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1 Astudent investigates springs made of metal wire, as shown in Fig. 1.1.

metal wire

Fig. 1.1

The student constructs several springs from wire of thickness t. Each spring has a different
cross-sectional area A.

The student investigates how the spring constant k varies with A.

It is suggested that the relationship between kand A is

t4
k=22
A2N
where p is the density of the metal, N is the number of turns of wire on the spring and g is a

constant.

Design a laboratory experiment to test the relationship between k and A.
Explain how your results could be used to determine a value for g.

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

e the measurements to be taken
e the control of variables

e the analysis of the data

e any safety precautions to be taken.
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2 A student investigates the discharge of a capacitor through a resistor using the circuit shown in

Fig. 2.1.
]

C

]
]
O,

R
[ ]
L

Fig. 2.1
The student initially closes the switch and charges the capacitor. The switch is then opened and
a stop-watch is started. The capacitor discharges through the resistor. At time t the potential
difference V across the capacitor is measured.
It is suggested that V and t are related by the equation

V= (%)e_(%c)

where Q, is the charge of the fully charged capacitor, C is the capacitance of the capacitor and R
is the resistance of the resistor.

(@) A graph is plotted of In V on the y-axis against t on the x-axis.

Determine expressions for the gradient and y-intercept.

gradient = ...

Y-INtercept = oo
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(b) Values of t and V are given in Table 2.1.

Table 2.1
tls VIV In (V/V)
0 6.2+0.2
6 46+0.2
12 34+0.2
18 2.6+0.2
24 2.0+0.2
30 14£0.2

Calculate and record values of In (V/V) in Table 2.1.
Include the absolute uncertainties in In (V/V). [2]

(c) (i) Plota graph of In (V/V) against t/s.
Include error bars for In (V/V). 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 absolute uncertainty in your
answer.

gradient = ... [2]
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(iv) Determine the y-intercept of the line of best fit. Do not include the absolute uncertainty in
your answer.

y-intercept = ... [1]

(d) (i) Using your answers to (a), (c)(iii) and (c)(iv), determine values of C and Q. Include
appropriate units.

Data: R = 39kQ

G o e
Q) T e
3]
(ii) The percentage uncertainty in the value of R is 5%.
Determine the absolute uncertainty in C.
absolute uncertainty in C= ..., [1]
(e) Using your results, determine the value of V when the time tis 1.0 minute.
Vo V [1]
[Total: 15]

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge
Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download
at www.cambridgeinternational.org after the live examination series.
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1 Astudent investigates stationary waves with an elastic cord of circular cross-section attached to a
load, as shown in Fig. 1.1.

i L |
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i i pulley
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vibrator load
cord
Fig. 1.1

When the frequency of the vibrator is f, the cord vibrates with the stationary wave pattern shown.
The student investigates how f varies with the cross-sectional area A of the cord.

It is suggested that the relationship between fand A is
o 1M
2LV kA
where L is the distance between the two nodes, M is the mass of the load and k is a constant.

Design a laboratory experiment to test the relationship between fand A.
Explain how your results could be used to determine a value for k.

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

e the measurements to be taken
e the control of variables

e the analysis of the data

e any safety precautions to be taken.
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5
2 Astudentinvestigates how the viscous force in a liquid varies with temperature.

The student releases a ball from the surface of the liquid in a container. The ball falls as shown in
Fig. 2.1.

* o—1 ball

container

| liquid

Fig. 2.1

The student determines the speed of the ball between P and Q and measures the thermodynamic
temperature T of the liquid.

Viscosity is a term used to describe the viscous forces acting in a liquid. Viscosity has the unit
pascal second (Pas). The viscosity 7 of the liquid is calculated from the speed of the ball.

The experiment is repeated for the same liquid at different temperatures.
It is suggested that n and T are related by the equation
(i)
n=He
where E and H are constants and k is the Boltzmann constant.
(@) Agraph is plotted of In7 on the y-axis against %- on the x-axis.

Determine expressions for the gradient and y-intercept.

gradient = ...

y-intercept =
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(b) Values of T and n are given in Table 2.1.

Table 2.1
TIK n/10~*Pas lT/1o—3 K1 In (n/10~*Pas)
292 12.3+0.2 3.42
303 9.8+0.2 3.30
311 8402 3.22
323 6.8+0.2 3.10
335 56+0.2 2.99
346 48+0.2 2.89

Calculate and record values of In (/10 Pas) in Table 2.1.
Include the absolute uncertainties in In (n/10™Pas). [2]

(c) (i) Plota graphoflin (n/10*Pas) against%-/m‘3 K.
Include error bars for In 7. [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 absolute uncertainty in your
answer.

gradient = ... 2]
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(iv) Determine the y-intercept of the line of best fit. Do not include the absolute uncertainty in
your answer.

y-intercept = ..., [1]

(d) (i) Using your answers to (a), (c)(iii) and (c)(iv), determine values of E and H. Include
appropriate units.

Data: k= 1.38x 1023 JK

E = e
S
[3]
(ii) Determine the absolute uncertainty in E.

absolute uncertainty in E = ..o [1]

(e) Determine the value of # for a temperature of 273 K.
1 T e Pas [1]
[Total: 15]

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge
Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download
at www.cambridgeinternational.org after the live examination series.
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1 Astudent investigates springs made of metal wire, as shown in Fig. 1.1.

metal wire

Fig. 1.1

The student constructs several springs from wire of thickness t. Each spring has a different
cross-sectional area A.

The student investigates how the spring constant k varies with A.

It is suggested that the relationship between kand A is

t4
k=22
A2N
where p is the density of the metal, N is the number of turns of wire on the spring and g is a

constant.

Design a laboratory experiment to test the relationship between k and A.
Explain how your results could be used to determine a value for g.

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

e the measurements to be taken
e the control of variables

e the analysis of the data

e any safety precautions to be taken.
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2 A student investigates the discharge of a capacitor through a resistor using the circuit shown in

Fig. 2.1.
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Fig. 2.1
The student initially closes the switch and charges the capacitor. The switch is then opened and
a stop-watch is started. The capacitor discharges through the resistor. At time t the potential
difference V across the capacitor is measured.
It is suggested that V and t are related by the equation

V= (%)e_(%c)

where Q, is the charge of the fully charged capacitor, C is the capacitance of the capacitor and R
is the resistance of the resistor.

(@) A graph is plotted of In V on the y-axis against t on the x-axis.

Determine expressions for the gradient and y-intercept.

gradient = ...

Y-INtercept = oo
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(b) Values of t and V are given in Table 2.1.

Table 2.1
tls VIV In (V/V)
0 6.2+0.2
6 46+0.2
12 34+0.2
18 2.6+0.2
24 2.0+0.2
30 14£0.2

Calculate and record values of In (V/V) in Table 2.1.
Include the absolute uncertainties in In (V/V). [2]

(c) (i) Plota graph of In (V/V) against t/s.
Include error bars for In (V/V). 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 absolute uncertainty in your
answer.

gradient = ... [2]
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(iv) Determine the y-intercept of the line of best fit. Do not include the absolute uncertainty in
your answer.

y-intercept = ... [1]

(d) (i) Using your answers to (a), (c)(iii) and (c)(iv), determine values of C and Q. Include
appropriate units.

Data: R = 39kQ

G o e
Q) T e
3]
(ii) The percentage uncertainty in the value of R is 5%.
Determine the absolute uncertainty in C.
absolute uncertainty in C= ..., [1]
(e) Using your results, determine the value of V when the time tis 1.0 minute.
Vo V [1]
[Total: 15]

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge
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