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A UNIVERSAL BRIDGE 

IFr"'''''''''ill Il EHE bas heel! a marked 
increase ill recent years in 
Ihe use of bridge methods 
(or the measuremellt o f 

T 
impetlBllec .. u f alll..ind ... Thi!! illl'reaSf' 
1m .. C()!I Il' from Ihe ~rcaler IHllnlter Q( 

qUlllllilit's HI III' IIlca;;ured. (roll1 Ihe 

grf'alC r rangl' o f their lIurucrica l \'alues. 
II rill f rolll ,lie ~rcalCr fa I1gcof freqllf"nC) 
al \\hk h the measurements 11111;; 1 1)1' 
mHd~·. Tile values of tile IIHlg nitudl' 
range and frelluc lI('~ ra nge over which 
rlJcasurcmc nl !<t a rc J csircd afC illl prcs. 

si\f': fl'::- i;;lanec {rom II microhm to II 

IIlcga ll1cgol1l1l . inductance (ro lll a mil 

lill1it'rohenr~ 10 II kilohenr) . (·g raci
IUIIf"C (rolll ;. lIlill imiCN:lIllino fll.rad 10 a 

millifaratl: n OI nil Ilt' rilaps. bill some of 
, III" '\(' III fn" llIc ncics ra llgi ng from II 

1'),l' le pcr MeoTHI 10 It het' lo nlcgaC) cle 

I)cr sel'oud . 
\ hri(lJ:;c i", lII ere l ~ an in ,;; lrnlllcnt 

I.i lh Il h;,'11 1\\0 impeJanecs. knoll'll 
Rnd Ilnkllollu. In a ~ he l'Olllparf'tl. Tile 
1.. 1101111 ;; Iallllllrd iii 11 0 1 inherelll in Ihe 
hrillge ; I&e lf. II lIIus l he sepll ra lc ly 
pro . i.le'l. Ti,e numher a lltl I aricl } or 
,he"e ~ I a ndarols is large: for It sillglc 
o:- tarHlar.1 ('1111 ra n-I) cover II rangl' of a 

thousa nd to onc ill e ither direc l ion 
frOIll il s 0 11'11 I'aille. ami that only a l 
10\. frcflue nc)' a nd 101\' al·cura.·y. I\ s 
lhel>(: rise the rangc o f ra l;o .Irops. 
a pproaching IInil } for a ll accuracy o f 
.01 1':(, ami at a frcflllCIICr of 100 kilo · 
qde~ pe r eccontl . 

\11 ol)\';olls "a} b) •• hi1;h Ihe 1111111 -

I.cr of f', t a IHIII rd;; 11111) Le ,lenease,1 lIlid 
II,c a.'curat:)' o f mcasurCIHell I inlTcascd 
if', b) the IISC or Ihe l'a rioll8 brid ger; in 
Ilhi{'h unl ike impcd ulIl'cs Ilia), be com
parc.1. us for example. re;;; is la ncc allli 
jlt'lf lI tlll lIIuluol imluc lRIWC in lerm s of 
capacilancc. ca pa4.' ita nee in term8 o f 
rc;;; istanf'c a nd (re(lucney. frcCJuc ll e~' in 
tcrms of iutluctancf' and ,' ul)al' it a ncc. 

The T n'£ 293- ,\ Uni\'crl!a l Britlge 
hal! hecil dcsigncd .. ilh consi,ler<.lli ons 
o ( this sort in mimI. II prol'ides the 
csse nli:ll !! of II hriilge. I'a riable ralio 
a rills a lld it SllIndard resistance "hich 
ilia ) be usetl II ;;; TIll nolde, I res i;;. ta ncc 10 

",a li ;;.f~ ol1e of tile t'omlit;on.'l o f lJula nl'e. 
in ,.ut:h a forl1l Iha l a ll ,~ l)es of hri,lgc5 
1II11 } he t:OIlSlrudc ,1. Thcflf' thr('C re

,. istnllecs arc mOllrll cd on the pa nel o f 
tli (" britlgc U~ sho'\l1 in Fi~ure I. .. ilh 
Iheir terminals nn.1 thoSo' o f lin tllitlcil 
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FleURE l.Panei view of II TYPE 293-A Uni
verl!a l Bridge. Dolled linea were drawn in 

arter ril e I'hologral)b WII! taken 

impedance S)' lI1ll1ct ricall y d isposed. 
These four pairs o f termi na ls Illay he 
L'Qnncc led to each oIlier and to the 
input and Olltpu t terminals placed at 
the upper corners of the panel through 
six pairs of inlerlllcdiule binding posts, 
the aellln1 connect ions being made by 
links which plug into the various jack
lOp binding pOSIS. 

The principle 0 11 wh ich this Icnninal 
board is arra nged is showo diagram. 
lunlica lly in Figure 2, in which the full 
lines reprC8euL the permanent con nec
tions. The three va riable resistances 
together with the added impeda nce 
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FlCURE 2. Schematicdiagram for lhe measure· 
meut o r reliu,mce by the Wheallione Bridge 

form tbe four arms of a simple Wheat· 
stone bridge when the ten links indi
ca ted uy the douellliucs are plugged ill. 
For this four.impedance ne twork the 
arrangement of the con necting links is 
symmetrical. 

T he three kinds of bridge ne twork s 
shown ill Figure 3 cover practica lly a ll 
of the hridges uscd for the comparisoll 
of like and unlike im peda nces. T he 
names of these bridges, together with 
the kind s of impedances compared on 
them, lire give n in the table. All of 
these bridges may he se t li p on the 

TABLE I 
Co",mon Bric/SCI S!.QU;iuS Ihe Ty pe of Nel.ll'Ork 
cmd Ihe Kind of KnoU'1l fwd VnkuOIl1I Eil!mcull 

Urld ~., Network ' U' I S' 

Impedance 0 " II 
L L&U 
C C&R 

Gl'()ver " C C&R 
C C&R 

Scherius: " C C&R 

,'laxwell " L C&R 

Owen " L C&R 

n ay " L C. R&/ 

R eeo.'"'"lce " L C&I 
f L&C 

Wi.:: n " C 1(&1 
L U&L 
f C&U 

AnderllOlI , L C&R 

And"r!On. II Il Y , C C&R 

Ca mp/)CI! , L M&R 

Carey FOSler , C M&R 

'" C&R 

ILeuers rerer to the n('\work! of Fi~ure 3 . 
' V r eprl:8ent8 the unknown ' I'",n l,ty thai 

clIn he mea ~ured when Ihe correeponding 
'Juantities ill Ihe 5 colum" are known. 
L. /1'1. n, C, and 1 represent respcclively 5e1r
inductance, ,,,ulual inductancc, rC8isla nce. 
ca pacitance, and rrell', ency. 
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• • < 

fo'ICUKI3. ' >rllcti l':a lly . 1I b ridge networke are elaborations of the.e three hasic ci rcui t!. 
The lellen fl. b aDd c rerer 10 the .econd column orT. Me I 

T"I' E 293·'\ UIl;,'crsal Bridge by suit· 
ably placing the known and unknowo 
illlpcdullccs and the inl crcollllccling 
lin ks. The determina -

.io lled in Table L a re given in the io· 
struclion book fllrni shed with each 
TYl'E 293·A Universal Dridge. Blank 

tion uf their positions is 
radlilaled by the pro
ced ure illustrated in Fig
lire k 

Owen's bridge , ill 
wltich Ille ;11(1 tlc lance lInll 
rcsisillnee of an unkllown 
illlluclor are measured ill 
lermsof tv. oadded ca pac· 
i Lall!"es and tbe variable 
res is t a n ces , ha ll I. ce ll 
dlOscll a ll un exa mple. 

The ilchcmatic diagrulll 
of Ihe bridge is Illude anti 
the four anus lelteret! 
cyclica llr A·8·S·U III 

such a !Danner that the 
three "/lriable resistors 
are uscil 10 iJ.cst 8lJvan
lage. The IlOsition of the 
connecting links may then 
he llr .. " n 0 11 t he terminal 
board diagra m. together 
\\i th the places for con
necting the ex-ternal im 
pedances. Such ligures 
for ull the bridges men· 

" 
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FICURE 4 

The Tn!! 293." Uuivl;.raai 
Bridl!" set up " 8 an Owen 

Bridge 

diagram s fo r o tll e r 
bridgcs are a lso provided . 

The resistors used ill 
this bridge are the new 
Tn'.,; 510 Decade-He· 
sistllnce Unils, ha ving 
the switch eoutaclll he· 
low the pane l. The three 
va ria hi e res istors 8re 
shielded from each other 
and the whole bridge is 
placed in a copper.lined 
cabillc L. Doul.tle pairs of 
input HIlII output ter
minals are provided so 
that shielded transform· 
ers lila}, he used. 

Th e ueec s50r ies re o 
quired (or the operation 
of the hrillge include a 
IlOwer supply, null de
teclOr, and standard s of 
irnpedance. Suitablc in
strumcnt s for these pur
poses a re described in 
Cata log F. The Tn-.,: 
S08·A Oscillator and the 
TYI'E 5H·A Amplifier 
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used in t:onjulic iion wilh head tele
pholles or the T Y!'E 188-0-"1 Altcrnul
jllg-Curre nt \ 'Ie ter a re pa rticula rly 
rCCOllllllc lllle ti a s I>o\\ cr suppl y and null 
detector. The TYI''': 293-P1 anti TYI'~; 
293·P-1 Transformers are sllieldcd trans
(ormen for isola ting electrosta t ically 
the power supply frolllihe bridge. The 

T YI'E 293· 1"'3 Slide-Wire Hcsistor pro
yides a continuously \ ariable resistance 
\\ hiell bridges the lowest resista nce 
steps in the hridge. ,. is parlic ulllrl) 
use ful in the measllre ment o f sllIull 
react anccs. 

The price of the TYN; 293·}\ Uni · 
ve rsal Bridge is $ L40.00. 

- HOIJlm'!' F. Fit, ... ) 

A SELF-DEVELOPING CAMERA OSCILLOGRAPH 

As AN illus tration of onc of the JUUII Y 
IYl:leS of spt,"Cia l c(luipmCnL built 

by Ih*! General Hadio Compau y_ we 
a re showing a pholograph of a lie .... ~If· 

developing st rillg oscillograph. 
This oscillograph automatically de 

velops il s own photogruphic recorrls 

ami , accordingly, is of unusua l value ill 
COlllmercial resea rch or in udjustme nt 
of cOlltro\ circuit s where t he result s o f 
any t:ha nge mus t be seen at oncc. 

The scnsitized pape r is fed intu II 

OOIl8131J1iy re vol ving C} linder. carried 
pall t the shuller. and thell on througll 

A thrte-.eh:mem 
camera oiICillogrn ph 

,,·ilb Ihe bclf. 
" e ,·e]o lling fe:llllre 
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!Jotl! "('\eloping: a nd fixing solutiolls, 
.. 0 that the r('( 'orJ is avai lable \\ithi n 
a {ew secQmJs of the tim.:: of t:\ I)()surc. 
A wide runge o f operat ing speed ill 
avuila hlc lind slI lisfacLory oscillogralll il 
call be 1II1I.lc 'nilh puper speells lip to 
about .15 inches pcr second . 

The action is controlled by II 111'0-

position l e\l~r \,hich feeds the paper in 
the firs t III,lSilioli. an,1 eulS and SIO(,8 

the paper in the second . \ Ihrce.slrin~ 

harp is s ia nduroi. amllhe CU lIl erll, tlri v
ing 1lI010r , liglH source. liming unit s. 
li nd conlrols a rc a lllllo llnl c,l o n II por l 
altle table. 

We hllve availa !'lc 111. ,Ill; prese nt 
lime l\I O extra oscillog-rnphs of this 
I} pc, designed for opera tion frolll I JO 
volt s. . d·I', They are prieNI at 3000.00 
elH:h. ~IILjec t to prior sa le. 

- II. II. SCO'I'T 

A FR~QU~NCY D~VIATION INDICATOR 

FOR TRANSMITT~RS 

GE:>" " II II. 0 111) "1\ No, 116 of Ihe 
Federu I n aaio COlllmis;;ioll. "hidl 

rCtluireil rallio hroadcasling ~Ia l ioll~ 10 
holtl Iheir IrunElUincr frc(llH!lIcics 10 
"ilhin ± 50 c~des per !:'econd of Ihe 
a s.'; igllf'cI £'111111111'"1&. places 011 Ihe stat ion 
frelJlU"nt·) moni toring equi pmen t iliON" 
rigill requirements Ihan ha,'c herelo
fore heell ne(·essary. 

A highl } s iable piezo-clcNric o:;ei l· 
la tor for II SI' a,; II rnOllil oring 8la nuani 
of frequency \.a" described hy Jaltl('s 
K. C lapp ill Ille last issue of Ille Ex/)Cri -

per ;;ccond is eX lrclIlcJ) Ilirli f' ull since 
it il llOllc8 tllc IIlcasurcmelH of I,o lh 
II udio and sub-audio fre'Jllcnc.ies, :tnd. 
i f II actua ll} ope rat es dO\\l1 to zero, it 
IIl11st co\er a n infin it e fre<lucnc} ra nge. 
E\cn if i t ope rates only iJCl \lccn olle 
a nll 50,,} .-Ies per second. the freq uency 

· . e • 

• .ff ft • 

• 
• , . • • , 
• • 

- - - - -----

• . @ , - • • • fit 1· -.... '" fit • .. • 
• 0 
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W-hi le Ihl' fretlllcnc), stamlurd ia Ihe 
lIIost im por lanl clcmcnt of the moni . 
toring s}stem. Genera l Order '0. 11 6 
rCljuires, iJ) implica tion, that an IICCII· 
m lc m elll lS be available fo r eOlllpll rillg 
Ihe fn'f Jllf'lIc) of Ihe tra nSlllili er \lilh 
IIHl t o f the monitoring sta ndard . 
L nder Ille o ld SOU.cycle lo lcra nec, ;1 

zero 1IU11ihle h C1I1 or an)' audible bellt 
no te belo" 500 (')des lias slifficient , 
\."il(' under tile ne ll onler, the bea l 
frequene) indicator shou ld he aC"(:urate 

'-'to "it"in a fc .... c}des per second. ".e ll .. : I. T he rreqnem::)' monilor con~i.l in:; 

of II Tl " ~ 575-0 "ie7.(>-Eleclric O oci ll lllOr Rlld 
a TYI'~ StlJ·A Frequency OC"iatiull ,\ Ieler 

The .Ie"ign of a frequency mCler to 
operatc from zc ro to 50 or 100 cycles 
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rauge covered has a ratio of 50 to 1. 
III general, an accurate frequency Iliel.er 
can cover only a narrow range of fre
(lucile),: and. as the ra nge becomes 
smaller. the accuracy increases accord. 
iuSI),. 

Since the prohlem of IIlcasuring tbe 
(Ic"iatioll of a radio IraHsmi u er frolll a 
known sl,anuard is concerned with the 
aclua l dC\'i1lIioli in cycles rather than 
the l)CtCClltagc dc\'ialioll, it is imllla· 
lerilll what actlla l val ue of beat frc
(luclley corresponds to zero deviation 
as IOllg as Ihe variat ions a bove and 
Lelol>" this value can Lc measured. A 
practical answer, theil, is to move the 
norltlal opel's ting point up ill the audio· 
(requene) spectrum UJltii 50-cycJe de· 
viations 011 either side correspond to 
smaller percelltage cbauges in the audio 
frequency. This can be rea lizeu by 
usiug HS u monitoring standard a cr)'s
tal whose {req ueuey differs {rom the 
assigned broadcast chaunel by. say. 
1000 cycles I>cr secQml. The frequency 
mCLer can theu be designed LO read 50 

RADIO 
TRANSMITTER 

(MASTER OSCILLATOR 
0' 

BUFFER 

cycles l:ler secoml above auu below 
1000. The U:lOO-cycie d ifference need 
not appear on the frequeucy indi cator 
which ca u be a rra nged to read zero a t 
1000 cycles per second . 

Genera l Hilliio TnE 581-1\ Fre
quency Deviilt ion J\ l eter is speci fi cally 
designed to lUeet these requirements. 
It consists of a WOO-cycle fre<llIency 
meter, preceued lJy a dctector and a 
two-stage alUlio amplifier. 

Volt ages derived Crom the unmod u
lated ma ster oscill ator of the transmit
ter aud from the monit oring stand ard 
arc im pressed on the detector aud the 
resu lting audio-freq uency beat is ampli 
fied and applied to the freq uency 
meIer. The {re<lueney indica tor is a 
large pointer-t.ype meter reading zero 
at 1000 cycles per second and indica t
ing de\'iatious of 100 cycles aho\'e a llll 
helow Ihi s va lue. T he scale is sufli
c.ien tly open to indicat.e changcs of one 
cycle per secood . 

The frcquency meter itself is a tuned 
circui t arrangement, as arc lIearly all 

AMf>J r------------------------------, 
'" I FREQUENJ~;01:v~2~~~N METER : 

Q) 
, 

, 
DETECTOR - AUOtO r- I i AMPLIFIER FREQUENCY 

I METER 

'- - - , , , 
' •• ,000 c,o .",,0 '''_ .. r f L _________________________ ...J 

TYPE .H~- D 
PIEZO-ELEC TR IC f . _AS5,C, I<EO C"'~R,[~ r~[ClU[I<CY 

OSCILLATOR , :r~EQU["CY DEv,,,,r'D" ~"I0'" .55'''''[0 C .. . .... (L 

(fREQUENCY 
STANDARD) 

' !IGUIl& 2. Schcmatic diasra", for the fre{I'H!ncy IIIonitor. The " (retIUCU Cy at andllrd" ill 
ollcr:oliog at a frequency 1000 Cpll ahov .. thai or Ihe carrier. When operating 1000 
cps helow Ihe carrier lhc " ea l frequency involve,1 ill the deviation meter ill ( l OOO±j) 
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....... such instruments which co\-cr IIBfrO\\ 

frequency ranges. 
Severa l nc\\' fea turt's a re involvell 

wh ich permit high accuracy to he 
achieved at 10\\ cos t. II fu c lor which 
is importan t if the lUc t er is to he t.'OIIl 

mcrcia lly accept able. " !lother adva n
tage lie8 in the fact dUll il indica tes 
continuously the direct ion, as well as 
the lIlagnitu~le or the frequeucy devia
tioll . A glance III the me Ier te lls the 
opera tor wbat adju stllJent s he muSI 

make 10 bring the station 10 the proper 
frequency. 

TYPE SS L·A Frequenc) Dc\ iulion 
i\l eter is intemlCil for use "ill! the 
TY1'E 575·0 Piezo· Eh:Clric Osci ll ator. 
An assembly of the IwO instruments is 
shown in Figure I. 

A fUll ctional block diagra m of d lC 
frequency meier assembly is sho\\ 11 at 
the right of Figure 2. A schematic di a
gram of the fre(lucncy meler itself is 
given in Figure 3. II consists of 1\\ 0 

luned circuits. and LwO rectifiers con· 
neeted in opposing directions. The 
difference of the currcn lS frOIll thesc 
rectifiers is ind icated hy a meter ,.hich 
is calibra ted ilireetly in e)cies per 
second. 

Figure 2 is a block diugrum of the 
entire monitoring sys tem. In Ihis Jja
graUl, /0 is the assignc;l channel (re· 
(Iuellc), and / is the deviat.ion of the 

FiCU"E 3. Sche mil lie ,Iiagr.un rorlhe rreqllt'm') 
indica ting element of the deviatio n meIe r 

transmiller from Ihat fre(luellcy, The 
tra nsmitt er frequene)" is according I) 
/. ±J. The crysIal oscillat or opera tes 
at a frequency 1000 cycles pcr second 
above the assigned chan nel and il.!' 
frequency Illay be e .. pressed as / 0 + 
1000. 

When the crystal oscillalOr and 
tranSllliller voll ages arc impressed on 
the detector, tile resulting audio· 
fretlueney bea t tone is 1000 cycles =F f.-

Iff is zero. that is. i ( tllC: transmitt er 
is on frequency, the beal is 1000 cycles 
per second and the indien lor is a t zero. 
An increase in tran smitt er frequency 
proouces a deflection 10 Ihe right : a 
decrease one 10 the left. The sca le i ~ 

200 cycles wide, IluII is, de\·jll lion5 o( 
100 cycles e itlter ~ide ,)f zero ca n III' 
rea d on the meter. 

"The c rY4tal fr"'ltlcll CY CII II . of l:our8C. I,,' 
ei the r ahove or I,e low the ch llnnel rr""I,u,ncr. 
The 5ig .. of the tlel' illt;on in tlit:a tion CII Il I ... 
rt'ven!e<l. Lr " ""en;ng lhe l ead ~ 10 thc frc. 
'I"c"cr ",dicator. 

TI-IE " CLASS B" MODULATOR FOR AMATEUR 
PI-IONE TRANSMITImS 

By lIIea ns o( ,. the 5(I .('(tlle d Class U" 
- typc of ulIlvJifier, the 1)OII er outpu t 

from au amplifier u~ing s tallfl ar.-I t) pes 
of lubes IIlsy I,c grea tl) increasc(1 over 

t hat possib le in the co n vC llti onal 
amplifier sys tcm, 

The Circuit a rrangemelll is tha t 
known 8S a push-pull lUllplifier. The 
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INPut OlJTPUT 
G," tYPE 2.2 · ... C; II lYPE 212-8 

Schem"t ic rliagrlm r"f a !t'''··po"cr aluMeu. I,hone '",,,,,,,itto-. u'iti.dull Genera l ltadi .. 
",," 'K :!92 'I 'ra,,~ronner~ ill u "ClaQ U" \l oo l" I~I ... r 

gain ill power is ol)laincd by a sbifl in 
the operating poinl of the tuhe 011 it s 
t:hnraClcriSlic so Ihul grid curren t is 
lake", The plate l'UrrCllt, Cllts off ell· 

tire ly ill each lube during one-half of 
the cyc le. The current in tbe B lead is 
Ihcrdore Ilot (:on813111. 118 is the ,"ase 
v.ilh the s tandard pU i!.h -pull a mplifier, 
Itu. vn rics cycl ically. Tlli~ JifTercllce is 
of impor tance in cOlisirlerillg (JOller

supply d('sign. 
One of the 1II0S i in teresting applicu. 

lions IIf the "elMS U" 811lj>1ifier is in 
radio.phone trSIlSlnille r s of moderate 
IXl"cr. By means of this ci rcuit , lubes 
or the 21O-1),l'e call IJC mlHle 10 pro-

duce sullicient pOllcr rur 100% mllt/II
la lion or 50-woll tubc!!. 

The ('ircui t iii shOw n ulml'e. '1\'0 
new Genera l Hudio Iransrorlllers lIrt' 
annoull ced ror use in this cireuil . Qne 
is used as an input push-pull Iran ii
rorlller !.>et .... een 1 .... 02 f5 and 210 Singes 
and the ol her is llsed liS the output 
trans rormer, couilling the "Cla ss 0" 
modulating a mplifier to Ihe rallin_rre_ 
(ILl t' llc), a mpl ifil·r. 

The lIel\ trnll.8(orrncrs arc: T\I'~: 

292 -A Input T ra n.!l rormer, prit'c i.OO. 
'1' \ 1'£ 292-13 Ou t pu t Tra nij, (orlllcr, price 
S IO.OO. 

T"'; GENEUAI. iVflJIQ CQMPANY moils the E.Tpcrimellter, without charge, 
cnch mOllt/' to ellgilleers, sc;ell tiAIA, (Hid others i"'crellfed in commufl,

iClitio ll-frcquellcy meaAlireme"t amj control proble ms. Pleasc scnd rcqlU!sts 
for slibscript;ollS alld Ufltlrcu-clwnge notice.! to 'he 

G~N ~RAl RADIO COMPANY 
30 State Stree~ Cambridge A, Massach usetts 

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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