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ELECTRICAL COMMUNICATIONS TECHNIQUE
AND ITS APPLICATIONS IN ALLIED FIELDS

THE MEASUREMENT OF

T has been known for some
time that ordinary bridge
measurements on the types

s b rovealed e
the sliding zero balance oc
curring when two fixed inductors hav-

of erro

ing energy factors, @ = . between 0.1

and 10 are compared: the variable
ductance of any decade resistor added
her inductor; and the
gy factor of the resistor in a

ny

bridge arm due to capacitance in
parallel with it.
bridge circuit shown in Figure 1

is used to measure an unknown in-
ductor in terms of a standard inductor.
Considering the quantities in the P arm

(G))
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A SMALL INDUCTANCE

.
P=ZN.
If both of the inductors are fixed, one
of the ratio arms, preferably the B arm,
must be variable. In addition, resis-
tance must be added in series with that
inductor having the larger energy fac-
in order to provide the resistance
Because
appears in both halance equations, the
two balances for resistance and

e A and the added
Il differ progressively and

Telamoes ab
resista
approach the correct balance point for
cach. The final balance is not. however,
e, It can be recognized only as
balan s of approxi-
it halasies g cach side of it. The
amount of uncertainty introduced by
this type of sliding balance point de-
pends upon the energy factor Q of the
coil. For large values of @, the indu
tance balance s definite, and a con
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N

ouns 1. Base bedgs for the mea-

urement of indy

erable error will appear in the resis-
tance balance. Conversely, for values of
Q less than unity, the greater uncer-
ty will appear in the inductance
balance. Smallinductors, which at radio
frequencies may have energy factors
approaching 100, have at a frequency
of 1 ke values of Q between 0.1 and 1.
Under these con
sible for this uncertainty in the induc-
tance balance to produce errors of a

W per cent.
The two bridge balances may be
‘made independent by the use of a small
variable inductor placed in series with
ther inductance arm of the bridge. If
the bridge is to he made direct-re:
it is preferable to place this small in-
ductor in series with the unknown in-
tor. The inductance of an unknown
ductor is

=28 -an. @
where AB m.! ALp represent the
changes in ratio arm resistance B and
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inductance of the small variable in-
ductor hetween the final balance of the
idge and the initial balance when the
unknown  termin; shorted. By
suitable calibration, the initial r
a2 oL bl TR vabible il
the ratio arm B may be made zero so
that the changes in their readings |
et s ) Soacimg e 15
unknown inductor is connected in
reuit.
“This procedure will yield accurate re-
sults if no change in the inductance of
the arm containing the added resis-

tance occurs as the resistance is
changed. In ise measure-
ments of inductances of less than
100 wh, how n the in-

ductance of a four-dial decade resistor
can have an appreciable effect and
must be taken into account.

The change in inductance of such a
box from zero setting to full setting s of
the order of 1 wh. The exact values for
the Tyre 602 Decade-Resistance
Boxes are given in the General Radio
Experimenter for February, 19
this added resistance is placed
with the small unknown inductor, the
error introduced will be considerable.

his error may be climinated by the use
of the Typk 670 Compensated Decade
sistors. In these boxes, the total in-
tance s held at a fixed value by the
use of compensating cards wound of
copper wire having the same induc-
tance as the corresponding resistance
steps. Details of their construction are
deseribed in detail on page 6 of this
issue. When this decade resistor s
placed in the N arm, the standard in
that arm may be adjusted to compen-
sate for their inductance.

The third source of error is due to the
inductance of the ratio arms and ca-

du
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/™ pacitance in parallel
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in any arm of the bridge.
ous reactances are called r

The terminal capacitances of the inj
transformer are placed across w
ever pair of arms has its junction con-
nected to ground, here the junction of
the two inductance arms,” becanse it
will appear that in this position the
troduced. The for-
ing 1o such a bridge are:

0G0
Qr
r-En[r+i-orton ~oror}

where Q. and Qp are the enery
torsof the A and B arme, resper

B
Lp = JLy

fac-

and are of the form Q:T in which

L=L~R*C as shown in Figure 3b. Qxc
and Qp are those parts of the energy
factors of the resistances in the V' |ml
0 the paralle] cap:
ficin 01 Rul s shown
Qy and Qp are the en-

in Figure
ergy factors of the known and unknown

inductors increased by any added

wL

sistance and are of the form @ = S as

shown in Figure 3a. The errors intro-
by these residuals depend uy
¢ combination of Q.. O

tor Qp of the unknown
for resistance it is multiplied by this
same Qp. An energy factor is of appre-
ciable magnitude only when a high re-
sistance is combined with a large par-
allel capacitance. For the case of 1 k2

3 L ®
® £
W TR o 3 <
(@)
® ©

e 3.
ance. These rel

ivalent circuits for three possible combi
o o ol e <k S A e

reactances shown in Figure 2
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. Inductance brid

iples. desril his art

except for the generator and null
detector

g use of

1 in parallel with 100 uuf at a
cy of

e ing
would produce 0.06% error
er values of
ductance would be
le the error in resistance
-asein proportion. For values
than 1. it is the error in in-
e which increases while the
nce remains negligible.
Since it is quite possible to have a
100-4h inductor with a Q of only 0.1,
errors of th 5

=
still smaller w

ng
h. re-
Iy kept at 1 ke, while
1 varics from 1
ductances of less

dstance 2 down to

res
zero for unknown
than 1 mh. Tt is thus very de:

o arms as small as possible.

reason

that the gro
nction of the two induc-
tance arms. Terms involving the nat-
ural frequency of the inductanc
the N and P arms determined by the

G
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parallel capac
the bridge cquatio
for

because they are
small values of
hese
portance only at
h frequencies or in measurements
of large inductances.

The three sources of error which
have been previously considered —slid-
ero balance, variable tance of
the added resistor, and energy factors
of the bridge arms due to parallel c:
have been found to include
responsible for inaccurate
measurements of small inductances.
w hen provision is made for eliminating
should be possible to measure
ances up 10 0.1 h to an accuracy
of 0.1 gh or 0.19, whi er is the
larger. The upper limit of inductance,
0.1h, is set by the use of a I-mh stand-
ard inductor Ly, a limit of 1 k2 for the
istances of the ratio arms, and by
the fact that the accuracy of a 1-ohm
decad . By using larger
inductance standards up to a value of
1 b, which in turn may he compared
with the L-mh standard. it should be

ossible to measure inductances up to
00 b 10 within 0.1%.and up to 1000 h
to within 0.23%. If the resistance of
cither inductor exceeds a value of 1 kO
the errors introduced by the
capacitances the inductance
st be considered.
nductance measurements are
made with Tyee 103 Decade
Bridge or the TypE 203-A Universal
Bridge, the Type 106-G Standard In-
ductance and the Type: 670-FW Com
pensated Decade Resistor are placed
series in the standard arm and the

Py Variable  Inductor
eries with the unknown
ductor in the X arm. The leads

negligible for very

is only

across
arms

When

ed from
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/™ the standard arm should be twisted to-
gether loosely in order to minimize
their inductance, while
time keeping their distributed capac-
itance small. The inductance of the
Tyre 670-FW Compensated Decade
Resistor is known and may be added to
that of the standard indu
inductors in the X arm should be
spaced from cach other and from the
standard inductor so that no appre-
ciable mutual inductance exists. Pro-

t the same

cuit
changing the pos
Tyek 514-A Amplifier and head tele-
phones should be used as the null de-
tector with its grounded terminal con-
nected to that terminal which places
the added resistance in series with the
X arm. Any hattery-operated genera-
tor such as a Tyre 213 Audio Oscillator
YPE 613-A Beat-Frequency Os-
cillator may be connected dire
the input terminals of the bridge. An
a- operated oscillator such as the
Ty 508-A Oscillator should
Tye 2
former used_step-dow
former should be used in any case if
the leads from the oscillator are
shielded and have large capacitance to
ground. The Tye: 578 Shielded Trans-

tly to

nected through a

former, having small terminal capac-
itances, is being developed for such use.

The greatest accuracy and case of
nd]unlmen[ are usual
any by
parts are built intoa_single compact
instrument. A bridge embodying the
features discussed above has been built
on special order and is shown in Figures

4and 5. —Rowexr F. FiELp
A bridge of the type described is being
built under Mr. Field's direction. — Editor]

D e el
shown in ¥

£

(G))

534 Main Strost, Wostbury, NY 11590

IET LABS, INC inthe GenRad tradition

TEL: (516194558« 0001058 A 10y 515000



6 . THE GENERAL RADIO EXPERIMENTER

CONSTANT-INDUCTANCE RESISTORS

vrnoven the residual inductance
Ao e Txve 510 Decade-Resis.
tance Units has been reduced to a
very small value by the choice of a
suitable type of winding, it is still
large enough 1o produce appreciable
errors in the measurement of capaci-
tance at radio frequencies and of a

jagram of the induc-
de resistors shown in
igures 3 and 4

1l inductance at audio frequen-
cies. The former use was discussed
in the General Radio Experimenter for
December, 1933, in a description of
6-C Radio-Frequency

d on page 1 of this issue in con-

on with the design of a bridge

for measuring small indu
Since the ideal of

one in which the inductance is kept
constant. This may be accomplished

cither by so designing the separate
resistors that they all have the same
inductance or by compensatin;
their variable inductance by
ducing, at each step. sufficient indu
tance to keep the total inductance con-
stant. The latter method has been
adopted because it is very desirable,
in switching from one value of resi
tance to_another, that no new values
be introduced during the transition.
The Txre 668 Compensated Decade-
Resistance Units make use of a double
switch as shown in Figure 1. which
conneets between the decade resis-
tors and a compensating winding of
copper wire. This winding has the
same inductance as the resistors but
arranged in the opposite sense. In
th resistance s inereased
by a clockwise motion of the switch,
the inductance of the compensating
winding is reduced so that the total
inductance remains constant. This
method of compensation can be ap-
plied only to the smaller resistance
decades because of the effect of the
parallel capacitance introduced by
the switch mechanism and by the

s way. as

be represented
combination

R &

2. The behavior of any resistor can
be predicted from a study of its series-parallel
equivalent circuit

IET LABS, INC inthe GenRad tradition
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perimenter for February, 1932, that for
the Tyrk 510 Decade-Resistance Units
the ance L is proportional to
resistance R and that the parallel
capacitance C is approy
stant. The value of th
is 6 uuf for a
be increased in a T
Resistance Box by

gle dec

the multiple
hes and shielding o a possible
maximum of 60 uul

The form of ¢ dicates
that the cquival o L will
cease o increase at a certain value of

resistance, will become zero when

resistance, will become
pacitive. The maxim
inductance occurs at a resistance of
about 100 ohms and rever

ts sign at

Figums 3. The Tres 610-F Co about the middle of the 100-ohm
Decade Resistor. An assembly of th St i S :
668 Decade-Resistance Units L Boe X | ’I.I .l b

sate for induct ations by the

inductance of this circuit is thod shown in Figure 1 only for an

at all frequencies low compared with
the natural frequency determined by —only to the 10-oh
the inductance and  capacitance. 1t The appearan

was shown in the General Radio Ex- sated decades

d s appl
ade and lower.

of these compen-
shown in Figure

de resistor show

h the inducta

e 4. An interior view of the con
3. In Figure 1 is shown the
const

s maintai

@ IET LABS, INC intne GenRad racition
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TABLE |
DATA SUMMARY FoR

Tyre 668 Compensated Decade-Resistance Units
and for Tyrk 669 Compensated Slide-Wire Resistors
Type 6684 6688, 668.C 6694 669-R
ccade Olobm | 1ohm 10 ohms

Maximum Resistance I ohm |10ohms |100 ohms | Lohm (0.1 ohm
Time Constant 003 sce | 0005 woec | 015 utec LS psec
Total Inductance 0.3 4h 05 ey s
Inductance Change 000

The individual resistors of the tenth-
ohm decade are similar to those used
in the Tyrk 510-A Decade-Resistance
Unit. The cards used in the units and
tens decades are smaller and thinner
than those used in the Tyek 510-B and
Type: 510-C Decade-Resistance Units
and were developed for use at high
frequencics in the Tyre 516-C Radio-
dge. Their power rating
watt for a temperature rise of
nd their inductance is consider-

10°C.
ably less than that of the correspond-

ing Type 510 Decade- Resistance
Units. The values of their time con-
stants and total inductance at maxi-

mum_ setting are given in Table 1.
There is also given in this table the
maximum change in inductance with
setting due to imperfect compensation,
their zero resistance, the current neces-
sary to produce a temperature rise of
40°C., and the aceuracy of adjust-
It will be noted that the total
in inductance is only 0.05 uh.
resistances are larger than
the switch resistances of the TypE 510

ment.

3«m i 630 S
A
Decade-Resistance Units, due to the
sistance of the compensating wind-
ing. Since it is expected that the great-
est use for these decades is in substitu-
tion methods, this relatively large
zero resistance is not objectionable.
The accuracy of adjustment given ap-
plies 10 the change in resistance from
s zero value.

There are many uses for a variable
resistor in which it is necessary 1o ad-
just its resistance value closer than 0.1
ohm and at the same time to keep
its inductance constant. This may be
accomplished by a slide wire compen-
sated for inductance as shown in Fi
ure 5. This is a developed view of a
circular slide wire in which a short-
circuiting arm connects from the top
resistance wire to the bottom copper
wire 0 that the inductance of the com-
bination is independent of the position
of the short-circuiting bridge. The cop-
per wire return is placed symmetri-
cally with respeet to the two outer
wires. This construction is adopted in
the Type 669 Compensated  Slide-

TABLE Il

Ta StaniaRy

For Txee 670

Compensated Decade Resistors

e = Typac
Zero Inductance
Zera

(G))
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i 670 67081
105 uh 070 4y
| 0o 0.050

L (5162345960 - (30030058 A, 10y 505000



MARCH, 1934—VOL. VIll—No. 10 9

tors are combined in three ways 1o
form the Tyre 670 Compensated
Decade Resistors. The Tyee 670-F
Compensated Decade Resistor con-
tains all three of the compensated
decade resistors. The other two e
sistance boxes, Type 670-FW
Tyee 670-BW e
of the Tyre 669 Compen
Wire Resistors together with the

two b

igher compensated decades,

Wire Resistors as shown in Figure 6. sero inductance and resist
There are two sizes with total resis-  thre i
tances of 1 ohm and 0.1 ohm. In the
latter, all the wires are of the same  [Mr. Field is the de:
diameter. In the former,
wires are made of larger diameter than
the m:
to provide a greater w
on the copper. In thi
copper return wire is unsymmetrically
placed with respect to the two outside
wires so that its inductance, with re-
spect to them, is the same.

The various charac

copper  sistors.—Hitor

in resistance wire in order

case, the ¢

ires are given in m.lu Their

tancy of inductance is such that
they may be used as standards by
which the inductance of other variable

resistors may be measured.
The three Type 668 Compensated

Resistance Units and the two Ty

669 Compensated Slide-Wire R

Fioun: 6. The Tyes 669 Compensated Slide-
Wire Resistor. It constructi od
schematically in Figure 5

See Page 12 for Specifications

£
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TAKING SLOW-MOTION MOVIES WITH AN ORDINARY
MOTION-PICTURE CAMERA

A" stroboscope-minded engineers
are familiar with slow-motion
movies in which a high-speed shut
less camera is used in conjunction with

L but it is not so

o

¢ pictures
can be taken at normal »'m'(lx with
the conventional movie

It is an almost axiomatic principle
inmotion-picture photography that
you can photograph anything that you
can see, provided, of course, that cer-

tain
illum
least, o

strictions as 1o brilliancy of
tion are met. So, in theory at
should be able to photograph
oscillatory phenomena in”'slow motion”

justashe views

The hiteh is, of course, that
camera shutter is closed for an appre-
ciable part of the time, so that oc-

mwith a stroboscope.
the

shutter
frame which, ¢ ases
¢ flicker.

projection, ¢

Th

Ity is successfully ov

come by so choosing the flashing speed
of the stroboscopic light that there are
atleast two flashes for eve but,
since there are 16 frames per second,
this would scem to limit the application
of this method to rotational
2 x 16 x 60 1900 revolutions per
minute. Slower rotational speeds can,
however, be photographed by reducing
the speed of the ty to
retain the two-flashes-per-frame rela
tionship. This is casy to do, and if, in
the differential flashing rate
which determines the rapidity of the
“slow motion” is reduced in proportion,
the movies when projected. willshow the
motion at the normal slow-motion rate.
Although 1
imited to recurrent (as distinguished
from transient) phenomena, it is an
excellent means of preparing pictures
for demonstration purposes or for
recording experimental results for fu-

ture study and measurement.
Jonx D. Crawrorn

peeds of

s method is necessarily

Wrrn Oroiany Licir

On fro
.4.-“..|.‘.‘|,.u| Toreg

light ‘xri 54

om a stroboscopic slow-motion movie made
d

Wit "n«nm-aw»u Licr

o
E B
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ize General Radio

(O of th toughest mechans of the la
that the amateur or expe plugs and there are holes for fo
laboratory ¢ is the wind-  more, if at some later time it
d to add the

1t should be noted that the outer
edges of the por
also notched, s extra coupling

in supports a

out flatten
the method of do

fully explained.* W
h
rd job, and after he
the amateur constructor, un-
has the patience of Job. will
to buy his i

The two new i
at the top of the pag
T -A: at the left '
are recent additions 1o the
Radio line. The tubing is spac
on a form by the ....n...u hown at
nd then fitte
lain supports which ai
at both ends by
unit has a jack

nd

o cxample, The Rodio Amateur’s Handbas
po e

@ IET LABS, INC intne GenRad racition .
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to fit_the copper tubing. The tubing it is a toss-up as to whether the nickel- =
is nickel plated to eliminate the oxida- plated or the o
tion that always ruins the appearance  shows the greater res
of bare, unprotected copper. The  The essential details are given in the
added resistance of the nickel plating accompanying specifications. Both in-
is entirely negligible, superstition to  ductors were designed by J. M. Clayton
the contrary notwithstanding (in fact, in collaboration with Melville Eastham.
SPECIFICATIONS
ekl plated o pre- - Mounting. Tho terminglplat o ach induc.

i fitted with three Type 671P Plugs o
o19-B Ih-x n.‘ e it may be plugge
Tandd T

ed-copper surface

tance).

Tubin
vent tan

I-inch copper,
Tyrs 670-A T

& Base. Four a

680-] Jac i

Turns

o)
AP 0uh. | 2abi 154
4 i

Glips suppliod

o GH0A Teek

o5

679-B lnducmr.
.1

SPECIFICATIONS (Continued from page
TYPE 668 (OMPENSAYED DECADEf RESISTAN(E uNIT

istance Code Word
g mm in steps of 0.1 ohm oame |
10 of stepsof 1" ohm | e

100 ol ot

Steps of 10 ohms.

TYPE 669 (OMPENSAYED SLIDE-WIRE RESISTOR
 Code W

L iper
669-4 | 0101 ohm, con o e T
60K | 010 0.1 ohm, continuonsly adjustable |
TYPE 670 COMPENSATED DECADE RESISTOR
Dials
Type Resistance s _Stide Wire _Code Word_Price
T e anmn | $80.00

670-BW [ 010 11 ohms, total (slide wire)
6 | 010 111 ohme, total, in steps of 0.1

o \ e
'W | 0 to 111 ohms, total (slide wire) 1 2 | 1 ADOWN

¢ £
Tvm GENERAL RADIO COMPANY mails the Experimenter, without charge,
each month to engineers, scientists, and others interested in commun-
ication-frequency measurement and control problems. Please send requests
Jfor subscriptions and address-change notices to the

IR GENERAL RADIO COMPANY
g 30 State Street - Cambridge A, Massachusetts
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