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A NEW 10-MICROFARAD CAPACITANCE
STANDARD

Type 1424-A
Standard Polystyrene Decade Capacitor.

Cieneral  Radio  fixed  eapacitance
standards are available from stock, in
relative magnitudes of 1-2-5, from 0.01
pf to 1 uf. Tyre 401 and Tyee 1403
Air-Diclecteie Models cover the range
from 0.01 pf to 1000 pf, while the Typr
1409, with dielectrie, is
available in values from 1000 pf to 1 af.

silvered-micean

There has for some time been a demand
for capacitance staundards having values
well above 1 uf. Careying the silvered-
micia standards above 1 pf, however, is
not very practical, since the resulting
capacitor would be heavy, bulky, and
very expensive. FFor these higher eapaci-
tanee values, polystyrene dieleetrie offers
numy advantages,

Sinee o large polystyrene capacitor
must for produetion reasons be built up
of many smaller eapacitors paralleled,
it is very little extra trouble to switeh
the capacitors in one by one instead of
connecting them all solidly together.
In the Tyrer H24-A Standard
Polvstyrene Deeade Capacitor, ten 1-gpf

New
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capaeitors are switehed in this manner to
provide not one but ten standards, one
at each mtegral microfarad from 1 to 10.
Each of the 1-pf eapacitors i aceurate
to 0.25%., When all ten of these have
been switehed in parallel 1o make «
10-pf umit, the laws of probability will
make the majority of units as elose s
0.1 to the nominal 10 microfarads.

Residual Impedances

The most tmportant problems in the
design are not so much those of packag-
minimizing  the
residlual impedanees. Tnduetanee mnst
he minimized to keep the natural fre-
quency ol the shorted capavitor low, in

ing as of i ted

order that the capacitor may be used
with aceurney over a broad frequency
range. I the capaeitor is used at 120
of its natural frequency, the frequency
error will he 0.25¢7, equal to the adjust-
ment aceuracy of the unit. To appreciate
the importance of resistance, consider
10 microfarnds al
10 ke is 1.6 ohms. Sinee the dissipation

that the reactanee of

faetor of good polystyvrene f';ll];il'illll'.\
rarely exceeds 0.0001, a series resistance
of 0,16 milliochm would double the dis-
sipation factor. Naturally it is desirable
that both L and R be kept =0 low that
their effects will be small, ecompared to
adjustment aceuracy and to dissipation
factor, respectively.

In this new polystyrene deciude, the
range of natural frequencies with the
terminals shorted iz from 525 ke ar 1 of
to 235 ke at 10 pf, corresponding to n
series-inductance ranege of 91 to 4G mgh.
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The series resistance, R, difficult (o
measure directly, 18 low enough not to
affect dissipation factor adversely at 1
ke. The desivable reduetions of L and IR
have been aecomplished by generous use
of current-sheet conduetors, ribbon leads,
switeh-terminal veplication, ete. The re-
sidnal series induetanees will be Tound 1o
be comparable to those of other GR
fixed standard capueitors as well ax o
those of the air-dielecirie precision
capaeitors, even though the Tyre 1424-A
is much larger and the condueting leads
cousequently longer. The paralleling of
paths that helps to reduee the induaet-
anee s still more effective m redueing
the resistanee.

Charge Storage

One of the most important considera-
tions in any application involving de is
the large amount of stored energy. With
all capacitors switched in 10 miero-
farads) and charged up to the rated 500
volts de, the stored energy is 1.25 wati-
seconds, This is not only a great deal of
energy al a comparatively high voltage,
but it will stay in the eapacitor a long,
long time, beeause the leakage resistance
i of the order of 100,000 megohms,
signifying o time constant of 10° seconds,
or 12 days. Caution notices are promi-
nently engraved in ved on the panel, and
the clockwise position of the switch dis-
charges the eapacitor through a 100-
kilohm resistor. The switch should be
kept at the piscranrGe position except
when the t':i.p:u-ilnl‘ is w‘lll;l“_\‘ n nse.
This will asswe that a minimum of re-
sidual absorbed energy will remain o
the capacitor. Should it, through over-
sight, be left elsewhere after discharge,
the low dielectric absorption of poly-
styrene assures that the residual voltage
luter nequired, as the absorbed charge
comes out of the dielectrie, will be small
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and not hazardouns, although it will not
be negligible in o de storage application
such as an analog computer,

Sudden charge or discharge is poten-
tially damaging to the capacitor. In the
DISCHARGE switeh position, the discharge
current is limited, with a nominal time
constant. of one second. Limitation of
charging current is accomplished by the
churging of each seetion through o series
resistor of 1000 ohms, which is not in
series with the eapacitor at any detented
swileh position. This kind of switehing is
done through the agency of a secowd
switch wafer which inserts the resistor
between the sections alveady charged
(if any) and the section about to be
charged, during the time of traverse he-
tween switeh  positions. This resistor
limits the peak eurrent to 0.5 ampere at
full rated voltage in a circnit having a
time constant of 1 millisecond, which is
fast enough to control charging current
relinbly, even with fast rotation of the
switeh.

Construction

The Tyee [H424-A Standard Poly-
styrene Deeade Capacitor uses twenty
0.5-pl capacitors, paired to get ten l-uf
+0.25% sections. These are housed in
twao solder-sealed brass eases with Teflon-
insulated high terminals, the case being
common. These two eases and the switeh
are mounted to a subpanel, which is
itself insulated from the main panel.
Thus the capacitor may be used in either
a 2- or a 3-terminal connection, with no
significant  difference  in eapacitanee
values. A calibration chart is provided
giving the actual capacitance at each of
the ten switeh positions.  Dissipation
factor typically is 0.0002, and insulation
resistance 10% ohm-farads,

Mueh eare was required in the design
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of the instrument to keep series Lo and R
at manageable levels. The excellence of
the Tyre 1424-A in these respeets can be
fully exploited ouly if in application the

JUNE, 1961

induetance and resistance of the eon-
necting means employed by the user are
as carefully controlled.

— P. K. M¢ELnroy

SPECIFICATIONS

Nominal Volue: () to 10 microfarads, in steps
of 1 microfurnd.

Adjustment Accuracy: 0,25 at 1 ke,
Certificate: A\ certificate is supplied giving mens-
ured values, obtained by comparison to a
|m dsion betler than £.017% with working
andards maintained to an aecuracy of £.037;
in terms of N BS-certified reference -mxruI.mi~
Stability: Change is less than £ .059 per yvear.
Frequency: (lalibrated at | ke, Variation with
frequencey down to 60 eps is typically less than
+.020. At higher freqiencies, terminal ea-
pacitunce rises as resonant frequency s ap-
proached (see curves). The inerease can he

AE NS e g
from o (;") Typival values

of [, ure given in the calibration certificate,
Voltage Recovery: Less than 0177, final, of

origingl charging voltage after o charging
period of one hour and a 10-second diseharge
through a resistanee equal to one ohm per
volt of charging.

Dissipation Factor: Less (han 0003 ot 1 ke, (Soe
eurves for variation with frequency. )
Temperature Coefficient: Approximately
ppm per degree €

Moximum Operating Temperature: (05 (',
Insulation Resistance: Approximately one million
ohm-farads.

Maximum Voltage: 500 volts peal, np to 10 ke,
Mounting:  Aluminum  cabinet  and  panel,
finished in gray.

Terminals: A scparate ground terminal is pro-
vided, permitting 2- or 3-terminal use.
Dimensions: Width 8, height 73, depth 44
inches (205 by 195 by 240 mm), HV!'r-IH

Net Weight: 16!, ])lﬂll}llh (7.5 keg).

- 110

caleuliated

Typical curves for Type 1424-A

a Capacitors. (left) Change in Bl T
capacitance as a function of 10y y
: freq y. These changes are A /

referred fo the values which the
capacitors would have if there St Tuf
were neither interfacial polari-
zalion nor series inductance.
The 1-ke value on the plot 2yl
should be used as a basis of %% - i Tt
reference in estimating fre- '

y errors. (right) Dissipa- o000

oo fari e function of WE. TR0 i ke
frequency.
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1424-A | S!nndard Polyﬂymne Decade Capacitor \

$325. DD

A NEW FOUR-DIAL PRECISION CAPACITOR

Fixed-value impedanee standards are
generally used for maximum aceuracy
and stability, while adjustable standards
ordinarily provide convenience and flex-
ihility at some sacrifice in stability and
aceuraey. The new Tyee 1423-A Precision
Decade Capacitor, however, combines
the high aceuracy normally associated

i€T
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only with fixed, reference-type standards
with convenient decade construction,
which makes available any desired value
within the range of the capacitor. Four
individual decade eapacitors within the
cabinet provide 11,110 diserete values of
capacitance, ench known to an accuracy
of .05Y7, Any value of capacitance be-
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tween 100 pf and 1111 af in steps of 100
pf can be established quickly and easily
by straightforward dial settings,

The new decade capacitor 1s packaged
in o standard  relay-rack-type eabinet
with aluminum end frames for beneh use.
v new, displays the
selected value in larcge, bold numbers for

in=line readout
maximnm readability.
The decade switehes and associnted
capacitors are mounted inoan insulated
metal compartment, which in turn is
motnted inoa complete metal cabinet.
This  double-shielded

sures that capacitance at the terminals is

construction  en-

the swme for either the three=terminal or
the two-=terminal method of connection
difference of about

(except for a one

picofarad; see below).

The constituent eapacitors are high-
quality  stlvered-mica vnits, similar in
design and construetion to those used in
the Tyer 1408 Standard Capacitors, hut
individually adjusted to values slightly
helow nominal. Precise final ndjustiment
o nominal value is made by means of
stall “trimming™ or “padding™ eapaci-
fors within the instroment, On the two
lowest decades (100 pf per step and 1000
pf per step), an aiv trimmer capacitor is
provided for each of the 10 positions of
the switeh. Theoretically, then, each
position can be adjusted  precisely to
nominal value. For the two hiegher dee-
ades CO1 pf per step and 01wl per

IET
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Type 1423-A Precision
Decade Capaciter.

step), individual point adjustment is
neither practical nor necessary, since
the wvariations in switch capacitanee,
which may be significant on the lower
decades, is negligible here, Small fixed-
value padding capacitors, individually
selected, are used to adjust each of the
four ecapacitors of each decade to the
desired tolerance. The air frimmers are
readily  aecessible for subsequent  re-
adjustment if necessary, and the ter-
minals for the fixed padders are also
accessible, although somewhat less remd-
ily. Thus this instrument is capable of
readjustment, an important feature for
those laboratories having facihties and
reference standards acenrate enough 1o
detect Readjustment
should ravely, if ever, be necessary, since

shifts of value.
many years' experience with sueh ca-
puecitors indicates a typical stability of
better than .01 per vear.

The actual adjustment aceuraey of the
capacitor as shipped is limited only by
the aceuraey of our own working stand-
ards and measurement, and by the finite
patience of the technician who makes the
final adjustment. To allow for these
fuctors and for any possible deift within
the warranty period, the adjustment
i conservatively  rated as
£0.059%, which value is engraved on
the panel.

aecuracy!

ton, U Standards ot Apgarney,'” Genepod Koddio

Erperimenter, 34, 6, Tune, 1960,
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Terminal Arrangement

The terminals have been areanged o
facilitate connection in a variety of
ways, The mian and vow terminuls are
widely separated on the panel so that
ordinary unshielded leads may be used,
provided the cirenit to which the ea-
pacitor is conneeted will tolerate such a
method  of  conpection, A pair of
grounded biding posts, each %, imch
from an insulated binding post, allows
use of eables terminated in Typr 2714
Double Plugs, Complete shielding of
binding posts as well as of leads can be
accomplished by the nse of a Type
271-NIx Shiclded Plug Connector. A
fifth bmding post, connected to the
punel, facilitates conneetion to external
grovnd when the Tyer 274-NK Con-
nector is used.

7 Schematic dia-
1| aram of the Type
|
|

L 7

T R
A

| 1423-A Precision
Decade Capacitor

The above comments apply. of course,
to the three-terminal conneetion. For
two-terminal use, the Low terminal mnst
be connected to the ease by the ground-
ing link provided, and the capacitor
connected by the HrGH terniinal and any
one of the other four binding posts, all
now connected to the case.

The new Tyee 874089 Adaptor has
heen designed to provide a completely
from the standard
4 =inch-spaced binding posts to a Type

shielded transition

S74 Coaxial Connector. This adaptor
serves not only as the fransition to

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

conxial systems, but also provides the
fixed geometry® upon which the fwo-
terminal ecalibration is based. Althonugh
the internal shiclding of the capacitor is
complete, the mian hinding post external
to the panel has a small capacitance to
ground. The
terminal deviee differs from the three-
terminal eapacitance by approximately

capacitance as a4 two-

(his eapacitance, about one picofarad.

This new instriment is a very fexible
and versatile taol for ealibeation labo-
ratories and for produetion-line measure-
ments. With the Tyee 1605-A Imiped-
ance Comparator, for instance, it forms
a complete capacitance measuring as-
sembly, eapable of rapid. highly ae-
curate comparisons, ;

With the new Tyes 1H24-A Standard
Decade Capacitor extending the range 1o
10 wf, and the new Typee 1422% Precision
Adjustable Ciapacitors available in the
100 pf, the GR hne ol
capacitance standards can provide very

range  helow

accenrafely and conveniently any valne

of l';l}];u'ihllu‘(- from o fraction of «
eolarad to 10wl e
! ; I. . Easrox

Hirshi,
tance N
Ie 7. dul
“To be deseribed in o fortheoming issae of the fepeci
(adso in Catalog 0.

A Closge Look at Connection
ernents” General Radio Erp

=

panifer

SPECIFICATIONS

Nominal Values: |00 pi to LT uf in steps of
100 pf.

Accuracy of Adjustment: .05, at | ke, eali-
bratesl 10 the  three=terminal  connection

IET
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nsing Ty 87400 Adaprors (supplied ). Two-
terminal connection (made by nserting the
sipacitor into Ty ST Ndiptor) acdds
ahonit 1.3 pf Lo reading.
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Certifieate: A certificate is supplicd certifving
that ench component eapacitor was adjusted
by comperison to & precision better than
+.017 with working standards maintained to
an aeetiracy of +=.02% in terms of N BS-eerti-
fied reference standards.

Dissipation Factor

1) not greater than O range
! 100 pf 1o 1000 pf
0005 1100 pf to 2000 pf
0003 2100 pf to L1110 uf

Temperature Coefficiant of Capacitance: Approvi-
mately +85 ppm per degree Centigrade -
pween 10 and 50 degrees €

Insulation Resistance: Cirenter than 50,000 M

GENERAL RADIO EXPERIMENTER 8

to 0.1 ul and greater than 5,000 N from 0.1 uf
to 1,111 uf.

Calibration Frequency: 1 ke,

Frequency Characteristic: The beluvior of each
individual eapaeitor is similar to that of o Tyee
1409 Capaeitor.

Maximum Veltage: 500 volts peak, up to 10 ke.
Accessories Supplied: Two Tyen 87408 Adup-
tors. A

Mounting: Aluminum reluy-ruck-style eabinet

in gray, supplied with metal end frames for

benel mounting,

Dimensions: Width 19, height 7, depth 9%
inehes (485 by 180 by 250 mm), over-all.

Net Weight: 20 pounds (11.8 kg).

Priece

1423-A | Precision Decade Capacitor

Cale Waord

LEVEL $695.00

A FOUR-DIAL

POLYSTYRENE

DECADE CAPACITOR

In addition 1o the two decade eapae-
itance standards already deseribed in
ihis issue, o new four-dial polystyrene
decade capacitor, Tyee 1419-B, has been
added to our listing and is now available
from stock. The new decade is similar to
the popular Type 1419-A, a three-dial
deeade announeed about five years ago,
except for the addition of a 100-pf-per-
step decade, Tyrr 980-D.

SPECIFICATIONS

Capacitance: 11110 uxf maximam, in steps of
2001 uf.

Dialeetric: Polystyrene (Type DS0-A, -1, <O,
and <D Decade Capuaeitor Units).

Zero Copacitanee: 50 pf, two-terminal; 20 pf,
three-terminal.

Accuracy: Clupacitance increments from zero
position are within the following percentages
of the indicated value for any setting: (2-ter-
minal) 417 on three highest decades and
(10, +2 pf) on the smallest decade; (3-ter-
minal) £17 on two highest decades, +1.57%

Type

| Decade Capacitor. .. . .

14198 |

on  the 001-pl-per-step  decade, and
= (29 + 4 pf)on the smallest decade,
Dissipation Factor: Less than 0002 ut 1 ke,
Insulotion Resistance: 10" olims at 100 v, 23 ),
50 R

Temperature Coefficient of Caopocitance:
ppm per degree Centigrade, nominal,
Maximum Operating Temperature; (i5 ('

+1 s

=140

Maximum Operating Veltage: 500 volts, de or
peak, up to 10 ke,

Frequency Characteristic; Sumilar to those for
the Type 980 Decade Capacitor Units (see
eatalog), modified by the additional induetanee
and resistance of the box terminals and wiring
Ratie of DC Capacitance to 1-ke Capacitance:
Less than 1.001.

Voltage Recovery: laoss than 0,17/,
original charging _ voltuge after s

period of one hour and a 10-serond discharge
throngh a resistance equal to one ohim per volt
of charging.

Terminals: Three Tyee 938 Binding Posts with
grounding link,

Mounting: Aluminum panel and cabinet.
Dimensions: Width 413, length 1614, height
5inches (110 by 415 by 130 mm), over-all.

Net Weight: 834 pounds (3.8 kg).

Code Word

charging

|

Price

$262.00

BEFIT |
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