JAMMING TO SIGNAL (J/S) RATIO - CONSTANT GAIN [LINEAR] JAMMING

JAMMING TO SIGNAL (JS) RATIO (MONOSTATIC)
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or if simplified radar equations developed in previous sections are used: ft2 -48.86 11.14

10log JS = 10log Giary) * 10log G+ 10log Gjax) - Co (dB)

* Kegp A andoinsameunits.  Note: A = c/f
JAMMING TO SIGNAL (JS) RATIO (BISTATIC)

Same as the monostatic case except G, will be different since RCS (o) varies with aspect angle.
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(saturated) region is reached rapidly as Figure 1. Sample Constant Gain/Constant Power Graph

thetarget approaches theradar. When

a constant gain jammer is involved it

may be necessary to plot jamming twice - once using J from the constant power (saturated) equation [1] in Section 4-7 and
once using the constant gain (linear) equation [4], as in the example shown in Figure 1.
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CONSTANT GAIN SELF PROTECTION DECM

Most jammers have a constant power output - that is, they always transmit the maximum available power
of the transmitter (excepting desired ECM modulation). Some jammers also have a constant gain (linear) region. Usually
these are coherent repeaters that can amplify a low level radar signal to a power that is below the level that resultsin
maximum available (saturated) power output. At some radar to target range, the input signal is sufficiently high that the

full jammer gain would exceed the maximum available power and the jammer ceases to be constant gain and becomes
constant power.

To calculate the power output of a constant gain jammer where:

SRJ- = The Radar signal at the jammer input (receive antennaterminals)

Gjarx) = TheGain of the jammer receive antenna

G]- = The gain of thejammer

0Ty = The one-way free space loss from the radar to the target

che = Thejammer constant gain power output

= The maximum jammer power output

Lr = The jammer receiving line loss, combine with antenna gain Gja(RX)

From equation [10], Section 4-3, calculate the radar power received by the jammer.
10log SRJ- = 10log P, + 10log G; - a1, + 10l0g Gja(RX) (factorsin dB) [1]

Thejamme_r gqnstant gain power output is: 10log che =10log SRJ- + 10log G]- a [2]
and, by definition: che < PJ [3]

MONOSTATIC

The equivalent circuit shown in Figure 2 is different from the constant power equivalent circuit in Figure 4 in

Section 4-7. With constant gain, the jamming signal experiences the gain of the jammer and its antennas plus the same
space loss as the radar signal.

JAMMER CONSTANT GAIN (LINEAR) JAMMER RECEIVER
ANTENNA GAIN
EQUIVALENT CIRCUIT (MONOSTATIC) — >
(o , ONE-WAY SPACE LOSS S
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P L (o , ONE-WAY SPACE LOSS
r 1 or Jx
RJX
—~ A\ G
(TOTAL SIGNAL= J +S) JAMMER TRANSMITTER
ANTENNA GAIN ( Gy )
SIGNAL = POWER + GAINS - LOSSES (in dB)
For Monostatic: Rrx = Rwx ORrRx = Ox = O1x = O1

Figure 2. Jammer Constant Gain ECM Equivalent Circuit (Monostatic)
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To calculate J, the one way range equation from Section 4-3 is used twice:

_ P.GGiary A2 GGy G A2
(4nR)? (4nR)?
2
From the two way range equation in Section4-4: g - P.GG A%0
(4n)3R*
Terms cancel when combined: % - Cjary jJGJa(Tx 5 Keep A and o in units
TO

OrindB form: 10log JS= 10log Giary) * 10log G+ 10log G; ja(TX) ™ 10log (4mo/A?)

Since the |ast term can be recognized as minus G, from equation [10] in Section 4-4, where

the target gain factor, G, = 10log (4n0/A?) = 10Iog (4o £2/c?), it follows that:

10log JS = 10log G; ja(Rx) T 10log G+ 10log Giamy) - Go (factorsin dB)

Target gain factor, G, = 10log o + 20log f; + K, (in dB)
K, Values
(dB) RCS(o) fiinMHz f;inGHz
(units) K,= K,=
m? -38.54 21.46
i -48.86 11.14

BISTATIC

[4]

(5]

[6]

[7]

(8]

The bistatic equivaent circuit shown in Figure 3 is different from the monostatic equivalent circuit shown in
Figure 2 in thet the receiver is separately located from the transmitter, Ry, # Rg, or Ry, and G, will be different since the

RCS (o) varies with aspect angle.
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EQUIVALENT CIRCUIT (BISTATIC) >
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\ RECEIVER VN —<
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(TOTAL SIGNAL= J +S)

SIGNAL = POWER + GAINS - LOSSES (in dB)
For Bistatic: Rrx = Rx # R ORrRx = O # OTx

JAMMER TRANSMITTER
ANTENNA GAIN ( Gy )

Figure3. Jammer Constant Gain ECM Equivalent Circuit (Bistatic)
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To calculate J, the one way range equation from Section 4-3 is used twice:
~ RGG A2 GG 7y G, A2

t—t —ja(RY) J —ja(Tx) (Ry = Rry) [9]
(4nR,)? (4nR,)?
L : P,G,G, A%0’ e
From the two way range equation in Section4-4:. S-=_**' 1T (o” ishistatic RCS) [10]
(4m)°Re Re,
Termscancel when combined: ~ J _ Siary G Giary A Keep A and o in same units [11]
S 4o’
OrindB form: 10log JS= 10log G-a(RX) + 10log G- + 10log G-a(TX) - 10log (4mto"/A2) [12]

Since the |ast term can be recognized as minus G, from equation [10] in Section 4-4, where
the target gain factor, G, = 10log (4no"/A%) = 101 og (4mo’f %/c?), it follows that:

10log = 10log Gja(RX) + 10log G]- + 10log Gja(TX) -G, (factorsin dB) [13]

Target gain factor, G, = 10log o + 20log f; + K, (in dB)

K, Values
(dB) RCS(o) f;inMHz f;inGHz
(units) K,= K,=
m? -38.54 21.46
ft2 -48.86 11.14

Linear JS (Monostatic) Example (Linear Power Jamming)

Assumethat a5 GHz radar has a 70 dBm signal fed through a5 dB loss transmission line to an antennathat has
45dB gain. Anaircraft that isflying 31 km from the radar has an aft EW antennawith -1 dB gain and a5 dB line lossto
the EW receiver (there is an additional loss due to any antenna polarization mismatch but that loss will not be addressed
inthis problem). Thereceived signd isfed to ajammer with a gain of 60 dB, feeding a 10 dB loss transmission line which
is connected to an antennawith 5 dB gain.

If the RCS of the aircraft is9 m?, what isthe J/Slevel received at the input to the receiver of the tracking radar?

Answer:
10log JS = 10log Gjury) + 10l0g G; + 10l0g Gjyry) - G,

G, =10log o + 20log f; + K, = 10log 9 + 20log 5 + 21.46 = 44.98 dB
Note: The respective transmission line losses will be combined with antennagains, i.e.-1-5=-6 dB and-10+5=-5dB
10log JS=-6+60-5-44.98=4.02dB @ 5 GHz

The answer changesto 1.1 dB if thetracking radar operates at 7 GHz provided the antenna gains and aircraft RCS
arethe same at both 5 and 7 GHz.

G,=10log 9 + 20log 7 + 21.46 = 47.9dB
10log JS=-6+60-5-47.9=1.1dB @ 7 GHz

Separate J(-73.5dBm @ 5 GHz and -79.34 dBm @ 7 GHz) and S (-77.52 dBm @ 5 GHz and -80.44 dBm @ 7
GH2z) calculations for this problem are provided in Sections 4-3 and 4-4, respectively. A saturated gain version of this
problem is provided in Section 4-7.
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