Question A5/B1 (20 marks) A solid, insulating sphere of radius o has a
uniform charge density p and a total charge (). Concentric with this sphere
is an uncharged, conducting hollow sphere whose inner and outer radii are O
and ¢, as shown in Figure 1. Find the magnitude of the electric field in the

regions:
(a) (5 marks) r < a (write your answer in terms of (), not p)
(b) (5 marks) a<r <b
(c) (b marks) b<r <c

(d) (5 marks) r > ¢
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Figure 1: Concentric conducting shell and insulating sphere.
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Question A4/B2 (20 Marks) An initially uncharged 4.50x 10~° F capacitor
and a 6.00 x 10% € resistor are connected in series to a 2.50 V battery that

has negligible internal resistance.
(a) (5 marks) What is the initial current of the circuit?
(b) (5 marks) Calculate the time constant for the circuit.

(c¢) (10 marks) How much time must elapse from the closing of the circuit

for the current to decrease to 15% of its initial value?
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Question A1/B3 (20 marks) Calculate the power delivered to the 1.00 {2

and 4.00 €2 resistors in the circuit shown in Figure 2.
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Figure 2: Circuit for Question 3.
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Question A2/B4 (20 marks) Two protons are released from rest when they
are 0.550 x 10~ m apart.

(a) (10 marks) When do they reach their maximum speed? Calculate the

maximum speed.

(b) (10 marks) The force between the protons is given by
F=— 1
: ()

where U is the potential energy function and r is the distance between
the protons. When do the protons achieve their maximum acceleration?

Calculate the maximum acceleration.
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Question A3/B5 (20 Marks) Figure 3 shows a system of five capacitors,
where the potential difference across ab is 20.0 V. (Note: 1 nF =1 x 107° F)

(a) (10 marks) Find the equivalent capacitance of this system between a and

(b) (10 marks) How much charge is stored by this combination of capacitors?
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Figure 3: Five capacitor arrangement.
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