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3 M AY, 1960 � 
RAPID VSWR MEASUREMENTS WITH THE 

ADMITTANCE METER 

Althoucrh th TYP • 1602-B UHF Ad

mittanc lVIet r i wid ly u d for high

frequency impedance and admittan e 

measurements, its po ibilities for he 

rapid mea urement of tanding-wa e 

ratio are not o well r cognized. With 

this instrument, V WR can be calcu

late l from the values of ·onductance and 

su ceptance whi ·h ar measured di

r ctly, but the mea u remen · can be 

greatly simplified when VSWR alone i 

required without phase information. 

Two approximately dire t -reading meth

ods have b en developed one of which 

requires a mechanical mov m nt of one 

of the control on the instrument while 

he oth r u es only the meter reading on 

the det tor as an indica ion of the 
VSWR. The form r me hod i exa t for 

all value of VSWR, while the latter 

method is approximate and is limited to 

a VSWR ran e up to approximately 1.2. 

Both m hod r quire a detector capable 

of giving an a curate m-asure of the 

relative output level a , for instance, 

one of the Type DNT D tectors. 

figure 1. Close-up view of the scales and controls of 
the Admittance Meter. 

The Admittance Meter 
In normal use the TYPE 1602-B Ad

mittan e 1\1[ ter mea ur '"' admi tan e or 

imp dance in th fr quen y range be

tw en 40 and 1500 lVI with a nominal 

ac uracy of ±3 0. It is direct reading 

in conductanc and u cep ance (or r -

i tan · and rea ·tan e). Figur 1 hows 
th scale and control , Figure 2 the 

rear; Fi ure 3 is a s  hematic . Admit tan 

m a ur m nt ar mad by a null m thod 
in whi h voltage d rived from th ur

ren ts in the standard conductance arm 

and the tandard u c ptanc arm are 
balan d again a voltag d ri d from 

the current in th unknown arm . 

The coupling of each of th loops 

shown in Figure 3 ·an be varied by ro
tation of the loop. One of the coaxial 

lines is terminated in a condu ·tanc 

standard, which i a pure resi tance 

equal to the characteri tic impedanc of 

the line; one in a u eptan e andard 

whi h i  a hort-circui d 1 ngth of oon.xial 

line· and on in he unkno-\vn circuit. 
The outputs of the three loops are com-

Figure 2. Rear view, showing identificotion of the 

coaxial lines. 
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bined in parallel and , when the loops 
are prop rly ori nt d, the net output 

is zero. The de ice theref re balances 
in the ame manner a a bridge. 

At balance the oltag indu ed in 
each of the three loop i propor ional 

to he mutual inductance betw n ach 
line and loop and to th urren t flowinrr 
in the corresponding line. ince all thr e 
line are fed from a ommon ource, the 
input voltaO'e is the ame for a h line, 
and the urrent flowing in each line is 
proportional to the input admittan 

The loops a ociated with the un
known admittanc and th tandard 
conductance an ach b rotated through 
an angle of 90°, bu the loop asso iat d 

with the standard su ceptan e is ar
ranged to be ro atable hrough an angl 

of 180°, thu allowing tl e m a uremen 
of positive a w 11 as nega ive value of 
unknown u ceptance with a single sus
ceptance standard. 

The conductance scale i inherently 
independent of frequency. The su c pt
ance standard is always adjusted to pro

duce the ame magnitude of susceptance 
at each frequency. 

Admittance and Impedance Measure

ments 

The three loops are adjustable by the 

Figure 3. Schematic d iagram of the A d mittance Meter, 
showing the functional arrangement of lines and 

loops. 

arms shown in Figure 2 and carry indi
cators as shown in Figure 1. Thus the 

admittance parameters, G and B, can be 

read directly from he cales. The scale 
for the loop in the unknown line indi
cates the mul iplying factor. If a quarter
wa ve line i inserted between he in

strum n and the unknown, th adrnit
tanc is inverted. The millimho scale 

readings are then prop rtional to im
pedance and, when mul iplied by 2.5, 

they indi ate the en re istance and 
reactance in ohms. 

VSWR Measurements by the Voltage

Ratio Method 

For V WR measurements, one simple 
method is based on a mea ur m n t of the 
ratio f th output voltage obtained a 
two ettings of an indicator arm. This 

method is particularlv attra tive for 
measur ments of he V WR of antenna 
sy m and componen s in which the 

VSWR is not oTeater than about 10 to 1. 
In this method the 50-ohm termina

tion is inserted in place of h u cept
ance tandard in the Bs line· the Gs line 
remains open-circuited· the unknown is 

connected to the Yz line. The conduct
ance indicator is set to z ro, and the 

multiplying factor indica or i set to 1 .  
The ratio of the output voltag , V1, ob

tained when the susceptance indicator 
is set to -20, to the output, V2, ob
tain d when the susceptance is set to 

+20 i equal to the magnitud of the re

fle ion co ffi. ient r, and the VSWR 
can be determined as follows: 

I rl = J �:J 

VSWR= 1 +I rl 
1-lrl 

l+ l � I  
l-1�:1 
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TABLE 1 

V1/V2 r VSWR V1/Y2 r VSWR 
db db 
1 .8913 17.41 17 .1413 1.33 

1.2 .8710 14.50 18 .1259 1.29 

1.4 .8511 12.43 19 .1122 1.24 

1.6 .8318 10.90 20 .1000 1.22 

1.8 .8128 9.66 21 .0891 1.194 

2 .7943 8.73 22 .0794 1. 170 

2.2 .7762 7.94 23 .0708 I. 153 

2.4 .7586 7.29 24 .0631 1.136 

2.6 .7413 6.73 25 .0562 1.120 

2.8 .7244 6.26 26 .0501 1. 105 

3 .7079 5.85 27 .0447 1.093 

3.5 .6683 5.03 28 .0398 1.083 

4 .6310 4.42 29 .0355 1.074 

4.5 .5957 3.95 30 .0316 1.066 

5 .5623 3.57 31 .0282 1.058 

5.5 .5309 3.26 32 .0251 1.051 

6 .5012 3.01 33 .0224 1.046 

6.5 .4732 2.80 34 .0200 1.041 

7 .4467 2.62 35 .0178 1.036 

7.5 .4217 2.46 36 .0158 1.032 

8 .3981 2.32 37 .0141 1.029 

8.5 .3758 2.20 38 .0126 1.027 

9 .3548 2.10 39 .0112 1.023 

9.5 .3350 2.01 40 .0100 1.020 

10 .3162 1.92 42 .0079 1.016 

11 .2818 1.79 44 .0063 1.013 

12 .2512 1.67 46 .0051 1.010 

13 .2239 1.58 48 .0040 1.008 

14 .1995 1.50 50 .0032 1.006 

15 .1778 1.43 55 .0018 1.004 

16 .1585 1.37 60 .0010 1.002 

If the VSWR i 1 than 1.2, th follow-

ing approximation is valid: 

vsvvR = 1 + 2 I r I = 1 + 2 I �: I 
The calculation can be eliminated 

through the use of Table 1, which indi

ca s the valu of r and WR for 
various values of�: expressed in decibel 

The voltage indu ed in the suscept

ance loop is propor ional to the curren 

flowing in the terminat d line and i , 

therefore, -l-{Y0 when the indicator i 

et at -20 and +J(Y0 when th indi

cator i set at +20. The voltage in

duced in the multiplyino- factor 1 op 

when the indicator i e at unity is J-(Yx. 

Therefore, the total voltage, V 1, at the 

detector when the susceptance indicator 

i et at-20is 

V1 = J-(_Yx- KYo 

M A Y, 1 960 � 
and when the susceptance indicator is 

set at +20, 

V2 = J-(Yx + J-(Yo 
or 

V1_Yx-Yo=I' 
V2 Yx+ Yo 

and there£ ore in terms of the magnitudes 

alone, 

ir1 = l�:I 
For this mea urement a detector wi h 

a wide linear rang (at lea t 50 db) and a 

calibrated attenuator, such as one of the 

Typ DNT Detector , i r quir d. With 
th T rpe DNT Dete tor the value of 

�: is obtained a th difference b tween 

two decib 1 r adings . 

For maximum accura y the V WR of 

the 50-ohm termination uni hould be 

as close to unity a possible. If th r

.rnination i p rf c the re ulting VSWR 

rror i les than abeu - 0.01 up to 500 

M and 0.02 up to 1000 Mc for low 

VSWR magni ude . The p rformanc 

can be checked by ubstitu ion of an

other 10\'1- WR 50-ohm termination 

for he unknown. 

Rapid VSWR Measurements by a Direct 
Method 

For VSWR measurements on a large 

number of component at a single fre

quency, or on a single compon nt whose 

ma 'imum V WR must be measured 

over the whole range of some adju t
men as for example, an adjustable

length line an even more rapid method 

than that pre iou 1. d cribed can be 

used. Thi m hod i valid a long a th 

V WR i 1 ss than about 1.2 and is 

particularly useful f r the cl rmina ion 

of small standing-wave ratio . Its high 

resolution permit th m asurement of 

V WR's as low as 1.002. 

For thi m asurem nt the Admit-
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tance Meter is set up as for ad mi ance 

m asur mcnts. with one of the Type 

DNT Detector , with the standard con

du tanc in th , arm and wi h th 

standard usceptan e s u b set for the 

opera ing fr qu ncy in the B arm. low
V WR, -o-ohm termina ion is plu ·CYed 

into the unknown arm and th met r i 
balanced for a null with the multiplier 

sc cxa tly at 1.2. 
The multiplier arm i then et at 1.0. 

This unbalance i quival nt to that 
produ ed by a\ SvVR of 1.2.<.I in th un
kn wn. The g nera or outpu is th n 

adjusted to produce a de tor reading 

equal to one of the calibration lev 1 0n 

th chart in Figure 4 (ave off). The 
multiplier i then re urn d to its 1.2 
reading, and adju ted to produ ·e a null 
balance. Th unknown is then plugged 
into he unknown arm in place of the 
50-ohm termination and the met r read

ino· noted. The corre ponding V WR is 
then read from th chart of Figure 4. 

ince no adjustments are r quired 
aft8r the in rum nt ha b en calibrated 

WR measurement can be made on a 
large' number of elem nt very rapidly 
merely by pluggin(T h0m in o th in

trumen t and b erving the meter indi-

Figure 4. Chart for determining VSWR from detector output read ings. 
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cation. Continuous measurements can 

al o be made of the VSWR of compo

nent a th y are adjusted. 

The accuracy of the method at very 

low valu of V vVR i primarily deter

mined by the VSWR of the 50-ohm ter

mination unit u ed o e up the instru

m nt. The r idual V \¥R can be as 

large as twice the VSvVR of his t r

mina tion. The accuracy of the method 

al d ·rea s at large values of\ WR, 

reaching ±0.006 at a V WR of 1.1 
and ±0.03 at a VSWR of 1.22. 

-R. A. OD•RMAN 

MAY. 1960 

Figure 5. The Admittance Meter as set up for admit
tance or VSWR measurements, with a Type 1209-B 

Unit Oscillator and a Type DNT-3 Detector. 

ASSEMBLY TOOLS FOR TYPE 87 4 
COAXIAL CONNECTORS 

To facilitate the a. embly of our 

TYPE 7 4 Coaxial Connectors on ca bl s 

or rigid line, vve are making available a 

e of tools illustrated in Figure 1. The 

TYPE 874-TOI{ Assembly Tool IG con

si t of an outer-connector wrench an 

inner- ·onne ·tor WTen h, and a coupling

nut wrench, as shown in Figure 1. The 

inner-conn ctor wren ·hes are used for 

holding and in tal)jng hoth the insulat-

Figure 1. View of 
the assembly tools 
for a.ssembly of 
Type 874 Coaxial 
Connectors. The 
three tools at the 
right, Types 874-
TOl 15, 1 16, and 
117, comprise the 
Type 874-TOK Tool 
Kit. The crimping 
tools are shown at 
the left. 

ing bead and the inner connectors. They 

also prevent po ible damage to th l·ey

way in th bead dur ing installation 

·which can result in misalignment of the 

inner and ou er ·onnector . The outer

connector wrench and the oupling-nut 

wrench ar u ed to in tall th outer con

nector and to tighten the coupling nut 
properly \Yithout marring the surface. · 

These three wr nch s, which ar old as a 

TYPE 874-1'0115 TYPE S74-TOll7 
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unit, f aeiih te the in tallu ion of con

n ·tor. n b th ri(Tid lin and ·abl . 

In U installati m of l i lded cabl on 

cable •unrn'c·to:r and pan L conn · or 

a ferrul :is ·rimp d in I la · • t u1· 

lh braid of th a.bl hi kl finnly to 
th h 11 of h ·ounc ·tor. \Vhen b.ru 

number r to l inLt 11 d, 
o:r wh r crimp is 
want l, th YPE 7-l-Tlr 
or thC' 7 --!-TO rim pin '1 ool� i r co -

TypP 

rn nd d. Th s tools u e hexagonal ·di 
to pro<lm.: � n. hexagonally , hap d ··rimp. 

Tb appr pri t l b; f r ca l 7 4- ype 
ca bl or p n I · nnce or arc imlic ted 

bf'iO\'\". 

-+-
7+-

nw1 ctor Type 
5, , -P5 , -PB5 
G2 , - P62 -PBG2 

- , -PB 
0 

I -P9'. 
-PB 
-PB9 

rimping Tool Type 

74-T 5 

'74-T 
ode Word Price 

874-TOK 
874-TOS·B 
874-TOS I 

Tool Kit . . . . . · . . . . . . . . . • . . . . . • • . .  ,. . . • . . . • . . . . . 
I 

CO KlT'r.t::-r 
Ctimplng ToQ.11 . • . . . . . . . . . • . . • • . . • • • • . . . . . .  ,. . . O.'\.X fUM1�0 
•Crimping Tooll . • • . • • . • • • . • . • . • • • . . • • . • . • • • • . • CO.'L'\: .RI'.\11:1.\ 

$20.00 75.00 
85.00 

UNIT OSCILLATOR USED AS PUMP IN 

PARAME'TRllC AMPLllF·IER 

-
�. 

the Zenith Hadio 'orp -·upply m 
rgy :, the ' pump' · 1n 

par me>tric amplifi 1·. 

hown in th::. ph to i. lh Z ni h 

El · r i. B a.m Param lrie . m1JI ifiel' 

an d a ociat· d power �·up1 1.�r t g her 

,,rj ha G n ra] Radio ¥nit • cillator an 
r gula d power upply. 

Z nith is curr n ly delive·ing; Fara- 1 

General 

m IJ lificr in the frequ a(-y ra. 11l:U'1 

100 �Ic (and .:oon 1300 1 ·) 
I ·t d Gen ral Radio . ·cil

n t o ''pump" 

. ice . 

Company 
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