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The equation relating p.d. 7 and current is
V=ge-1Ir
Where £ is the e.m.f. of the battery and » is the internal resistance of the battery.

(d)  Use the graph to determine a value for the e.m.f. &for the cells. Show your working clearly and
include the unit in your answer.

emf £=. 121

(e)  Determine a value for the internal resistance.

internal resistance = .......ceeereeennnnen Q 3]
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(f)* A student suggests three possible variations to extend the experiment.

1) Adding a switch into the circuit so that the circuit can be disconnected between readings.
2) Adding another cell.
3) Reversing one of the cells.

Discuss the effect that each of these three suggested changes would have on the accuracy of the
experiment, the uncertainty of measurement and the data collected.

[6]
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1

A teacher uses strobe photography to demonstrate the motion of a tennis ball thrown under gravity.
She opens the camera shutter in a darkened room and throws the tennis ball in front of the lens as
the strobe flashes at 20 + 2 Hz. Fig. 1 shows the result, superimposed on a metric grid.

0.20 0.30 0.40 0.50

Fig. 1

A student takes measurements of the y position from Fig. 1, starting from the image centred on
x=0.20 m. He measures the y positions from the bottom of the ball and performs calculations; some are

recorded in the table below. He concludes that g, the acceleration of gravity, is 9.2 0.4 m s,
tls y/m Ay /m AyIAt Ims™T | Av / msT | Av/At /ms?
+10% +0.005 m
0 0.54

0.05 0.52 0.02 0.40

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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(a)

(i)  Record further values in the spaces provided to complete the data in the table.

121

(ii))  Complete your own analysis of the data by calculating the mean value for g with an estimate
of its uncertainty.

g~

(ili)  You are planning to improve the 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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(b) (i)* It is suggested that the horizontal velocity component of the motion is constant at 1.0 m s™
Test this hypothesis, making your method clear. Explain your judgement and conclusion.

You may wish to use the table provided to record values taken from Fig. 1.

161

(i)  The teacher states that the vertical and horizontal components of the motion shown illustrate
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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Question Answer Marks Guidance
29 | (a) | (i) | 1 a sensitive ammeter in series with LED as V increased find the 2 accept galvanometer or pA or mA meter
p.d. value when it starts conducting v
accept 1 & 2 either way round
2 black-out and shaded vision tube to judge V value when visible
light is first observed as V increased v
(a) | (ii) | fully functioning circuit with variable supply / potential divider, LED 1 with series current limiting resistor good but
with voltmeter in parallel(if ammeter used must be in series ) v NOT a series variable resistor to control circuit
(b) | (i) | bottom line of table completed correctly v/ 4 allow table
incalldata | 4.04 6.46 93
excVa= 3.38 541 7.7
5.38
incVs= 3.38 541 7.7
3.38

h =80203x10%Jsv
estimate with uncertainty in range (0.2 to 0.5) x 1034 Js v/

anomaly of 5.38 identified in the table v/

allow 1 S.F. estimates i.e. (8 or 9) x 10 Js
allow ecf if outlier counted in
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Question

Answer

Marks

Guidance

29

(b)

(ii)

points with uncertainties plotted by dot plot or + bars v
extended best fit line, not through origin — see below v
V = hffle — h=e xgradient/ 1.6 x 109 x 0.41 x 10™ v/

h = (6.6 +0.3) x 10*(Js) v

allow ecf if outlier is used for a point
allow ecf if outlier used in best fit line
correct method attempted: algebra / numbers / words

accept uncertainties in range (0.2 to 0.5) x 10 (Js)
NOT ecf on use of outlier for evaluation mark
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Question Answer Marks Guidance
6 | (a) High resistance means that negligible current flows through the 2 Or resistance of voltmeter-resistor pair is v. close to
voltmeterv’ that of the resistor alone.
Negligible resistance means that pd across the ammeter is
minimal/reduced so that it does not affect the readings v/
(b) (Suggestion is incorrect) 3
Increased resistance gives lower current v*
Constant absolute uncertainty AW v with lower current values give
a higher % uncertainty v*
(c) Points plotted correctly v/ 2
Correct line of best fit drawn v
(d) 3 (V)Y 2 Allow + 0.1V. ecf for their line of best fit.
correct unit (V)v'
(e) Correct method for calculating gradient v 3
X values > 750 mA v
050 v Allow £0.1Q
(f* Level 3 (5-6 marks) 6 Indicative scientific points may include:

Constructs argument in a clear manner giving clear reasoning at
all points. Each part of the question fully covered and the
connection made with data on the graph.

There is a well-developed line of reasoning which is clear and
logically structured. The information presented is relevant and
Substantiated.

Level 2 (3-4 marks)

Covers at least two aspects of the argument. May not link the
aspects together. Shows understanding of the effect on
uncertainties.

Adding switch

o l|dea of reducing heating effect

« No energy lost/draining of the battery/cells.

o Improved reliability

Adding another cell

e Increase in pd -> increase in current

e Change to the overall resistance

e % uncertainty in current reading reduces

« Graph would have a steeper gradient and higher
intercept

Reversing the cell

« Reduces the pd -> reduces the current flow

e % uncertainty would increase.
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Question Answer Marks Guidance

There is a line of reasoning presented with some structure. The o Overall internal resistance would be the same
information presented is in the most-part relevant and supported o Would produce a lower intercept but same
by some evidence. gradient.

Level 1 (1-2 marks)
Makes at least two independent points that are relevant to the
argument. Structuring of the answer may be poor.

The information is basic and communicated in an unstructured
way. The information is supported by limited evidence and the
relationship to the evidence may not be clear.

0 marks
No response or no response worthy of credit.

Total 18
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Question Answer Marks Guidance
1@ @ 040 80 2
0.40 8.0 Correct values entered into table
0.60 12.0
0.40 8.0
0.20 4.0
v v
3 Avvalues 5 Av/Atvalues
correct correct
(ii) | g = (AV/AL) average (£ V2 range) 2
=80V
+4ms?) v accept + 2/3/4 (ms?) on uncertainty estimate
(i) | At from strobe is + 10% (and is used twice to find Av/At)v’ 2 accept improve y measurement because + % on Ay

may contribute up to about + 20% and is largest % uncertainty
v

varies between + 5% when y smallest to + 1% when y
largest, (but lower y values could be ignored)
both required
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Question

Answer

Marks

Guidance

1

(b)

(U

Level 3 (5-6 marks)

Test carried out with at least 3 evaluations to check constancy.
Complete answer with conclusion yes Vhorizontal S€NSibly constant
(within limits of position measuring precision from image ,about +
0.5 cm uncertainty/ 50cm max displacement at best)

There is a well-developed line of reasoning which is clear and
logically structured. The information presented is relevant and
substantiated.

Level 2 (3—-4 marks)

proposed test: Ax check constant or xat orx/t
= constant (if measuring from left edge of ball).

Test carried out with at least 2 evaluations to check constancy

There is a line of reasoning presented with some structure. The
information presented is in the most-part relevant and supported
by some evidence.

Level 1 (1-2 marks)
Vhorizontal iIN Tange 1.1 £ 0.1 m s scores 2
transfers data from graph to table scores 1

The information is basic and communicated in an unstructured
way. The information is supported by limited evidence and the
relationship to the evidence may not be clear.

0 marks
No response or no response worthy of credit.
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Question Answer Marks Guidance
(i) | Laws: identifies 1% law with constant Vhorizontal @Nd 2
links constant Vv horizontal to lack of F horizontal
identifies 2" law with constant a yerical and
links @ vertical to constant F yerical OF constant weight v
Total 14
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Here is a list of combinations of base units of the SI system.

Which combination of units is equivalent to a newton, N?

A kgms™
B kgm 52
C kgm?s?
D kgm’s?

Your answer

Here is a list of combinations of base units of the SI system.

Which combination of units is equivalent to watt, W?

A kgms!
B kgms?
C kgm? s>
D kgm?s™

Your answer

Which of these quantities would be measured in pascals?

A weight
B strain
C stress
D tension

Your answer

11

1]

1]
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12

A student correctly uses an ammeter and a voltmeter to measure the resistance of a component. She
obtains the readings / =0.38 £ 0.02 A and V= 11.75+ 0.01 V.

What is the best estimate for the resistance value and its uncertainty?

A 309+1.6Q

30.92+1.63Q

B
C 30.92+0.03Q
D

31£2Q

Your answer

[1]
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29 This question is about an experiment to determine the Planck constant using LEDs. To achieve a
reliable value it is important to measure the value at which the LEDs just turn on, the threshold
voltage.

(a) (i) Describe one technique you could use to measure the threshold voltage for LEDs.

(ii)) Draw a diagram of a circuit you would use to make these measurements.

B

(b) A student obtains several results for red, green and blue light LEDs as shown in the table Fig.
29.1 below.
LED | manufacturer's threshold voltage processed data
colour | stated frequency | V;/V VsV ViIV | Vil V eV _ eV
f/Hzx10" T X107 h= 7
/Js x 10
red 4.58 243 2.49 225 2.39 3.82 8.3
| green 5.94 2.95 3.10 2.80 2.95 4.72 7.9
blue 6.98 3.50 3.25 5.38

Fig. 29.1

(i)  The table in Fig. 29.1 contains a recording error. Complete table Fig. 29.1.

Calculate the Planck constant / using this data with an estimate of its uncertainty and
comment on your result.
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(i)  Plot a suitable best fit linear graph V, against f on Fig. 29.2.

0 1.0 20 30 40 50 6.0 7.0 80
f/Hzx 10"

Fig. 29.2
hf

Using the graph gradient and the equation 7 = =, make a further estimate for the Planck
e

constant /2 with an estimate of the uncertainty.

(iii) Comment critically on your values for 4 and suggest how you might go about trying to
improve the method or equipment used for this experiment.
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6  This question is about an experiment performed in AS physics to determine the internal resistance of a
battery (two cells combined in series). The experiment can be set up as shown in Fig. 6.1.

)
R N
Fig. 6.1
Measurements of p.d. /" and current / for a range of values of resistors R are taken in order to determine a
value for the combined internal resistance of the cells.
In planning the experiment it is important to select suitable equipment.
(a)  Explain why the following equipment was chosen

e A voltmeter with very high internal resistance.
e An ammeter with negligible internal resistance.

(b) A student suggests that using much higher value resistors will improve the quality of measurements
by reducing the uncertainty in the current readings.

Comment on this suggestion. Explain your reasoning.

131





image6.png
Izl

00S

9 81l

vu/g
‘aul| 2[qeINS B MeI(] Z'9 *81 uo sanjeA ay) jo ydeis e 101q

0001

00ST1

0r'eT
99T
8LT
(¥4
98T

A/ pd

00Tl
999
(454
(443
98¢

yuy/ 1

)

M0[oq 9[qe) Ay Ul UdAIS st g1 o3ed uo JuotLIddxa oy woly paureqo ejecy




