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PROBLEM SET 13

Topics: RADAR systems.

1. The Moon can be considered to be a smooth sphere at 100 MHz. If it is 1738 km in radius
and 3.844× 108 m from the surface of the earth,

(a) Calculate the radar cross-section.

(b) What is the minimum amount of power you need to transmit in order to see an echo
return from the Moon if the minimum useful received power is −140 dBW, and you
have a 10 m diameter antenna with 60% aperture efficiency?

2. A spherical balloon, in a circular orbit around the earth, has a period of 93.54 minutes at an
altitude of 250 km. The balloon is 30 m in diameter and is highly reflective. It is necessary
to track the balloon with a 10 GHz radar from a station located directly under its orbit.

(a) Determine the maximum range to the balloon if atmospheric refraction is ignored and
the minimum useable elevation angle is 0 degrees.

(b) Find the maximum expected Doppler shift.

(c) Calculate the equivalent flat-plate area of the balloon.

(d) If the radar antenna is a 5 m diameter circular parabolic reflector with an aperture effi-
ciency of 55% and no losses, calculate the transmitter power required if the minimum
useful received power is −130 dBW.

(e) By how much is the received power diminished if the path is through a 150 mm/hr rain
cell with an effective path length of 3 km? For the rain cell at 10 GHz, k = 0.01 and
α = 1.2.

3. A 20 GHz collision avoidance radar uses a rectangular aperture antenna mounted on the
bumper of a car. To avoid false warnings from parked cars and other obstacles on the side
of the road, the half-power beamwidth on the horizontal plane should be 10 m at a range of
250 m. To avoid returns from bridges crossing the highway, the vertical beamwidth should
be one-half as much (see Figure 3).

(a) What are the aperture antenna dimensions and its gain?



(b) To detect an object of radar cross section 1 m2 at a range of 300 m, with an SNR =
30 dB, what is the required transmit power? Assume a system noise temperature of
1200 K, a bandwidth of 5 MHz and no losses.

(c) To warn of clear-distance decrease rates of 9 m/sec or more, what Doppler shift must
the radar be able to detect?

(d) Choose the pulse repetition frequency (PRF) of the radar for its maximum unambiguous
range to be at least 600 m.

Figure 1: RADAR antenna beam

4. A monostatic pulse radar system, operating at 10 GHz, employs a circular aperture antenna
of gain G = 30 dB and uses a transmit power Wt = 200 kW. Its pulse width is τ = 1 µs
and its bandwidth is B = 1 MHz. The block diagram of the radar receiver (consisting of an
antenna, a mixer and a filter) is shown in Figure 4.

Figure 2: RADAR receiver

As shown, the antenna noise temperature is TA = 200 K, the mixer loss L1 = 10 dB and
the mixer noise figure FN,1 = 3 dB, while the filter noise figure FN,2 = 6 dB. The signal
to noise ratio at the output of this chain (SNRout) should be greater than 10 dB to enable
reliable target detection.



(a) Disregarding losses, what is the maximum distance at which the radar could detect a
σ = 5 m2 target, based on the required SNRout? What is the minimum pulse repetition
interval tr for unambiguous detection at this distance?

(b) Consider the case of two targets shown in 3. What is the minimum value of ∆θ =
|θ1 − θ2| and ∆R = |R1 −R2| for the pulse radar of this question to be able to resolve
these targets? Qualitatively explain the conditions you used to derive these values.

Figure 3: RADAR targets

5. A K-band RADAR is used for speed limit enforcement on highways. The RADAR shown
in Figure 4 is used to determine the velocity v of an approaching vehicle using an 18 GHz
microwave signal. It uses a 20 dBi gain antenna for both transmitting and receiving radar
signals. The radar uses a transmitter with a power of 100 W which is applied to the antenna
terminals.

Figure 4: Radar speed enforcement

(a) If the received power from the antenna is 0.280 pW when R = 1 km, determine the
radar cross section of the vehicle, ignoring losses other than free space loss in the
calculation.

(b) Determine the frequency of the received signal if the vehicle is travelling at 140 km/h.



(c) The receiver temperature of the radar is 2100 K, the antenna temperature is 400 K, and
the receiver bandwidth is 200 kHz. If a minimum CNR of 10 dB is required to correctly
estimate the velocity of the vehicle, determine the maximum range of the radar.

(d) If the radar antenna is replaced with a rectangular aperture of dimensions 20 cm × 10
cm, and the aperture is 100% efficient, determine the new range of the radar. Note all
pertinent assumptions being made about the new antenna in this calculation.

(e) The vehicle is equipped with a radar detector (microwave receiver) to detect incoming
radar signals. Suppose the receiver uses a 100% efficient half-wave dipole and a re-
ceiver circuit with a sensitivity (Wr,min) of -50 dBm. Determine the range of the radar
detector and the minimum time (in seconds) the driver has to slow down to the posted
speed limit of 100 km/h before being detected. Assume the radar is using the original
(20 dBi) antenna.

6. A passive RADAR system is designed to use strong transmitters already in the environment,
such as FM radio and TV stations, to produce the illuminating radio signal. Figure 5 shows
a passive RADAR system which uses TV transmissions from the CN Tower to determine the
velocity of a moving vehicle by measuring the Doppler frequency of the target. By definition
it is a bistatic RADAR.

RADAR
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Figure 5: Passive RADAR system using emissions from the CN Tower

Consider using transmission from CBC (callsign CBLT, f = 79 MHz, Wt = 106.9 kW, ht =
491 m) to detect the speed of a vehicle moving 100 km/h directly towards the receiver. The
transmitter employs a half-wave dipole for transmission. The vehicle is located R1 = 40 km
from the transmitter, while the receiver is located R2 = 500 m from the vehicle at the time
the velocity is measured. The antenna noise temperature is 170 K. The receiver has a noise
figure of 10 dB and a bandwidth of 6 MHz.

(a) Determine the power density produced at the RADAR receiver, if the vehicle has a
radar cross section of σ = 1 m2. Ignore losses beyond free-space loss.

(b) If the receive antenna has a gain of Gr = 12 dBi, determine the frequency of the
received signal from the RADAR target and the CNR.



(c) Determine the gain of the receive antenna needed to detect a σ = 1 m2 target with a
CNR of 20 dB or more, if a link margin of 6 dB is required.

(d) Determine the minimum area of a flat plate RADAR target that can be successfully
detected by the system.

(e) Given the availability of such high-EIRP transmitters, the passive RADAR system is
greatly simplified compared to an active RADAR system. However, can you think of
drawbacks or challenges associated with the system that might complicate the imple-
mentation, and possible solutions? Justify your answer, using calculations if needed.

7. A Doppler radar system is used to determine the velocity of a baseball thrown by a pitcher
at a Toronto Blue Jays game. The system uses a monostatic radar operating at 10 GHz as
shown in Figure 6. The transmitter (not shown) and receiver share the same antenna.

Figure 6: Doppler radar receiver used for measuring baseball velocity

(a) If the maximum baseball speed the radar system is designed to detect is 200 km/h,
determine the associated Doppler frequency (shift). What is the frequency of the signal
received by the radar? If the radar receiver filter is ideal and set to have a bandwidth
equal to to the maximum anticipated Doppler frequency, determine the noise power at
the output of the antenna (point A in Figure 4).

(b) Determine the signal-to-noise ratio at point A (prior to connection to the receiver) if
the transmit power at the input to the radar antenna is 214 mW and the ball velocity is
measured when it is 100 m away from the antenna. Assume the baseball is perfectly
conducting and has a diameter of 7.4 cm.

(c) Calculate the signal-to-noise ratio at the receiver output (point B) as a function of am-
plifier gain G. If a minimum SNR of 10 dB is required to correctly determine the speed
of the ball, calculate the required gain of the receiver.


