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1. (10 points) An infinitely long line charge along 
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 has a line charge density of 
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, where ( is a constant. The line charge is placed in vacuum. 

(a) (5 points) What is the electric field at (
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)? Give the magnitude and direction of your answer. 

(b) (5 points) What is the energy required to take a charge of q from (
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Ans: 

(a) Refer to the following plot. Only the components in the 
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 direction exit due to symmetry. Use 
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 EMBED Equation.3  [image: image9.wmf]. Therefore 
[image: image10.wmf]r

r

r

r

a

z

d

z

r

z

r

a

a

E

E

ˆ

2

)

(

4

2

ˆ

ˆ

0

0

2

/

3

2

2

0

pe

a

a

pe

=

¢

¢

+

¢

=

=

ò

¥

r


(b) The work necessary to be done is independent of path. 
[image: image11.wmf])
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2. (20 points) An infinitesimal point charge of q locates at the x-y plane, and an infinitely long line charge of a line charge density 
[image: image12.wmf]l

r

 is arranged in parallel with the z axis.

a. (4 points) Assume
[image: image13.wmf]l

r

 = 0 and q ( 0. What is the work needed to be done for moving a positive unit point charge from A to B on the x-y plane, as shown above?

b. (8 points) Assume q = 0 and
[image: image14.wmf]l

r

 ( 0. What is the work needed to be done for moving a positive unit point charge from A to B on the x-y plane?

c. (8 points) Assume 
[image: image15.wmf]l

r

 ( 0 and q ( 0. What is the work needed to be done for moving a positive unit point charge from A to B on the x-y plane?

Ans: 
(a)
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(b)
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where A and A’ are in a circle of the same radius R1
(c)
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3. (10 points) The far-field electric potential at a distance 
[image: image19.wmf]R

 from an electric dipole with a dipole moment = p is given by 
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[image: image21.wmf]R
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 is the unit vector pointing from the dipole to the field location. Suppose that two dipoles of dipole moments 
[image: image22.wmf]5
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 nC(m are located at points (0, 0, (2 m) and (0, 0, 3 m), respectively, in a Cartesian coordinate system. (hint: 1 nC = 10-9 C, 
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a. (5 points) Find the electric potential at the origin. 

b. (5 points) Find the electric field intensity at the origin. Give the magnitude and direction of your answer.  

Ans: Rewrite the dipole potential as 
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(a) For the dipole with dipole moment 
[image: image26.wmf]5
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. Taking the linear sum of the electric potential from the two dipoles, one has -19.25 V at the origin. 

(b) 
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. Since both the dipole moments are aligned along the z axis, what we are concerned with is 
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4. (35 points) A sphere consists of four regions, (1) an inner conductor region in R < a, (2) a vacuum region between a < R < 2a, (3) a dielectric region with a dielectric constant of (r = 1.5 between 2a < R < 4a, (4) an outer conductor region in R > 4a. The inner conductor is grounded and the outer conductor is maintained at a voltage V0. 
a. (5 points) What is the capacitance of this sphere? 

b. (5 points) What is the electric field intensity in region (2)?

c. (5 points) What is the electric field intensity in region (3)?

d. (5 points) What is the surface charge density on the inner conductor? 

e. (5 points) What is the surface polarization charge density at R = 2a?

f. (5 points) What is the surface polarization charge density at R = 4a on the dielectric?

g. (5 points) What is the surface charge density at R = 4a on the outer conductor? 

   (hint: you can verify your answers from conservation of charges)


[image: image38]
  Ans: 

(a) Assume the inner conductor has a charge Q. The electric field intensity in region (2) is 
[image: image39.wmf]R
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[image: image41.wmf]a

Q

a

a

Q

a

a

Q

R

d

E

R

d

E

V

V

a

a

a

a

0

0

0

2

2

2

4

3

0

6

)

2

1

1

(

4

)

4

1

2

1

(

6

pe

pe

pe

=

-

+

-

=

×

-

×

-

=

-

=

ò

ò

r

r

r

r


  The capacitance is 
[image: image42.wmf]a
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(b) From (a), the charge in region (1) can be calculated to be 
[image: image43.wmf]0
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R

a

R

aV

a

R

Q

E

ˆ

2

3

ˆ

4

2

0

2

0

2

-

=

=

pe

r

. 

(c) Substitute the charge calculated in (b), 
[image: image45.wmf]R
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(d) The surface charge density on the inner conductor is equal to 
[image: image46.wmf]a
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(e) 
[image: image47.wmf]R
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. The surface polarization charge density at R = 2a is given by 
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(f) Continued from (e), the surface polarization charge density at R = 4a is given by 
[image: image49.wmf]a
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(g) Similar to (d) The surface charge density on the outer conductor is given by 
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5. (15 points) A large-area parallel-plate capacitor is charged to store an amount of charge Q and then disconnected from the power supply, as shown in (a) in the following. The parallel-plate capacitor has an area A and an electrode separation d in vacuum. If one inserts a perfect dielectric of area A, thickness d/2, and relative permittivity (r = 2 into the capacitor, as shown in (b),

(1) what is the ratio 
[image: image51.wmf]a
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, where Va, Vb are the voltages across the conducting electrodes before and after inserting the perfect dielectric, respectively. (5 points)

Ans: 
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(2) what is the ratio 
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 are the forces holding the conducting electrodes before and after inserting the perfect dielectric, respectively. (5 points)

Ans: 
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(3) what is the polarization charge density induced on the surface of the dielectric facing electrode 1? (5 points)

Ans: The voltage across the two conducting plates for capacitor (b) is 
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[image: image68]
6. (20 points) Find the work to assemble a sphere of charges with its charge density varying with 
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and b are constants. The sphere of charges is in a vacuum. Present at least TWO methods to calculate and cross check the answer. 
Ans: 
Method 1


Method 2


Method 3


7. (40 points) Visit a few electronics stores to find out various kinds of capacitors. Use your cell phone camera to take photographs for those capacitors with your photo ID in photographs. Explain the functioning principles of those capacitors that you found in the stores. 
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