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1 Astudent is asked to find the focal length fof a lens. He uses an arrow-shaped slit in a piece of
card as an object, as shown in Fig. 1.1.

VAN

Fig. 1.1

The object is placed at one end of a metre rule and the lens is fixed a distance u from the object,
as shown on Fig. 1.2. The slit is illuminated from behind using a lamp.

A screen is then placed on the metre rule so that a sharp, focussed image of the arrow is formed.
The distance v from the lens to the screen is then measured.

illuminated
object screen
lens
image
wooden block
metre rule
: ; 7 '
! u % !
Fig. 1.2

(a) Explain how the student ensures that the image is sharply focussed on the screen.
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(b) Fig. 1.3 is a full-scale diagram showing the positions of the object, centre of lens and screen
when the sharp, focussed image is obtained.

position position position
of object of centre of screen
of lens

Fig. 1.3 (full scale)

(i) Take measurements from Fig. 1.3 to find v and v.

U'S oottt cm
VS e cm
(1]
(ii) The focal length fof the lens is given by the equation:
_ouv
Tv+u

Calculate f, using your measurements in (b)(i).

[Total: 4]
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2 A student carries out an experiment to find the mass of a metre rule. She uses a number of
identical metal rings and a pivot. Each ring has a mass of 3.3g.

The apparatus is set up as shown in Fig. 2.1.

0cm mark A rings 45.0cm mark 100.0cm mark

5.0
L Kpivot metre rule

Fig. 2.1

The student places the pivot under the 45.0 cm mark on the metre rule. She then places rings, one
at a time, on the metre rule at point A, 5.0cm along the rule. She adjusts the number of rings until
the rule is as close to balance as possible.

She records the number N of rings needed to balance the rule.

(@) (i) The rings are circular with a central hole, as shown in Fig. 2.2.

Fig. 2.2 (full scale)
1. Measure the outer diameter of the ring.
diameter = ... cm [1]
2. Fig. 2.3 shows a section of the metre rule.

On Fig. 2.3, draw one ring correctly placed at the 5.0cm mark.

Fig. 2.3
(1]

(ii) Explain why the student adds the rings carefully, one at a time.
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(b) The distance [ between the pivot and point A is changed by moving the pivot closer to A.

The student repeats the experiment for different values of [ and draws a table of results, as
shown in Table 2.1.

(i)

(ii)

(iif)

Table 2.1
l/cm N
40.0 4
35.0 9
30.0 17
25.0 28
20.0 43
15.0 70

On Fig. 2.4 on page 7, draw a graph of N on the y-axis against [/cm on the x-axis.
Start your axes from (0, 0). Draw the best-fit curve. [4]

Use your graph to estimate the number N, of rings required to balance the rule
when lis 18.0cm. Show your working clearly on your graph.

Nig = coooeeeeeeeeemesssssseeeeeeeeesesesssss s 2]

Theory suggests that the mass M of the metre rule is given by the equation:
33 xNygxl
45 -1
Using your answer in (ii), calculate a value for M. Give your answer to 2 significant
figures.

(c) Suggest one way in which this method of measuring the mass M of the metre rule can be
improved.

© UCLES 2019
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Fig. 2.4
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3 Astudentinvestigates how the resistance of a filament lamp changes as the potential difference V
across it changes. He uses the circuit shown in Fig. 3.1.

b
7 —®

Fig. 3.1

(@) On Fig. 3.1, draw the symbol for an ammeter and the symbol for a voltmeter in the correct
positions for this investigation. [2]

(b) The student takes two different sets of readings of current and potential difference.

(i) Suggest how he adjusts his circuit to do this.

(ii) He adjusts his circuit so that the voltmeter shows 4.0V and he reads the ammeter. He
repeats the experiment at 8.0 V.

Fig. 3.2 shows the readings of current 7 on the ammeter for each voltage.

4 ) 4
4 ) 4 )
+ O 1.0 + O 1.0
0.50 1.50 0.50 1.50
O A O A
0 2.0 0 2.0
- J -
- J - J
when V=4.0V when V=8.0V
Fig. 3.2
Record the values of 7 shown on the meter for each voltage.
WHEN ViS 4.0V, I = .o A
When Vis 8.0V, I = ..o A [1]
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(iii) Use the equation:

_V
R_I

to calculate the resistance R of the lamp at 4.0V and at 8.0V.

State the unit in your answers.

When Vis 4.0V, R=

When Vis 8.0V, R=

(1]

(c) State two physical changes in the lamp that are observed as the potential difference V is
increased.

1 SRR

2 e et eeeeeeeeeeeeeeeaeeeeeetaeeeeetaeeeeetsseeeeettateeeettateett— ettt taeettaaetetaaeerraaaeerras

(2]

[Total: 7]
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4  Astudent has a thermometer which has no temperature markings, as shown in Fig. 4.1.

liquid column

C_ — ),

Fig. 4.1

(a) He finds the length of the liquid column when the temperature is 0°C.

State the apparatus he needs to do this and explain how he uses his apparatus. You may use
a diagram if you wish.
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(b) He finds the length of the liquid column when the temperature is 100 °C.

State the apparatus he needs to do this and explain how he uses his apparatus. You may use
a diagram if you wish.

[Total: 6]
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