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QUESTION ONE:  RESONANCE CIRCUIT

A capacitor, ideal inductor, and 12.0 Ω resistor are connected in series to a 6.50 Vrms variable 
frequency power supply.

Inductance, L
Resistance, R = 12.0 Ω

Variable frequency
power supply
 V = 6.50 V

Capacitance, C

(a) State the conditions for resonance in a circuit of this type, and describe what you could 
measure to determine when resonance has been reached.

(b) If a circuit like this is at or near resonance, it is possible for both the inductor rms voltage and 
the capacitor rms voltage to exceed the rms voltage of the power supply. 

 Explain how this can occur.
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The frequency of the power supply is adjusted, while the supply voltage remains constant at 
6.50 Vrms. When the frequency of the supply is f = 134 Hz, the current in the circuit is 0.400 Arms. 
The supply frequency is then increased, and the current changes. But at f = 199 Hz, the current in 
the circuit is again 0.400 Arms. None of the components are changed while this occurs.

(c) Explain how it is possible to have the same current in the circuit at two different frequencies.

(d) Calculate the values of the capacitance, C, and inductance, L, in the circuit.
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QUESTION TWO:  THE DOPPLER EFFECT

For a moving source of sound, the frequency heard by a stationary observer can be calculated using 
the following equation:
   

  
f ' =

f vw
vw ± vs

(a) (i) Explain the use of the ±  symbol in this equation.

 (ii) State the assumptions made about the velocity of the moving source of sound.

(b) An object is moving in a circle with radius, r, at a constant speed, vs, while emitting sound 
with a constant frequency.

θ
vs

d

r

P

 At the instant the observer, at point P, hears the sound at maximum frequency, the source has 
reached the position indicated in the diagram.

 Show that  θ =
vs d

2 − r 2

vwr
+ sin−1 r

d
.
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(c) The Doppler effect can also be observed when a moving observer approaches a stationary 
wave source at a speed vo. The relationship for the apparent frequency f ’, when an observer 

moving at speed vo approaches a stationary source, is given by:
 
f ' =

f vw + vo( )
vw

.

 Explain when the observer would experience the greater Doppler shift: when the source 
approaches the stationary observer at a speed v; or when the observer approaches the 
stationary source at the same speed v.
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QUESTION THREE:  COLLISIONS

Mass of neutron  = 1.675 × 10–27 kg  
 1 eV  = 1.602 × 10–19 J

(a) (i) A slider S1 is moving along an air track at constant velocity v, and collides elastically 
with a stationary, identical slider S2, as shown in the diagram. 

S1

S2

  Explain why S1 stops and S2 moves off with velocity v.

 (ii) In a second experiment, slider S1 is given a velocity of 1 m s–1 along the air track 
and collides elastically with another slider S3 that has mass n times that of S1, and is 
stationary. 

  Show that, after the collision, the velocity of S1 is given by v1 =
1− n
1+ n

 m s–1, and the 

velocity of S3 is given by v3 =
2
1+ n  m s–1.
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 (iii) In a third experiment, the two sliders change roles, so that S3 is moving at a velocity of 
1 m s–1 along the air track, and collides elastically with S1, which is initially stationary. 

  Use the answer from (a)(ii), and noting that S1 has mass 
1
n  times that of S3,  show that 

after the collision, 

  v3 =
n−1
n+1  m s–1 and v1 =

2n
n+1  m s–1.

(b) Use the result of (a)(iii) to show that, if a massive bat is swung with a top speed of V m s–1 to 
hit a stationary light ball in an elastic collision, the top speed of the ball is approximately 2V.

(c) (i) In the reactor of nuclear power stations, fast neutrons with energies of about 2 MeV 
typically, are produced by fission of 235U. For a chain reaction to occur, these neutrons 
must be slowed down to energies of 1 eV or less, by colliding with materials, such as 
heavy water (water that contains hydrogen nuclei with an additional neutron). 

  Calculate the velocity lost when these fast neutrons are slowed down.

 (ii) Using the results from parts (a) and (b), explain why heavy water is used to slow down 
the fast neutrons, and suggest a reason why heavy water is used rather than common 
water.
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QUESTION FOUR:  SLIDING WIRES

TA

W1 W2

TB

A parallel pair of fixed, horizontal conducting tracks TA and TB lie in a uniform magnetic field B, as 
shown. 

Track TA is divided by a switch, on either side of which rest two identical metal wires (each of 
resistance R) that can slide without friction along the track. 

Initially, both wires, W1 and W2, are stationary.

With the switch open, wire W2 is given a short push to the right, and then moves at a constant 
velocity, v.

(a) Explain what occurs to the electrons in W2 as they move through the magnetic field.

(b) Explain why W2 slides along at a constant velocity.
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While W2 is moving to the right, the switch is snapped shut.

(c) Describe and explain the subsequent motions of both W1 and W2.

(d) Determine the final velocities of W1 and W2. 

 Explain your reasoning.

(e) Explain the energy changes that follow as a result of the switch being closed.
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