
*
6
8
0
9
0
7
3
9
7
7
*

© OCR 2017 [H/500/8367]
DC (NH/SG) 138361/2

INSTRUCTIONS TO CANDIDATES
• This Insert contains the material required to answer the questions in Section C.

INFORMATION FOR CANDIDATES
• This document consists of 4 pages. Any blank pages are indicated.

INSTRUCTION TO EXAMS OFFICER / INVIGILATOR
• Do not send this Insert for marking; it should be retained in the centre or recycled. 

Please contact OCR Copyright should you wish to re-use this document.

Thursday 8 June 2017 – Afternoon
AS GCE PHYSICS B (ADVANCING PHYSICS)
G492/01 Understanding Processes / Experimentation and Data Handling

 Duration: 2 hours
INSERT

Oxford Cambridge and RSA



2

G492/01 (Insert) June 2017© OCR 2017

1 Uncertainty in a calculated result

 When thinking about the uncertainty in an experiment, you need to consider the uncertainty in 
every measurement. It is important to identify the most uncertain measurement, because this 
is the measurement which will be most worthwhile improving. Also, this uncertainty is the one 
which contributes most to the uncertainty of the final result. Fig. 1 shows a chart of repeated 
measurements of the breaking force of samples of the same cotton thread. 
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Fig. 1

 There are no outliers in this data, and you can easily find the mean of the 30 measurements, 
which is 12.0 N. The spread (half the range) is 1 N, so the value is (12 ± 1) N, giving a percentage 
uncertainty of 8%.

 Measuring the diameter of the same cotton thread with a micrometer shows that the diameter 
measurement is less variable than that of the breaking force, so you can get a minimum estimate 
of the variation in breaking stress from the variation in breaking force.

 In this case, the diameter of the thread is 0.24 mm (2.4 × 10–4 m), giving a cross-sectional area 
of 4.5 × 10–8 m2, so the breaking stress can be easily calculated for the maximum and minimum 
values of breaking force.  This allows calculation of the mean breaking stress and also an estimate 
of its uncertainty.
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2 Spectacles for the Third World

 Many charities collect unwanted spectacle lenses for reuse in the Third World. The power of 
these lenses varies from +5D (converging) to –5D (diverging), with the majority being in the latter 
category. There is a need for a quick and easy-to-use method of measuring the power of these 
lenses when they arrive at their destination, using appropriate technology and expertise.

 Measurement of the power of a converging lens is fairly straightforward. All you need is a beam of 
parallel light, a piece of stiff white card and a ruler, as shown in Fig. 2.
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Fig. 2

 This method does not work for a diverging lens.
 This is because the light which leaves the lens
 appears to come from a point behind it, where you
 cannot put a screen to find the focus, as shown in
 Fig. 3.

 The way that a diverging lens can be made to focus
 light to a point on a screen is to use a converging lens
 to arrange for the incoming light beam to be already
 aiming to a focus, as shown in Fig. 4. Fig. 3
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Fig. 4

 A charity appoints an engineer, Melanie Brown, to design a simple method for use in the Third 
World to measure the power of diverging spectacle lenses. She uses the arrangement shown in 
Fig. 4 and follows this procedure:

 • With both lenses in place, measure the distance from the diverging lens to the position of the 
screen where the light is focused. This is the image distance, v.

 • Remove the diverging lens, and move the screen until the light is focused by the converging 
lens alone. The distance from where the diverging lens was placed to the new screen position 
is the object distance, u.
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3 Measuring the Planck constant using LEDs

 You may wish to try out this experiment in the laboratory so that you will know in advance how the 
experiment works, what the difficulties are and how the data can be processed. The quantisation 
of light as discrete packets of energy called photons can be explored experimentally using LEDs 
in a circuit such as that shown in Fig. 5.
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Fig. 5

 The potential difference (p.d.) across the LED is gradually increased until it emits photons (strikes).
 The p.d. at which the LED just emits photons is known as the striking voltage Vs.

 Each electron of charge e ‘falling through’ a p.d. Vs releases energy E = Vs e as a single photon 
of light. The most significant uncertainties in this experiment are associated with consistently and 
accurately judging the voltage at which the LED strikes. To allow the strike to be detected with 
greater sensitivity, it is usual to shield the LED with a small opaque paper tube down which the 
observer can peer at the LED.

 Data from one such experiment are shown in the table below.

LED colour λ / nm average Vs / V

deep red 641 1.94

red 627 1.98

orange 609 2.04

green 574 2.17

turquoise 494 2.52

blue 468 2.66

violet 411 3.02

 Plotting an appropriate graph of the data obtained from the experiment allows a value for the 
Planck constant to be determined.
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