
Faculty of Engineering
Cairo University
Electronics and Electrical Engineering Dept.

Electromagnetic II (ELC N405)
2014

Answer the questions in the spaces provided on the question sheets. If you
run out of room for an answer, continue on the back of the page.

Total number of points in this Exam 24 points.

Name : Student ID#:

Question 1 ()
The radiation intensity of an antenna is given by,

U (θ, φ) = cos4 θ cos2 φ+ sin2 φ,

for 0 ≤ θ ≤ π/2 and 0 ≤ φ ≤ 2π (i.e., in the upper half-space). It is zero in the lower
half-space.

(a) (4 points) Find the exact directivity (dimensionless and in dB) .

(b) (2 points) Find the beam solid angle.
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(c) (4 points) Sketch the radiation pattern in elevation x − z plan and �nd half-power
beamwidth (in degrees).

(d) (2 points) Sketch the radiation pattern in elevation y − z plan.
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Question 2 (4 points)
A half-wave dipole is radiating into free-space. The coordinate system is de�ned so that
the origin is at the center of the dipole and the z-axis is aligned with the dipole. Input
power to the dipole is 100 W. Assuming an overall e�ciency of 50%, �nd the power density
(in W/m2) at r = 500 m, θ = 60◦, φ = 0◦.
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Question 3 ()
A circular loop, of loop radius λ/30 and wire radius λ/1000, is used as a transmitting
antenna in a back-pack radio communication system at 10 MHz. The wire of the loop is
made of copper with a conductivity of 5.7× 107 f/m. Assuming the antenna is radiating
in free space, determine the

(a) (3 points) radiation resistance of the loop;

(b) (3 points) loss resistance of the loop (assume that its value is the same as if the wire
were straight);

(c) (2 points) radiation e�ciency.
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Formula Sheet

• Radiation electric �eld from dipole of length l along z-axis,

E = jη
I0e
−jkr

2πr

cos

(
kl

2
cos θ

)
− cos

(
kl

2

)
sin θ

 âθ

• For in�nitesimal dipole of length l (l� λ) along direction n̂,

� Radiation electric �eld

E = −jηklI0e
−jkr

4πr
[n̂− (n̂ · âr) âr]

� Radiation Resistance

Rr = 80π2

(
l

λ

)2

.

• Radiation electric �eld from a small loop of radius a (2πa < λ/10) with its axis oriented
along direction n̂,

E = η
k2a2I0e

−jkr

4r
n̂× âr

• Directivity of λ/2 dipole is 1.643 and radiation resistance is 73 Ω.

• Conductor surface resistance Rs =

√
πfµ0

σ
, where µ0 = 4π × 10−7 H/m.

• Matrix transformation of any vector from Cartesian to spherical coordinates, Ar
Aθ
Aφ

 =

 sin θ cosφ sin θ sinφ cos θ
cos θ cosφ cos θ sinφ − sin θ
− sinφ cosφ 0

 Ax
Ay
Az


•

´
eαx sin (βx+ γ) =

eαx

α2 + β2
[α sin (βx+ γ)− β cos (βx+ γ)]

• Angle ψ between the two directions (θ, φ) and (θ′, φ′),

cosψ = sin θ sin θ′ cos (φ− φ′) + cos θ cos θ′

• Beam solid angle ΩA,

ΩA =

‚
4π
UdΩ

Umax

• Aperture E�ciency εap is,

εap =

∣∣∣˜Ap
Eads

′
∣∣∣2

Ap
˜
Ap
|Ea|2 ds′

• Antenna Vector E�ective Length `̀̀,

E = jη
kIin
4πr

`̀̀e−jkr
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• Radiation �elds due to electric and magnetic surface currents,

Eθ = −jω (Aθ + jηFφ) , Eφ = −jω (Aφ − jηFθ)

A =
µe−jkr

4πr
N, F =

εe−jkr

4πr
L

N =

¨
S

Jse
jkr′ cosψds′ =

¨
S

Jse
jk·r′ds′, L =

¨
S

Mse
jkr′ cosψds′ =

¨
S

Mse
jk·r′ds′,

where k · r′ = k (x′ sin θ cosφ+ y′ sin θ sinφ+ z′ cos θ)

� Electric current on a perfect electric conductor: Js = n̂×H

� Magnetic current on a perfect magnetic conductor: Ms = −n̂× E
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