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A NEW 10-MICROFARAD CAPACITANCE
STANDARD

Type 1424-A
Standard Polystyrene Decade Capacitor.

General  Radio  fixed eapacitance
standards are available from stock, 1n
relative magnitudes of 1-2-5, from 0.01
ptf to 1 uf. Tyre 1401 and Tyrre 1403
Air-Dielectrie Models cover the range
from 0.01 pf to 1000 pf. while the Typre
1109, with silvered-mica dielectrie, is
available in values from 1000 pf to 1 uf.
There has for some time been a demand
for capacitance standards having values
well above 1 uf. Carrying the silvered-
mica standards above 1 uf, however, is
not very practical, since the resulting
capacitor would be heavy, bulky, and
very expensive. [For these higher capaci-
tance values, polvstvrene dielect rie offers
many advantages.

Since a large polystyvrene eapacitor
must for production reasons be huilt up
of many smaller capacitors paralleled,
i1t 1= very little extra trouble to switeh
the capacitors in one by one mstead of
connecting them all solidly together.
In the new Typr 1424-A Standard
Polyvstyvrene Decade Capacitor, ten 1-uf

capacitors are switched in this manner to
provide not one but ten standards, one
at each integral microfarad from 1 to 10.
[Cach of the 1-uf capacitors is acewrate
to 0.259,. When all ten of these have
been switched in parallel to make a
10-uf unit, the laws of probability will
make the majority of units as close as
0.19, to the nominal 10 microfarads.

Residual Impedances

T"he most important problems in the
design are not so much those of packag-

mg as of minimizing the unwanted
residual impedances. Inductance must

be minimized to keep the natural fre-
quency of the shorted capacitor low, in
order that the
with accurney over a broad frequency
range. If the capacitor is used at 1/20
of 118 natural frequency, the frequency
error will be 0.259,, equal to the adjust-
ment accuracy of the unit. T'o appreciate

apacitor may be used

the importance of resistance, consider
that the reactance of 10 microfarads at
10 ke ix 1.6 ohms, Since the dissipation
factor of good polystyrene capacitors
rarelyv exceeds 0.0001, a series resistance
of 0.16 milliohm would double the dis-
sipation factor. Naturally it ix deswrable
that both L. and R be kept =o low that
their effects will be small, compared to
adjustment accuracy and to dissipation
factor, respectively.

In this new polvstyrene decade, the
range of natural frequencies with the
terminals shorted is from 525 ke at 1 uf
to 235 ke at 10 uf, corresponding to a
series-inductance range of 91 to 46 muh.
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The series resistance, R, difficult to
measure direetly, 1s low enough not to
affect dissipation factor adversely at 1
ke, The desirable reductions of 1. and R
have been accomplished by generous use
of current-sheet conductors, ribbon leads,
switch-terminal replication, ete. The re-
sidual series inductances will be found to
be comparable to those of other GR
fixed standard capacitors as well as to
those of the air-dieleciri¢ precision
apacitors, even though the T'yre 1424-A
1= much larger and the conducting leads
consequently longer. The paralleling of
paths that helps to reduce the induet-
ance is still more eftective in reducing
the resistance.

Charge Storage

One of the most important considera-
tions in any application involving de is
the large amount of stored energyv. With
all capacitors switched in 10 miero-
farads) and charged up to the rated 500
volts de, the stored energy is 1.25 watt-
seconds. This 1s not only a great deal of
cnergy at a comparatively high voltage,
but it will stay in the capacitor a long,
long time, because the leakage resistance
i of the order of 100,000 megohms,
signifying a time constant of 108 seconds,

12 days. Caution notices are promi-
nently engraved in red on the panel, and
the clockwise position of the switeh dis-
charges the capacitor through a 100-
kilohm resistor. The switch should be
kept at the pDISCHARGE position except
when the capacitor is actually in use.
This will asswie that a minimum of re-
sidual absorbcd energy will remain in
the capacitor. Should it, through over-
sight, be left elsewhere after discharge,
the low dielectric absorption of poly-
stvrene assures that the residual voltage
later acquired, as the absorbed charge
comes out of the dielectrie, will be small

EXPERIMENTER 4

and not hazardous, although it will not
be negligible in a de¢ storage application
such as an analog computer.

Sudden charge or discharge is poten-
tially damaging to the capacitor. In the
DISCHARGE switch position, the discharge
current is limited, with a nominal time
constant of one second. Limitation of
charging current is aceomplished by the
charging of each section through a series
resistor of 1000 ohms, which is not in
series with the capacitor at any detented
switch position. This kind of switching is
done through the agency of a second
switch wafer which nserts the
between the =ections already charged
(if any) and the =section about to be
charged, during the time of traverse be-
tween switch positions. This resistor
limits the peak current to 0.5 ampere at
full rated voltage in a cireuit having «
time constant of 1 millisecond, which is
fast. enough to control charging current
reliably, even with fast rotation of the
switch.

resistor

Construction

The Tyrr 1424-A Standard
styvrene Decade Capacitor uses twenty
0.5-ut capacitors, paired to get ten l-uf
+0.259;, sections. These are housed in
two solder-sealed brass eases with TefHon-
msulated high terminals, the ease being
common. These two cases and the switeh
are mounted to a subpanel, which is
itself nsulated the panel.
Thus the capacitor may be used in either
i 2- or a 3-terminal connection, with no
significant  difference  in capacitance
alues. A calibration chart is provided
giving the actual capacitance at each of
the ten switch positions. Dissipation
factor typically is 0.0002, and insulation
resistance 108 ohm-farads.

Much care was required in the design

Poly-

from nmein
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of the instrument to keep series [. and R
at manageable levels. The excellence of
the Tyre 1424-A in these respects can be
fully exploited only if in application the

JUNE, 1961

inductance and resistance of the con-
necting means employed by the user are
as carefully controlled.

— P. K. McELroy

SPECIFICATIONS

Nominal Value: 0 to 10 microfarads, in steps
of 1 microfarad.
Adjustment Accuracy: +0.259 at 1 ke.
Certificate: \ certificate is supplied giving meas-
ured values, obtained by c¢omparison to a
precision better than =£.019; with working
standards maintained to an accuracy of =.03%
in terms of N BS-certified reference standards,
Stability: Change is less than =.05% per year.
Frequency: Calibrated at 1 ke. Variation with
frequency down to 60 eps is typically less than
+.029%. At higher frequencies, terminal ca-
pacitance rises as resonant frequency is ap-
proached (see curves). The increase can be
LC T
nleulated from o = 7 - Typical values
of f., are given in the calibration certificate.
than 0.19, final, of

Voltage Recovery: [.ess

original charging voltage after a charging
period of one hour and a 10-second discharge
through a resistance equal to one ohm per
volt of charging.

Dissipation Factor: I.ess than .0003 at 1 ke, (Sce
curves for variation with frequencey.)
Temperature Coefficient: \Approximately
ppm per degree C.

Maximum Operating Temperature: 65 (',
Insulation Resistance: Approximately one million
ohm-farads,

Maximum Voltage: 500 volts peak, up to 10 kec.
Mounting: Aluminum cabinet and panel.
finished in gray.

Terminals: A separate ground terminal is pro-
vided, permitting 2- or 3-terminal use.
Dimensions: Width 8, height 734, depth
inches (205 by 195 by 240 mun), over-ull.
Net Weight: 1614 pounds (7.5 kg).

— 140

Olg

Typical curves for Type 1424-A
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Cade Waord

Price

1424-A

| Standard Polystyrene Decade Capacitor. . . . . .. J

BAIRN [ $325.00

4

A NEW FOUR-DIAL PRECISION CAPACITOR

FFixed-value impedance standards are
generally used for maximum accuracy
and stability, while adjustable standards
ordinarily provide convenience and flex-
ibility at some saerifice in stability and
accuracy. Thenew T'yre 1423-A Precision
Decade Capacitor, however, combines
the high accuracy normally associated

only with fixed, reference-type standards
with convenient decade construction,
which makes available any desired value
within the range of the capacitor. Four
mdividual decade capacitors within the
:abinet provide 11,110 discrete values of
capacitance, each known to an accuracy
of =.0597.. Any value of capacitance he-
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tween 100 pf and 1111 uf in steps of 100
pf can he established quickly and easily
by straightforward dial settings.

The new decade capacitor s packaged
in a standard relay-rack-tvpe cabinet
with aluminum end frames for bench use.
the

selected value in large, bold numbers for

A new, in-line readout  displays
maximum readability.

T'he
capacitors are mounted m an insulated
turn s

abiet.

decade switehes and associited

metal compartment, which
mounted 1 a complete metal
This double-shielded

sures that capacitance at the terminals s

construction en-
the same for cither the three-terminal or
the two-terminmal method of connection
(except for a difference of about one
picofarad; see below),

The constituent capacitors are high-
quality  silvered-mica units, similar in
design and construetion to those used in
the T'yrr 1109 Standard Capacitors, but
individually adjusted to values slightly
below nominal. Precise final adjust ment
to nominal value i made by means of
small “trimming”™ or “padding™ capaci-
tors within the mstrument. On the two
lowest decades (100 pf per step and 1000
pf per step), an air trimmer capacitor is
provided for each of the 10 positions of
the Theoreticallv, then,
position can be adjusted precizely to
ralue. For the two higher dect
ul per

switch. each
nominal

ades (LO1 uf per step and 0.1

EXPERIMENTER 6

Type 1423-A Precision
Decade Capacitor.

step), mmdividual point  adjustment  is
neither practical nor necessary, since
the variations i switch capacitance,

which may be significant on the lower
decades, 15 negligible here. Small fixed-
value padding capacitors, individually
sclected, are used to adjust each of the
four capacitors of each decade to the
desired tolerance. The air trimmers are
readily  accessible for subsequent  re-
adjustment if necessary, and the ter-
minals for the fixed padders are also
accessible, although somewhat less read-
ilyv. Thus this mmstrument is capable of
readjustment, an important feature for
those laboratories having facilities and
reference standards accurate enough to
shifts  of
should rarely, if ever, be necessary. since

detect value., Readjustment
many wvears' experience with =uch ca-
pacitors indicates a typieal stability of
better than =.019; per yvear.

T'he actual adjustment accuracy of the
capacitor as =hipped is limited only by
the accuracy of our own working stand-
ards and measurement, and by the finite
patience of the technician who makes the
final all ow  for
factors and for any possible drift within
period, the
conservatively

adjustment. To these

the warranty adjustment

accuracy!t s rated as
+0.059, which value 1s engraved on
the panel.

1], (i. Faston, “Standards and Necuraey.” General Naddio

Keperimenter, 34, 6, June, 1960,
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Terminal Arrangement

The terminals have heen arranged to
facilitate connection in a variety of
wayvs., The HicH and Low terminals are
widely separated on the panel so that
ordinary unshielded leads may be used,
provided the circuit to which the ca-
pacitor is connected will tolerate such a
method  of paar  of
ecrounded binding posts, each 34 inch
from an insulated binding post, allows

cohnection. -\

use of cables terminated in 'yre 274
Double Plugs. Complete shielding  of

binding posts as well as of leads can be
accomplished by the use of a Type
274-NIX Shielded Plug Connector. A
fifth binding the
panel, facilitates connection to external
ground when the Tyrre 271-NIX Con-
nector s used,

post, connected to

HIGH LOW
j.T.r B 1P
— S P *—-
| |

(e o e e i T

Schematic dia-
gram of the Type
1423-A Precision
Decade Capacitor

The above comments apply, of course,
to the IFor
two-terminal use, the Low terminal must
be connected to the case by the ground-
ing hink provided, and the ecapacitor
connected by the HrGH ternnnal and any
one of the other four binding posts, all
now connected to the case.

The new Tyre 871-Q8 Adaptor has
heen designed to provide a completely
shielded from the standard
3 -inch-spaced binding posts to a Type
874 Coaxial This adaptor
SN transition to

three-terminal connection.

transition

Clonnector.

not only asx the

JUNE, 1961

OILF/STEP

o |

Type 874-Q9 Adaptor on the panel of the Type
1423 Capacitor.

coaxial systems, but also provides the

which the two-

alibration is based. Although

fixed geometry® upon
terminal
the internal shielding of the capacitor is
complete, the H1GH binding post external
to the panel has a small capacitance to

groid. The capacitance as o two-
terminal device differs from the three-

terminmal capacitance by approximately
this capacitance, about one picofarad.
Thiz new instrument 1= a very flexible
and versatile tool for calibration labo-
ratories and for production-line measure-
ments. With the Trrr 1605-A Imped-
ance Comparator, for instance, it forms
a complete capacitance measuring  as-

sembly, capable of ramid. highly

-
curiate comparisons,

With the new T'ypee 1424-A Standaard
Decade Capacitor extending the range to
10 uf, and the new Tyri 1422% Precision
Adjustable Capacitors available 1 the
100 pt. the GR
capacitance standards can provide very

range below lhne of
accurately and conveniently anyv value
from a fraction of a

picofarad to 10 pf.

of capacitance

— I. (i. Easros

2 0. I, Hersh, A Close look at Connection Frrors in
Capacitance Neasurements,” Geweral Radio I5rpertmen-
fer, 33, 7. July, 1050,

T be deseribed in a fortheoming issue of the Keperi-
wrenter (also i Catalog Q).

SPECIFICATIONS

Nominal Values:
100 pt.

Accuracy of Adjustment:
brated in the

ke, eali-
connection

4-.03% at 1
three-terminal

100 pf to 1.111 pf in steps of

using Ty re 874090 Ndaptors (supplied). Two-
terminal connection (made by anserting the
capacitor into Ty 874-Q9  Ndaptor) adds
about 1.3 pt to reading.
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Certificate: .\ certifiente is supphied certifying
that each component capacitor was adjusted
hy comparison to a precision better than
+.01° . with working standards maintained to
un accuraey ol 0290 in terms of N BS-certi-
fied reference standards.

Dissipation Factor

D nat greater than ' range

001 100 pt to 1000 pf
L0005 110D pf 1o 2000 pf
0003 2100 pf 1o 11110 uf

Temperature Coefficient of Capacitance: Approxi-
mately 435 ppm per degrer Centigrade  he-
tween 10 and 50 degrees €

Insulation Resistance: Cireater than 50,000 N2

Typre

10 0.1 gt and greater than 5,000 N2 from Q.1 uf
to 1,111 pf.

Calibration Frequency: | ke.

fFrequency Characteristic: T'he behavior of each
individual eapacitor is similar to that of o Tyek
1409 Capacitor.

Maximum Voltage: H(}0 volts peak, up to 10 ke,
Accesisories Supplied: 'I'wo T'yri 874-QQ9 Ndap-
tors.

Mounting: Aluminum relayv-rack-styvle cabinet
in grav, supplied with metal end frames for
heneh mounting.

Dimensions: Width 19, height 7, depth 934
inches (485 Ly 180 by 250 mm). over-all.

Net Weight: 20 pounds (11.8 kg).

(ode Word 1’rics

1423-A Precision Decade Capacitor

LEVEL ' $695.00

A FOUR-DIAL POLYSTYRENE
DECADE CAPACITOR

[n addition to the two decade capac-
itance standards already  deseribed in
this issue, a new four-dial polystyrene
decade capacitor, Tyer 1419-B, has been
added to our listing and 1s now available
from stock. The new decade 1s similar to
the popular "U'yer 1419-A. a1 three-dial
decade announced about five vears ago.
except for the addition of a 100-pf-per-
Aep deende, Type O80-1).

SPECIFICATIONS

Capacitance: 1.1110 af maximam, in steps ol
0001 uf.

Dizlectric: Polvstyrene (Typr 980-\, -13
and -D Decade Capacitor Units).

Zero Capacitance: 5 pf, two-terminal; 20 pf,
three-terminal.

Al
)'(:

Accuracy: (apacitance inerements from zero
position are within the following pereentages
ol the indieated value for any setting: (2-ter-
rpinal 19, on three highest decades and
+(19, +2 p) on the smallest decade; (3-ter-
minnl) =19, ou two highest deceades, 1.5,

Type

1419-B ‘ Decade Capacitor. . .. . . .......

on the .001-pf-per-step decade, and 19,
(26 + 4 pf) on the smallest decade.
Dissipation Factor: l.ess than 0002 at | ke,
Insulation Resistance: 10" ohims at 100 v, 23 €,
S0, RIL
Temperature Coefficient of Capacitance: — | 1)
ppm per degree Centigrade, nominal,
Maximum Operating Temparature: (i (.

Maximum Operating Voltage: H00 volts, de or
peak, up to 10 ke,

Frequency Characteristic: Similar 1o those for
the Tyre 980 Decade Capacitor Units (see
cat:alog), modified by the additional induetance
angl resistance of the hox terminalz and wiring.
Ratio of DC Capacitance to 1-kc Capacitance:
l.ess than 1.001.

Voltage Recovery: l.css than 017, final, of
original charging  voltage after o charging
period of one hour and a 10-second discharge
through a resistance equal to one ohim per volt
ol charging.

Terminals: Three Tyee 938 Binding Posts with
grounding link.

Mounting: Aluminum pancel and cabinet.
Dimensions: Width 415, length 1615, height
5 inches (110 by 415 by 130 mm), over-all,

Net Weight: 8% ¢ pounds (3.8 kg).

Code Word Price

BEFIT \ $262.00

General Radio Company
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