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ABSOLUTE G A I N  MEASUREMENT BY THE IMAGE METHOD UNDER 
MISMATCHED CONDITION 

Richard Q. Lee and Maurice F. Baddour 
Nat ional  Aeronautics and Space Admin is t ra t ion  

Lewis Research Center 
Cleveland, Ohio 44135 

Sumary 

P u r c e l l ' s  image method f o r  measuring the  absolute ga in  o f  an antenna i s  
p a r t i c u l a r l y  a t t r a c t i v e  f o r  small t e s t  antennas. The method i s  s imple t o  use 
and u t i l i z e s  on ly  one antenna wi th  a r e f l e c t i n g  plane t o  p rov ide  an image f o r  
t he  recel 'v ing antenna. However, t he  method prov ides accurate r e s u l t s  on l y  i f  
t h e  antenna i s  matched t o  i t s  waveguide. I n  t h i s  paper, a waveguide j u n c t i o n  
ana lys i s  i s  developed t o  determine the ga in  o f  an antenna under mismatched 
cond i t i on .  Absolute ga in  measurements f o r  two standard ga in  horn antennas 
have been c a r r i e d  out.  Experimental r e s u l t s  agree c l o s e l y  w i t h  publ ished 
data. 

I n t roduc t i on  

This paper descr ibes an image method f o r  absolute ga in  measurement under 
mismatched cond i t ion .  The image method, f i r s t  proposed by Purce l l ,  u t i l i z e s  
on ly  one antenna w i t h  a m e t a l l i c  r e f l e c t i n g  plane t o  p rov ide  an image f o r  t he  
rece ive  antenna as i l l u s t r a t e d  i n  f i g u r e  1. Energy rad ia ted  by the  antenna i s  
r e f l e c t e d  back t o  the  antenna w i th  the received power r e l a t e d  t o  the  t rans-  
m i t t e d  power by the  F r i i s  t ransmission formula.  

where P r  i s  the  received power; P t  i s  the t ransmi t ted  power; G i s  the  
ga in  o f  the  antenna; A i s  the  f r e e  space wavelength and R i s  t he  d is tance 
f rom t h e  antenna aper ture t o  the  r e f l e c t i n g  plane. Under matched cond i t ion ,  
power rad ia ted  from the  antenna i s  re f l ec ted  back t o  the antenna g i v i n g  r i s e  t o  
a r e f l e c t e d  wave i n  the  waveguide. By measuring the r e f l e c t i o n  c o e f f i c i e n t ,  
lrl,  as a f u n c t i o n  o f  d istance, R,  the ga in  can be determined from the  mean 
s t r a i g h t  l i n e  i n t e r p o l a t i o n  o f  t he  experimental curve according t o  

where lr12 = P r / P t  and 8n/Gx i s  the s lope o f  the  l ine.1-2 When the  
waveguide/antenna j u n c t i o n  i s  mismatched, m u l t i p l e  r e f l e c t i o n s . o c c u r  a t  t he  
mismatched j u n c t i o n  w i t h  the  received power p a r t l y  absorbed and the  r e s t  
re rad ia ted  by the  antenna.3 I n  t h i s  paper, a waveguide j u n c t i o n  ana lys is  i s  
app l i ed  t o  c a l c u l a t e  the  ga in  o f  an antenna under mismatched cond i t ion .  
l u t e  ga in  measurements f o r  two standard ga in  horn antennas have been c a r r i e d  
ou t .  Experimental r e s u l t s  a re  found t o  agree w e l l  w i t h  publ ished data. 

Abso- 



Formulat ion 

I n  t h e  absence o f  a r e f l e c t i n g  plane, t h e  i n c i d e n t  power, P i ,  t o  a m i s -  
matched wave uide/antenna j u n c t i o n  w i t h  a r e f l e c t i o n  c e f f i c i e n t ,  ro, can 
be decompose! i n t o  a r e f l e c t e d  power component, P i l r o l f ,  and a t ransmi t ted  
power component, P i ( l - ( r l o J 2 ) .  With a r e f l e c t i n g  p lane i n  f r o n t  o f  t he  t e s t  
antenna as shown i n  f i g u r e  2, power rad ia ted  f rom the  antenna sets  up m u l t i p l e  
r e f l e c t i o n s  between the  mismatched j u n c t i o n  and the  r e f l e c t i n g  plane w i t h  the  
ampl i tude o f  t he  received power given by the  F r i t s  t ransmiss ion formula. 
Assuming the  waveguide i s  matched t o  t h e  source, t he  sum o f  t he  received power 
t o  the  waveguide i s  g iven by 

where 

+ Pr21rr161ro14(l - Pol2) + - * - ( 3 )  

. . . e tc .  GzAz G ~ A ~  G ~ A ~  

(8nR) 
- P r l  = p * ‘r2 = ‘rl ‘ro - ‘t (8nR)2 ‘ O  ( B W R ) ~  

Irrl i s  the  r e f l e c t i o n  c o e f f i c i e n t  o f  t he  r e f l e c t i n g  plane; l e r l  i s  t he  
received wave amplitude and Zw i s  t he  guide impedance. By w r i t i n g  the  
t ransmi t ted  power, P t ,  i n  terms o f  the i n c i d e n t  wave amplitude, l e i ! ,  
equat ion (3 )  becomes 

r 

/ 3 1 1  ii-ie,i * 

o r  ( 4 )  

G ~ A ~  where 
Y =  

( 8nR) 

The t o t a l  r e f l e c t e d  wave amplitude i n  the  waveguide measured by the  d i r e c t i o n a l  
rniinlcar i c  

t: 
P 
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The ratio lerl/leil is the reflection coefficient Irl.  In general, 

the second term in equation (5) can be expanded in series form. By setting 
Irrl = 1 ,  and neglecting all higher order terms, equation (5) can be 
simplified to 

Experimental Results 

Absolute gain measurements have been carried out for a Waveline horn 
(18 to 26 GHz) and a Scientific-Atlanta waveguide horn (12 to 18 A) with known 
gains of 15.0 db at 22 GHz and 23.9 db at 20 GHz, respectively. 
mental graphs of l/lr-rol versus R are shown in figures 3 and 4. 
By interpolating the data points with a straight line through the origin, the 
experlmental results yield a gain of 14.65 db for the Waveline horn and 
23.98 db for the Scientific Atlanta horn. In the experiment, the incident and 
reflected powers are measured through directional coupler using a HP 438A power 
meter. The reflected power exhibits an approximately sinusoidal variation with 
R as a result of multiple reflections between the mismatched antenna junction 
and the reflecting plane. 
reflecting plane, the measurements become less accurate as demonstrated by wide 
variations of the data points. 

The experi- 

When the antenna is sufficiently far away from the 
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FIGURE 1.- THE IMAGE PETHOD FOR ABSOLUTE GAIN MEASUREMENT 
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FIGURE 2 . -  REPRESENTATION OF RULTIPLE REFLECTIONS AT A RISMATCHED 
WAVEGUIDUANTENNA JUNCTION. 
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FIGURE 4.- GRAPH OF 1 VERSUS R FOR A SCIENTIFIC lr-rol 
ATLANTA WAVEGUIDE HORN (12~-18). 
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