ECE529/ECE539 Section III  
Antenna radiation in time domain


HW#3:

Review questions 1,2,3,4,5,6, and 7

Problems 7, 9, 10, and 11.
Review questions to Section III
1. How many independent Maxwell’s equations do we know?

2. Why is Eq. (1a) called “Ampere’s law”?

3. What is a simple solution to Maxwell’s equations with zero sources? 
4. What is the boundary condition on a surface of an ideal conductor (perfect metal)? 

5.  What is the boundary condition on a surface of a real metal? 
6. Prove by direct substitution that Eqs. (4) give the solution to 1D Maxwell’s equations (3).  None: this may be not a very trivial task!
7. List analogies between field and circuit parameters:

E-field – 

H-field –

Dielectric permittivity –

Magnetic permeability –

8. Describe in your own words the concept of “marching on in time” for the FDTD method. 

9. When you execute MATLAB script to example 1(fdtd1D_1.m), the field source is given by 
[image: image1.wmf][V/m]

    

sin

2

)

0

,

(

t

y

t

E

w

=

=

. On the other hand, you see on the screen a plane wave with the amplitude of 1V/m, but not of 2V/m as expected. Why is it so? 
10. Using MATLAB script to example 2 (fdtd1D_2.m) determine the amplitude of a standing voltage wave on the 600mm long transmission line when 
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 (impedance mismatch). All other line parameters and frequency remain the same.
11. Using MATLAB script to example 3 (fdtd1D_3.m) determine the power transmission coefficient at normal incidence when the target is a human body medium with the relative dielectric constant of 50 and the conductivity of 0.5S/m. All other script parameters including medium thickness and  frequency remain the same. Hint: Zoom in the MATLAB plot or change the scale in order to obtain sufficient resolution.
12. Using MATLAB script to example 4 (fdtd3D_1.m) determine the power transfer function between two 15 cm long blade dipoles separated by 0.3m. All other script parameters and frequency remain the same. 
Problems
1. Maxwell’s equations 

Problem 1. Write down Maxwell’s equations and explain the meaning of every equation in your own words. 

Problem 2. Prove the vector identity 
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 for an arbitrary vector function 
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Problem 3. Prove the vector identity 
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 for an arbitrary scalar function 
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Problem 4. Prove the vector identity
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 for an arbitrary vector function 
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2. Boundary conditions

Problem 5. 

1. List all boundary conditions on a material-material interface.

2. How is Eq. (2d) transformed for the interface between a perfect conductor and air?

3. How is Eq. (2b) transformed for the interface between a perfect conductor and air?

Problem 6. Formulate all boundary conditions on a dielectric-dielectric interface with 
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3. Analytical solution to Maxwell’s equations in time domain

Problem 7. Prove by direct substitution that Eqs. (4) give the solution to 1D Maxwell’s equations (3). 

Problem 8. How would you extend the solution for the plane wave given by Eqs. (4) to a 3D case? Hint: Denote the unit vector in the propagation direction by 
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[image: image13.wmf]n

c

k

r

r

0

w

=

 .
4. Numerical solution to Maxwell’s equations in time domain
TBD
5.  Equivalence of transmission line equations and 1D Maxwell’s equations

TBD

6.  Example of using 1D Maxwell’s equations

Problem 9. Using MATLAB script to example 3 as a starting point determine the power transmission coefficient at normal incidence when the target is a glass wall in a conference room having thickness of 12.5mm (approximately ½”), relative dielectric constant of 4.0 and the conductivity of 0.01S/m. The signal frequency is 2.45GHz.  Hint: You have to carefully change all related script parameters, possibly change scale, and make sure that the script uses proper boundary conditions. 
Ansoft problems (parametric sweep)
Problem 10. For two side-by-side 15cm long dipoles with the radius of 2mm and separated by 500mm use an Ansoft project with the following parameters (this project has been created in Problem 17 to Section II):

1. A 900×300×300mm bounding box with the radiation boundary;

2. Dipole is modeled by PEC boundary conditions (Perfect Electric Conductor);

3. Feed gap of 2mm, a lumped port feed;

4. Solution frequency is 1 GHz;  

5. A 6-passes adaptive solution with (S=0.02 (a default value); 

6. Fast frequency sweep from 600 to 1200MHz.
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Introduce a parametric sweep, which rotates one of the dipoles about the axis drawn through the dipole centers from zero degrees to 90 degrees, in steps of 30 degrees. Plot the power transfer function 
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, and quantitatively explain its behavior at different rotation angles. The corresponding effect is known as a polarization mismatch. 
Problem 11. 
A. Create a screen of thin PEC metal strips in the yz plane with the following parameters:
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B. For two side-by-side 15cm long dipoles with the radius of 2mm and separated by 500mm use an Ansoft project created in the previous problem.  

C. Insert the screen between two dipole antennas and introduce a parametric sweep, which changes the strip height from 30mm to 120mm in steps of 30mm. Plot the power transfer function 
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, and quantitatively explain its behavior at different strip heights. Which combinations is a most efficient screen at 1.04 GHz? 
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