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Production testing the
Hycon Eastern Model 13MA
Crystal Filter for i-f shaping.
The filter operates at 13 Mc
and has a 30-ke bandwidth,
The sweep frequency is
supplied by the Type 805-C
Standard-Signal Generator,
whose slow-molion dial is
driven by the Type 1750-A
Sweep Drive.
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THE MEASUREMENT OF CABLE CHARACTERISTICS (Part IV)
MEASUREMENT OF CHARACTERISTIC IMPEDANCE (Z,)

In Part Iit was shown that the charac-
teristic impedance of polyethylene-di-
electric and teflon-dielectric cables is
constant at very low frequencies, de-
creases somewhat in a  medium-fre-
quency range, and is again eonstant at a
lower value at very high frequencies,
(See Figure 3a.) Characteristic imped-
ance can easily be determined at any
desired frequency if o suitable impedance
bridge'” is available with which to
measure  the open-cirenit  reactance,
Noe. and short-cireuit reactance, X,
of a sample length of cable." The
characteristic impedance is then Z,=
N X e

The bridge method is the most satis-
factory method for measurements on
cables at low frequencies, such as 1 Me,
where the inductance varies with respect
to frequency, and for measurements on
rubber-dielectrie cables and other types
of eables in which capacitance is not in-
dependent of frequency. Twin-conductor
cables are more difficult but can be
measured by use of the Typr 874-UB
Balun eonnected between the bridge
and the cable sample and adapted to
the desired frequeney of measurement.

Since polyethylene-dielectric and tef-
lon-diclectric eables have practically con-
stant Z, for all frequencies above about
20 to 40 Me, and sinee it is this value of
Zy that enfers into most applications
and is usually listed, an indirect method
of measuring 7, can be used. This method
is based upon the following simple rela-
tion to velocity of propagation (») and
capacitance (C):

101,600
(v in per cent) x (€ in puf per ft.)

13 hur Boles Engineering Department will be glad to make
recommendations for any specific messurement problems,
"Fnil\-rnbly pesr un electrieal length of one-cighth wave-
length,

e

Zy =

ohms. Since € for polyethylene-dielectric
or teflon-dielectrie cables is independent
of frequeney, it can be measured at any
convenient low frequeney, such as 1,000
eyeles. (MIL-C-17B Specification allows
any frequency from 1,000 ecyeles to 1
Me.) The relative velocity of propaga-
tion, », can be determined, as outlined
in the following section, at any conven-
ient frequency above the region of chang-
ing characteristic impedance. Then Z,
can be caleulated from the formula
given. The advantages of this indirect
method are that it is simple and requires
less expensive eguipment than the im-
pedance-bridge method, and the high-
frequency part of the measurement
(measurement of ») can be made using
some of the same equipment that is
necessary for the measurement of at-
tenuation. Thus we have reduced the
measurement of Z, to the easier meas-
urements of v and (. Because of the small
variations in characteristics that occur
from point to point along a flexible
eable, it is desirable to use the same
piece of cable for both measurements.

MEASUREMENT OF VELOCITY
OF PROPAGATION (v)

The usual reason for making this
measurement is, as implied above, to
determine characteristic impedance (Z,,),
but the value of v is occasionally re-
quired for other reasons. Since » is con-
stant. at high frequencies (Figure 3b),
the frequency of measurement is not at
all eritical provided that it is above 20
to 40 Mc. The measurement can be
made with the equipment shown in
Figure 9.

The Tyee 1208-B Unit Oscillator,
amplitude-modulated, delivers power

IET

534 Main Street, Westbury, NY 11590

IET LABS, INC inthe GenRad tradition

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



GENERAL RADIO EXPERIMENTER 4

through a Typs 874-G 10 10-db Pad and
a pateh cord to a Tyre 874-Q2 Adaptor
fitted with banana plugs, These plug into
the jack-top binding posts of a second
Tyer 874-Q2 Adaptor,” and one end of
the cable sample is also connected across
these binding posts, (Connectors are not
used on the cable sample for this measure-
ment.) The coaxial end of the second
adaptor connects to one end of the Type
874-V(Q)  Veltmeter Detector, whose
other end is terminated in a Typee 874-
WM  50-ohm  Termination. The de-
modulated audio envelope signal 18 con-
neoted by a patch cord to the Tyer
1212-A Unit Null Detector. The Typr
720-A Heterodyne Frequency Meter is
strongly recommended i order to im-
prove the accuracy with which the fre-
quency is known from 2% to 0.1%, and
to reduce very significantly the danger
of misealculating the number of quarter-
wavelengths, &, in the eable sample, as
described below.

It can be seen that this system can be
deseribed as consisting of a A0-0hm gen-
erator of variable frequency driving an
untuned voltmeter in parallel with the
cable sample input., If the other end of

B The Typr 874-0Q2 Adaptor ig supplied with two bunaos
pligs nnid two binding posts

the cable sample is open-circuited, and
if the vscillator frequency is varied, the
cable-sample input impedance will vary
between alternate maximum and mini-
mum values, with the minima marked
by minimum indications on the volt--
meter. [t is well known that the minima
ocecur when the length of the cable sample
is equal to an odd number of quarter-
wavelengths.

The measurement is made by finding
the frequencies for two adjacent volt-
meter minimum readings. Before using
the frequencies so found, it is desirable
to find also the next several frequencies
for minima and to check that the separa-
tions between any two adjacent fre-
quencies are reasonably uniform, thus
guarding against being misled by a pos-
sible spurious minimum. Call the lower
of the two frequencies to be used f; and
the next higher one f.. The physical
length, !, of the cable sample is also
measured. To calculate per cent veloeity
from these data, first determine the num-
ber, k, of quarter-wavelengths contained
in the sample length at the frequency of
fi by means of the following approxi-
mate'® relation:

18This formuln is '-tfmnwi]n;uu beenuse of nortal mens-
urement errors in determining f1 and f2, and beeause k
mitst be un exaet, odd integer,

-
N
‘_\jt'.z[u

TYPE 874-02 ADAPTER,

WITH BANANA PLUGS” ‘—\CABLE SAMPLE

! TYPE 874-02 ADAPTER
TYPE T20-A ! WITH BINDING POSTS
HETERODYNE [, 4
FREQUENCY
METER

" LOOSE COUPLING
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TYPE B74-¥Q VOLTMETER DETECTOR

=~ OPEN-CIRCUITED END
{INNER CONDUCTOR CUT
QFF FLUSH)

TERMINATION

TIFE i
LD 1212-A UNIT NULL DETEGTOR
(MODUL ATOR-lk -
—AUDIO MODULATING TYPE 1203-8

B VOLTAGE wg'u:gfysﬂ
3 TYPE 1208-B | | TYPE 12014 id =0
] UNIT OSCILLATOR [ UNIT POWER
5 [ 65-500Mc SUPPLY
m
= || TrPe 874-G10
3 P
8\ Gl TYPE B74-R2I
5\ N~ Tvee gra-ral 2 PATCH CORD
e CATHL LR TYPE B74-WM 50-0OHM

Figure 9. Arrange-
ment of equipment for
measurement of wve-
locity of propagatfion
in coaxial cables.
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Figure 10. Method of
connactions to twin-
conduclor cables. The
remainder of the meas-
uring system is identi-
cal with thot of Figure
9. Instead of copper
foil and tape, Type

TYPE 874-VQ
VOLTMETER DETECTOR

/
TYPE B74-WM

874-ZC Clamps can 50 OHM
be wsed, if desired. TERMINATION
2
g2y
Jo—h

using for the quantity (f, — fy) the aver-
age difference between successive fre-
quencies. As caleulated, f should be
very close to an odd integer and should
be rounded off to this integer, which is
then used in the following formula to
determine per cent velocity:
(I in ft.) x (f; in Me)
(2.46) x (k, integer)
A convenient length for the cable
sample 1s about 25 feet, which will result
in values for (fa — f;) of around 12 Me
for polyethylene-dielectric cables and
around 15 Me for polyethylene-and-air-
dielectric cables. It is convenient to
choose f in the 100~ to 200-Me range,
since the heterodyne frequency meter is
direct reading in this range. If much
longer cable samples or higher fre-
quencies are used, successive minima
are more closely spaced percentage-
wise, and there is the possibility that &
will not be selected properly, an error
that is not easy to detect. If the fre-
quency meter is not used, it 1s recom-
mended that lower frequencies and/or
shorter cable samples be used fo mini-
mize this danger. The frequency range
of the Tyre 1208-B Oscillator (65-500
Me) is adequate for most applications.
The error of measurement equals the
sum of the error in determining { and the
error in determining fi. The physical
length of the cable sample can probably
be measured with an accuracy of £14
inch or better, but end effects must also

U= per cent.

PATCH CORD FROM
GENERATOR

AUGUST, 1957

PATCH CORD TO

NULL DETECTOR

TWO TYPE I000-PS V-H-F
TRANSFORMERS TAPED TOGETHER

ABLE SAMPLE
OPEN-CIFCUITED END

2 SEMICIRCLES OF ##1| BUS WIRE

be considered. The equivalent electrical
“length” (due to fringe capacitance) of
the open cireuit at the far end of the
eable can be kept to less than Y4 inch,
and the length of eable input connec-
tions to the bhinding posts kept to less
than 14 inch with reasonable eare and
for all but the largest cable types. These
end effects will be approximately com-
pensated if 14 inch (or more for larger
cables) is added to the measured length
of the cable proper. All things considered,
in typical eases the error of measuring [
is about 4049 for a 25-foot length.
The error of measuring frequency is +
207 if the ealibration of the Typr 1208-B
Oscillator is used directly, but the use
of the Tyee 720-A Heterodyne Fre-
quency Meter improves this to 20,177,
Therefore, the over-all aceuracy of de-
termining per cent velocity can be about
+0.57,. Because of the variations in
charaeteristic impedance along the cable,
mentioned earlier, this accuracy is prob-
ably somewhat better than is significant.

The measurement of twin-conduetor
cables, shielded or unshielded, is made
in exactly the same way as just described,
except that two Tyer 1000-P5 V-H-F
Transformers  (untuned, balaneed-to-
unbalanced transformers for the 30-
250-Me range) are used to connect the
generator and the voltmeter, respec-
tively, to the input end of the cable
sample, as shown in Figure 10. The two
transformers are strapped together with
copper foil (to provide a common
ground) and tape, and two short semi-
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circles of Number 11 AWG bus wire
join together the balanced ends of the
iransformers and are at the same time
terminals to which the cable sample is
connected. If the cable sample has a
shield, this should be connected by
means of a short, wide copper strap to
the common ground of the transformers,

MEASUREMENT OF CAPACITANCE (C)
AND CAPACITANCE UNBALANCE"
The capacitance per foot (€) of cables,

usually required for the determination

of characteristic impedance (Z,) and
useful in its own right for inspection
purposes and for eircuit caleulations at
low frequencies, can he easily measured
with very high accuracy. The high ac-

curacy is desirable for two reasons: (1)

The error in Z,; as determined from

measured values of velocity of propa-

gation (v) and capacitance (C) is the sum
of the errors in both measurements, and
minimizing the capacitance error helps
to maintain reasonable accuracy for
Zo. (2) In the measurement of capaci-
tance unbalance of shielded twin-cou-
ductor cables, the final answer is directly
proportional to the dilference between
two, nearly equal, measured capacitance
values, and, if most of the allowed cable
tolerance 15 to be utilized, securate
measurements are essential,. We have
already seen that for polyethylene-
diclectric and teflon-dielectric cables the
capacitance is independent of frequency
and that MIL specifications allow the

use of any frequency between 1,000

eyeles and 1 Me for the measurement.

In the interests of accuraey it is best to

select a low frequency, and 1,000 eycles

is usually most convenient. The Typr

716-C Capacitance Bridge is well suited

for this measurement because of its

wide capacitance range and its high
aceuracy,

IET 534 Main Street, Westbury, NY 11590

The measurement of capacitance un-
balance is made by connecting various
combinations of the two inner con-
ductors and shield to the bridge as out-
lined in MIL-C-17B Specification."”

TFor best accuracy the substitution
method is recommended. Using the cor-
rection chart mounted on the panel of
each instrument, one can obtain an ac-
curacy of +0.19 or 40.8 uuf, which-
ever is greater, for capacitance values
up to 1,000 uuf. Twenty-five feet of 50-
ohm polyethylene cable normally has
a capacitance of about 750 uuf, to which
the 0.8 uuf accuracy figure applies. If
longer samples are used, making the
capacitance greater than 1,000 uuf,
the 0.1 accuracy can be maintained
through the use of Tyre 1409 Stand-
ard Condensers. Type 505 Condensers
are satisfactory for initial balancing. In
the measurement of capacitance unbal-
ance, capacitance differences of less
than S00 uuf will be encountered, and
the accuracy of £0.8 wpuf can be im-
proved to 0.2 uuf, if desired, by the
use of worm correction data supplied
with the Tyrr 716-C Bridge on special
order.

Twin-conductor cables can be meas-
uredd  using  the three-measurement
method.

The Tyre 1214-A Unit Oscillator (400
or 1,000 eyeles), already required for
the velocity-of-propagation measure-
ments, is a very satisfactory generator
for the bridge, and the Type 1212-A
Unit Null Detector (also used in the
other measurement), with the Tyee
1951-A Filter, is an excellent bridge de-
tector. No other equipment is needed.

— W. R. Tnursrox

(T'o be concluded)

17Beeause the measurement of eapasitanee unbalanes, &
characteristic of shielded twin-conductor eables, is dis-
eussed in MIL-C-17B Specifieation, it will not be discussed
in detail in Lhis nrticle,
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The equipment for the measurements  items listed in previous installments. In
discussed in this article includes many  addition, the following are needed:

Quantity Item Price
1 Type 121-A Uit O3clllolor.: , o oot i o bomistiinmmeslhishisio s samvrs $ 75.00
2 Type 874-Q2 Adaptor. . .......... A W o s A @ $ 4.25 8.50
| Type 874-WM 50-ohm Termination. ... ., Tt T | 12.50
| Type B74-VQ Voltmefer Detector. .. .. .. ......ouvinivisninsscines | 30.00
| Type 1212-A Unit Null Deteelor. ... ...cooiwaiininsniaioiiaioanis 145.00
1 Type 1201-A Unit Power Supply.......... 43 406 85.00
b Type 1000-P5 V-H-F Transformer . . ..............0000.u. 55.00

MOTOR DRIVE FOR V10, V20 VARIACS"

= driven models, as listed in the table
below. These models do not have ball
bearings and are supplied without cases,

Prices given in the table are per unit
for a minimum quantity of 5 units.
For less than 5 units, add the set-up
charge.

Type numbers are made up as follows:
e ——Variae Type No.
[——Motor Drive
‘*_ —Traverse Tim:
Capacitor®
‘ = ~Microswitehes
o

L - VIOHG3 D 16 C K 8
The popular V10 and V20 series of —* Capucitorand microswitehes are supplied on ull models,

vy : : y weA4d B to nif type nombnm for motordrivan V10 &nd
Variaes i85 mow available in motor-  vigmatas, | e oihen firmaigrrniven i

Ounee-in. Torque 120 240 180 240 450 960
itor Included Yes Yes Yes Yos Yes Yos

Microswitches :
> Tneluded Yes Yes Yes Yes Yes lfm
Seconds for

320 Trawverse 8 16 32 32 64 128

Set-Up Charge
Proraled
Variae Type 1-4 Unils
vio $138.00 $138.00 $138.00 $138.00 $138.00 $138.00 $12.00
VioG2 — 184.00 184.00 184,00 184.00 184.00 12.00
V10G3 -— 218.00 218.00 218.00 218.00 218.00 12.00
V10H 139.00 139.00 139.00 139.00 139.00 139.00 12.00
VI10HG2 -_— 186.00 186.00 186.00 186.00 186.00 12.00
V10HG3 -_— 221.00 221.00 221.00 221.00 221.00 12.00
V20 162.00 162.00 162.00 162.00 162.00 162.00 12.00
V20G2 —_ 236.00 236.00 236.00 236.00 236.00 12.00
V20G3 = — 292.00 — 292.00 292.00 12.00
V20H 162.00 162.00 162.00 162.00 162.00 162.00 12.00
VI0HG2 — 236.00 236.00 236.00 236.00 236.00 12.00
V20HG3 — — 292.00 — 292.00 292.00 12.00
@'
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NEW CANADIAN OFFICE

Photo by William Notman Photo by Ashley Crippen

ArTHUR KINGsNORTH Ricuard ProvaN

To provide the best service for our
Canadian customers, a General Radio
fnctory branch office for Canada was
opened August 1.

The new office is located at 99 Floral
Parkway, 15, Ontario, just
south of Route 401 at the Keele Street
turnoff. We cordially invite you to visit
us there. There will
stock of instruments available, which

Toronto

be a substantial

we hope that many Exrperimenter readers
will take the opportunity to inspect.

This extension of our domestic direct-
sales policy has terminated a long and
cordial association with the Canadian
Marconi Company, our representatives
for many vears.

The new office is in charge of Arthur
Kingsnorth, ably assisted by Richard
J. Provan. Both well known to
Canadian engineers and scientists and
have had much experience with General
Radio equipment through their previous
vears of with our repre-
sentatives.

The telephone number is CHerry
4-6221. If vou are a resident of Canada,
your phone call or letter directly to that
office will receive prompt and effective
attention,

General Radio service and repair
work will continue to be handled by
Bayly Engineering, Ltd., Ajax, Ontario,

are

association

STORAGE BOX FOR TYPE

The Tyer 1021 Standard

Signal Generators cover a frequency

range from 40 Me to 2000 Me by means

of three oscillator units and a common
power supply cabinet.

Since the safe storage of oscillator

versatile

Type
1021-P10

Storage Box

1021-P OSCILLATOR UNITS

units not in use has frequently been a
problem, we are making available the
Tyee 1021-P10 Storage Box, which will
hold one oscillator unit. This box is
made of treated, moisture-resistant white
wood and is virtually dust tight.
Code "_'u_l_':f

| BOXEY |

Price
$18.00

General Radio Company
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