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With the completion of an intercept probability comput­
er it has become possible to determine the probability of 
intercept for a given receiver working against a given 
transmitter. Considering an AN/WLR-1 intercepting the 
lower beam of an AN/ CPS-6B radar, it has been found that 
a high performance omnidirectional antenna would be a 
better intercept antenna than the AN/SLR-2 direction­
finding antenna rotated at high speed. While this conclusion 
applies quantitatively only to this one case, the computed 
data suggests that development of omnidirectional micro­
wave intercept antennas should be pursued, and that pro­
visions should be made for the installation of these antennas 
with the AN/WLR-1 system. 
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A COMPARISON OF OMNIDIRECTIONAL AND ROTATING 

DIRECTIONAL ANTENNAS FOR INTERCEPT 

NRL Rep-ort 4612
1 

describes a digi tal analyzer which in conjunction 
with a sys t em simulator can be used to comput e t he probability of counter­
measures intercepti on. Recently t he sys t em simul a t or has been completed 
and will be de s c ribed in deta il in a fo rthcoming formal report. However, 
the results of a problem computed as a che c k on the over-all operation of the 
t wo computors are of such general interest t ha t it has been deemed desirable 
to publish the m in t h i s format. 

The proble m is a c omparison of a n omnidirectional and a rotating 
direction -find ing antenna as intercept a nte nnas for a modern intercept receiver . 
The intercept r eceiver has been assumed t o be an AN /WLR-1. The t wo 
antennas that a re bei ng compared are a h ypothetical omnidirectional antenna 
of ga ~n 4 db below isotropic and an AN/SLR - 2 direction-finding antenna . The 
transmitter assumed for this case is the AN/CPS-6B . The AN/WLR-1 is a 
high-speed mechanically t uned superhe t erodyne microwave receiver . At 
S-band it scans a 2-kMc band with i ts 20-megacycle I F bandwidth once every 
t wo seconds . It is probably capable of recording a single intercepted pulse 
although in t h i s simulation two pul ses were assumed necessary for recognition . 

The AN/CPS""'6B is a 750-kw, long .... ::ia nrge " VAheam :r;ada'rw:ith a high-..ga i n 
a ntenna "of narrow beam width. 2 In these computations the transmitter antenna 
was ~~-ssumed to be rotating a t 5 rpm , T h e receiver direction-finding antenna 
was assumed t o be rotating a t 300 rpm . 3 Figures 1 thru 14 show for various 
a rbitrary attenuations 5 db apar t the p r obability of intercept versus waiting 
time . In these graphs , the solid lin e represents the performance with the 
AN / SLR- 2 ant e nna and the broken line rep re sen ts the performance with the 
omni d i rectional a ntenna . I n F i g . 1, which represents a strong signal, the 
probability of intercept r i ses to unity in two seconds for both antennas . Here 

1) Wald , B ., "The Computation of t he Probability of Countermeasures 
Interception 11 NRL Report 4612 fC F-,.) 5 O ct 1955 

2} The ,antenna. pattern was provided b y A . T . Waterman , Jr . of the 
Elect ronics Research Laboratory , Stanford Universit y . It is 
interesting t o n ote tha t this i s on e of the f_ew microwave antennas 
whose 360° pattern is known . T h e lack of 360° antenna patterns 
i s the most serious problem faced in the prediction of intercept 

receiver performance, 
3} The pattern of th e AN/SLR-2 ant enn a was measured by Mr , John 

, Ihna t of this L aboratory, - - - - - - •c 
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the signal is so strong that it is necessary for the receiver to search its band 
only once to be sure of receiving the transmitted signal. In Fig . 2, 5 db below 
Fig . 1, the probability of intercept still rises to unity in two seconds for the 
omnidirectional antenna, but only to nine tenths for the direction-finding 
antenna ~ This may be interpreted as saying that ten percent of the time a null 
of the direction-finding antenna is pointed at the transmitter, at the time the 
receiver crosses the signal frequency . In Figs . 3 , 4 and 5 , ea,ch 5 db below 
its predecessor , the omnidirectional antenna still is capable of rec e iving any 
part of the transmitted signal pattern and its probability rises linearly to unity 
in two seconds; however the curve for the direction-finding antenna becomes 
flatter and flatter as a larger proportion of its nulls become incapable of 
receiving the t ransmitted pattern. In Fig . 6, the curve for the omnidirectional 
antenna begins flattening . Now the signal is so weak that the omnidirectional 
antenna is not capable of receiving quite all of the transmitted signal pattern . 
In Figs . 7 and 8 this situation continues. In Figs. 9 and 10, the omnidirectional 
antenna 1 s margin of superiority over the direction-finding antenna has been 
reduced. This reflects the fact that at these signal levels the omnidirectional 
antenna is capable of receiving only t he peaks of the transmitted signal pattern . 
In Figs. 11, 12, 13 and 14, therefore, the direction-finding antenna is superior to 
the omnidirectional antenna . In Figs. 15 t o 17, however , it may be seen that 
the omnidirectional antenna has not suffered as much in the reduction of signal 
level as has the direction-finding antenna. This reflects the fact that the 
omnidirectional antenna i s still waiting for the major lobe of the transmitted 
pattern but that the df antenna must have a coincidence of its major lobe with 
t he major lobe of the transmitted pattern in order to deliver a signal above 
threshold to the receiver. 

Figures 1 t hru 17 are cross plotted on Figs . 18, 19 and 20 which represent 
the waiting time to reach a given intercept probabi lity versus signal strength. 
Referring to Fig. 19 as representative of these cross plots, it may be seen that 
for high signal strengths the omnidirectional antenna is superior but only by a 
relatively unimportant margin as it reaches fifty percent probability only a few 
seconds before the direction-finding ant enna. For intermediate signal strengths 
the d ir ection-finding antenna is superior by a margin of ab out 20 seconds . For 
weak signals the omnidirectional antenna reaches fif t y percent probability 
several minutes before the direction-finding antenna . . For still weaker signals, 
which the omnidir ectional antenna is incapable of receiving, the direc t ion­
finding ant e nna will reach fifty percent probability in finite time but in a time 
so long as not t o be of tactical interest. Thus it may be seen that for the anten-
nas assumed in these plots the choice of antennas is -dictated by the signal strength 
of the transmitted signal whose interception probabi lity is to be optimized. 

2 -DECLASSIF~ED 
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It shoul d be reemphasized h ere that these computat i ons were made on 

the -~-a si s of a n omnidirectional antenna of gain of 4 db below i-sotropi c . Recent 
w o r k in this Branch has i ndicated that it is possible to construct an omni­
d i recti on al a n ten na w h ose gain at low angles of elevation is 6 db above isotropic . 
Figur e 19 t h erefore , has been replotted in Figs . ll and 22 for omnidirect ional 
a nte nna s of gain 1 and 6 db above isotropic. It may be seen that the +6 db 
omn idir e c tion al ant enn a is supe ri or to the directi'on-finding antenna as an 
intercep t a ntenna f or all s-ignal l evels . 

F i gure 23 replot s the informat ion of Figs. 19 and 20 on a range versus 
p r obability - of -intercept bas i s . The transmitti ng ant enna is assumed to be 
e l e va t ed 10 0 fee t and the rece iving antenna 10 feet . Thi s might be representative 
of a sub ma r i n e approaching a low coast . The receiver was assumed to have a 
threshold of - 8 5 dbm4 fo r certain r ecognition and -8 9 dbm for a . 50 probability 
of r ecogn i tion. On th i s bas i s , the arbit rary attenuation scale was converted t o 
range, uti l i z i ng publ ish ed informa ti on on m i crowave attenuation. 5 

Inspe ction of F i g . 23 reveals that at leas t for this case the omni­
d i rection a l ant enn a ' s margin of superiority is cons i derable in an operational 
s e nse . A lthough these con clus i ons apply only to the AN/CPS-6B transmitter, 
they a re sugges tive enough to indicate that the development of suitable omni ­
dire c t i on a l a nte nnas for use with AN /WLR-1 should be pursued and that 
ins ta llati ons of the AN /WLR-1 should include an omnidirectional antenna. 

4) T his fi gur e was suppli:ed by Mr. Ni cholas R . Gar afalo of this 
L abor a t o ry on the basis of operator tes t s . Re .will publish the 
complete r esult s of these tests in the near future ; 

5) Norton , R i ce , & Vogle r , "The Use of Angular Di stance in 
Esti mating T r ansmission Loss" Pro c eedings of the IRE 43: 10 
p . 1488, O c tober 1955 . 
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the signal is so strong that it is necessary for the receiver to search its band 
only once to be sure of receiving the transmitted signal. In Fig . 2, 5 db below 
Fig, 1, the probability of intercept still rises t o unity in two seconds for the 
omnidirectional antenna, but only to n{ne tenths for the direction-finding 
antenna ~ This may be interpreted as saying that ten percent of the time a null 
of the direction-finding antenna is pointed at the transmitter, at the time the 
receiver crosses the signal frequency . In Figs . 3, 4 and 5 , ea,ch 5 db below 
its predecessor , the omnidirectional antenna still is capable of rec e iving any 
part of the transmitted signal pattern and its probability rises linearly to unity 
in two seconds; however the curve for the direction-finding antenna becomes 
flatter and flatter as a larger proportion of it s nulls become incapable of 
receiving the transmitted pattern. In Fig . 6 , the curve for the omnidirectional 
antenna begins flattening. Now the signal is so weak that the omnidirectional 
a ntenna i s not capable of receiving quite all of the transmitted signal pattern . 
In Figs. 7 and 8 this situation continues. In Figs . 9 and 10, the omnidirectional 
antenna's margin of superiority over the d i rection-finding antenna has been 
reduced. This reflects the fact that at these signal levels the omnidirectional 
ant enna is capable of receiving only the peaks of the transmitted signal pattern. 
In Figs. 11, 12, 13 and 14, therefore, the direction-finding antenna is superior to 
the omnidirectional antenna . In Figs. 15 t o 17 , however , it may be seen that 
the omnidirecti onal antenna has not suffered as much in the reduction of signal 
l evel as has the dir ection-finding antenna , This reflects the fact that the 
omnidirectional antenna i s sti ll waiting for the major lobe of the transmitted 
pattern but that the df antenna must have a coincidence of its major lobe with 
the major lobe of the transmitted pattern in order to deliver a signal above 
threshold to the receiver. 

Figures l thru 17 are cross plotted on Figs . 18, 19 and 20 which represent 
the waiting time to reach a given intercept probabilit y versus signal strength. 
Referring to Fig. 19 as representative of these cross plots , it may be seen that 
for high signal strengths the omnidirectional antenna is superior but only by a 
relatively unimportant margin as it reaches fifty percent probability only a few 
seconds before the direction-finding ant e nna . For int ermediat e signal strengths 
the d ir ection-finding ant enna is superior by a margin of ab out 20 seconds, For 
weak signals the omnidirecti onal antenna reaches fif t y percent probability 
several minutes bef ore the direction-finding antenna, . For still weaker signals, 
which the omnidi recti onal antenna is i ncapable of receiving , the direc t ion­
finding ant e nna will reach fifty percent probability in fini t e time but in a time 
so rang as not t o be of tactical interest. Thus it may be seen that for the anten-
nas assumed in these plots the choice of antennas is ,dictated by the signal strength 
of the transmitted signal whose interception probability is to be optimized. 
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