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Gj = gain of jammer antenna (assumed to be 1. 995)
Rz = distance from target to missile
R1 = distance from interceptor to missile.
From the above, and assuming that jamming of a final period of the missile time of
flight (equivalent to approximately 3 missile time constants) is not effective in changing

the miss distance, the jamming power required can be calculated. The distances R, and
R, are calculated from the 3-time-constant philosophy as shown in Fig. 9,

R, 3320 _
R.= 12487 ~ 0.266 (11)
200 X 10°X 19985 X 31. 6 (0.266)% X 10
P, = 1,995 (12)
= 4470 megawatts. (13)

This amount of power is obviously not economically practical for airborne jamming.
It was calculated above that 4470 megawatts would be required to jam that part of Sparrow
IA guidance intelligence which is transmitted via the AI radar beam. These calculations
included only the error magnitude channel, It is now of interest to make a similar investi-
gation for the separate phase reference (SPR) channel. In this case,

P, =10 watts CW (uhf transmitter)

G, =10
F/B =12db
J/s =1
G] =1.995
Pj _10x10 T.1959.585 X (0.266)>X 1 (14)
P]. = 56. 2 watts. (15)

This small amount of power easily can be generated at the uhf reference channel fre-
guency by an enemy jammer. It can therefore be anticipated that the SPR channel will be
jammed. It should be noted, in comparing the equations used in the calculation of required
jammer power, that jammer power is directly proportional to the interceptor uhf antenna
gain and transmitted uhf power. One way of increasing the value of these parameters is
to return to a properly designed angle beam FM-PRR guidance system. Such a system
is 7.95 X 107 times as difficult to jam. In a countermeasures comparison between FM-PRR
and SPR-CW a contractor report (6) compared an apparently obsolete FM-PRR system with
the proposed SPR-CW system. Table II of that report gives a quantity -12 db as the J/S
ratio to be expected in an FM-PRR system. There is no reason why J/S ratio for FM-PRR
should be markedly different from that existing in the standard AI radars where the ratio
is of the order of +10.db for CW jamming.
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Fig. 19 - Sparrow II angle track loop
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Fig. 20 - Sparrow Il demodulation process

Data presented by the contractor shows that the closed angle tracking loop of the sys-
tem has a bandwidth varying from 1 to 4.56 rad/sec as a function of speed, altitude, and
range. This appears to be compatible with the tactical situation. In addition, the transient
response of the over-all angle tracking loop appears such that extraneous noise will not
introduce violent missile motion.

The flap servo bandwidth appears to be slightly greater than that necessary to make
the missile system stable. This increased bandwidth will result in flap noise slightly
greater than desirable in the presence of countermeasures.

It is now of interest to determine the effects of deceptive angle jamming on the
Sparrow II seeker. Angle jamming can be most easily accomplished by amplitude modu-
lation of the jamming signal at or near the scan frequency. Examination of the angle track-
ing bandwidth information supplied by the contractor shows that the jammer would have
to get within 1 cycle of the scan rate to result in missile motions of such a magnitude as
to produce degration of the tracking performance.
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Conclusions and Recommendations

It is recommended that a design study be undertaken to investigate in more detail
the possible design deficiencies of the Sparrow 1I system, some of which are described
above, It is further recommended that this study be based upon expected tactical situ-
ations. Modification of Sparrow II should be directed first toward insuring that the
seeker will perform satisfactorily in its natural environment. Such things as reduction
of redundant or overcomplex circuits, bandwidth limiting, narrowed gate width, etc.
will result in improved operation in the natural environment as well as in the presence
of jamming. In addition, the effects of the current synchronous scheme on missile
auxiliaries (Al radar) are deemed undesirable, It is recommended that a system be
developed which does not place present limitations on the AI radar and the seeker. The
system chosen should not restrict flexibility of operation of the Al radar, the missile,
or the interceptor aircraft.

Redundant Systems

It has been suggested that redundant systems may be a useful defense against several
jamming techniques. Among such schemes considered is injection of K-band energy
through appropriate plumbing into the X-band AI radar antenna system. In a situation
where range tracking is lost by the AI radar but homing on the jammer is possible, the
range information needed for launching computation can be obtained via the K-band
injected energy. The Sparrow II guidance contractor is currently studying this problem,
Two possible solutions are being investigated. The first is injection of K-band energy
into the Al dish via an array of slots cut-into the dish. The second is use of a dual fre-
quency feed such that the dish is illuminated by both K-band and X-band energy. Both
of these schemes appear feasible and require only sufficient time for development. An
advantage to be gained by such a technique is that it requires the enemy to carry equip-
ment to jam both frequencies. A disadvantage to be weighed against this, is that it
requires the interceptor aircraft to carry an additional ranging radar (Sparrow II seeker)
from which range information for launching Sparrow II can be obtained.

If redundant ranging information of the accuracy required for launching other weapons
(guns, rockets) is desired, an extensive redesign would be necessary to make the current
Sparrow II range circuitry, or Al radar range unit, compatible with the problem. The
Sparrow II range unit is not sufficiently accurate for the generation of lead angles within
tolerable error for guns and rockets. The current Al radar range tracking circuits were
not designed to cope with the pulse lengths typical of Sparrow II and thus are unsuitable
for the redundant system without modification. Current Navy doctrine stresses design
permitting weapon diversity (guns, rockets, and missiles). In accordance with this
doctrine, redundant systems would be required by specification to have sufficient accuracy
to launch all of these weapons with a high kill probability. The K-band injection techniques,
as currently proposed, would limit weapons to the Sparrow II in the presence of X-band Al
radar jamming.

It was mentioned above that the K-band injection schemes described, while practicable,
will require development time, During this period it is not improbable that the enemy will
have developed a K-band jammer. This reduces to some extent the potential advantage of
the scheme. All of the above arguments, moreover, assume Al radar capability for homing-
on-jamming in angle.
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cause the seeker to corkscrew around the target at the 100% modulation level (15}. This
difficulty has been discussed with the contractor. Agreement was reached concerning the
mechanization of the seeker in relation to this type of countermeasures. The contractor
stated that the only reason for the current 2-Mc bandwidth was ease of manufacturing.
Effort will be made to tailor the bandwidth of the i-f to that of the video. It should be
noted that the noncrosshatched response to the left of the ordinate axis of Fig. 26 is a
spurious sideband response (for receding targets) into which a jamming signal could be
placed. This spurious response should be eliminated.
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Fig. 26 -~ Sparrow III response curve of receiver

The Sparrow III seeker appears to be relatively safe from common forms of brute
force jamming (15). For example measurements at NAMTC show that CW jamming requires
51 to 54 db J/S ratio, AM noise jamming (10-Mc bandwidth) requires 30 db J/S ratio, and
10-Mc bandwidth noise FM 7 Mc requires 40 db J/S ratio. However, as described pre-
viously, a jammer sweeping at 1 to 2 cps could overload the receiver and cause cross-
modulation. This type of jamming is a very probable type because current jammers of the
ALT-2 type can sweep the band in the time required to cause the cross modulation. Sweep
jammers can cover a wide enough band to affect both AI radar and seeker. However, the
1 or 2 cycle modulation (either from AM or sweep sources) will not affect the pulsed Al
radar.

Parameters in the system which relate to countermeasures vulnerability are the
relationship between the bandwidths required by the tactical problem and those mechanized
by the contractor. Of additional interest is the transient performance of the equipment.
Analysis of data furnished by the contractor shows that the system closed-loop bandwidth
varies between about 1 and 6 radians as a function of range, altitude, and relative velocity.
This bandwidth appears to be quite adequate to handle the tactical requirements but not so
large as to represent a vulnerable point either for environmental or intentional jamiming.
Furthermore, the bandwidth is proportioned in the loop so that no part of the over-all loop
has excessive bandwidth. Thus, noise should not be expected to saturate one portion of the
loop before others.

The transient performance of the equipment as stated by the contractor, and checked
by analysis of his data, shows that no violent maneuver other than that which could be sup-

plied by a target should be induced either by countermeasures or by the natural environ-
ment (fading, clutter, etc.). *
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