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ELECTRICAL COMMUNICATIONS TECHNIQU� 

AND ITS APPLICATIONS IN ALLIED Fl E LDS 

THE MEASUREMENT OF A SMALL INDUCTANCE 

[O T has been kno n for some 
time that ordinary bridge 
measurements on the types 

� of small inductance coils 
used in tuning radio-frequency receivers 
have been unreliable. t the ame time, 
the commercial tolerances for these 

oil have been restricted, and it ha 
become necessary to measure coils of 
this ort with an accuracy of con ider
ably better than one microhenry. 

A areful consideration of the bridge 
circuit used has revealed three source 
of error-the sliding zero balance oc
curring when two fixed inductors hav-

ing energy factors, Q = R, between 0.1 

and 10 are compared; the ariable in
ductance of any decade resistor added 
in series with either inductor; and the 
energy factor of the re istor in any 
bridge arm due to capacitance in 
parallel with it. 

The bridge circuit shown in Figure 1 
i u ed to measure an unknown in
ductor in terms of a standard inductor. 
Considering the quantities in the Parm 

a unknown , their values are 

B Lp =
A LN 

P= � 

(1) 

If both of the indu tors are fixed, one 
of the ratio arm , preferably the B arm, 
must he variable. In addition, re i -
tance must be added in series with that 
inductor having the larger energy fac
tor Q in order to pro ide the esistance 
balance. Because the re i tance A 
appears in both balance equation , the 
two balances for resistance and induc
tance are not independent. Succes ive 
balan es of re i tance A and the added 
resi tance will differ progressively and 
approach the correct balance point for 
each. The :final balance is not, however, 
unique. It an be re ognized only as 
the best balan e in a serie of approxi
mate balance on ea h side of it. The 
amount of uncertainty introduced by 
this type of liding balance point de
pends upon the energy factor Q of the 
coil. For large values of Q, the induc
tance balance is definite, and a consid-
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FIGURE 1. Ba ic bridg circuit for t:he m a

ureme.nt: of i.nduct:ance 

erable error -will appear in the resis
tance balance. Con ersely for values of 
Q less than unity, the greater uncer
tainty will appear in the inductance 
balance. Small inductor whi h at radio 
frequencie may have energy factors 
approaching 100, have at a frequency 
of 1 kc values of Q between 0.1 and 1. 
Under these condition it is quite po -

ible for this uncertainty in the induc
tance balance to produce error of a 
few per cent. 

The two bridge balan e may be 
made independent b the use of a small 
variable inductor placed in erie with 
either indu tan e arm of the bridge . If 
the bridge i to b made direct-reading, 
it is preferable to place thi small in
ductor in erie with the unknown in
ductor. The inductan e of an unknown. 
inductor i 

L = �BL A (2) 

where �B and �Lp represent the 
changes in ratio arm re istance B and 

inductance of the mall variable in
du tor betw en the final balance of the 
bridge and th initial balan e wh n the 
unknown terminals are shorted. B 
suitable calibration, the initial r ad
ing of both the variable indu tor and 
the ratio arm B may be made zero o 
that the changes in their r ading b -

come their ac"tt1al readings when the 
unknown inductor 1 onn t d in 
circuit. 

This procedure will yield ac urate re
sult s  if no change in ·th ind u tance of 
the arm ontaining the added re i -
tance occur as the re istan e i 
changed. In making pr cise m asure
ments of indu tan e of le than 
1 00 µh, how er, the change in the in
ductance of a four-dial decad r i tor 
can have an appre iable eff ct an 
must be taken into account. 

The change in inductance of uch a 
box from z ro et ting to full etting is of 
the order of 1 µh. The ac alu for 
th TYPE 602 De ca de-Re i t a n  e 
Boxes are given in the General Radi 
Experi1nenter for February, 1932. If 
thi added resistanc is placed in eri 
with the small unknown inductor the 
error introduced will be con iderable. 
Thi error may be eliminated b the u 
of the TYPE 670 Compensated De ad 
Resi tors. In the e ho es, the total in
ductance i held at a fi ed valu by th 
us of c mpen ating ards wound of 

opper wire having the same induc
tance a the corre ponding resi tan c 

step . Details of their con tru tion are 
de cribed in detail on page 6 of ·thi 
issue. When thi decade re i tor i 

placed in 1:he N arm, the standard in 
tha t arm may be adjusted 1:0 om pen -

ate for their inductance. 
The third source of error i due to the 

indu tan e of the ratio arm and a-
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pa itance in parallel with the re istan 
in any arm of the bridge. Such e trane
ous r actance are called residual and 
are hown diagramma t ically in �-,igure 2. 
Th termina] capacitanc of the input 
tran former are pla ed aero which
ever pair of arm ha it junc-tion on
nected to ground, here the junction of 
the two inductance arms, becau e it 
' ill appear that in this po ition the 

malle t errors are introdu ed. The for
mulae appl ing to such a bridge are: 

B Lp = -L A [ 
1_ QA -Qs

;
P

Q c-Qpc
] 

[J+(QA-QB+Q -Qpc)Qp]. 
B P=
A 

where QA and QB are the energy fac
tors of the A and B arm , respective! , 

and are of the form Q = w} in which 

" 

L = L- R2C as shown in igure 3b. Q 
and Q PC are those par t of  the e ergy 
factors of the resistance in the and 
Parm due to the parallel capacitance 
and are of the form Q = R wC a hown 
in Figur 3c. Q1 and Qp are the en
ergy fa tors of the known and unknown 
indu tor increa ed by any added re-

si tanc and are of the form Q = �L 
a 

hown in Figure 3a. The errors in tro
du ed by these residua] depend upon 
the ame combination of QA, QB, 

R 

R L 

(a.) 
c 

FIG RE 2. Indu tan e bridg ir uit bowing 
th pr nc f re id al 

Q c and Qpc for both resistan e and 
indu tance ex ept tha t, for inductance, 
thi term is d ivided by the energy fac
tor Qp of the unknown ind uctor and 
for resistance it is multiplied by this 

ame Qp. An energy factor is of appre
ciable magnitude only when a high re

istance i combined with a large par
allel apacitanc . For the ase of 1 kn 

L R 

c 

(b) (c) 

IG RE 3. Equival nt ircuit for three pos ibl combination of re i tanc , indu tance, and 

apacitance. Th e r lation are required:£ r an under tanding f t:he effect of the ext:raneou 

reactance bown in Figur 2 
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FIG RE 4. Inductance bridge making use of 
the principl d crihed in t.his article. It is 
complet.e except for the generator and null 

det ctor 

combined in parallel with 100 µµf at a 
_frequency of 1 kc, the resulting Q · s 
_0006. This would produ e 0.06% error 
if Qp were unity. For higher values of 
·Qp the error in inductance would be 
still smaller while the error in resistance 
would increa e in proportion. For alues 
of Qp les than 1, it is the error in in
ductance which increases while the 
error in resis tan e remains negligible. 

ince it is quite pos ible to have a 
100-µh inductor with a Q of only 0.1, 
errors of the order of 0.5 in induc
tance are pos ible for thi ca e. ing a 
standa1·d · nductance LN of 1 mh, re
sistance B is usually kept at 1 kn, while 
resistan e A va1·ies from n down to 
zero for unknown inductances of less 
than 1 mh. It is thus very desirable to 
keep the parallel capaci ance across 
the ratio arms as small as po sible. It is 
for this reason that the ground is 
placed at the junction of the two induc
tance arms. Terms involving the nat
ural frequency of the inductances in 
the N and P arm determined by the 

parallel capacitances are omitted from 
the bridge equations becau e they are 
negligible for very mall valu of 
inductance at low frequencies. These 
terms become of importance only at 
high frequencies or in measurements 
of large indu tances. 

The three ource of error which 
have been pre iously considered-slid
ing zero balance, ariable inductance of 
the added resistor., and energy factors 
of the bridge arms due to parallel ca
pacitance-have been found to include 
all those respon ible for inaccurate 
measurement of small inductances. 
When pro ision i made for elimi ating 
them it should be possible o mea ure 
inductances up to 0 .. 1 h to an accuracy 
of 0.1 µh or 0.1 %, whichever is the 
larger. The upper limit of inductance, 
0.1 h, is set by the use of a 1-mh stand
ard inductor LN, a limit of 1 kn for the 
resistances of the ratio arms, and by 
the fact that the accuracy of a 1-ohm 
decade is only 0.25%. By using larger 
indu tance tandards up to a value of 
1 h, which in turn may be compared 
with the 1-mh standard, it hould he 
possible to measure indu tances up to 
100 h to within 0.1 0, and up to 1000 h 
to w"thin 0.25%. If the resi tance of 
either inductor exceeds a value of 1 kO 
the error introduced by the parallel 
capacitances across the indu tance 
arms m1 st be considered. 

When inductance measurements are 
made with the TYPE 193 Decade 
Bridge or -.:he TYPE 293-A Univer al 
Bridge, the TYPE 106-G Standard In
duc ance and he TYPE 670-FW Com
pensated Decade Resistor are placed in 
series in the -tandard arm and the 
TYPE 107 -J Variable nductor is 
placed in series with the unknown in
ductor in the X ar . The leads u ed in 
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the standard arm should he twisted to
gether loosely in order to minimize 
their inductance, while at the same 
time keeping their distributed capac
itance small. The inductance of the 
TYPE 670-FW Compensated Decade 
Resistor is known and may be added to 
that of the standard inductor. The two 
inductors in the X arm should be 
spaced from each other and from the 
standard inductor so that no appre
ciable mutual inductance exists. Pro
vision should be made for short-cir
cuiting the unknown inductor without 
changing the position of its leads. The 
TYPE 514- Amplifier and head tele
phones should be used as the null de
tector with its grounded terminal con
nected to that terminal which place 
the added resistance in series with the 
X arm. ny battery -operated gen ra
tor such as a TYPE 213 Audio Oscillator 
or a TYPE 613-A Beat-Frequency Os
c·llator may be connected directly to 
the input terminals of the bridge. An 
a - operated oscillator such as the 
TYPE 508-A 0 cillator should be con
nected through a TYPE 293-Pl Tran -

former used step-down . This tran -
former should be used in any case if 
the l ads from the oscillator are 
shielded and have large capacitance to 
ground. The TYPE 578 Shielded Trans-

former, having small terminal ca pac
i tances, is being develop d for such use. 

The greatest accuracy and ease of 
adj ustment are usually attained with 
any bridge circuit when its component 
parts are built into a single ompact 
instrument.  A bridge embodying the 
feature di cussed above has been built 
on spe ial order and is shown in Figures 
4 and 5. -ROBERT F. FIELD 

[A bridue of the type de cribed is being 
built under r. Fie d' direction. - Editor] 

FIGURE 5. Behind the panel view of the in
ductan e bridge shown in Figure 4. The 
arrangement of th variou unit i learly 

shown 
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CONSTANT -INDUCTANCE RESISTORS 

A LTHO GH th re idual indu tance 
� of the TYP � 510 Decade-Resis
tance Units ha be n reduced to a 
very small value b the cho'ce of a 
suitable type of winding, it is till 
large e ough to produ e appr ciable 
errors in -rhe measur ment of capaci
tan e at radio fr quencie and of a 

FIG RE 1. ch malic diagram of th induc
t:an. compensated decade resistors shown in 

Figur 3 and 4 

small indu tan e a t  audio freque -
cies. The form r u e ' as discu ed 
in. the General Radio Experirnenter for 
December, 1933., in a descrip-rion of 
-rhe TYPE 516-C Radio-Frequ nc 
Bridge. The latter appli ation is de
scribed on page 1 of this i ue in on
nection with the de ign of a bridge 
for measuring mall inductance . 

Since -rhe 'deal of an indu tance
free resi tor is unattainable, the next 
best choice for a variable re istor is 
one in. which the inductance is kept 
constant. Thi may he a compli hed 

either by so de igning the separate 
resi tors that they all ha v th ame 
inductance or by compen ating for 
their ariable indu tance by intro
ducing, at each tep., sufficient indu -
tance to keep the total induc tance con-

tant. The latter method has been 
adopted because it is ver de irable, 
in witching from one value of resis
tance to another that no new value 
be introduced during the transition. 

The T PE 668 Compensated Decade
Resistance nit make u e of a doub le 
switch a hown in - igure 1., whi h 

onnects h tw en the de ade re is
tor and a compensating winding of 
copper wire. This winding has the 
same indu tance as the resistors hut 
arranged in the opposite en e. In 
thi way, a resistance is in. rea ed 
by a clo kwi e motion of the switch, 
the inductance of the compen ating 
winding is reduced so that the total 
inductance remain con tant. This 
method of compensation can be ap
plied only to the maller resistance 
decades becau e of the effect of the 
parallel capacitance introduced by 
the witch mechanism and by the 
winding them elves. 

Any resistor ma be represented 
by he series-parallel combination 
shown in Figure 2. The qui alent 

R. L 

c 

FIG RE 2. The h havior of any re i tor can 
be pr dieted from a study of its series-paral el 

equi alent circuit 
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FIGURE 3. The TYPE 670-F Compensated 
De ade Resistor. n assembly of three TYPE 

668 Decade-Resistance nit 

inductance of this circuit is 
L = L - R2C (1) 

a t  all :frequencies low compared with 
t:he natural frequency determined by 
the i nductance and capacitance. It 
wa shown in th General Radio Ex-

perimenter for February, 1932, that for 
the TYPE 510 Decade-Resistance nits 
the inductance L is proportional to 
resi tance R and t:hat the parallel 
capacitance C is approximately con
s tant. The value of this apacitance 
is 6 µµf for a single decade, and i t  may 
be in rea ed in a TYPE 602 Decade
Res istance Bo b y  t h e  m u lt iple 
swi tches and shielding to a possible 
ma imum of 60 µµf. 

The form of equation (1) indicates 
that the equi alent inductance L will 
cease to increa e at a certain value of 
resi tance, will become zero when 

L = R2C, and, for larger values of 
re i tan.ce, will be ome nega tive, that 
is, capacitive. The maximum value of 
inductance occurs a t  a resi tance of 
abou-t 100 ohms and rever e it sign at 
about the middle of the 100-ohm 
decade. Since it i p sible to compen
sate for inductance variations by ·the 
method shown in Figure 1 only for an 
equivalent inductance increasing with 
resistance, thi method is applicable 
onl to the 10-ohm decade and lower. 

The appearance of these compen
sated decade 1 hown in Figure 3. 

Fie RE 4. An interior view of the compensated decad re i tor shown 

m Figure 3. In Figure 1 is hown the method by which th inductan 
is maintained nst.ant for all settings of each wit.ch 
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TABLE I 
DATA SUMMARY FOR 

TYPE 668 Compensated Decade-Resistance Units 

and for TYPE 669 Compensated Slide-Wire Resistor 

T pe 668-A 668-B 668-C 669-A 669-R 

De ade .................. 0. 1 ohm 1 ohm 10 oh.ms 
Maxim.um Resistance . . . . . 1 ohm. 10 oh.ms 100 ohm.s 1 ohm 0. 1 ohm. 

Time Constant ........... 0.15 µsec 0.03 u sec 0.005 µsec 0.15 µ sec 1.5 µ e 
Total Inductance ......... 0.15 µh 0.3 µh 0.5 µh 0.15 µh 0.15 µh 
lnductan Chang ....... 0.05 µ.h 0.05 µh 0.05 µh 0.005 µh 0.005 µh 
Zero Resistance .......... 0.005 ohm 0.020 ohm. 0.015 ohm 0.045 ohm. 0.020 ohm 
Current for 40°C. Ri e .... 1.6 a 0.5 a 0.16 a 1.6 a 5 a 
Error . . . . . . . . . . . . . . . . . . .  1% 0.25% 0.13 1% 5% 

The individual resi tors of the tenth
ohm decade are similar to those used 
in the TYPE 510-A Decade-Resistance 
Unit. The card ed in the uni ts and 
tens decades are smaller and thinner 
than tho e used in the TYPE 510-B and 
TYPE 510-C Decade-Re i tan e Un.its 
and were de eloped for u e at high 
frequencies in the TYPE 516-C Radio
Frequenc Bridge. Their power rating 
is 0.25 watt for a temperature rise of 
40°C. and their inductance is consider
ab1y le s than that of the correspond
ing TYPE 510 Decade- Resistance 
Un.its. The values of their time con-

·tants and total inductance at maxi
mum setting are given in Table 
There i al o given in this table t:he 
ma imum hange in indu tan e with 
setting due t:o imperfect compensation, 
their zero re i tan e, the current n.eces-

ary to produce a temperature rise of 
40°C., and the ac ura y of adjust
ment. It will be noted that the t:otal 

han.ge in indu tance i only 0.05 µb. 
Their zero resistances are l arger than 
the witch re · tances of the TYPE 510 

Decade-Resistance nits, due to the 
resistance of the compensat:in.g wind
ing. Since it is expect:ed that: the great:
est use for these decades is in substitu
tion. methods, this relatively large 
zero resistance is not objection.able. 
The accuracy of adjus-tmen.t given ap
plies to the change in resistance from 
its zero value. 

There are many uses for a variable 
resistor in which it is necessary to ad 

just its res"stan.ce value clo er than 0.1 
ohm and at the same time to keep 
i ts inductance constant. This may be 
accomplished by a lide wire compen
sated for inductance as shown in Fig
ure 5. This is a developed view of a 
circular slide wire in which a hort
circuiting arm connect:s from t:he top 
resist:an e wire to the bottom copper 
wire so that the inductance of the com
bination i indep n.den.t of the position 
of the short-circuiting bridge . The cop
per wire return is pla ed symmetri
cally with respe t to the two outer 
wires. This con.struc-rion. i adopted in 
the TYPE 669 Compensated lide-

TABLE II 
DATA SUMMARY FOR YPE 670 
Compensated Decade Re istor 

Type 670-F 
Zero lnductanc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 1.05 µ.h 
Z ro Resistance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 0.045 

670-FW 
1.05 µ.h 

0.085 

670-BIT" 
0.70 µb 
0.050 
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A 
SE.CTI ON 
THRU A-A 

FIG RE 5. Inductan e compen a tion a ap
plied to slide-wire resi tanc unit is shown 

chemat"caUy in thi figure. The lider doe 
not make contact with the center inductor 

ire Resistors as sho"rn in Figure 6. 
There are two sizes with total re i -
tan es of 1 ohm and 0.1 ohm. In the 
latter, all the wires are of the ame 
diameter. In the former, the copper 
wires are made of larger diametel.· than 
the manganin resistance wire in order 
to provide a greater wearing urface 
on the copper. In this case, the central 
copper return wire is unsymmetrically 
placed with respe t to the two outside 
wires o that its inductance, with re-

pect to them, is the same. 
The various characteristics of these 

lide wires are given in Table I. Their 
constancy of inductance is such that 
they may be used as standards by 
whi h the inductance of other variabl 
resistors may be measm·ed. 

The three TYPE 668 Compensated 
Resistance Unit and the two TYPE 
669 ompensated Slide-Wire Re is-

tor are combined in three way to 
form the TYPE 670 Com pen a ted 
Decade Re istors. The TYPE 670-F 
Compen ated De ade Re i tor on
tains all three of the compensated 
decad r si tor . The other two re-

i tance boxe , TYPE 670-FW and 
TYPE 670-B eac combine one 
of the TYPE 669 Compensated Slide-

ire Resi tors t gether with the next 
t o higher compen ated de ade . he 
zero inductance and resistance of the e 
three boxe are given in Table II. 

-ROBERT F. FIELD 
[Mr. Field i th desi!mer of these new re

i tors.-Editor] 

FIG RE 6. The TYPE 669 Com pen ated lide
ire Resistor. Its con 1:ruction is indicated 

ch matically in F"gure 5 

See Page 12 For Specifications 
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TAKING SLOW-MOTION MOVIES WITH AN ORDINARY 

MOTION-PICTURE CAMERA 

A LL st.robo cope-minded engineers 
"- are famiJiar with s]ow-motion 
movie :in whi h a high- peed shut er
le s camera i u ed in conjunction with 

trobo opi light, but i t  is not so 
generall y  known that similar pictures 
can he taken at normal peeds with 
the onv ntional mo ie amera. 

It is an almo t a iomatic principle 
·n motion-picture photography that 
you can photograph anything that you 
can se , provided of cour , that er
tain restr"ctions a to brillia cy of 
i llumination are met. o, in theory at 
least, one should he abl to photograph 
oscillat.ory phenomena in��slow motion" 
just a he views them"'ith a stroho cope. 

The hitch i , of course, that -the 
camera hutter is closed for an appre
ciable part of th time, so that oc
ca ionalJy no Hashe occur while the 
shutter i open. The re uh i a blank 
frame which, on proJe tion, cau e 
annoying flicker. 

hi diffi ul ty i u sfully o er-

come by so choosing the :flashing speed 
of the stroboscopic light that there are 
at least two :fla he for very fram , but, 

ince there are 16 frames per econd, 
this would seem to limit the application 
of thi method to rotational peed of 
2 16 x 60 = 1900 revolution per 
minute. Slower rotational peeds can, 
however, be photographed by redu ing 
the peed of the camera suffici ntly to 
r tain the two-:flashe -per-frame rela
tionship. This is easy to do, and if, in 
addition, the di.If eren.tial Ha hing rate 
which determine the rapidity of the 
�slow motion" i reduced in proportion, 

the movies, when projected� will sho' the 
motion at the normal slow-motion rate. 

Although -this m thod is  neces arily 
limited -to recurrent (as distingui hed 
from transient) phenomena, it i an 
excellent mean of preparing pictures 
for demons tr a ti on purpo e or for 
recording e perimental results for f u -
ture stud and measurement. 

-JOH D. CRAWFORD 

WITH ORD[ ARY LIGHT WITH STROBOSCOPIC LIGHT 

One frame from a st.roho opic low-mo1.ion movie made by t.he rn thod 
de cribed in tbe for going article ompared with another taken with ordinary 
light. The TYPE 5 8- Edgerton. StroJ o cope upplied plenty of illuminati n. 
('I'he photographs are unretoucbed and were taken. with an ordinary 35-mm 

camera on uper- peed panchromat.ic film with an f3.5 len ) 
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NEW INDUCTORS FOR TH E POWER OSCILLATOR 

0 
E of the tough st mechani al jobs 

that the amateur or experimental 
laboratory constructor has is the wind
ing of high-frequency coils for power 
amplifiers and o ciHator . Copper tub
ing i th best ma-terial for such L·
vice i extremely difficult to wind with
out flattening or breaking, even when 
the method of doing it ha been care
fully e plain d. * With care, the inex
perienced mechanic can do it, but it' 
a Jong, hard job, and after he has tried 
it once, the amateur con tructor, un
les he has t.he patience of Job, wiJl 
certainly try to buy hi inductor 
ready-made. 

The two new inductor units hown 
at the top of the page (at the right, 
TYPE 679-A; at the left TYPE 679-B) 
are recent additions to the General 
Radio line. The tubing is pace-wound 
on a form. by the method shown at 
right and then fitted into the ribbed 
porcelain supports whi h are held in 
place at both ends by bakelite rings. 
Each unit has a jack base fitted with 

* ee, fot> exan1ple. The Radio Amateur's Flan..dboolo, 
Tenth Editi n, p. 88. 

three of the large- ize Genera] Radio 
plug and there are holes for four 
more, if at ome later time it I de-

ired to add them. 
It should be noted that th outer 

edges of the por · lain upports are 
al o notched, o that e tra coupJing 
winding an, if d ir d, be added. 
Connection are mad by co pper clips, 
the jaw of which ha e been formed 

This is how General Radio wind copp r 
tubing in the manufacture of a TYPE 679-

ln.ductor 
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to fit the copper tubing. The tubing 
i nickel plated to elll:ninate the oxida
tion that always ruin the appearance 
of bare, unprotected copper. The 
added re i tance of th nickel plating 
· s e ntirely negligible, superstition -to 
the contrary notwi th tanding (in fact, 

it is a to -up as -to whe ther the ni ke -
plated or the oxidized-copper urfa e 

hows the greater re i tance) . 
The essential details are gi en in the 

a companying pecificatio.ns. Both in
ductor were de�igned by J. M. Clayton 
in coll aboration with Melville Ea tham. 

SPECIFICATIONS 

Tubing: 7,4"-in h 
nt tarni h. 

opper, nickel plated to pre· 

TYPE 679-A TYPE 679-B 

Turns 12 7 and 4 
urnber of ections 

Inductance (appro imate) 
lOµh 

Clips upplied 3 
TYPE 674-P Plugs supplied 3 
Out ide diameter of coil 5 % in. 
Len ''th, over-all 7 7,4;" in. 
Height, over-all 8,72 in. 
Depth, over-all 6 .72 in. 
lVet weight 3Ys lb . 

2 

2µh, l.5µh 
4 
3 

3 7,4;" in. 
7;..i in. 
6% in. 
4.72 in. 
2% lb . 

Mounting: The terminal plate of a h induc
tor is fitted with three TYPE 674-P Plug so 
that the whole uni t  may be plugged into a 
TYPE 680-J Jack Base. Four additional plug 
may be added to terminal plate of indu t r 
if de ired. (See illustration.) 
Jack Base: This base (not includ d in th 
pric of either inductor) is the counterpart of 
the plug base on th indu tor unit. It i :6.tt d 
with thre TYPE 674-J Ja ks, and£ ur mor 
may be added, if de ired. 
Prices: TYPE 679- Inductor, $7.50; TYPE 

679-B nduc-tor, 6.50; PE 680- J a k 
Base, $1.25. 

SPECIFICATIONS (Continued from page 9) 

Type 

668-A 
668-B 
668-C 

Type 
669-A 
669-R 

TYPE 668 COMPENSATED DECADE-RESISTANCE UNIT 
Resistance 

1 ohm, total, in steps of 0.1 ohm ........ . 
10 ohJTis, otal, in steps of 1 ohm .. . ..... . 

100 ohms, total, in steps of 10 ohms. _ . _ _  . . . 

Code Word 

G BLE 
GAILY 
GA LOP 

TYPE 669 COMPENSATED SLIDE-WIRE RESISTOR 

R esis tance 

O t:o 1 ohm, continuously adjustable. . . . . . . . 
I 0 o 0.1 ohm, continuously adjustable. _ _  . _ . _ . 

Code Word 

G MIN 

GAZEL 

TYPE 670 COMPENSATED DECADE RESISTOR 

Dials 

Price 

$15.00 
15.00 
15.00 

Pri e 

$25.00 
25.00 

Type Rei tance Decades li de Wire Code Word Pric 

*670-BW 0 to 11 ohms, to-tal (slide wire) .... 2 1 ABRID $80.00 
670-F 0 to 111 ohms, -total, in steps of 0.1 

ohm . .. .. . . .... ... .. .. .. . .. ... 3 A BY S 65.00 
*670-FW 0 to 111 ohms, total (slide wire) .... 2 1 ADO\ N 75.00 
•Built to order only and not carried in stock. ormal delivery, two weeks. 
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