
‘Aug. 23, 1949. J. GROSSMAN 2,479,565 
METHOD OF BORESIGHTING 

Filed Jan. 3, 1946 

RECTIFIER A 
g1 . 
,_ m 

0.: ' 
m m 3 U 

:72 ‘£3 1 
I ‘1 m6\ ' 

*" o 

w 

INVENTOR. 
JACK GROSSMAN. 

BYW 
ATTORNEY 



Patented Aug. 23, 1949 2,79,565 

UNITED STATES PATENT OFFICE 
‘ 2,479,565 

METHOD OF noassrcn'rmo 

Jack Grossman, Dayton, Ohio 

Application January 3, 194.6, Serial No. 638,906 
' (01. 343-100) 

(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 370 0. G. 757) 

10 Claims. 

1 
The invention described herein may be manu 

factured and used by or for the Government for 
governmental purposes, without the payment to 
me of any royalty thereon. 
The present invention relates to the boresight 

ing_ of directive antenna assemblies and relates 
more particularly to a method for ascertaining 
the electrical axis of a radiation pattern pro 
duced by conical scanning. 
Conical scanning ?nds important applications 

in the art where it is desired to have a directed 
beam of high frequency radio energy sweep a 
given sector in space. This may be accomplished 
in a variety of ways. For example, if a dipole is 
employed as the radiating member it may be me 
chanically rotated at some relatively low fre 
quency, say 30 times per second, around the geo 
metric axis of an associated parabolic re?ector. 
If such a rotating dipole is offset from the geo 
metric axis of the re?ector, a directive beam of 
energy will be projected into space, rotating in 
such manner as to describe a cone. A similar ef 
fect can be achieved by rotating the parabolic 
re?ector eccentrically about its geometric axis. 
Such a “wobbling dish” can be used conveniently 
where the operating frequency is high and the 
size of the re?ector is relatively small. 
In most systems employing conical scanning 

it is desirable to know the electrical axis of the 
conic radiation pattern with a high degree of ac 
curacy. This is particularly true in radar sys 
tems associated with gun turrets in such manner 
as to provide proper orientationv of the guns with 
respect to a desired target. While the electrical 
axis of a conical radiation pattern substantially 
coincides with the geometric axis of the re?ector 
assembly, in most cases there is enough variance 
to make necessary the alignment of associated 
apparatus by electrical methods. Such associ 
ated apparatus may include, for example, an op 
tical sight and gun directing mechanisms, which, 
when properly related to the axis of the radia 
tion pattern, will insure that the radar system 
and the gun pointing apparatus will track accu 
rately on a given target. 

It is, accordingly, a major obiect of the present 
invention to provide a simpli?ed method of ac 
curately ascertaining the axis of 'a radiation pat 
tern produced by conical scanning. 

It is a further object of the present invention ’ 
to provide improved boresighting means whereby 
associated apparatus may be properly oriented 
with respect to the electrical axis of a conical 
radiation pattern. 
These and other objects and advantages of the 
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present invention will become apparent to those 
skilled in the art from the following detailed de 
scription, taken in connection with the accom 
panying drawings wherein like components are 
referred to by like reference characters and in 
which ' 

Figure 1 is a view in elevation of a directive an 
tenna system and associated target assembly; 
Figure 2 is a diagrammatic representation of 

an indicator which may be used in connection 
with the target assembly of Figure 1; and 
Figure 3 is an illustration of a conical radia 

tion pattern useful in explaining the invention. 
Referring now particularly to Figure 1, a di 

rective antenna assembly is shown, comprising a 
dipole 4, a re?ector 5, and a suitable gear box 6, 
by means of which the assembly may be accu 
rately adjusted inazimuth and in elevation.v The 
entire unit together with a transmitter ‘I is ?rmly 
mounted on an elevated platform 8. An optical 
sight‘ 9 is provided and is connected to the re 
?ector unit in such manner as to be adjustable 
with respect to the axis of the antenna assembly. 
The dipole 4 may be rotated as heretofore ex 
plained to produce a rotating beam which de 
scribes a cone in ‘space. It should here be noted 
that the invention applies to any of the particu- ' 
lar methods of producing a conical radiation 
pattern. 
A receiving horn l0, terminating in a wave 

guide section II‘, is mounted on a suitable sup 
port, shown for example as a tripod I2. Radio 
energy picked up by the horn I0 is applied 
through a cable I3, which may be of the coaxial 
type, to a recti?er M, which forms apart of the 
indicator circuit of Figure 2. ‘The recti?ed out 
put voltage is applied to one pair of de?ecting 
plates of a cathode ray tube l5, while a suitable 
sweep voltage from sweep circuit I6 is applied 
to the other pair of de?ecting plates. 

Referring now to Figure 3, it can readily be 
seen that at any arbitrary point P, 01f the axis 
a---b, there will be a periodic change in ?eld in 
tensity as the directive beam from dipole 4 is ro 
tated as indicated by the line I‘! to de?ne a ‘coni 
cal radiation pattern. This change in ?eld in 
tensity will occur at the same rate as the scan 
ning speed, which may be, for example, 30 rota- ’ 
tions per second. However,‘ at any arbitrary 
point 0, on this axis ar—b, there will be substan 
tially no periodic ?eld intensity variation due to 
the conical scanning of the beam from the dipole 
4. This fact forms the basis of operation of the 
present invention. ' 
Referring again to Figure 1, the horn target 
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assembly on the tripod i2 is so placed as to be 
relatively close to its proper position, namely,. 
near the electrical axis l'8 of the directive an 
tenna assembly. By mechanical means in the 
gear box 6, the re?ector 5 and the dipole 4 are 
oriented in azimuth and in elevation until sub 
stantially no modulation signal appears on the 
cathode ray tube IS in Figure 2. The sweep volt 
age frequency is preferably lower than the scan 
ning rate so that several cycles of ?eld intensity 
variation will appear for observation on the 
screen of the cathode ray tube IS. 
The operator adjusts the directive antenna 

system until substantially no modulation of the 
recti?ed radio-frequency energy appears on the 
screen of cathode ray tube l5. When such con 
dition of zero or minimum modulation is ob 
tained, it is apparent that the pick-up horn l0 
lies on the electrical axis [8 of the conical radia 
tion pattern. An optical target [9 is a?‘ixed to 
and extends a predetermined distance from the 
center of the horn l0. While maintaining the 
adjustment of the directive antenna assembly 
which produced substantially no modulation, as 
outlined above, the optical sight 9 is adjusted in 
azimuth and in elevation to bear upon one of the 
optical targets l9. If the optical sight is trained 
on the target l9 which lies on the same side of 
the axis l8 as does the sight 9, the desired par 
allel relationship will be achieved between the 
optical sighting axis 20 and the electrical axis l8. 
In this manner the orientation of associated ap 
paratus, such as guns and the like, with respect 
to the radar axis may be achieved with great 
accuracy. 

It should be understood that the boresighting 
method herein described is not limited to the spe 
ci?c apparatus shown by way of illustration. For 
example, the pick-up horn l0 may take the form 
of a dipole or any other pick-up device, the choice 
depending largely upon the frequency of the 
radiated energy. Furthermore, the indicator 
circuit shown in Figure 2 may include a suitable 
meter, transducer, or other device whereby the 
operator can measure the recti?ed voltage from 
recti?er l4 and the degree to which it is modu 
lated. In some applications it may be more con 
venient to move the target until it lies on the 
electrical axis, while the directive antenna as 
sembly is kept in a ?xed position. 

It has been found in practice that the null 
point which appears when the target is on the 
electrical axis is exceedingly sharp, and enables 
the operator to accurately boresight the particu 
lar apparatus being adjusted. By means of cable 
l3, the indicator may be placed on the platform 
8, thus enabling one man to perform the entire 
operation. . 

While a speci?c embodiment to carry out the 
method of the present invention has been shown, 
it is obvious that modi?cation within the spirit 
and scope of the invention as de?ned by the 
appended claims may occur to persons skilled in 
the art. 
What is claimed is: 
1. The method of ascertaining the axis of a 

cone described in space by conically scanning a 
directive beam of radio energy comprising the 
steps of directing said beam toward a ?xed pick 
up target, altering the orientation of said beam 
until substantially no periodic ?eld intensity 
variations exist at said pick-up target, and with 
said beam so altered optically sighting between a 
predetermined point ?xedly offset from the ele 
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4 
ment radiating said beam and a predetermined 
point similarly ?xedly onset from said target. 

-2. The method of ascertaining the axis of a 
cone described in space by conically scanning a 
directive beam of radio energy comprising the 
steps of directing said beam toward a pick-up 
target, moving said- target until substantially no 
periodic ?eld intensity variations exist at said 
target, and optically sighting between a prede 
termined point ?xedly o?set from the element 
radiating said beam and a predetermined point 
similarly ?xedly offset from said target. 

8. Test apparatus for ascertaining the axis of a 
cone described in space by conically scanning a 
directive beam of radio energy, comprising in 
combination, a target horn positioned to pick up 
unre?ected energy directed at it by said beam, 
means for altering the spatial position of said 
horn with respect to the source of said radio 
energy, and means for measuring the modulation 
component of the radiated field produced at said 
target horn by said scanning. . 

4. A device for ascertaining the axis of a cone 
described in space by conically scanning a direc 
tive beam of radio energy, comprising in combina 
tion, a target positioned to pick up unre?ected 
energy directed at it by said beam, means for 
altering the spatial position of said target with 
respect to the source of said radio energy, means 
for measuring the modulation component of the 
radiated ?eld produced at said target by said 
scanning, and means for establishing the bearing 
of said target from the source of said radio 
energy. 

5. An apparatus for boresighting ?ring equip 
ment coupled to a directive antenna having a 
conically scanned radiation pattern, comprising 
in combination, a target positioned to pick up un_ 
re?ected radio energy from said antenna, means 
for altering the bearing of said target relative to 
said antenna, means to indicate periodic ?eld in 
tensity variations at said target, and optical 
means coupled to saidv antenna for aligning said 
?ring equipment with said target. 

6. A method for ?xedly adjusting the orienta 
tion of a target sighting device with respect to 
the scanning axis of a scanning apparatus in 
which a directive beam of energy is generated 
and caused to be projected to scan symmetrically 
about a mean axis, comprising directing said scan 
toward a predetermined ?xed target, receiving a 

. portion of said energy at said target, obtaining 
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a sensory indication of variations in said received 
energy, adjusting the mean axis of said scan un 
til said variations are a minimum, and, with the 
mean axis so adjusted, optically sighting by 
means of said device from a predetermined point 
?xedly offset from said mean axis to a prede 
termined point equally ?xedly offset from the 
center of said target to orient said device along 
a line having a predetermined relationship with 
said mean axis. 

7. A method as in claim 6 wherein said directive 
beam is caused to scan conically about said mean 
axis. 

8. In a gun ?ring system in which a target is 
tracked in the axis formed by a beam of energy 
conically scanning a target and in which an 
optical sight forsaid system is ?xedly mounted 
on the scanning apparatus and o?set a prede 
termined distance from the radiating element of 
said apparatus, a method for boresighting the gun 
system with respect to said axis, comprising scan 
ning a predetermined ?xed target, receiving a 
portion of the energy at said target, obtaining an 
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indication of variations in said received energy, 
adjusting the scanning axis until said variations 
are a minimum, and, while maintaining said ad 
justment constant, adjusting the orientation of 
said sight to sight at a ?xed point o?set from 
the center of said target by said predetermined 
distance to orient said sight along a line parallel 
to said axis. 

9. In combination with a radio object-locating 
system having means for generating a directive 
beam of energy and means for projecting said 
beam to scan symmetrically about a mean axis; 
an optical sight a?ixed to said latter means and 
offset therefrom by a predetermined distance, a 
target antenna positioned to be energized directly 
by said beam, an optical target in the same plane 
as said sight, said optical target being a?ixed to 
and o?set from the center of said target antenna 
by said predetermined distance and in the same 
direction as said sight, means for rectifying the 
energy received by said target antenna, means for 
indicating variations in said received energy, 
means for orienting said mean axis until said 
variations are a minimum whereby, when said 
optical sight is aligned with said optical target, 
said sight is positioned in parallel with said mean 
axis. , 

10. In combination with a radio object-locating 
system having means for generating a directive 
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beam of energy and means for projecting said 
beam to scan symmetrically about a mean axis; 
an optical sight affixed to said latter means and 
offset therefrom by a predetermined distance, a 
target antenna positioned to be energized directly 
by said beam, an optical target a?ixed to and 
o?set from the center of said target antenna, 
means for rectifying the energy received by said 
target antenna, means for indicating variations 
in said received energy, means for orienting said 
mean-axis until said variations are a minimum 
whereby, when said optical sight is aligned with 
said optical target, said sight is positioned along 
a line having a predetermined relationship with 
said mean axis. 
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