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Section B
Answer all the questions in the spaces provided.
You will need to refer to the work you did in Section A Part 2 when answering these questions.

1 (a) (i) Determine the gradient, G, of your graph of _R_ against 7.

R+ Ry
G o e s
(2 marks)
1 (a) (ii) Calculate GTy.
GT) = e
(2 marks)
1 (b) When no resistor is connected between clip P and clip Q, the time, T, for the voltmeter
reading to fall by 50% = Tj.
1 (b) (i) State the value of R when T = Tj.
(1 mark)
1 (b) (ii) Explain how T could be obtained from your graph of R fR against 7.
0
(1 mark)

Turn over for the next question
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2 A student carried out the experiment on Section A Part 2, making measurements to
determine the time, 7, for the voltmeter reading to fall by 50% for different values of

R, including smaller values than you used.

The digital voltmeter used by the student had certain characteristics that may have

introduced uncertainty in the measurements of 7.

2 (a) The first characteristic is the sample rate; this is the rate at which readings are

transferred to the display of the meter. For the type of digital voltmeter used, a typical

sample rate is 2Hz.

Figure 6 shows how the voltmeter reading varied with time as the capacitor was

discharged.

Figure 6
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2 (a) (i) Explain how Figure 6 shows that the sample rate of the voltmeter is 2Hz.

(1 mark)
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2 (a) (ii) With reference to Figure 6, outline one difficulty that the student would find when
measuring 7" using the readings displayed on the voltmeter.

(2 marks)

2 (a) (iii) A teacher suggests that the student should wait until the voltmeter reading has fallen by
75% betore stopping the watch.
Explain how the value of T can be obtained using this method and explain why the
uncertainty in the result would be reduced.

(2 marks)

Question 2 continues on the next page

Turn over »
WMP/Jun12/PHAB/B6/X

PMT

Do not write
outside the
box



PMT

6 Do not write
outside the
box

A different student replaced the digital voltmeter with a voltage sensor connected to a
data logger. The results of this experiment are shown in Figure 7.

Figure 7
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2 (a) (iv) Explain why the results displayed in Figure 7 show a continuous curve whereas those
represented in Figure 6 show a stepped line.
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2 (b) The second characteristic of the meter that affects the measurements of 7 is the
resistance of the voltmeter. The voltmeter provides another conducting route through
which the capacitor can discharge, effectively lowering the resistance of the circuit.
This causes all the readings of T to be less than they should have been.
2 (b) (i) What type of error does this cause in your measurements for 7°?
(1 mark)
Figure 8 illustrates how the resistance of the voltmeter affects the experiment.
Figure 8
result u:sing : ;
low resistance -
voltmeter /
(about 10k€2)
/
,/
S/
/
R
R + Ry
/ e
-
7 .
o ~""result using
7 high resistance
] voltmeter
(about 10 M)
T T
T/s
2 (b) (ii) Explain with reference to Figure 8 whether the results of your experiment indicate that
the resistance of the voltmeter you used was small enough to cause an error of this
type.
(1 mark)
8
Turn over for next question
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3

In the experiment in Section A Part 1 you made measurements to calculate the radii of
curvature of the surfaces of a spherical mirror. In order to check the accuracy of such
an experiment, an instrument called a spherometer is used.

A spherometer is shown in Figure 9.

Figure 9

fixed scale

=
R——

(

rotary scale divided
into 100 equal intervals

A spherometer, like a micrometer screw gauge, is a device in which a screw thread
mechanism is used. One full rotation of the mechanism advances the screw 0.5 mm
and this causes the rotary scale, which is divided into 100 equal intervals, to move
vertically through one division of the fixed scale.

As with the micrometer screw gauge, the instrument is read by combining the readings

from the fixed scale and the rotary scale.

(i) What is the precision of the spherometer?

(1 mark)
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3 (ii) Measurements made with a spherometer show that the radius of curvature, R;,
of the convex surface of the mirror is 84.4 mm.
Using the oscillating metre ruler method, a student calculates a value of R, which is
4.5% lower than the spherometer value.
Calculate the value of R, obtained by the student.

3 (iii) To calculate the radius of curvature, Ry, of the convex surface of the mirror, the
student used the formula

in which x = the length of the ruler, g = 9.81 N kg_1 and T is the period of the
oscillations.

Assuming the uncertainties in x and g are negligible and the percentage uncertainty in
Ry = 4.5%, calculate the percentage uncertainty in the student’s result for 7.

3 (iv) Based on a single measurement of 10 oscillations, the student calculated
that 7= 2.04s.
Calculate the uncertainty in the student’s measurement for the time of 10 oscillations
of the ruler.

Turn over for next question
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It is suggested to a student who is watching a metre ruler oscillating on the convex
surface of a mirror that the amplitude of the oscillations decreases exponentially.
The student is challenged to show whether or not this is true.

The student decides to record the motion of the ruler using a video camera. She
attaches a pin to the end of the ruler and positions a vertical scale behind the tip of the
pin, as shown in Figure 10.

Figure 10

vertical ruler
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!

/

/
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e
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The student records the height above the bench of the tip of the pin at the top, y;, and
at the bottom, yy, of its motion during several successive swings, n, of the ruler.

Her results are shown below.

n 0 1.5 3.0 4.5 6.0 7.5 90 | 105 | 120 | 135
y/cm 249 223 20.5 19.1 18.2
yp/cm 7.9 10.1 11.7 12.8 13.6
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4 (a) Her data points are plotted on Figure 11.
Figure 11
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On Figure 11 draw
(1) a line to show how y, varies with n,
(ii) a line to show how y, varies with n,
(i11) a line parallel to the horizontal axis to mark the position of the tip of the pin
against the vertical scale when the ruler is at the equilibrium position.
(2 marks)

Turn over p»
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4 (b)

Hence or otherwise, explain whether the student’s data confirms the suggestion that the
amplitude of the oscillations decreases exponentially.

(3 marks)

END OF QUESTIONS
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