Section A: MCQ (5 marks)

Answer all questions. Write your answers in the spaces provided on the cover page.

The height of a square-based wooden pyramid block of wood is 38.7 mm.
The base area of the pyramid is 25 cm?.
The volume of a pyramid is given by
V= 3% base area x height
Which of the following is the correctly recorded value of the volume of the wooden pyramid?

@ 32cm? B 320cm? C R22cm’y D 3225cm*X

A machinist was told to manufacture a piston head with a diameter of 4.21 mm so that it can fit
and operate in an engine cylinder.

He took repeated measurements of the diameter using two instruments and plotted the results.

The instruments were properly calibrated and used correctly.

No. of data 4

Instrument 1

Instrument 2

» Diameter/ mm

Which of the following statements best describes the precision of the instruments?

Instrument 2 is more precise.”

@ Instrument 1 is more precise.x

B

C  Both instruments have the same precision. ¥
D

Both instruments are equally accurate. %


wan
Oval

wan
Oval


3. Which of the following contains only vector quantities?

distance, force, speed

A
displacement, acceleration, force’
C distance, mass, time
D

displacement, temperature, time

4. The diagram shows the path of a ray of light as it enters a transparent block and is reflected at
the lower surface. Angles a, b, c, and d are labelled in the diagram.

Which pair of angles represents the angle of incidence and the angle of reflection respectively?

Angle of incidence Angle of reflection

a c
b c
c b

A
B
c
@ c d
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The table shows how frequency relates to the different colours of visible light.

& High frequency Low frequency >

Violet Indigo Blue Green Yeliow

Orange Red

When white light passes through a glass prism, it splits into its component colours as shown.

TOP
Red
Orange

: Yellow
White Green
Light Blue
Prism Indigo
Violet

- BOTTOM

Which statement can be inferred from the table and the observation?

A Refractive index of a medium is high when using light with low frequency.
B Refractive index of a medium is based on refraction of green light.X
@ Refractive index of medium depends on the frequency of light used..”

D Refractive index of medium is defined as a range of values.
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Section B: Structured Question (25 Marks)
Answer all the questions in the spaces provided.

1. An engineer uses the digital calipers shown below to determine the internal diameter of a metal
ring of about 25 cm.

it
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(a) (i) State what is meant by random errors.

Random errors are errors that are unpredictable and.they.. ...
affect the precision of an experiment.

(ii) Describe how random errors may be reduced

It.can be reduced. hy.taking.a. measurement 3.times.and taking
the average. e

(b) Explain why a 30 cm ruler is less suitable than the digital calipers for measuring the internal
diameter of the ring.

_The 30cm ruler has a precision of only 0.1cm. However, .
the digital calipers have a precision of 0.01cm. This allows
‘the'measurement of thé metal ring to bé taken more "
accurately.
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affect the precision of an experiment.

wan
Typewriter
It can be reduced by taking a measurement 3 times and taking

the average.
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The 30cm ruler has a precision of only 0.1cm. However,

the digital calipers have a precision of 0.01cm. This allows

the measurement of the metal ring to be taken more

accurately.


The diagram shows a plane landing at
an angle to the runway. The angle
between the centreline of the runway
and the nose of the aircraft is called the
crab angle.

During landing, an aircraft must maintain
a normal landing velocity of
120 knots* directed towards the runway
from the south.

On one occasion, the pilot overhears a
message from the ground controller.

“Winds at 20 knots”

The pilot needed more information to
adjust the aircraft to the corrected
approach velocity in order to land
safely.

After clarification, a clearer message
came in.

“Winds 060 at 20 knots”
This means the wind is blowing from a

bearing of 060 at a speed of 20 knots.
(60 degrees east of north)

*The unit for speed in the aviation industry

Normal
Landing :

Velocity

Crab angle ——tw .

Winds

,Corrected
approach

velocity

(a) Identify the difference between the two messages “Winds at 20 knots" and “Winds 060

at 20 knots”.

T T T e

magnitude of the speed of the wind is given.
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For 'windy at 20 knots', a scalar quantity given where

only the wind speed is given. For 'windy 060' at 20 knots',

vector quantity is given when the direction and

magnitude of the speed of the wind is given.


(b) Using either calculations or a scale vector diagram (use the scale: 1 cm represents 10
knots), determine the magnitude and direction of the corrected approach velocity.
(4]

2/ 4

132 knots

magnitude. ..77.}.

direction: NO(th/east
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A student designs a periscope to observe over the wall of a playground. Two plane mirrors are
placed at 45 ° to the vertical walls of the periscope.

The diagram below shows a narrow beam of light from a distant object strikes the first mirror.

object — mirror 1

mirror 2 |, \ €ye

(a) On the diagram, draw the path of the light ray after it reflects from mirror 1, then
mirror 2, and finally reaches the eye. 1]

(b) Explain why the angle of incidence must be equal to the angle of reflection on a
plane mirror.

LI

(c) (i) Identify the object for mirror 2.

Itisuprightand realimage. . .§

(i) State how the distance between the two mirrors affects the distance between the
observer and the final image.

As the distance between the 2 mirrors mcreases the

distance between the observer and the flnal |mage )
doesetehangess: mmmsmams 1]
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distance between the observer and the final image

does not change.


A narrow beam of monochromatic light travels from air into water at the surface.
The angle of incidence in air is 45 °, and the angle of refraction in water is 32 °.

(a)

(b)

(c)

Describe the speed of light in water relative to its speed in air.

As light travels from air to water, it slows down. The speed
of Ilght in air is faster than the speed of Ilght in water.
oo 1]

Using the definition of refractive index and the law of refraction, explain why the angle
of refraction in water is smaller than the angle of incidence in air.

Refractive index is the ratio of light in a vacuum compared
to the rate of Ilght in the medium. Since Ilght travels faster
n-airtharn in'water, light- would bend-towards the'normat. -
Thus, the.angle of refraction.in water.is.smaller.than the.....

angle of incidence in air. [1]

A student claims:

“If the angle of incidence is increased, the angle of refraction
will increase by the same amount.”

Comment on the student’s claim.

The student is wrong. If the angle of incidence is increased,
light would travel from one medium to another while siowing
down. The-angle-of refraction-would increase-as the-angle of

incidence.increase. hut not by .the. same.amount, unless.both
medium have the same refractlve index.
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As light travels from air to water, it slows down. The speed

of light in air is faster than the speed of light in water.
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Refractive index is the ratio of light in a vacuum compared

to the rate of light in the medium. Since light travels faster

in air than in water, light would bend towards the normal.

Thus, the angle of refraction in water is smaller than the 

angle of incidence in air.

wan
Typewriter
The student is wrong. If the angle of incidence is increased,

light would travel from one medium to another while slowing

down. The angle of refraction would increase as the angle of 

incidence increase. but not by the same amount, unless both

medium have the same refractive index.


A student designs a small projector for a science exhibition using a thin converging lens of
focal length 15 cm.

She uses it to projeckthervimage-of a small slide-orto a screen placed 60 cm from the lens.

(a)

(b)

State what is meant by a focal length of 15 cm.

The distance between the optical center and the
S T mee S i 1 B e e T 135

............................................................................................................. 1]
The lens equation is given by:

1 1 1

— — + ——

f u
Where
u is the object distance
v is the image distance from the lens

(negative value when the image is virtual)
f is the focal length of the lens.
(i) Calculate the position of the slide so that a sharp image can be projected on the
screen.
position of slide: 20CIT] ...... [1]

(ii) Determine whether the setup produces an enlarged image on the screen.

Explain your answer.

Yes. Since the object is placed between the focal length
and 2 focal lengths to the Tens, the image formed would be
enlarged; inverted-and-real.-Objects need-to-be placed -
beyond 2 focus lengths to_produce an.diminished. ...... 2]
image.
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The distance between the optical center and the 

principal focus.



wan
Typewriter
20cm

wan
Typewriter
Yes. Since the object is placed between the focal length 

and 2 focal lengths to the lens, the image formed would be

enlarged, inverted and real. Objects need to be placed

beyond 2 focus lengths to produce an diminished

image.


(c) Complete the diagram below to show how the student’s set up would prevent a real image
from forming on the screen. (1]

P ‘ / Principal axis

screen
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6.

The table below shows the refractive indices, n, for various materials used in optical experiments
and telecommunications.

(a)

(b)

(c)

Material Refractive Index (n)
Vacuum 1
Air 1.0003 (=~ 1.00)
Water 1.33
Silica Glass (Standard) 1.50
Optical Fiber Core 1.65
Optical Fiber Cladding 1.52

Explain why total internal reflection can occur when light travels from the core to the
cladding, buf not from the cladding to the core.

Since the cladding has a smaller refractive index (1.52)

than the ‘core (1.65), light comes totally réflected astotal
internal.reflection occurs in the optical denser.medium with..._...... (1]
a higher refractive index.

Calculate the critical angle for the boundary between the core and the cladding.

67.1 deg

critical angle: ...7...7.0. 0.

.[2]

Theoretically, if the diameter of the core is uniform and maintained the same throughout

the length of the fibre, light signals can be transmitted through a fibre in air. No cladding
of lower optical density is needed.

Explain one disadvantage of using this design.

One disadvantage of using thls de5|gn |s that some Ilght
mlght refract outifthe core”™

e aanma s I N R T

-- End of Test --
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Since the cladding has a smaller refractive index (1.52) 

than the core (1.65), light comes totally reflected as total

internal reflection occurs in the optical denser medium with

a higher refractive index.
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One disadvantage of using this design is that some light

might refract out if the core


