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SECTION I: MULTIPLE CHOICE

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

Questions 1 to 3 refer to the information below.

Two Go Karts, A and B, are moving along a straight track in the same direction.
The graph below represents their relative positions during a 10-second time
interval.
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1 At what time do they have the same displacement?

(A) AtOs
(B) At4ds
(C)y Atalltimes in the 10 s interval.

(D) Not at any time in the 10 s interval.

2 At what time do they have the same velocity?

(A) AtOs
B) At4s
(C) Atalltimesin the 10 s interval.

(D) Not at any time in the 10 s interval.

3 At what time do they have the same acceleration?

(A) AtOs
B) At4s
(C)y Atalltimes in the 10 s interval.

(D) Not at any time in the 10 s interval.
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4 A man walks 20 m East, and then 40 m North. His displacement at the end of
this walk will be:
(A) 45 m at 27° East of North
(B) 45 m at 63° East of North
(C)y 60 m at 27° East of North
(D) 60 m at 63° East of North

5 A car travelling initially at 8.0 ms™ West accelerates over an interval of 15 s until
it reaches 10 m s East. What is the car’s average acceleration during this time?
(A) 0.13 ms?West
(B) 0.13 ms?East
(C) 1.2ms?West
(D) 1.2ms?East

6 An object, P, of mass m, moving with a velocity, v, collides with another object,
Q, of mass % moving in the same direction with velocity g as shown in the
following diagram.

l
|

m
2

During the collision object P exerts an average force, F, on object Q.

During the collision object Q exerts an average force on object P of magnitude:

@
®
©) F

D) 2F
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7 The following diagram shows the electric field around a single point charge, +Q.

Which diagram below shows the electric field about a point charge -2Q?
(A) (B)
©) (D)
In the diagram below, a long, straight wire carries a current of 3.75 A as shown.

Y
——— = ,__

1=3.75A
1 »

>

Calculate the magnitude of the magnetic field strength at point Y, which is 5.0 x 102 m
away from the wire.

A 2.7x10°T
B) 15x10°T
©) 3.0x10*T
(D) 5.6x10*T
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9

10

A light ray travels along the normal from air into water as shown in the diagram
below. The speed of light in air is c.

Air

Boundary

Water

v
If the refractive index of the water is n and the depth of the water is d metres,
then the time taken for the light ray to travel distance, d, through the water in
seconds is:

@ =
B =
© =
o =

Consider the circuit below:

C D

Which of the following equations is a correct application of Kirchhoff’s voltage
law to the loop ABEFA?

(A) LRy + IgR3-Vz =0
B) (g —NL)Ry- IgR3-Vp =0
€ LR-Ug—1)R;=0
(DY IgR,+ LR3-Vy=10
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The following graph is used to answer Questions 11 and 12.
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The graph above represents the vertical displacement of a wave, y, as a function
of its horizontal displacement, x.

11 What is the amplitude of the wave?

(A) 2cm
(B} 4cm
(C) 5cm
Dy 20cm

12 What is the wavelength of the wave?

A 2cm
(B} 5cm
(Cy 15cm
Dy 20cm
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13 Consider the following arrangement of resistors.

14

15

12 Q

210

Calculate the total resistance of this combination of resistors.

(A)
(B)
)
(D)

0.13Q
7.6Q
9.0Q
33 Q

The intensity of light from a globe is 0.12 Wm™ at a distance of 16 m away from

it.

Calculate the intensity of the light at a distance of 5.0 m from the globe.

(A)
(B)
)
(D)

0.012 Wm??
0.38 Wm™
1.2 Wm=
31 Wm?

A +4.0 C charge placed at point X experiences an electrostatic force of 10 N.
The magnitude of the electric field strength at point X is:

(A)
(B)
©)
(D)

0.40NC™
25NC"
6.0NC"
40 NC™'
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16

17

The graph below shows how the force on a 4.5 kg object varies with time.

6+------------------ r
Force 5t '
(N) | |
ot e
2t i
i i
0 : : .‘ i : i

What is the magnitude of the object’s change in momentum after 6 seconds.

(A) 9kgms™
(B) 6kgms™
(C) 18kgms™
(D) 27 kgms™

A trolley of unknown mass is connected by a light inextensible string over a

frictionless pulley to a mass of 2.0 kg as shown below.

X
m ®

2.0 kg

The trolley is on a rough horizontal surface and is accelerating at 2.6 ms™2. Air
resistance is negligible.

The tension in the string at X is closest to:

A 52N
B) 14N
©) 20N
(D) 25N
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18 A fish of mass 3.5 kg is weighed by a man a with a spring balance inside a lift
that is accelerating upwards at 2.3 ms=.

't

Determine the mass that the spring balance will measure while the lift is
accelerating.

A 2.7kg
(B) 3.7kg
(©) 4.3kg
(D) 5.8kg
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SECTION II: Part A (17 Marks)

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

CANDIDATE NUMBER

Question 19 (3 marks)

Marks

The graph below shows a vertical displacement versus horizontal distance graph for

a wave travelling to the right.

F'y

10+
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The graph below shows the vertical displacement versus time of a point in the

medium.
€
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€
&
0 f
a 01 02 Time (s)
(4]
-
Kz
a
v

(@) Determine the frequency of the wave.

(b) Determine the velocity of the wave.
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Question 20 (3 marks)

The diagram 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 ms™.

Displacement
(cm)
Ldm/ss 10m/s
1 ___________________________________________
0 /\ -
Pulse 1 Pulse 2
} } .’ } } } } } b X
0 20m 4.0 m 6.0 m B0 m

(@) Determine the time when the leading edge of each pulse first meets.

(b) Draw the shape of the string due to the two pulses at t = 2.5 s later on the empty
graph below.

Displacement
(cm)
1 ___________________________________________________
O m oo oo f ool
L L Ir L : L L : : x
a 20 m 4.0 m &0 m 8.0 m

Marks
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Question 21 (4 marks) Marks

The diagram below shows a light ray passing from air into a triangular glass block,
with a refractive index of 1.5.

(@ Calculate the critical angle, 6., of the ray at point P.

(b) Calculate the smallest angle, 6, at which the ray does not undergo total internal
reflection when it hits the second surface at point P.
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Question 22 (4 marks) Marks

A series of standing waves is produced in a string as shown below. The fundamental
mode of vibration is shown in diagram P and diagram S was produced when the string
was driven by an oscillator of frequency 120 Hz. The length of the string is 4 m.

Nodes at ®

Diagram P
Diagram Q

Diagram R ¢ez™ - - - - et - - - e - - - >

(@)
.......................................................................................................................... 1
(b) Determine the speed of the wave in the string.
.......................................................................................................................... 1
(¢} Determine the fundamental frequency of the wave.
2
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Question 23 (3 marks)

The diagram below shows a solenoid of length 0.12 m connected to a power source.

The current through the solenoid is varied and the magnetic field strength within the

0.12m

A

2805999998
AWATATY] "i! IWATA]
IR

|

19098

solenoid is measured. This information is plotted in the graph shown below.

0.06

0.05

0.04
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0.02

Magnetic Field Stregth (T)

0.01

2 3

4

Current (A)

Using the graph, determine the number of turns of wire in the solenoid.

Marks
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SECTION II: Part B (16 Marks)

Answer the questions in the spaces provided.

Show all relevant working in questions involving calculations. CANDIDATE NUMBER

Question 24 (6 marks) Marks

In the spaces below, draw diagrams to represent:

(@) the electric field around the two point charges shown.

(b) the magnetic field around the current-carrying wire shown.
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Question 25 (6 marks)

Consider the circuit shown below.

||12V

\

30

6Q

Calculate the readings on the ammeter and voltmeter when:

(@) the switch is open.

i. Ammeter reading

(b) the switch is closed.

i. Ammeter reading

Marks
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Question 26 (4 marks) Marks

Consider the circuit shown below.

To what resistance must the variable resistor, R, be set to ensure that the power
dissipated by resistor A is equal to the power dissipated by resistor B?
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Section II extra writing space

If you uvse this space, clearly indicate which question you are answering.
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SECTION II: Part C (17 Marks)

Answer the questions in the spaces provided.

Show all relevant working in questions involving calculations. CANDIDATE NUMBER

Question 27 (2 marks) Marks

The diagram below shows two charges separated by a distance of 5.0 m.

| 50m \
+3.0C -2.0C
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Question 28 (8 marks) Marks

A model train is placed on a length of straight track.

e It starts from rest with a constant acceleration for 5 s, reaching a velocity of 6 ms™.
e [t then has a constant velocity for the next 2 seconds.
e [t then slows down with constant acceleration, coming to a complete stop after

a further 3 s.

(@8 Plot a corresponding graph of velocity versus time of this motion on the axes
below.

Velocity (metres per second)

0 1 2 3 4 5 6 7 8 9 10
Time (seconds)

Question 28 continued on next page.
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Question 28 continued. Marks

(b) Use your graph, or otherwise, to calculate:

i. the magnitude of the acceleration of the train between 0 and 5 s.

.......................................................................................................................... 2
ii. the total distance travelled by the train.

.......................................................................................................................... 2
iii. the average speed of the train for the 10 s of its motion.

.......................................................................................................................... 1
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Question 29 (7 marks)

A swimmer is trying to swim across a 100 m wide river. A dangerous waterfall which
is 50.0 m down the river from his starting point is threatening to drown any
unsuspecting swimmers. The swimmer can swim at a speed of v; = 1.0 ms™ relative
to the water and the speed of the water is v, = 0.80 ms™. He assesses two
strategies to cross the river.

(@ The swimmer’s first strategy is to start out by aiming himself straight for the
other bank, always perpendicular to the edge of the river as depicted in the
following diagram.

Riverbank
m r,_\i‘_

— vy, = 0.80 ms™

River

100 m Waterfall
T”S =1.0ms™

Swimmer ﬁ (

Riverbank }— 50m I

i. How long will it take him to reach the far riverbank this way?

ii. What distance downstream would the swimmer arrive on the opposite
riverbank?

Question 29 continued on next page.

Marks
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Question 29 continued. Marks

(b) The swimmer is cautious and decides to investigate a second strategy where
he swims at the same speed but at an angle so that he will end up landing
directly opposite his starting point (i.e. his vs velocity is the same magnitude but
a different direction).

i. Sketch a vector diagram showing the velocity of the swimmer, vg, relative to the
water, the velocity of the water, vy, relative to the riverbank, and the velocity of
the swimmer relative to the riverbank (label vg) that will achieve this aim.

ii. How long will it take him to reach the opposite shore using this new strategy?
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SECTION II: Part D (15 Marks)

Answer the questions in the spaces provided.

Show all relevant working in questions involving calculations. CANDIDATE NUMBER

Question 30 (2 marks) Marks

Two objects on two frictionless inclined planes are connected by a light inextensible
string over a pulley as shown in the diagram below.

The acceleration of object X was 0.8 ms? down the plane.

Calculate the mass of object X.
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Question 31 (4 marks) Marks

Three blocks, A, B and C, are on a frictionless surface pushed by two forces as
depicted in the diagram.

12N 5N
—> | 2kg | 4kg | 6kg | €

(@) Calculate the magnitude of the acceleration of the three blocks.

.......................................................................................................................... 1
(b) Calculate the magnitude of the net force on box B.

.......................................................................................................................... 1
() Determine the magnitude of the force that block C is applying to block B.

.......................................................................................................................... 2
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Question 32 (7 marks) Marks

A ball is launched vertically upwards from ground level at a speed of 15 ms™.

(@ If the ball falls back to ground level, calculate the time of flight.

.......................................................................................................................... 2
(b) Calculate the maximum height reached by the ball.
.......................................................................................................................... 2
(¢) A man is watching the ball’s flight from over a fence so that he can only see it
when it is at least 2 m above the ground. For what length of time is the ball
visible to the man? (ignore parallax issues)
15 ms!
T 2m
@) 1
.......................................................................................................................... 3
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Question 33 (2 marks) Marks

An object is on a horizontal frictionless surface. It is held in equilibrium by three
horizontal strings with different tensions, as shown in the diagram below. The diagram
is not drawn to scale.

150N View from

above

(@) Determine the angle, 6.

(b) Calculate the magnitude of the tension, T.
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SECTION II: Part E (13 Marks)

Answer the questions in the spaces provided.

Show all relevant working in questions involving calculations. CANDIDATE NUMBER

Question 34 (3 marks) Marks

Two balls collide on a frictionless horizontal surface as shown in the diagram below.
Ball P of mass 1.0 kg is initially travelling with a speed of 5.0 ms™ when it collides with
ball Q of mass 2.0 kg which is travelling at 3.0 ms™ towards P.

1.0 kg 2.0 kg

5.0ms? 3.0ms?
® a

The balls make a perfectly elastic collision.

Calculate the velocities of ball P and ball Q immediately after the collision (v, and v,
respectively).
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Question 35 (6 marks) Marks

A box is pulled 320 m up a rough ramp at a constant speed by means of an electrically
powered winch. The tension force in the cable pulling the box is 55 N. The box is raised
through a vertical height of 92 m. The mass of the box is 12 kg. The angle of the ramp is
0 =16.7".

¢ /

A
{ 5B

12kg &

\‘- o =167
BEEEOA

(@ Calculate the work done by the cable in pulling the box up the ramp.

.......................................................................................................................... 1
(b) Calculate the gain in gravitational potential energy in moving the box up the

ramp (i.e. 92 m vertically).

.......................................................................................................................... 1
(¢} Calculate the energy lost due to friction.

.......................................................................................................................... 1

Question 35 continued on next page.
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Question 35 continued. Marks

(d)

(e)

(f)

Calculate the magnitude of the frictional force on the box as it moves up the
ramp.

.......................................................................................................................... 1
Calculate the magnitude of the normal force on the box.
.......................................................................................................................... 1
Calculate the co-efficient of kinetic friction between the box and the ramp ().
.......................................................................................................................... 1
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Question 36 (4 marks) Marks

A small ball A of mass 1.2 kg travelling North-East at 4.0 ms™ strikes a stationary ball B
of mass 4.8 kg. It bounces off at 90° to its original direction (or North-West) travelling at
3.0 ms™ as shown in the following diagram. Ball B is travelling at velocity v after the
collision.

(@) Determine the magnitude of the change in momentum of ball A caused by the
collision with ball B.

.......................................................................................................................... 2
(b}  If the impact with the lasts 2.5x 10* s what was the magnitude of the average

force exerted by ball A on ball B during the impact?

.......................................................................................................................... 1
(c) Determine the magnitude of the velocity, v, of ball B after the collision.

.......................................................................................................................... 1

END OF EXAMINATION
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| HIGHER SCHOOL CERTIFICATE
EXAMINATION

Physics
DATA SHEET
Charge on electron, g, ~1.602 x 1072 C
Mass of electron, m, 9.109 x 10! kg
Mass of neutron, m 1.675 x 10727 kg
Mass of proton, m, 1.673 x 107%7 kg
Speed of sound in air 340 ms~!
Earth’s gravitational acceleration, g 9.8 ms2
Speed of light, ¢ 3.00 x 10®* ms™!
Electric permittivity constant, &, 8.854 x 10712 A2s*kg ' m™>
Magnetic permeability constant, 4, 4z x 1077 NA™
Universal gravitational constant, G 6.67 x 107! Nm? kg'2
Mass of Earth, M, 6.0 x 10% kg
Radius of Earth, r 6.371 x 10°m
Planck constant, & 6.626 x 1074 Js
Rydberg constant, R (hydrogen) 1.097 x 10’ m™!
Atomic mass unit, u 1.661 x 10727 kg
931.5 MeV/c?
lev 1.602 x 107197
Density of water, p 1.00 x 103 kg m™>
Specific heat capacity of water 4.18 x10°J kg_1 K!
Wein's displacement constant, b 2.898 x 10> mK



FORMULAE SHEET

Motion, forces and gravity

v =u+tat

-

F

net = ma

W= F”s = Fscos@

AU = mgAh
b & K = ;mv2
At
P = F”v = Fvcos@
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g before g after D Mipetore = D MVyger
Ap = E At _ v
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o = A6 2
- . my
g Fo==
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GMm
F =
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v T
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Waves and thermodynamics
v =fA fbeat=‘f2_f1‘
f= ;, f' _ f(vwavc+vobscrvcr)
(vwav _vsouroe)
dsin@ = mA
c n sinf, = n,sinf,
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FORMULAE SHEET (continued)

Electricity and magnetism

E="Y
d
,_ AU
q
W =gV
W = gEd
g Mo
2zr
_ MM
L

D = B”A = BAcosf

F = gE
1
FoL %%
471:80 r
1=4
t
V =1IR

F = qv|B = gvBsinf
F = lI|B = lIBsin0

F _ Hy 4l
) 2 r

AD T = nlA|B = nIABsin®
£€=-N——
oM
v N
Quantum, special relativity and nuclear
L
mv 2
Y
Kmax =hf-¢ [ 62]
b
A = — 2
max = T =1, [1—"—]
2
E = mc?
myv
E = hf o= 2
2
1_Gf1 1 ¢
A n% n? —At
N, = Nee
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SYDNEY GRAMMAR SCHOOL

CANDIDATE NUMBER

2019 FORM V ANNUAL EXAMINATION

Physics

Section | - Multiple Choice

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

completely.
Sample: 2+4= (A) 2 (B) 6 ) 8 (D) 9
AO B@® coO DO
If you think you have made a mistake, put a cross through the incorrect answer and fill in the
new answer.
A® B ¥ cO DO

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

corvect
A W B ¥ cO DO
IS;:J::-) . a0 BO cO 0O
2. AC BO c©O pO
3. a0 BO cO DO
4 A0 BO <O DO
55 A0 BO c¢cO 0O
6. AO BO cO 0O
7. a0 BO cO bpO
8 A0 BO cO 0O
9. a0 BO cO 0O
10. aO BO O DO
1. 20O BO cO DO
12. AO BO c¢cO 0O
13. a0 BO cO 0O
4 AO BO cO »pO
15. A0 BO cO 0O
16. O BO cO 0O
17 A O BO c¢cO 0O
18. rO BO cO 0O




SYDNEY GRAMMAR SCHOOL

2019
ANNUAL EXAMINATION

PHYSICS CRIB

FormV

STRUCTURE OF PAPER
» Section |: Multiple Choice (18 marks)

Answer all questions on the Multiple-Choice
Answer Sheet.

» Section lI: Extended Response (78 marks)

Answer all parts of the questions in the
spaces provided in the Examination Paper.

o Board approved calculators may be used

EXAM INSTRUCTIONS

EXAMINATION
Date: Thursday 5™ September
Duration: 2 hours
Marks: 96

CHECKLIST

In the stapled bundle each boy should have the
following:

1 1 Examination Paper
11 Data and Formula Sheet
11 Multiple-Choice Answer Sheet

* Remove the centre staple and hand in all parts of the examination in a neat bundle.
« WRITE YOUR CANDIDATE NUMBER IN THE SPACE PROVIDED AT THE TOP OF EACH

SEPARATE SECTION.

» There is a Data/Formula sheet included at the end of the paper.

* Responses requiring more writing space should be clearly be marked CONTINUED.
Additional extra writing space is provided at the end of each section. When the response is
continued on extra writing paper it should clearly indicate the question number.

Master in charge: MRW



Form Average for Multiple Choice

15/18
Question | Answer A B C D
1 B
2 D
3 Cc
4 A
5 D
6 Cc
¥4 D
8 B
9 D
10 A 7% 25% 1%
11 A 0% 0% 0%
12 D 0%
13 B 2%
14 Cc 3%
15 B 3%
16 D 12%
17 B 14%
18 c 10%
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SECTION I: MULTIPLE CHOICE

Attempt ALL Questions
Use the Multiple-Choice Answer Sheet.

Questions 1 to 3 refer to the information below.

Two Go Karts, A and B, are moving along a straight track in the same direction.
The graph below represents their relative positions during a 10-second time
interval.

150 —
o
130 15
120 1=
110 -
100 1=
a0
80—
70—
st
50—
40—
w
o0 B
e

Position (metres)

0 "2 3 4 5 6 1 8 9 10
time (seconds)

1 At what time do they have the same displacement?

(A) AtOs
(B) At4ds
(C)y Atalltimes in the 10 s interval.

(D) Not at any time in the 10 s interval.

2 At what time do they have the same velocity?

(A) AtOs
B) At4s
(C) Atalltimesin the 10 s interval.

(D)  Not at any time in the 10 s interval.

3 At what time do they have the same acceleration?

(A) AtOs
B) At4s
(C) Atalltimes in the 10 s interval.

(D) Not at any time in the 10 s interval.
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4 A man walks 20 m East, and then 40 m North. His displacement at the end of
this walk will be:
(A) 45 m at 27° East of North
(B) 45 m at 63° East of North
(C)y 60 m at 27° East of North
(D) 60 m at 63° East of North

5 A car travelling initially at 8.0 ms™ West accelerates over an interval of 15 s until
it reaches 10 m s East. What is the car’s average acceleration during this time?
(A) 0.13 ms?West
(B) 0.13 ms?East
(C) 1.2ms?West
(D) 1.2ms?East

6 An object, P, of mass m, moving with a velocity, v, collides with another object,
Q, of mass % moving in the same direction with velocity g as shown in the
following diagram.

l
|

m
2

During the collision object P exerts an average force, F, on object Q.

During the collision object Q exerts an average force on object P of magnitude:

@
®
©) F

D) 2F

Page 4
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7 The following diagram shows the electric field around a single point charge, +Q.

Which diagram below shows the electric field about a point charge -2Q?
(A) (B)
©) (D)
In the diagram below, a long, straight wire carries a current of 3.75 A as shown.

Y
——— = ,__

1=3.75A
1 »

>

Calculate the magnitude of the magnetic field strength at point Y, which is 5.0 x 102 m
away from the wire.

A 2.7x10°T
B) 1.5x10°T
©) 3.0x10*T
(D) 5.6x10*T

Page 5
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9

10

A light ray travels along the normal from air into water as shown in the diagram
below. The speed of light in air is c.

Air

Boundary

Water

v
If the refractive index of the water is n and the depth of the water is d metres,
then the time taken for the light ray to travel distance, d, through the water in
seconds is:

@ =
B =
© =
o =

Consider the circuit below:

C D

Which of the following equations is a correct application of Kirchhoff’s voltage
law to the loop ABEFA?

(A) LRy + IgR3-Vz =0
B) (g —NL)Ry- IgR3-Vp =0
€ LR-Ug—1)R;=0
(DY IgR,+ LR3-Vy=10

Page 6
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The following graph is used to answer Questions 11 and 12.

AY (cm)
15
1
05
X (cm)
| I P
0 5 10 5 20
-05
-1
-15
2
Y

The graph above represents the vertical displacement of a wave, y, as a function
of its horizontal displacement, x.

11 What is the amplitude of the wave?

(A) 2cm
(B} 4cm
(C) 5cm
Dy 20cm

12 What is the wavelength of the wave?

A 2cm
(B} 5cm
(Cy 15cm
Dy 20cm
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13 Consider the following arrangement of resistors.

14

15

12 Q

210

Calculate the total resistance of this combination of resistors.

(A)
(B)
)
(D)

0.13Q
7.6Q
9.0Q
33 Q

The intensity of light from a globe is 0.12 Wm™ at a distance of 16 m away from

it.

Calculate the intensity of the light at a distance of 5.0 m from the globe.

(A)
(B)
)
(D)

0.012 Wm??
0.38 Wm™
1.2 Wm™
31 Wm?

A +4.0 C charge placed at point X experiences an electrostatic force of 10 N.
The magnitude of the electric field strength at point X is:

(A)
(B)
©)
(D)

0.40NC™
25NC"
6.0NC"
40 NC™'
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16

17

The graph below shows how the force on a 4.5 kg object varies with time.

6+------------------ r
Force 5t '
(N) | |
ot e
2t i
i i
0 : : .‘ i : i

What is the magnitude of the object’s change in momentum after 6 seconds.

(A) 9kgms™
(B) 6kgms™
(C) 18kgms™
(D) 27 kgms™

A trolley of unknown mass is connected by a light inextensible string over a
frictionless pulley to a mass of 2.0 kg as shown below.

X
m ®

2.0 kg

The trolley is on a rough horizontal surface and is accelerating at 2.6 ms™2. Air
resistance is negligible.

The tension in the string at X is closest to:

A 52N
B) 14N
©) 20N
(D) 25N

Page 9
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18 A fish of mass 3.5 kg is weighed by a man a with a spring balance inside a lift
that is accelerating upwards at 2.3 ms=.

't

Determine the mass that the spring balance will measure while the lift is
accelerating.

A 2.7kg
(B) 3.7kg
(©) 4.3kg
(D) 5.8kg

Page 10



SECTION II: Part A (17 Marks)

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

Question 19 (3 marks) = - Marks

The graph below shows a vertical displacement versus horizontal distance graph for
a wave travelling to the right.

10+

5=

T 7 I
R 30 40 50 6, 70 80 Distance
(cm)

Displacement (cm)
(=]
=

<10

v

The graph below shows the vertical displacement versus time of a point in the
medium.

Displacement (cm)
o

\/‘.’1 \/{2 "Time (s)

(@) Determine the frequency of the wave.

MM%JQ£§W¥{Qmmmmwmwwwwmmwm .

(b) Determine the velocity of the wave.

R T
.m1V1+A$
JVELAE.

| el adiel - f._




Question 20 (3 marks)

The diagram 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 ms™'.

Displacement
(cm)
2 ___________________________________________________
1.0 m/s 1.0m/s
te——— T T /\ """""""
0--- == o - --
Pulse 1 Pulse 2
¥ i 3 = 4 t e ey o
4] 20m 40m 6.0 m 80m

(@ Determine the time when the leading edge of each pulse first meets.

(b) Draw the shape of the string due to the two pulses at t = 2.5 s later on the empty
graph below.

Displacement
(cm) 5

EI ' Z.dm I 4.d m ' ﬁ.d m I B.d m

Marks
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Question 21 (4 marks) Marks

The diagram below shows a light ray passing from air into a triangular glass block,
with a refractive index of 1.5.

(@) Calculate the critical angle, 6., of the ray at point P.

|

Y7 P> )

- -~ ;

~
qulfn- -(-._............
—

(b) Calculate the smallest angle, 6, at which the ray does not undergo total internal
reflection when it hits the second surface at point P.
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Question 22 (4 marks) Marks

A series of standing waves is produced in a string as shown below. The fundamental

- mode of vibration is shown in diagram P and diagram S was produced when the string

was driven by an oscillator of frequency 120 Hz. The length of the string is 4 m.

HNodes at

(@} Determine the wavelength of the wave shown in diagram S.
)

........................... R 1

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

(b) Determine the speed of the wave in the string.

(c}  Determine the

Page 14
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Question 23 (3 marks) Marks

The diagram below shows a solenoid of length 0.12 m connected to a power source.

) 0.12m
- L
’ y .’.-\;(",'\1.',..!_‘."_?:'\. Yy \
'.'l-"-'\'u'1.r‘|.'l.|‘|""'I' YA
| i I I ‘|’ IJ TR Y ERN ” ‘I
211 A b | | Ir | A
ViRV

The current through the solenoid is varied and the magnetic field strength within the
solenoid is measured. This information is plotted in the graph shown below.

0.06 1 I - T
E==ma: B EeEmESmEms==========
et e e i = I
= i 1 - - Il
) e e i =
o | ! L
& 0.04 e -~ - )
E TR . — = I I
K ] O B | =i I N I =
T 003 = i
.9 : i EHEE { i
k] i 0 T 20 O O 1 I
= L — — ! —i— — i
x 002 ! O | B | 5 == ;
= At W A A T -
f Sy S SR __.I . ! ! i o —tef i
0.01 B S S NI I VLR N D 1 S T |
| o — - = = B =
“ig) ] 1 O B o
o | - = | i
0 1 2 3 4 5 6 7

Current (A)

Using the graph, determine the number of turns of wire in the solenoid.

i~

6 —> 534 |
Oc @pled ) ‘ffquJf W‘?@




Section II extra writing space

If you use this space, clearly indicate which question you are answering.

Office Use Only - Do NOT write' anything, or make any marks below this fine.
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Question 24 (6 marks) Marks

In the spaces below, draw diagrams to represent:

(@ the electric field around the two point charges shown.

For 3 Marks | expected something similar to
this, with the following details:

Correct direction of field lines.

Broadly correct shape both between charges
and outside them.

Field lines show symmetry.

Field lines show field getting weaker at large
distances.

(b)  the magnetic field around the current-carrying wire shown.

For 3 Marks, | expected something like this (2D
version is fine), with the following details:

Field lines are circular and concentric on the wire.
Field lines point in the correct direction.

Field lines get further apart as the distance from the
wire increases.

NB 1: | was pretty generous about interpreting these criterial

NB 2: In general, beyond a certain minimum, the more field lines you drew, the less likely
you were to get full marks! Keep it simple...



Question 25 (6 marks)

Consider the circuit shown below.

Calculate the readings on the ammeter and voltmeter when:

(@) the switch is open.

i. Ammeter reading

=12/15=0.8A

ii. Voltmeter reading

=0.8x9=72V

(b)  the switch is closed.

i. Ammeter reading

R'ro'r= 9+2=11 .Q SO /TOT= 12/11 =1.09 A
(one for either of these if final answer is incorrect)

ls=12/11*1/3 =0.364 A

ii. Voltmeter reading

=1.09x9=9.8V

NB: The average mark on this question was very high.

Marks



Question 26 (4 marks) Marks

Consider the circuit shown below.

10Q I 20 Q |

To what resistance must the variable resistor, R, be set to ensure that the power dissipated
by resistor A is equal to the power dissipated by resistor B?

Lots of approaches were possible here; e.g.:
P4=Pp - 142Rs=12.Rp -1 Mark (for a power equation correctly applied to the circuit)

But Rs=2Ra = Is=V'2Ip - 2 Marks

Let X stand for the parallel element:
VX = IA.RX= 20.13 RX = ZO.IB/IA = 20/\/2 - 3 Marks
1 1 V2

RT20" 20
R=48.3 Q - 4 Marks

For incorrect answers, marks were awarded for making some progress towards the final answer.
Common things awarded marks included:
e Calculating the voltage across A: Va=8.3 V - 2 Marks (assuming no errors)
e A trial and error approach that correctly calculated P, and Pg (up to 2 Marks, depending
on how close you came)

No marks were awarded:
e For rambling equations over several lines or pages that attempted to find an algebraic
expression for the total resistance but which never went anywhere!
e  When I had no idea what you were doing - often because you used P and Ry and I; and y in
long expressions, but didn’t define what they were.

NB: a handful of pupils misinterpreted the question to mean that the whole parallel element
produced the same power as A, which gives (easily) R=20 (2- a maximum of 1 Mark was given for
this.



SECTION II: Part C (17 Marks) LM

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

Question 27 (2 marks) Marks

The diagram below shows two charges separated by a distance of 5.0 m.

' 50m i
+3.0C -2.0C

Calculate the electrostatic force on the -2.0 C charge.

R 7 o
=T m; { .-,

&?01(0 %3%2
Zﬁ

E\l

?“

7
) ¢ Col 7res DWAIE el A SLidr
/ ir"r 2
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Question 28 (8 marks) Marks

A model train is placed on a length of straight track.

o [t starts from rest with a constant acceleration for 5 s, reaching a velocity of 6 ms™.
e [t then has a constant velocity for the next 2 seconds.
e |t then slows down with constant acceleration, coming to a complete stop after

a further 3 s.

(@ Plot a corresponding graph of velocity versus time of this motion on the axes
below.

Velocity (metres per second)
[h]
/
31 b

| ahk nead
4 : ETYRENES Srray i es: PEREY rewel pesay prass reawy
. | !

2 3 4 5 6 7 8 9 10
Time (seconds)

# (orreet 4 L-\g Pe, | - |

Question 28 continued on next page.
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Question 28 continued. Marks

(b) Use your graph, or otherwise, to calculate:

i. the magnitude of the acceleration of the train between 0 and 5 s.

- - - <2
—————— P—

ii. the total distance travelled by the train.

A:‘/Lxéx5+éx2+§,xéx3 2
rmeemrn e Do B AR e e ee——

iii. the average speed of the train for the 10 s of its motion.

Mozl = Zob gz ]
fﬁ(\/’ -—]-"‘
.............................. e eiiiiiriensnsssssssssessansassabastorassnssesuossesonssssssnssensntonsasessossontsaes
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Question 29 (7 marks) Marks

A swimmer is trying to swim across a 100 m wide river. A dangerous waterfall which
is 50.0 m down the river from his starting point is threatening to drown any
unsuspecting swimmers. The swimmer can swim at a speed of vg = 1.0 ms™ relative
to the water and the speed of the water is v, = 0.80 ms™. He assesses two
strategies to cross the river.

(@) The swimmer’s first strategy is to start out by aiming himself straight for the
other bank, always perpendicular to the edge of the river as depicted in the
following diagram.

Riverbank
N —‘\ﬁH

—vy = 0.80 ms™

River
100 m Waterfall
T"S =1.0ms™
Swimmer & &(
Riverbank | 50m |

i. How long will it take him to reach the far riverbank this way?

N.actoss.. STHam. 2 0l i, 1

.............. Jr :i:LQQﬂ:lOO§
\/ l-Om)’d(

ii. What distance downstream would the swimmer arrive on the opposite
riverbank?

C«QuQQM/ﬂ"?{_fﬁﬁmmLQg/“?51¥(p§)5 1

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

N

Question 29 continued on next page.




Sydney Grammar School Form V Physics 2019 Annual Examination

Question 29 continued. Marks

(b) The swimmer is cautious and decides to investigate a second strategy where
he swims at the same speed but at an angle so that he will end up landing
directly opposite his starting point (i.e. his vg velocity is the same magnitude but
a different direction).

i. Sketch a vector diagram showing the velocity of the swimmer, v, relative to the
water, the velocity of the water, vy, relative to the riverbank, and the velocity of
the swimmer relative to the riverbank (label vg) that will achieve this aim.

o Three correct N
AT Qw5 vty
‘ &"9 655 . ( /L) +’f\ﬁ‘&’”\f\'§; /i(:?
doesort fownt &GS
a vecker df@f‘%m)

& .f\a,k Fowv s €N S 57%&‘./\‘-}" e 1770

A =
Vs + V,, =V
3
ii. How long will it take him to reach the opposite shore using this new strategy?
............................................................................. 2

corcect vai or R @ |

{ /4 i 4] =
QQ ‘/' Cpﬂ}v’}{f‘l"if‘i?{ L 2 (ai/Cu{c?;f“*?aj Vv

¢

- o]

et el
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SECTION II: Part D (15 Marks)

Answer the guestions in the spaces provided.

Show all relevant working in questions involving calculations. CANDIDATE NUMBER

Question 30 (2 marks) Marks

Two objects on two frictionless inclined planes are connected by a light inextensible
string over a pulley as shown in the diagram below.

The acceleration of object X was 0.8 ms? down the plane.

Calculate the mass of object X.

Foxk = ¥ 5..53\(.1.5.0......‘.‘....i..Ozﬁ..5.'\.0..5..Q...f’....(..!.Q..T..?.(..)...Q.:.B........ 2

"
B
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Question 31 (4 marks)

Three blocks, A, B and C, are on a frictionless surface pushed by two forces as
depicted in the diagram.

@

(b)

12N | ' 5N
g | 4kg | 6 kg €“—

Calculate the magnitude of the acceleration of the three blocks.

............ A = el 12 Cilowmn, e, msvemem—_—_——_N
a= o-s8ms %t — O

Calculate the magnitude of the net force on box B.

AN =

"

iy

Determine the magnitude of the force that block C is applying to block B.

fe26.: Foac... . F.20.2.6.%.0:58...=C .

eg. F=6x058%
* 3-5N.

Marks
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Question 32 (7 marks)

Marks

A ball is launched vertically upwards from ground level at a speed of 15 ms™.

(@) If the ball falls back to ground level, calculate the time of flight.
..... YT O = O 2
BB E DL AR L e

®©

®

(b) Calculate the maximum height reached by the ball.

N o 2 e —————
0= 180 (2= O )

(c) A man is watching the ball’s flight from over a fence so that he can only see it
when it is at least 2 m above the ground. For what length of time is the ball
visible to the man? (ignore parallax issues)

15 ms™’

T 2m

@)

VAE S ket T < R

or

o363 2030635 (Ra:.8 b))

) 2
\5"“*«*’2,@\']2 3

Rk oottt —0)

G-ttt 1St + 2 - O

LE29%5 toay —(2)
2292155001397
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Question 33 (2 marks)

An object is on a horizontal frictionless surface. It is held in equilibrium by three

horizontal strings with different tensions, as shown in the diagram below. The diagram
is not drawn to scale.

15.0N View from

above

(@ Determine the angle, 6.

AD a8 R RN i s e
B E ANt T s

(b) Calculate the magnitude of the tension, T.
Re. sRlving. hory Z,Qﬁ\:&l.'l;‘j

EA\lowtd E.’.-C-F from ncorreet c«w&le__
Ghen Correct wo ﬂc-‘rw Shoun.

Marks
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SECTION II: Part E (13 Marks)

Dir WARD
Answer the questions In the spaces provided.

Show all relevant working in questions involving calculations. CANDIDATE NUMBER

Question 34 (3 marks) Marks

Two balls collide on a frictionless horizontal surface as shown in the diagram below.
Ball P of mass 1.0 kg is initially travelling with a speed of 5.0 ms™ when it collides with
ball Q of mass 2.0 kg which is travelling at 3.0 ms™' towards P.

1.0 kg 2.0 kg

5.0 ms' 3.0ms!
P > < Q

The balls make a perfectly elastic collision.

Calculate the velocities of ball P and ball Q immediately after the collision (vp and v,
respectively).

......... Regarclless of cnathod . 3
o lmare. Lo sadh serresk eqeainen
........ QOf"M@-CJ\xZ:ZM“—%‘//
4‘”“"‘“"\‘ ...... Lo se\ving. . 'H\ﬂ’—ﬁ‘f-— S eahien s



\A 4 i Law of Conser varnen =3 \-v\c:mez\—\'ur-’\.
L A
—

_ NV 4+
\"/\Pu\.P + (‘V\&\AQ = MF = B e

Ly
Lfor 7 e \astc colliso

N 2 1) rla Ve A+ Sy TV
g ‘p“?l kY e he = L TR YP 2 eva

5@\\1\\‘\5 rhes< Qa\da:\'\c:‘ns 5\\Je,$

t—“"\l:,-—---r\/\6~ 7 2\'“/\3

P

:< )5‘ " (Q_ x =
4 o -

K/S)S" - ,é_vc }

_..5‘/?) a 12/3 - - \"7/,3‘,,,15

i

- 6T

_ [ 2
\/67. = — P wu N ("ﬂg__r“’lp 9

P \"V\F»h ™M
2 x| >
A 2 ( )x -
= ’2./3&5 4 \3
— Ew) _
— /3 | |
= 3.3 | = 2D = _1/3 S

OR/ Make & 54-@\.;9“@:3

- ~(
Up'= Up —hg =5 (D= Drms
! \— 2 - B ~)
\/P - \+2 -~ = =2 2.6 s
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=
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Question 35 (6 marks) Marks

A box is pulled 320 m up a rough ramp at a constant speed by means of an electrically
powered winch. The tension force in the cable pulling the box is 55 N. The box is raised
through a vertical height of 92 m. The mass of the box is 12 kg. The angle of the ramp is
0 =16.7".

(@ Calculate the work done by the cable in pulling the box up the ramp.

.............. | V\/=Fe:%3“k4v“c’“‘—’—(—*5“‘”4?‘ vhe o

[C.ommc>ﬁ retae= , W = TG e B2 ACOS .

(b} Calculate the gain in gravitational potential energy in moving the box up the
ramp (i.e. 90 m vertically).

IN=p = \/G_)Mlc‘— for correcy
.............. L.T._ ..E......mg.b............................................S.cb?j_*”.(.*.m@ ™ i

(OF 12AG.@rAl = |OSe4. 5T )
(¢) Calculate the energy lost due to friction.
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Question 35 continued on next page.
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Question 35 continued. Marks

(d) Calculate the magnitude of the frictional force on the box as it moves up the

ramp.

Calculate the magnitude of the normal force on the box.
=

(e)

(




Sydney Grammar Schoo! form ¥ Physics

Question 36 (4 marks) Marks

A small ball A of mass 1.2 kg travelling North-East at 4.0 ms™ strikes a stationary ball B
of mass 4.8 kg. It bounces off at 90° to its original direction (or North-West) travelling at
3.0ms™ as shown in the following diagram. Ball B is travelling at velocity v after the
collision.

(@ Determine the magnitude of the change in momentum of ball A caused by the
collision with ball B.

1.2 x3 =1.2%4 ¢ — | .2W=g™> V=g TS T
(b} If the impact with the lasts 2.5x 10 s what was the magnitude of the average
force exerted by ball A on ball B during the impact?

C—‘: = IFyos (a\/z-gﬁu;a_q_

(c) Determine the magnitude of the velocity, v, of ball B after the collision.

END OF EXAMINATION
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