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e Working time — 2 hours

e Board-approved calculators may be used
e Write using black pen only

e Draw diagrams using pencil

e A Data Sheet, Formula Sheet and
Periodic Table are provided at the back
of this paper

e Write your name at the top of the
Multiple Choice Answer Sheet &
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e Hand in your Multiple Choice Sheet and
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Form V Physics 2017 Annual Examination

Part A

Total marks (18)

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

S S

If you think you have made a mistake, put a cross through the incorrect answer and

fill in the new answer.

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.

aarect

e W= ——
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1 Which of the following represents the correct present and future stages in
the life-cycle of the Sun?

Current stage Future stage
(A) Supernova Planetary Nebula
(B) Supergiant White Dwarf
©) Main Sequence White Dwarf
(D) Main Sequence Black Hole
2 Potassium-42 is an unstable nucleus that undergoes beta-negative decay to

form:

(A)  Chlorine-38.
(B)  Potassium-41.
(C)  Calcium-42.
(D)  Scandium-46.

3 The isotope Pu-239 has a half-life of 24,100 years. If there was a 5 kg
mass of Pu-239 when Toba, a super-volcano that almost wiped humanity
off the surface of the Earth erupted 72,300 years ago, how much of this
mass would still be Pu-239 today?

(A) 5564
(B) 625¢
(C) 833g¢g
(D) 16674g
4 A coffee cup immersion heater utilises a heating coil with a resistance of
8.5 Q. Determine the power dissipated by this heater when operated at
240 V.
A) 33W
(B) 282W
(C) 2040.0W
(D) 6776.4W
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Three groups of resistors (X, Y and Z) are shown below. All resistors used

in the groups are identical and have the same resistance.

—
D{Z}A@%WHW
X Y

Which statement about the total resistance of each group is correct?

5
(A)
(B)
(©)
(D)
6

Resistance of X > Resistance of Y > Resistance of Z
Resistance of Y > Resistance of X > Resistance of Z
Resistance of Z > Resistance of X > Resistance of Y
Resistance of X > Resistance of Z > Resistance of Y

The electrical circuit below contains 3 resistors (2Q, 3Q and 4 Q)

connected in parallel to a direct current power supply.

/o) o) 0 —— power supply

Which statement about this circuit is correct?

(A)
(B)
(©)
(D)

If a 2 A current flows through the 2 Q resistor, then a 3 A current must
flow through the 3 Q resistor.
If a2 A current flows through the 2 Q resistor, then a 4 A current must
flow through the 4 Q resistor.
If a 2 A current flows through the 2 Q resistor, then a 1 A current must
flow through the 4 Q resistor.
If a2 A current flows through the 4 Q resistor, then a 3 A current must
flow through the 3 Q resistor.
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7 The diagram below shows two oppositely charged parallel plates creating
an electric field E. Three identical, positive charges are placed
simultaneously and respectively at points X, Y and Z.

Ye e/

Xe

o

Which statement about the force acting on each of the charges due to the
electric field is correct?

(A)  The force on the charge at X is the largest.

(B)  The force on the charge at Z is less than the force on the charge at Y.
(C)  The force on the charge at Y is larger than the force on the charge at X.
(D)  All three charges have the same force acting on them.

8 The diagram below shows two bar magnets placed next to each other.

3 N N 8

Which pair of solenoids below would produce a similar magnetic field to
that of the two bar magnets above?

==
8

Page 5 of 36 DGB



Form V Physics 2017 Annual Examination

10

11

12

In a household, a 100 W light bulb shines for 3.5 hours. Calculate the
energy dissipated by the light bulb.

(A) 2.86x10'J
(B) 3.50 x 10
(C) 2.10x10*J
(D) 1.26x10°J

A car travels a total distance of 200 km on an expressway. It travels the
first 90 km at an average speed of 80 km-h™,

What is the average speed required for the remaining part of the journey,
if the car is to reach the destination in a total time of 2 hours?

(A) 110 km-h*
(B) 120 km:h*
(C) 122 km-h*
(D) 126 km-h*

The acceleration due to gravity for an object in free fall on Planet X is
one-seventh that on Earth.

In an experiment on Earth, it takes 0.64 seconds for a stone to fall a
distance of 2 m from rest.

What is the time taken for the same object to fall the same distance from
rest on Planet X?

(A) 0.24s
(B) 1.69s
(C) 4.48s
(D) 10.94s

A car initially travelling at 8 m-s™ accelerates to 22 m-s™* over 350 m.
Calculate the magnitude of the corresponding acceleration.

(A)  0.02m:s?
(B) 0.60m-s?
(C) 0.78m-s?
(D) 1.20m-s?
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A billiard ball travelling on a horizontal surface at a speed of V collides
with a barrier and comes off with a speed of V/3 as shown in the

following diagram.

barrier

ball

L1101

VI3

- View from above

The kinetic energy of the ball before the collision is E. The kinetic energy

lost by the ball during the collision is:

(A) E/9
(B) E/3
(C) 2E/3
(D) 8E/9

Which of the following graphs best represents the motion of a bus that is
travelling along a straight road with a speed that is uniformly increasing

with time?

(A)

velocity

(©)

velocity

time

time

(B)

acceleration

(D)

acceleration
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15

16

17

18

The diagram below shows two sound waves.

displacement X
BN
JPtaal T time

Which of the statements below correctly describes the two sounds heard?

(A)  Xis louder than Y, and X has a higher pitch than Y.
(B)  Xis louder than Y, and X has a lower pitch than Y.

(C)  Xis quieter than Y, and X has a lower pitch than Y.
(D)  Xis quieter than Y, and X has a higher pitch than Y.

The average intensity of sunlight falling on the Earth’s outer atmosphere
is 1.36 x 10° W.m2. Jupiter is five times further from the Sun than Earth.
The average intensity of sunlight falling on Jupiter’s outer atmosphere is:

(A)  3.40x10*W-m
(B) 4.80x10°W-m
(C) 272x10°W-m

-2
2
-2
(D) 5.44x10*W-m?

Which of the following lists the components of the electromagnetic
spectrum in order of increasing wavelength?

(A)  Ultra-violet, infra-red, radio, visible
(B)  Radio, infra-red, visible, ultra-violet
(C)  Ultra-violet, visible, infra-red, radio
(D)  Radio, ultra-violet, visible, infra-red

An airport security X-ray machine emits X-rays with a frequency of
4.8 x 10" Hz. The wavelength of these X-rays is:

A) 21x10%m
(A)

(B) 6.3x10%m
(C) 23x10°m
(D) 1.6x10"m

End of Part A
Page 8 of 36 DGB
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Part B Class

Total marks (78)
Attempt ALL Questions

Allow about 1 hour and 40 minutes for this Part Name

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

Question 19 (3 marks) Marks

An Astronomical Unit (AU) is defined as the average distance between the Earth and
the Sun, i.e. dEarth.Sun = 1.00 AU.
It is used as a convenient unit when measuring distances within the Solar System.

Ceres is a dwarf planet in the asteroid belt that is at a distance of 2.77 AU from the
Sun. Determine how long it takes Ceres to orbit once around the Sun. 3
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Question 20 (3 marks)

(@)

(b)

The following diagram shows the positions for the planet Mars at
various dates throughout the year.

. . TAURUS o*

Identify two pieces of evidence that were observable after the invention
of the telescope that supported the heliocentric model.

Page 10 of 36
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Question 21 (4

marks)

2017 Annual Examination

Below is a Hertzsprung-Russell diagram for stars found in the Milky Way.

Blue or Blue-White

White

Yellow Red-Orange Red
-
o Rigel '@ | @Deneb Group A
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B, . ™ - == - =P '___‘-._,_ - -——
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< Centauri A
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~ Y
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[ o= - ) > \\
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S Procyon B = - e N
-~ - § )

(@) Which star has the highest surface temperature?
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Question 22 (4 marks)

(@) Determine the half-life of Nitrogen-16 if a 200.0 g sample of this
isotope decays to 12.5 g in 28.5s.

(b) In a particular transmutation, Francium-211 decays into Astatine-207.
Write a complete nuclear decay equation to represent this nuclear
reaction.

Question 23 (3 marks)

Complete the following table to compare the physical properties of two different types
of radioactivity.

Type of Relative Relative Relative
radiation charge penetrating power ionising power
0 very low
very low
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Question 24 (3 marks) Marks

The diagram below shows two parallel plates with an unknown potential difference
+V between them. The plates are separated by a distance d = 1.0 x 10 m.

An electron is released from rest at point X on the neutral plate and collides with the
positive plate (i.e. top plate) at a speed v = 2.9 x 10° m-s™,

Neglect the effect of gravity.

| +V volts

X._Ii 0 volt

Determine the potential difference V applied between the plates. 3
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Class

Question 25 (5 marks)

Consider the circuit below:

switch

When the switch is closed, the ammeter reads 4 A.

(@) Determine the resistance R.

(b) Determine the potential difference Vxy between the points X and Y.

(c) Determine the current flowing through the 20 Q resistor.

Page 15 of 36
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Question 26 (5 marks) Marks

A kitchen has the following three appliances connected in parallel to a 240 V power
supply in series with a 10 A fuse: a 350 W food mixer, a 950 W toaster, and a
2100 W microwave oven.

| microwave 5 00 W

oven

] toaster 950 W

I

_~_| food 350 W

mixer

(@) Determine which of these appliances can be operated at the same time without
breaking the fuse. Show all working. 3

(b) Explain how fuses or other electrical devices protect against electrical
dangers. 2
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Question 27 (5 marks) Marks

The ammeter in the circuit below shows the same reading when switches S; and S,
are both open and when they are both closed.

switch
S
[ 6Q
2
2 R @
12V —— swi}ch
T 2 Y

Calculate:
(@) the reading on the ammeter. 2
(b) the value of resistance R. 3
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Question 28 (2 marks) Marks

The picture below shows two wave pulses approaching each other on a
stretched string at time t = 0 s. Both pulses have a speed of 1.0 m-s™,

Displacement (cm)

2 ______________________________________________________
t=0s
ot S Tn}; """""" I_O_T """"""
O 1 1 T T T 1 1 T 1 1 T I T T T T 1 I I
0 2 4 6 8 10 12 14 16 18 20
x (m)
Draw the shape of the string due to the two pulses at t = 4 s on the empty graph below. 2
Displacement (cm)
2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
t=4s
1 ______________________________________________________
O T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
x (m)
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Question 29 (5 marks) Marks

The diagrams below represent the same wave.

displacement displacement
(cm) (cm)
2 5
2 4 distance 2 4 8 time

-1 7 (m) -1+ (ms)

-2 2 -
For the wave shown, determine:
(@) its amplitude. 1
(b) its wavelength. 1
(c) its period. 1
(d) its frequency. 1
(e) its speed. 1
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Class
Name
Question 30 (5 marks) Marks
The diagram below shows light passing from a glass block, with a refractive
index of 1.52, into air.
air
60°\ A |
glass
(@) Calculate the angle of refraction of the light. 2
(b) Calculate the critical angle of the glass. 1
(c) The glass block is now immersed in an unknown transparent fluid.
Determine the refractive index of the unknown fluid in order for the critical
angle of this new interface to be 60°. 2
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Question 31 (4 marks)

A pupil performs an experiment on the production of standing waves on guitar
strings. He sets up the following equipment.

length, L =1.00 m

mechanical
oscillator ~

Side view

standing wave

I- unknown mass M

The mass, M, hanging from the string keeps the tension in the string equal to Mg.

The pupil adjusts the frequency of the mechanical oscillator until he creates a
standing wave, with a wavelength equal to double the length of the string, L, which
he holds constant at 1.00 m.

The pupil’s teacher tells him that the frequency, f, required to produce this standing
wave is given by the following equation:

f2 = %
4L

Equation 1

where u is known as the linear density of the string, and is equal to the mass of a one
metre length of the string.

The pupil repeats the experiment for six strings from his guitar, and records his
results in the table below:

String | Linear Density p 1/ Frequency f f

(note) | (x10°%kg-m™) (m-kg™) (Hz) (HZ%)
E 0.4 2500 220 48400
A 0.7 1429 170 28900
D 11 909 130 16900
G 2.3 435 90 8100
B 4.5 222 70 4900
E 6.8 147 50 2500

Question 31 continued on next page.
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Question 31 continued.
Marks

The pupil then plotted the graph f* versus 1/ to verify Equation 1:

60000
50000

40000

30000 +

20000

10000

0 500 1000 1500 2000 2500

1 (m-kg")

(@ Write an expression for the mass, M, hanging from the string in terms of the
gradient of the graph and other variables.

(b) Draw the line of best fit of the graph above and use its gradient to calculate the
value of the hanging mass, M.
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Question 32 (5 marks)

The diagram below shows a glass block with a translucent screen on top of it.

translucent

screen \

Side view 10em

glass block

point light source

At the base of the glass block is a magenta (i.e. purple) point light source that emits
light of two specific wavelengths:

e red light, of wavelength 7.20 x 107 m in air,
e blue light, of wavelength 4.50 x 10" m in air.

The refractive index of the glass block varies depending on the wavelength of the
light.

For a given wavelength in air, A, the refractive index, n ,, varies according to the
following formula:

k
n; = —— where k=1.26 x 102 m"® for all wavelengths in air
VA

When a thin translucent screen is placed on top of the glass block and viewed from
above, the following is observed:

NB — You can ignore the refractive properties of the translucent screen, because it is

so thin.
| redring
View from T
above
[ magenta circle

Question 32 continued on next page.
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Question 32 continued. Marks
(@) Explain this observation. 2
(b) Calculate the radius of the magenta circle, R, and the width of the red ring, T. 3
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Question 33 (5 marks) Marks
Consider the following graph of the force, F, of a racquet acting on a tennis ball as a
function of time. Initially a tennis ball of mass 0.150 kg had a velocity of 25 m-s™

towards the racquet. As a result of being hit by the racquet, the ball returned directly
along the same path.

F(N)

U

time (s)

0 0.03 0.06

(@) Calculate the magnitude of the impulse of the force of the racquet which acted
on the tennis ball during the 0.06 s. 2

(b) Determine the magnitude of the final velocity of the tennis ball. 3
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Class
) Name
Question 34 (6 marks) Marks
Two cars are travelling along a straight road as shown in the diagram below.
At the instant shown, Car P passes point X and the two cars are 264 m apart.
Car P travels at a constant speed of 20 m-s™.
Car Q is initially travelling at 30 m-s™ and, at the instant shown, starts to decelerate
at the constant rate of 2 m-s™.
-1 -1
up=20m-s Uo =30 m:-s
point X =
L .
CarP CarQ
264 m
(@) Determine the time that elapses before the cars meet. 3

(b)  On the same set of axes below, sketch displacement versus time graphs to show
the positions of each car relative to the point X shown on the diagram.
Take t = 0 s as the time when car P passes X and continue the graphs until the
cars meet. 3

displacement from X (m)

time (s)
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Question 35 (7 marks)

Two swimmers (A and B) at point X on one side of a river are in a race where the
finishing line is at point Y directly opposite. The river is 400 metres wide and has a
current of 1.5 m-s™, as shown in the following diagram.

bank Y Z
A @ L
400 E river 1'55 ms’
m [}
v
bank ¥

They both dive in at the same time and swim across the river. In still water, both
swimmers move at 2 m-s™.

Swimmer A directs himself so that his resultant motion is in the direction XY, while
Swimmer B always swims with his body perpendicular to the current and lands at
point Z. He then runs to point Y with a speed of 8 m-s™.

Marks

(a) Draw two vector diagrams to determine the respective resultant speed of

Swimmer A and Swimmer B when in the water.

Swimmer A in water Swimmer B in water

Resultant speed of Swimmer A: Resultant speed of Swimmer B:

Va = Vg =

Question 35 continued on next page.
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Question 35 continued

Marks

(b) Determine which swimmer reaches Point Y first by calculating the time taken
by each swimmer to finish the race.
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Question 36 (4 marks) Marks

An unknown mass, m, has a fixed but unknown velocity, u.

To determine these two unknown values, the unknown mass is allowed to collide
elastically and separately with two stationary masses A and B (ma = 2.4 kg and
mg = 6.8 Kkg).

As shown in the diagrams below, when the unknown mass collides with A, A recoils
with a kinetic energy of 13.2 J. When the unknown mass collides with B, B recoils
with a kinetic energy of 8.7 J.

BEFORE AFTER A

-0 O 0

BEFORE B AFTER B
Determine the unknown mass, m, and its unknown velocity, u. 4

Show all working.
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End of Part B
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Physics
Data Sheet

Charge on the electron, g -1.602x 10°C
Mass of electron, m, 9.109 x 10 * kg
Mass of neutron, m,, 1.675 x 107" kg
Mass of proton, m,, 1.673 x 107 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, ¢ 3.00x 108 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 104 Js
Rydberg’s constant, R (hydrogen) 1.097 x 10" m™*
Atomic mass unit, u 1.661 x 10 %" kg

931.5 MeV/c’
1eV 1.602 x 10
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*
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FORMULAE SHEET FORM V ONLY

=2
t t
V=u+at
R=Y
I
v =u®+2ar P=VI
r—ut+=at? Energy =VIt
2
L M
r
E =-mv’ Iocd—l2
E, =mgh vy _ sini
v, sinr
W =Fr nA=dsiné
p:mv nﬂ:%
L
,=——2
r
F=mg r’ _GM
T? 4r?
E:E F=Gm12m2
q d
e_V E = mc?
d
F:kaleZ
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FORMULAE SHEET

E:k L1, q _1
I d P
F =BIllsing d
M =m-5log| —
10
=F
r=FHd :—A:100(mB ~m,)/5
7 =nBIAcosd °
Vp np 72_2,.3
—=— m, +m, 5
V. n, GT
P
v h
E=— A=—0
d mv
E =hf \Y
AO— out
Vin
c=fA V., _ _&
Vin Ri
Z=p
I, [z,-z,T Surface area of a R = 47R2

sphere of radius
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SYDNEY GRAMMAR SCHOOL

e

Class

CRIB

2017

FORM V
ANNUAL EXAMINATION

General Instructions

o Write your class and name in the
space provided.

o Attempt all questions 1 — 18.

e Use ablack pen.

o Select the alternative A, B, C, or D
that best answers the question.

« Fill in the response circle
completely.

> P

ANSWER SHEET

Name

Physics

Part A

A B C D
1| 1% | 2% | 97% i

2. | - 2% | 98% i

3. | - 95 % i 5 %
4. | - 0% | 2% | 98%
5. 1% | 5% | 8% | 7%
6. | 1% i 97% | 2%
7. 6% | 1% | 6% | 87%
8. | 3% | 16% i 81 %
9. | 3% | 19% i 78 %
10.] 1% | 1% | 4% | 94%
.| - 2% | 7% | 1%
2. - 98 % i 2%
13.1 35% | 2% | 8% ¢ 55% )
4. - 9%4% | 4% | 2%
15. | 99% i i 1%
6. 4% | 1% | 4% | 91%
17.] 1% | 8% | 90% | 1%
18. 2% | 97% i 1%

Correct
answer

C
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Form V Physics ( 277'(7)/177/Annual Examination

1 Which of the following represents the correct present and future stages in
the life-cycle of the Sun?

Current stage Future stage
(A) Supernova Planetary Nebula
(B) Supergiant White Dwarf
«CD Main Sequence White Dwarf
(D) Main Sequence Black Hole
2 Potassium-42 is an unstable nucleus that undergoesdeta-negative decay to
form:
. Y2 ©
(A)  Chlorine-38. L "
(B)  Potassium-41. 11 \\ 20 Cm r -1 E‘B
(©  Calcium-42. TR ber by |
(D)  Scandium-46. [ B- decoys iMcrease The olfomuc Mumber by |
L TRy \
J

\ |
LWJ \eq\/c ‘—P/\Q Nass MMV\‘LQF WM 1O ea’k

3 The isotope Pu-239 has a half-life of 24,100 years. If there was a 5 kg
mass of Pu-239 when Toba, a super-volcano that almost wiped humanity
off the surface of the Earth erupted 72,300 years ago, how much of this
mass would still be Pu-239 today?

f -

(A) 556 12300 = 3 x 24100 = 3 A“H” loves
B 625g -
(©) 833g :gwwumjf: l\x Sooo;éﬁj,
(D) 1667 g v, 3

4 A coffee cup immersion heater utilises a heating coil with a resistance of
8.5 Q. Determine the power dissipated by this heater when operated at
240 V.

T z ¢ . a ?

(A) 33W Py - 20 _ ¢y W
(B) 282W R 3.
(€©) 2040.0W

(D) 67764 W

Page 3 of 36 DGB



Form V Physics 2017 Annual Examination

5 Three groups of resistors (X, Y and Z) are shown below. All resistors used
in the groups are identical and have the same resistance.

— R
R r-@» R+ EH RH—
K)(: 3_:(_ X R QKY R

2 y;'é— " 3

Which statement about the total resistance of each group is correct?

(A)  Resistance of X > Resistance of Y > Resistance of Z
(B)  Resistance of Y > Resistance of X > Resistance of Z
(©)  Resistance of Z > Resistance of X > Resistance of Y
(D)  Resistance of X > Resistance of Z > Resistance of Y

6 The electrical circuit below contains 3 resistors (2, 3 Q and 4 Q)
conne ted in parallel to a direct current power supply.

(_) ara .{L\ dru.u- So

V 4 fhe oame
/X(Qr P m“\" e é 3 g —=+— power supply
(Vz =V "\[H )

/ Which statement about this circuit is correct?

(A) Ifa2 A current flows through the 2 Q) resistor, then a 3 A current must
| flow through the 3 Q resistor.
” (B) Ifa2 A current flows through the 2 Q resistor, then a 4 A current must
[ » flow through the 4 Q resistor.
ﬂ (©) Ifa2 A current flows through the 2 Q resistor, then a 1 A current must

\ flow through the 4 Q) resistor.
\ (D) Ifa2 A current flows through the 4 Q resistor, then a 3 A current must
4\ flow through the 3 Q resistor.

Okw«/ti baiiis Ve T - ?%L Va w}m«” M‘QM T and. K.

afe ;M\/USCL,) (ofo 96{*'/;#\4

/ |
=, ;L 2R %.ZR reaistor thonn l’\‘% - ‘(’Rﬂmj& MLQ

Juj?,rmfs!?or([{:zxi; = |A

Page 4 of 36 DGB
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Form V Physics 2017 Annual Examination

7 The diagram below shows two oppositely charged parallel plates creating
an electric field E. Three <identical,” positive charges are placed
simultaneously and respectively at points X, Y and Z.

s o/
Lo

—
M)

g

Which statement about the force acting on each of the charges due to the
electric field is correct?

(A)  The force on the charge at X is the largest.

(B)  The force on the charge at Z is less than the force on the charge at Y.

(C)  The force on the charge at Y is larger than the force on the charge at X.

(D) Al three charges have the same force acting on them. ! ZM
asr

F E ow.(l l'\trcl w&dw]‘arkhgf
a Clwi €.V Qicm\wp(“"l&dmﬁv e (

s kil ) = By, e e )
8 The diagram below shows two bar magnets placed next to each otherJ f

S N N S

Which pair of solenoids below would produce a similar magnetic field to
that of the two bar magnets above?

”@m@m W

I ﬁwm

Page 5 of 36 DGB



Form V Physics 2017 Annual Examination

9 In a household, a 100 W light bulb shines for 3.5 hours. Calculate the
energy dissipated by the light bulb.

(A) 2.86x10'J E;PE;\OO\U;(Z.T( 60x 60 s
(B)  3.50x10%]
(€  2.10x10%J = Ez126060000J

D 1.26x10°]

10 A car travels a total distance of 200 km on an expressway. It travels the
first 90 km at an average speed of 80 km-h™. —= L
What is the average speed required for the remaining part of the journey,
if the car is to reach the destination in a total tlme of 2 hours?

v = 40 _ =2~ [.12¢
B) 120 km'h’ ‘ = 5 . O g%ﬂ\
(C) 122kmh’ (L
© wowmsy v, -02 - 1Ok T
e "F, T o 8%k F, 2 2k
: I
11 The acceleration due to gravity for an object in free fall on Planet X is Cé,x - — C;
one-seventh that on Earth. { - EX )
In an experiment on Earth, it takes 0.64 seconds ‘for a stone to fall a
= Z""‘B distance of 2 m from rest.
What is the time taken for the same object to fall the same distance from
() ‘
rest on Planet X o u"”f“ﬂé_ | SR Y l‘ _Z_ré
(A) 0245 ) (”7 ; sl N €
@) 1.69s ! :\JZ& ._(2/‘?: i@_rﬁx? a
(©) 448 N4 3»:: h Je
(D) 1094s
._>{j r Jc rﬁ(ﬁélf~\ s
12 A car initially travelling at 8 m's” accelerates to 22 m's™ over 350 m.
Calculate the magnitude of the corresponding acceleration. " 2 2
2 u -
(A)  0.02ms> Neu 4+ 2af = a-= V-u :»2,——5—
@  060ms” 3 2 5%o
© 0.78 m's” : "
(D) 1.201’1’182 = Q& = .20 m-$

Page 6 of 36 DGB



Form V Physics 2017 Annual Examination

13 A billiard ball travelling on a horizontal surface at a speed of V collides
with a barrier and comes off with a speed of V/3 as shown in the
following diagram. i

Z
wfm

i 3 ,\m\f
M'k\fg

barrier

/

vi3 ~ —
= —ELl o

. _ 8
View from above = é\!og{* - (a - %~> g&p:}ok_ = — 6

LLLTLL SIS LT,

The kinetic energy of the ball before the collision is E. The kinetic energy
A Clost by the ball during the collision is:

(A) E/9

(B) E/3

(C) 2E/3
(D) 8E/9

14 Which of the following graphs best represents the motion of a bus that is )
travelling along a straight road with a speed that is umformly 1ncreasmg A = Conlom(™

with time? e (fﬂ b JL>
(A) 3 (B))
velocity acceleration
0 time o 0 time
©) (D)
velocity acceleration
0 time 0 et

Page 7 of 36 DGB



Form V Physics 2017 Annual Examination

15 The diagram below shows two sound waves.

displacement
,/\\ /\ time

Q,:%\{, VT \MSLAF :&(W‘j /’ou)&( ’J‘UJ\

Which of the stgtements below correctly descnlées the two sounds heard?

@/ X is louder than Y, and X has a higher pitch than Y.
) Xis louder than Y, and X has a lower pitch than Y.
(C)  Xis quieter than Y, and X has a lower pitch than Y.
(D)  Xis quieter than Y, and X has a higher pitch than Y.

16 The average mten51ty of sunlight falling on the Earth’s outer atmosphere
is 1.36 x 10° W.m™. Jupiter is five times further from the Sun than Earth.
The average intensity of sunlight fallmg on J upiter’s outer atmosphere is:

A)  3.40 x 10" W-m? _ dd_. Sdg

EB)) 4.80><102W-$'§ “g j - IEOJ |2 s

C)  2.72x10°Wem = £ .

é_D)) 544 % 10! Wem® - 1— 1—"] g 1,25&10 . }T
o

= I =S4y W, %

17 Which of the following lists the components of the electromagnetic
spectrum in order of increasing wavelength?

(A)  Ultra-violet, infra-red, radio, visible
(B)  Radio, infra-red, visible, ultra-violet
(©)  Ultra-violet, visible, infra-red, radio
(D)  Radio, ultra-violet, visible, infra-red

18 An alrport security X-ray machine emits X-rays with a frequency of
4.8 x 10" Hz. The wavelength of these X-rays is:

A 21x10%m Wave ectuatcm-, fz\ T
© 23x10'm 3.0x| =1
D) 1.6x10"m - A“W —é AN x (O m

End of Part A
Page 8 of 36 DGB



Form V Physics 2017 Annual Examination

" A g Y
(Dgls )
Class

Part B

Total marks (78)

Attempt ALL Questions

Allow about 1 hour and 40 minutes for this Part

Name

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

Question 19 (3 marks) . Marks

An Astronomical Unit (AU) is defined as the average distance between the Earth and

the Sun, i.e. dgath.sun = 1.00 AU.
It is used as a convenient unit when measuring distances within the Solar System.

Ceres is a dwarf planet in the asteroid belt that is at a distance of 2.77 AU from the

Sun. Determine how long it takes Ceres to orbit once arou e Sun. 3
: | W
v 1 ¢
‘\e,r.ﬂ.e.r..s.....},aw Qi 2L od{& ..... CquM....m NIt So lal %ﬁm

-
t‘.----mm ---------

T
s ?3 ............................ essoses o
........... s RC{ — RE ..::;jc.: é’&f{:‘. ™ lWQL
......................... 1 cré\(&é

\R. - 2.3 A 2
—y =T, = 3825 [0
=371 »\%\!Z-}Q v\
-t ~ ,
< T 16839 dugs
—— | ' S
=) !C_H f{){gic\fs \WOJ
Marks %
awarded | of boys
3 78 %
2 7 %
1 7 %
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Form V Physics 2017 Annual Examination

Question 20 (3 marks) Marks

(a) The following diagram shows the positions for the planet Mars at
various dates throughout the year.

° . TAURUS *

Outline how the geocentric Iodel explalned this retrograde motlon (mf}%

Y M\LA/MM‘A] @\J’...Q&c W Mm/@l .0, AMA(LA L.L(QLL é el
Q?ur Qrmtaa‘\ M&er mct LcLz,J Q(emjr \..AFOUMOA.. mx. rg\~

Marks %
awarded | of boys
1 94 %

(b) Identify two pieces of evidence that were observable after the invention

of the telescope that supported the heliocentric model. 2
\ L (r Marks %
............... NaAA... b\? ICMMAAL c..ooeeeeeeeeeeereeerereeseeresesesesseseneeseas awarded | of boys
oC ¥ | 0
........ ‘ ....)..;am.....af ....K\ru s 2 21 %
5%

............. (Zcm, ’\Oﬁkrfmﬁjr\'&nw?\
j .......... ?xlfvnn,ée\&v a(u.’ﬂ{ [a ...... ése[m

Page 10 of 36 DGB



Form V Physics 2017 Annual Examination
Question 21 (4 marks) Marks

Below is a Hertzsprung-Russell diagram for stars found in the Milky Way.

Blue or Blue-White White Yellow Red-Orange Red
. Rige! @ | @Deneb Group A
/ 23 - N \ Betelgeuse
‘Zeta Eridani \ | N Polaris * ,
: \\ e Antares |9 7 il
\ ~ >« -
\ @ Spica™ ~ | =L Canopus e
\‘.\ @ \",\ g a_—._~"_’::.-.._~
S._ Reguus | gOMEEF~_ Riskakiiat®. Ll s
B Vega . " @ | Aideberan
R @ Sirius i / s
GroupB - _ _ ~._ 1 Sroup D ..
e ® Attair ~ . @Poliux ra
T Procyon > "~ _-
= Tt T -
™ Sun S ~

\\\ Alpha ~

S~ Centauri A«
B % 'Tau getl
- P @ AphefCentauri B
,/ .Siri;S\B\‘ b \\\ s
| g > ~ \\
‘. | Group C SEa * {Berard's Star|
~| Procyon B = - ‘@ =
s = 3 L ' '
@ :S'vf ancl\ Cor[u‘/{" amewer
(a) Which star has the highest surface temperature? Marks % 1
‘ - - - awarded | of boys
..................... Zoto... EcodaMi. )
e 1 92 %
(b) Which white dwarf is the most luminous? Marks % of 1
I awarded boys
.................... Y slg
S 1 95 %
(c) Identify Group B. Marks % of 1
1 PR awarded boys
........................ ,.,«c',u,\t(a 1 97 %
(d) Identify Group D. Marks % of 1
80 § #s ‘ awarded boys
.......................... INCAA....SLaMK......ee, 0
1 97 %
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Form V Physics

Question 22 (4 marks)

(a) Determine the half-life of Nitrogen-16 if a 200.0 g sampl

2017 Annual Examination

isotope decays to 12.5 gin 28.5 s.

: ‘/n/‘l/) ..... laye...

M
) ~ {mo
12.X
Marks % !
awarded | of boys
79 %
12 %

(b)

In a particular transmutation, Francium-211 decays into Astatine-207.

Write a complete nuclear decay equation to represent this nuclear

reaction.

Question 23 (3 marks)

[

\N\«oie— y
(or .8
Marks %
awarded | of boys
2 93 %
1 6 %

Complete the following table to compare the physical properties of two different types

of radioactivity.
Type of Relative Relative Relative
radiation charge penetrating power ionising power
" | \ ‘ : \
¥ 0 Nygh ‘/Pr ‘f“j"‘*yl‘ very low
1) / . 1'%
oL +Z very low Wagh (o very w9t )
N : J s
pwtj ’WML“L - @ Marks %
awarded | of boys
3 83 %
2 16 %
1 1%
Page 12 of 36 DGB



Form V Physics 2017 Annual Examination

Question 24 (3 marks) Marks

The diagram below shows two parallel plates with an unknown potent1a1 difference
+V between them. The plates are separated by a distance d = 1.0 X 10° m.

An electron is released from rest at point X on the neutral plate and collides with the
positive plate (i.e. top plate) at a speed v = 2.9 % 10°m-s™

Neglect the effect of gravity.

Marks %
awarded | of boys

+V volts 3 A

: 2 16 %
1 12 %
X 0
3
Determine the potential difference V applied between the plates. (OM e 3

Rergtm.d{..mwer ........... AL Li,}u@o&.o‘!nm G- mmﬁx( /A cﬂ/

............................................................. \MVZ-_q‘O“IO)((ZqK(O 5 Zg CI \l»

..................................................................... i

s ——— 5 A € | ol
(OB ..o e

mk.e,.miq...msw Nel.=.E. [. Ma. .G %E W TN ol__,

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

B R LR R R R R T

= \jf/_ q___czq_xq 2OSx lO ;< . OX\D;
l.6x10™

Al V( VQ‘Q ‘@J J ‘Q\“' /: J{'aa,a “: are "4 O{MQM PW\&« TM@LQA

| i
Z E( ‘UM wu{ EZ t(ac{'ru&&o{ 4 I‘QMJM Afe ago e Otﬁyw«% Lam Gl e

— Do NetT WX THEH OF IN roBNULAé
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Class

) CLIR (Am_, \
Question 25 (5 marks) Name 1
Consider the circuit below:

switch
®
12V
|
||7

When the switch is closed, the ammeter reads 4 A.
(a) Determine the resistance R. e (D

. T Y4 S 2 S,

.......................... __L'__l_“__L.;i/”' CD

Ry b R D 2 . S - T 2 Rers L.

............... = £‘3~Z=_.Le.\

— ®

(b) Determine the potential difference Vyy between the points X and Y.

N % AN T "

s
0,
(c) Determine the current flowing through the 20 Q resistor.

e nreyetiomsioeiimeme oo ez R S =0 %a..

26

Page 15 of 34 DGB
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Question 26 (5 marks) Marks

A kitchen has the following three appliances connected in parallel to a 240 V power
supply in series with a 10 A fuse: a 350 W food mixer, a 950 W toaster, and a

2100 W microwave oven.

microwave 5
EOIE 5400/ % ‘l
o toaster 950 W

A food 4w |

mIXer

(a) Determine which of these appliances can be operated at the same time without

breaking the fuse. Show all working. 3

O VR LUK S 2 7. S () f foz Guaser o 3
240

L. 2. 8:064. . L=l Ha (D e A B Cussers

............................................................................................................................... “lm L\)MK!NG‘
e COTS O A2y 7o Re. TS > ...........................................

(b) Explain how fuses or other electrical devices protect against electrical
dangers. 2

@ }‘;w. AN QUT UAE - ThE OPORTWwe oF TRE Device

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

............. o Teus. Pecnres me Devee from. me. Mhecs g

R s Y R B CE RN
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Question 27 (5 marks) Marks

The ammeter in the circuit below shows the same reading when switches S; and S,
are both open and when they are both closed.

switch

51
— { 68
B8

T
)

o) R
switch | 6
T 52\ U e o
2
Calculate: /__,,NL.M cuot bl poa OPE J_ ---——-Q)
(a) the reading on the ammeter. B L’*QT - 2
ey
......... ot O N W T o | B+ N
............................................................................................................................... ;
ore Coosen ™ |12
Af/w[\‘“ "V"\—M g _l_. R 6
(b)  the value of resistance R. I o 12v ( j':r 3
/”"'CD T -
Ve s Wam Bk 183 B e
R TR » TN S N < U AU R
o T2E 0674, Va8 e R lZa T G
@ .................................................................. (ommfvff'bm'@w‘h/h’mmm' )
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Question 28 (2 marks) Marks

The picture below shows two wave pulses approaching each other on a
stretched string at time t = 0 s. Both pulses have a speed of 1.0 m-s1.

Displacement (cm)

2 ______________________________________________________
t=0s
i T e QI S HTHTATETE AT oS TG e
ERRRRRRL A
0 I | ] T T 1 I 1 ] ] I 1 T T T I I ] I
0 2 4 6 8 10 12 14 16 18 20
x(m)
Draw the shape of the string due to the two pulses at t = 4 s on the empty graph below. 2
Displacement (cm)
2 _____________________________________________________________
t=4s
1 ________________ " iy 5% 752 541 576 R R PR Y W U 5 e e s
. . ~
0 T I T T T T T % T 1' T T ¥ 1 T T T ] I
0 2 4 6 8 10 12 14 16 18 20
X (m)

Puuc"l

@ ]gl( _g;‘?db!/»c THE é/«’ﬂ-m Fﬂtﬂom o ThE 7‘Lm
J\me P (716
CE) ﬁh_ ﬁuhum ™e télﬁopf i Ve

¥
4P — O ..
(ADNK.' JE The JPULAES, /N corR L7 , Do moT  OvE )



Form V Physics

Question 29 (5 marks)

The diagrams below represent the same wave.

2017 Annual Examination

Marks

displacement displacement

(Cm) (Cm)
2 = 2

1 2 distance 2 4

-1 — (m) -1
B ] -2
For the wave shown, determine:
(a) its amplitude.

...... ZC0N et
(b) its wavelength.

............. e S,
(c) its period.

hms. (ve 65 e & 0:06s =)

(d)

(e)

MNB Cava» hasven 1~ (cl\) On A (e,)

its frequency. F () u

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

Page 19 of 36
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A
( ITTICWN )
S~——Class—

Name
Question 30 (5 marks) Marks

The diagram below shows light passing from a glass block, with a refractive
index of 1.52, into air.

air

o ey O e o

60°

glass

(a) Calculate 'the @gle of refraction of thF light. correck sobstdhon 2

N s\ = Ne SNy o cocrect  formala

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

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

— 1SN XX Oy,

B SR s =

(b) Calculate the critical angle of the glass. 1
wrdiagg TN 2 o BN s B
........ LS 2. . snte. S lan20 e

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

(¢) The glass block is now immersed in an unknown transparent fluid.
Determine the refractive index of the unknown fluid in order for the critical

angle of this new interface to be 60°. 2

Possibidy | & glasste Flead |Resnibdiy 20 e 4o glas
R o e e S i~ S
VS22 5062 NeftDA R ) LB 2SR T O 50860
Ne= L322 Al Ey ks Nz L6 Vs
— |l M\ -C—‘C)t" S N m\,s"h»,l.\z.e

Note: Btk ANsnm O = | =2 &0
Page 21 of 36 w % Omk=r DpGB
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Question 31 (4 marks)

A pupil performs an experiment on the production of standing waves on guitar
strings. He sets up the following equipment.

length, L= 1.00 m

mechanical
oscillator ™

e SR ——

Side view

standing wave

“ unlmown mass M

The mass, M, hanging from the string keeps the tension in the string equal to Mg.

The pupil adjusts the frequency of the mechanical oscillator until he creates a
standing wave, with a wavelength equal to double the length of the string, L, which
he holds constant at 1.00 m.

The pupil’s teacher tells him that the frequency, f; required to produce this standing
wave 1s given by the following equation:

_ Mg

f2 =
4uL

Equation 1

where p 1s kmown as the linear density of the string, and 1s equal to the mass of a one
metre length of the string.

The pupil repeats the experiment for six strings from his guitar, and records his
results in the table below:

String | Linear Density 1/n Frequency £ f2

(note) | (x 107 kg-m?) (mkg?) (Hz) (Hz?)
E 0.4 2500 220 48400
A 0.7 1429 170 28900
D 1.1 a0g 130 16900
G 23 433 a0 8100
B 4.5 222 70 4000
E 6.8 147 50 2500

Question 31 continued on next page.

P A e
Page 22 of 36
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Question 31 continued. Marks

The pupil then plotted the graph f* versus 1/u to verify Equation 1:

60000
$ ]
50000
S~ 40000 | .
» 1 O I I 5
£ . I _
v - — — -
= 30000
N T i ] R O T T
20000
10000
] . 1 ] S O
0 (P N S S X U, S s S| e | = S | I SR ([
0 500 1000 1500 2000 2500 3000

1/p (m-kg') 2
= ANS L bme&\ o eqv oo~ \ rca-arranﬁeol M= + 4
—_—N ne relerence ‘o gl‘“&co\\é:\\" VX (e enly » <
(a) 4 Write an expression for the mass, M, hanging from the string in terms of the
gradient of the graph and other variables. 2

............... M=_&h&g@.ﬁﬁt/®rﬂ‘<meﬁgﬁao\ e\

 Anaed
'@""“(‘ for ead mustake (_a-g‘ A PSS
3 M\Sf\mﬁ 4

C‘\‘O*"’;\)" Swece L =\ ¢ can be g Lo e’ﬁ vache ™
(b) Draw the line of best fit of the g’raph above and use its?;adsien&c?calculate‘:\tﬁe

value of the hanging mass, M. 2
......... rNa\ve: depends  on \wae  Sraaomi
Lo -O
................. eg»g(ao\\eﬁ*:‘q-g s Iyl i, 1|
oo X il ‘C\Of" ................................................................................................................ covrrect
eustadee, = e e DA
el TR i, SRR 2. 5 DLV s Salcu\ aheA
N 4—&' .................... M =-—LO\\‘§D
@ VAt P ‘fdzs e DGB
o @x ce PRELN o e~ i ...

N rsdng = A e~ ‘
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Question 32 (5 marks)

The diagram below shows a glass block with a translucent screen on top of it.

e N

Side view 10 cm

glass block

point light source

At the base of the glass block 1s a magenta (1.e. purple) point light source that emits
light of two specific wavelengths:

s red light, of wavelength 7.20 x 10" m in air,
e hlue light, of wavelength 4 50 x 10-" m in air.

The refractive index of the glass block varies depending on the wavelength of the
light

For a given wavelength in air, A, the refractive index, n; varies according to the
following formula:

ny = 5= where ¥=1.26 x 10 m!“ for all wavelengths in air

When a thin translucent screen 1s placed on top of the glass block and viewed from
above, the following is observed:

NB — You can ignore the refractive properties of the translucent screen, because it is

50 thin.
| red ring
View from T
above
[ magenta circle

Question 32 continued on next page.
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Question 32 continued. . (
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(b) Calculate the radius of the magenta circle, R, and the width of the red ring, 7. 3

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

..........................................................................................................................
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Question 33 (5 marks) Marks

Consider the following graph of the force, F, of a racquet acting on a tennis ball as a
function of time. Initially a tennis ball of mass 0.150 kg had a velocity of 25 m- s
towards the racquet. As a result of being hit by the racquet, the ball returned directly
along the same path.

-

F (N) 4

$40 |-z

> time (s)

0 0.03 0.06

(a) Calculate the magnitude of the impulse of the force of the racquet which acted
on the tennis ball during the 0.06 s. .

Coleolake  Acopn v Omke

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

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

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

Yo W 1S\
o . =
OSX'\'Q c&\t‘*’.&‘\'lﬁﬁ

wil 8
(b) Determine the magnitude of the final velocity of the tennis balT = F‘:‘ . 3

Arﬁswe«(_a = O \S5OC(/ — —2‘5\\ VIS Beks

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

—1

Netes.s.. 5 A\;"":S(OLB:O\S_Q(\\/"ZS‘B .......

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

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

...............................................................................................................................
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Question 34 (6 marks)

CRIB - PCK

| 7 marks

Marks

Two cars are travelling along a straight road as shown 1n the diagram below.

At the instant shown, Car P passes point X and the two cars are 264 m apart.

Car P travels at a constant speed of 20 ms’.

Car Q is initially travelling at 30 m-s™ and. at the instant shown. starts to decelerate at the

constant rate of 2 m-s™.

E
w=20ms" =30m- %
uQ m-s
> T
~pomt X == na 1%
2 0 9%
CarP <« > CarQ 1 20%
264 m 2 11%
3 59%

(@) Determine the time that elapses before the cars meet.

Using Distance Using Displacement
Cars meet whendp + dg = 264 | Carsmeetwhenrp =1g Marking scheme
dp =20t rp =20t 1 Forming correct formulas for dp, dpgor

1 KO = - —2
dg = 30t —=2¢° rg =264 — (30t f )or n;.rq. ' -

2_, = 264 —30t +t- Forming quadratic correctly with correct
do =30t —t* whenrp =1, @ relationshi

Pp=Tg onship
when dp +do = 264 then 20t = 264 — 30t + t2 Correct answer with working (choosing
then 20t + 30t —t- = 264 correct solution to quadratic)
Solving quadratic t> — 50 + 264
t=bsordds
{6 = iz correct solution because 44 iz after they pass and cr Qs velocity become positive)

(b) On the same set of axes below, sketch displacement versus time graphs to show the

positions of each

car relative to the pomnt X shown on the diagram

Take t = 0 s as the time when car P passes X and continue the graphs until the cars meet.

displacement from X (m)

",,,'r:,l/\
AL

5 YT
07|

™

T
na 6%
0 6%
1 14%
2 36%
3 39%
n Car P and Car Q meet at 6 s (or time
specified in (a)
Car P starts a Om, Car Q at 264m
n (requires correct scale)

Car P is a straight line and car Q is

curved correctly indicating it is slowing
down (requires lines to be labelled)

L > time(s)




Question 35 (7 marks) Marks

Two swimmers (A and B) at point X on one side of a niver are in a race where the finishing

line 1s at point Y directly opposite. The niver 1s 400 metres wide and has a current of
1.5 m-s!, as shown in the following diagram.

bank Y 7z
i 1
400m  |river foms
v
L ]
banit X

They both dive in at the same time and swim across the river. In still water, both swimmers
move at 2 m-s™

Swimmer A directs humself so that his resultant motion 1s in the direction XY, while Swimmer

B always swims with his body perpendicular to the current and lands at pomnt Z. He then runs
to point Y with a speed of 8 m-s!.

(a) Draw two vector diaprams to determine the respective resultant speed of
Swimmer A and Swimmer B when in the water.

Swimmer A in water Swimmer B in water
L5 ms’
L5 ms’
A __}_.
o
Yi 1 ms " vy
Resultant speed of Swimmer A: Resultant speed of Swimmer B:
va=v22—-152=1.32 ms! vg=V22 4+ 152 =2 5ms!
Correct velocity wvector addition diagrams for both mar
swimmer A and B. na u;
2 # Vectors need correct arrows. 0 8"] Ll
# Vectors are joined correctly head to tail. 1 8%
# Vectors need to be correctly labelled. 2 13%
. Correct speed calculated by Pythagoras from vector 3 17%
diagram for A and B (no carry forward errors) 4 35%




Question 35 continued

(b) Determine which swimmer reaches Point Y first by calculating the tume taken by each
swimmer to finish the race.

; 400
Time across for swimmer A, t, = i 302.45

. . rpendicular distance 400 500
Time for swimmer B to cross river, ty, = 2b : =—or—=200s
parpendiculr speed 2 2

Distance YZ = (velocity of water) X ( tg,) = 1.5 x 200 = 300m
Distamce XY = 500m (by trig or Pythagoras)

&

200

Time for swimmer B to run YZ, tg: = < = 37.5¢5

Total time for swimmer B for ¥2Y, t; = t5, + t5; = ﬁ + E":%D =237.55

Correct time for swimmer A to finish (302 _4s)
Correct time for swimmer B to cross river XZ (200s)
Correct distance (300m)or time (37.5s) of ZY calculated
AND
Total time for swimmer B to finish race

Comments
* Too many calculated the time across river using 400m at 2.5m/s
instead of the actual distance travelled diagonally.
s Marks were not allocated for ‘who won’ as this is a direct
consequence of the times for each swimmer.

Swimmer B Displacement

¥ 300m 7
e—

400m
na 0%
0 10%
1 20%
2 13%
3 48%




Question 36 (4 marks) Marks

An unknown mass, . has a fixed but unknown velocity, u.

To determine these two unknown values, the unknown mass is allowed to collide
elastically and separately with two stationary masses A and B (ma = 2.4 kg and mg = 6.8 kg).

As shown in the diagrams below. when the unknown mass collides with A. A recoils with a
kinetic energy of 13.2 J. When the unknown mass collides with B. B recoils with a kinetic
energy of 8.7 J.

BEFORE A AFTER A
BEFORE B AFTER

-0 o o

Determine the unknown mass. 7. and its unknown velocity. u. 4
Show all working.

SOLUTION
The subscript x 1s used to denote that the variable in the formula 1s the same for collision with A and B. This
saves duplicating the same equations for each collision

Table of given data

Mass of A,.B Kinetic Energy of A,.B Final Velocity of A,B Final Momentum of A,B
. . fzk,,
given given vy = |— Py = MV,
m.l'
_{mA=2.4kg} k _{kﬂ=13.2j’} _{VA=3.32?‘R'5_1} B pA='.?.96Ns}
Mx = lmg = 6.8 kg * = kg =87] YT log = 1.60m-s1 Px = |p; = 10.88 Ns

Let ¢, be the final velocity of the unknown mass after collision (which will be different for collision A and B)

mark form

na 8%
0 13%
1 18%
2 34%
3 [/ 14% A
4 15%



1. Momentum and Kinetic Energy Method

LPi=XDf mu = mc, + m,v, (1)
2YKE; = 2Y KE; mu? = me2 + m, vl (2)
Eliminate the unknown c,. by solving equation 1 for c,,
_ MU—M,U, — oy (M
Cx =———Orcy=1u (m)vx (3)
and then substituting c, into equation 2.
_ 2
mu?=m (W) + m,v? (4)
Equation 4 can be simplified to
(k)
mu = ?"r (m, +m) (5)
Numerically
mu = 1.66m + 3.98
mu = 0.80m + 5.44
Equation 5 can be solved simultaneously for u or m.
SOLVING FOR MASS SOLVING FOR VELOCITY
Equation 5 solved for m Equation 5 solved for u
— MaxVy Uy fmy
M= s (5a) u=%(3+1) (5b)

Equations 53, 5a and 5b are the same equations for both collision A and collision B (two equations are
formed when x =+ A and x — B). These two equations can be solved simultaneously.

Equation 5 solved simultaneously
for m by dividing A/B

Equation 5b solved simultaneously
for u by equating A=B

1:'A
mu _ — {mat+m)

MaVa mglg

=2 % - = 6b
mu LTB':THBH'HJ I[EE]I 2u—-vy 2u-vg [ }
Mglg—Maly t L
m=——-- 7a 1
VB—VA (7a) u= EM (7b)
or (mAl’A mB”B)
__Pp—Pa
m=—2= (8a) | or
vaA—Vg vAVE ( ma—img ) [Bb}
- 2 Mmalg—Mglig

Mumerical values can be substituted

- 6.8x1.60-24x3.32
1.60-3.32

__ 3.32¥1.60 (

24-68 )
2

24x3.32—-6.8x1.60

m=17kg

u=40m-s1!

mt can also be found from equation 5b if u is already
calculated

u can also be found from equation 5a if m is already
calculated.




2. Centre of Mass Method
For the object being hit.

Uy = ZVCM -0 (9)

Where V,, is the velocity of the centre of mass.
Wy = ipg _ 2mu (10)

ym m+m,

So

2mu
Vx = m+m,, {11)
This is the same as equation (5). This gives 2 equations when x =+ A and x — B which can be solved

simultaneously for m and u as before.

3. Relative Velocity Method
Relative velocities before and after collision gives the following equation
u—0=wv,—c, (12)

S0
Cx =TV, — U (13)

This can be substituted into the conversation of momentum equation (1) to eliminate c,.
Epi :Epf mu = mc, +mxvx (1)

mu = m(v, —u) + myv, (14)

This is the same as equation (5). This gives 2 equations when x — A and x — B which can be solved
simultaneously for m and u as before.

For Reference
The final velocity of the unknown mass can also be calculated.
o - {CA = —0.68m- s‘l}
* cg=—-24m-s?!

Solves simultaneously to find correct answer for mass AND initial velocity (working 4
shown)
Finds correct answer for mass OR initial velocity (with working shown)
OR
Derives 2 equations of m, u only (like equation 5) to solve by eliminating other unknowns. 3
but fails to solve.
2 pairs of correct equations (for both A and B)
OR
Determines velocity (or momentum) for A and B after collision 5
AND
One pair of correct equations (for both A and B) (eg X, p .2 KE . relative
velocity or centre of mass)
Determines velocity (or momentum) for A and B after collision
OR 1
One pair of correct equations (ie. for both Aand B) (eg 2,p . X KE . relative velocity or
centre of mass)

Commentary
e Many answers failed to realise that the final velocity (¢4, cg) of the unknown mass would be
non-zero and different when colliding with A and B. Different variable names had to be
created and assign to each collision. If answers did use different (¢4, cg) then many tried to
solve for these variables, rather than eliminating them by simultaneous solving.
¢ Most of the successful answers used the centre of mass method or relative velocity method.
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