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ABSTRACT

Nomograms have been prepared to facilitate the calculation of
the minimum jamming range for self screening of ships from enemy radars.
These nomograms are based on theoretical formulas, using parameters which
have been found from experimental tests.

Nomograms are included for the far and near zones, and also one
determining a limiting range due to the first minimum in the radiation
pattern of the jamming antenna. :
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1. INTRODUCTION

1-1. The vertical radiation pattern of a jamming antenna contains
lobe structure of maximums and minimums due to interference of the rays
direct from jammer to receiver and the rays reflected from the sea. As
result, for a given value of jamming antenna height, receivi:‘xg (radar)
antenna height, and wavelength, the received power density will vary as
in Ewzve 3, Flgs 1, as the range is closed.

1-2. The radar transmitter has a similar vertical lobe structure, but
a surface target such as a ship reflects the radar signal from each height
and hence integrates or “fills in" the vertical lobe structure. The power
density of the radar echo returned to the radar receiver is of the form of
Butee 2, Fig. 1, the aspect of the ship being assumed to remain unchanged.
for 'smail values of the range, R, the returned power of the radar signal is
proportional to R~4, while for large R, the power received is proportional
to R™8, These conditions respectively define the so-called near and far zones
of the radar. The physical difference between the zones is that in the far
zone the entire reflecting surface of the ship lies below the first maximum
in the vertical lobe pattern of the transmitter, while in the near zone the
ship spans one or more maximums.

1-3, Jamming will be considered ssosessful if the radar receives more
power from the jammer than from the echo. This has been verified experi-
mentally for random noise jamming. In order to make it apply for other
types of jamming modulation, an "effective" value of jamming power is to
be used, rather than the total power actually radiated. The part of the
total power radiated that is "effective" is a function of the bandwidth
over which it is spread, the type of modulation used, the bandwidth of the
radar receiver, and various other characteristics of the enemy radar, (For
further information on this subject, see, for example, Reference 3.) The

mimmmmt incrgamsi- g range is the least range to which a ship can be taken with-
e ng the echo power above the effective Jammer power, This mini-
Tirated Thiss, ror w1 Taroin® Matn on Fig. 1 Zor the conditions
ree es greater than the ver i
greater than the radar power, and for lesser ranggg'n the rgda?;ox:e ;-313

greater (see Reference 2 for a fulle
r dis
Rnin is the figure to be determined on th:“f;gion of fhis and related points¥),
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1-4. Curve 2, Fige 2, shows a possible situation that illustrates
another practical limitation of jamming range, This curve shows how the
radar echo power varies with range for a smaller ship than the one for
which Fig. 1 was drawn. It can be seen that the ship will be screened
in the second, third, and higher lobes of the jammer pattern, but that
these are nulls in between where janming is not successful. Since the
enemy could get range information in the intervening nulls, it is not
safe to rely on jamming closer than the limit set by the first mull of
the jammer pattern. Hence the first null sets a limitggg range for any
amount of jammer power. 1In order to simplify the determination of this
limiting range, without at the same time introducing any significant error,
it is arbitrarily defined as the range where the direct and sea-reflected
rays are 150° out of phase. At shorter ranges than this, the received power
decreases rapidly, while at greater ranges the variation is much slower,
This point is shown on Fig. 2 as Rjjpe Ry4yp is given by the relation

Rlin = 27?'—?}‘" ()

In this relation, hyp * radar antenna height, = jammer antenna height,
and A = wavelength (all quantities in same uni%s as Ryjpde It can be seen
from this equation that Rjjy, can be decreased by decreasing the height of

the jamming antemna,

1-5. Figs. 1 =~ 3 illustrate four types of situations which may
occur, and should make clear the procedure followed in arriving at the
proper solution, In Figs. 1 and 3, the minimum jamming range occurs in
the far zone, while in Fig. 2 the solutions are in the near zone. For Curve 2,
Fig. 2, the solution is determined by the limiting range Ryjm, rather
than by insufficient jammer power.

1-6, liathematically, it is not possible to solve explicitly the
equations determining minimum jamming range. In practice, therefore,
it is necessary to resort either to a graphical solution or to introduce
approximations, which have varying degrees of accuracy under various jamming
situations. Graphical soclutions are not very convenient when a large range
of variables ha® to be explored, since new curves have to be drawm whenever
a change in made in any one variable, such as radar antenna height, jammer
antemsz height, or frequency. In the past it has been customary, therefore,
to use the first aporoximation for calculating the jamming signal. ' If this
accuracy is sufficient, Chard I, far zone, gives the result with a minimum
of labor., Fowever, with jamming being carried into shorter wavelengths
(S~band) and under more extreme conditions of range and antenna heights,
more accurate values of the minimum jamming range than given by the first
approximation are required. To calculate accurate solutions mathematically
is a very tedious job. The nomograms included in this report have been de-
vised to reduce the labor of this calculation. In order to handle the
various situations illustrated in Figs. 1 = 3, a total of four nomograms
is required. It will seldom be necessary to use them all, however, since
the first nomogram indicates which of the others should be used. A descrip-
tion of the nomograms is given in Section 2, and their use is illustrated by
several examples in Section 5.|
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2-6. If 1<48< 3, the correct solution might be either in the far or
near zone, so both solutions have to be found, and then the lesser of the
two figures would be the correct value. Cufwe 2, Fig, 2, illusiratee the case when
the near zone is proper since Ry, the near zone solution, is less than Rp,
the far zone solution. Cusrve 1, Fig. 3, i1llustrates the otier pmibili%y when Rp,
the far zone result, is less than Ry, the near zone result, and hence Rp
is the correct value for the minimum jamming range.

2-7. The values of the minimum jamming range found from the nomograms
are solutions of certain fixed equations and must be interpreted and used
carefully. They are calculated for standard propagation conditions; there-
fore, no ducts to trap the waves, or subnormal air structures are assumed to
be present. Anomalous propagation affects radar and jammer in the same direc-
tion, but not to the same degree, since the radar has a two-way path against
one way for the jammer.

2-8. The values of 0y, the radar cross section for the near zone, and
the values of K for the far zone, are both tabulated in Table I for the
broadside aspect of the ship. At this aspect the radar reflection from the
ship is strongest, so if screening is complete for the broadside aspect, it
will he screened at any other aspect. Likewise the minimum jamming range
computed for the broadside aspect would be conservatively large for another
mmﬂ(mmasmemwmdnwm,mrmuh%amxamsmuw.rhmd
K are usually 10 db or more higher for the broadside aspect than for other
aspects (see reference 1).

3. DERIVATIO' OF EQUATIONS

3-1. Definitions

3-1-1l. The minimum jamming range is that range at which the radar
signal returned to its receiver is equal to the 'signal received from the

Jjammer. :
3-1-2., The radar cross section of ships in the near zone is de-
fined as
T
r
- = 4TR? —

where Wy = power density at radar receiving antema; W, = free space power
density incident on target; and R = range. Experimentally determined values
of o are available for various ship types and aspects. See Table I.

3-1-3. The radar cross section of ships in the far zone is de-
fined as : .

4
=42 () &
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where hr = height of radar antenna and other symbols are as defined in
© 3-1-2. Values of 0F have been reported (see Reference 1), but it has
been found convenient to use ancther quantity K in its place,

3-1-4. It has been found empirically that for mest ships
6 =K « £4, where f is the frequency in megacycles, and K a constant
typical of the ship. Values of K are given in Table I.

3-2. The power received back from the radar echo when the target
is in the far zone is rPy

= PrGrz‘%4 »\2 ¥

rP
(&r0)3 g8

r

. (2)

Thée nower received from the jammer is er _

PjG:G f2 hhj
i (ngzz,,mz\ r), -

; (4)
(4'?'?) 5%

where Pr = peak trancmitted radar power, P4 = effective jammer power,

Gr = gain of.radar antenna over isetropic radiater, Gy = gain of jammer

anterna over isotropic radiater, hy = heisht of radar antenna, hy = height

of jammer antenns, A = wavelength R = range to target, 0p = far-zone radar

cross section of +arget ship, A = 27T hphs/ A R. If we introduce the approxi-

mation sin A = A, which is valid for smali values of A, we obtain

2

: P:G1G h,hs

rpy = S0 B | (5)
R s

3-3. Equating rP, and rPj to get approximate minimum jamming range

1

2 .

PrG. A Ue

Rapprox © ( rh; ) (6)
\(.'JT) PJGjhj

gives

if the solution lies in the far zone. Using the relationdp =K °* f‘!‘,
this equation can be reduced to

R /‘Prﬂrhrzl‘:eé
approx LPjGjh.jz)‘ (4.”.)5_1

(7)

where ¢ = 300 m/psec.
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3-4. The nomogram on Chart I for the far zone (sequence of numbers at
top of chart), solves Eq. (7) for Rapproxe This yields the equivalent of
point B in Fig. 1, since the approximation sin A = A was used. This is the
approximation most commonly used for calculations. To correct for the error
resulting from this approximation, Chart IT is used. On Chart II, the far -
zone operations give A,,..ox in radians gn scale (7). On the other side of
the same line, the ratio (Ap;,/sin A ;,)2 is marked off for corresponding
values of Agpprox. This ratio is the correction factor "C",

3-5. The correction factor, C, is found as follows. Equating (2)
and (3), P G h %o
e e f @)
in " . * '
167TP5a5°sin” L
i ARnin

This can be rearranged to give

2
27T h. hj
. PrGrhrz.}\zaf ( hHmJJ:..n ) = Rza- N ( Am:m )2 (9)
in 3 5 * " apprex |\TT k.
(470)P3G3h; S,mg( 27T hrhy) 5in Byt
ARpin /
From (9), the correction factor C is
c=_= =/ Zmin e (10)

In order to find this ratio, Aapprox is first found {first 7 steps on
Chart II). Then, since : '

C = Bmin = ltlap'ox_'ox % (11)

Rapprox Anin

(10) and (11) together give

.
Aapprox = (EEEE___:} . (12)

sin Aminf

(12) may be solved numerically to give corresponding values of Apin and
Agyproxs @nd then C determined from (11). This was done in order to con-
struct the C scale. The end value of C = 2,2 which appears on the nomogran
was chosen to correspond closely to the condition of Rjjn, as defined in
paragraph 1-5. If C > 2.2, Rypprox must be increased until € = 2.2 and
then Reogpp found. ]
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3-6. For the near zone,

- PrGr2A e
rP. —W) . _(13)

P 2 2
rPy = Ef_;-l?—;—}_i 4 sinz(jxll;—hi) (14)
R

However, these formulas cannot be equated and R solved for explicitly since
sin A cannot here be set equal to A. Recourse is taken to two quantities

/8 and Ryim:
Ryyp = ﬂxhr_h.i (by definition) (15)
Bt | (16)

Equating (13) and (14) and substituting in (15) and (16), gives

PTG A= 65

3-7. The left-hand member of (17) is the quantity Q shown on Figs. 2
and 3, Tt is the ratio of the received jamming power (with sin A = A) to
radar echo power at any range in the near zone. Both these powers are pro-
portional to R"4. On Fig. 2, £ is the ratio of Ry to Ryjy. The right-hand
member of (17) gives/3 as a function of Q. The unlabelled scale on the left
side of scale (15), Chart I, near zone, gives Q. Chart I, near zone, solves
(17) for /3 ; Chart II, near zone, uses this value of/S and solves (15) and
(16) to find Rmin'

3-8. If Q< 1, which would mean B = ©0, it can be seen from Fig. 2
that the solution would lie in the far zone. If Q > 27.3, Rj would be less
than R1jy and B < 1; therefore Rjim would be used for Rpin. For 1< Q <27,
that is 1< < 3 , both near and far zone solutions are possible and both
must be solved for., Until both have been found and the smaller value selected,
it is impossible to tell which will be correct. This amounts to discrimi-
nating between the conditions of Curve 1 of Fig. 2 and Curve 1 of Fig. 3.
The smaller value of range will always be the correct one,

4o SUMMARY OF PROCEDURE

4=1l. In using the nomograms, the following symbols are used with the
units indicated:’

‘ Sheet 7 of 10
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P
§

= Peak power of radar trahsmitter s in watts.

= Bffective power of jammer, in watts.

e
1

Gy = Gain of radar antenna over isotropic radiator, in db.

Gain of jammer antemna over isotropic radiator, in db.

Height of radar antenna, in feet.

&2
]

Height of jammer antenna, in feet.
Wawelength, in meters.

Near-zone radar cross section of ship, in (meters)Z2.

moBl > 8
]

Quantity determining far-zone radar cross section of ship obtained
from Table I.

R = Range, in yards,
4-2. (a) On Chart I, near zope, find/d #
(b) If B > 3.0, go to far zone, Chart I and II, immediately.

(e) If A< 1, go to (nart II, near zone, and use Ryjn on Scale
(5) for Bpine

(d) For 1< B <3, use Chart II, near zone, and find Rpjne Also
find Rpgy from far zone and use the lesser of the two values.

(e) Whenever Ryin for the far zone is needed, use both Charts I
and II to get the correct value.

4-2-1. Llarge size work sheets are available on request. Their
classification is RESTRICTED since the scales are unlabelled.

4=3. Warnings
4=3-1. For all near-zone calculations, use the sequence of opera-
tions indicated by the encircled numbers at the bottom of the charts; for far

zone, those at the top of the charts. Use the scale on the same side of the
line as the number and in the units shown on the sample.

4=3-2. There is a discontinuity in the sequence of Chart II, far
zone, between (7) and (8), as explained in paragraph 2-4.

4=3-3, If the correction factor C for the far zone lies in the “Go"
region, C may be taken as unity. If C lies in the "Mo-Go" region, Rapprox
must be increased until C reaches 2.2 and then Reorrected found.

Lk e buid Sheet 8 of 10
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5. EXAMPLES

5~1. On the worksheets there are no labels on the scales, in order
that the classification of RESTRICTED may be maintained, so there are en-
closed two samples showing which quantities belong on the various scales.
Iwo examples are also worked out for the following conditions:

Far Zone: G, = 38 db Gy =12 db
P, = 100 watts hj = 30 feet
h, = 102 mxsﬁ ' Kk=10°
Py = 5,103 watts Rpin = 9500 yards (Approx. Chart I)
A = 0.2 meter Roorr = 10500 yards (from Chart II)
Near Zone: Gp =19 db Gy = 8 db
Chart I
P, = 105 watts hy =120 feet
hy = 400 feet 0g = 108 meters?
Py = 102 watts B =1.55
. >\ = 0.1 meter
Chart II  h. = 102 feet B = 1.40
A = 0.2 meter Rpin = 5000 yards
hj = 30 feet |

5-2« On the samples, numbers in squares indicate values for the far
zone; rumbers in triangles show near zone case. '

5-3. Then a worksheet is labelled, its classification becomes SECRET,
6. REFERENCES

6~1. MNRL Special Reports I-VI, "Radar Cross Section of Ship Targets",
RA BA 213A, R"'2232, R"’2295’ R"'2332’ R-246'6! R-2467.

6-2. NRL Report R=2435 ~"Considerations in the Tactical Use of Centi-
nmeter Wave Radar Jamming Systems.”

6-3. NRL Report R-2498 -"Dependence of the Effectiveness of Clipped
Noise Jamming on Receiver Bandwidth," (In preparation).
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Type of

il Mool e

Table 1

5o (meters)2
Broadsides)
400 Me 560 Mc 700 Ue
1.2x106 8.5x106
4.7x106 ,
7.0x103 2.4x10°
2.5x105  1,1x100
2.1x10°
1.3x104 8.3x104

£S (Burf) 1.2x102

APA

DECLASSIFIED

K (far zone)

970 Me 3060 Mc . (Broadsides)
. 2.13:103 1.6x104
3.1x10 1,8x10 6.0x10%
2,0x107 2.7x104
9.4x106 5,0x103
1,7x108 1.2x10%
5,0x106 1.3x107 1.,0x104
1.5x106 5,0x107 7,5x103
1.7x108 1.0x103-
0.3
1,7x107 1.9x10%
5.4x107 9.4x105 1.6x102
5,4x105
9.0x106 3,65107 9,0x103
Table I
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