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VOLUME XXVlll No. 3 AUGUST, 1953 
Copyright, 1953, General Radio Company, Cambridge, Mass., U. S. A. 

IMPROVED ACCURACY AND CONVENIENCE 
OF MEASURE MENTS WITH TYPE 1602-B AD MITTANCE 

METER IN VHF AND UHF BANDS 

IN THIS ISSUE 
Page 

MEARl: HJ.J]llE T:::l 0 . 
75-on�r Lr l!J, • WITH 
TIIE ADM LTTANCE 
METElt . . . . . . . . . . . 7 

e IN IT S TH R E E YE A RS of fi kl u ·e, 

the '1'YPE 1G02-A Admittan e _,_I t r1 
has proved to be a valuable and flexible 

in 'tnunent for the mea.surement of im
pedance and admittance at frequencies 

between 20 and 1500 Yic. 
It inhe rent utility has been greatly in

crea ·ed by the availability of acces ·ories2 

1'V. R. Thur ton, " Direct-Read.inµ; Impedance ;\Ieasuring Instrument for the U-II-F Range," 
General Radio Experimenter, Vol. 24, No. 12, ;\lay, 1950. 
2" ew oaxial Ace • oric - Adaptors, Line trctcher, Component l\1ount, Balun, Terminations, 
and Ins •rt ion nit," General Radio Experimenter, Vol. 27, No. 5, October, 19i)2 . 

Figure 1. Close-up of the Type 1602-B U-H-F Admittance Meter. 
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GENERAL RADIO EXPERIMENTER 2 

Figure 2. View of the Admittance 
Meter and balun as assembled 
for the measurement of a 

balanced transmission line. 

to eliminate correc ion and to facilitate 
the measurement of component ·, an
tennas, and balanced cir uits. These 
acce ·sories in lude: 

(1) The T PE 874-LI{ Con tant-Im
pedance Adju table Lin , which can be 
adju ted to a half- or a quarter-wav -
length to make the Admittance Meter 
dir c reading in the admittance or im
pedance at the point where the unknown 
impedance i connected, without the use 
of Smith charts to correct for line length. 

(2) The TYPE 87 4-M Component 
Moun , '\vhich provide a convenient 
m ans of connecting re istor , capacitors, 
and inductor to the 50-ohm coaxial line 
through which the impedance is measured. 

(3) The TYPE 874-LB Balun, a bal
anced-to-unbalanced impedance trans-

f or mer, ·which make po ible h e  
measurement of impedance and V WR 
of balanced 300-ohm circuits and of UHF 
receiving antennas. 

( 4) Low-reflection adaptors to most of 
the commonly used types of coaxial con
nectors, to facilitate connec ions to 
equipment fitted with connectors o her 
than the General Radio TYPE 87 4. 
Adaptors are also available for conne -

ion to VHF and UHF television trans
mitting antenna systems. 3 

RECENT IMPROVEMENTS 

Since the original model wa intro
duced, several method of adding to the 
operating convenience and accuracy 
have been developed. One of thes im
provements eliminates the effect of the 
junction inductance, which causes errors 
at the higher frequencie ; anoth r one 
makes possible higher accuracy when 
multipliers larger than unity are u ed; 
and a third ex ends the direct-reading, 
low-frequency range and also eliminates 
the need for the long awkward stub. The 
type number of the improved instru
ment has been changed to the TYPE 
1602-B Admittance Meter to avoid con
fusion with previous models. 

Junction Inductance 

The basic principle behind the method 
used to eliminate the effect of junction 

3To be described in a future is ue of the Experimenter. 
Figure 3. View of the Admittance Meter as set up for measurement of a resistor, 

showing the line stretcher and component mount. 

-
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inductance is similar to that used on the 
TYPE 1601-A VHF Bridge to comp n
sa e for the capacitance of the unknown 
terminals. However, the applicability of 

his principle to the Admittance Meter 
was first realized and suggested by 
Me rs. G. D. Monteath and . Knight 
of he British Broadcasting Corpora
tion. The understanding of the method 
used o compensate for the junction in
ductance requi ·es a knowledge of the 
principle of operatfon of th Admittance 
Meter. For convenience it will be briefly 
reviewed in the following paragraphs. 

In the Admittance Meter, the currents 
flowing in three branch coaxial lines, f d 
from a common voltage source at a com
mon junction point, ar sampled by 
three independently adjustable loops, 
which couple to the magnetic field in 
eacl line as hown in Figure 4. One of 
the branch lines is connected to a con
ductance standard, on to a susceptance 

tandard, and one to the unknown cir
cuit. The outputs of the three loops are 
connected in parallel, and the coupling 
of each loop to its respective branch line 
is adjusted by rotating the loop until a 
null is obtained. At a null the settings of 

AU GUST, 1953 

Figure 4. Schematic diagram of the Admittance Meter, 
showing the arrangement of coupling loop. 

the loops are dir ct indication of th 
magnitude of the condu ance, the 
susceptance, and a mul ipl ing fac or. 

The basic principl of op ration a. -
sumes that he voltage a a point und r 

th c nter of the coupling loop on each 
bran h line is the same. However, in the 
practical ca e, the loops mu t be located 
at lea t a hort di ance from the ac ual 
common junction point and, henc , a 
short Ieng-th of line exi ts betw n the 
common junction poin and the center 
of each pickup loop as shown in Figure 4. 

Figure .Sa. Equivalent circuit of the junction. 

-----1 
Bs 

(Cj/2 H11· 

,------4 ( c j/2 1111• 

Lj 
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GENERAL RADIO EXPERIMENTER 4 

Figure 5b. Appro}limate equivalent circuit of each 
branch with junction capacitance neglected. 

Figure 5c. Revised circuit of Figure 5b, with junction 
inductance shifted to the load side of the coupling loop. 

LJ 

Figure 5d. Equivalent circuit showing the location of 
the compensating capacitance. 

The approximate equivalent circuit 
of this arrangement is shown in Figure 
5a. The series inductance of the line be
tween the actual junction and the center 
of each loop is L1. The total capacitance 
of the section of line is C 1. In a 7r equiva
lent of the very short section of line, 
half of this capacitance can be placed at 
either end of the series inductance. The 
capacitance appearing directly across 
the voltage source has no effect on the 
accuracy and, hence, can be neglected. 

The current flowing through the capaci
tance on the load side of the junction 
line does not induce a voltage directly 
into the loop since it doe not flow in the 
line under the loop. This current does, 
however, produce a voltage drop when it 
flows through the junction inductance 
and, hence, has an effect on the voltage 
applied to the unknown circui . In the 
actual instrument, the capacitive react
ance is so large compared to the induc
tive reactance that the voltage drop 
caused by the capacitive current can be 
neglected and, hence, C 1 can be elim
inated from the circuit. 

The current flowing to the unknown 
circuit passes through the junction in
ductance and causes a voltage drop 
which can have an appreciable effect on 
the measurements when the measured 
admittance is large compared to 20 
millirnhos. 

Since the pickup loop responds only to 
the current fl.owing in the line under the 
loop, the junction inductanc can b 
shifted to the unknown ide of the 
coupling loop without affecting the per
formance as shown in Figure 5c. 

The same junction inductance appears 
in each branch, and, hence, when the 
unknown impedance is equal to the 
characteristic impedance of the line, its 
effects cancel. The rn.agnitude of th 
effect of the inductance incr as s with 
frequency and with he magnitude of 
the unknown admittance. Thi junction 
inductance is minimized by bringing th 
outer conductor as close as is practicable 
to the inner conductor as shown in Fig
ure 7. The junction inductance under 
these conditions is approximately 1.2 
millimicrohenries. Correction can be 
made for its effect on the measurements, 
and correction charts for the older 
TYPE 1602-A Admittance Meters are 
contained in the instruction book. 
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Figure 6. Curves showing the error in measured length 
of a short-circuited line as a function of its electrical 
length when the junction inductance is ignored, as 
measured by both the older, uncompensated Type 
1602-A Admittance Meter and the new Type 1602-8 

compensated model. 

The errors caused by ignoring the 
junction inductance in determinations of 
electrical line length from admittance 
measurements with the line short-cir
cuited are shown in Figure 6. As pre
viously mentioned, corrections can be 
made for this effect, but its elimination 
would be preferable. The effect can b 

liminated by adding a shunt capaci
tance of the proper value to form with ' 
the inductance, a short section of arti-
ficial transmission line, having the same 
characteristic impedance as the true 
line. For reactances small compared to 
the characteristic impedance, the induct
ance and capacitance are related by the 
equation: 

L 
c 

The capacitance must be added on 
the unknown side of the coupling loop so 
the capacitive current will flow through 
the line under the loop. 

In the new model, the desired addi
tional capacitance is obtained by adding 
a polystyrene bead to the line, as shown 
in Figure 7. The electrical length of line 
between the unknown and the measur-

AUGUST, 1953 

ing point is increased by about 0. 7 cm. 
as a result but, since the corrections or 
adjustments are always made for the 
over-all length of 50-ohm line when the 
actual impedance or admittance is de
sired, the increase does not complicate 
the situation, but does eliminate a time
consuming correction. Besides the sim
plification in correction procedure ob
tained when admittance is measured, the 
VSWR is now unaffected by the junc
tion inductance as VSWR is independent 
of line length and, hence, a greater ac
curacy is obtained. 

The compensation is independent of 
frequency as long as the length of lin 
added is short compared to a wave
length. Figure 6 shows the results of 
measurements of electrical line 1 ngths 
with a compensated instrument. 

Improvements to Multiplying 

Factor Scale 

Another improvement that has been 
made in the Admittance Meter is th 
addition of everal calibrated points on 
the multiplying-factor scale as shown 
in Figure 1. The additional points make 
greater accuracy possible in many cases 
by permitting the use of a lower multi
plier setting. 

A New Low-Frequency 

Susceptance Standard 

A new susceptance standard has been 
designed for use at the lower frequencies 
to replace the long adjustable stub. The 
new standard is a small, shielded, vari
able air capacitor, shown in FiO'ure 1 b ' 

Figure 7. Sketch of modiAed junction showing the 
location of one of the compensating capacitances. 

JUNCTION FROM 
GENERATOR TODETECTOR 

SPRING 
CONTACTS 

t OUPUNG LOOP 
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GENERAL RADIO EXPERIMENTER 6 

which is calibrated direc ly in frequency 
from 41to150 M . Measurements at lo N' 
frequenci s will be facilitated by the 
extended frequency rang and mall ize 
of the n w standar . 

The Admi tance Met r ha earned a 

d erved reputati n for speed, onv n-

ienc and accuracy in mea urements of 
V WR impedanc and admittance in 
the U-H-F range . The improv ment 
discu sed above increase till further it 

utjlity and a ceptability for th e m a -
ur m nt . 

- R. A. ODERMAN 

S PECIFIC A TI ON S 

Range: Theoretically, z ro to infinity; prac
ticaJly, th lower limit is d termin d by the 
smallest readable increment on the cale which 
is 100 mi r mho (O.l millimho) . The upper 
limit is 1000 millimho . Range is the ame for 
both condu tance and usceptance, but su -
ceptance can be ei her po itive or n gative, i.e., 
the susceptance dial is calibrated from -20 to 
+20 millim.hos. Multiplying fa tor from 1 to 
20 ar provid d, and factors from 20 to 100 can 
be <let rm.in d approximately. 

Frequency Range: 41 to 1000 Mc, dir t 
r acting. Range can b xtend d d nward to 
20 Mc, if a fr quenc·y correction i. appli d to 
the susceplanf'e readi ng, and upward to about 
1500 l\tlc .  
Accu racy: For both condu<'tan<'c and HUS
c·eptan.ce (up to 1000 1\1c): 

Fr m 0 to 20 millimh ±(3 + 0.2 
millimho) 

rom 20 to co mi11imho ±(3 M% + 0.2 
millimho) where M i the cale multiplying 
fa tor. 
Abov 1000 Mc, error increa e , lio-htly and, 
at 1500 1c the basic figur of 3 in the 
expression above b omc 5 . For compar
ing imp dan , the accuracy is ±3% up to 
2000 Mc. 

Accessories Supplied: One TYPE 1602-P4 
50-n Termination, for use as conductance 

Type 

standard, and one T PE 602-Pl Adju tabl 
tub and on TYPE 1602-P3 Variable Air 
apacitor, for usc ptance tandards; two 

TYPE 74-R20 Patch Cord for onn.ections to 
gen rator and d tector; and one TYPE 74-PB 
Panel onn tor for installation on detector. 
A wooden torage ca e i furnished. 
A dditi onal Accessories Required: Generator 
and detector. Gen rator hould over desired 
frequency range and deliver between 1 volt and 
10 volt . TYPE 1208-A (65 to 500 Mc), TYPE 
12 15-A (50 to 250 Mc), and TYPE 1209-A (250 
to 920 Mc) Unit Os illator are recommended. 
rrh TYPE 1021-AU and Av tandard- ignal 
Generators are al o ati factory. 

ete tor en itivity hould be better than 
10 microvo]t . R comm nded detector i a 
h ter d n system con i ting of th TYPE 

74-MR Mixer Rectifier with a low-frequ ncy 
re eiver or an i-f amplifier and a econd unit 
oscillator o provid the h terodyning ignal. 

O ther Accessories Available: T PE 874-Q 
Coaxial Adap ors, TYPE 74-LK Constant 
Imp dance Adjustabl Lin , TYPE 74-UB 
Balun, TYPE 874-M omponent 1fount. 
Terminals: All terminals are TYPE 74 oaxial 
Connectors. daptors are available for other 
coaxial sy tern . 
Dimensions: 73/z x 572 x 572 inches, without 
standards and unknown connected. 
Net Weight: 8U pounds. 

Code Word Price 
1602-B I U-H-F Admittance Meter . . . . . . . . . . . . . . . • . • . . . . • . .  HONEY $295.00 

U.S. Patent Nos. 2,12.5, Hl and 2,54 ,457. 

MISCELLANY 
RECENT VISITORS FROM OVER

SE A S  to ur plant and laboratori 

Mr. Virgilio Floriani Pr ·ident and 

Techni al Dir tor, Telettra, Milan, 
Italy; Dr. Fred Bahli, Univer ity f 
Rangoon, Rangoon, Burma; Prof es or 
I{. Iigima, Univer ity of Tokyo, Tokyo, 
Japan; and Mr. Yoshinori hatani, ice
President, Ki himoto hot n, Ltd., 
Toky , Japan· Mr. hiy Yamonaka 

Departm nt of Electrical Engineering, 
Osaka niver ity, 0 aka, Japa . 

P A PERS - "A alanced ry al

Diode Modulator for UHF," by William 
F. Byers, Engineer, at the 1953 ational 

onference on Airborne El ctronics, 
ayton, Ohio, May 12, 1953. o copie 

of thi paper are as yet available, but an 
ab tract appears in th onf rence Pro
ceedings. 
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7 AU GUST, 1953 

MEASURE MENTS ON 75 OH M LINES WITH 
THE AD MITTANCE METER 

In many elevi i n receiving yst ms, 
72- or 7 5-ohm ran mis ion lines are 
u ed. The impedance or V WR of the 
line can be easily measured, using either 
the old or new model of the dmitta ce 
Meter. Means mu t be devised, however, 
for connecting the 75-ohm lin to the 
Admittance Meter, which is equipped 
with 50-ohm connectors. One solution 
to this problem is to fi the 75-ohm line 
with a General Radio TYPE 874 Con
nector. TYPE 874-C8 Cable Connector 
are suitable for use with RG 11/U Cable 
and TYPE 87 4-C62 Cable Connectors 
are ui able for use with RG 59/U Cabl . 
'I'he TYPE 87 4 Connectors are 50-ohm 
connectors, and the junction be ween 
the 50-ohm line and 7 5-ohm line is mad 
at the poin indicated in Figure 1. Th r 
is a sligh di continui y at he junc ion 
due to stray r actance , but in mo t 
cases the effect is negligible. 

Th effect of the 50-ohm line in the 
connectors and the Admittance Meter 

an be eliminated by adju ting it to a 
half- or quarter-wavelength by means 
of a TYPE 874-LK Con taut Impedance 
Adjus able Line. To obtain the prop r 
half-wa elength adjustment, the 50-
ohm line should be open-circuited at the 
75-ohrn line junction, the Admittan •e 
Meter et to balanc at zero admittanc , 
and the line 1 ngth adjusted until a null 
is obtained. For a quart ._, av ength 
adju tmen , the ame procedure is used 
·with the exception tha - the line is short-

ircui ted at the junction. In the prac
tical ca e, it i difficult to op -circuit 
or hort-cir uit the line a the proper 
point, but the TYPE 87 4-"\¥0 or W -3 
Open-Circuit Termina ions and 874-WN 

Figure 1. Sketch of Type 87 4-C6 3 Cable Connector 
with a 75-ohm cable attached. 

or WN-3 hort- ircui Termination · 

can be used to advantage for this pur
p e. Th units io not produ e an 
open-circuit exa ly at the desired point, 
but min · adju m n of the lin length 
can be made to compensate for the 
differenc . 

In this application, the termination is 
onne ted to the end of th adjustable 

line in place of the line under test, and 
he line 1 ngth i adjust d a outlined 

abov . Then, if he TYPE 87 4-WO Open
Circuit Termination or TYPE 874-WN 
Short-Circuit Termination is used, the 
adjustabl- lin should be deer a ed in 
length 2.6 cm, and if th TYPE 876-W03 

pen-Circuit Termination or T PE 874-
WN3 Short-Circuit Termination is used, 
the length of he adjustable line hould 
be increased 0.6 cm. If th termination 
is r moved and the line under test con
nected, the length of 50-ohm line be
tween the m asuring point and the point 
at which th 75-ohrn lin is connect d is 
now exactly a half- or quarter-wave
length long. For the half-wa elength 
adjustment, the admittance measured 
by the in trument i the admittance 
een looking into the 75-ohm line at the 

junction. For th quart r-wav 1 ngth 
adjustment, the unknown serjes resist
anc and r a tance ar equal to th 
in icated conductan e and su cep ance 

sp tiv 1 mil ipli d by 2.5. 

RUBBER BOOT CAN BE 
OMITTED IF 

DESIRED 
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GENERAL RADIO EXPERIMENTER 8 

The VSWR on the 75-ohm line an be 
calculated from the measured admit
tance, using the equation or Smith chart 
as outlined in the instruction book. Re
flection coefficient and, hence, VSWR 
can also be measured directly by a 
voltage-ratio method similar to that 
outlined for 50-ohm lines in the in
struction book. 

For this measurement, the 75-ohm 
line under test with its associated adjust
able line should be connected to the 
branch line usually connected to the 
conductance standard. The branch line 
usually connected to the unknown 
should be open-circuited and the multi
plier set at infinity. These connections 
are the reverse of those used when meas
uring 50-ohm lines and are neces ary 
because the coupling to the unknown 
must be adjusted to be a specific value 
less than unity to compensate for the 
difference in characteristic impedance, 
and the conductance coupling is more 
finely calibrated than is the multiplier 
coupling and hence can be set more 
accurately. 

Type 

The over-all 50-ohm line length should 
then be adjusted to be a quarter-wave
length, using the method previously 
described with the exception that the 
conductance indicator is set to maximum 
coupling, or 20, and the multiplier left at � 

infinity. The susceptance standard is 
then removed and replaced by the con- 1 

ductance standard, the conductance 

indicator set at 20 X �� , where Z0 is the 

characteristic impedanoe,.,, of the line 
under test. 3' " The rati.6 pf: · the detector 
voltages obtained wi� "the susceptance 
indicator first set to �2© and then to 
+20 is equal to tlie reflection coefficient 
r on the 75-ohm line,_and 

, 
.. � + r 

VSWR16 = 
�1 - r 

- R. A. SODERMAN 
3This method was suggested by Mr. B. Parzen of Federal 
Teleco=unication Laboratories. 
4This method can be used for any line having a charac
teristic impedance greater than 50 ohms. For lines having 
characteristic impedances less than 50 ohms, the same 
m. thod can be used with the length of 50-ohm line set at 
a half-wavelength, and the conductance indicator set at 

20 x zo. 
50 

Code Word Price 
874-C62 Connector for RG62/U Cable • • . • . . . . . . . . . . • . . . •  1 COAXC NDOR $1.70 
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