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1 Ateacher uses strobe photography to demonstrate the motion of a tennis ball thrown under gravit
She opens the camera shutter in a darkened room and throws the tennis ball in front of the lens a:

SECTION A

Answerall the questions.

2

the strobe flashes at 20 + 2 HEZg. 1 shows the result, superimposed on a metric grid.

Fig.1lis a graph showing the result superimposed on a metric grid. This item has been removed due tc

party copyright restrictions.

For other examples of this type of question please see our past papers, available through our website

l

and Interchange. Alternatively, see our ExamBuilder platform for the full list of relevant mock

questions

A student takes measurements of the y position ffa@nl, starting from the image centred on

x = 0.20 m. He measures the y positions from the bottom of the ball and performs calculatienares

recorded in the table below. He concludes ¢#tte acceleration of gravity, is 9.2 + 0.4M

t/'s y/m Ay/At [ m st AVIAt [ m s?
+10% +£0.005m
0 0.54
0.05 0.52
0.10 0.48 0.04 0.80 0.40
0.15 0.42 0.06 1.20 0.40
0.20 0.33 0.09 1.80
0.25 0.22 0.11 2.20
0.30 0.10 0.12 2.40
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3

@ @ Record further values in the spaces provided to complete the data in the table.

[2]

(i)  Complete your own analysis of the data by calculating the mean valgevittr an estimate
of its uncertainty

(i) You are planningo improvethe accuracy of this experiment to estimate g. Suggest and
explain which of the measured quantities is most worth improving to achieve this.
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4

(b) ()* Itis suggested that the horizontal velocity component of the motion is coasfaf m s
Test this hypothesis, making your method clear. Explain your judgement and conclusi

You may wish to use the table provided to record values takenFighm. [6]

Additional answer space if requite
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5

(i)  The teacher states that the vertical and horizontal components of the motionilBrstiate
Newton’s first two laws of motion.

Explain how the two components of the motion could illustrate these laws of motion.
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2 The experiment illustrated faig. 2.1is to be used to investigate aspects of the electric field betweer
parallel plates. The charged ball bounces continuously between the plates.

charged ball g +2kVIl okv

metal plate —_||

0-5 kV supply " r&" S

Fig. 2.1
+ 2 kV o kV
Fig. 2.2

@ (i) Fig. 2.2shows a close up of the parallel plates.

Draw five lineson Fig. 2.2to represent the uniform electric field between the plate
Add a labelled line to represent the + 500 V equipotential.

[3]
(i)  Statethe effect on the electric field strength between the plates of:
1 halving the separation of the plates
2 halving the p.d. from the supply.
[2]
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(b) (@) Calculate the force on the ball when charged to +2.0 kV and placed betweendabeavjilat
p.d. of 2.0 kV.

radius of ball = 2.0 20° m
plate separation = 8:0102 m

(i)  Calculate or state the work done by the electric field per coulomb on the ballzd! tineves
across half the separation of the plates.

work done per unit charge S..cceeeeveieecnnnnns JCt [1]

(c) The ball bounces between the plates at a constant rate.

Explain why the ball bounces at a constant rate although it gains energy froexcthe &&ld each
time it moves between the plates.
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3 Fig. 3.1shows a short bar magnet being dropped vertically through a small horizontal coil.

_____— short bar magne

Fig. 3.1
Fig. 3.2shows the graph of how the e.m.f. induced in the coil varies with time, as the magpest pa

through the coil.
[
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Fig. 3.2
Identify and explain the main features of the peaks of induced emf showig.@2, in terms of
[6]

(&)
Faraday’s law of electromagnetic induction.

H557/03
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(b) An experiment is being planned for dropping a much longer bar magnet through the small c
Fig. 3.1 and measuring the induced emf.

Sketch and label an apparatus diagram.

Stateone aspect that would need to be controlled in order to obtain accurate data and explai
you would achieve this.

3]
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3 (c) Explain how the graph iRig. 3.2would change if:

1 a much longer bar magnet replaced the short bar magnet.

(d) The data irFig. 3.2 were obtained using an 1100 turn coil.

Calculate the total flux linking the coil from when the mag@ersthe coil to the point at which
the magnet is central within the coil.

flux linked = .cceviiiiiiiiiininiiennnne. Wb [2]
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SECTION B

Answerall the questions.

4 A student wanted to use a capacitor and a resistor in an electronic timer.
She used the circuit shownhing. 4.1to test a capacitd and variable resistdRo.

6.0V
| &
|
C A
¢ 1
B
R, »
S
Fig. 4.1

In one test the capacitor was first charged through the fixed reRishyr connecting the switch #. It
was then discharged through the variable resRidry connecting the switch 8. The student used a
data-logger to measure how the voltage across cap@citaried as it charged and then discharged
through the two different resistors. A data table of her results is shdvig. id.2

charging through Ry discharging through R>
t/ ms p.d./V t/s p.d./V
0 0.00 0 6.00
2 0.46 2 5.54
4 0.89 4 511
6 1.28 6 4.72
8 1.65 8 4.35
10 1.98 10 4.02
12 2.29 12 3.71
14 2.58 14 3.42
16 2.84 16 3.16
18 3.09 18 2.91
20 3.31 20 2.69
22 3.52 22 2.48
24 3.71 24 2.29
26 3.89 26 2.11
28 4.05 28 1.95
30 4.20 30 1.80
Fig.4.2
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13
(@) Figs.4.3aand4.3bshow the charge and discharge curves for the data in the tébte 42

7 7
6 6 1
B
5 5
p.d./V p.d./V

4 4

3 i 3

2 2

1 1

0

0 10 20 30 40 0 10 20 30 40
t (charge) / ms t (discharge) / s
Fig. 4.3a Fig. 4.3b

0] Using the graph dfig. 4.3b, show that the time constant for the discharge is less than =
seconds.

[3]
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(i) The capacitor has a value of 470®. Show that the initial discharge current would be
about 1 mA.

[4]

(iii)*  The student calculated the total amount of charge to flow from the capaditerfirst
30 seconds. She used two methods:

Method 1 — using the relationshipQ = C AV
Method 2 — using | =\é andthe area under thg(t) graph wherdris 5.0 kQ

Show how the total charge flow may be calculated in both cases and comment on hc
two methods compare.

[6]
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(b)  In the student’s proposed timer, the p.d. acrosR. mustfall to 1.0 V in less than 50 seconds.

Use suitable calculations to demonstrate whether the circuit meetsghissment.

[4]

(c) Calculate the value of the charging resifer

END OF QUESTION PAPER
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