
Phys 201 Boğaziçi University – Department of Physics Summer 2011

Midterm – July 20th, 2011 – 90 Minutes

NO QUESTIONS – NO CALCULATORS – SHOW YOUR WORK CLEARLY

Phys No: Name:

Question 1: (Electric Fields) – 5 pts

A line of charge is formed into a semicircle of radius R as shown in the figure. The charge per unit

length along the semicircle is described by the expression λ = λ0 cos θ. Calculate the total force

vector on a point charge q placed at the center of curvature P .

[
∫

sin2 x dx = x
2
− sin 2x

4

∫
cos2 x dx = x

2
+ sin 2x

4

∫
sinx cosxdx = sin2 x

2
]

R
θ

x

y

P
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Question 2: (Gauss’s Law) – 5 pts

Consider an insulating sphere with radius a and volumetric charge density ρ = 2e
r

which is concentric

with a conducting spherical shell with inner radius b, outer radius c and total charge Qtotal = 0 as

shown in the figure. (e is a constant.)

a) Find the surface charge densities σin and σout on the inner/outer surfaces of the conductor.

b) Find the electric field vector ~E for: r<a , a<r<b , b<r<c and r>c.

a

b

c

Insulator with ρ =
2e

r

Conductor with Qtotal = 0
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Phys No: Name:

Question 3: (Electric Potential) – 5 pts

An infinitely long line charge having a uniform charge per length λ is located along the z axis as

shown in the figure.

a) Find the potential difference ∆V = VB−VA between the points A = (a, 0, 0) and B = (0, 2a, 0).

b) Find the necessary work to move a point charge q from point A to point B.

x

y

z

λ

a

2a

A

B
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Phys No: Name:

Question 4: (Capacitance and Dielectric) – 5 pts

Consider a two-capacitor system which includes two identical parallel plate capacitors each charged

with Q and has a capacitance of C as shown in Figure 1. Then, we insert a material with dielectric

coefficient κ tightly into one of the capacitor as shown in Figure 2. Find Q1 and Q2, the charges in

each capacitors, in terms of Q and κ after we insert the dielectric material.

−Q1

κ

+Q1 +Q2

−Q2

+Q

−Q

+Q

−Q

Figure 1 Figure 2
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Phys No: Name:

Question 5: (Current and Resistance) – 5 pts

A spherical shell with inner radius a and outer radius b is formed from a material of resistivity ρ. It

carries current radially, with uniform density in all directions. Find the resistance of the system.

a

J

b

Resistivity = ρ
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Question 6: (Conceptual Short Questions) – 5 pts

You will answer 5 conceptual questions each worth 1 point. Mark the correct choice and explain the reason

very briefly in a single line by words alone. You get no credit if the explanation is missing or wrong.

1) Which one of the following is correct for the ~E at P due to two infinitely long parallel wires with uniform linear

charge densities +λ and −λ?

+λ−λ

a) b) c) d) e) None of them.
�E

+λ−λ

�E

+λ−λ

�E

+λ−λ

�E
P P P P

Explain: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2) Consider two concentric hemispherical open surfaces S1 and S2 (bottoms are

open). There is a point charge q located just below the smaller surface as shown

in the figure. Φ1 and Φ2 are the electric flux due to charge q through the surfaces

S1 and S2 respectively. Which one of the following is true?

a) |Φ1| > |Φ2| b) |Φ1| < |Φ2| c) |Φ1| = |Φ2| d) None of them.

q

S1

S2

Explain: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3) Consider two infinite wires parallel to the z-axis with uniform linear charge

densities +λ and −λ as shown in the figure. The potentials at points A, B and

C are VA, VB and VC respectively. Which one of the following is true?

a) VA = VC < VB b) VA = VC > VB c) VA = VB = VC d) None of them.

+λ−λ

A

C

x

y

B
aa

Explain: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4) Consider a parallel plate capacitor as shown in the figure. One of the plate is

free to move along the direction shown in the figure. If we pull that plate to the

right as shown in the figure, determine the direction of current.

a) Clockwise b) Counter-clockwise c) I = 0.

+Q −Q

∆V
+ −

moves

Explain: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5) The following resistances are made of identical materials with resistivity of ρ, and their total length are the

same. Surface areas are indicated as seen in the figure. The current flows from left to right for each resistor

with a uniform distribution over any circular cross section. Which one of the following is true?

A

A 2A

A

R1 R2

l l 2A

2A

R4

l2A

2A

R3

l

A

a) R1 < R2 < R3 < R4 b) R4 < R3 < R2 < R1 c) R1 < R2 = R3 < R4 d) R4 < R3 = R2 < R1

Explain: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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