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3 M A RCH, 1959 

A NEW UNIVERSAL IMPEDANCE BRIDGE 
Accuracy , versatility, and convenience 

are combined to an unusual degree in the 

new General Radio TYPE 1650-A Im­

pedance Bridge. Successor o the well­

known and widely us d TYPE 650-A, 1 the 
new bridge incorporate the many d -

irable featur of it pr d ce or, plu 

a host of improvement that contribut 

greatly to its accuracy and operating 

convenienc . 

The older bridge has long been a 
tandard fixture in laboratories, plant , 

and school . Rugged and reliable it is 
undoubtedly the be t-knO\vn instrument 

in General Radio's extensive line. Many 

of the early models are still in use - an 

example of the qu ality and long life of 

General Radio instrument - but time 
has shown many improvements to be 

both practical and desiTable. These, 

together with everal completely new 

I Robert F. Field, "The 
Convenient J\;Ieasure­
mellt of R, L, and ," 
General Radio Experi­
menter, Vol. 7, Nos. 11 
and 12, April-May, 
1933. 

Figure 1. Panel view 
of the Type 1650..A 
Impedance Bridge. 
Note the many new 
features: Orthonull; 
built-in generator and 
detector; single D-Q 
dial; singl.e pair of 
UNKNOWN terminals; 
bias terminals. For 
other external fea-

tures, see cover. 

feature , make an impre ive li t of 

rea on why the ne,,· bridge i ven 
more u eful and r liabl than it prede­

ce sor. 

Two f the impro em n tand out 
in importanc : 

(1) In rea ed ac ura y. lVI a urements 
of D and Q can be made with an a' uracy 

of 5 which togeth r ·with th ba ic 

accuracy of 1 0 for R L and C, holds 

over the entire range of the bridge. 
(2) The patented Orthonull feature, 

which el iminat liding balance , per­
mitting the measurement of low-Q in­

ductors and high-D capacitors . 

Two completely new features ·on·· 
tribute grea ly to convenience in use 
and portability: 

(3) Unique cabinet, which allows the 
bridge panel to be tilted and held at any 

con en1 nt angle and which , when 
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clos cl, forms a prote tive cover and 

carryjng cas . 

( 4) ompletel transistorized genera­
tor and detector. 

'till oth r improvements and exten­

ion of original features include: 
C-) ingle dial for all D and Q r ad-

1ng . 
(6) A . ingl pair of terminals for all 

mea urements. 
(7) A full d cad ' en ion of th 

upp r limit of R, L, and C mea urement. 
(8) Increased upper fr qu n y limit 

(20 kc). 
(9) M t r null indi ·ation for both ac 

and de m a ur m nts, eliminating the 
need for earphone . 

(10) Built-in g nerator and detector. 
(1 l )  Th ability to mea ure 3-terminal 

component in the pr nc of large 
terminal ·apaci an · 

(12) Ext rnally upplied de polarizinO' 

vol age or current can be u ed. 
A more detail d di cu ion of these 

f eatw· · ·will h lp to mp ha ize their 
utility and de irability. 

THE BRIDGE CIRCUITS 

vVhil p cializcd and unu ual circuit 

of en have advantao·es for ingle-purpo 
bridge no sati fa ·tory r pla ement 
hav b n found for the imple cla ical 

ircuit in a general-purpo e bridge. 

Their accuracy and implicity ar diffi­
cult to urpa s for dir ·t mea urements 

of indu tance, eapacitanc torage fac­
tor, di ipation factor, and both de and 
ac r i tanc . In thi bridg thcref ore, 
th w 11-kno vn ·ir uit ar used, bu , in 
order to maintain th de ired accuracy 
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over wide ran es several refinem nt 
have been intro luc d. In addi i n, the 

o- alled liding balanc , which ha been 
the main di advantage of the cla i 
circuit when u d to m a ur D and Q 
directly, ha be n eliminated by the 
Orthonidl f a ure. 

The s veral circuits are shown che­

ma ically in � igur 2. ot hat a par­
all 1-capacitanc bridge i now included 

as ,,·ell as the series type· this mak s 
po ibl not onl. the m a ur m nt of 
parallel capa itance, but also the ex­
t n ion of he range of accurate D m a -
urements. 

Th range of m a urement of each 
bridg onfigura ion ha been ex ended 
upward by on decade to give ma 'imum 
limits of 1000 microfarad , 1000 henrys, 
and 10 megohms. 

ar ful compensation of pha e angle 
in th brid arm ha gr atly impro ed 
th ac uracy of D and Q measuremen 

and ha made possible accurate 1n a ure­

ments of L and C at fr quenci s from 
20 c to 20 kc.2 

R idual bridge errors have b en 
greatly reduc d; th limiting fa tor are 
the inductan ·e r si tanc and capaci­

tan of the UNKKO,, N terminal them­
selv . Thes are qual o or 1 · than 
the smalle t m a urabl quantiti s (one 
micromi r farad, one microhenry, and 
on milliohm). 

STANDARDS AND COMPONENTS 

Th tandard capacitor i a 0.1-µ.f 
sil ·cred-mica unit of Gen ral Radio 
manufa tur . A shunt capacitance of 

2With external g n rator. 

Figure 2. The flve circuits used in the bridge. 

SERIES CAPACITANCE PARALLEL CAPACITANCE RESISTANCE SERIES INOUCTANCE PARALLEL INOUCTANCE 
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1000 µµf across this capacitor causes an 
error of only 13, and, therefore, 3-

terminal direct apa itan an be 
measured accurately when the smaller 
of the stray terminal capacitan e I 
well below his value. 

The fixed re i tor ar General Radio 
precision, wire-wound typ cept for 
the one megohm ratio arm, which is a 
preci ion film unit. The I ha e angle of 
the e re istor ar uffici ntly mall to 
permit ac resistance measurements on 
high valued resistors. The variable re-

i tor are General Radio potentiometers 
with exponential taper and logarithmic 

ales. The D-Q potentiom ter covers a 
total pan of 54 db whi h mak po sible 
a wide rang of measur ment and pro­
vides omplete D and Q coverag at 
measurem nt frequencie dm:vn to 100 
cycles and, with only a mall gap m 
coverage down to 60 cycles. 

GENERA TOR AND DETECTOR 
The generator and detector are com­

pletely tran i toriz d, making possible 
the ljght weight and low pow r con­
umption de ired in a portable in tru­

m nt. Th L o cillator and the hr -

stage tran istor amplifier draw a total 
urrent of le than 10 ma, which make 

po ible the long batt ry life with readily 
available "D" cell . For m a ur m nt 
on nonlinear elements, uch a iron-cored 
inductor , where the applied signal should 
be mall an o cillator level control i 
provided. The amplifier, which has a 
voltage gain of ov r 64 db can be made 
el ctive at I kc with ov r 20 db econd­

harmoni r jection or flat for mea ur -
men ts a oth r frequenci . Th amplifi r 
drive the panel m ter to give a vi ual ac 
null indication o that h adphon are 
not nee sary although they can be used 
if desired. A m ter sensitivity control is 
also provided. 

MA RCH, 1959 

SENS 

Figure 3. Block schematic of the bridge generator and 

detector. External-generator connections are shown 

by dashed lines. 

Th internal de our e i 6 volts. Pro­
vi ion is mad for h connection of 
external ac and de sotu-ce . External ac 
generator can b onne ·ted to the 
bridge through th int rnal i olatinrr 
transform r provided, thu effectively 
elimina ing the measur men t rrors ha 

an re ult from genera or-to-ground ca­
paci tan 

Block schematics of the complete in­
trument ar given in Figur 3. 

'i 

ORTHONULL 
Those who hav tried to balance low­

Q components on a onventional bridge 
have experienced he fru tratin " lid­
ing balan e," which i he low balance 
conv rgen e re ulting from the inter­
depend nee between the t\ o balance 
adju tments. Thi ph nom non mak 
balanc tediou when Q is le than 2 
and vir ually impossible when Q is le s 
than ,7-2. 

" liding balance" oc urs in any bridge 
that mea ure impedancein a n  northog­
onal oordinat s tern. Balan es made 
with controls that balance inductance 
on on dial for instance, and Q on an­
other inherently slide, becau e reactance 
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Figure 4. Plot of total number of balances required to 
achieve final balance, with and without Orthonull, as 

a function of Q. 

(jwL) i a componen in a Cartesian 
coordinate system while Q ( =�L) is a 
measure of angle in a polar coordinate 
sys em, and they are consequently non­
orthogonal. 3 

To eliminat thi diffi ulty, the TYPE 
1650-A Impedance Bridge is equipped 
with an xclu ive, pa nted feature, 
kn wn a Orthonull.' Thi nam wa 
chosen because the null is obtained by 
balance whi h ar e ntially orthogo­
nal and therefore converge rapidly. Or­
thonull gang the two adjus ments non­
recipro ally in uch a manner a o 
cancel the electrical interdependence, 
leaving the two adju. tm nt independent 
of one another. As a result the full Q 

6 

range is useful and balances are easily 
made. (Thi de ic will be de cribed in 
detail in an early issue of the Experi­

menter.) Figure 4 shows a comparison 
of the number of successive balances 
required for low-Q measur ment , with 
and without Orthonull, and is a striking 
illustration of the advantages of the 
Orthonull f ea tu re. 

MECHANICAL FEATURES 

Another novel development is the 
unique carrying ca e and tilting ar­
rang m nt shown in Figure 5. The cover 
may be latched closed to form a pro-

ectiv cov r for carrying or storage it  
may be latched with the bridge open, or 
it may be u ed a a upport which allows 
th bridg to be tilt d and operated at 
any convenient angle. Thi typ of case 

approach th id al for portable in­
struments. You will see it on oth r 
General Radio product in th future. 

The pan 1 on trols (see Figure 1) are 
arranged for the convenience of the op-

rator, and the terminals are placed for 
efficient use. The switching arrangement 
and panel ngraving male th opera ion 
of the bridge self-explanatory to the user. 

APPLICATIONS 

The basic use of this type of bridge 
I in the veryday mea ur ments of re-

3G. B. Hoadl y, ''Th ci nee of BalanC"ing an Imp danre 
Bridge." Journal of the F'ro,nklin Institute, Vol. 228, o. 6, 
pp. 733-754; December, 1939. 

4U. . Patent No. 2, 72,639. 

Figure Sa (Left). Bridge cabinet when closed is an easily carried, protective case. Figure Sb (Center). Bridge, when 
cabinet is opened, can be used with panel vertical OI', as shown in Figure Sc (right), tilted at any desired angle. 
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i tors, capacitor , and inductor , and 

for this application the wide rang 

efficient layout, and uniform accuracy 

of the TYPE 1650 -A Impedance Bridge 

are important. 

Th e sam feature , however, make 

possible additional types of mea ure­

ment that illustrate the inherent versa­

tility of the bridge. 

Freque ncy Characteri stics -The 
wide frequency response facilitat s 

tudies of the ariations in component 

parameters over the entir audio-fr -

quency range. An example of thi i 

hown in Figure 6. Th recommended 

external source for these mea urem nts 

is the TYPE 1210-C Unit R-C Oscillator. 

DC Bias - Pan 1 terminal ar pro­
vided for the application of a de polariz­

ing voltage to the el ment under meas­

urement. Up to 600 volts of de bias 
voltage can be applied to a capacitor 

being mea ur d on any of the bridge 

ranges. DC current can be uppli d to 
inductors or resistors by either of two 

methods. One pennits curr nts ranging 
from 100 ma for0.01 ohm or0.01 h nry to 

0.5 ma for one megohm or one henry; the 

other permit 40 ma under an conditions. 

Voltage Coefficients-DC hia make 
po sible the tudy of the variation in the 

capacitanc s of a ceramic or 1 ctrolytic 

capacitor as a function of voltag a 

hown in Figur 7. In measurements of 
this sort the very low valu s of di ipa­

tion factor whi h can be measured 

greatly extend the field of appli ations 

of the bridge. 
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Figure 7. Measured c apacit ance and dissipation f ac tor 
of a new elect rolytic capocitor as a func tion of im­
pressed de voltage as it is passed to it s roted volt age, 

then returned to zero bias. 

Iron-Core Inductors - In the m a -
urement of iron- ored coil , the ability 

to adju the g n rator voltag and the 

high selectivity of the detector are use­

ful in the m a urement of inductance as 

a fun ion of voltage. The data thu 

obtain d can th n be extrapolated to 

zero voltag to d termine the inductance 

at zero permeabiljty. 

In u h measurements as the de ermi­
nation of inductanc of a radio-frequ ncy 

choke, which usually has low Q s at 1 lr , 
the Orthonull mechani m makes possible 

accurate measurem nt whi h oth rwi e 
would b impo. sible. 

Resistance - DC re istances up to 

100 kilohm can b balan ed with a pr -

ci ion of l o/c . Above this magnitude, an 

external de ource should be used for 

maximum precision. With an xt rnal 

ourc , mea urements can be made with 

standard EI e t voltag ov r most of 

the resi tance range. Alternatively, the 

resistance at 1 kc can be measured. The 

Figure 6. Plot s of c a­
pacit ance v s. fre­
quency for three types 
of capacitors, as meas­
u re d  o n  t h e  Ty pe 
1650-A Im pe dance 
Bridge. The 1210-C 
Unit R-C Oscillator 
was the external, vari­
able- frequency gen-
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L 

Figure 8. View of the Type 16 50-Pl Test Jig. 

great r sensitivity available for he ac 
m a urement permits high r resistanc 

magnitudes to be mea ured with the 

int rnal 1-1 c g n rat r. For most types 

of resi tors there is no appreciabl differ­

en c b twe n d and 1-kc value . With 
an ext rnal a g neraior the behavior of 
resisti ve element that vary 'vith fre­

qu n y can be tudi d. If an appr ciable 

reactanc is associated wi h the ac re­

sistanee, it can u ually be ancelled by 

an xt rnal apaci or. 

'I'h re onan fr quency of tuned cir­

cuit can al o be determined through 

h measurement of ac resistances over 

a rang of fr quen i (up to about 5 kc) 
uppli cl by an xt rnal oscillator. 

A re istance measurements with de 

bia can be u ed to s udy the character­
isti ·s of diodes, varistors thermi tors, 

and oth r nonlinear re i tiv 1 m nt . 

3-Terminal Capacitors - As previ­
ously mentioned the high capacitance 

of the tandard capacitor make pos ible 

the measurement of direct capacitance 

even \Yh n th a o iated t rminal ca­

pa itan · ar of con iderable magni­

tude. One of the terminal •apacitances 

appear aero th d t tor and ha no 

effe ·t upon the measur ment. The other 

appear aero the tandard ca pa it r. 
H r , a terminal capacitance of 1000 

µµf produce an rror of onl. 1 % i n  the 

capa itan mea urem nt. Thu the 

measurement of hi lded 3-terminal 

components and of remote capacitances 

• 

8 

with hielded leads i quite fea ibl . In 

the latter class is the mea urement of 

el mcnt in conditioning chamb rs; in 

this application small changes can be 

determined to a degree of accuracy 

limited only by the resolution of the 

dial scales. 

Limit Testing - A test jig, TYPE 1650 -
Pl, facilitate the rou ine te ting of 

id nti al ompon n . Th en i i ity of 

th bridge an b et to give a conven­
iently read deflection of the null indi­

cator for any giv n toleranc . 

ACKNOWLEDGMENTS 

Thew 11-int oTated electrical and me­

chanical design of this bridge is the r -

ult of th combin d efforts of many 
individual . v ry effort has been made 

to produce an accurate, conv nien , ft x­

ible, and attractive instrument . Par-

figure 9. Bridge with Test Jig connected. 
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Figure 11. Bridge in use for 3-terminal measurements 
of sample in conditioning chamber. 

icular credit should go to H. C. Li tl -

john for d v loping the ilting ca e · G. 
A. Cl mow for working out the mechan­

ics of the Orthonilll mechani m; o H .  
G. terling and G. C. Oliver for layout; 

and to R. G. Fulk for helpino- with he 
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Figure 10. With the Test Jig, as shown here, the bridge 
can be set up for go-no-go testing to preset limits. 

in trument al o embodi 

ugg n of D. B. Sinclair I. G. 
Eas on, and R. A. oderman all of 

whom follow d the project with ii t re t 
and nthu ia rn. 

- I-IE RY p. H ALL 

SPECIFICATIONS 

Ranges: 
Re istance, 1 mn to 10 Mn, 8 rang s, ac or de 
Capacitance, 1 µ.µ.f to 1000 µ.f, 7 ranges, Series 

or Parallel 
Inductance, 1 µ.h to 1000 h, 7 range , erie. 

or Parallel 
D (of cric. capa. itance), 0.001 to 1 at 1 k 
D (of parallel capa itan ) , 0.1 to 50 at lkc 

(C$ = C11 within 1 % if D <0.1) 
Q (of ·eri<'s inductance), 0.02 to 10 at. I kc 
Q (of parall0l induC'tance), 1 to 1000 n.t 1 kc 

(L$ = L11 within I% if Q> 10) 

. Accuracy: 
Re istance*, ± 1 % ± 1 rnn (R sidual R= 

1 mn) 
Capacitance, ± 1 % ± µ.µ.f (Residual C = 

0.5 µ.µ.f) 
Indu<'tan e, ± 1 % ± lµ.h (Re idual L 

<0.2 µ.h) 
D ± 5o/c ± .001 at 1 k or low0r 
l /Q, ± 5o/c ± .001 a 1 kc or low0r 

!Frequency Range: (1 kc uppl i d int<'rnally ) 
l :1.C'C'Uracy for L and C, 10 c to 20 kc; 
for R, 10 c to 50 kc. 
(D and Q range are functions of frequen y.) 

Internal Oscillator Frequency t: 1 kc ± 2%. 

Internal Detector : Response, flat or scl tive at 1 
kc; sensitivity control provid d. 

Internal DC Supply: 6 v, 60 ma max. 
Power Supply: 4 "D" cells, supplied. Current 
drain (ac measur0m<'nts) 10 ma. 

DC Polarization: 600 voltH may bC' applied (from 
C'Xt0rnn.l sourc ) for . ·eriP:s capacitanc0 mcasure­
m nts. 

Accessories Supplied: One TYPE 274-MB Double 
Plug . 

Other Accessories Available: TYPE 1650-Pl T st 
Jig. 

Other Accessories Required: None. Earph nes 
mn.y be used where high pre ·ision is r quired 
at th0 extrc1nes of the bridge rang 
Mounting: Aluminum c:i.binet, with cap ive 
cover. 

Dimensions: 7% x 12% x 12}1 inche in luding 
handle. 

Weight: 17 pounds. 

Type Code Word Price 
16 50- A j Impedance Bridge t . . . . . . . . . . . . . . . . . . . . . . . • • • •  J BATON 

t . S. Patent No. 2, 72,639. 
*External DC , 'upply required for 13 a curacy above 100 kn. 

-tExternal ac and de sources can also be used. 

$440.00 
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TYPE 1650-Pl TEST JIG 
This test-jig adaptor provides a way 

to conne ·t compon nts qui kly to a pair 
of terminals which can be placed on the 
bench dir ctly in front of the op rator. 
Thus the test j ig and 1650-A Bridge 
make a rapid and efficient component 
sorting devic wh n the panel meter of 

he 1650-A is used as a limit indicator. 
The test jig make a three-terminal 

connection to the bridge, so that the 

residual zero capacitance is negligible. 

The 1 ad r si tan (0.08 ohm total) has 
effect only when very low impedance 

are measur d, and th 1 ad capa i ance 
affects only the measurement of the Q of 
inductors, introducing a small error in 

1 
D (or Q) of les than 0.007. 

Type Code Word Price 
1650-Pl I Test Jig . . . . . . . . . . j LOCAL I $19.00 

TYPE 1205-B ADJUSTABLE REGULATED 
POWER SUPPLY 

A new idea in voltage regulation has 
mad pos ible the high efficiency of the 
TYPE 1205-B Adjustable Regulated 
Power Supply. This new instrument, 
which deliv rs 120 watts, has an ov r-all 
volume of less than 75 that of conven­
tional supplies. 

The features of the series regulator 
and the controll d re ti:fier are com­
bined in this instrument. The fa t-acting 
series regulator provides a low output 
impedance over a wide bandwidth, while 
the high-efficiency controlled rectifier 
maintains con tant voltage drop aero 

Figure 1. Panel view 
of the Adjustable Reg­
ulated Power Supply. 
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the series regulator. Thus the series 

regulator alway op rat sat the optimum 

op ra ing poin , and the power dissipa­

tion i h Jd o h am minimum valu 

regardle of he outpu voltag s tting 
or of lin voltage variation . urther­

more, he regula or p rformance is the 

ame at an utput vol ag fro 0 to 

300 volt . 

pair of th. ratr n i u d a a high­
C'ffici ncy full-wave rectifier. Control i 

obtain d by variation of th thvra ron 

bia through a d f dback pa h (Fig­

ure 2) from h r gulat d outpu to the 

thyratron grid . Superimpo ed on thi 

de fe dbac}r voltaO" i an a bias voltage, 

µhase hift d 90° with re pect to the 

t hyratron plate voltag , to provide 
smooth cm trol of the th ratron firing 

angle. r1 h de feedback pa h includ a 
voltage ourc whi h determines he 

vol tag drop a ro th erie regulator. 

An ariation in the voltage drop aero s 
the erie regulator hanges the thyra­

tr n bia and therefor th firing an le. 

Th hang in firing angl van th 
,·oltage applied to th serie tub to 

maintain ·on tant drop aero it. 

the eries regulator u e a differential 

r------'--l' , ,,__-____ _ 

�•>1 RC(�'!CNCE >----------< 
V.O...L.rAQC 

tfA_V..SGA 
RC!�! .. 

figure 2. Block schematic of the power supply. 

case ode amplifier for low drift and high 

gain. cathod fol lo'"'er b tween th 

high -impedan e as ode amplifier and 

the grids of the erie tubes in rea es the 
bandwidth and impr ve the transient 

r ponse of the regulator. Positiv feed­

back within the over-all negative feed­

bacl loops i u ed to provide infinite 

amplifier gain and therefore essen ially 

z ro output impedan e. To a ure ta­

bility, the po itive fe dback i effe tive 

only at low frequencies. An oil capacitor 

across the regulated output terminal 

maintains the low output impedance at 

frequencies beyond the bandwidth of 
the amplifier. 

Ex ellent regulation, high output, and 

low hum 1 el make this power supply 

suitable for the most exacting appli a­

tion . 

SPECIFICATIONS 

DC Output Voltage: 0 to 300 volt.', n inuou ly 
adju. table' at 200 ma, mn . 

Regulation: No load to full load, 0.1 volt; 0.75 
volt change for ± 10 changf> i n  line voltagP. 

120-Cycle Ripple: 1 millivolt. 
Internal Impedance: Approximatf•ly 0.3 12 + 
(3 µh in parallel with µf). 
Regulated Bias Voltage: -150 volt , de, fix d at 
5 n1a, max. 

Type 

Regulation: No load to full load, 0.5 volt± lOo/i'. 
line-voltage change, 2 volts. Unregulated AC 
Voltag : 2 circuits, 6.3 volts at 5a. 
Meter Accuracy: Voltag , 2%; curr nt, 5%. 
Input: 105 to 125 volt , 60 c, 250 watt . 

Tube Complement: 2-6AV5-GA, 2-5727, l -l2AT7, 
l-6AN8, 1-6626, 1-5651, l-6BZ7. 

Dimensions: Pu.nC'l, (width) 9 Y2 x (height) 5 Y.i' 
inche�; depth behind panel, Ys inche . 
Net Weight: 15 pound .. 

Code Word Price 
1205-B I Adjustable Regulated Power Supply . • • • • • • • • • • . • •  I APPLY $290.00 
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GE E AL ADIO AT HE 5 ow 
NEW YO K CO IS UM MARCH 23- 26 

BOO s 3302 3312 

th TYPE I i.) -�\. Imp lnnC' 
] ridg an l th TYP"; I:.. .>-H P< w r 
�UI l l_, • •  t mr I ooth..;, trwPtl t'l" '' ith i.-

G aphic Level Recorder 

Pulse Ge erator 

·me-Delay Generator 

Sound- evel Meter 

Microwave Frequency Standard 

Dielectric easuring L n 

n \Y 1n.·trnm<'l t announ in 
· s h lnlP I for ann un m nt. m 

Tran fer Fu ction and lmmittance 
Bridge 

Vacuum-Tube Bridge 

Precision Inductance Bridge 

Low-Frequency, 3-Phase Osc"I ator 

W 10 and W20 Va iacs 

3-Term·na Capacitance Standards 

Th B st lnstrum nls in Ef dronics 

I 
• 

I Company a 
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