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1 A student investigates the heating of a solid metal cylinder. Fig. 1.1 shows the cylinder of
cross-sectional area A and height A.

—

N

[ cylinder

~
Fig. 1.1

The student places the cylinder and an electrical heater in a beaker of water. The electrical heater
is switched on and the student measures the time f for the temperature of the water to increase
by A6.
A number of cylinders of the same material but with different cross-sectional areas are available.
It is suggested that the relationship between tand A is

Pt = AhWAG6 + ZA6

where P is the power of the heater and W and Z are constants.

Design a laboratory experiment to test the relationship between t and A.
Explain how your results could be used to determine values for Wand Z.

You should draw a diagram, on page 3, showing the arrangement of your equipment.
In your account you should pay particular attention to:

e 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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Diagram

© UCLES 2021 9702/52/M/J/21 [Turn over



© UCLES 2021 9702/52/M/J/21



5

2 Astudent investigates the current in a circuit containing a cell, as shown in Fig. 2.1.

Te

Fig. 2.1

The student connects two resistors of resistances R, and R, between P and Q. The ammeter
measures the current I.

The student repeats the experiment with different resistors between P and Q.
It is suggested that I, R, and R, are related by the equation
E=IR,+R,+r)
where E is the electromotive force (e.m.f.) and ris the internal resistance of the cell.
(a) Agraph is plotted of % on the y-axis against (R, + R,) on the x-axis.

Determine expressions for the gradient and y-intercept.

gradient = ...

Y-INTErcept = oo
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(b) Values of R;, R, and I are given in Table 2.1.

Each resistance value has a percentage uncertainty of +5%.

Table 2.1
R,/ R,/ (Ry+R,)/Q I'mA %/A—1
22 33 17.2
22 47 14.2
22 56 12.8
33 47 12.4
33 56 1.4
47 56 10.1

Calculate and record values of (R, + R,)

I

Include the absolute uncertainties in (R, + R,).

(c) (i) Plota graph of —lr/A‘1 against (R, + R,)/Q.

(ii)

(iif)
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Include error bars for (R, + R,).

/Q and X /A" in Table 2.1.

[2]

[2]

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

(2]

Determine the gradient of the line of best fit. Include the absolute uncertainty in your

answer.

gradient =

9702/52/M/J/21



110

105

100

_/A—'l

95

90

85

80

75

70

65

60

55
50 60 70 80 90 100 110 120

(R, + Ry)/Q

© UCLES 2021 9702/52/M/J/21 [Turn over



8

(iv) Determine the y-intercept of the line of best fit. Include the absolute uncertainty in your
answer.

y-intercept = ..o, [2]

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

E o e
L S e
(2]
(ii) Determine the absolute uncertainty in E.
absolute uncertainty in E = ... [1]

(e) The experiment is repeated using the same cell. The value of R, is 22Q. Determine the
resistance R, that would give a current of 7.5mA.

[Total: 15]
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