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ACCURACY, PRECISION, AND CONVENIENCE
FOR CAPACITANCE MEASUREMENTS

The direct-reading accuracy of 0.019;
in the new Type 1615-A Capacitance
Bridge here being introduced is an im-
provement of an order of magnitude in
accuracy over most preceding bridges.
This has been made possible by the
improvements introduced in recent years
in standards of absolute capacitance, in
capacitance bridges, and in reference
capacitors at the National Bureau of
Standards!' and other standards labo-
ratories. The computable cross capacitor
developed at the National Standards
Laboratory of Australia by Thompson
and Lampard? has made it possible to
determine the unit of capacitance with
an accuracy that is now a few parts per

million and which may be expected to
improve. The advantages of ratio trans-
formers and of transformer ratio arms
in bridges, exploited initially in Great
Britain and then more fully in Australia,
have been utilized to increase the pre-
cision of measurement and to extend the
range to capacitances below 1 micro-
picofarad (10—'8 farad). Furthermore,
the reference capacitors used to store
and transfer the capacitance unit have

1INM. C. McGregor, J. F. Hersh, R. . Cutkosky, F. K.
Harris,and F. R. Kotter, ‘‘New apparatus at the National
Bureau of Standards for absolute capacitance measure-
ment,”” IRE Trans. on Instrumentation, vol. 1-7, pp
253-261; December, 1958.

2A. M. Thompson, and ). G. L.ampard, *“A New Theorem
in Electrostatics and its Application to Calculable
Standards of Capacitance,”” Nature, 177, 888 (1956).

PR

Figure 1. Panel view of the Type 1615-A Capacitance Bridge.


www.americanradiohistory.com

GENERAL RADIO EXPERIMENTER

been improved by the use of three- range from 100 cycles to 10 ke. The .

terminal construction to minimize con-
nection errors, which limit accuracy in
capacitors of 1000 pf or less,® and by the
use of new construction methods, low-
temperature-coefhicient materials, and
sealed containers to increase the stabil-
ity. With this new apparatus, the
National Bureau of Standards can now
certify capacitors to an accuracy of
50 ppm or better.

Many of these improvements have
also been incorporated into the new
Typre 1615-A Capacitance Bridge. This
bridge has transformer ratio arms for
accuracy and stability. Its internal
capacitance standards are three-
terminal, sealed capacitors having low
temperature coefthicients. The bridge has
six-figure resolution for capacitance from
1 uf to 1 pf and a direct-reading ac-
curacy of 0.0195 over this capacitance
range and over most of the frequency

TRANSFORMER

Many of the advantages of inductively
coupled, or transformer, ratio arms have been
known since about 1888, and they are covered
in detail in the 1928 British patent of A. D.
Blumlein. Little use was made of them, how-
ever, until about the time of World War II,
when new applications were found in the
measurement of very small capacitance. Since
that time, transformer ratio arms have become
increasingly popular in commercial bridges as
well as in the apparatus of the national stand-
ards laboratories.

The advantages of such ratio arms are that
accuracies within a few parts per million are
not difficult to obtain over a wide range of
integral values, even for ratios as high as
1000 to 1, and that these ratios are almost
unaffected by age, temperature, or voltage.
The low impedance of the transformer ratio
arm also makes it easy to measure direct
impedances and to exclude the ground im-
pedances in a three-terminal measurement
without the use of guard circuits and auxiliary
balances.

To illustrate these characteristics, a simple
capacitance bridge with transformer ratio
arms is shown in Figure 2. On the toroidal core,

3J. F. Hersh, ‘*A Close Look at Connection Errors in
Capacitance Measurements,”’ General Radio Ezxzperi-
menter, 33, 7, July, 1959,

impedance of the transformer ratio arms
has been kept very low, so that accurate
three-terminal measurements can be
made even in the presence of large
capacitances to ground. The bridge also
has the necessary internal shielding to
permit one terminal of the unknown to
be grounded, so that both two-terminal
and three-terminal measurements can be
made over the whole capacitance range.

The balance controls are lever-type

switches, the readout 1is digital, and
the decimal point is automatically
positioned.

These features, and others described
below, result in a capacitance bridge
that brings to the measurement of
capacitance, to the intercomparison of
standards, and to the measurement of
dielectric properties an unusual degree
of accuracy, precision, range, and
convenience.

RATIO ARMS

a primary winding, connected to the generator,
serves only to excite the core; the number of
primary turns, .Vp, determines the load on the
generator but does not influence the bridge
network. If all the magnetic flux is confined
to the core—as it is to a high degree in a sym-
metrically wound toroid with a high-perme-
ability core—the ratio of the open-circuit
voltages induced in the two secondary windings
must be exactly equal to the ratio of the
number of turns. The ratio can be changed by
the use of taps along the two secondaries, but,
when the number of turns is fixed, the voltage
is highly invariant. Changes in the core perme-
ability with time and temperature have only
second-order effects on the ratio, because they
modify only the very small amount of leakage
flux that is not confined to the core in a practical
transformer. The ratio is, therefore, both
highly accurate and highly stable.

In Figure 2, the two transformer secondary
windings are used as the ratio arms of the
capacitance bridge with the standard capac-
itor, Cx~, and the unknown, Cx, as the other
two arms in a conventional four-arm bridge
network. The condition for balance or zero
detector current is easily shown to be that
VaCx = ViCxorCx/Cn = VN/Vx = Nn/Nx.
This balance condition is not affected by the
capacitances shown from the H and I, terminals
of Cnx and Cx to the terminal G connected to

www americanradiohistorv com
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Figure 2. A capacitance bridge with
transformer ratio arms.

the junction of the ratio arms. The capac-
itances between I. and G shunt the detector,
so that they affect only the bridge sensitivity.
The capacitances between H and (G are across
the transformer windings. To the extent that
the transformer can be assumed ideal, i.e.,,
with no resistance in the secondary windings
and with no flux that does not link equally
both secondaries, the current drawn by the
H-G capacitances does not change the voltages
¥V~ and Vx or the balance conditions. In
practice, the transformer resistances and
leakage inductances can be kept so small that
quite low impedances or large capacitances
can be connected from H to GG before there is
appreciable error in the bridge.

The junction of the ratio arms, G, is there-
fore a guard point or guard potential in the
bridge. All capacitances to G from the H or L,
corners of the bridge are excluded from the
measurement. In the three-terminal capacitors
represented by the H, I., G terminals in Figure
2, the bridge measures only the direct capac-
itance, Cx, of the unknown in terms of the
direet ecapacitance, C'n, of a standard, without
additional guard circuits or balances.

One can take advantage of the accurate and
stable ratios of the transformer by the use in
the bridge of a standard arm which is fixed
and a ratio which can be varied to balance
the bridge.

Figure 3 shows three of the possible ways of
balancing a simple transformer-ratio capac-
itance bridge. For simplicity, the generator
and primary are not shown, but it is assumed
that the two secondaries have 100 turns each
and are excited so that there is 1 volt per turn.
The ecapacitor in the unknown arm is assumed
to be 72 picofarads.

In Figure 3a, the two ratio arms are equal
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and the bridge is balanced in the conventional
way with a variable standard capacitor which
is adjusted to 72 pf.

The detector current can equally well be
adjusted by a variation in the voltage applied
to a fixed standard capacitor. In Figure 3b,
the standard capacitor 1s fixed at 100 pf, and
this is balanced against the 72-pf unknown
connected to the 100-volt end of the trans-
former by connection of the standard to 72
volts of the opposite phase, obtained from
suitable taps on the transformer windings.
The inductive divider shown has a winding of
100 turns with taps every 10 turns and, on the
same core, another winding of 10 turns tapped
every turn. If, as shown, the second winding is
connected to the 70-volt tap on the first wind-
ing and the capacitor to the 2-volt tap on the
second winding, the required 72 volts is applied
to the capacitor. Six or more decades for high
precision can be obtained in a similar fashion
with more turns on one core and the use of
additional cores driven from the first. Such
inductive dividers have very accurate and
stable ratios, but the errors increase with the
number of decades because of loading effects.

Another method of balance by voltage
variation is shown in Figure 3¢, where a single
decade divider is used in combination with
multiple fixed capacitors. The 100-turn sec-
ondary is tapped every 10 turns to provide
10-volt increments. If, then, a 100-pf capacitor
is connected to the 70-volt tap and a 10-pf
capacitor to the 20-volt tap, the resulting
detector current balances that of the 72-pf
unknown connected to 100 volts. This bridge
can be given six-figure resolution, for example,
through the use of six fixed capacitors in
decade steps from 100 pf to 0.001 pf, each of
which can be connected to any one of the
taps on the transformer. N

In any of these bridges, the bridge ratio can
also be varied by use of taps on the unknown
side of the transformer to vary the voltage
applied to the unknown capacitor. For example,
if the unknown capacitor were connected to a
10-turn or 10-volt tap on the upper half of the
transformer, then a capacitance of 720 pf
instead of 72 would be balanced by the standard
capacitors shown. The range of the bridge can
thus be extended to measure capacitors which
are much larger than the standards in the
bridge.

FIXED RATIO
VARIABLE CAPACITORS

MULTIPLE DIVIDERS
. SINGLE FIXED CAPACITOR

SINGLE DIVIDER
MULTIRLE FIXED
CAPACITORS

Figure 3. Methods of balancing capacitance
in a transformer-ratio bridge.
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These advantages of transformer ratio arms
and dividers make possible a bridge of very
wide range and high accuracy, since not only
are the ratios stable and accurate but, when
only a few fixed capacitors are required as
standards, the standards can be constructed to
have high stability and accuracy. This bridge
can also have a wide range of frequencies. At
low frequencies, a limit is imposed on sen-
sitivity by the maximum voltage obtainable

EXPERIMENTER

from the transformer, since, for a given core,
the voltage at saturation is proportional to
frequency. At high frequencies there is a de-
crease in accuracy resulting from the decrease
in core permeability with frequency, from the
increased loading of the transformer by its
self-capacitance as well as the bridge capac-
itances and, of course, from the usual residual
capacitances and inductances in the bridge
wiring and components.

THE TYPE 1615-A CAPACITANCE BRIDGE

CAPACITANCE

The new Type 1615-A Capacitance
Bridge is a transformer-ratio bridge of
the type that uses a single decade of
transformer voltage division and mul-
tiple, fixed, standard capacitors to
provide six decades of resolution in
capacitance. As shown in the elemen-
tary diagram of Figure 4, one side of the
secondary of the ratio transformer is
tapped at intervals of one-tenth, and to
these taps can be connected six standard
capacitors in any combination required
to balance the bridge. If, for example,
the standards connected to the six-
decades switch are 1000, 100, 10, 1, 0.1,
and 0.01 pf, the range of unknown that
can be balanced is from 1000 pf to 0.001
pf when the unknown is connected to the
full voltage of the other secondary of
the transformer. This unknown side of
the transformer has, however, a tap at
one-tenth of the full voltage, so that
when the unknown is driven from this
lower voltage, the range is multiplied
by ten, and an unknown up to 10,000 pf
or 0.01 uf can be balanced by the same
internal standards. The range is ex-
tended still further by further division
of voltage on the unknown side through
a second transformer or inductive
divider driven from the 0.1 tap on the
ratio transformer. This second divider
provides additional ratios of 0.1 and
0.01, so that, with the voltage applied
to the unknown reduced to 0.01 and
0.001, the bridge is given two more
ranges of O0.1-uf and 1-uf maximum
capacitance.

To extend the range to smaller
capacitances, two additional standards
are used, of 0.001 and 0.0001 pf. This
yields two more ranges, 0.0001 pf to
100 pf and 0.00001 pf to 10 pf. There
are, therefore, eight standard capacitors,
only six of which are used for any one
range. The connections of these capaci-
tors are made by the same range switch
that selects the transformer taps.

With this combination of eight in-
ternal standard capacitors and four
voltage ratios to which the unknown
can be connected, the capacitance range
of the bridge extends from a maximum
of 1.111,110 uf to a minimum step of
0.00001 pf or 10!t uf. The capacitors
and ratios used for each range are
indicated in Figure 5.

EXT
STANCARO

|‘ L H L .c.;,"
6 decades 8 capacitors S
— AN
1000pf ’J
e o 16 A
-—————4 _"-——--J.r:--i 4}"‘:1
S i AN AN AN
—— D 4 decades
———————— 4 gutt
& L
0.000i pt
DET
'\Jo—]
3 .
5 TERMINAL TERMINAL
0.01
0.1
1 UNKNOWN

Figure 4.
of the capacitance bridge.

Elementary schematic diagram
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LOSS
To obtain a precision of six figures

in the capacitance balance, the loss
balance must be made equally precise.
As shown in Figure 4, the loss balance
in this bridge can be made in terms of
either the dissipation factor, D, or the
shunt conductance, ¢, of the unknown.
For most purposes, dissipation factor
offers the greater range and convenience.
Conductance is useful in some measure-
ments of dielectric materials and is
necessary when external standards are
added to the bridge and when the loss
in the bridge standards exceeds that of
the capacitor being measured.
Dissipation Factor

The dissipation-factor balance is made
by means of four resistance decades

i s o - i S, s i e st i S ] it i st S o et i

s iy e o s’ e S e o s s i s il S S e, g [ Sy

s

Figure 5. Capacitance balance controls.

connected in series with the common
side of all the internal capacitance
standards as shown in Figure 4. Since
D = wRCr, where Cr is the total capac-
itance connected to the junction of the
capacitors and resistors, the resistance
decades can be calibrated to read D
directly at a particular frequency, in
this case at 1000 cps. With four decades
of 100, 10, 1, and 0.1 ohms per step and
with the total capacitance adjusted to
0.001592 nf, the range of D at 1000 cps
is from 0.01 to 0.000001. At other
frequencies, the indicated D must be
multiplied by the frequency in kilo-
cycles. To extend the range to higher
D, additional capacitors are added by a
range switch to make Cr = 0.01592 uf
for a maximum D of 0.1 and to make

www americanradiohistorv com
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Cr = 0.1592 uf for a maximum D of 1.
This capacitance added between the
resistors and the transformer end of the
detector does not change the capac-
itance balance.

Although the bridge has only four-
figure resolution in“D, this precision is
adequate for the six-figure capacitance
balance of capacitors whose D is 0.01
or less, since the smallest division of
the 0.01 range of the D decades is one
part per million.

Conductance, G

Balance of loss in the unknown in
terms of shunt conductance, G, is
provided in this bridge by the equivalent
of four decades of conductance in parallel
with the internal capacitors, as shown
figuratively in Figure 4. The con-
ductance needed for the loss in most
capacitors is small, corresponding to
resistance much greater than a megohm,
so that ordinary resistance decades
cannot. be simply connected across the
capacitors. It is simple, however, to use
resistance decades in a T network to
obtain a wvariable conductance. With
100-kilohm resistors as the series arms
and the same four resistance decades
used for D as the shunt arm, the range of
G is from 0.1 umho to 0.00001 umho. The
conductance is reduced by a factor of
ten when the network is switched to the
0.1 tap on the transformer instead of to
the full winding, and the range i1s then
from 0.01 to 0.000001 umho. YWhen the
loss in the external or internal capacitors
exceeds that of the unknown, the bridge
must be able to add loss to the unknown.
With the conductance balance of loss,
the T network can be readily switched
to the taps at full or tenth voltage on the
unknown side of the bridge to provide
the same two ranges of conductance
across the unknown (— () as there are
for conductance across the internal and
external standards (+ G).

GENERAL RADIO EXPERIMENTER

ACCURACY

The accuracy of the bridge is deter-
mined primarily by the accuracy of the
transformer ratios and by the accuracy
of the internal standard capacitors. The
accuracy of the ratios depends upon the
magnitude of the ratio, upon frequency,
and upon the load connected to the
transformer. The accuracy of the capaci-
tors, which depends initially upon the
accuracy of the reference standard with
which they are calibrated, is usually
limited subsequently by the changes
produced by aging and by fluctuations
in temperature, pressure, and humidity.
To achieve an accuracy of 0.019 in the
bridge reading over a wide range of
frequency and capacitance and without
frequent recalibration, particular care
has been taken in the construction of
the transformers and capacitors.

Transformers

Relatively low numbers of turns are
used in the transformers to keep the
leakage inductance, stray capacitance,
and resistances of the windings so small
that the ratio accuracy remains high,
even with loads greater than 1 uf and
frequencies above 10 ke. These small
residual impedances make it possible,
for example, when a 1000-pf capacitor
is being measured at 1000 eps with unity
ratio, to load the transformer with as
much as 1 uf of ground or cable capaci-
tance before the error in the measured
direct capacitance exceeds 0.019;. The
small bridge inductances are not insig-
nificant, however, when high capacitance
is measured at high frequency, and the
bridge error is then of the order of

2
+0.0029, €.y (ﬁ) , if no correction

for the inductance is used.

The accuracy of the ratios when the
transformer is lightly loaded is better
than 0.1 part per million for the unity
ratio and is better than 2 ppm for the
0.1 ratio at 1000 cps or lower frequencies.

www americanradiohistorvcom 00 -
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The winding self-capacitances act as a
load as frequency increases, so that the
error in the 0.1 ratio inecreases to about
20 ppm at 10 ke and to 0.29; at 100 ke.
When the auxiliary transformer is con-
nected for ratios of 0.01 and 0.001, the
ratio errors are increased by the loading
effects of the input impedance of the
auxiliary transformer. These errors can,
however, to a large extent be eliminated
by compensating impedances, and the
0.01 and 0.001 ratios in the bridge are
adjusted to within +20 ppm in the
frequency range below 10 ke. The phase
errors are, in general, somewhat larger
than the magnitude errors of the ratios.
At 1000 cps, the phase error is probably
within =410 wradians, but the error
increases in approximate proportion to
ratio and to the square of frequency.

Capacitors

The internal standard capacitors are
constructed to have such small changes
with time, temperature, and environ-
ment that the initial ecalibration to
+0.0195 may be expected to change less
than 0.019; per year in normal use. The
temperature coefhicients of the 1000-,
100-, and 10-pf units, which are Invar
multiple-plate capacitors, are less than
5 ppm/°C; the coefficients of the Invar
Zichner-tvpe 1-, 0.1-, and 0.01-pf units
and of the eylindrical 0.001- and 0.0001-
pf units are less than 20 ppm /°C.

For almost zero changes of capaci-
tance with atmagpheric pressure and
humidity, all but the two smallest ca-
pacitors are hermetically sealed in an
atmosphere of dry nitrogen. This sealing
is necessary where stability of better
than 0.019; is expected, because in
an unsealed capacitor the ecapacitance
changes about 2 ppm for each 19
change in relative humidity; hence a
509, change in humidity produces a
0.019, change in capacitance. And the
pressure change, for example, resulting
from moving the capacitor from the

AUGUST-SEPTEMBER, 1962

near-sea-level altitude of Washington,
D.C., to the more than 5000-ft altitude
of Boulder, Colorado, produces a capaci-
tance decrease of about 0.019%.

To minimize long-term drift, all metal
parts of the ecapacitors are Invar to
avoid differential stresses, and they are
annealed and temperature-cycled to
relieve strains and to accelerate the
initial aging.

The bridge can be calibrated quickly
and accurately by the measurement of a
single calibrated external standard ca-
pacitor of almost any size within the
range of the bridge. Since the six-figure
resolution of the bridge permits com-
parison with a precision better than
0.019; down to 1 pf, the accuracy of
calibration is usually determined by the
accuracy of the standard. Only one
external standard, most conveniently a
three-terminal 1000-pf standard,* is
required because the accurate, internal
0.1 transformer ratio can be used to
insure an accurate ratio of the internal
capacitance standards. A — 1 position on
each capacitance lever switch connects
the corresponding internal capacitor to
the 0.1 tap on the unknown side of the
transformer. This capacitor can be
compared with the next dechde capaci-
tor, which is connected to the maximum
voltage on the standard side when the
adjacent lever is set on the X position,
and any adjustments required can be
made with trimmers accessible beneath
a sliding cover on the bridge panel.

Such checks or recalibrations of the
bridge need not be ‘made often.

Loss

Although the accuracy of the measure-
ment of loss i1s not important in the
measurement of many capacitors, the
Tyre 1615-A Capacitance Bridge makes
possible measurements of dissipation
factor to an accuracy which exceeds
*The Typr 1404 Reference Standard Capacitors are

recommended. These will be described in a subsequen:
issue.
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GENERAL

that of most capacitance bridges. This
accuracy of (£0.19, + 10 ppm) of the
measured value is applicable over the
whole D range and over nearly all the
capacitance and frequency ranges. At
low frequencies and small capacitance
the accuracy will be limited by the re-
duced sensitivity of the bridge. At high
frequencies and at ratios other than
unity, the phase errors of the transform-
ers will reduce the accuracy. Within
these extremes, the accuracy of the D
reading is determined by the resistance
decades, which are adjusted within
+0.059,, and by the total capacitance
connected to the decades, which is
trimmed to adjust the D reading to
within =+£0.19, when a standard of
known D is measured.

The loss measurement in terms of
shunt conductance, (7, is limited to an
accuracy of £=(19% + 0.00001 pmho) by
the accuracy of the 100-kilohm resistors
used in the T network. Higher accuracy
is seldom needed. It would not only add

to the cost but would also require
corrections to the bridge (@ reading.
These corrections, amounting to a

maximum of 29, are due to the non-
linear relation between the decade re-
sistance and the equivalent conductance
of the network.

The loss measured by the bridge as
either D or (7 is the loss of the unknown
capacitor relative to the loss of the
internal standards. Since the bridge
capacitors are carefully cleaned and
sealed in dry nitrogen, it is estimated
that their dissipation factor does not
exceed a few parts per million. The
accuracy of absolute loss measured by
the bridge is, therefore, the same as
that of the loss relative to the bridge
capacitors.

CONVENIENCE

Readout and Balance (Refer to Figure 1.)

Past experience leads many of us to
picture a bridge of very high precision

-
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and accuracy as a massive but delicate
laboratory instrument which, when
handled with considerable care, coddling
and some cunning, may yield an ac-
curate value for capacitance only after
the application of numerous corrections.
The Type 1615-A Capacitance Bridge
in no way fits this picture. The moderate
size and weight of this bridge permit it
to be moved about the laboratory with
ease, and the bridge is sufficiently rugged
to be transported into the field should
its accuracy be required there. It is
easy to balance, easy to read, and the
reading is accurate without corrections.

A feature which contributes much to
the ease of balance and of reading is the
use of lever or linear rather than rotary
switches for the decades. The small
panel space occupied by these switches
makes it possible to position the six
decades and range switeh for capac-
itance and the four decades and range
switch for loss within the span of the
operator’s right and Ileft hands, re-
spectively. The throw of the switches
is about three inches, so the 12-position
range of any decade can be covered with
only a slight motion of hand or finger.

The position of each decade is in-
dicated by a number appearing in the
window above each lever. The bridge
capacitance readout thus appears in the
convenient form of six closely-spaced
digits in a horizontal line and the D
or (¢ readout as a similar line of four
digits. As the lever at the right is moved
to change capacitance range, the deci-
mal point is automatically positioned
in the six-figure readout to indicate
without multipliers the capacitance in
picofarads from a maximum of 1,111,110
pf to a minimum of 0.00001 pf. The
lever on the left similarly moves the
decimal point when the D range is
changed to indicate directly the dis-
sipation factor. The decimal point is
also positioned automatically to read
conductance in micromhos, but since ¢

www.americanradiohistorv.com
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must be multiplied by the factor m, this
factor is indicated in orange engraving
adjacent to each position of the ¢ max
range switch lever. This multiplier is
required only for G and for external
standards, and the orange color is used
on the panel to indicate all quantities
to which M must be applied.

Bridges of high precision are often
reputed to be bridges which are not
easily balanced. In spite of its wide
range and high precision, the Typre
1615-A Capacitance Bridge can often
be balanced with more ease and speed
than bridges of lower range and ac-
curacy. For example, when even the
approximate magnitude of a capacitor
is not known, a rough balance can be
made quickly on this bridge by the use
of the maximum capacitance range,
so that the six decades cover the range
from 1 uf to 1 pf and the six levers can
be tried in quick succession to determine
the balance point without a change in
range. The —1 position on each of the
capacitance decades, which was men-
tioned above as useful in the self-
calibration of the bridge, also facilitates
balance in the region near any zero by
permitting a trial reduction of bridge
capacitance by one step in a decade
without the necessity of moving the
adjacent lever.

Connection of Unknown

The convenience of the balance con-
trols is matched by the convenience
with which various types of capacitors
can be connected to the bridge for
measurement. Two types of connector
for the unknown ecapacitors are pre-
vided at the upper right corner of the
bridge panel: a pair of Tyre 874 Coaxial
Connectors and a set of three Tyrre 938
Binding Posts with standard 34-inch
spacing. For three-terminal measure-
ments with complete shielding, as is
required particularly for very small
capacitance, three-terminal capacitors,

AUGUST-SEPTEMBER, 1962

such as the Type 1403 Standard Air
Capacitors and Type 1422-CD Precision
Capacitor, can be connected with coaxial
cables to the coaxial bridge terminals.
Capacitors having other common types
of coaxial connectors can also be con-
nected to the bridge terminals by the
use of the appropriate TypE 874-Q
Adaptor. Capacitors, such as the Tyrr
1401 and TypreE 1409 Standard Capac-
itors, which have TypreE 274 Plugs as
terminals, can be plugged into the jack-
top binding posts. The binding posts
can also be used for the connection of
patch cords and leads of many types.

The appropriate set of wunknown
terminals is connected to the bridge
(and the unused terminals disconnected)
by means of a four-position terminal
switch located next to these terminals.
As this switech 18 moved to change
terminals, it also shows the correspond-
ing changes of connections and grounds
in the simple circuit which is engraved
on the panel. This simple -circuit
diagram does not replace the operating
instruction manual, but 1t does serve
even the constant user as a useful and
ever-present reminder of the circuit
which i1s in use and of the possible
sources of measurement or connection
error.

When the terminal switch is set in
the position marked can, the 1 or
detector side of all the terminals is
disconnected. This permits a check or
self-calibration of the bridge capacitors
at any time without the need for dis-
connecting the unknown.

Three-Terminal

In the next position, marked 3 TERM,
the coaxial Type 874 unknown ter-
minals are connected to the bridge,
with the L terminal conneeted to the
detector and the H terminal to the
transformer. The shields of the con-
nectors and all ground points on the
bridge are connected to the guard point,

www americanradiohistorv com
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so that all capacitances to the shields or
to ground are excluded from the direct
capacitance between H and L measured
by the bridge.

The third position of the switch,
marked 3 TERMINAL, connects to the
bridge the H, 1, and aND binding posts
instead of the coaxial terminals. The
H post is connected to the transformer,
the L post to the detector, and the
GND post to the transformer midpoint
and bridge ground. As in the coaxial
three-terminal measurement, the bridge
measures only the direct capacitance
between the H and L posts and excludes
capacitances from H or L to any GND or
guard point. The open binding posts
have a direct capacitance of about 0.2
pf, which must usually be measured and
subtracted from the wvalue measured
when a capacitor i1s connected. The
bridge can, of course, measure this small
terminal capacitance, as well as that
of any leads connected between ter-
minals and capacitor.

Two-Terminal

The fourth position of the switch,
marked 2 TERMINAL, deserves special
attention because of the important
changes it makes in bridge connections
and bridge measurements. The bridge is
again connected to the binding-post
terminals with the H post connected to
the transformer, but the . and enbD
posts are now connected together and to
the bridge case and panel and to any
external ground used. The bridge now
measures all capacitances between the u
terminal and L or GND, including stray
capacitances from post and leads to the
panel and other environment. These are
the capacitances measured by the com-
mon two-terminal capacitance bridge, so
that it is possible to duplicate with the
new Type 1615-A Capacitance Bridge
the measurements of two-terminal capac-
itors obtained with older bridges, such
as the TyrPE 716-C Capacitance Bridge.

GENERAL RADIO EXPERIMENTER

In principle, this change of the
inherently three-terminal transformer
bridge to two-terminal operation is
made as shown in Figure 4; the ground
point is simply switched from the center
of the transformer arms to the junction
of the standard and unknown capac-
itors, thereby grounding one side of
the unknown. In practice, this change
is complicated by the fact that the
center of the transtformer, which is the
guard point to which the bridge shields
are connected, is then connected to the
high-impedance side of the detector
instead of to ground. To prevent error
voltages from entering the detector, all
the wires and bridge shields connected
to the high side of the detector must be
enclosed by a grounded shield. To
provide this extra shielding for two-
terminal measurements, the bridge com-
ponents are enclosed in an inner shield
box which is enclosed by but insulated
from the outer box and panel, and the
primary of the main ratio transformmer
is also enclosed in two separate shields.
External Standards
Range Extension

The usefulness of the bridge is further
increased by the provision on the bridge
panel of a pair of terminals to permit
the connection of an external standard
capacitor or resistor to supplement or
replace the standards in the bridge.
This pair of coaxial Type 874 Con-
nectors, located to the left of the coaxial
pair for the unknown, has the . terminal
connected to the L terminal of the un-
known and the H terminal connected to
the standard side of the transformer
through a rotary switch, by means of
which any of the ten steps of voltage
from the transformer can be applied to
the external standard. This rotary
switch, with its digital readout through
a window, provides a seventh decade of
capacitance or a fifth of conductance
whose magnitude is determined by the
external standard chosen. For example,
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the capacitance range can be extended
to 11 uf by the connection of an external
standard of 0.01 uf. With the ¢ max
range lever set at the 1 uf maximum,
the rotary decade then provides a
balance control of 1 uf per step and the
lever switches extend the balance range
six more decades from 0.1 uf through
1 pf per step.

Accuracy Extension

Since both the unknown and external
standard capacitors can be connected
to a wide range of accurate transformer
ratios, a comparison of external capac-
itors can be made with an acecuracy
even higher than that of the direct
bridge reading; and the ratios can be
chosen so that the magnitudes of the
external capacitors do not have to be
decade multiples. For example, suppose
a standard capacitor of 1000 pf is
available with a calibration accuracy
higher than 0.019;. This accuracy can
be transferred to a capacitor of, say,
5000 pf by connecting that capacitor to
the appropriate unknown terminals and
the 1000-pf standard to the external
standard terminals. When the rotary
decade switch for the external standard
is set to 0.5 and the ¢ Max lever to the
0.01-uf position (where M = 10), the
external standard is effectively multi-
plied by 5 to balance the unknown.
Small differences between the external
capacitors can, of course, be balanced
with the bridge capacitance and con-
ductance decades, and any small errors
in the bridge reading of the difference
are insignificant in the comparison
measurement as long as the difference
is a small percentage of the total
capacitance.

Resolution Extension

The resolution, as well as accuracy,
of the bridge can be extended by the

sDescribed elsewhere in this issue.

sA. E. Sanderson, "'A Tuned Amplifier and Null Detector
with One-Microvolt Sensitivity,”’ General Radio Ezperi-
menter, 35, 7, July, 1961.
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use of an external standard capacitor.
It has already been noted above that
the external standard and its decade
switch add a seventh decade, which can
have increments either larger or smaller
than those of the six lever decades.
Exven higher resolution is possible when,
for example, two 1000-pf external capac-
itors are compared, because the bridge
decades can be used to measure a
difference as small as 0.00001 pf or 1
part in 10% in this example. Usable
resolution of 0.1 ppm is not hard to
obtain with the recommended TYPE
1232-A Null Detector, but higher resolu-
tion usually requires special detectors.

GENERATOR AND DETECTOR

The fact that the instrument contains
neither generator nor detector may not
seem a convenience to the occasional
user of the Typre 1615-A Capacitance
Bridge, but it is often an engineering
and economic advantage. A generator
and a detector in separate packages can
be better selected or modified to fit the
many uses of the bridge over its wide
range of capacitance and frequency. For
most of the uses and most of the range,
the recommended generator is the new
TypeE 1311-A Audio Oscillatort and the
recommended detector is the TyYPE
1232-A Tuned Amplifier and Null De-
tector.5 A complete system for capac-
itance measurement, consisting of the
bridge and the recommended generator
and detector, is available as the TyprE

1620-A  Capacitance-Measuring  As-
sembly, illustrated on page 14.
— J. F. Hersh

CREDITS

The Tyre 1615-A Capacitance Bridge was
developed by John F. Hersh. Others contribut-
ing to the final design are R. A. Soderman,
Administrative Ingineer; G. A. Clemow,
Design Engineer; (. C. Oliver, Design Drafts-

man; W. H. Higginbotham, Production Engi-
neer, and W, G. Cooper, Assistant Test
Engineer.

— EbiTor
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SPECIFICATIONS

Capacitance Range (6 ranges): 10717 to 105
farads (10 upf to 1xf), direct reading; G-figure
resolution, smallest /division 107 farads.

Dissipation-Factor Range (3 ranges): 0.000001
to 1L at 1 ke, direct reading. Directly pro-
portional to frequency at other frequenciecs.
Four-figure resolution; smallest divisien,
0.000001.

Conductance Range (2 ranges }; 2 ranges —}:
10 umho to 100 umho; 4-figure resoliition,
smallest division 10°% pmho; independent of
frequency; varies with C range.

Accuracy:

Capacitance—direct reading, internal standard,
+0.019,, except at the extremes of the range.
At high capacitance and high frequency, error

N
is + 0.002% Cuf (ﬁ)ﬁ) . At low capacitance
and low frequency, accuracy may be limited by
bridge sensitivity.

Capacitance— comparison with external stund-
ard, approximately 1 ppm.

Dissipation factor, +=(0.19% —+ 10 ppm) of
measured value.

Conductance, +=(19, + 0.00001 pmho).

Frequency Range: Approximately 100 cycles
to 10 ke.

Temperature Coefficients of Internal Standards:
Less than 5 ppm/°C for the 1000-, 100-, and
10-pf units; slightly greater for the smaller
capacitance units.

Maximum Voltage: 20 volts at 1 ke. Propor-
tional to frequency.

Accessories Required: (Generator and detector;
the Tyre 1311-A Audie OUscillator and the
Tyre 1232-A Tuned Amplifier and Null Ie-
tector are recommended.

Accessories Supplied: Tyre 874-W(O Open-
Circuit Termination, Tyre 8741322 Patch
Cord, and Tyre 274-NI, Pateh Cord.

Dimensions: Width 19, height 1014, depth
1234 inches (485 by 270 by 325 mm), over-all.

Net Weighr: 3814 pounds (17.5 kg).

Type Code Word Price
1615-AM Capacitance Bridge, Bench Model........ ATTIC $1475.00
1615-AR Capacitance Bridge, Cabinet Model. .. . .. BALMY 1475.00

U.S. Patent No. 2.548.457.

TYPE 1620-A
CAPACITANCE-
MEASURING
ASSEMBLY

The Typre 1620-A Capacitance-Mceas-
uring Assembly consists of the TyprE
1615-AM Capacitance Bridge with the

Type 1311-A Audio Oscillator and the
Type 1232-A Tuned Amplifier and Null
Detector,

thus providing a complete

Apapal oo oric o adiohict oy con
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system for the precise measurement of
capacitance over the range of 10 upf to
1 uf (1077 to 10 ¢ farads). Frequency
range is approximately 50 cps to 10 ke.
The system has suthicient sensitivity to
realize the full six-place resolution of the
bridge for all measurements except for
very small capacitances at the lower
frequencies.

Type

AUGUST-SEPTEMBER, 1962

Oscillator and detector are mounted
side by side as shown in the photograph.
The end frames are bolted together to
make a rigid assembly without the use

of a relay rack. Connection cables
are supplied.
The oscillator operates from the

power line, the detector from internal
batteries.

Codlde Word Price

1620-A ‘ Capacitance-Measuring Assembly

|  orerr | $2080.00

HIGH PERFORMANCE, LOW-COST
AUDIO OSCILLATOR
WITH SOLID-STATE CIRCUITRY

Modern solid-state circuitry is used
in the new Typrk 1311-A Audio Oscillator
to produce a self-contained, compact,
inexpensive instrument with many de-
sirable features. Among these are high-
power output into a wide range of load

impedances, low-distortion even when
the load impedance is short-circuited,
excellent stability, low noise, and very
small size.

The Type 1311-A Audio Oscillator
supplies power at eleven commonly used

Figure 1. Panel View of the Type 1311-A Audio Oscillator.

www americanradiohistorv com

15


www.americanradiohistory.com

%

GENERAL RADIO EXPERIMENTER

= . -
E i ; = o 0 o Figure 2. The output trans-
£ E 4 former allows matching a

- - : .
§ # o "\\ ’/’ P ik £ e ‘\.‘ wide range of load imped-
2 F % L £ g S Ny g e ances. Data were taken at
Lk ¥ ¥ 1 ke, but are representative
Y MAXIMUM OUTPUT SWITCH
Bl ai SETTING (VOLTS OPEN CIRCUIT) of performance at all fre
a o ¥ LR T L T e B B T raiicl W sl oY reifindt bt e B L quencies.

ol ] 10 100 1000 10,000

LOAD RESISTANCE [(OHMS)

fixed frequencies: 50, 60, 100, 120, 200,
400 and 500 cps and 1, 2, 5 and 10 ke
as selected by a rotary switch. A con-
tinuously adjustable incremental-fre-
quency control provides a range of 29,
about the nominal frequency. One addi-
tional frequency can be provided by the
user at a twelfth switch position by the
addition of two resistors.

The output transformer has a tapped
secondary winding, so that an output
power of at least one watt can be deliv-
ered to five different load impedances,
and at least one-half watt to any re-
sistive load between 80 milliohms and
8 kilohms, as shown in Figure 2.

In most oscillators, overloading and
waveform clipping occur when the load
impedance is very low compared to its
optimum value. In contrast, the TyprE
1311-A Audio Oscillator can supply a
low-distortion signal to any load im-
pedance from an open circuit to a short
circuit, independent of the setting of
the tap on the output transformer. The
over-all distortion is always low, less
than 0.59; at a l-watt output level and
typically less than 0.195 over much of

Q.5

the frequency range, as shown in Figure
3. Hum and noise components are less
than 0.0039; of the maximum output.

CIRCUIT

The oscillator makes use of the fa-
miliar Wien bridge network and a
multistage, Class-I3, transistor amplifier
to provide the necessary power output
without additional buffer amplifiers. A
simplified schematic diagram is shown
in Figure 4. The frequency of oscillation
is determined by the capacitors and
one of eleven pairs of resistors in the
positive feedback path. A thermistor is
part of the negative feedback path and
assures a very stable output signal, as
shown in Figures 5 and 6, without the
distortion associated with many ampli-
tude-limiting systems.

Six transistors are incorporated in a
single direct-coupled feedback loop. The
high loop gain results in an oscillator
which 1s substantially independent of
transistor characteristics, with low dis-
tortion and long-term reliability. Noise
and short-term amplitude and frequency
variations are minimized by the use of
low-noise circuitry for the input am-

FULL OUTPUT

Figure 3. The Type 1311-A

% DISTORTION
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0.2
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Figure 4. Elementary schematic diagram of the oscillator.
plifier, Q101. The transistor, Q102, same effect on the circuit as a variation

provides a high-impedance drive circuit
for operation of the Class-B output
stage with a minimum of crossover dis-
tortion, without the use of complicated
temperature-sensitive bias networks.!
Since the RC-network capacitors are
too large (0.1 uf) to be made adjustable,
the incremental-frequency adjustment is
produced by a variation in the voltage
across part of one of the capacitors by
means of a potentiometer. This has the

1J. J. Faran and R. G. Fulks, “"High-Impedance Drive
for the Elimination of Crossover Distortion,’” The Solid-
State Journal, August, 1961.

e
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in capacitance, and, since the potenti-
ometer impedance is low compared to
that of the capacitor, the control can
be calibrated in percentage frequency
change.

APPLICATIONS

Althoug}f the Type 1311-A Audio
Oscillator was designed primarily for
use as a generator for bridge measure-
ments, its superior performance and
many features make i1t well suited to
almost any application where a high-
quality audio oscillator is needed.

Figure 5. Typical output ampli-
tude stability of the oscillator,
showing warmup drift (A) and

t-term variation (B).

‘

Figure 6. The flat frequency response of the
oscillator eliminates the need for rechecking
the level in frequency-response measurements.
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For bridge measurements the shielded
secondary winding on the output trans-
former permits the oscillator to be used
as a floating source, thus minimizing or
eliminating circulating ground currents.
This feature is also important in other
low-level systems.

For many applications, such as the
calibration of high-speed level recorders
and analog-to-digital converters, the
very low level of short-term amplitude
and frequency variations in this oscil-
lator are important. Appreciable errors
can be caused by the cycle-to-cycle
variation found in most oscillators.

2A. E. Sanderson, ‘A Tuned Amplifier and Null Detector
with One-Microvolt Sensitivity,”” General Radio Ex-
perimenter, 35, 7, July, 1961.

EXPERIMENTER

For general laboratory measurements
the floating output, the low distortion,
and the ability to drive any load imped-
ance without clipping are among the
most useful features of this oscillator,
while the small size, simplicity, reli-
ability and excellent stability are im-
portant advantages for production-test
applications.

The oscillator is mounted in a compact
cabinet which can be used either on the
bench or, by means of adaptor panels,
in a relay rack. It can be conveniently
mounted with the Type 1232-A Tuned
Amplifier and Null Detector? as a
complete oscillator-detector combination
for relay-rack mounting. Relay-rack
adaptor sets for this purpose are listed

below.
— R. G. FuLks

SPECIFICATIONS

FREQUENCY

Range: 11 fixed frequencies from 50 to
10,000 cps.

Control: 50, 60, 100, 120, 200, 400, 500,

1000, 2000, 5000, 10,000 cps selected by rotary
switch. A vernier provides a =29, adjustment
about nominal.

Accuracy: +19, when Af control is at zero.

OUTPUT
Power: One watt into matched load. (Taps
provide at least one-half watt output into any

resistive load between 80 milliohms and 8
kilohms.)

Voltage: Continuously adjustable from O to
1, 3, 10, 30, or 100 volts, open circuit.

Current: Continuously adjustable from 0 to
40, 130, 400, 1300, 4000 milliamperes, short
circuit (approx).

Impedance: Between one and two times
matched load, depending on control setting.
Output circuit is isolated from ground and,

DISTORTION AND NOISE LEVEL

Distortion: l.ess than 0.59; under any load
condition. Typically less than 0.19, over much
of range. Oscillator will drive a short circuit
without waveform clipping.

AC Hum: Typically less than 0.0039; of
output voltage.

GENERAL

Terminals: Jack-top Tyre 938 Binding Posts
with _standard 34-inch spacing. Separate
ground terminal holds Tyrpe 938-I. Shorting
Link which can be used to ground adjacent
ouTrUuT binding posts.

Power Input: 105 to 125 (or 210 to 250) volts,
50 to 400 cps. Total power input varies be-
tween 7 and 22 watts, depending on load.

Mounting: Aluminum panel and cabinet, in
gray-crackle finish, for bench use. Panel adaptor
sets are available to permit mounting in
standard 19-inch relay rack.

Accessories Supplied: Type CAPP-22 Power
Cord, spare fuses.

Dimensions: Width 8, height 6, depth 734
inches (205 by 155 by 200 mm), over-all.

hence, can be used to drive balanced circuits. Net Weight: 6 pounds (2.8 kg).
Type Code Word Price
1311-A Audio Oscillator. . . .. .. ... ............... TIPSY $175.00
480-P308 Relay-Rack Adaptor Set (for oscillator only). EXPANELDOG 7.00
480-P316 Relay-Rack Adaptor Set (for oscillator and
TYPe 1232-A Tuned Amplifier and Null Detector) EXPANELHUM 6.00

Licensed under patents of the American Telephone and Telegraph Company.
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NEW COAXIAL CABLE CONNECTORS

Have Lower VSWR, Are Easier to Install

The continuous development program
for GR Tyre 874 Coaxial Connectors,*
among whose recent achievements was
the locking version of the connector,!
has now produced a greatly improved
design of cable connectors. Both me-
chanically and electrically, the perform-
ance of these new cable (and panel)
connectors is commensurate with that
of the rigid-line connectors. The new
series, which is identified by the letter
“A” in the type number and by a gray
rubber guard on the cable end, instead
of the black previously used, will replace
the older series on September 1, 1962.

DESIGN CHANGES

The design objectives were (a) lower
VSWR, (b) minimum change in VSWR
as a result of assembly variations, and
(e) simplified assembly. These have been
achieved by (a) redesign of the transi-
tion between the basic Tyrr 874 Con-
nector and the cable, (b) reduction in
the distortion of cable dielectric due to
melting during the soldering operation
on the inner conductor, (¢) an improved
method for attaching the cable braid
and jacket, and (d) improvements in the
rubber guard used on patch-cord types.

In addition, the inner conductor
soldering operation for small-diameter

*U. S. Patent No. 2,548,497.

t“*New and Improved Coaxial Connectors,’’
Radio Experimenter, 35, 10, October, 1961.

General

Figure 1. New-type stepped-transition connection
and old-type conical-transition connection.

cables has been simplified, and a tend-
ency for the Typre 874-PB Panel Con-
nector to become slightly loose in its
panel flange with hard usage has been
corrected.

The transition between the %g’’ air-
dielectric connector and smaller solid-
dielectric cables, shown in Figure 1, is
an important part of the connector. The
older, tapered, design has been replaced
by a step transition, which is easier to
control in machining, easier to inspect,
and easier to solder. Crimping of the
inner transition to the cable wire is also
possible with this design, for non-
critical applications.

The most critical part of any cable
connector is the actual connection be-
tween the cable conductors and the
corresponding parts of the connector.
The center-conductor connection is
usually the most difficult to make with
consistently low reflections. One of the
causes of high VSWR is flow and dis-
tortion of the dielectric material during
soldering. Another related cause is the
variation in location of the end of the
cable dielectric with respect to the end
of the connector inner transition section.
Furthermore, the plastic dielectric can
actually flow into the soldered joint and

produce an inductive discontinuity.
These conditions are illpstrated in
Figure 2.

These problems have been eliminated
by the addition of a Teflon disk, as
shown in Figure 3, which blocks any

(SOLDER) (SOLDER)

el 777 % ke VT 77
—TT T TR 7770
I1""‘5?”-:5ENRSITIDN DISTORTION SfEBLLEE(ZTRIC TEFLON DISC

(Left) Figure 2. Typical soldering-heat distortion
of cable dielectric. (Right) Figure 3. Teflon disk
eliminates distortion.

H chakiet
RTATATATATA AN @1 | T T AatITorNnmTsmnorvreonmn T

19


www.americanradiohistory.com

20

Figure 4. New,
perforated ferrule.

(28
flow of the cable dielectric into the
soldered joint, and provides heat in-
sulation. It provides also a definite
surface for the end of the inner transi-
tion to rest against during the soldering
operation. Still further control of dielec-
tric distortion is provided by an im-
proved assembly procedure.

The connection between the cable
braid and connector also has been im-
proved. A taper has been added at the
end of the knurled section of the outer
transition, as shown in Figure 5, to
reduce the inductive discontinuity due
to the step-up in diameter, and a new
perforated ferrule, shown in Figures 4
and 5, has been provided to hold both
the jacket and braid securely in place.

The ecable jacket flows out into the
perforations, producing an effective
holding force, and preventing the jacket
from drawing away from the braid-to-
connector joint. In addition, erimping
is necessary over only a short length of
ferrule, as shown in Figure 5. As a result,
the dielectric is compressed very much
less than with a solid ferrule, and the
effect on the VSWR is relatively small
even at frequencies up to 7 Ge. The
perforated ferrule is employed in all
connectors of the new series.

The knurled, cylindrical transition
with a crimped-ferrule method of braid
holding was retained in the new design

QUTER
TRANSITION

CABLE CRIMPED
BRAID

? /FERRUkE

CABLE CABLE
CORE JACKET

INNER
TRANSITION

JACKET/ CRIMPED FERRULE

Figure 5. Improved method of jacket and
braid retention.

GENERAL RADIO EXPERIMENTER

because it offers several advantages over
the butt-retention systems commonly
employed. The principal advantage is
that it provides the least discontinuous
transition consistent with the necessary
requirement for Type 874 Connectors
that the inner transition must be pushed
slightly forward during assembly to in-
stall the insulator in the basic connector.

s

1125

Figure 6.
Increased
length
facilitates
soldering.

—

Rkt
==

PANEL FLANGE

4

RING CLAMP NUT
LOCKWASHER

NEW
oLD
Figure 7. (Right) New ring clamp nut has addi-

tional flats. (Left) Positive locking of connector in
“PB’" series of panel flanges, with lockwasher.

With this type of assembly, character-
istic of all Typr 874 Cable Connectors,
the inner transition and inner connector
are accurately positioned, and the
tendency for movement caused by flex-
ing, expansion, or contraction of the
cable with temperature changes is
practically eliminated. Other-advantages
include rapid assembly and low cost.

The rearward protrusion of the inner
transition is now used on all connectors,
so that the ‘“68A’ and “62A’ series of
connectors can be soldered as easily as
the larger cable tvpes. For this purpose,
the new transition pieces in these series
have been lengthened (Figure 6).

A lockwasher has been added to pre-
vent possible loosening of the connector
in the panel flange, and an additional
set. of flats has been provided on the nut
that clamps the basic cable connector
in the panel flange to facilitate tight-
ening behind a panel where accessibility
is poor. See Figure 7.
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ELECTRICAL PERFORMANCE

The new stepped transitions yield a
very low VSWR up to 7 Ge, and the
reflections introduced by the connector
as a whole are now lower than the re-
flections inherent in even the best
flexible cables.

In the development of the new cable
connectors, it was not possible to em-
ploy standard flexible cables to test the
connectors, because these cables are not
made to sufficiently close tolerances and
are not sufficiently uniform. It was
necessary, therefore, to build sections
of dielectric-filled line, accurately con-
structed to be as close as possible to the
desired 50-ohm characteristic imped-
ance. Fach stepped section of the transi-
tion was designed and tested individ-
ually in order to isolate each individual
discontinuity and minimize its reflection.
This is important in achieving a low-
reflection design above 4 Ge. The results
of VSWIR measurements made on devel-
opment units are shown in Figures 8, 9
and 10. The test configuration, shown in

S
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& € 7 8
FREQUENCY Gg

Figure 8. VSWR of a pair of “CA" cable transitions
on ideal cable section.
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Figure 9. VSWR of a pair of ‘“C8A’’ cable transi-
tions on ideal cable section.
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Figure 10, VSWR of a pair of “C58A’' cable transi-
tions on ideal cable section.
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;g:ECg?d?ECTORS
PRECISI
o

Figure 11. Test =

conflguration for

Figures8,9,and 10. \
TRANSITIONS IDEAL CABLE
UNDER TEST SECTION

Figure 11, comprises two transitions,
less the Typre 874-B Basic Connectors,
connected back-to-back through a short
scction of 50-ohm polyethylene line
with a Teflon disk placed at each end,
simulating the connection to a cable.
The over-all VSWR of the complete
connectors installed on actual cables is
excellent, as shown in Figures 12 to 17,
for two basic attachments. In the first,
a connector is installed on an extremely
long length of ecable, simulating an
infinite cable. Measurement of this con-
figuration represents the VSWR of a

110 T
1.08
= .06
= |
W / P ——
ik /\./ =
1oz
1.00
e} 2 3 6 4 €

3 5
FREQUENCY Gc

Figure 12. Average VSWR of single Type 874-CA
Connector on an infinite length of Type 874-A2
Cable. (Also applies to the Types 874-CLA, -PBA,
-PLA, and PRLA.) Peak at 300 Mc is dve to cable
characteristic-impedance error.
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Figure 13. Average VSWR of single Type 874-C8A
Connector on infinite length of RG-214/U Cable.
(Applies to all the “8A"' series.)
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Figure 14. Average VSWR of single Type 874-C58A
Connector on infinite length of Type 874-A3 Cable.
(Applies to all the “58A’" series.)
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referred to as ‘‘cable-to-cable VSWR”
when the cable length is a multiple of a
half wavelength.? It is illustrated in
Figures 15, 16 and 17.

A note of explanation is required for
the ‘““infinite’’ cable measurements. Most

GENERAL RADIO EXPERIMENTER
110 - ———
Lo e —=1
I / ;.J/—\\‘
=
Bise /]
|~
102 — + . . SIS =
i 1 2 4 5 6 7 8
FREQUENCY Gg
Figure 15. Average VSWR of Type 874-R20A

Patch Cord consisting of two Type 874-CA Con-
nectors mounted on Type 874-A2 Cable.
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Figure 16. Average VSWR of patch cord consist-
ing of two Type 874-C8A Connectors mounted on
RG-214/U Cable (similar to RG-9/U).
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Figure 17. Average VSWR of Type 874-R22A

Patch Cord consisting of two Type 874-C58A Con-
nectors mounted on Type 874-A3 Cable.

single cable connector on a typical
section of coaxial ecable, sometimes
referred to as the ‘rigid-line-to-cable
VSWR.” It is illustrated in Figures 12,
13 and 14. In the second, cable con-
nectors are installed on opposite ends of
a three-foot length of cable, typical for a
patch cord, and a low-VSWR termina-
tion is plugged into one end. This is

2A. E. Sanderson, ‘“An Accurate Substitution Method
of Measuring the VSWR of Coaxial Connectors,”’ The
Microwave Journal, January, 1962.

4 MTG HOLES

CONNECTOR
MTG HOLE

4 MTG HOLES
0.136 DIA

i~y COMNECTOR 4
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ANY THICKNESS

TYPE 874-PBA
FRONT OF PANEL

ANY THICKNESS =f o

TYPE 874—-PBA
BACK OF PANEL

MTG HOLES
0.136 DIA N\

flexible cables exhibit a resonance phe-
nomenon whereby periodic variations
in characteristic impedance inherent in
the manufacturing process become syn-
chronous with the measurement fre-
quency. These appear as periodic VSWR
spikes in the measurements and are due
to an accumulation of many reflections.
These have been positively identified as
occurring in the cable and, for this
reason, have been omitted from the
connector VSWR graphs.

AVAILABLE TYPES

The 874-series cable connectors are
available with a variety of fittings that
make them adaptable to both patch-
cord and panel-mounting use. These are
identified by the letter series C, CL,
PPB, PPL, PRL. The suffix, L, identifies
the locking type. The following table
lists available catalog items. Also shown
below the table are the tools recom-
mended for assembly. The ferrule-
crimping tools, 874-T0O58 and 874-T()8,
are recommended, especially for volume
assembly, although suitable ferrule
crimping can be achieved with ordinary
pliers where appearance is not impor-
tant. The Type 874-TOK Tool Kit,
however, is recommended whenever low
and reproducible VSWR is desired.

All these connectors have a 50-ohm
characteristic impedance.

—JOHN ZORzY
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MTG HOLE ™
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Figure 18. Mounting dimensions for Type 874 Panel Connectors.
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CONNECTORS
Type Fits Code Word Price*
874-CA (50-ohm) 874-A2 Cable COAXCABLER $2.50
874-C8A (50-ohm) RG-8A /U, -9B /U, COAXCORDER 2.50

-10A /U,-87A /U,-116 /U,-156 /U,
-165/U, -166/U, -213 /U,
-214 /U, -215/U, -225 U,
-227 /U; (non-constant im-

pedance) RG-11A /U, -12A /U,
50-ohm 213A/U, -63B /U, -79B /U, ‘
Cable -89 /U, 144 /U, -146 /U,

-149 /U, -216 /U Cables

Connectors

874-C58A (50-ohm) 874-A3, RG-29 /U,-55 /Ul COAXCALLER 2.50
(series), -58 /U(series), -141 A /U,
-142A/U,-159 /U, -223 /U Cables
874-C62A RG-59 /U, -62 /U(series), -71B /U, COAXCANDOR 2.50
-140 /U, -210 /U Cables (non-
constant impedance)

50-ohm 874-CLA Same as Type 874-CA. COAXYROBIN 3.50
Cable 874-CL8A Same as Type 874-C8A. COAXPARROT 3.50
Connectors | 874-CLS8A | Same as Type 874-C58A. COAXYSNIPE 3.50
LLocking | 874-CL62A | Same as Type 874-C62A. COAXYSWIFT 3.50
50-ohm 874-PBA Same os Type 874-CA. COAXAPPLER 3.40
Panel 874-PB8A Same as Type 874-C8A. COAXBATHER 3.40
Connectors | 874-PBS8A | Same as Type 874-C58A. COAXABATER 3.40
—Flanged | 874-PB62A | Same as Type 874-C62A. COAXBARKER 3.40
Bo-clkni 874-PLA Same as Type 874-CA. COAXYFINCH 3.75
Panel 874-PL8BA Same as Type 874-C8A. COAXYVIREO 3.75
Canthdtbi 874-PL58A | Same as Type 874-C58A. COAXTHRUSH 3.75
Locking 874-PL62A | Same as Type 874-C62A. COAXTOUCAN 3.75
p 874-PLT Wire Lead. COAXWILLET 3.75
50-ohm 874-PRLA Same as Type 874-CA. COAXYGOOSE 4.00
Panel 874-PRL8A | Same os Type 874-C8A. COAXCONDOR 4.00
Connectors | 874-PRL58A| Same as Type 874-C58A. COAXCURLEW 4.00
Locking, | 874-PRL62A| Same as Type 874-C62A. COAXAVOCET 4.00 |.
Recessed 874-PRLT Wire Lead. COAXMERLIN 4.00

*For quantities of 1 to 99; prices for larger quantities on request.

TYPE 874-TOK TOOL KIT CRIMPING TOOLS

1. Outer-conductor wrench. .. .(0874-2610)

2. Inner-conductor wrench. . ... (0874-2611)

3. Coupling-nut wrench. ... .. .. (0874-6801) TYPE 874-TO58 TYPE 874-TO8

4. Front-ring expander (red)...(0874-6820) Type Code Word Price
5. Keeper for ring expanders. .(0874-6840) 874-TOK | Tool Kit . .. . COAXKITTEN | $20.00
6. Back-ring expander (green).(0874-6800) 874-TO8 Crimping Tool | COAXCRIMBA | 75.00
7. Ringpusher............... (0874-6830) 874-TOS58 | Crimping Tool COAXCRIMPO 85.00
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GENERAL RADIO

EXPERIMENTER

Coming — in September

The 3rd Annuadl

ELECTRONIC

INSTRUMENT MANUFACTURERS' EXHIBIT

Boston to W ashington, D. C.

This popular exhibit (EIME) has now
been expanded to include eight leading
instrument manufacturers exhibiting to-
gether 1n nine convenient loeations.
Operating displays of the latest instru-
ments will again be featured, and factory
engineers will be on hand to discuss
your measurement problems in an
unhurried atmosphere.

The sponsors are: General Radio
Jompany, Ampex Corporation, FXR,
Lambda Electronies Corporation, Non-
Linear Systems, Ine., Panoramic Elec-

W altham, Massachusetts
Syracuse, New York
Jericho, Long Island, New York
Cedar Grove, New Jersey
Camden, New Jersey
Philadelphia, Pennsylvania
W atchung, New Jersey
Red Bank, New Jersey
W ashington, D. C.

Exhibit hours:

Monday, Sept. 10
Tuesday, Sept. 11
Thursday, Sept. 13
Monday, Sept. 17
Wednesday, Sept. 19
Thursday, Sept. 20
Monday, Sept. 24
Wednesday, Sept. 26
Thursday, Sept. 27
Noon to 7:30 p.m.

tronies, Inc., Sensitive Research Instru-
ment Corporation, and Trio Labora-
tories, Ine.

General Radio will exhibit three new
bridges: the Type 1608-A Impedance
Bridge, the Typre 1633-A Incremental
Inductance Bridge and the Typr 1615-A
Capacitance Bridge. Other displays will
include the Type 1150-A Digital Fre-
quency Meter, Tyre 1360-A Microwave
Osecillator, Typre 1217-B Unit Pulse
Generator, and Type 1558-A Octave
Band Noise Analyzer.

Charterhouse Motel, Route 128
Sheraton Inn, Carrier Circle
Meadowbrook Motel

The Towers

Cherry Hill Inn

Marriott Motor Hotel

W ally’s Tavern-on-the-Hill
Molly Pitcher Hotel

Marriott Motor Hotel

Effective September 1, 1962 the
General Radio Office serving
Washington, D.C. and the South-
east is moving from Silver Spring,
Maryland to new and larger
quarters.

Washington Office Moves

New Address:
General Radio Company
Rockville Pike at Wall Lane
Rockville, Maryland
Telephone: 946-1600 (Code 301)

TWX: (301) 949-6787

General Radio Company

RINTE
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