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A NEW SYSTEM FOR MEASURING 
THE INDUCTANCE OF IRON-CORE COILS 

The TYPE 1630-A Inductance Meas
uring Assembly was designed prima
rily for measurements of the induct
ance and loss of transformers, chokes, 
and similar components at high de 
and ac excitation levels. Easy to 
operate and flexible in application, 
it can also measure other nonlinear 
elements such as Zener diodes, recti
fiers, thermistors, and lamps. 

This article describes the design of 
the bridge emd its associated power 
supplies and shows a number of ex
amples of measurements. 

A system for measuring the induct

ance and loss of coil with ferromag
netic core is ne e arily mor compli
cated than the imple bridge that 

uffi e for mea urement on air-cor 
coil . The iron-core coil is nonlinear , 
and , for a sinusoidal applied voltage, the 
current will contain harmonic . Since 

inductance i u ually d fin d with re
spect to the fundamental component of 

curr nt flmYing with a inu oidal applied 
voltag , for meaningful measurement 
th ac ource dri> ing . the mea uring 
in trument must ha e a' ry low imped

an e to harmonic , and any imp dan es 

' hich the measurin g y tern pla e in 

series \ ith unknown impedance must be 

v ry mall with re pe t to the unknown .  
To minimize th effect of harmonic 
th det ctor mu be sharply tuned to 
th fundamental frequency. In addition, 
becau e the inductance i a function of 
the appli d ac voltage, de bia curr nt, 
and previou hi tory of he core, the 

instrument mu t be capable of making 
the mea urement with the ac Yoltage 

level and de bia urr nt at \vhich the 

inductance i de ired. 

In iron-core coil th term incremental 

inductan rigorou, ly r f r to the ac 
inductance mea urcd with a mall 

ignal uperimpo d 01 a r la ively large 
de bias urr nt,1 but th rm i al o 
frequently u ed to d ribe inductance 
as m a ured over wide range of 
ac and de excitation. In other important 

mea ur m nt no de bia i appli d. 
Therefore th y t m mu t be able to 

handle high voltage and current , and 
these mus be adju able. 

A new measuring system, the TYPE 
1630- L Indu tanc l\!Iea uring A -
sembly, ha b 1 dev lop d, which is 
capable of m eting th requirem nt . 

Thi y tern hown in Figure 1 operates 
at he power-line fr quen y and con-

i ts of a bridge, a 200-watt c;:l ource, 
and a 200-voltamp re ac line-frequency 

supply. Th bridge unit include a 

null detector. 
A econd a embly th TYPE 1630-A V, 

now und r de 1 pm n , in lud a 
200-va audio o cillator in place of he 

line-frequen y upply .and is capable of 

measuremen fr m 20 cps to 20 kc. 
An a cur a y of 1 % has been found 

to be adequa e for pra ti ally all mea -

ur ments on ferromagnetic component , 
which make po ibl th u e of a con

v nient singl -dial r adout f r induct

ance and another for eries resistance or Q. 

IF. E. Terman, Radio Enoineerino, 3rd Edition, :v!cGraw
Hill, 330 West 42nd St., ew ork 36, N. Y. 
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Many other nonlinear elements pre

sent the ame mea urement problem a 
iron-core coil , and the TYPE 1630 

assemblies are well suited to 1neasure
ments on uch omponents as Zen r 

diode , r ctifi r , neon larn.ps, incande -

cent lamp , and thermi tor . 

THE BRIDGE CIRCUIT 

The TYPE 1633-A Incremental-Induct

an e Bridg the main elem nt in he 

mea uring ystem, u es a new circuit 

which includes active elements, 2 in order 
to achieve important operational f a-

2H. P. Hall, R. G. Fulks, "The Use of Active Devices in 
Precision Bridges," Electrical Engineering, May 1962. 

figure 1. View of the Type 1630-AL Inductance 
Measuring Assembly. Space is provided at the top 
of the rack for the addition of an oscilloscope, 
which permits the current waveform or the 
hysteresis loop to be viewed during the measure-

ments. 

tures. The active elements are three 

multi tage, tran istor, feedback ampli
fier de ign d to have param er at 
least an order of magnitude more table 
than is required for the de ired bridge 

accuracy. Two amplifier are u d for 

i olation and a third for a phase inver-

ion. Figure 2 is the elementary bridge 
schematic. 

Each isolation amplifier is u ed with a 
potentiom ter t form a variable-voltage 

source with a low output impedance. 

This permits the u e of fixed capacitance 

and conductance standard , C and Q , 

becau e the current through these 
impedances is adju ed by variation of 

the oltage applied to them ra her than 

by variation of their magnitude . Thu , 

both adju ·ment are simple, easily 

balanced pot ntiometers rather than 
multiple decade as ernblies. The n ga
tiv -gain amplifier on the right-hand side 

of the bridge converts th voltage from 

the re i tive divid r into a current of 

oppo ite pha e, 'lvhich i required for a 

bridge balance. 

Null Conditions 

The equation for null can be ea ily 

obtained by etting the um of th cur
rents into the d tector equal to zero 
(Figure 2). If vve let R� equal the total 

resistance to ground from poin B, 

including RF, then 

R' (1 ) R� + Rx
B
+jwLx R + ajwCs + a/3G 

Rn 0 RE (R + R n ) 
where a and {3 are th ratio of po enti

ometer output voltage to input voltage, 
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r, 
GEN B .1.---------MA�� 

or 

cs -t 1-:::>-,.__A --H-----�rz--+- ----<' r. 
a. 

figure 2. 
Simplifled schemcJtic of t h e  bridge. 

1 . 

RF+ 
o:JwCs + a(3Gs 

R's+ Rx +JwLx Rn 
I X 

If 

then 

RB RE(Rc + Rn) 

1 Rn 

RF RE(Rc +Rn) 
' 

Lx 
aCsR'sRE(Rc +Rn) 

Rn 

Rx 
a(3GsR'sRE(R,.. +Rn) 

Rn 

wLx wCs 
Qx = -- -

Rx f3Gs 

The unknown inductance is propor
tional to the value of a, and the dial of 
the a potentiometer i calibrated o r ad 

L. For the connection hown in the 
schen1-atic, Q x is inversely proportional 

to (3, o that th dial on the second po· 
tentiometer reads Q x. However, if his 

potentiometer is connected to point B 
in tead of point A, a disappear from 
the equation for Rx making re istance 
prop rti nal to /3, and the dial there

fore read Rx. 
Advantages of the New Circuit 

This circuit has several advantages 
over conventional Maxwell or Owen 

MAY, 1962 � 
bridge a ordinarily u ed for thi meas
urement. 

1. Both balance controls are ingle
dial potentiometer permitting rapid 
balances. 

2. The bridge reads either Rx or Qx 
directly. A measurement in t rms of Rx 
is desirable for low-Q value where the 
Q arrangement ha a bad " liding null" 

( low balance convergence). 

3. The bridge can read Q directly, with 
no multiplying factor, at everal fre
qu ncie if the valu of Gs i witched 
as the opera ing frequency is changed. 

4. The voltage and current applied to 
the bridge and the unknown indu or are 
con an a the b Ian adju m n are 
made. Thi i a valuable f atur in the 
measurement of nonlinear device . 

5. The gen rator and dete tor are 

both ground d avoiding h n ed for 
bridge ran formers that may be sus
ceptible to magnetic pickup. 

The u e of active lem n which 
make po i ble th e f a ure , m y 
bring o the mind of ome r ad r a 
host of difficultie long s o iat�d '"·ith 
vacuum-tube amplifier particularly 

tho e employing little feedback. How
ever, uch problem a gain tabili y, 
life hum, noi e ex e s h  a , and warmup 

ime can be comple ely liminated or 
greatly reduced by the u e of multi-

tage ran i tor, feedb.- ck amplifiers. 
When one think of the high pr ci ion 

and reliabili y of the operational ampli
fier u ed in modern analog computers, 
one wonder why they ha no been 
u ed more extensively in bridge circuits. 

Ranges and Accuracy 

The arrange1nent of the panel controls 
is shown in Figur 3. The six rang of 
inductance are more than adequate for 
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practical measurements at any given 
frequency. Moreover, the standard ca

pacitor, C 8, is switched by the fre

quency- 1 ctor switch so that the in
ductance range is changed to give 

reasonable values at the various operat
ing frequencie . For example the induct
an e rano-e ex end up to 1,000 h nry on 

the four lower frequency po ition , but 
an inductance of thi iz would surely be 
above resonance at 1 kc, so that the 

maximum range i. 100 henrys at 1 kc 

and i r duced to 10 henrys at 10 kc. 
This hif t in range permit mea urements 
down to 0. 1 µh at the higher frequencies. 

The bridge read R or Q as elected 
by the panel con.trol. The Q scale i direct 

reading at nine fr qu ncie , which in

clude common power frequencies and 

their second harmonics, as well as other 
standard te t frequencie . The Q range 

is oo to 1, below which a bother ome 

sliding null occurs; the R scale should 

be used for these low-Q measurements. 

Inductors or inductive resistors of any Q 

value can be measured when the bridge 

is set to read L and R. The r si tance 
range extend from 0.0 1 ohm (first dial 

division) to one megohm and is inde
pendent of frequency. 

Power Ratings 

The maximum current and voltage 

that may be applied depend upon the 
value and power rating of, respectively, 

the bridge resistor (Rs) in series with the 

unknown and the other re istor (R c) 
adjacent to the unknown . The resist

ance Rs should be as low as possible for 
low dissipation, and low compared to the 
reactance of the unknown inductor for 

minimum waveform distortion, but is 

also limited to reasonable values by 
sensitivity and lead-resistance considera

tion . In thi brido·e, Rs has a rating of 

100 watts, but the power dissipation is 

Figure 3. Panel view of the 
lncremental-�nductance Bridge. 
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limited to 50 watts for continuous opera
tion to avoid overheating of the bridge 
elem nt . On th low hr e range , it 
ha a value of one ohm, so that the rating 
for con inuou u e i 7 amperes. The 
values and rating for th o h r ranges 
are tabulated in the pecifications ( ee 

page 13). 
The highest voltage that can be ap

plied i determin d by Re. n the four 
high inductance ranges i ha a value 
of one megoh and permit 1250 volt to 
be applied to the bridge. On the low r 
range , where th impedance of the un
known induc or i lo'v r curren rating 
i the more important, and the voltage 
deer a es, becoming 12.5 volts on the 

lowe t range. 
For ho e applications requiring more 

than 7 amp re , the TYPE 1 33-Pl 
Range-E tension Unit,* which contain 
a 0.1-ohm re i t  r, can be xternally con

nected to hunt Rs on the three lowe t 
bridO'e range ; the inductance and re-

ist nc Yalue are h n r du ed by a 
fa tor of 10. \iVith thi resistor, me ur -
m nt up to -o ampere , ac or de, are 

po sible. 

The Internal Detector 

Mea urement on nonlinear imped
ances require the u e of a highly elec
tiv detector because the laro·e harmonic 
ignal develop d are not nulled at the 

fundamental balance. \i\Then ma ·n tic 
circuit are highly saturated, it i po ible 
to have harmonics a 1 rge a he fun da
m ntal itself and therefore approximately 
40-db rejection would b n e sary for a 
balance of 1 9( . Even more rejection is 
de irable. 

Th <let tor in this bridge was de
signed to meet these requirement . It is 

*Available on special order. 

MAY, 1 9 6 2  

selective at the nine fixed frequencies at 

whi h the bridg Q ale i direct reading. 
Two cascaded, active RC, selective am
plifier are u d to obtain a econd
harmonic rejection of 60 db. When 
mea ur ment a other est frequencies 
ar requir d, an ex rnal null d te tor 

hould be u ed. The TYPE 1232-A un d 
Amplifi r and Null D te tor i r m
mended. Thi, detector has a 35-db 

ond-harmoni r jection, whi h i 
adequate for mo t n1ea urem nt . How-

v r, if a given t t fr qu ncy is to be 
u ed often, it is not difficult to change 
th d te or and the bridge circuit to 
obtain l cti ity and a direct Q r ading 
at the desired frequen y. 

Due to high d tector sensitivity and 
low noi e, mea urement an be mad at 

x i ation level below one volt on the 

hio-h inductanc range and b low 10 
millivolt on the low t range. Hen· , 
on any range, he a 'Cita ion can be 
vari d over a pan of mor than 1200 
to 1. 

An additional d t tor f atur i the 
hio-h degree of amplitud ompr ion, 
whi h make r p ated g�in-con rol ad-

justmen s unne ary. 

THE COMPLETE SYSTEM 

In th complete m a uring y t m 
the ac upply, a d upply, and th 
bridge ar connec ed in rie a h wn in 
Figur 4. De rip, ion of the two sup

pli now available ar giv n el e\vher 
in thi i ue. 

In Figure 4 the output ir uit of each 
pmv r upply is hown in greatly impli
fi d fonn, o indi at the path of the 
high de and ac excitation curr nt . Ea h 

upply i capable of pa ing the maxi
mum current available from the other. 
Th rm sum of the 1naximum d and ac 
current (5 amp r ea h) i equal to the 

7 

www.americanradiohistory.com

www.americanradiohistory.com


8 

GENERAL RAD I O  E X PE R I MEN TER 

rated bridge current of 7 amperes. It 
should be noted that the maximum 
power rating of the bridge is 1250 volts 

at 7 amperes or 8750 voltampere , far 

greater than the output of the e 200-' att 
power supplie . Users who require power 
of thi magnitude will pr umably con

struct their own power supplies. 

AC 
POWER 
SUPPLY 

DC 
POWER 
SUPPLY 

figure 4. Simplifled 
diagram of the sys
tem h ig h -current cir -

cuit. 

The ac voltage applied to the indu tor 
should b a inu oidal as po ibl . If the 
unknown inductor is nonlinear, the cur
rent will be distorted, and the series im

p danc ir h loop mu t be low to a oid 
subtracting a large distorted voltage 
from the generator ignal. rrher fore, the 
output impedan e of th TYPE 1266-A 

Adju. table AC Pow r ource and the ac 
impedance of the TYPE 1265-A Adjust

able DC Power Supply have been made 
very low. Hesistor Rs i al o in thi loop, 
but in most cases it is much smaller than 

the unknown impedance and i u ually 
maller than the winding r i t n e of 

the coil being easured. On the o h r 

hand, th de applied hould be from a 
constant current source. Current, rather 

than voltag , i th variable that hould 
be con trolled, be au i d termine the 
de ampere turns (1nagnetic field ir -

t n ity H) applied. When the indu tor 
di sipate a large amount of de povrnr, it 
will heat up, and it winding re i tance 

will increa e. Th de supply i therefore 

curr n regulated to keep the applied 

curr nt con tant. 

Protective Devices 

Because the bridge is designed to 
measure inductor in which the tored 

energy can be very large, a number of 

f atur have been in orpor ted to pro
tect the equipment and to al rt he 
op rator to po ible danger. The most 

prominent among these is a hinged cover 
over the I ow t rminal . A lock on 
thi cover is mechanically connected to 
a swi ch that short the gen rator 
t rminals to ground (through a l-oh1n, 

50-watt re i or). Thus, any current in 
the unknown inductor i di harg d 
harm le ly before the opera tor discon
nects the unknmvTL A panel light under 

th UNK ow t rminal indicat when 
the generator is not shorted. 

The YSTEM POWER . wi h controls 
the pow r to two recepta les on the rear 

panel of the instrument, so that he 
bridge and it ac and d g n-ra or an 
be conveni n tly con trolled by the ame 

witch. In thi way the g n r tor are 

al o prevented from upplying power 
when the bridge power and warning 

ligh are turn d off. 
If the gen ra or is di connected '' i th 

curr It flowing in the circuit, th in
duced voltage transient is applied di

rectly a ro the bridg- . Thyri te vari -

tor have b en in lud d to limit this 
voltage and to help prevent damage to 

th bridg . 

APPLICATIONS 

The wide impedance, ignal, and 
frequency ranges over \ hi h he TYPE 

1633-A In remental-Induc ance Bridge 
is useful suggest many application . The 

major use is undoubtedly the measure
ment of iron- or * compon nt , but 
there are many o her impor ant applica

tion in the measure1nent of nonlinear 

resistances. 

*The term "iron-core" as used here includes all types of 
ferrornagnetic cores. 

www.americanradiohistory.com

www.americanradiohistory.com


MAY, 1962 

Iron-Core Components shown in Figure 6. The actual measured 

The ability of thi bridge to operate points are indicat d by cros es. 

with almo t any generator waveform and 

at high pow r levels makes possible he 

measurement of an inductor, tran -

former, motor, or other elec romagnetic 

device with the generator voltage eith r 

supplied by the circuit of the inductor or 

simulated by the bridge generator . 

A de power-supply filter choke pro

vide a good illustration of this type of 

mea urernent. ince the re i tors in the 

bridge cir uit are arrang d to cau e very 

little extra loading of the generator , th 
bridge can imply be insert d ir the 
1 ads of the choke in the power- upply 
circuit and be mea ur d und r the ac

tual ource and load condition . Conn 
ti on for a typi al mea uren1en t are 
shown in Figure 5. I-Iere th gen ra or 

ignal is a full-wave rectified sin ' ave. 
ince the harply tun d detector dis

criminate against harmonic , th bridge 
can easily be balanced at the fundam n
tal frequency of thi waveform, whi h is 
twice the line frequ ncy, or 120 cps. A 
plot of the mea ur d inductance of a 
choke a a fun tion of load current i 

A 

In order to provide a compari on, 

the generator of the TYPE 1630-AL 

Inductance Mea uring A mbly were 
set up to rn a ur h ame choke with 

the ame de current and th arr e 
ac flux den ity ( et on th ac supply) 

as in the above mea urement . The 

rms fundamental component (120 cps) 

of the full-,,rave rectified ine wave is 

2v2 
-- E peak· To get the same flux 

37f 

density at 60 cps requir half this volt
age. The point m a ur d wi h the 

simulated gen rator ar hown a cir le 

in Figure 6. The differ nc between the 

two curv i ry mall ex ept at low 
curr nt wh re the indu tance is 1 ss 

than "criti al ,"1 and the waveform in the 

full-wa e ase becomes distorted due to 
the di continuou urr nt in th choke. 
This mea urem nt how that th op
era ing condi i n can be duplicated 
without duplica ing e actly the actual 
wavefonn 

I p. Cit. 

IB 

17 KN 

LOAD GEN 

BRIDGE 

Figure 5. Circuit for measuring 
filter ch oke under load condi

tions. 

II 
CHOKE 

Figure 6. Plot of measured inductance of · 
chqke as a function of l oad current. 
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INTERLEAVED 

II-MIL AIR GAP 

20,1-------1 31-MIL AIR GAP ----f----+--'�-�::S:.0\.-,-------l �----+------x -----;1----�11 --�-� 

Hoc - AMPERE -TURNS II NCH 

Figure 7. Inductance of c h o ke as a function o f  
de amperes -turns with various air  gaps. 
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A power-supply chok u ually ha an 
air gap in the magnetic ir uit o pr v nt 
the core from a urating . With a given 
core , coil, and de current, there is an 
op imum air gap for maximum indu t
an e .  A y tematic procedure for the 
de ign of uch inductors has been de-

cribed by C. R. Hann 3 and i wid ly 
used. The mea urem nt required for 
such a de ign can a ily b mad with 
the TYPE 1630-AL a mbly. An xample 
showing the inductance of a coil v dir ct 
current with several air-gap ize i 
shown in Figure 7. The lo u of th 
optimum-gap indu tance value i hown 
by the dott d line. Figur shows a 
m asurement at high curr nt. Data for 
this curv of the leakage induc anc of a 
TYPE W50 v RIAc® Au otran former 
were taken at 50 ampere , with th TYPE 
1633-Pl Range-Exten ion Unit hun ing 
the internal bridge resi tor (Rs). 

Th re are inany mea urem nts at low 
signal level where the ability to et the 

ignal to a known value independent of 
the balancing pro edure i n cessary. 
Figure 9 show the inductan of a small 
pul e transformer m asurcd at 15.75 k c  
a a function of a c  signal level. This 
frequ ncy po ition was included in the 
bridge fr quen y calibration for mea -
urement on th magnetic compon nt 
us d in the horizontal cir uit of tele
Vl ion rccerver . 

Figur 10 illu trates another xample 
howing the inea ured inductance and 

re i tan of the control winding of a 
small ac ervomotor. From u h meas
urement it i a r latively imple ma ter 
to determin the val11c of rie c pa i
tors necessary to give any d ir d pha e 

ac. R. Hanna, "Deign of Reactances and Tran form rs 
Which Carry Direct urrent," Journal of AIEE, Feb
ruary 1927, pp 5-8. 

MAY, 1962 

r lationships at a particular operating 
point . It also indicates the load on the 

rvoam plifier. 

Ano h r u eful appli ation of the 
bridge i in the mea ur ment of loaded 
tr an sf ormer of high power rating. 
Figure 1 1  hows the inpu -in1p dance 
component of an audio-frequ ncy trans
former t rminated in it normal load. 

AC Resistance Measurements 

An important group of appli ations 
comprises ac resistan e m  a urements on 
level- ensitive component . A ypical 
example is the mea ur m nt of the 
dynamic impedance of Zener diodes, in 
which a mall ac signal is sup rimpo ed 
on a d bia urrent. For thi n1casure
ment the ia current i upplied by the 
TYPE 1265-A DC Pow r upply and the 
ac signal by the TYPE 1266-A AC Power 
Source. A de voltmot r aero th Z n r 
diode measures the breakdown 1 ao-
at the te t current. An cxan�ple of this 
m a uremen 1 hown in Figure 12. 

A imilar m a urement i that of the 
dynamic fon ard imp danc of rectifiers. 
Thi inform ion i u ful in the voltage 
and regula ion cal ulation in th de ign 
of pow r up plies. -t io-ur 13 how a 
dynamic r i tan e of a r ctifi r tube at 
variou values of de load current. 

500 
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l'l z <! 100 t; � "' 
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Figure 13. 
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Dynamic resistance of a vacuum-tube rectifier. 
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Figure 14. Dynamic resistance of a 
100-watt lamp. 

Lamp bulbs and thermi tor ar of en 
used in controll d application where 
their re i tance is a function of the pow r 
applied. The peak curr n urge when 
incande cent lamp are turned on can 
be calculated from he knowledge of th 

old resi tance of h lamp. A plot of the 
re i tance of a 100-watt, 110-volt lamp 
bulb is shown in Figure 14. 

Figure 15 ho the dynamic induct
ance and resistance of a neon lamp. The 
negative resi tanc \ a measu red by 
adding sufficient cries re i an to 
make th um po i 1 Th ff ctiv 
inductance is due to the ionization time 
of the gas. 

From the e examples it i evident that 
the TYPE 1630-AL Inductance Mea -
uring A embly will ati fy mo t of the 
requirement for mea urernents on non
linear ompon nt having r i tiv r 
inductive impedan .. The unusual fea
tures of this system, wide op rating 
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Figure 1 5. Dynamic inductance and re
sistance of a neon lamp. 

ranCTes, easily set io-nal levels, and 
simplicity of operation, are intended 
to take the measurement of nonlinear 
componen out of this special-measure
ments clas and put hem in the category 
of general-purpo e mea urements. 

-R . . . F LKS 
-H. P. HALL 

CREDITS 
The TYPE 1 633-A Incremental-Inductance 

Bridge was developed by R. G. Fulk and IL P. 
Hall. R. . Soderman, Administrative Engi
neer; H. C. Littlejohn Design 'ngin er; .T. E. 
Norton, Layo 1t raft: man; W. H. Higgin
botham, Production Engineer; . B. Brad haw, 
Test Engin r, and . P. Roberts, Engineer, 
have all contributed to the final design. 

- Editor 

SPECIFICATIONS 
TYPE 1630-AL Inductance Measuring Assembly 

The TYPE 1630-AL Inductance 1\1 a. uring 

Assembly, mounted in a bench-type r lay rack, 
consists of: 

TYPE 1633-A Incremental-Indu ance Bridge 
TYPE 1265-A Adju. table D Pow r upply 
TYPE 1266- Adjustable AC Power Source 

A connecting cable is supplied. 

Type I __ 1
_
6
_
3
_

0 ___ A_L__ Inductance Measuring Assen'lbly .......... . 
Code Word 

CANON 

Price 
$2300.00 
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SP ECIFICATIO NS (Continued ) 
TYPE 1 633-A Inc remental-Inductance Bridge 

Frequency 
Fu ll-Scale Ranges Smal l est 

a b c d e f Division 
5 0c,  6 0c,  
l OOc, 1 20c l O mh 1 00 m h  1 h 1 0  h 1 00 h 1 000 h 20 µh 

400c , 800c, 
1 kc I mh l O mh l OO mh 1 h 1 0  h 1 00 h 2 µ h  

1 0  kc, 
1 5 . 7 5  kc 1 00 µh 1 mh l O m h  1 00 mh 1 h 1 0  h 0.2 µh 

a l l  1 0 n 1 00 n I kn 1 0  kn J OO kn 1 M H  I O mn 

00 - l 
a l l  Direct Read i n g  a t  Above Fre quencies Q = 1 000 

M a  x rms vol ts 1 2 .5 1 25 1 25 0  

M a  x rms amp':' 7 7 7 

ACC URACY 

l n ductonce: ± 1 3  of reading or 0. 1 0 of full 

scale, ± ({� X ��) 3. 

Resisto nce: ± 2 3  of reading or 0. 1 3  of full 

l Qx/kc 07 
sca e, ± � /O · 

1 
Q : ± 2 3  or 0.00 1 .  

INTERNAL DETECTOR 

Frequency: S lective at any one of nine specific 
frequencies, accurate to ± 1  , 50, 60, 100, 120, 
400, and 800 cp , and 1, 10, and 15. 75 kc. 
Respon se to Second Harmonic:  Approximately 
60 db below fundamental . 

GENERAL 

Power .I nput: 105 to 125 (or 2 10 o 250) volts , 

Type 

� 
1 25 0  1 25 0  

0.7 0.2 

50 to 60 cps ; power consumption, approxi
mately 6 watts. 

Ac cessories Supplied: ne TY PE CAP-22 3-wire 
Power Cord and spare f us . 
A c cessories Required : Generator to cover de
sired ranges of frequency and power, and a 
sour e of de bias current (if de ired) .  
Accessories A vailoble: TYPE 1 265-A Adjustable 

C Power Supply (200 watts) ; TYPE 1 266-A 
dju tabl � PO\·ver Source (200 voltamperes) .  

M ou nting: Relay-rack p a n  1 i n  aluminum 
cabinet. End frames are upplied with bench 
models . 
Dimen sions:  Bench mod 1 ,  width 1 9 ,  height 
12%, depth 103-i in h .  (4 5 by 325 by 260 m m ) ,  
o ver-all ;  ra k mod l pan 1 19 b 1 2 3-i  i nches 
(485 by 3 1 5  mm) ;  d p h ehind panel, % 
inches (225 mm ) .  
Net Weig ht: 3 1  pounds ( 1 4.5 kg) . 

Code ·word Price 
1 633-AR 
1 633 - A M  

Incremen ta l-Ind uctance Bridge, Rac k Mount . 
l {lcrementol - l n ductance Bri dge, Bench Mount 

ABYSS 
AUGER 

$925 .00 
925.00 

T H E  TYP E  1 265-A ADJ U ST A B L E  DC POW E R  SU PPLY 

The characteri tic r quir d for de 

power supply for u e with the in 're

mental-inductan e bridge are omewhat 

specialized and are not met by available 

units of conventional de ign . Among 

them are wide range of current and 

voltage an outpu - ircuit that will  pass 

high al erna ing urrents, and a choice 

of v 1 age or current regulation. 

The TYPE 1265-A Adjustable DC 
Pow r Supply, a completely olid-state 

design, includes these features. The in-

1 3  
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Figure 1 .  Panel view of the Adjustable DC Power Supply. 

strument has four voltage range and 
four urrent rano-e ( cc specification 
below) , and it wi ll deliver it maximum 
ra ed power of 200 watts to not ju t one 
optimum resi tance but to 8 ohn1s, 80 
ohms, or 800 ohms. 

A conventional regulated supply has 
a low ac output impedanc obtained 
by l arge feedback. As a re ult, thi im
pedance i low over only a limited 
dynamic range and only a relatively 
small ac current can be pas cd through 
th output. In applications ·where ac an d 
de must be combi ed to form a com
posite signal, a passive, low ac imped
ance i much inore attractive. 

The elementary diagram of the TYPE 
1265-A is shown below. It show the 
control loop u ed for regulation. Either 
the output voltage or current i ampled ,  
amplifi d ,  and then used to control he 
conduction angle of two po er-tran istor 
trigger circuit l ed a 01 tr 1 1  d recti
fi r . Th e rectifiers control the current 
into the output tran former whose 

eventl tap provide a choi e of output 
voltag . The sele ted voltag i recti
fi d and then tilt red by components 
that are swit h d with bo h the voltage 
and current range adj ustment in order 
to keep the output- ircuit time constants 
independent of rang . It should be noted 
that the output i ampled before the 
filter. Except for lo e in the filter, 
whi h are compensated for, the d volt
age and curren ar the ame on i her 

id of he filter. Put ing th ampling 
lem. nt before the filter avoid the 

impo ible tabili y problem that would 
arise from having the filt r and h load 
(whi h could have any impedance) in 
the con rol loop. 

Other important features are voltage 
and urr nt metering, a m  chani al con
nection betw en wit he that pr vents 

witching to range cornbina ion O-\T r 200 
watt , and a trigo- r circuit that prevents 
damage to the instrument from over
loads. 

OUT 

OVERLOAD 

- H . P. HALL 

Fig ure 2 .  Simpl ified 
sc hematic of the de 

powe r  supply. 
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SPECI FICATIONS 
Ful l - Scale Output Ranges: 1 2. 5 ,  40, 1 25, 400 
volt de ; 0. 1 6, 0.5,  1 .  6, 5 amperes, d e ;  in any 
combination up to 200 watts. 
Meters: Voltage and current; ranges are 
switched with ou put ranges. 
Overload Protection: Overload circuit trips at 
approximately 1 Y2 time full-scale urrent . 
Regulation: ( · oltage or urrent) 0.2 Yo for 20 0 
of l i ne-voltage change ; 1 % for 100% load 
change. 
S peed of Response: Appro>..-imately 0 . 1 second .  

Type 

H um Level (rms) : Approximat ly 70 db below 
full cale de ou put (60 db on 1 2 . 5-volt, 5-
ampere range) . 

Accessories Supplied: TYPE CAP-22 3-Wire 
Power Cord and pare fu es. 

Dimensio ns: Bench model, width 19, hei h 7 Y2, 
depth 1 7 7;!  inches (4 5 by 1 90 by 440 mm ) ,  
over-all ;  rack model, panel 1 9  by 7 inches ( 485 
by 1 80 mm), depth behind panel, 15 in ches 
(385 mm) .  
Net Wei g ht:  70 pound (32 kg) . 

Code Word Pr'ice 
1 26 5 -AR 
1 265 -AM 

Adjustable DC P ower Supply, Rack Mount . .  
Adjustab l e  DC Power Supply, Benc h Mount . 

ABASE 
BAIZE 

$875.00 
875.00 

T H E  TYPE 1 2 66-A ADJ U STA B L E  AC POW E R  SOURCE 

The TYPE 1633-A I ncremental-In

ductance Bridge requir rela ively large 

amount of alternating and dir ct-cur
rent power and th bridg and power 

sources must tolerate alternating and 

dir ct currents, simu ltaneously . 
The TYPE 1 266-A Adj ustable AC 

Power Source has been designed to 
meet the e specific requirements . Six 

voltage ran ges and five current ranges 

are selected by rotary panel switches , 

m chanically interlock d to int rdict 
any combination tha might exceed the 

200-vo ltampere capacity of the upply. 
Voltage, in each range, is continuously 

CURRENT 
TRANSFORMER 

AMPS 
RANGE 
SWITCH 

� VOLTS 
I N  RANGE 

OUT 

l SWITCH ,,_.,__.,--..,�--'-���__.__, 11 1��
-
---������ 

VARIAC ® AUTOTRANSFORMER 

Fi gure 2 .  Simpl ified sc hematic o f  the 
ac power sour't:e. 

adj u  table from zero to th maximum 
value selected, by inean of a v RIAc® 
adj u  table autotransform r .  M t r are 

fig u re 1 .  Panel view of t h e  Adj ustable AC Power So urce. 
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provi ed for bo h 1 ag · n d  nnum a lternating urre t f r t h  rang 
ren t .  

a 
h ma. -

SP ECIFICATIONS 

M eters: 

witch 

ri ic ' \Yi l l  b 
an adj u tabl · 

urc i 
I I L • Y  

u rr nt 

3-Wir 

O v er l o ad P r otectl o l'1 :  i r  u i t  lr ip at 6 p und (2 1 kg) .  

Typ 
1266-A R  
1266- A M  

The 

A d j u sl o bll e AC P o w er S o u rc e ,  R a ck M o u nl . . .  
A d j u sl a b l e  A C  P ·o w er S o u r c e ,  B e n d ,  M o v nt . 

c 
BAF Y 

SEM l'NAR O N  H IG H-SPEED 
PHOTOG RAPHY TEC H N I QUES AT M. l .T .  

f K rr Fa raday 

Pric 
$345 . 00 

360.00 

pr •rn m i 111  I r th dir li n 

I a r  I d  E. E g rt n of th 
c par · m  f El<'d ri · l Enuinc rin fT 

a '\ C .  . T. 
F further informa i n i n  u · r  fr m 

t._ in lu 

pli ·al 
p· 1L- d . tr ho. p1 

higl -f;p �a am ra 

th ffi C "  of t h  u n 1 nwr , ess1 n 
7- 1 03 � I . L T. Cam rid ,. 

hu �tt . 

G e n e r a l  C o  p a n y  
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