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1.
(a)
State the conditions for the equilibrium of a body which is acted upon by a number of forces.
[2]

(b)
A student holds a uniform metre rule at one end in two different ways, as shown in Figs. 1.1 and 1.2 below.
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On Fig. 1.1 draw and label an arrow to represent the weight W of the metre rule and an arrow to represent the force F provided by the student's hand.  What is the relationship between the magnitudes of F and W?
[3]

In Fig. 1.2, the rule is held horizontally between the thumb and first finger.  On Fig. 1.2  draw and label all forces acting on the metre rule. List these forces in order of increasing magnitude.


1.   .....................................

2.   ....................................

3.   .............................. [3]

2.
A light platform is supported by two identical springs, each having spring constant 20 Nm-1, as shown in Fig. 2.1.
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(a)
Calculate the weight which must be placed on the centre of the platform in order to produce a displacement of 3.0 cm.
[2]

(b)
The weight remains on the platform and the platform is depressed a further 1.0 cm and then released.

(i)
What is the frequency of oscillation of the platform?

(ii)
On the axes below sketch a graph to show the variation with time of the displacement of the platform during the first second.  Label your axes with approximate numbers.
[4]


[image: image3.png]displacemen]
Jom

time /s




(c)
(i)
Mark on your sketch the times at which the magnitude of the acceleration of the platform is maximum.

(ii)
Calculate this maximum acceleration
[4]

3.
(a)
The thermal conductivity, λ,  of a material may be defined by reference to the expression 
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State the two conditions that must be satisfied before this expression may be applied.


[2]

(b)
The thermal conductivities of glass and copper, when measured at room temperature, are found to be 0.6 Wm-1K-1 and 400 Wm-1K-1, respectively.  Account for the large differences in these values in terms of the mechanisms of thermal conduction.
[4]

(c)
You have been asked to design some apparatus to determine the thermal conductivity of copper.  Describe the shape you would choose for the specimen of copper, giving reasons for your choice. 
[3]

4.
In the circuit of Fig. 4.1, the output of the generator is a 200 Hz, 2.5 V r.m.s. sinusoidal signal.  The diode may be assumed to be ideal.  The Y-plate sensitivity and time-base of the cathode-ray oscilloscope (c.r.o.) are set at 2.0 V cm-1 and 1.0 ms cm-1 respectively.
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Sketch full-scale diagrams to show the waveform observed when

(a)
S1 is closed and S2 is open,
[4]

(b)
S1 and S2 are both open,
[2]

(c)
S1 is open and S2 is closed.
[3]

5.
(a)
A long strip ABC of aluminium foil is hung over a wooden peg as shown in Fig. 5.1.  A car battery is connected for a short time between A and C.
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Describe and explain what will be seen to happen to the foil whilst there is a current.


[5]

(b)
A copper disc spins freely between the poles of an unconnected electromagnet as shown in Fig. 5.2.
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Describe and explain what will happen to the speed of rotation of the disc when a direct current is switched on in the electromagnet.
[4]

6.
In the operational amplifier circuit of Fig. 6.1, Vi = +2.0 V.
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(a)
Calculate the output potential Vo.

(b)
The input signal Vi is then replaced by the signal shown in Fig. 6.2.  Sketch on the axes of Fig. 6.3 below the corresponding output potential Vo.
[4]
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7.
(a)
(i) 
What is a photon?

(ii)
Show that E, the energy of a photon, is related to λ, its wavelength by


 E λ = 1.99 x 10-16,

where E is measured in J and λ is measured in nm.
[5]

(b)
Two metal electrodes A and B are sealed into an evacuated glass envelope and a potential difference V, measured using the voltmeter, is applied between them as shown in Fig. 7.1.
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B is then illuminated with monochromatic light of wavelength 365 nm and I, the current in the circuit, is measured for various values of V.  The results are shown in Fig. 7.2.
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(i)
From this graph, deduce the p.d. required to stop photoelectric emission from B.

(ii)
Calculate the maximum kinetic energy of the photoelectrons.

(iii)
Deduce the work function energy of B.
[5]

8.
Multi-bladed low-speed wind turbines (windmills) similar to the one shown in Fig. 8.1 have been used since 1870, particularly for pumping water on farms.
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The turbine blades cover almost the whole surface of the wheel and a tail vane behind the windmill keeps the wheel facing the wind.  The diameters of the wheel of windmills of this type vary from about 2 m to a practical maximum of about 12 m.  Because of this size limitation, they are not suited to large power outputs.  They will start freely with wind speeds as low as 2 ms-1 and, at these low speeds, can produce large torques.

Fig. 8.2 shows how P, the output power of these windmills, varies with the overall diameter of the wheel for different wind speeds, v.
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(a)
Use the data supplied in Fig. 8.2 to tabulate corresponding values of power output and wind speed for a particular multi-bladed low-speed windmill with a wheel of diameter 6.0 m.
[2]

	
wind speed


v/m s-1
	
output power


P/W

	
	


(b)
For a given diameter, the output power is related to the wind speed by the equation


 P = kvn.

n and k may be determined by plotting a graph of lg P against lg v.  Use your values in (a) to tabulate the values of lg P and lg v for the wheel of diameter 6.0 m.

	
lg (v/m s-1)
	
lg (P/W)

	
	


Draw the graph and find the values of n and k.


[6]

(c)
(i)
When the wind speed is 8.0 ms-1, what volume of air reaches the 6.0 m diameter wheel of the windmill in one second?

(ii)
The density of the air is 1.3 kg/m-3.  What is the kinetic energy of the volume of moving air in (c)(i)?
[3]

(d)
In (c)(ii), you have calculated the power (kinetic energy per second) arriving at the wheel.  Use this together with data from Fig. 8.2 to find the fraction of this power converted into useful output power.
[1]

(e)
State three factors, other than wind speed and diameter of wheel, that are likely to influence the output power.  In each case, give some indication how the power output is likely to be affected.
[3]

(f)
In practice, it has been found difficult to scale up a windmill such as this, say to a wheel of 30 m diameter, to achieve power outputs of the order of megawatts. Suggest two reasons for this.
[3]
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