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1.
(a)
Two small masses m1 and m2 are placed at X and Y respectively and are separated by a distance r as shown in Fig. 1.1
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(i)
Draw on Fig. 1.1 the direction of the gravitational field which m1 causes at Y.

(ii)
What is the value of the gravitational field strength which m1 causes at Y?

(iii)
What is the force which m1 causes on m2?
[3]

(b)
Two small point charges +Q1 and +Q2 are placed at X and Y respectively and are separated by a distance r as shown in Fig. 1.2


[image: image2.png]L

Fig 12

+Q,




(i)
Draw on Fig. 1.2 the direction of the electric field which Q1 causes at Y.

(ii)
What is the value of the electric field strength which Q1 causes at Y?

(iii)
What is the force which Q1 causes on Q2?

(iv)
Sketch on Fig 1.2 the pattern of the electric field.
[5]

(c)
Two wires X and Y which are at right angles to the plane of the paper, carry currents I1 and I2 out of the plane of the paper and are separated by a distance r as shown in Fig. 1.3.  Current I1 causes a magnetic field of flux density μoI1/2πr at Y.
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(i)
Show on Fig. 1.3 the direction of the magnetic field which I1 causes at Y.

(ii)
Find the value of the force per unit length of wire which I1 causes on wire Y.

(iii)
Show on Fig. 1.3 the direction of the force on wire Y.
[3]

2.
A mass of 0.100 kg oscillates with simple harmonic motion of amplitude 0.0030 m and period 0.020 s.

(a)
Find the frequency of the oscillation.
[1]

(b)
Find ω, the angular frequency of the oscillation.
[1]

(c)
Write down the equation representing the variation with time, t, of the displacement, x, for this oscillation.
[2]

(d)
A graph of velocity against displacement for this oscillation is shown in Fig. 2.1
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(i)
Read from the graph the maximum value of the velocity.

(ii)
Explain why there are two values of velocity for zero displacement.

(iii)
Explain why there are two values of displacement for zero velocity.
[3]

(e)
(i)
Calculate the maximum kinetic energy of the mass.

(ii)
Sketch on Fig. 2.2 a graph of the kinetic energy of the mass against displacement.
[3]
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3.
Fig 3.1 shows the driving wheel of a car with a torque of 125 N m being applied to the axle of the wheel. The car is travelling at a constant velocity of 30 ms-1.
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(a)
Show on Fig. 3.1 the direction in which the car is travelling.
[1]

(b)
Draw on Fig. 3.1 an arrow representing F, the horizontal component of the force which the road exerts on the tyre.
[1]

(c)
Since the car is not accelerating, what can be deduced about the resultant torque on the wheel?
[1]

(d)
Find F.
[2]

(e)
What power is being supplied to the wheel?
[2]

4.
(a)
Define capacitance.
[1]

(b)
A capacitor of capacitance 10 μF is fully charged from a 20 V d.c. supply. 

(i) Calculate the charge stored by the capacitor.
[2]

(ii)
Calculate the energy delivered by the 20 V supply.
[1]

(iii)
Calculate the energy stored by the capacitor.
[2]

(iv)
Account for the difference between the answers for (ii) and (iii).
[1]

(c)
The 10 μF capacitor in part (b) was charged from the supply through a resistor of resistance 2.0 kΩ.

(i)
Calculate the time constant for this circuit.
[1]

(ii)
When the capacitor was charged from zero charge, how long did it take for V, the potential difference across the capacitor, to reach 99% of its final value?

(You may use the equation V = Vo(1 - exp(-t/CR)) if you wish.)
[2]

5.
(a)
A circuit containing an ideal operational amplifier (op-amp) is shown in Fig. 5.1.
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(i)
Calculate the gain, Vout/Vin, for this circuit.
[3]

(ii)
What is the maximum voltage output which this op-amp can provide?
[1]

(b)
Fig. 5.2 shows the variation with time of the input voltage to the circuit above.
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(i)
Sketch on the axes of Fig. 5.3  another graph to show the variation with time of the output voltage.  Label the Vout axis with appropriate values.
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(ii)
Suggest a practical use for the circuit used in this way.
[1]

6.
Some gas, assumed to behave ideally, is contained within a cylinder which is surrounded by insulation to prevent loss of heat, as shown in Fig. 6.1.
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Initially the volume of gas is 2.9 x 10-4 m3, its pressure is 1.04 x 105 Pa and its temperature is 314 K.

(a)
Use the equation of state for an ideal gas to find the amount, in moles, of gas in the cylinder.
[2]

(b)
The gas is then compressed to a volume of 2.9 x 10-5 m3 and its temperature rises to 790 K.  Calculate the pressure of the gas after this compression.




[2]

(c)
The work done on the gas during the compression is 91 J. Use the first law of thermodynamics to find the increase in the internal energy of the gas during the compression.
[2]

(d)
Explain the meaning of internal energy, as applied to this system, and use your result in (c) to explain why a rise in the temperature of  the gas takes place during the compression.


[2]

7.
A decay sequence for a radioactive atom of radon-219 to a stable lead-207 atom is as shown in Fig. 7.1.
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(a)
What do the numbers on the symbol  20782Pb represent?
[1]

(b)
(i)
Write down a nuclear equation representing the decay of 21986Rn to 21584Po.
[2]

(ii)
Write down the name of the particle which is emitted in this decay.
[1]

(c)
(i)
What particle is emitted when 21183Bi decays?

(ii)
What happens within the nucleus to cause this decay?
[2]

(d)
The half-life of 21986Rn is about 4.0 s.  At time t = 20 s, what fraction of the radon atoms present at time t = 0, will be undecayed?







[2]

8.
Many devices are designed to create a spray of tiny droplets.  The effectiveness of these devices usually depends on droplet size.  One example is an agricultural pesticide spray in which a few large droplets do not coat the leaves of plants as well as many small droplets.  Another example is a fuel injection system for an engine.

Measuring the size of droplets present in a spray is difficult to do by direct means but instruments called droplet sizers can be purchased which make droplet sizing a fast, routine operation.

The principle of operation of one such sizer is shown in Fig. 8.1, in which light from a helium/neon laser is passed through a spray of droplets of uniform diameter and forms a circular diffraction ring of radius x.  The diameter, d, of the droplets is related to x by the equation
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In this equation λ, the wavelength of the light, is 6.33 x 10-7 m, k is a constant equal to 0.474 m, and d and x are both in metres.
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In practice a spray will consist of droplets of different sizes, so many rings of diffracted light will be caused.  The diffraction pattern, Fig. 8.2, is projected on a flat surface containing many light sensitive detectors.  The output from the detectors can be analysed by a computer and be shown in the form of a graph, Fig. 8.3.
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Answer the questions concerning droplet sizing which follow.

(a)
Suggest one device, other than those mentioned in the first paragraph of the passage, where droplet size is important.
[1]

(b)
Outline a direct method for measuring droplet diameter.
[3]

(c)
Give two reasons why direct methods are likely to be difficult to use for the measurement of droplets of small diameter.
[2]

(d)
Calculate the value of x for a droplet of diameter

(i) 10 μm,

(ii) 200 μm.
[3]

(e) 
State, with a reason, whether a small value of x corresponds to large or to small droplets.


[1]

(f)
Sketch on Fig. 8.4 curves to show the general shape of the graphs which would be obtained if

(i)
droplets with a wide range of diameter were used.

(ii)
very small droplets with a narrow range of diameters were used.
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(g)
Name one other factor, besides droplet diameter, which will affect the intensity of diffracted light.
[1]
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(h)
In practice a cloud of spray droplets moves through the laser beam, as shown at intervals in Fig. 8.5.  The output from the detectors varies with time in the way shown in Fig. 8.6.  Describe the distribution of droplets in the cloud according to their size and concentration.
[5]
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