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CONNECTION ERRORS IN INDUCTANCE
MEASUREMENT

As the pursuit of increased accuracy
in eleetrical measurements moves down-
ward into the fractions of microhenrys
and of picofarads, the eontributions to
the measured quantity made by the con-
nections between measured component
and measuring instrument become in-
creasingly important. When a capacitor
or inductor is used or measured, it is
connected to and becomes a part of a
complete circuit. The impedance be-
tween its terminals therefore depends
not ouly upon its self-impedance, but
also npon the mutual impedances be-
tween the capacitor or inductor and the
rest of the eireuit. These mutual induet-
ances and capacitances are usually
sufficiently small to impose no appreci-
able limit on the accuracy of measure-
ment as long as the sell-inductance or
apacitance is larger than, say, 100 gh
or 100 pf. For smaller induetors or
apacitors, some care must be taken
both in the construction of standards
and in the techniques of measurement to
insure that the mutual impedances can
either be neglected or can be included in
the calibrated value without limiting the
desired acenracy. A ealibration of 100
microhenrys to an accuracy of 0.19 or
to £0.1 microhenry is not of much sig-
nificance il the connections produce un-
certainties of (1.1 microhenry.

The problems introduced into the
measurement of small capacitance by
mutual capacitances between capacitor
terminals and conneetions have been dis-
cussed in an earlier article.' It was the
purpose of that article to point out that
uncertainties of the order of tenths of a
m Hersh, "'A Cluse Look at Connection Frrors in

Copacitanee  Mensurements,” General Radio  Esxperi-
mentoy, 33, 7, July, 1059,

picofarad can be introduced by casual
conneetions; that one ean reduce the
uncertainties by an order of magnitude
or more by making the geometry of the
connections sufficiently definite, as, for
example, by specifying the terminals to
he used as the connection; and that still
smaller uneertainties can be achieved by
the use of the three-terminal capacitors
and measuring techniques that exclude
the mutual capacitances.

[t is the purpose of this article 1o dis-
cuss the analogous problems introduced
into the measurement of small induet-
ance by mufual inductances hetween
the inductor and the conneetions. In
such measurements, the uncertainties
with ordinary conneetions and  tech-
niques may be as large as tenths of a
microhenry. Much smaller uncertainties
can again be achieved by methods anal-
ogous to those used for ecapacitors, Most
attention will here be given 1o the re-
duetion of the mutual inductances them-
selves and to the reduction of their uh-
certainties by care in the construction
and use of the inductors and connections.
Although mutuals ean be excluded by
magnetic shielding and  four-terminal
measurements, the added cost and com-
plexity of the shielding and special
bridges is not vet justified by the need
for higher accuracy in measurements of
small inductanee. This discussion will
therefore be limited to methods of re-
ducing errors when the usual two-
terminal inductors and hridges are used.

An example of a two-terminal inductor
connected to a bridge is shown in Figure
1. To suggest the origin of these com-
ponents and to simplify the discussion,
only a few of the possible inductances of
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Figure 1. The cir-
cuit of an inductor
connected to a
bridge showing
self and mutual
inductances which
are measured.

L_ INDUCTOR ,J

wires, £, and the mutuals, m, arve shown
here, and these are indicated as lumped
parameters, although they are actually
distributed over the entire cirenit. The
inductance value obtained by a direct
bridge measurement of the components
shown would be the sum of the self-
inductance, L., of the inductor and all
the conmection mduetances, {, and the
mutuals, 7. This measured value is sub-
jeet to the uneertainties which can he
introduced by aceidental changes in the
length or orientation of the connecting
wires. [t is possible to reduee the uncer-
tainties to any desired level if we specify
with sufficient precision the geometry of
the connections and their environment.
A direet measurement, is, however,
seldom used when high acceuracy is re-
quired,

It is nsually more convenient to elimi-
nate many of the conunection ervors hy
using a substitution rather than a direet
measurement. If one measurement is
made with the inductor connected as i
Figure 1 and then a second measurement
is made with the same connections but
with the inductor replaced by a shorting
link, the difference between the two
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measured values is independent of the
self and mutual induetances, I, L, &, 1,
nty, my, my, which appear in both meas-
urements. The difference is still a4 meas-
ure not only of the induetanee L, bhut of
the mutuals, we, and ny, and of the in-
duetance of the shorting link, £, and its
corresponding  mutuals. Although the
substifution measurement ean remove
major portions of the connection imped-
ances and the uneertainiies produced by
them, the small remaining mutuals must
still be considered when small inere-
ments, say less than 0,01 microhenry,
are significant.

The mutuals s, and iy represent the
magnetic coupling between the induetor
and the conuecting wires, if it is assumed
that the other portions of the hridge ¢ir-
cuit are sufficiently remote to have
negligible coupling. Their magnitudes
change with the form and orientation of
inductor and leads, and, henee, they are
a source of uncertainty unless the con-
figuration is precisely specified. The need
for such precise specification of measure-
ment conditions ean be avoided if the
coupling is reduced to a negligible value
or if the ecoupling is made invariant
with changes in the econnecting wires,
The coupling ¢an be kept at a minimum
by the use of twisted leads for the con-
necting wires and of toroidal rather than
solenoidal eoils in the inductor. The
coupling can be made independent of
connections il that portion of the con-
necting wires which is closest to the
induetor termnals, and which thus con-
tributes most to the coupling between
the wires and the induetor or shorting
link, is constructed as an integral and
unvarying part of the inductor.

The smallest conmection errors should,
therefore, be obtained from an inductor
construeted, as shown in Figure 2, to
have both low and constant mutuals.
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CONNECTION
TERMINALS

SHORTING
TERMINALS

Figure 2. Inductor with seporate terminals for con-
nection and for sharting.

This ductor has two sets of terminals.
The terminals at the top in Figure 2 are
used to connect the imduetor into the
cirenit in which it is measured or used.
The terminals on the top are connected
to the bottom ones by internal, twisted
leads and also to the toroidal coil. The
two measurements of the substitution
method are made with the bottom right
terminals first open and then shorted.
The measured difference in inductance
should be to a high degree independent
ol the connections to the inductor as long
as they remain constant during the two
measurements. Since  the connections
are made at separate terminals in this
inductor, they are not easily disturbed
by the application or removal of the
shorting link.

The shorting link ean, however, intro-
duee error into the inductance measure-
ment in another way, When the shorting
link is connected across the inductor, the
cirenit  connected the bhottom
terminals of the inductor is that shown
in Figure 3. As long as the resistance of
the link, R, is not zero, there is an
equivalent inductance. L', between these
terminals, which is

ACross

o o/
el (AT R R

This inductance, like that of the link,

OCTOBER, 1940 @

appears only in the measurement with
the mduetor shorted and henee is part
of the measured difference in induetance,
The requirement for aceuracy is, there-
fore, not that this inductance he zero,
but that it be reproducible.

Figure 3. Circuit of shorted
inducter.

Sinee the inductanee L' depends upon
[t., any change of the contact resistance
of the shorting link with time or with the
method of application results in a change
in the measured induetance, The relation
between the change in the resistance,
AR and the change in induetance AL is

I,

R+ R+ w®L

AL =20 AR, ; (

R+ zr.)[ . . ] !

(R.+ R+ w?2] J
A= an example of the magnitnde of AL,
consider o standard inductor with L, =
10 wh and R, = .02 ohm and a shorting
link with /£, = .001 ohm and a varation
Ak, =0.0001 ohm at a frequency of 100
eveles, where w™L7 can be neglected.
The uncertainty is AL = 004 miero-
henry in an inductance of 10 miero-
henrys, The variations assumed for AR,
are those of a shorting link in good con-
dition, so the uncertainties could be ex-
pected to exceed this figure in practice.
The shorting link in parallel with the
coil ean, therefore, limit the aceuracy of
the measurement of low inductance at
low frequencies.

This uncertainty can be eliminated
very easily by use of a switeh, or the
shorting link as a switch, which connects
to the terminals etther the induetance
coil or the short alone mstead of con-
neeting the eoil alone or the coil shunted
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CONNECTION
TERMINALS

SWITCHING
TERMINALS

Figure 4. Inductor with shorting link erranged 1o
disconnec! coil when short is connected.

by the shorting link. An induetor with
such switehing s shown in Figure 4. With
the shorting link in the position shown,
the voil 15 connected to the connection
terminnls at the top: with the link moved
to the dotted position to connect the
right lower pair of terminals, the con-
neetion terminals are shorted and the
coil is disconnected.

When an inductor having the con-
struetion shown in Figure 4 is calibrated
in terms of the change in mduetance
when the shorting link is switched from
ane position to the other, the calibration
acetraey ean be very high and the in-
ductance very low before conneetion
errovs impose a limit, Since the impor-
tant section of connecting wires adjacent
to the terminals where the change is
made are an integral and constant part
of the induetor, the form and position of

the external connecting wires have neg-
ligible effect, provided only that they do
not change while the difference is heing
measured. Sinee the switching link and
its two positions are also an invariant
part of the induetor, the self and mutual
inductances of the link are both small
and definite parts of the calibration.,
Sinee the link is not conneeted in parvallel
with the inductance coil, the contact
resistances of the link have no effect
upon the induetance, And, since the in-
ductance eoil is toroidal and the connec-
tions within the induetor are oriented to
minimize the open loops, there is no
conpling to external fields or conduetors
which ean vary the induetance. The in-
thietanee so calibrated should be suffi-
ciently definite to make the uncertainties
less than 0,001 mierohenry and 1o justify
a ealibration aceuracy of 0.1% for in-
ductance as low as | microhenry.

To conclude this diseussion of connee-
tion errors withont acknowledgment of
the sonree of mueh of this information
would be a large terminal ervor. From
conversations and corvespondence with
members of the Resistanee and React-
anee Seetion of the National Burean of
Standards in Washington  have come
knowledge of =ome of the sources of
inductance measurements as
well as suggestions for their reduction.

— Jonx F. Hersn

eITar in

NEW STANDARD INDUCTORS

MORE TERMINALS,

The General Radio Company recently
extended the range of its standard capae-
itors downward by several decades to
0.01 pf by the introduction of the new
Tyee 1403 Standard Air Capacitors.’
A parallel, but more modest, step is now

1 “New Three-Termi { Riobio Er
pertmenter, 33, 8 & 0 )

| Capseitors.”
August-September

LESS INDUCTANCE

being taken to extend the range of our
standard inductors downward by the
addition of a 50-microhenry unit. In
anticipation of future demands for
higher accuracy and smaller inductance,
the desien of this inductor and its two
immediate predecessors, the 100-gh and
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200-ph sizes, incorporates the additional
terminals and new method of ealibration
digeussed in the preceding article,

The New Inductor

A Tyree HIS2 Inductor of 50 micro-
henrys has for some time been available
on special order. The new Tyre 1482-A
differs from the earlier models both in
having the new six-terminal connections
(see below) and in having lower resist-
ance, The coils are now wound with
100732 Litz wire to have a de resistance
of 0.3 ohms as compared to the 0.200-
ohm resistance of previous inductors,
An increase in wire size has also been
made wherever possible in other imdue-
tors, and the low-frequeney € is now
more nearly constant throughout the
line of inductors,

As in all these induetors, the coil is a
uniformly wound toroid on a ceramic
core for high stability and low external
field. The A0-microhenry coil and the
coils up through 500 microhenrvs have
duplex windings, 7.e., their toroids are
wound in two equal halves, and the
halves are connected i parallel rather
than in series, 1s shown in Figure 1. The
duplex winding has two advantages for
small inductance coils. For a given in-
duetance, the number of turns is greater
with the duplex winding, and the ease
and aceuracy of adjustment to nominal
value are thereby inereased. The parallel
windings still confine almost all the mag-
netie field to the torus and, in addition,
thev can further reduce the small field
produced by the equivalent single turn
of the conventional toroidal winding.
With the leads positioned as shown in
Figure 1, the emrrent does not make a
complete eirele around the eireumference
of the torus but travels across a diameter
on one lead wire and returns in two
parallel paths through the two halves of

IET

534 Main Street, Westbury, NY 11590

IET LABS, INC inthe GenRad tradition

OCTOBER, 1960 .

Figure 1. Diagram of duplex winding used for low-
inductance standards.

the winding. Thereare thus two D-shaped
loops so phased as to produce very small
external field which can contribute to
the measurement uncertaintios,

Terminals and Wiring

Arrangement of terminals and wiring
for the 50-, 100-, and 200-microhenry
inductors is shown in Figure 2. In
igure 3 18 shown for comparison the
connections formerly used for all of the
Tyei 1482 Inductors and still used for
induetors of 500 microheneys and higher,
The obvious and significant diffevence is
the addition of three more hindimg posts
at the bottom of the new panel. Two of
the new terminals (marked L,) are con-
nected by internal leads to the two in-
sulated terminals at the top of the panel,
The inductance coil 1 econnected to the
two outer bottom terminals. When the
attached shorting link is connected be-
tween the left pair of bottom terminals
(marked L), the coil is conmected to the
top terminals: when the link is moved to
the right pair of bottom terminals, the
coil is disconnected and the link short-
circuits the leads to the top terminals.
On both panels the upper left terminal is
connected to the inductor case, and the
mduetor is nsually used and calibrated
with the adjacent terminal (LOW) con-
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Figure 2. New six-ferminal panel and connections.

nected by the attached link to this ter-
minal and to the ease,

Calibration

In the mitial ealibration, usually at
the National Bureau of Standards, in-
duetors are ealibrated by the substitu-
tion method in which two measurements
are made: one with the inductor con-
nected to the bridge and the other with
the same conneeting wires but with the
mductor replaced by a short-circuiting

bar or link. For an inductor with the
three-terminal panel of Figure 3, the
first measurement is made with the

bridge connected to the pair of insulated
terminals, and a short is then either ap-
plied to these terminals or the connecting
wires are moved to the left pair of ter-
minals which are connected by the link.
For an inductor with the new, six-ter-
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minal panel of Figure 2, the bridge is
still conmected to the upper right pair of
terminals terminals). The
measurement of the induetor s made
with the link on the lower terminals in
the left or L position to connect the coil.

(connection

The short is then applied by moving the
link to the right or L, position on the
lower terminals (reference terminals).
The advantages of the new panel and
connections are that the mutual induet-
ances hetween the internal leads, coil.
and shorting link are independent of
connections and environment beecause
thev are an invariant part of the induetor
and that the connecting wires are not
subjeet to disturbanee when the short is
applied at terminals separated from the
connections. The connection errors and
methods of reducing them have been

disenssed in detail in the preceding

Figure 3. Three-terminal panel and connections.
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article, Sinee the errors are seldom larger
than tenths of a microhenry, the advan-
tages 0f the sis-terminal panel in redue-
ing (hese errors are appreciable only
when the inductance is small. The upper
limit of inductance with which the new
terminal arrangement is used has been
chusen somewhat arbitrarily to be 200
microhenrys, in part heeause this is also
the dividing line between the hand-
wournd and the machine-wound eoils in
the Tyee 1482 Inductors,

Calibration by Direct Comparison

The major difference between a cali-
Lration with the short eircuit at the
contieetion terminals and one with the
short at the reference terminals is the
indietanee of the internal leads between
the two sets of terminals. This induet-
ance (the difference between the two
ealibrations) is about 0.11 microhenry.
lit= value is important, not only in un-
intentional misuse of the short, but in a
calibration by direet comparison of one
ol the six-terminal inductors with a
three=terminal one of the same nominal
value, In many ealibrations outside of
the National Bureau of Standards, a
direct-comparison method is used. The
unknown is simply compared to an in-
ductor of almost equal value which has
an NBS ealibration and the measured
difference used to obtain the value of
the unknown. The measurement with
the short eirenit is implicit in this new
calibration, however, because the Bu-
reau used a short in their original cali-
Biration, and the new ealibration is valid
only with the short applied at the posi-
tion used in the original ealibration. If,
therefore, a new 50-mierohenry, Tyer
1482-A Tnduetor, is calibrated by direct
comparison with an older one with an
NB= or GR calibration, the ealibrated
vilue so obtained is that with the short
ab the connection terminals, The induet-
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ance obtained by a short at the refer-
ence terminals will be about (.11
microhenry less. When aceuracy to 0.01
microhenry is important, the lead in-
ductanece should he measured by moving
the short from connection to reference
terminals.

When a ealibrated six-terminal indue-
tor is available, the calibration of other
inductors can still be influenced by the
mductance of the internal leads. If the
two inductors are compared in the usual
manner by a difference measurement
using the same external leads, the meas-
ured difference includes not only the
difference between the two induetance
changes at the reference terminals but
also the difference between the two in-
ternal lead inductances. Calibration by
this method i= subject to ervor unless the
differences in internal lead inductance
are negligible or are measured. In these
new Tyer 1482 Inductors, experience
with a small initinl sample indicates that
in production the lead inductance of
0.11 microhenry may be held constant
to better than 0,01 microhenry so that
the error in direet comparison of similar
inductors should be less than 0,027,

When lead induetance is not suffi-
ciently constant, its effect can be elimi-
nated by another method ol comparison,
The two sis=terminal mductors ean he
connected in series to the bridge. A first
measurement is made with the short of
one inductor in the L position while that
of the other is in the L, position on the
reference terminals. A second measure-
ment is then made with both links
moved to the opposite position. The
measured difference is the difference be-
tween the two inductance changes at the
reference terminals and is independent
of the mternal lead inductanees because
they appear in both measurements and
caneel in the difference.

— Joux I, Hersu

IET LABS, INC inthe GenRad tradition

www.ietlabs.com
TEL: (516) 334-5959 « (800) 899-8438 * FAX: (516) 334-5988



GENERAL RADIO EXPERIMENTER 10
MORE NEW INDUCTORS: FIXED AND DECADE

Type 1481 Inductors below, Characteristics are similar to
[ncluctors in the Tyer 1481 series are  those of other Tyrpre 1481 Inductors,
high-(2 units, toroidally  wound on  listed in our eurrent catalog, except that
molybdenum-permalloy dust cores. Al Typrs 1481-AA, -BB, and -CC are
though not as aceurately ealibrated as  wound on lower-permeability cores with
the Tyer 1482 Standard Induetors, they  corresponding changes in the frequency
have many uses in audio-frequency  for @), ete.
measirements, both as anxiliary stand-  pionsens: Case, (height) 354 x  (width)
ards and i eirenit tll'\’l‘lll|)!ll['ll|. 3% x (depth) 154 inches (92 x 80 x 41 mm);
over-all height, ineluding terminals, 45¢ inches
9 ; ) (117 mm).
cently to this group as listed in the table  Net weight: 14 ounces (0.4 kg).

Four new units have heen added re-

Acevuracy Rms Currend

T'upe Nominal of Jor 0,15 Resonant Approz. ‘ Coele Price
I'nductanee | Adjustment® increasein L | Frequency | de Res. ‘ Word |

1481-AA 100 wh | =2 U5 | 120 ma | 3000 ke 0.020 lINDUCTOMAP | $37.50
1481-B8 2U0) gh | 42 | 76 mn 2100 L0044 INDUCTOMUG,  37.50
1481.CC 500 uh 41 | 54 ma 1330 0.112 wbl‘c"rtml-:x; 37.50
1481-N 10 h +0.25 0.24** ma 10 L6 INDUCTONAG 50.00
SCalibention is st goro frequeney wnd initial permeability **For 0.25% inerease in L

Type 940-DD Decade-Inductor Unit Type 1490-F Decade Inductor

Induetors of the HIST type, the 100-, This four dial decade-inductance hox

200-, and 500- gh sizes are used in the  incorporates the new Tyre 040-DD
Tyrr M0-DD Deende Induetor to pro-  Deeade-Induetor Unit together with one
vide decade steps of 100 gh, and a total  each of the Tyee M0-E, -F, and -G units,
of | mh for the decade. Four induetors  which have deeade steps of 1 mh, 10 mh,
are used in a 1-2-2-5 series, combinations  and 0.1 h respectively. Total inductance
are connected by the switeh to yield is 1,111 henrys, adjustable in steps of
stecessive unit values in the decade 100 gh above the initial induetanee.

seuenee. Tupe _ Code Word Price
Astvrue 204, 1490-F Decade Inductor 1.111h rvocUs | $450.00
Net Weight: 4 [b. (1.9 kg). .

(Left) Type 1481-N Inducior; (center) Type 940-DD
Decade-Inductor Unit; (right) Type 1490-F Decade
Inducter.

Tiype Coide Word Price
940.-DD Decade-Inductor Unit  ixpiic- | $110.00
100 uh per step TOCOP |
g N
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MORE AND BETTER CAPACITORS

Improved Adjustment Accuracy for the

Type 1409 Standard

As we constantly improve the stability
of our electrical standards, it becomes
equally desirnble to improve the close-
their adjustment to nominal
values, Two faetors influence the selec-
tion of this adjustment aceuracy: first,
the expected stability and, second, the
complexity of the adjustment in terms
of time and cost.

Recently published eight-vear records
for our Tyre 1409 Standard Capacitors,'
which were mtroduced for sale only
three years ago, indicate that stability
can be disregarded as a limiting factor,

The skills acquired from two yewrs’
experience in assembling these eapacitors
impelled the men who build them to sug-
gest that, without appreciable increase
in cost, the adjustment could be made to

ness of

a better nominal accuracy than the then
current 0,19, and, accordingly, a new
tolerance of 0,059 was established, Dur-
ing a transition period, the nameplate
continued to read 0,19, and additional
labels were aflixed to the base, bearing
the legend, *“Adjustment Aceuracy
0.059." New nameplates now in use
:_"'Hﬁr_.;h!,\ Records of Standards of Inductance and

Capocitsnce,” Goasral Rodio Esperinienter, 3, 4, April,
1M,

21, €5, Enston, “Stundoards and Aceursey,” Goaeral Rodio
Experimonier, 34, 0, June, 1060

(Left) Type 1409-T Standard Capacitor; (right) Type
980-J Decade-Copacitor Unil.
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hear the 0.05% hgure. A certificate. as
before, accompanies the capacitor, giv-
ing the measured value® under stated
environmental conditions,

Type 980-)J Added, 100 pf per step

For most of the life of the Tyere 980
Decade-Capacitor Units and their prede-
cessors, the Type 380°s, only three
capacitance ranges were available, re-
gardless of the dielectric used, and which
had, respectively, 0.1, 0.01, and 0.001 uf
per step. In our current Catalog P we
now hst a decade-capacitor unit having
100 pf per step, the Type 980-D. The
favorable response aceorded this decade
unit, which has polystyrene dielectric,
has resulted in the infroduction of the
Tyee 980-] Decade Capacitor, having
silvered-mica dielectric and nominal ea-
pacitauce increments of 100 pf per step.
The capacitance increments from zero
position are within ==(15%9; 4+ 2 pf) of
the indicated value for any setting for
two-terminal  connection  and  within
40, — (2948 pf ) for three-terminal con-
nection. The differences between these
adjustment-aecuracy figures and those
far the companion Typr 980-I, -G, and
-H are caused by the switch capacitance
(which varies from position to position)
and by the wider pereentage adjustment
tolerance of the low-valued capacitors.
Similarly, the dissipation factor figure
of <0.0006 is simply determined by the
dissipation factor of the 100-pf capacitor,

New Three-Decade Capacitor, Type
1419-M, Replaces Type 219-M

The Tyee 219-M Decade Capacitor,
our “economy’’ decade capacitance hox,
has been veplaced by a new and im-
proved model, the Tyee 1419-M. Ale-
chanical changes bring the construction

IET LABS, INC inthe GenRad tradition
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(Left) Type 1419 Docade Co-
pacitor; (right) Type 980-1
Decode-Capacitor Unit.

and appearance into line with the other
Type 1419 units, which have previously
replaced equivalent Tyer 219 models.

The individual mica~dielectric capaci-
tors used in the 0,01-uf-per-step and
0,001-uf-per-step  decades remain un-
changed. The Tyre 980-L paper-dielec-
tric decade, 0.1 uf per step, uses fire-
eracker-shaped, sealed, foil-and-paper
capacitors having a viscons impregnant.
These eapaeitors have the following im-
proved characteristics:

1. Adjustment
tance increments from zero position is
changed to +1.59% (from 229 of

accuracy of capaci-

Type Code Ward
1419-M Docods Coplichor. < rrssivrracriiirsrssrsssss FORAY
980-J Decade-Capacitor Unit, 100 pf perstep. . ........ AMET

12

the indicated value for any setting.

2. Dissipation factor is reduced to less
than 0.005 (from less than 0.01).

3. Insulation resistance is inereased
to >10" ohms (from 10%) at 100 v,
25°C, 509% RH, and after 5 minutes’
electrification time,

4. Temperature coefficient is
ppm/°C nominal,

5. Maximum operating voltage (de
or peak) is raised to 500 (from 300).

6. Frequency limit for maximum volt-

4180

age is up to 2 ke (from 1 ke).

7. Maximum operating temperature
is up to 90°C (from 65°C)

8. The stability of all characteristics
is considerably improved.

The use of the sealed fireeracker units
prevents increase of both capacitance
and dissipation factor, which would re-
sult from moisture contamination. Fur-
ther, the use of the viscous impregnant
(rather than a liquid one), immobile at
npf-l‘:tt'llxj.: temperatures, i[l'l]ll'fl\'l'.‘-«l':l[‘l:[[‘i-
tance stability since the relative posi-
tions of conductors and insulation will
not change appreciably as a result of
shock, vibration, change of position, or
temperature variations.

— P. K. McEvLroYy

Dimension drawings of all Type $80 D

C Units are le on req

NEREM — 1960

Boston, Massachusetts — November 15-18, 1960

Come to NEREM, and when you do,
drop in at Booths 9 and 10 at the ex-
hibits in the Commonwealth Armory.
Our engineers will welecome vour call and
will be glad to show vou the new instru-
ments that we shall have on display,
among them:

An electronie frequency meter, direct

reading to an accuracy of 0.19; and

capable of measuring incidental fm to
- o
1 part in 10,
A calibrator for aceelerometers and
other vibration pickups.
The Tyre 1331-A Strobotac”,
seribed in the September Erperimenter

de-

plus
many other instruments displayed in
interesting and significant uses.

General Radio Company ...

IET
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