2
In a light experiment, a plane mirror is placed upright at the corner of a piece of graph paper,
as shown in Fig. 1.1. A small lamp acts as a bright object. The lamp is placed over a point L
on the edge of the graph paper that is adjacent to the mirror. Note that
1. the mirror has a line drawn on its face,

2. thereis a card with a vertical viewing slot.

line drawn on the mirror

mirror

graph paper

lamp
card with vertical viewying slot

Fig. 1.1

Some of the light rays coming from the lamp are reflected from the line that is drawn on the
mirror. These rays are located by looking through the slot in the card. When the card is in
the correct position, the slot in the card, the line on the mirror and the lamp appear to be in
one straight line.

The distances shown as y and x are measured.

In all, the experiment was performed with the lamp in four positions. These are shown in
Fig. 1.2 on page 3 and are labelled L,, L,, L, and L,. The values for x are 180 mm, 150 mm,
100 mm and 50 mm.

The corresponding positions for the slot are labelled S,, S, S;and S,.

(a) Fig. 1.2 shows the graph paper and the positions of the lamp labelled L and the slot
labelled S. Four incident rays and one reflected ray are shown.

(i) Complete the diagram by drawing the three remaining reflected rays.
(ii) For each reflected ray you have drawn, measure and record the value for y.

(iii) Complete the table in Fig. 1.2 by calculating the three missing values of xy.
(3]

(b) Explain how the viewing slot enables the student to locate the reflected ray.

Examinar's
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y=108mm
Fig. 1.2
(¢) (i) Determine the average value of the product xy.
average value = .........ooooivvviiiiniinanns [1]
(ii) Comment on your values of xy.
.............................................................................................................................. [1]



When a ray of light is incident on a rectangular transparent block at an angle of incidence i,
the ray of light is refracted. The emergent ray is displaced sideways by a distance f.

A student is investigating how t depends on the angle of incidence i. The apparatus is
shown in Fig. 1.1.

ameargent ray -

Fig.1.1

The line AB represents the direction of an incident ray at an angle of incidence of 50°.
Two pins P, and P, are inserted to show the direction of the incident ray. The direction of
the emergent ray is found by aligning P, and P,, as seen through the block, with two more
pins P, and P,,.

The displacement of the ray is measured and both i and t are recorded in a table. The
experiment is repeated with different values for i.

(a) Why is it important that the pins P,, P,, P, and P, are standing perpendicular to the
piece of the paper?

Examiner's



(b) In the space below, draw a table in which you could record the results of the
experiment. Do not write any numerical values in the table.

(1]
(c) Fig. 1.2 shows a sketch graph of the results obtained for a glass block.
40+
t/mm 30+
20+
10+
0 | L ] 1 ] ¥ L | L 1
0 10 20 30 40 50 60 7
”1 ']
Fig.1.2
(i) Using the graph, obtain an estimate for the value for { when i = 10°.
= e
(ii) Suggest two reasons why some of the points do not lie on the curve.
L ettt oottt e oo ee bt e te et teaseeenteaeeeatehaneineeateeaeeeasesnteatabeeaneatets st nenseebeene e nnenn
ettt et eme e steateeeeemeeeseesstemeesteestsessesmtissessssisisssssssesssiessessesssisiniane
(3]
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3 Light from an extended source XY is allowed to pass through a circular hole in a
piece of card and to illuminate part of a screen. The apparatus is shown in Fig. 1.1.

light
source

card with circular hole

screen
Fig. 1.1

(a) (i) Carefully draw the paths of the rays to show the part of the screen illuminated by
point X. Use the labels X, and X, to show this part of the screen.

(ii) Carefully draw the paths of the rays to show the part of the screen illuminated by
point Y. Use the labels Y, and Y, to show this part of the screen.
[4]

(b) Measure and record the diameter of the area of that part of the screen illuminated by all
of the source XY.

diameter = ... [1]

@ UCLES 2004 S054/04/M 1104
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4 A converging lens is to be used to produce a focused image on a screen.

A student sets up the apparatus as shown in Fig. 5.1.

stand and clamp
holding the object
above the bench

object
(a triangular hole)

lens held at a fixed height
by a stand on the bench

Fig. 5.1

stand and clamp
holding the screen
above the bench

T translucent

o

screen

T——— image on

screen

The image is located for different object distances. In each case the distances labelled v and

v are measured. The values obtained are given in Fig. 5.2.

ulmm 169 180 200 222 235 280
vimm 299 280 234 210 200 175
Fig. 5.2

(a) Using the grid on page 9, plot the graph of v/mm (y-axis) against u/mm (x-axis).
Start the axes from the point where u/mm = 150 and v/mm = 150. Draw the best curve

through the graph plots.

@ UCLES 2004 S054/04/M 1104
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(b) Another student attempts the experiment. This student does not obtain a full image of
the object on the screen. In this attempt, only a clear focussed image of the top of the
object is formed at the top of the screen.

(i) Draw a diagram to illustrate an arrangement of the apparatus that would cause only
this part of the image to appear on the screen. On your diagram, draw a line to

show the path of a ray from the top of the object to the corresponding point on the
image.

(li) How would you adjust the apparatus so that a full image appears in the centre of
the screen?

B UCLES 2004 505400410704
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5

In a light experiment, a ray of light is incident on one face of a triangular glass prism.
The path of the incident ray and the path of the emergent ray are marked with small dots P,,
P,, P; and P, as shown in Fig. 4.1.

(a)

(b)

(€)

(d)

On Fig. 4.1, draw neat lines to represent the incident and emergent rays. Make the two
lines long enough so that they cross. Measure the angle between the incident ray and
the emergent ray.

The ray of light passes through the glass. On Fig. 4.1, draw the path of the refracted ray
inside the glass. 1]

In order to view an object, the normal eye needs to be at least 25cm away from the
object. On Fig. 4.1 the object is labelled O. Fig. 4.1 is a full-size diagram.

On Fig. 4.1, mark with the letter E the position where you would place your eye in order
to see the object O through the prism. [1]

On Fig. 4.1, draw the angle of incidence at the surface of the prism nearest to the
object O. Label the angle i. 1

® UCLES 2004 S054/04/00N04
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6 A converging lens is used as a magnifying glass. A well-lit scale on a rule is observed
through the lens, as shown in Fig. 5.1.

well-lit scale / eye

N

Fig. 5.1

Two labels stuck to the sides of the lens restrict the field of view through the lens. A
magnified image of a small part of the scale is observed, as shown in Fig. 5.2. The length w
of the scale seen through the lens is recorded. The object distance u is also recorded.

sticky label lens

20 21\ [24 25| /28 29

a

length of scale seen w

Fig. 5.2

The procedure is repeated for different values of u and the values obtained are given in
Fig. 5.3.

object distance u/mm 19 39 78 82 108 148
length of scale seen w/mm 42 37 30 29 26 21
Fig. 5.3

© UCLES 2004 5054/04/0/N/04




(a) Plot the graph of w/mm (y-axis) against u/mm (x-axis). Draw the best smooth curve
through the graph plots. 4]

(b) State how the readings show that the magnification of the scale is greatest for the last
set of values, [148, 21]. You may draw a diagram if you wish.

...................................................................................................................................... (1]
(c) Describe how the magnification of the image of the scale changes as the value of v is

increased.

...................................................................................................................................... (11

B UCLES 2004 S054/04/0/M/04
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7 A student is asked to measure the focal length f of a convex lens. A quick method is used
first to obtain a rough estimate for f. This is followed by a more accurate experiment.

(a) For the quick estimate, the student forms a focused image of the Sun on a piece of
card

(i) In the space below, sketch a labelled diagram to show how f can be measured.

(1

(ii) The student repeats the experiment in (a) using a window 4 m away instead of the
Sun. State how this will affect the measurement obtained for f.

(b) For the more accurate experiment, the student uses the small illuminated object shown
in Fig. 3.1. This object and a plane mirror are set up as shown in Fig. 3.2

front view of plane mirror—
illuminated object
illuminated f convex lens
X |
object
thick :
card ™ |
hole in card /A
covered with lamp
tracing paper lens holder \
Fig. 3.1 Fig.3.2

(i) Two rays from the illuminated object to the mirror are shown on Fig. 3.2. Explain
why a clear focused image of the illuminated object is seen beside the object on
the card.

® UCLES 2005 5054/04/0MNI05

38



(ii) State the effect on the image of

1.  moving the mirror further away from the lens,

& UCLES 2005 5054/04000NI0S [TI."'I'I over
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8 A student measures the volume V of the glass prism shown in Fig.1.1. A displacement
method is used five times.

Fig.1.1
The volumes measured were
24.8cm? 27.8cm® 245cm® 24.3cm? 25.0cm’.
(a) (i) Circle the measurement that is not consistent with the others. 1

(ii) Suggest a possible reason for the error in this measurement.

(iii) Calculate the average value for V, ignoring the inconsistent measurement.

(b) The volume of the prism is given by
v=043313
where [ is the length of the side of the prism.

Use your average value for V to obtain a value for I. Give your answer to a suitable
number of significant figures.

® UCLES 2006 5054/04/OMNI06
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Fig. 3.1 on page 7 shows a rectangular glass block used in a light experiment.

The path of a ray of light incident on one face of the glass block is marked with pins P,
and P,. The path of the emergent ray after passing through the block is marked by pins P,

and P,.

(@ ()

(i)

(iii)
(iv)

On Fig. 3.1, draw a straight line of length 20cm that passes through P, and P,.
Label the ends of the line X and Y. M

On Fig. 3.1, draw lines to show the emergent ray and the path of the ray inside the
glass block. M

On Fig. 3.1, mark the distance d between the line XY and the emergent ray. 1

Measure d.

(c) The refractive index n of the glass is given by the equation

_t
n=y_2d-

Calculate the refractive index of the glass.

® UCLES 2007 S054/04/OMNI0T
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rectangular glass block
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10 A student performs an experiment to find the position of the image of an object in a plane mirror.
The student forgets to draw the line of the mirror on the paper he uses.
The paper with the positions of object O and the pins is shown in Fig. 2.1.

The student places two pins P, and P, on an incident ray from O to the mirror. He places two pins
P, and P, on the reflected ray.

This is repeated with pins Q, and Q, on a different incident ray and Q, and Q, on the reflected
ray.

(a) OnFig.2.1,

(i) draw the incident ray from the object through pins P, and P,,,
(ii) draw the reflected ray through pins P, and P,

(iii) continue these two rays and find where they meet. [3]
(b) Repeat (a) using pins Q,, Q,, Q, and Q,. [1]
{c) On Fig. 2.1, draw a line to show the position of the mirror. Label this line M. [1]

(d) On Fig. 2.1, use the reflected rays to find the position of the image in the plane mirror. Label
the image position 1. [1]

(e) Measure the distance between O and I.
distance = ... [1]

(f) Explain why the student should observe the bottom of the pins when performing the
experiment.

© UCLES 2008 5054/04/0/N/0B
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Fig. 2.1
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11 A student takes three lenses from a drawer labelled ‘convex lenses: f= 15cm’.

(a) Describe, with the aid of a labelled diagram, how the student quickly checks that the lenses
have the correct focal length.

(b) The student places two of the lenses touching each other, as shown in Fig. 3.1, and then
measures the focal length of the two lenses together.

Fig. 3.1 Fig.3.2
The focal length of two lenses together is found to be 7.5cm.

The student repeats the experiment with three lenses together, as shown in Fig. 3.2, and the
focal length is now 5.0cm.

State the relationship between the number of lenses and the focal length.

© UCLES 2008 5054/04/0/N/0S [Turn over



12 A student performs an experiment using optical pins to find the effect of a circular block, made of

transparent plastic, on parallel rays of light.

Fig. 4.1 shows the circular plastic block on a sheet of white paper.

The student draws round the block with a sharp pencil. The student also draws three parallel lines

up to the block before starting the experiment.

(a) Explain why the student draws round the block.

(b) The student places pins P, and P, on line 1, representing an incident ray of light.

Describe how the student places pins P, and P, to locate the emergent ray.

(c) OnFig.4.1,
(i) complete the path of the ray along line 1 through the block,
(ii) draw the normal at the point where the ray along line 1 enters the block,

(iii) measure the angle of incidence i where the ray along line 1 enters the block.

(e) On Fig. 4.1, complete the path of a ray along line 3 through the block.

@ UCLES 2010 5054/42/M/ 010
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circular
plastic block

line 3

line 2

P4

line 1

Fig. 4.1

5054/42/M/ 010
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13 A student investigates the effect of a converging lens on light from the Sun.

The student uses a converging lens to produce a clear image of the Sun on a piece of white card,
as shown in Fig. 2.1.

light from converging lens white
a point on card
the Sun
image of
the point on
the Sun

Fig. 2.1 (not to scale)
The student measures the perpendicular distance from the centre of the lens to the white card.
(a) (i) On Fig. 2.1, mark this distance and label it s. [1]

(ii) State the name given to this distance.

....................................................................................................................................... [1]

(b) Describe in detail the experimental techniques used to obtain an accurate value for this
distance.

............................................................................................................................................... [3]

® UCLES 2011 5054/42M/ 011 [Turn over



14 A student measures the focal length of a converging lens.

The student sets up the apparatus as shown in Fig. 1.1.

screen
converging
lens -
iIIumilnaled stand metre rule
object
Fig. 1.1

(a) The distance D between the illuminated object and the screen is fixed initially at 1.00m.

(M

(i)

(ii)

@ UCLES 2011

The image on the screen is blurred. Describe the adjustment that the student makes to
obtain a sharply focused image, without changing D.

The focused image is at the top of the screen. Describe one adjustment that the student
makes to move the focused image to the centre of the screen.

The lens is in a holder on a stand. The position of the centre of the lens is to be marked
accurately on the stand. Describe how the student does this.

5054/42/0M/11 [Turn over



(b) The student finds that, for the same value of D, there are two positions of the lens that
produce a focused image on the screen. These positions are at distances u; and u, from the
illuminated object, as shown in Fig. 1.2.

U

- o

d

'
-
|
'
|

illuminated | o screen
object ~_| ens ' -

Uz .I

Fig. 1.2

The two distances u, and u, are measured for D = 1.00m.
The values obtained are u, = 0.42m and u, = 0.56m.

(i) Calculate the distance d between the two lens positions.

2 et (]

(ii) Theory shows that the focal length fof the lens is given by the relationship
f= M
4D
Calculate f.

F o e 1]

(¢) The student repeats the experiment for different values of D and calculates values of
(D2 - d?) each time.
Fig. 1.3 shows the student’s results.

D/m (D2 = d?)/m?
1.10 1.08
1.20 1.18
1.30 1.29
1.40 1.38
1.50 1.47

Fig. 1.3

@ UCLES 2011 5054/42/0/MM1



(i) On Fig. 1.4, plot the graph of (D? — d®)/m? on the y-axis against D/m on the x-axis.
Start your graph from (D2 - d2) = 0.90m?2 and D = 1.00m.
Draw the straight line of best fit.

0.9
1.0 [4]

Fig. 1.4

(ii) Determine the gradient of the line of best fit. Show your working clearly.

Gradient = ..o [2]
(iii) Calculate fusing the relationship
fe radient
- 4
F o e e e [1]
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15 A student investigates the deviation of a ray of light by a prism.

A ray of red light passes through the prism. The student places pins P, and P, on the incident
ray and pins P, and P, on the emergent ray.

Fig. 4.1 on page 11 shows the positions of the pins and the prism.

(a) (i) On Fig. 4.1, draw a straight line through P, and P,,.
Continue this line through the prism. 1]

(ii) On Fig. 4.1, draw a straight line through P, and P,.
Continue this line to cross the line drawn in (i). [1]

(iii) Measure the smaller angle between the line drawn in (i) and the line drawn in (ii).

ANGIE = o e [1]
(iv) On Fig. 4.1, draw a line to represent the actual path of the ray through the prism.
(1]
(b) Suggest why the student uses red light and not white light in this experiment.
.................................................................................................................................... [1]

Question 4 continues on page 12.

@ UCLES 2012 5054/42/0/NM 2
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(c) In a different experiment, the student is asked to draw the normal at the point where an For
incident ray strikes a prism.

The student draws a line, as shown in Fig. 4.2.

incident
ray

students
line

Fig. 4.2

(i) Explain why the student’s line is not the normal.

Permission to reproduce items where third-party owned matedsl protected by copyright is included has been sought and cleared where possible. Every
reasonable effiort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased o make amends &t the earliest possible opportunity.

University of Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assesemeant is the brand name of University of
Cambridge Local Examinations Syndicate (CLES), which iz itself a department of the University of Cambridge.
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16 A student determines the focal length of a lens.

The apparatus is set up as shown in Fig. 1.1.

screen
lens
illuminated blurred image
object
\ wooden block
metre rule

Fig. 1.1 (not to scale)

The illuminated object is fixed at the Ocm mark on the metre rule.
The perpendicular distance u of the object from the lens is fixed at 15.0ecm.

(a) On Fig. 1.1, mark u and label it 15.0cm. 1
(b) The image on the screen is not clear and the centre of the image is above the centre of
the lens.

Explain how the apparatus is adjusted

(i) toproduce afocussed image on the screen,

(c) The image on the screen is in focus.
The student measures the distance from the object to the screen.
Fig. 1.2 shows an enlarged view of part of the screen and the metre rule.

H screen

;

wooden
" block
metre rule

||||||||1||[|||||1||||||||||1[||||| ARNRARNRRLRNRRRRNRRARY
é cm 43 44 45 46 47 ?

Fig. 1.2

2

(i) State the reading on the metre rule at the position of the screen.

@ UCLES 2013 505442013




(ii) Use your answer to (c)(i) to calculate the distance v of the image from the lens.

(d) The student repeats the experiment for increasing values of u. The results are recorded

lise

in Fig. 1.3.
ulem viem
20.0 19.8
25.0 16.5
30.0 15.1
35.0 14.2
40.0 13.3
Fig. 1.3
(i) In the spaces in Fig. 1.3, write your value of v from (¢)(ii) and the corresponding
value of u. 11
{ii) On Fig. 1.4, plot the graph of v/cm on the y-axis against u/cm on the x-axis.
Start your graph from v=10cm and u = 10cm.
Draw a curved line of best fit.
10
10
[4]
Fig. 1.4
© UCLES 2013 50547421013 [Turn over



(e) Suggest two practical techniques that the student uses to make the readings for v as
accurate as possible.

3 TP
OO
[2
(f) When u = v, theory shows that the focal length f of the lens is given by f= u/2.
Use your graph to determine a value for f.
F o 1]

@ UCLES 2013 505442013
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17 A student investigates the reflection of light. For
The student has available: Use
*  apin board,
*  asheet of plain paper,
. a plane mirror,
*  optical pins,
+ apencil, ruler and protractor.
(a) Describe how the student uses the apparatus to verify that the angles of incidence and

reflection are equal.
Include a clear labelled diagram in your answer.

(b) The student carries out the experiment carefully.
Describe one practical technigue that improves the accuracy of the experiment.

@ UCLES 2013 S054/42/0/MNM3 I_Tl.lﬂ'l over



3 Anexperiment is carried out to investigate refraction of light through a glass block.

Fig. 3.1 shows a rectangular glass block. A ray of light is incident at P at an angle of incidence of
40°. The angle of refraction in the block is 24°.

{a) On Fig. 3.1, draw lines to represent

(i) the normal atP, [1]

(ii) the refracted ray. [1]
{b) The lower face of the block is labelled XY.

(i) On Fig. 3.1, continue the normal to meet XY. Label this point A.

(ii) On Fig. 3.1, continue the line of the refracted ray to meet XY. Label this point B.
(iii) Measure AB and PB.

BB = s
PB = e
(1]
(iv) On Fig. 3.1, continue the line of the incident ray to meet XY. Label this point C.
(v) Measure AC and PC.
AC = s
PC = e
(1]
(vi) Theory suggests that the refractive index of the glass is given by the ratio
AC xPB
AB x PC
Calculate this ratio.
Give your answer to a suitable number of significant figures.
TATIO = oot [1]
{c) On Fig. 3.1, draw a line to represent the ray of light that emerges from the block.
Label this line L. [1]

@ UCLES 2014 5054/42/MiJM4
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Fig. 3.1
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19 A student performs an experiment to obtain an accurate value for the focal length of a converging

lens.

His school has lenses with focal lengths 10cm and 15em.
The student is given a lens from a packet labelled ‘focal length 10cm’.

(a) Describe a simple method the student can use in order to check that the lens has a focal
length of 10cm. You may use a diagram in your answer.

(b) The student then uses the apparatus in Fig. 1.1 to obtain an accurate value for the focal
length fof the lens.

metre rule
screen

—

lens

lens holder

illuminated

object_}

light /

Fig. 1.1 (not to scale)

The student places the lens a measured distance u from the illuminated object. He then
adjusts the position of the screen until a clear focused image is seen on the screen. He
measures the distance D from the object to the focused image on the screen.

0
(i)

(iii)

@ UCLES 2015

On Fig. 1.1, mark and label the lengths v and D. [2]

The distance v is set at 85.0cm and the student measures the distance D. He repeats
the experiment and obtains the following values, in cm, for D.

96.5 96.3 96.2 96.1 96.2

Calculate D, , the average value of D.

Give your answer to three significant figures.

o (]

av

State one way in which the student can ensure that each measurement of D is accurate.

5054/42/0/N/15 [Turn over



(c) The student repeats the experiment for a range of values of u and obtains a value for O,
each time. The results are recorded in Fig. 1.2.

ufcm D, /cm
85.0

70.0 81.0
50.0 62.3
25.0 416
18.0 40.5
15.0 451
12.0 69.5

Fig. 1.2

(i) On Fig. 1.2, add your value of D_, for u = 85.0cm from (b)(ii).

@ UCLES 2015 5054/42/0/NM 5



(ii) On Fig. 1.3, plot the graph of O, /cm on the y-axis against u/cm on the x-axis. Start your
axes from (0, 30).

The graph shows that D, has a minimum value.
Draw the smooth curve of best fit.

30
0
Fig.1.3
[4]
(iii) Use your graph to find
1. the minimum value of Dm,

minimum value of O, = ..., [1]

2. u_, the value of uwhen D, is minimum.
Um B oiiecesesesesseressssssesssensseas [1]
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(iv) Theory shows that the minimum value for D, is when D, , = 4fand when u_ = 2f.

D u
Calculate —2 and E‘“ from the values you have given in (c)(iii). Comment on your
answers.

@ UCLES 2015 5054/42/0/NM 5



20 A student investigates the path of a ray of light through a triangular prism.
Fig. 2.1 on page 7 shows the triangular prism placed in the centre of a sheet of white paper.
(a) On Fig.2.1,
(i) mark and label P, the mid-point of the side AB of the prism, [1]
(ii) draw the normal to the prism at P, [1]
(iii) draw a line to represent a ray of light incident at P with an angle of incidence of 40°. [1]

(b) Fig. 2.2 shows a ray box that produces a narrow ray of light.

electric lead

ray box

narrow ray
of light

Fig. 2.2

Describe how the student can use the narrow ray of light to find the path of the ray through
the prism.

@ UCLES 2016 5054/42/M/ W16
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21 An object is moved between a lamp and a screen. A student investigates how the height of
th shadow cast by the object on the screen changes.

The apparatus is shown in Fig. 4.1.
screen
lamp
object (side view)

D=80.0cm

Fig. 4.1 (not to scale)

The object is a square sheet of white card. The length of each side is H. The object is attached to
a pin and supported by a cork, as shown in Fig. 4.2.

card ——— H

pin

w’kﬂ

Fig. 4.2 (full size)

(a) Measure and record the length H as shown in Fig. 4.2.

= ieiiiannnnsismsansannmsissiiinssnnanspiniass cm [1]
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(b) The screen is placed at a distance D = 80.0cm from the centre of the lamp.

She places the object at a distance d = 70.0cm from the centre of the lamp and observes the
shadow made by the object on the screen. The shadow is shown in Fig. 4.3.

screen
shadow
h
Fig. 4.3 (full size)
(i) Measure and record the length h of the shadow shown in Fig. 4.3.
A= e cm [1]

(i) Suggest why it would be difficult to measure accurately the length of the shadow.
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(c) She repeats the procedure for values of d of 60.0cm, 55.0cm, 45.0cm, 30.0cm and 25.0cm.
Her results are recorded in the table of Fig. 4.4.

dfcm hicm
70.0

60.0 2.7
55.0 29
45.0 36
30.0 53
25.0 6.4

Fig. 4.4

(i) Add your value of h from (b)(i) to the table in Fig. 4.4.

(ii) On Fig. 4.5, plot a graph of h/cm on the y-axis against d/cm on the x-axis.
Start both axes from the origin. Draw the smooth curve of best fit.

Question 4 continues on page 12.
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9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

Fig. 4.5
(4]
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(d) (i) Use your graph to find h,,, the value of h when the object is 40.0cm from the centre of
the lamp.

Py = e cm [1]

(ii) The student suggests that the value of h,,, is related to the length H of the object by the
equation

hy, =2H.
Calculate the length H of the object using this equation.
H= ottt ceeaen cm [1]
(iiiy Compare the value for H calculated in (d)(ii) with the value that you measured in (a).

State whether your results support the student’s suggestion and justify your answer by
reference to the results.

E=T =) (=T L= o | PPN

JUSHITICALION .o ettt s et e e eba e e e be e e e snaanean

(e) (i) Extend your graph to predict the length h,, of the shadow when d = 20.0cm.
Py = e cm [1]

(ii) The student suggests that the distance d should not be less than 10.0cm. Give one
reason why this is a sensible suggestion.

(f) D was kept constant throughout the investigation. Suggest why.
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22 Astudent measures the refractive index of the material of a transparent block ABCD by tracing
the path of a ray of light through it.

The experiment is set up as shown in Fig. 3.1.

ray box

—1— transparent
block

Fig. 3.1
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(a) She directs a ray of light PQ from the ray box on to side AB of the block.

(i) On Fig. 3.1, draw a normal to side AB at point Q. Extend the normal so that it crosses

(i)

side CD. Label the point at which the normal crosses CD with the letter R. [1]

Measure the angle of incidence « of the ray PQ on side AB.

(b) She marks, with crosses, two points on the emergent ray from CD, as shown on Fig. 3.1.

(i)

On Fig. 3.1 draw a line joining the two crosses and continue this line until it meets QR.

Label the point where the line crosses CD with the letter S and the point where it crosses
QR with the letter T.
Draw a straight line from Q to S.

Measure the length x of QS.

Measure the length y of ST.

{c) The refractive index n of the material of the block is given by the equation

X
n=-=.
¥

Calculate n.
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