
cuitCfI find curl"('nt fed to the unl-nowll 
through the Impedance Range Hesis
tOlll. '1'h('8C are of such magnitudc as to 
insure Il. ctlrwnt that is indcpendent of 
the unknown impedance, 

The "R/' l)otenl.iometcr inserts into 
the subtraction cireuit a signal which 
cancels thc resist,ive component, of volt
uge ER wit,h the exception of t he 
error voltage t1E R • After phase in
\'erting this errOT voltage t.B Rand 
the reactive volt.:&ge jEz, these voltages 
arc added to the reference voltage 
RR~P and rectified. 

The out put of the rcctifier yields :~ 
d-c voltage J)I"OllOrtiollal to +t.BR and 

FlIIII •• 3 . Functlonol d ioll.om of th. Impodonc. V.do'II."ph. 

, 

, . 

FlA.L - 'M'I£ 

I'1£CTI~I[lI 

',' , ' "" 
' . 

"""" "'" ,~ 
• , 

..... ------~ 
lC UfIOSET 

T" COM'OfoI[NfS usm IN lWf. 
M:Ul. lIZ TWill 1'1£00RCV1 

V' V£(;TOIIlGIIAI"H PAN[L 
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, 
a d-c voltage proportional to -flBR• If 
tbe error voltage is reversed in phnSl', 
the voltages will be reversed, gi\, jllg It 

push-pull ~rrOl' volw.ge output. This 
error voltngc is Itmplificd through :t 

pll!\h~pult d-c lunplifier, which operates 
n. clutch m(..'Cilanism to move the slider 
on the "It" Potentiornctel'to I'(xluce the 
erl'OI" vollage. AutomaticaUy, this " R" 
Potentiometer plots the resistive com
ponent or the impedance. 

After the subtraction circuit there 
now remains only jEz, the reactive 
voltngc which is amplified a nd re<:ti
lied. This rectified output is can(."tlled 
out by the "X" Polentiometel' output.. 
Tbe OITOr ill canccllation is amplified 
through a d-c I~ mplifier which or>erntes n 
clutch mechanism to move the slider 
011 the "X" Potentiometer to reduce 
the error. Automatically, then, this 
"X" Potentiometer plots the reactive 
component. or the impedance. 

'1'1.1(" IllCfi.'mremeni of admitt:ulC:e is 
:\ccolllplished by shortiug the impc<l:mce 
runge resistors, A, and inserting the 
admiUance range resistors into the cir
cuit. EascntillUy constant voltnge is 
now imprc&:!oo acmss t.he unknown. 
The input lo the subtmction circuit is 
now switched from the top of the un
kllown Z to the bottom of the unknown, 
pl:lting the voltage atross the small ltd-

JANUARY , 1948 

FilII" 4. 'an.1 "l.w af t+.. VectO<9taph. 

mittulI(:e runge rt>:;hsto~ into the sub
traction I·il'cuit. Thi~ voltage is propor
tional to tIl(' cu rr<'nt through the un
known both ill IlHignitucie :Uld phase. 
These in-phase and out-of-phUS(' com
ponent.<; of voltngc 1l11) then propor
tional to the cOII(\uchulL'c und fmscept
allCC respectively and iln! recorded simi
lurly to the unl>wanre components. 

- L. p, REITZ 

I. G. P.ASTON 

ECCENTRICITY EFFECTS IN PRECISION ROTARY DEVICES 
Tcchll iCllilldV(l.nc embodied in mod

I'rIl l'oJnmun ieation, labomtory, :Uld 

prOl!CJ:!8 equipmen t require increwill gly 
high sbmdards of accuracy in rotary 
control and ill(iicatulg components. Re
sidual inaccuracies result. fj·om mun)' 
(,ontribu ting factors. Lurge fllllong these 
mlly be UII cc(.'Cntrieity of rotational uxis 
with respect. to working parts. Small 
ecccntricities, IIOllletime:; overlooked, 

mlly often offset much or nil of the cure 
lavished on the construction of a pre
cision control. Even when eccentricity 
errors arc recogn izcd, they eannat. 
always IJe elimiJmtcd, :LS, for example, 
011 the General Hadio 722 l'recisiOIl 
Condenser, which l'CqUIf(,>S a worm 
cnlibratiOIl curve if it ilO to be used to the 
limit of accumey. 

The presence of cccentricity eauses 
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the indicated rOllllion to differ from 
true rotation by an angle the size of 
which is :l {unction of the eccentricity. 
In Q. device with wOI'king p:lJ1s of t rue 
I'ad ius, R, with a shaft l'cnter displucc
ment, E, from the origin of R, the indi
cated sngle of rotation, jj, will differ 
from tbe true angle, a, :\8 expmscd by 
the equation: 

[ E ] {J - a 2' 8in- 1 n sin {J • 

Put. into words, t.his flays t hat. the angle 
<If error is that. angle the I!'ine of which is 
the product of the eccentricity to radius 
rntio multiplied by the sine of the indi
cated angie of rotMiOll. 

Since, with smull !Ulgies, the SU1C of 
the a.ngle c1o."-cly approximates the 
angle, it is IlQI<Sible to write an approxi
mate form of the equation, thus: 

E 
{J -a N 57.3 nsin fl 

For values of E/R less than 0.1, the 
crror introduced by t he approximat.ion 
is negligible, and no good dcsib1Jl, cer
tainly, should exceed a ten per cent 
eccentricity ratio. 

Thc importance of thc ec(;cntricity 
ructor can best be shown by 8. typical 
example. Consider a precision voltage
divider ("potentiometer") of two-inch 
rullius, witll nneccentricityof but twenty 
onc-thousandths of an inch, and a total 
electrical rotntion of 320°. Maximum 
ecccntricity error occurt! at 90° or lSOo 
indicated rotation , when 1:' ine fJ is plus 

• 
or minus onc. This maximwn error is: 

020' 
tJ - a = 57.3 X 2~ X ± l = ± 0.573° 

.000 
which y ields a percentage error of 

-+-0.573° 
320"' X 100 = -+-0.18% 

instead of the 0.05% t hat might have 
been expectcd from thc two thousand 
careru lly spaced t.ums of the winding. 
Thus, in effect, t he eccentricit.y error 
has llUllificd the accurncy inherent. in 
the precision winding and contact ar
rangement. 

Sometimes it. is possiblc to use eccen 
tricity deliberately to otTset. other non
linearities, if such other errors are 
sinusoidal or approximately s inusoidal 
with rotation. Under these circum
stances, the introduction of a calcu
Inted cccentricity of thc proper phase 
and magnit.ude can improve over-u.ll 
linearity mnterinlly. For instnnce, the 
regulation characteristic of l\ Variac, 
while not s inllsoic\nl, can be partially 
otTset by the delibera.te introduction of 
eccentricity that. is 3. function of load 
current. D uring World War II , this 
principle solved an ElOnoying problem 
in connectioJl with nlterua.ting current 
supply of n. magnet ic deflection coil 
operated from a Variac used lUI nn 
altcrnating-currcnt potentiometer. Thc 
corrective ecccntricity offset the regula
tion error suffi cicnt ly to meet the Dnrrow 
resolu tion specification required. 

-GILBERT S MILEY 
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