GP265/EE355

1. a) wavelength: 24 cm

Handout #9
Solutions for Homework Set No 1

Signal to Noise Ratio B Table

alue db
WWavelength 0.24
Transmit power 2500 34.0
Cahble losses 07543 -1.0
4 12.5664 1.0
Antenna efficiency 0.5 -3.0
Antenna size 0.5 -3.0
S 17,3611 12.4
14 0.0796 -11.0
1R 4 44E-09 B35
Object size &0 17.0
Ohject a° 0.0316 -15.0
1A 0.0796 -11.0
1R 4 44E-09 835
Antenna efficiency 0.5 -3.0
Antenna size 0.5 -3.0
Cahle losses 0.7943 -1.0
Signal poweer 1437
Boltzrmann's constant 1.38E-23 2286
Moise temperature a0a 295
Systern bandwidth 1.00E+HI5 BO.0
Moise power -139.1
Signal to noise ratio 0.34 -4.7




b) wavelength: 3 cm

Signal to Noise Ratio oB Table

alue dB
Wavelength 0.0
Transmit power 2500 34.0
Cahle losses 0.7943 -1.0
4T 12 5664 11.0
Antenna efficiency 0.5 -3.0
Antenna size 0.5 -3.0
/42 11111111 J0.5
14T 0.0796 -11.0
1/R? 4 44E-09 B35
Object size a0 17.0
Object o 0.0316 -15.0
147 0.0796 -11.0
1/R? 4 44E-09 835
Antenna efficiency 0.5 -3.0
Antenna size 0.5 -3.0
Cable losses 0.7943 -1.0
Signal power 1257
Boltzmann's canstant 1.38E-23 228k
Moise temperature 800 295
System bandwidth 1.00E+HIE k0.0
Moise power -139.1
Signal to noise ratio 21.92 13.4

For a fixed size antenna, gain goesA—]a,shence the increase in SNR.
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2. a) The antenna must illuminate from 3452.7, a beamwidth of 182
Calculate antenna width:

A
18.2° = 0.32rad = D — D =0.75m
Antenna gain = = 4mX058x2 — 397 95 or 25.2 dB
Using the value to the center of the swath as the distance, the range is
11,312 m.

How about the scattering area? The along-track dimension is

A 11312 24
TT — % — 1357m

In the across-track dimension, we use the projected area of the pulse. The
pulse length is As, so the transmit pulse length in meters is

T:%:3X108X21X106:150m

Based on our incidence angle of°4projected on the ground we have a
length of
pulse length(m) 150

— = — = 212m
sin i sin 45°

length =



So the total scattering areali357 x 212 = 287, 684m?.

My dB table looks like this (yours may differ): Note | easily achieve a very
high SNR.

Signal to Noise Ratio dB Table

“alue dB
YWavelength 024
Transrmit power 1an0 J0.0
Cable losses 0.7/943 -1.0
4 12.5664 11.0
Antenna efficiency 0.5 -3.0
Antenna length 2 3.0
Antenna width 0.76380 -1.1
s 173611 12.4
1 0.0796 -11.0
1R 7.51E-09 511
¢ (speed of light) 3.00E+13 4.8
pulse length 1.00E-06 -B0.0
1/25inf) 7.07E-01 -1.4
Rifantenna length 1.36E+13 3.3
of 0.0316 -15.0
Antenna efficiency 0.5 -3.0
Antenna area 1.5360 1.9
Cable losses 0.7943 -1.0
14 0.0796 -11.0
1/RE 7.81E-09 -81.1
Signal power 954
Baltzmann's canstant 1.38E-23 -2286
Moise temperature 1000 30.0
Systemn bandwidth 1.00E+HIG BO.0O
Moise power -138.6
Signal to noise ratio 2071015 43.2




b) If we change the wavelength to 6 cm, a factor of four, we must decrease
the antenna width by the same factor to keep the beamwidth the same.
Hence the antenna is nawx 0.19m. Note that this changes the antenna
gain andhe scattering area:

Signal to Noise Ratio dB Table

Walue dB
Wavelength 0.0&
Transmit power 1000 300
Cable losses 0.7943 -1.0
4 12 5664 11.0
Antenna eficiency IR -3.0
Antenna length 2 3.0
Antenna width 0.1920 7.2
172 20778 24.4
144w 0.0796 -11.0
1R 7.51E-09 B1.1
c [speed of light) J.00E+HIS G4.58
pulse length 1.00E-0& 0.0
1/i2sing) 7.O7E-01 -1.5
Ri/Antenna length 3.39E+H2 253
o’ 0.0316 -15.0
Antenna efficiency 0.5 -3.0
Antenna area 0.3840 -4.2
Cable losses 07243 -1.0
144 0.0796 -11.0
1R 7.51E-09 B1.1
Signal power -101.5
Boltzmann's constant 1.38E-23 286
Moise temperature 1000 30.0
System bhandwidth 1.00E-+1& B0.0
Moise power -1386
Signal to noise ratio 5177 .54 371




Signal to Noise Ratio dB Table

alue dB
Wavelength 0.0z
Transmit power 1000 30.0
Cable logses 0.7943 -1.0
A1 12.5664 11.0
Antenna efficiency 05 -3.0
Antenna length 2 3.0
Antenna width 0.0640 -11.9
1782 2500.0000 34.0
14 0.0796 -11.0
1/R? 7.81E-09 1.1
¢ [speed of light) 3.00E+H13 84.8
pulse length 1.00E-06 -£0.0
1/2sinf) 7.07E-01 -1.5
Rafantenna length 1.13E+H12 205
o’ 0.0316 150
Antenna efficiency 045 -3.0
Antenna area 0.1230 3.9
Cable losses 0.7943 -1.0
14 0.0795 -11.0
1R 7.81E-09 -81.1
Signal power -10B.2
Baltzmann's constant 1.38E-23 -8 6
Moise temperature 1000 300
Systemn bandwidth 1.00EHIB 60.0
Maise power -138.6
Signal to noise ratio 172685 32.4

c) For a fixed swath, decreased antenna area lgpexfermance with
increasing frequency. In question (1) performance increased because the
target filled greater percentage of the physical antenna beam.



