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Problem 1.  (15 pts.)  Given an air-filled aluminum rectangular waveguide (a = 7.2 cm, b = 3.4 cm, 

có  = 3.5×10  É/m), determine7

min max (a.) the frequency range (f  , f ) for single-mode operation in the waveguide.
(b.) the guide wavelength when the waveguide is operated at f = 2.5 GHz.
(c.) the waveguide attenuation (dB/m) when the waveguide is operated at f = 2.5 GHz.

Problem 2.  (10 pts.) A 200 MHz plane wave of parallel polarization in air [region 1, z < 0] is incident

2 o 2 oon a lossless dielectric [region 2, z > 0 , å  = 8å  , ì  = 2ì ] at an incident angle of 45 .  Theo

amplitude of the incident wave electric field is 5 V/m.  Determine
(a.) the reflection coefficient.
(b.) the phasor transmitted magnetic field vector.

Problem 3.  (10 pts.)  Determine the following optical fiber parameters:
(a.) the minimum cladding refractive index for single mode operation in an optical

fiber characterized by a core diameter of 8 ìm, a core refractive index of 1.5 and a
minimum free space wavelength of 1400 nm.

(b.) the maximum data rate for a STIN multimode optical fiber characterized by a core
refractive index of 1.5, a cladding refractive index of 1.492, and a fiber length of
1.8 km.

Problem 4.  (15 pts.)  An antenna with a loss resistance of 3.5 Ù radiates the following far field electric
field in air:

owhere I  is the peak antenna current.  The loss resistance of the antenna is 3.5 Ù. Determine
(a.) the antenna radiation resistance.
(b.) the directivity of the antenna in dB.
(c.) the antenna gain in dB.

Problem 5.  (15 pts.)  A satellite and ground station in a 12 GHz communications link are separated by
35,800 km.  The output power of the satellite transmitter is 35 W with a transmission loss of 0.9
dB between the satellite transmitter and the transmit antenna (transmit antenna gain = 20 dB). 
The ground station receive antenna has a gain of 55 dB with a transmission loss of 3.5 dB
between the receive antenna and the ground station receiver.  The bandwidth of the ground
station receiver is 2.5 MHz and the system noise temperature is 700 K.  Determine

(a.) the total power (pW) delivered to the receiver input terminals.
(b.) the magnitude of the radiated electric field at the receive antenna.
(c.) the receiver signal-to-noise ratio.

donohoe
Stamp



Problem 6.  (10 pts.)  A 10 kW monostatic K-Band radar (f = 18 GHz) uses a single transmit/receive
antenna with a gain of 30 dB.  The radar must track targets to a maximum range of 5 km.  The
radar receiver is characterized by a noise temperature of 600 K and a bandwidth of 5 MHz. 
Transmission losses from the transmitter to the antenna and from the antenna to the receiver are
assumed negligible.
  (a.) If the radar receiver SNR must be at least 20 dB for proper operation, determine

the minimum target radar cross-section for radar tracking.
(b.) Given a target of minimum radar cross-section at the maximum range, determine

the total power captured by the target.

Problem 7.  (15 pts.)  A radiated emissions test is conducted at 220 MHz with a distance of 20 m
between the DUT and the measurement antenna.  The measurement antenna (af = !3.52 dB) is
connected to the spectrum analyzer by 200 ft. of coaxial cable (cable loss = 8.0 dB/100 ft at 220
MHz).  The spectrum analyzer input power (50 Ù input impedance) is !93.5 dBm.  Determine

(a.) the magnitude of the voltage (dBìV) at the measurement antenna terminals.
(b.) the electric field magnitude (dBìV/m) at the measurement antenna.
(c.) if the product passes or fails FCC Class B compliance and by how much.

FCC Part 15 Radiated Emissions Limits

Frequency
(MHz)

Class A  (R = 10m) Class B  (R = 3m)

ìV/m dBìV/m ìV/m dBìV/m

30-88 90 39.1 100 40.0

88-216 150 43.5 150 43.5

216-960 210 46.4 200 46.0

> 960 300 49.5 500 54.0

Problem 8.  (10 pts.)  The region between two conducting spherical surfaces (R = 20cm and R = 40cm)

o vis characterized by å = å  and contains a charge density of ñ  = 44.3/R pF/m .  The inner3

conductor is held at a potential of 50 V while the outer conductor is held at a potential of 10 V.  
By solving the appropriate boundary value problem, determine

(a.) the vector electric field between the conductors.
(b.) the potential between the conductors.





Integrals

Zeros of Bessel functions of order m

Zeros of derivatives of Bessel functions of order m




