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1.
A planet P of mass m orbits the Sun S of mass M in a circular orbit of radius r with angular velocity ω as shown in Fig. 1.1.
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(a)
On the diagram of Fig. 1.1, draw an arrow representing the linear velocity of P and label this v.

Draw a second arrow representing the direction of the force acting on P. Label this F.


[2]

(b)
(i)
Write down an expression, in terms of r and ω, for the magnitude of v.

(ii)
Write down an expression, in terms of m, r and ω, for the magnitude of F.

(iii)
Write down an expression , in terms of m, M, r and G, for the magnitude of the gravitational force exerted by the Sun on the planet.
[3]

(c)
From observations of the motion o the planets around the Sun, Kepler (1571-1630) found that T2, the square of the periods of revolution of a planet around the Sun, was proportional to r3.

(i)
Write down an expression for T in terms of the angular velocity ω of the planet.

(ii)
Use your answers to (b) (ii), (b) (iii) and (c)(i) to show that Kepler’s relation, 


T2 α r3,

would be expected.
[3]

2.
(a)
Explain what is meant by the frequency of a wave.
[1]

(b)
A certain wave has wavelength 1.00 m. What is the distance between two points on this wave with a phase difference of π/4 rad?
[2]

(c)
Figure 2.1 represents the variation with time t of the displacement y of a point in a sinusoidal wave of frequency 100 Hz.
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(i)
Mark the t-axis of Fig. 2.1 with values of time measured in milliseconds.

(ii)
On the axes of Fig. 2.2 , and using the same scales as in Fig 2.1, draw a second curve representing the displacement of a point in a second wave of twice the frequency and half the amplitude.
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3.
(a)
Define capacitance.
[2]

(b)
In the circuit of Fig. 3.1, the capacitor C may be charged by the battery of e.m.f. E and negligible internal resistance through the resistor of resistance 12 MΩ.
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By using switch S, the capacitor may be isolated from the battery and then discharged. Readings of the potential difference V across the capacitor are taken at regular time intervals as the capacitor is charged and discharged. Some of these results are illustrated in Fig.3.2.
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(i)
State whether the graph of Fig. 3.2 represents the charge or the discharge of the capacitor.

(ii)
From the graph, deduce the e.m.f. E of the battery.

(iii)
What is meant by τ, the time constant of the circuit?

(iv)
Calculate the ratio V/E when t = τ. You may wish to use an equation of the form x = x0(1 - exp (-t/CR)).

(v)
Using your answer to (iv), mark on the t-axis of Fig. 3.2, the time interval equal to time constant of the circuit.

(vi)
Calculate the capacitance of the capacitor.
[9]

4.
(a)
Figure  4.1 shows a cross-section through a solenoid.
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Sketch on Fig. 4.1 the pattern of the magnetic flux which would be obtained when a direct current passes around the solenoid. Mark on your sketch the direction of the magnetic flux due to the current in the solenoid.
[3]

(b)
A current-carrying solenoid is placed near to a search coil as shown in Fig.4.2.
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The variation with time t of the current I in the solenoid is shown in Fig. 4.3.
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(i)
Sketch on Fig. 4.4 the variation with t of the magnetic flux density B in the solenoid.

(ii)
Sketch on Fig 4.5 the variation with t of the e.m.f. E induced in the search coil.


[3]

(c)
For the experiment outlined in (b), briefly describe and explain the effect on the amplitude and frequency of E if separately

(i)
 a ferrous core is slowly introduced into the solenoid,

(ii)
the frequency of the current in the solenoid is increased, whilst maintaining the same amplitude.

5.
(a)
Figure 5.1 illustrates the symbol for a NAND gate.
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Complete the truth table for this gate.

	
INPUTS
	
OUTPUT

	  0   
      0
	

	  0
      1
	

	  1
      0
	

	  1
      1
	



[1]

(b)
For each of the following circuits, complete the truth table and name its equivalent single gate.

(i)
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equivalent gate................................................................................
(ii)
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INPUTS
	
OUTPUT

	
	  0   
      0
	

	
	  0
      1
	

	
	  1
      0
	

	
	  1
      1
	


equivalent gate...................................................................................
(iii)
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INPUTS


OUTPUT

  0   
      0

  0
      1

  1
      0

  1
      1




equivalent gate......................................................................................
[7]

6.
(a)
Outline how a physical property which varies with temperature may be used for the measurement of temperature.
[2]

(b)
How does the absolute (thermodynamic) scale of temperature differ from that described in (a)?
[2]

(c)
Suggest types of thermometer (one in each case) which would be suitable for measuring each of the following:

(i)
the melting point of ethanol (about 160 K),

(ii)
the temperature inside a blast furnace (about 1800 K).
[2]

(d)
Briefly discuss whether a thermistor could be used to monitor the variation with time of the temperature of a room.
[3]

7.
A narrow beam of identical positively charged particles passes through two slits, S1 and S2, as shown in Fig. 7.1.
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A uniform magnetic field of flux density B is applied in the region between S1 and S2 in a direction out of the plane of the paper.

(a)
A uniform electric field is applied in the space between the slits such that charged particles of only one speed v can pass through S2. On Fig. 7.1, mark clearly with an arrow labelled E the direction of this electric field.
[2]

(b)
Explain how this combination of magnetic and electric fields allows particles of only one speed to pass through S2. Deduce an expression of v in terms of B and the electric field strength, E.
[3]

(c)
Sketch on Fig. 7.1 a possible path, in the region of the electric and magnetic fields, of particles having a speed greater than v.
[2]

8.
Read the following passage and answer the questions which follow.


Gamma-ray detectors
In radioactive decay, γ-rays may be emitted. γ-rays emitted from different substance may have different energies.

When γ-ray photons are incident on a sodium iodide crystal, some of the photons may be absorbed by the crystal. When a photon is absorbed, it causes the emission of a small pulse of light known as a scintillation. These scintillations may be detected and converted into electrical pulses by a photomultiplier tube which, when coupled to a suitable counter, enables γ- ray photons to be counted. This is illustrated in Fig. 8.1.
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The crystals used in such detectors may be of various shapes. Figure 8.2 shows one particular shape of crystal which is a solid cylinder.
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The γ-ray source S is placed on the axis of the crystal, a distance x in front of one face. The source S is assumed to emit photons uniformly in all directions.

Not all of the γ-ray photons emitted by the source will be absorbed by the crystal. The efficiency Q of a detector is defined by the equation
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Figure 8.3 illustrates the variation of the efficiency Q with E, the γ-ray photon energy. Curves are shown for various values of x, the distance of the γ-ray source from the crystal.
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(a)
By reference to the passage, explain what is meant by a scintillation.
[1]

(b)
The passage refers to γ-ray photons. What is a photon?
[1]

(c)
Look at Fig. 8.3. Consider γ-ray photons of energy 10 x -15 j. Tabulate corresponding values of Q and x for γ-ray photons of this energy.
[2]

	
Q
	
x/cm
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(d)
Use your values in (c) to draw a graph of Q against x. Hence determine

(i)
the value of x for which the efficiency is 0.25

(ii)
the rate of change of Q with x when x = 2.5 cm.
[7]

(e)
(i)
By reference to Fig. 8.3 or your graph, suggest a maximum possible value of the efficiency Q.

(ii)
By reference to Fig. 8.2 and the definition of efficiency, give a reason for this maximum value.
[3]

(f)
Look at Fig. 8.3. Suggest why, for any one value of x,

(i)
the efficiency is constant at low photon energies

(ii)
the efficiency decreases with increasing photon energy
[4]
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