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ELECTRICAL COMMUNICATIONS TECl-tNIQUE 

ALLIED FIELDS AND I TS APPLICATIONS IN 

BRIDGE METJ-40DS FOR MEASUREMENTS AT 

RADIO FREQUENCIES .:;.-r--1_ - the de elopment of mea­
suring method imple ir -

cu.its inv lving, o far as 
pos ib]e, on] the unit 

under mea urement are at fir t us d, 
and as e perien.ce and techniq ue  im­
prove, more eJaborate but more on-

enient and Bexib]e methods ar de­
veloped. 

The earliest methods of measuring 
resistance were the voltmet r-amm.eter 
and ]at r the ubstitution methods. 
Bridges, which "ncrea ed the en i­
tivity of the uh litulion method by 
introdu ing a differential omparison 
and e ten ed its range by using ratio 
arm , natura y developed from the 

uh titution method. Bridg are now 
universally u ed for dire t- urrent an 
audio-fr quency measur men.ts. 

In th higher frequency range , 
voltmeter-amm ter method have been 
extensively used. t ra dio frequenci 
( ay 100 kc. to 2 Mc.), the tuned­
circuit substitution method is gener­
ally favored. In thi mea urement the 
unknown resistance is replaced in a 
tuned circuit by a standard which is 

adju t d to give th an1e volt age drop 
at constant current a the unknown. 
The obj e t of the tuned circuit is to 
reduce the effect of rea ta nee on ·the 
mea urement. 

Bridge method ha e evet·al ad­
vantage over vol t meter-amm eter and 
tuned-circuit s u bs t itu tion methods. 
They are not Jimited t narrow fre­
quen. y rang , and he grant more 
latitude in the choice of tandards. 
They involve, however, the introduc­
tion of o ther circuit lemen t in-to the 
mea urement and are, ther for , ju tly 
viewed with ome su pi ion when used 
under conditions wh re the value of 
the additional ircuit l m nt are not 
entir ly known. 

The e nt ial diffi ult y  with mea-
urement at high frequen ie lie in 

th fa t tha t the ir uit lement of in­
du tan e, capa itance, and r i tanc 
cannot be indiv " dualJy isolated but are 
present toge ther in all circuit unit , and 
between. the unit them e]ve , as well 
as between. units and groun d. Mo t of 
the tech n ique of alternating-current 
bridge methods involves the develop-
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ment of circuit units whose character­
istics approach lumped constants and 
ineans of eliminating the effect of 
re idua s from the measurement. 

Leads., al o., whi h are ignored a L 
l wer frequencie ., may have irnpe­
dan es approaching in magnitude tho e 
under measurement. These problems., 
it shoul be observed, are present at 
l 000 ycles., although too frequently 

ignored. In. a y bridge method it is 
necessary to distinguish between a 
balance of the bridge and a balance 
between. the unknown and standard 
element . The effect of re 1duals i 
frequent]y u as to give a fal e 
balance i nvolving unknown and e -
traneous impedances. 

Br
.
dges have been u ed at frequen-

i s wen above the audio-frequ ncy 
rang ., and there · no que t.ion that 
with proper are hridg measurements 
can he u ed at very high frequencies. 

The main differen e between m a­
urement at audi and radio frequen-
1e l u1nm d p i n  th on -th usand­

f ol d i n  r e a  e i11 r·e i nd u c t i-v e 
r a Lane and th corresponding de-

rea e 1n arallel capacitive reactance. 
Thi mean that distributed induc­
Lance and a pac ·Lan e whi h ere en­
ti rel n ligihle at audio frequen ie 
frequentl y ha e ontro1ling influ n e 
at fr qu n 1 f th rd r f on 
tn ga ycl 

h a en e f pr p r Landard 
off: r as great an ob ta I to high­
fr qu nc bridg method a th diffi-
'ultie inherent i n  the br.dge ircuit 

i t elf .  R sistance tandards u ua ll y 
ha e ome reactance al high frequen. y, 
and rea Lance standards ha e re 1 -

tance. 
r ondensers have the smallest 

time con tant of any impedan e ele-

ment and their law of variation with 
capa itan. e and frequency is kn.own. 
They may be either fixed or variable. 

olid dielectric mica on.den er may 
be made which al o have a small time 
con tan.t varying only ith frequency. 
Fixed straight wire resistors have very 

mall time constants, which an be 
calculated pro · ded the w ire used i 
non-magnetic. Resistors of the hifilar., 
Ayrton.-Perry., mi a-card., and woven­
tape forms also ha e small time con­
stants. Their equivalent seri es in­
ductances and t im e  constants are 
i ndependent of frequenc · ver a wid 
range. They can.not, howe er., he calcu­
lated., but mu t be compared with the 
straight ' ire standard . ariahle re-

. tors are inferior to fixed resistor b -
au e of the added r act.ance of the 
wit hin.g mechani m. nductor mak 

poor radio-frequen tandards, in e 
th ir ime constants are large and vari­
able., de ending upon kin e:ffe t and 
the charact ri ti f th 1ron core if 
on i u ed. 

Th ir natural £requ n 1 a1· \ 
a d variable in.du tor h a1· ia ti n 
of resistance wi h setting. They mu t 
be compared with tandar l ond n 

In on.sidering bridge ir uit 
radio frequencies it s the natural 
cour e to elect im1 Je ircui L and 
tho e having i1nilar el ment p r­
mitting a ymmetri al arrang m nL 
The equal-arm ridge sh uld b u d, 
although thi lim.i t  the u fulne o[ 
t e br idg method somewhat. t i  t 
too diffi.cul t to make imilar uni L 
having pr ti ally identi al lumpe 
and distributed con tant ., hut Lo make 
di imilar units in whi h ·the lum p  d 
and distributed constant bear like 
ratios is far m.ore difficult. qual r -
sistances are normally u ed for the 
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ratio arm.s, although apa ity ratio 
arm can be used. 

n elementary hri ge circuit ui t­
able for use at radio fr quencies is 

h wn in Fig. 1. It on i t simply of 
the ·tw fi ed ratio arm , the shielded 
input transformer, and terminals for 
standard and unkno n imp dance . 
This diagram is, of ourse, e a tly 
what wo Id b u ed at audio or lower 
:frequencies. he modifications neces­
sary for higl -freque:n y use lie entirely 
in the arrangement of parts and leads 
and t e sh· elding which is required. 

hile this elem ntary bridge circuit 
can he reasonably well balanced at 

000 cycles, at higher freque:ncie a 
ouhle halan e is ne e ary in order t 

eliminate all factor of stray capaci­
tan e. Two methods of accomplishing 
this offer them.selves. ne is the addi­
tion of a Wagner ground circuit by 
means o f  which the capacitances to 
ground are first balan ed before obtain­
ing a balance of the main bridge. 

e ond arrangement i ·the uh titution 
1nethod whi hi , of ourse, e tensively 
u ed in precision mea urements at 1000 

le . In thi method, the unk own 
an standard are placed in arallel in 
the s a m e  s i d e  o f  t h e  b r i d g e  a n d  
balan ed in the other arm by an un­
calibrated onden er wh· h u t, bow-

er, p reasonably good chara -
Leris ti . The bridge is balanced once 
with the unknown di connected and 
again with the unknown shunted across 
the tandard. The te hnique is the same 
a that used at low r :frequen ies, ex-

ept that grea ter are m.u he taken 
and it is parti ularly important that 
the arrangement of l ad e uncha ged 
for the two balance conditions. he 

1 resistance balance is obtained by add­
ing resistance in series or parallel with 

---

FrG RE 1. Basic bridge circuit commonly u ed 
at audio frequencie and suitable £ r radio­

frequency work if pre aut:ions are t:aken 

the capacitan e artn . he th add d 
resistance i changed between mea ure­
ment , corre tion must he applied for 
the hange in indu tance of the re-

istance unless it can be e tabli hed 
that this is negligible. In al ulating 
re ult from th bridge mea urem n 1. 
at high frequencie it is important Lo 
use the original bridge equations befor 
elim"nations ha ed on orders of magni­
tude ave been m.ade. These equation 
may he easily derived or are given in 
mo t textbooks on bridges. any f 
the order-of-magnitude elimination do 
no hold at high frequencies. 

In an endeavor to test out th pra ti­
ability of bridge methods at radio 

frequencies, the General Radio Com­
pany has developed the TYPE 516-A 
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Fee RE 2. Th n w T PE 516-A Radio-J•'requency Bridge. an exp rim ntal in­
strument for th dc l erminatio n  of reactan e an d  r si tancc at high frequen ie . 
lt us i r ommen<l d for laboratories ha ing a con iuerabl e peri nee with 

oth r mt-thods fo m a uring imp <lane 

Radio-Fre uency Bridge. Thi is iJlu -
trated in Figure 2 and 4 and the wiring 
diagram · hown in igure 3. 

Th entire bridg i en.do ed in one 
hield, while epara te internal shields 

en lose the ra io arm , the balan e 
onden er, the power-facto1· balance 

resi t r, and "the outpu-t transform r. 
The latter al o ontain a shield be-
tw en primar and ondary. 

The hielded transformer i placed 
in the output of "the bridge, o that at 
balan e it will have no urrent in it and 
no e ternal field. It i an air-core tran -

former with con en.trated windings, 
who e capacitances to ea h other and 
to t.he shield have been minimized. By 
a uitable hoice of the number of 
turns the band of .frequencie between 
10 kc. and 5 M . ma be er d. The 
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ratio arm are 100 ohm each. Low­
impedan e element are a requirement 
of high-frequ ncy measuring circuit . 
The anns are wound on thin mica 
cards. Both tran former and ratio arm 
are mounted on plug-in base o that 
th y may h tran po ed or new ones 
inserted. The balan e onden r has a 

apacitance f 1000 µµf and i pro­
vided with a lo -motion fri ti on drive. 

small erni r condens r of 15 µµf 
allow the adj u tment of the total 
capacitance to 0.01 µµf. The variab]e 
resi tan e for power-fa tor balance has 
three dia] , tens an unit decades, and 
a non-indu tive slid wire having a 
total resistan e of one ohm and reading 
to 0.01 ohm. The z ro inductance of 
this 3-dial re istance unit is only 0.2 
microhenrys and the maximum in­
ductance 1.1 microhenry. The lead 
from the ondenser and resi tor are 
brought t a terininal hoard located in 
a hielded compartment acce sible from 
the front panel o that they may b� 
connected in s rie or parallel or used 

paratel . 
The mea urements are mo t easily 

made with a modulated arner a a 
power upply and a detector and 
audio amplifier a a nun indicator. An 
alternati method is to u e an u:n­
rnodula ted o illator, heterodyne to it, 
and u e the r tifi d audio beat not as 
a null indi a tion. It is e ential that 
there be no pickup between o illator 
and amplifier. Both mu t, therefore, be 
well shielded. The shielding of the 

illator mu t b comparable to that 
of a good tandard- ignal generator. 
Either the TYPE 403-D or T PE 603- A 
Standard- ignal Generator i uitable. 

Higher power than are available 
from the signal generator will add to 
th sensiti ity f th m a urement 

Ix �--�Jo 

Frc RE 3. chematic diagram of the T E 
516-A Radio-Frequency B1·idg . The hea y 
lines repr ent th bridge elem n�, the light 

lin the hi 1ds 

and t the peed with which the bal­
an e can be obtained. n o ilia tor 
ha ing an output of about 25 milliwatt 
modulated to 50% i being de eloped. 
Thi in trument will maintain about 
one volt a ·os the bridge at frequencie 
between 20 kc. and 20 Mc. It is com­
pletely hielded and use toroidal coils, 

o that its e ternal field is very small 
The mo t available null d�tec or in 

the broadcast range i a tandard re­
ceiver of good ensitivity. Commercial 

uperheterodyne r ceivers having a 10-
mi ro olt en itivit are entirely ati -
factory. U ing uch a receiv 1· at full 

ensitivity and merely 1 · tening to the 
loud- peaker, the bridg can be bal­
an ed to one part in 100,000 for apa­
ci lances of the ord r of I 000 µµf and 
to on part in 10,000 for r si tance of 
the order of 100 ohms. The e :measure­
ment wer made in an un hield d 
roo:m anfl there " as noti eabl out id 
pickup in the receiv r. 

Measurement have been made with 
this bridge at a frequenc of 1 Mc. by a 
substitution method, u ing an e ternal 
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TYPE 222 Precision Conden er and 
either the decade resistor in the bridge 
or a similar external one. The impe­
dances measured have included the 

apa itance and re i tance of air and 
mi a condensers, varying from 100 
µµf to 1000 µµf, the resistance and in­
ductance of resistors varying from 1 to 

0,000 ohms, and the resi tance and 
reactan e of an antenna whose natural 
frequency was 1.2 Mc. over the broad­
ca t frequency range. The antenna 
measurements were interesting in 
showing that the voltages induced in 
fairly large antennae may approach a 
volt in magnitude. It is, therefore, de­
sirable that the voltage applied to the 
bridge be at lea t of this magnitude 

FIGURE 4. A TYPE 516-A Radio-Frequency 
Bridge set up for antenna measurements. At 
the left i the modulated radio-frequency 
source and on the shelf is a broadcast receiver 
u d as a null detector. The precision. con-

denser at the right is an auxiliary 

and preferably larger, o that mea­
surements may he made at all points. 

The TYPE 516-A Radio-Frequenc 
Bridge ha been developed to p rm.it 
the inve tigation of the possibilities of 
bridge circuits at radio frequencies. It 
will not be regularly carried in our cat­
alog because we feel that an e perien 
in high-frequency measure ents which 
is not po se ed by t:he a erage e p ri­
menter i require in order to obtain 
satisfactory re ult with it. It will be 
available in stock, howe er, and offers· 
an interesting and useful tool for tho e 
posses ing wide experien e in the tech­
nique of high-freqnen y mea urement . 

The price of the TYPE 516- Radio­
Frequency Bridge is $190.00. 

- CH RLE T. BURKE 

www.americanradiohistory.com

www.americanradiohistory.com


JULY, 1932-VOL. VII-No. 2 7 

MEASURING PENTODES WITH Tl-IE MUTUAL­

CONDUCTANCE METER 

THE TYPE 443 Mutual- onductance 
Meter, developed several years ago 

for testing triodes, can be used equally 
we I with four-elem.ent tubes. After a 
min.or modification (which every unit 
in our stock now in lude ) oth heater­
t pe a d filament t pe penLode can be 
measured. 

One of the modified mutual-con­
ductance meters with the batteries 

on.nected for rneasuri 1g a filament­
ype pen tode i hown in Figure 1 and 

the corre ponding c"r uit ·n igure 2. 
The connecting link to the new bi d-

ing posts, engra ed '" +" an "'-'' 
marked PE TODE CREE , have been 
installed i the left side of the panel. 
The cathode circuit has been broken 
and its two ends con.n.ected to the ne'v 
po ts. The s r en grid of a filament­
L ype pentode is connected to the prong 
corresponding to the cathode of heater­
type tubes. Tests in our laboratory 
have shown. the nece sity for a sour e 
of voltage for the s reen eparate from 
that for the plate in t e filament-type 
pen.tode su h a the 2 7. The on.ne -
tions for the s reen grid are, therefore, 

FIGURE 1. 
pentodes. 

h TYPE 143 utual-Conductance Meter modified for checking fila:ment-type 
'onne tion for heater-type pentodes are the same as for er en-grid tubes; th 

pentode- creen terminals are closed by the link 
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BIAS PLATE 
+BATTERY_ 

GRID �--�------e-----o 

+o-­
l?ENTOOE 
SCREEN 
- o----

LOW 
CURRENT 

R2 
100-'"'-

PHONES HIGH 
CURRENT 

+ o,___ __ ,. ._____���������� 
I M.f: 

FIGURE 2. The dotted ines in thio diagram. how the change in wiring 
necessary to make th e TYPE 443 Mutual Conducta ce ter suitable 

for measuring pentodes 

made to the two new binding posts. 
For the measurement of the heater­

type pentode tubes the conne ting link 
is left in place and battery connections 
are made as if a screen-grid tube were 
being measured. Detailed in tructions 
concerning thi are found in the in­
struction book accompanying the in­
strument or in the Genm·al Radio 
Experinient:er for July -Au gpst , 1930. 

The charge for the modification i 
$3.20 net, and it would require about a 
week before return shipment could be 
made. If a mutual conductance meter 

is to be returned for this change, we 
suggest that it be packed very well in a 
wooden case to prevent damage in 
transit and sh"pment mad by expre 
prepaid . 

There are still available in ou r sto k 
a few of the TYPE 443 Mu tual Con­
ducta n e Meters that have been mod­
ified for the measurement of pentode 
tubes. The price i $27.00 each and im-

. medi ate shipment can be made upon 
the receipt of an order. 

- H. H. D WES 

THE GENERAL RADIO COMPANY 1nails the Experi1nenter, without charge, 

each 1nonth to engineers, scientists, and others interested in co1nmun­

ication-frequency measurement and control problems. Please send requests 

for subscriptions and address-change notices to the 

GENERAL RADIO COMPANY 

30 State S�reet Cambridge A, Massachusel:t:s 
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