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Problem 1:
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A uniform plane wave in air given by:

E = 10 cos(t – 3x – 4z) ay
 is incident on a perfect conductor slab (z>0). Determine the following: 
(a) The propagation vector of the incident field ki: (4)
(b) Angular frequency 
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 (2)

(c) The angle of incidence i : (4)
(d)  The incident magnetic field Hi (6)
(e) Sketch the Ei and Hi on the above plot? (2)
(f) What is the polarization of the incident field? (2)
(g) What is the transmitted E field? (5)
Problem 2:

A dielectric filled rectangular waveguide has a = 2.5 cm, b = 0.5 cm, dand 
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Determine the following:

(a) Mode of operation: (4)
(b) Cut-off frequency (6)
(c) Propagation constant 
(d) Intrinsic impedance at 10 GHz operation frequency. (5)
Problem 3:

A signal transmitted from a satellite orbiting 1000 km above earth has an electric field component near earth’s surface given by:


[image: image3.wmf]z

j

y

x

e

a

a

j

C

z

E

b

-

Ù

Ù

ú

û

ù

ê

ë

é

+

-

=

)

(

_


where C is constant (real). Given the total power transmitted is 40 kW at downlink frequency 900 MHz, determine the following.

(a) Polarization of the electro-magnetic field? (show your steps and justify your answer) (10)
(b) The propagation constant : (5)
(c) The value of the constant C near earth’s surface(neglect all losses): (10)
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Problem 4
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A Hertzian dipole in free space has the following parameters 
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D

 cm, Io = 0.1 A, frequency f = 1 GHz is located  at a distance d = 1 cm above a perfectly conducting plane as shown in figure A below. The point P is 1 km directly above the dipole.  (Hint : Use the method of images to replace the conducting plane).
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(I)
(a) Sketch the image dipole on figure (B), how far is it located from the real dipole. (2) 
(b) Check the validity of using the far field (or radiation) approximation at P. (3)
(c) Write the expressions for the electric fields E1  due to real dipole and E2 due to its image (assume its distance is r2 from P) : (4)
r1 = _____________;  r2 = _______________
E1 = 
E2 = 
(d) Determine the total electric field (in terms of r and d)? (4)
II. Now assuming the dipole is vertical to the conducting surface as shown below: (notice the axis orientation)
(a) Sketch the image dipole in figure B (2).
(b) [image: image12.emf]d = 1 cm
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Write the expressions for the electric fields E1  due to real dipole and E2 due to its image (assume its distance is r2 from P) : (4)

r1 = _____________;  r2 = _______________
E1 = 

E2 = 

(c) Determine the total electric field (in terms of r and d)? (4) 
III. Which dipole orientation results in larger total electric field?  (2)
Problem 5:
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The solution region shown above consists of the three elements. Node 2 is held at 5V while node 3 is held at 0V. The nodes, elements, and nodes within each and are shown.  Determine the following
(1) Dimension of the global coefficient matrix (size): (2)
(2) Write the general form of the global coefficient matrix (all elements)? (5)
(3) What will be the simplified global coefficient matrix (non-zero elements only) State why elements are zeros? (13)
(4) Express the non-zero elements of the global matrix coefficient 
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in terms of the element coupling coefficient 
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Problem 6:

Use the Newton method (iterative) to solve the following nonlinear system of two equations:

2x2y2 - 5x2y – 5 = 0

xy2  +3y – 4 = 0

Assume initial values x = 1 and y =1.   Determine x and y at the end of the first iteration.

a) What is the Jacobi matrix J(x,y)? Compute its initial determinant? (10)
b) Determine x1 and y1 at the end of the first iteration? (15)
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