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2

1 When light is incident on the front of a photocell, an e.m.f. is generated in the photocell. For

Examiner’s

A student wishes to investigate the effect of adding various thicknesses of glass in front of Use

a photocell. This may be carried out in the laboratory by varying the number of identical thin

glass sheets between a light source and the front of the photocell.

It is suggested that the e.m.f. Vis related to the number n of glass sheets by the equation
V= Voe‘“”’

where t is the thickness of one sheet, « is the absorption coefficient of glass and V, is the
e.m.f.forn=0.

Design a laboratory experiment to determine the absorption coefficient of glass. You should
draw a diagram, on page 3, showing the arrangement of your equipment. In your account
you should pay particular attention to

(@) the procedure to be followed,

(b) the measurements to be taken,

(c) the control of variables,

(d) the analysis of the data,

(e) the safety precautions to be taken.
[15]
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2 A student is investigating how a volume of nitrogen gas is affected by the pressure exerted For

on it. Examiner’s
Use
A sample of nitrogen gas is trapped in a vertical tube of uniform cross-sectional area by a
small volume of oil. Pressure is applied by a pump. The applied pressure is measured on a
gauge, as shown in Fig. 2.1.

~
nitrogen =
9 h
s\ pressure gauge
N—1
oil =
[
-——— pump
air
Fig. 2.1

The temperature T of the nitrogen is 290K.

An experiment is carried out to investigate how the height h of nitrogen trapped in the tube
varies with the pressure p.

Question 2 continues on the next page.
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It is suggested that p and h are related by the equation For

Examiner’s

pAh = NKT Use

where A is the cross-sectional area of the tube, k is the Boltzmann constant and N is the
number of molecules of nitrogen gas.

(@) A graph is plotted of p on the y-axis against ;—7 on the x-axis. Express the gradient in
terms of N.

gradient= ... [1]
(b) Values of pand h are given in Fig. 2.2.
p/10° Pa h/1073 m
1.10 400+ 5
1.22 360+5
1.38 320+ 5
1.57 280 +5
1.83 240+ 5
2.09 210+5
Fig. 2.2
1

Calculate and record values of — in Fig. 2.2. Include the absolute uncertainties in rE

>i—=

[3]

(c) (i) Plota graph of p/10° Pa against 1/m‘1. Include error bars for 1

h s (2]

(ii) Draw the straight line of best fit and a worst acceptable straight line on your graph.
Both lines should be clearly labelled. 2]

(iii) Determine the gradient of the line of best fit. Include the uncertainty in your
answer.

gradient=......cccceeiii [2]
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(d) In this experiment, A= 3.14 x 10°m?2 and k= 1.38 x 10723JK™". Using your answer in ..

(c)(iii), determine the value of N. Include the absolute uncertainty in your value. Examiner’s
Use

(e) (i) The pressure is reduced so that p = 1.10 x 10° Pa and the temperature decreases
by 12 +1K.

Determine h using the relationship given and your answer in (d).

(ii) Determine the percentage uncertainty in your value of h.

percentage uncertainty = ........cccccoviieiiiniie e % [1]
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1 A student wishes to investigate projectile motion. For
Examiner’s
A small ball is rolled with velocity v along a horizontal surface. When the ball reaches the | Use

end of the horizontal surface, it falls and lands on a lower horizontal surface. The vertical
displacement of the ball is p and the horizontal displacement of the ball is g, as shown in

Fig 1.1.

Fig. 1.1

It is suggested that

g9% =2pv?
where g is the acceleration of free fall.
Design a laboratory experiment to investigate how q is related to p and how v may be
determined from the results. You should draw a diagram, on page 3, showing the arrangement
of your equipment. In your account you should pay particular attention to
(a) the procedure to be followed,
(b) the measurements to be taken,
(c) the control of variables,

(d) the analysis of the data,

(e) the safety precautions to be taken.
[15]
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2 A student is investigating a non-inverting operational amplifier (op-amp) circuit. For

Examiner’s
The circuit is set up as shown in Fig. 2.1. Use

+\I\
E e ,_—
— 18V O

Fig. 2.1
The op-amp is connected to a +18V and —18V power supply.

E is the e.m.f. of the cell, which has a value of 1.6 + 0.1V.

An experiment is carried out to investigate how the reading V on the voltmeter varies with
resistance R.

Question 2 continues on the next page.
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6
It is suggested that V and R are related by the equation
v=FELE
R
where Fis the resistance of the fixed resistor in the circuit.

(a) A graph is plotted of % on the y-axis against lR on the x-axis. Express the gradient in

terms of F.

For
Examiner’s
Use

gradient = ... 1]
(b) Values of Rand V are given in Fig. 2.2.
R/Q V/V %/10_39_1 %
150 14.4 + 0.1
220 10.4 + 0.1
330 7.4 +0A1
470 5.6 +0.1
680 4.4 +0.1
860 3.8+0.1
Fig. 2.2
Calculate and record values of l',:r/10‘3£2‘1 and % in Fig. 2.2. Include the absolute
uncertainties in % [3]
(c) (i) Plota graph of % against %,/10‘3 Q. Include error bars for % [2]

(ii) Draw the straight line of best fit and a worst acceptable straight line on your graph.
Both lines should be clearly labelled. 2]

(iii) Determine the gradient of the line of best fit. Include the uncertainty in your
answer.

gradient= ... [2]
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(d) Using your answer in (c)(iii), determine the value of F. Include the absolute uncertainty For

in your value and an appropriate unit. Examiner's
Use

(e) For one measurement, R has a value of 120Q + 5%.

(i) Determine the value of % using the relationship given and your answer in (d).

Include the absolute uncertainty in your answer.

v

T e 2]
(ii) Determine the expected voltmeter reading.

voltmeter reading = .......ccooeeiiiiiiiinieenn. V[1]
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2

1 A student wishes to investigate projectile motion. For
Examiner’s
A small ball is rolled with velocity v along a horizontal surface. When the ball reaches the | Use

end of the horizontal surface, it falls and lands on a lower horizontal surface. The vertical
displacement of the ball is p and the horizontal displacement of the ball is g, as shown in

Fig 1.1.

Fig. 1.1

It is suggested that

g9% =2pv?
where g is the acceleration of free fall.
Design a laboratory experiment to investigate how q is related to p and how v may be
determined from the results. You should draw a diagram, on page 3, showing the arrangement
of your equipment. In your account you should pay particular attention to
(a) the procedure to be followed,
(b) the measurements to be taken,
(c) the control of variables,

(d) the analysis of the data,

(e) the safety precautions to be taken.
[15]
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5

2 A student is investigating a non-inverting operational amplifier (op-amp) circuit. For

Examiner’s
The circuit is set up as shown in Fig. 2.1. Use

+\I\
E e ,_—
— 18V O

Fig. 2.1
The op-amp is connected to a +18V and —18V power supply.

E is the e.m.f. of the cell, which has a value of 1.6 + 0.1V.

An experiment is carried out to investigate how the reading V on the voltmeter varies with
resistance R.

Question 2 continues on the next page.
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6
It is suggested that V and R are related by the equation
v=FELE
R
where Fis the resistance of the fixed resistor in the circuit.

(a) A graph is plotted of % on the y-axis against lR on the x-axis. Express the gradient in

terms of F.

For
Examiner’s
Use

gradient = ... 1]
(b) Values of Rand V are given in Fig. 2.2.
R/Q V/V %/10_39_1 %
150 14.4 + 0.1
220 10.4 + 0.1
330 7.4 +0A1
470 5.6 +0.1
680 4.4 +0.1
860 3.8+0.1
Fig. 2.2
Calculate and record values of l',:r/10‘3£2‘1 and % in Fig. 2.2. Include the absolute
uncertainties in % [3]
(c) (i) Plota graph of % against %,/10‘3 Q. Include error bars for % [2]

(ii) Draw the straight line of best fit and a worst acceptable straight line on your graph.
Both lines should be clearly labelled. 2]

(iii) Determine the gradient of the line of best fit. Include the uncertainty in your
answer.

gradient= ... [2]
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(d) Using your answer in (c)(iii), determine the value of F. Include the absolute uncertainty For

in your value and an appropriate unit. Examiner's
Use

(e) For one measurement, R has a value of 120Q + 5%.

(i) Determine the value of % using the relationship given and your answer in (d).

Include the absolute uncertainty in your answer.

v

T e 2]
(ii) Determine the expected voltmeter reading.

voltmeter reading = .......ccooeeiiiiiiiinieenn. V[1]
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