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Form V Physics 2016 Annual Examination

Part A

Total marks (13)

Attempt ALL Questions

Allow about 20 minutes for this Part

Use the multiple-choice Answer Sheet.

Select the alternative A, B, C or D that best answers the question. Fill the response
circle completely.

Sample 2 +4 =

(A) 2 (B) 6 ©) 8 (D) 9

OA .B QC OD

If you think you have made a mistake, put a cross through the incorrect answer and
fill in the new answer.

C 2 !B (c ()D

If you change your mind and have crossed out what you consider to be the correct
answer, then indicate this by writing the word correct and drawing an arrow as
follows.

aarad

e
‘A !B ()c ()D
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1 75 km-h is equivalent to:
(A) 13ms?
(B) 13m-st
(C) 21mst
(D) 270 m-s*
2 A train accelerates uniformly from 15 m-s™ to 35 m-s™ over a distance of
300 m.

The acceleration of the train is:
(A)  0.067 m-s?

(B) 0.67m-s?
(C) 17m-s?
(D) 33ms?

3 A car of mass 1500 kg is moving at 25 m-s™.
Its kinetic energy is:

(A)  1.9x10*J
(B)  3.8x10*J
(C) 4.7x10°1
(D)  9.4x10°J

4 An ice-hockey puck of mass 0.16 kg is hit with an initial velocity of
18 m-s™. It slides across a rough, horizontal surface, and takes 8.3 seconds

to stop.
The magnitude of the force of friction acting on the puck is:
(A) 035N
(B) 22N
(C) 31N
(D) 14N
5 When a sound wave travelled from air into a container of pure carbon

dioxide gas, it was found that the speed of the wave decreased from
330 m-s™ to 280 m-s™.

If the frequency of the sound wave in air was 800 Hz, then it is true to say
that:

(A)  the frequency of the sound wave in pure carbon dioxide was 679 Hz.
(B)  the frequency of the sound wave in pure carbon dioxide was 750 Hz.
(C)  the frequency of the sound wave in pure carbon dioxide was 800 Hz.
(D)  the frequency of the sound wave in pure carbon dioxide was 943 Hz.
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6 A ray of light travels through air and strikes a block of transparent
material as shown in the following diagram.

56.03
material

What is the speed of the light in this material?

(A)  2.28x10°m-s?
(B) 2.42x10°m-s*
-1
-1

(C) 251x10°m-s
(D)  2.99x10° m-s

7 It is true to say that our Sun is a:-

(A)  white dwarf.

(B)  proto-star.

(C)  red giant.

(D)  main sequence star.

8 Consider the following circuit.

3Q 20

4Q

2Q

What fraction of the current flowing out of the battery flows through one
of the 2 Q resistors?

A
® =
© -
O =
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9 Consider the following diagram.

Which astronomer was responsible for the model of the Universe shown

above?

(A)  Copernicus
(B) Kepler

(C)  Newton
(D)  Ptolemy

10 If 221Bi decays by beta minus decay and the product of this decay then
undergoes alpha decay, the final resultant nucleus is:-

(A)  Z33Pb
(B)  *33Pb
(©)  *3Pb
(D)  *35Pb
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11 The following diagram shows a soft iron bar with a coil of wire wrapped
around it and connected to a switch, S and a battery.
Four compasses (A, B, C and D) are placed near the coil of wire.

s

]
N
4O,

1| s/

When the switch, S, is closed, which compass is correctly indicating the
direction that its needle would point?

(A)  Compass A
(B) Compass B
(C) Compass C
(D) Compass D
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12 Nova radio station has a frequency of 96.9 MHz.
What is the period of the radio waves transmitted by this station?

(A) 1.03x10%s
(B) 1.03x107s
(C) 3.10s
(D) 96.9s

13 This question refers to the following diagram of a single bed electric
blanket.

Heating
Element 1
(resistance R)

Electric
Blanket

Switching
System

\
/AN

~ Heating
Element 2
(resistance R)

The electric blanket consists of two identical heating elements. In order to
obtain three heat settings (high, medium and low), the blanket has a heat
selector switch. The switching system is used to connect the two elements
to the 240 V supply in the following combinations:-

X: elements 1 and 2 are connected in parallel.
Y: elements 1 and 2 are connected in series.
Z: only element 1 is connected, element 2 is not used.

Which of the following correctly indicates the way that the two elements
must be connected to provide the three heat settings?

High Medium Low
(A) X Y Z
(B) X Z Y
(©) Y X Z
(D) Y Z X
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Name

Part B

Total marks (82)

Attempt ALL Questions

Allow about 1 hour and 40 minutes for this Part

Answer the questions in the spaces provided.
Show all relevant working in questions involving calculations.

Question 14 (6 marks) Marks

The following photograph is taken for the planet Mars over several weeks.

(@ Name the phenomenon shown in the photograph above. 1

(b) How did Ptolemy explain this motion? 2

Question 14 continued on next page.
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Question 14 continued Marks

(c) With the aid of a diagram, explain how Copernicus explained this motion. 3
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Name
Question 15 (4 marks) Marks
Carbon-14 decays by beta minus decay with a half-life of 5730 years.
(@ Write a nuclear decay equation for this reaction. 2

(b) The carbon-14 content of an ancient piece of wood was found to have only
one eighth of its original carbon-14 remaining.

Determine the age (in years) of this ancient piece of wood. 2
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Question 16 (4 marks)

Two of the major moons of Jupiter are Europa and Ganymede. The distance of
Europa from Jupiter is 671,100 km while the distance of Ganymede from Jupiter is
1,070,400 km. The orbital period of Ganymede around Jupiter is 7.15 days.

(@) Determine the orbital period of Europa around Jupiter.

(b) What was the impact of Galileo’s discovery of these moons in January 1610 on
the model of the Universe?

Page 12 of 40
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Question 17 (3 marks)

2016 Annual Examination Class

Name
Marks

Consider the Hertzsprung-Russell Diagram below for stars found in a globular
cluster. It is known that the stars in a globular cluster are formed roughly at the same

time.

Luminosity
Bright

Faint

(a)

(b)

Blue

Circle the hottest star shown on the diagram above.

Red
Colour

An astronomer looking at this diagram suggests that the stars are young.
Explain the reasoning behind this suggestion.
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Name
Question 18 (4 marks) Marks

The diagram below shows a displacement versus distance graph for a wave travelling
through a medium. The frequency of this wave is 45.0 Hz.

0.04 -

;002 | /\ /\ /\ , Dligance
sl \/ e

-0.04 -+

displacement (m)

Use this information to find:

(@ the wavelength of the wave. 1
(b) the amplitude of the wave. 1
(c) the period of the wave. 1
(d) the velocity of the wave. 1
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Question 19 (2 marks) Marks

The intensity of a point source of light is 40.0 W-m™ at a distance of 8.00 m away
from the source.

Calculate the intensity of the light at a distance of 12.0 m away from the same point
source. 2

Question 20 (2 marks)

The following graph shows a medium with two waves moving through it
simultaneously.

1.00 A

0.50 -
displacement
(m)
0.00
-0.50 1
-1.00

distance (m)

On the grid above, accurately draw the combined displacement of the medium as a
result of these two waves at this instance. 2
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Name
Question 21 (6 marks) Marks

The diagram below shows a pair of transparent media, X and Y.

Medium X
n=1.5

Medium Y
n=I.l

(@) Using the information provided in the diagram, determine the critical angle for
this pair of media. 2

(b) Determine the speed of a light ray travelling in Medium Y. 1

(c) Using a labelled diagram, describe how total internal reflection is used in a
fibre optic cable. 3
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Question 22 (4 marks) Marks

This question is about the formation of standing waves in a microwave oven which
can be used to determine the speed of light.

Marshmallow sweets can be served melted. An attempt to melt a plate of
marshmallows is made in a microwave oven from which the turntable has been
removed, so that the tray can sit still in the oven. (see Figure 1).

microwave oven incorporating

microwave squrce microwave source
N '

glass door incorporating

=1 metal casing
metal mesh :

plate of marshmallows -—-\

Figure 1

(@ The marshmallows do not melt uniformly. The melting is concentrated at
regularly spaced spots 0.057 m apart as shown in Figure 2.

Figure 2

Question 22 continued on next page.
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Name

Question 22 continued Marks

The design of the microwave oven allows for the formation of standing waves within
the cavity and the melted spots occur at the antinodes of a standing wave set up in
the microwave oven.

Figure 3 represents the variation in amplitude of the microwaves along part of one
such standing wave.

Figure 3

i) Along the line PQ, mark with an “M”, two positions where a melted spot might
be expected to form. 1

ii) On Figure 3, mark a distance equal to one wavelength. Label it A. 1

(b) The label on the back of the oven states that the frequency of the microwaves is
2.45x10° Hz.

Calculate the speed of the microwaves in the microwave oven. 2
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Name
Question 23 (4 marks) Marks

(@ In the box provided below, draw the electric field around the two charges
shown. 2

(b) In the box provided below, draw the magnetic field around the current carrying
conductor shown. 2
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Question 24 (2 marks)

A student performed an experiment to measure the refractive index of a block of
unknown transparent material. A ray of red light is shone into the block and the
angles of incidence and refraction were recorded.

20% 10°%
30°

40° i
502

_normal

S S s s wrom smeam sme

e e B s

4—

His results were plotted on a graph shown on the next page.

Question 24 continued on next page.
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Name
Question 24 continued Marks

0.80

sin(i)

0.70 7

0.60

0.50 ¥

0.40

2

0.30

0.20

NN

0.10

X%

0.10 0.20 0.30 0.40 0.50 .
sin(r)

Use the graph above to determine the value of the refractive index of the block of
unknown material. 2
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Question 25 (4 marks) Marks

An electric kettle when connected to a 240 V supply operates at a power of 2.40 KW.
In order to boil 1.70 L of water, it must provide 0.640 MJ of energy.

(@) Calculate the time taken to boil the water. 2

(b)  What current flows through the kettle? 1

(c) A power failure occurs and the mains voltage is halved.

How long does the kettle now take to boil the water? 1
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Name
Question 26 (4 marks) Marks

Two horizontal parallel metal plates are separated by a distance of 7.0x10° m. A
potential difference of 200 V is connected across them. A small object with a mass of
2.1x10™ kg is given a positive charge of 1.5x10° C. It is released from rest near the
positive plate. Ignore the effects of gravity.

(@) Calculate the magnitude of the electric field strength between the plates. 1

(b) Calculate the work done to move the +1.5x10™ C charge through the potential
difference of 200 volts. 1

(c) Calculate the speed gained by the positive charge when it reaches the negative
plate. 2
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Name
Question 27 (5 marks) Marks
A ball is dropped from a height of 4.0 m. At the same time, a cup is moving

horizontally with an initial velocity, u, 8.0 m away as shown in the following
diagram.

ball
1 40m
% '
cup |
: / : ground
: 8.0m
(@ How long will it take for the ball to fall vertically to the ground? 2

(b) In order for the ball to land in the cup, what does the initial horizontal speed, u,
of the cup have to be:-

1) assuming the cup will slide without friction. 1

i) assuming a frictional force acts on the cup causing it to decelerate across the
surface at 1.2 m-s™. 2
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Question 28 (4 marks)

Two point charges, +15 pC and +6.0 uC are fixed in place and separated by 2.0 m.

D T > Not
drawn
O O O
+15 puC q +6.0 uC
____________________ >
Y

A negative charge, g, is now placed between the two charges so that the three
charges lie along a straight line as shown in the diagram above.

(@) Calculate the position, Y, from the +15 uC charge where the negative charge,

q, must be placed so that the resultant electrical force on it is zero.

(b) If at the position Y you calculated in (a) the change g was replaced with a
positive charge that is double the charge of the original g, what would be the

resultant force on this new charge.

Page 28 of 40
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Name
Question 29 (3 marks) Marks

Consider the following circuit diagram.

Ammeter, Ay, reads 8.00 mA and ammeter, A, reads 0 A.

What is the value of Ry in ohms?
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Question 30 (4 marks) Marks

The diagram below shows two balls A and B. Initially, ball A of mass 3m has a
velocity of u to the right and ball B of mass m has a velocity of u to the left. The two
balls A and B then collide elastically.

Before After
A B A B
S u u ; Q a ; b

Calculate the values of the final velocities (a and b of balls A and B respectively) as
a function of the initial speed u. 4
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Name
Question 31 (4 marks) Marks
Consider the following circuit.
15V
L
6.0 Q R
(V)
-/
6.0V
A current of 0.60 A flows through the light globe.
(@ Interms of energy, what is meant by the term ‘15 V battery’? 1
3

(b) Calculate the value of the resistance labelled R.
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Question 32 (5 marks) Marks
The diagram below shows a ball of mass 0.35 kg falling onto a 3.00 kg block which

IS sitting on a sensitive mass balance calibrated in kg. The ball hits the 3.00 kg block
at a speed of 10 m-s.

0.35 kg
£ 10 m-s*

3.00 kg

Mass balance

The graph below shows how the reading on the mass balance varies just before,
during and just after the ball hits the block.

10.00 FRFF I T

Mass SEEHERHEEET SR RHEERE
(kg) H

8.00 [ ::‘  T

6.00 b

4.00 .....

2.00|——t—A—t——

0 20.0 40.0 60.0 80.0 100.0 1200 1400 160.0

Time (ms)
Question 32 continued on next page.
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Name
Question 32 continued Marks

(@) Calculate the magnitude of the momentum of the ball just before it hits the
3.00 kg block. 1

(b) Calculate how high the ball bounces (relative to the top of the block) after
impact with the 3.00 kg block. 4
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Question 33 (8 marks)

A boy performs the following experiment to investigate friction.

The boy pulls blocks of different masses, M, along a horizontal surface with a
constant force, F,, and measures their acceleration.

The boy assumes that the force of friction, Fr, acting on the blocks is directly
proportional to the weight of the blocks, Mg, and is given by the equation:

Fr = pMg
where p is called the ‘coefficient of friction’ and can be assumed to be constant.

The results obtained by the boy are given in the table below.

Mass of Acceleration of

block block

(kg) (m-s?)
1.00 10.5

1.50 6.35

2.00 4.39

3.00 2.51

4.00 1.42

5.00 0.78

The boy knows that the motion of the blocks is subject to Newton’s Second Law, and
assumes that the block obeys the relationship:

Fo— wMg = Ma

which can be written as

Question 33 continued on next page.
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Name

Question 33 continued Marks

(@)

Plot a straight line graph to confirm the relationship between the acceleration
and the mass of the blocks, given on the previous page.

(Extra columns have been provided in the table on the previous page, for you
to use if you need them.)

Question 33 continued on next page.
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Question 33 continued Marks

(b) Use your graph to determine:

i) the constant force, F,. 2
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Physics
Data Sheet

Charge on the electron, g -1.602 x 10 C
Mass of electron, m, 9.109 x 10*' kg
Mass of neutron, m, 1.675 x 10" kg
Mass of proton, m,, 1.673 x 10 % kg
Speed of sound in air 330ms*
Earth’s gravitational acceleration, g 9.8ms?
Radius of Earth, Re 6.4 x 10°m
Speed of light, ¢ 3.00x10°ms*
Magnetic force constant, (k = ;—;j 2x 10" NA?
Universal gravitational constant, G 6.7 x 10 N m? kg
Mass of Earth 6.0 x 10%* kg
Planck’s constant, h 6.626 x 10 Js
Rydberg’s constant, R (hydrogen) 1.097 x 10" m*
Atomic mass unit, u 1.661 x 10" kg

931.5 MeV/c’
lev 1.602 x 10™J
Density of water, p 1.00 x 10® kg m®
Specific heat capacity of water 418 x10°J kgt K™
Coulomb’s constant, k 9.0 x 10° Nm*C*

Page 37 of 40



Form V Physics 2016 Annual Examination

FORMULAE SHEET FORM V ONLY
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FORMULAE SHEET
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Part B
Total marks (82)

2016 Annual Examination

Attempt ALL Questions
Allow about 1 hour and 40 minutes for this Part

Answer the questions in the spaces provided.

Show all relevant working in questions involving calculations.

CO g ‘CléSS

(\ZU\/

Question 14 (6 marks)

The following photograph is taken for the planet Mars over several weeks.

(a8 Name the phenomenon shown in the photograph above.

oTroos o\-d@_ _mahan..

(b) How did Ptolemy explain this motion?

O kDi(\/([

D As A, Rl

» )u WLQ 1L; xm

_bQ\C {( WOL /ds

Question 14 continued on next page.
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Question 14 continued Marks

(c) With the aid of a diagram, explain how Copernicus explained this motion. 3

e P0EOC T 00VE.... bock s Hena.....
........................ .- A L

...............................................................................................................................
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Name

Question 15 (4 marks) Marks

Carbon-14 decays by beta minus decay with a half-life of 5730 years.

(a) Write a nuclear decay egllatl()ﬂ for this reaction.

C.—=2.%0. + N

g - =
(D (P
®

(b) The carbon-14 content of an ancient piece of wood was found to have only
one eighth of its original carbon-14 remaining.

Determme the age (in years) of this ancient piece of wood. 2

- (Jf) =23 half s ().

. BASTR0 3 1799, m@
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Question 16 (4 marks) Marks
Two of the major moons of Jupiter are Europa and Ganymede. The distance of

Europa from Jupiter is 671,100 km while the distance of Ganymede from Jupiter is
1,070,400 km. The orbital period of Ganymede around Jupiter is 7.15 days.

(a) Determine the orb1ta1 periogd of Eurgpa around Jupiter. 2

(b) What was the impact of Galileo’s discovery of these moons in January 1610 on
the model of the Universe? 2

@ /]5 ﬂcﬂ(' ek/Prij/g {‘) dré %,ij l:”chﬁt/
@ﬁwrfﬁ@ﬂ//{w@ﬂ‘/&}&eofr#f(u’?"f)f{t’/(
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Name
Question 17 (3 marks) Marks
Consider the Hertzsprung-Russell Diagram below for stars found in a globular
cluster. It is known that the stars in a globular cluster are formed roughly at the same
time.
= A
2 [
| =
[a ]
L
@
e®
= " o
A= o ® ®
= @
— ]
o] 00
©0
@
— ©
=
(]
Li
B
Blue Red
Colour
(a) Circle the hottest star shown on the diagram above. 1
(b) An astronomer looking at this diagram suggests that the stars are young.
2

Explain the reasoning behind this suggestion.

..... On/jmws?gszo&?[a@

:@'::55::::'.::}fffé’f:éIééé}ﬁE;M&lﬁﬂé&éﬁﬁ::é}:?%:.:::
mlc)\f\@t/fmmﬁo/a/w&fafs

..................
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Question 18 (4 marks) Marks

The diagram below shows a displacement versus distance graph for a wave travelling
through a medium. The frequency of this wave is 45.0 Hz.

displacement (m) <€ >

0.00 } —t
0

. ,A " [\ ) ., Distance
[VAAVARV. VAT RS
=g 6 Jige SR, = ACHERIRIE = A S
-0.04 +

Use this information to find:

(@) the wavelength of the wave. 1
Criteria Marks
e Correct value determined (range: £0.25 cm accepted). (gj:l_-ty)

Sample answer: From the graph, 4A=13x10° m
so A=13x10%/4=3.25x10°m (=0.00325 m = 3.25 cm)

(b) the amplitude of the wave. 1
Criteria Marks
e Correct value determined. 1
(97%)
Sample answer: A=0.02m
(c) the period of the wave. 1
Criteria Marks
e Correct value determined. 1
(99%)
Sampl : T=t=—=222x107
ample answer: “F 10 % x10” s
(d) the velocity of the wave. 1
Criteria Marks
e Correct value determined [carry-over errors from (a) allowed]. (giy)

Sample answer: v=fA=45.0x3.25x 107 = 1.46 m.s
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Question 19 (2 marks) Marks

The intensity of a point source of light is 40.0 W-m™ at a distance of 8.00 m away
from the source.

Calculate the intensity of the light at a distance of 12.0 m away from the same point source. 2

Criteria Marks
e Appropriate equation used. 2
e Correct substitution and result. (90%)
e Appropriate equation used but calculation error. (7%/)
2 2 di 07 2
Sample answer: Iidi” =1dy" => 1,=1;— =40.0 x =17.8 W.m
d; 12,02 ——

Question 20 (2 marks)

The following graph shows a medium with two waves moving through it simultaneously. 2

1.00 -
displacement 050
(m)
O‘E.ﬁ.) 1
0.50
P
distance (m)
Criteria Marks
e Correct shape. 2
e Reasonable accuracy. (80%)
e Any mistakes: -1 mark (especially the first point on the left ) (1;”

On the grid above, accurately draw the combined displacement of the medium as a result of
these two waves at this instance.
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Question 21 (6 marks)

The diagram below shows a pair of transparent media, X and Y. Medium ¥

(a)

(b)

(©)

Medium X
n=15

n=11

2016 Annual Examination

Marks

Using the information provided in the diagram, determine the critical angle for this

pair of media. 2
Criteria Marks

e Appropriate equation used. 2

e Correct substitution (r = 90° when i = ic) and result. (94%)

e Appropriate equation but calculation error. (410)

Sample answer:  n,sini.=n, sin 90° => i.=sin” (% sin 90°) =sin™ (% x1) = 47.17°

Determine the speed of a light ray travelling in Medium Y. 1
Criteria Marks
e Correct value determined. 1
(88%)
8
Sample answer: ny= = = vy = £ 230010 . 43.25x102=2.72x 108 m.s™
vy ny 11
Using a labelled diagram, describe how total internal reflection is used in a
fibre optic cable. 3
Criteria Marks
e Appropriate diagram (with labels), showing important angles and the
different parts of the optic fibre (cladding + core, and respective indices of
refraction). 3
AND (37%)
e Clear and thorough explanation of how Total Internal Reflection (TIR) is
used in optic fibres, especially in terms of angle of incidence (i>i.) and of
relative indices of refraction between the two media (nciadding<Ncore)-
e One of the above bullet points missing or poorly described. (272”
e Any appropriate comment (or element in the diagram) showing any 1
basic understanding of how Total Internal Reflection is used in optic (26%)
fibres. ’

Marker’s comments:

e Many boys just stated that optical fibres could transfer information by using

Total Internal Reflection, usually with a poorly drawn diagram (missing
cladding or light rays or angles or respective indices of refraction).

e Angles are ALWAYS measured from the normal to the surface.
Page 17 of 40
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Sample answer:

Cladding
(n2<n)

An optical fibre is comprised

. . ' Core
of a light-carrying core L im)
(higher refractive index) ;
surrounded by a cladding light

(lower refractive index). ray

This construction traps the light in the core by the principle of Total Internal
Reflection.

Since the fibre core has a slightly higher refractive index, the light in the core is
totally reflected at the boundary of the cladding for all light that strikes at
greater angles than the critical angle for this pair of materials (which should be
as small as possible).

As a consequence, very little light is absorbed by the glass: the light getting in
at one end undergoes repeated total internal reflection (even when the fibre is
bent) and emerges at the other end.

Question 22 (4 marks) Marks

This question is about the formation of standing waves in a microwave oven which
can be used to determine the speed of light.

Marshmallow sweets can be served melted. An attempt to melt a plate of
marshmallows 15 made in a microwave oven from which the turntable has been
removed, so that the tray can sit still in the oven. (see Figure 1).

_ P oo microwave oven incorporating
microwave sw:a P e e B D microwave source
glass door incorporating
metal mesh

— metal casing

plate of marshmallows

Figure 1

(a) The marshmallows do not melt uniformly. The melting is concentrated at
regularly spaced spots 0.057 m apart as shown in Figure 2.

Figure 2

Question 22 continued on next page.
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Question 22 continued Marks
The design of the microwave oven allows for the formation of standing waves within

the cavity and the melted spots occur at the antinodes of a standing wave set up in

the microwave oven.

Figure 3 represents the variation in amplitude of the microwaves along part of one
such standing wave.

Figure 3

i) Along the line PQ, mark with an “M”, two positions where a melted spot might

be expected to form. 1
Criteria Marks

e Correct positions marked (M). 1
(54%)

Sample answer: see diagram above.

ii) On Figure 3, mark a distance equal to one wavelength. Label it A. 1
Criteria Marks
e Correct distance marked (A). 1
(54%)
Sample answer: see diagram above.
(d) The label on the back of the oven states that the frequency of the microwaves is
2.45x10° Hz.
Calculate the speed of the microwaves in the microwave oven. 2
Criteria Marks
e Appropriate equation used. 2
e Correct substitution (A =2 x 0.057 = 0.114 m) and result. (74%)
e Appropriate equation but calculation error (mainly, A=0.057 m). (zity)

Sample answer: v =fA with A=2x0.057 m = 0.114 m (see diagram above)
= v=2.45x10"x0.114 = 2.79 x 10° m.s™
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WARID

Name

Question 23 (4 marks) Marks

(a) In the box provided below, draw the electric field around the two charges
shown. 2

/

\/ S 2 O'LF e-
\/al\r&c:\‘ > ™

(b) In the box provided below, draw the magnetic field around the current carrying
conductor shown. 2

S

\/(;l wectg
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Question 24 (2 marks)

A student performed an experiment to measure the refractive index of a block of
unknown transparent material. A ray of red light is shone into the block and the
angles of incidence and refraction were recorded.

5

20° 10°
30°
40° |

50

.  normal

e ettt

-

-

i reiosmomndl]

His results were plotted on a graph shown on the next page.

Question 24 continued on next page.
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Name

Question 24 continued Marks

0.80 /'

sin(i)

0.70 ~

5

0.60 v.

0.50 ),’

0.40

0.30

0.20

0.10

/
W
0 0.10 0.20 0.30 0.40 0.50 .
sin(r)

Use the graph above to determine the value of the refractive index of the block of

unknown material. . —\ e o 2
M = s \/5\‘_\('_ ecich
=.82 SO/QBD ............................. mene 2
.......................................... - ,"‘ﬁ............,
\(‘ g\:—'-\b.s_o PR \/X \ e\ foc ("‘e__(_c;ﬂﬂ\-\'\t:}l"\ aC
Paim s e rado -b,u\.:%-anco'ﬁ‘ec.\'

S o sthite e
[}
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Question 25 (4 marks) Marks

An electric kettle when connected to a 240 V supply operates at a power of 2.40 k'W.
In order to boil 1.70 L of water, it must provide 0.640 MJ of energy.

(a) Calculate the time taken to boil the water. 2

E=E = Vet

.................................................
...........................................................................................................................
e

...........................................................................

oo E = P ﬂt o /C_{.D\*'l"'e:f-—&_ -_;'._,ﬁbf'l"‘\."k*u“&'kﬂ";\

-6
o HAO KO = 2.4 = e = ‘/wrr‘e (_,j!' LM Se— b&)e‘_ln
Pl solos hhon .

(b) What current flows through the kettle? 1
2 ACRD 2240 T b B A Y @ i<
CCorre,c-\* sobshtetioe Aﬂ;n\
"o ol cocee X —Cbrrﬂu\q >
(¢) A power failure occurs and the mains voltage is halved.,
How long does the kettle now take to boil the water? 1
cee = Pt (J‘q—x ‘Ohggs
............................ 62/ .
40X 2. E 20 A K RO E DS O
Gl for
E’)r C.640 % (© :Z_tfxgx't‘g A~ Bes(@D)
= B~ £ V khalvad,
Notre Lo VYV =X = Aen sinece R
240 s\0x K = 2a 52 s ‘~‘>"S+°""+>
S = A
R = 24 5 - = 4l
Mog'\" caﬁd‘ o
) & I (Y —
@99-—?\"—\6 te (OP\

éx—i\\ eq—s
. A = §$33.30=

- -

> CmKE

Page 24 of 40



Form V Physics 2016 Annual Examination Class

Name
Question 26 (4 marks) Marks

Two horizontal parallel metal plates are separated by a distance of 7.0x10% m. A
potential difference of 200 V is connected across them. A small object with a mass of
2.1x10" kg is given a positive charge of 1.5x107° C. It is released from rest near the

positive plate. Ignore the effects of gravity.

(a) Calculate the magnitude of the electric field strength beveen the glaleé. 1
oo -3 g&"ﬁ”i" = U
....... Bz Az 200 .. O e ceshbihan
{

...............................................................................................................................

(b) Calculate the work done to move the +1.5%107 C charge through the potential

difference of 200 volts. c ! 1

sraraens

(¢) Calculate the speed gained by the positive charge when it reaches the negative I
plate. e = c:.(-s_rr‘\-._.s SN gi 2

— erres
Methad |1 W = &AKE

L R T T T

Ar\s(b)= szz-l*\D—H‘\lL -l maele
........................................................................................... '_L%‘_ N
...................................... DT TR e ¥ = JO b =S O e St

L P N e s B s SR P
— = = q =
~\z =
2o a= .S xiec = A“S(a)
-2

O = 2,@4—%\0\‘ s \/CD"’\‘<
"po'—
[ — N of ol

= el
N = \Az——\» 2 AR

W -2
\/7":(_')1+’2_,<2-D4'7“O * Yx (o ,&,\\4
_e J A covrect

4
V = 5-2¢ x> s sobesrhtocthe

€ rong epaes =
ag(?ﬁ2¢5f§f40: oD les . \

NS v \
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Question 27 (5 marks) Marks

A ball is dropped from a height of 4.0 m. At the same time, a cup is moving
horizontally with an initial velocity, u, 8.0 m away as shown in the following
diagram.

ball

4.0m
U s
cup
\ ; / ground
| 8.0m
(a) How long will it take for the ball to fall vertically to the ground? 2
\
ZO e 2 0t
i spssusseseraipmasinssiasisisanasatasenns [ B
“(:,{ -~ - Q"Zﬁﬂh 6 + }.#' &/ mh"- hW\L LN!JM ,j" q(zﬂ/ﬁ
Trssisstusnss e S [.w.‘,.ﬂ.___ﬁ... ...... R
.o TOEY .- - W, o 1 T (1), conawtansns’

(b) In order for the ball to land in the cup, what does the initial horizontal speed, u,

of the cup have to be:-
i) assuming the cup will slide without friction. r g
...... (b topin, C2ut  ucE oz pee s 00 (ub)
.............................. (1o st
oW (34

ii) assuming a frlctlonal force acts on the cup causing it to decelerate across the

surface at 1.2 m-s™. 7 J-2m st | 2
(‘ (A'é T Lhé B0eacaniisssicansinpi s vty seaensy .‘..&..‘..g,_y{...&('“%‘r
Fe it (ol e
< 5 SO S "L M i
.................................................. ’; sraneas | ig .........(.:,‘.Ll) PR TRTTeR " Lor _[t}hyv\’
z BT ﬁée B 020, 2k
” /9"0 “L ! - i J" ) |
T B (Mo\ : A4 "”/ s (2 o'y il
(/vvw kb (0 wh AnsWo”
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Question 28 (4 marks) Marks

Two point charges, +15 pC and +6.0 pC are fixed in place and separated by 2.0 m.

onaeee ] o e e > Not
drawn
O FG/A(/ ‘:lS'r.t/ O to scale
e—K J—=7 |
F
hnsu/ 0 Ao v
+15 uC q +6.0 pC mﬁ.ﬂj

L W
____________________ A ¢ (04Nt ﬂ/wF b‘"’
b4 - 1'71 ;({@Z; o ¢ Fﬁ/f""/ﬁ""&hw%

A fng pef re
15 fhe J/av of W
wo.

A negative charge, g, is now placed between the two charges so that the three o

charges lie along a straight line as shown in the diagram above.

(a) Calculate the position, Y, from the +15 pC charge where the negative charge,

q, must be placed so that the resultant ?lgcctric 2 force on it is zero. 3 )
520 - LUmoly) K ?6?{&‘5)(1/) N (%7
........................................ 5 ........:.................\/.9...................::Fi.i:?—;-.........-\...L:_) L:-‘L;[u' /Y Alyv‘) 'l ) l?(/
i m 19,
..................................................... PR S TRy 2. 5 1772 N 0% e 2
VRS GG L7700 ¢ A N5 LV A £ b
...... QT(JMKL W"“'(’M//K“yl’[ M O B | 'r?{:

2vlhghy by dongmeden (2N = (V" IE(4-47HY ’)

O b) o St Chimba)
............................. R WL L AN .. —— ) () ey
............................ on) Bl o vl gilofine - ((OLYEE] Onby ot

...............................................................................................................................

(b) If at the position Y you calculated in (a) the change g was replaced with a ' T
positive charge that is double the charge of the original q, what would be the
resultant force on this new charge. 1

....... l ZF (v Zero r"/ @0“’1 &%‘W f#’h;ﬁui ? jo bm{f/c m”(

............. Arassenanassnsraasdanansastraaisdaresrrnserrassaannnanranosasnansnnasnrrisfariarhasnninniranrrarraeraaars

\— 941 emidd, yol-

T T T R R R L TR

() Temhbies [hak P peh S 15 2200
...... (L It tica [l ok plr YO0 18 2200
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Question 29 (3 marks) Marks

Consider the following circuit diagram.

Gy
\ FW M r{,Llli.»H((

|
p T —

Ammeter, Aj, reads 8.00 mA and ammeter, A, reads 0 A.

What is the value of Ry in ohms? puonlid ;gﬂ)s
(0).Find ok resishumee Ry %pr » LS50 (Rcsri&m‘uff Lok >

---------------------------------------------------------------------------------------------------------------------------------

..... Fiad o lbeg accope pardll, by Ry.... Vo, T 100,203

s 209 =1LV

..................................... i i
SUpe_ CUIAS mmx«mﬁ{l.rwrl )

................................................................

6mA Wnworh Ry #nd Ry
by

--------- gfesarsnsasasnrasnasane

Means S6me voltiyo on (Ru (00 9-) o (ﬂu;,.ﬁz’fjlk)

............................... saser ]/ !
W“'"é'_‘« on (000 resslor (/o [ Tk riood - @72..\{_} (siuncos lal

YOV AL . LI Rl s D, (W b, .. S S :
@ F\C{n,‘/ur Ry g bl crron] .

---------------------------------------------------------------------------------------------------------------

. . i F ﬁAL ( T S0l )it
mcwbm) | M W()/Z;( :;\Ojij{ { N {\Zmﬁw 517’4 ﬂm/( At /M"{A'nsu o
il 5 wert 15t for T

A b vt ‘/
Dpaarl Vo angte 0 150 | G pd bl
v podn ' Re,l,rshmbt 5,-.{— pu‘[/‘hd’b( bf&vh 'll /‘2[/ 1 UZJB_?SW) (R‘g.«{{ 3
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Question 30 (4 marks) Marks

The diagram below shows two balls A and B. Initially, ball A of mass 3m has a
velocity of u to the right and ball B of mass m has a velocity of u to the left. The two
balls A and B then collide elastically.

Before After

Calculate the values of the final velocities (a and b of balls A and B respectively) as 0n\[
a function of the initial speed u. | 4 29 '/0

____________ i ip_} 3l - MY = 3M*Mb :f' L\u"r H4-
—— [

!ﬂ L'\ﬂd\ C(E,,P 3
{.,-I-.:v\ "'{'F-‘{
s befort

g\j]p ; ;-‘ !1\:' 40

................................................

o (arw, hz-u) - i1
;mha[ (e

szf‘f{{ ( .- i d')J'LJ’J (wk{plL{:ij

f-

ﬂNJb[« u«oL‘ vl ’
Lt W) - U 5 ol sl
4—% n :2.1/\
w-~wuw -~ o Iw a t_(‘?f_éﬂ____
MUy ,vx) |
ps (]
= 7—(’\, 1|I
— =
. MML ek ,i'uu.:m,’h’ V¢ ‘z“‘* o e / =
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Question 31 (4 marks) Marks
Consider the following circuit.
15V
|
| |
6.0 Q R
i,
(V)
\/
6.0V
A current of 0.60 A flows through the light globe.
(a) Interms of energy, what is meant by the term ‘15 V battery’? 1
* Accepren Avrmins Rearen . e, Derimtten of BB,
/
€SV Fnn ST LS — @
A £
(b) Calculate the value of the resistance labelled_R - - 4
it AT, ] bt 2. é ¢ Jon
—— Mi~ €
Rrer = 10w 7’*’ Z > | Lrer.n. {;— 6’ A -'}”'
p**'_qji‘.__ .................................... L T A mm..L
—7 ...... SO 7 N /F—OZO‘* —@

............................................................................................
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Question 32 (5 marks)

The diagram below shows a ball of mass 0.35 kg falling onto a 3.00 kg block which
is sitting on a sensitive mass balance calibrated in kg. The ball hits the 3.00 kg block
at a speed of 10 m's™.

The graph below shows how the reading on the mass balance varies just before,

1

0.35kg
; 10 m-s™

Mass balance

during and just after the ball hits the block.

10.00 [

Mass
(kg)

6.00

4.00

2.00f

40.0 60.0 80.0 100.0

Question 32 continued on next page.
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Question 32 continued
Calculate the magnitude of the momentum of the ball just before it hits the
1

=— &1L}

(a)
3.00 kg block. i

Calculate how high the ball bounces (relative to the top of the block) after
4

(b)
impact with the 3.00 kg block. F
PSS AN 0 N (o 8 S ‘&;] (132.2.4s ) 0o 9-8

............................

a—b
..... A ¢ 1 o T UL 5 SR S At
0-35
~~ L 5\\'
. ¥ - \/z‘ {-42 B 70 = 2-Sa __@}
................................... RS ki S Lo WO
P Len 1%é )
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Question 33 (8 marks) Marks

A boy performs the following experiment to investigate friction.

Fy
Fr M >

The boy pulls blocks of different masses, M, along a horizontal surface with a
constant force, Fy, and measures their acceleration.

The boy assumes that the force of friction, Fr, acting on the blocks is directly
proportional to the weight of the blocks, Mg, and is given by the equation:

Fp = pMg
where p is called the ‘coefficient of friction” and can be assumed to be constant. e se
WiV,
The results obtained by the boy are given in the table below. \e M
Mass of Acceleration of =

block block /l

(kg) (m-s?) ~

1.00 10.5 |-0

1.50 6.35 067

2.00 4.39 )

3.00 2.51 0-33

4.00 1.42 023

5.00 0.78 0-20

The boy knows that the motion of the blocks is subject to Newton’s Second Law, and

assumes that the block obeys the relationship: Best L anon
T

Fo— pMg = Ma A

which can be written as

; -——:b ﬁ:Omd

> %

1
a=Fo(57) - ug

L #0
= Wj: ~ToR cePT -

Question 33 continued on next page.
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Question 33 continued Marks
(a) Plot a straight line graph to confirm the relationship between the acceleration
and the mass of the blocks, given on the previous page.
(Extra columns have been provided in the table on the previous page, for you
to use if you need them.)
) /
maaENE
2
7
3
)
-y
3
5 S ,
{
J
V)
Q o :
H i
A
I
~
bl
T 1
{'/,I
C /S o2 0% 06 D I-o
1 (K" ) 4
P4 MADS kj

Question 33 continued on next page.

Saj NeExTr /)AAL-’ EA /%‘hmc...ac Semenme .
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Question 33 continued Marks

(b) Use your graph to determine:

i) the constant force, Fj. 2

o-a----.------a‘t.aq--'a---.--oncr-oo|ncccc|-|.--;.-.1--|--¢|||||lf -----------------------------------------------------------

ii) the coefficient of friction, p. 2
Limen Ba. lmacer. m. . Bnev g o el sy g
M
o A . . b4

-’"';‘0[3 .............. A SO b"ou’ ......... ‘f-’ ..... c? ......................................
................................................ y AT VI - 1Y - S €

"\\

0

Piars 1 Anes  Onas; LoBF, Seace ; v

a) ST4n~p Ao [ﬂ/ﬂ’hl~& Uacke Seneme

=X I
= qaApn 18 NMeT A f‘MA!_(j'r U~e 4/10{701, MAK@) ..

NRU — IF
: L._pé_o.o\v/v\)

NB2 = Net A Smmens Ge Canmy Demonsvre me  ROA Tion sl

\ »
Becrueen A o~d M —'”

-
-

b) |F Lt 1~ a) 1y nNeT A IMaiemny Lo MO la) Ca~ B€ A~sueerd
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