SYDNEY GRAMMAR SCHOOL

R

Physics

1:00 pm Monday 23 MAY

General Instructions

EXAMINERS:

Working time — 2 hours

Board-approved calculators may be used
Write using blue or black pen

Draw diagrams using pencil

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

Write your name at the top of the
Multiple Choice Answer Sheet & all
pages of Part B.

Hand in your Multiple Choice Sheet and
all of Part B in one bundle. (Do not staple
together)

CHECKLIST

Each boy should have the following:

1 Question Paper

1 Multiple Choice Answer Sheet

MRW/AAH/PCK/SRW/MTK

2016

FORM V
EXAMINATION

Working Time: 2 hours

Total marks (99)
This paper has two parts: Part A and Part B

Part A

Total marks (13)

o  Attempt ALL Questions

e Allow about 15 minutes for this Part

Part B

Total marks (86)

o Attempt ALL Questions

o Allow about 1 hour 45 minute for this Part

1-AAH | 2-SRW | 3-PCK
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Part A

Total marks (13)

Attempt ALL Questions

Allow about 15 minutes for this Part

Use the multiple-choice Answer Sheet.

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

Sample 2 +4 =

(A) 2 (B) 6 ©) 8 (D) 9

oA @8 (Oc¢ (Op

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

o~ (s ()c ()D

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

aarad

«
A (s (e ()D
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1 Which of the following lists contains three vector quantities?

(A) Velocity, mass, acceleration
(B) Energy, velocity, time

(C) Work, displacement, velocity
(D) Acceleration, momentum, force

2 Which of the following is always true for an object travelling in a straight line
at a constant speed?

(A) The friction is zero.

(B) No forces are acting on it.

(C) The momentum of the object is zero.
(D) No net force acts on the object.

3 A ball is thrown vertically upwards from the ground.
The graph below shows the variation of the vertical displacement of the ball

with time.
vertical A
displacement |
| AN
/ Y
( time

Determine which of the following is the final vertical displacement of the ball
at time T and the average speed between time t =0 and time T?

Final vertical Average Speed
Displacement

(A) 0 0

(B) 0 2DIT

(©) D 2DIT

(D) 2D 0
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The following information applies to Questions 4 and 5:

The displacement versus time graph below shows the motion of an object along
a straight line.

30F—————~

-

r (m)

10 ~7F-——~

4 What is the total distance travelled by the object?

(A) 10m
(B) 20m
(C) 40m
(D) 50m
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5 Which of the following graphs best represents the velocity versus time graph
for the motion described in the displacement versus time graph on the previous

page?
(A) (B)
. A B C t A B C
' ! ! v : ! !
: K I
C D
S S-S P A B8
v ; | | v | : :
s t IRERE

6 A 40 N force is applied horizontally to a 10 kg block which is initially at rest.
After 5.0 seconds, the velocity of the block is 12 m s™.

What is the magnitude of the frictional force acting on the block?

(A) ON
(B) 16N
(C) 24N
(D) 40N
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7 Consider the following arrangement of blocks, labelled P and Q.

Q

100 N 30kg

——— " 5] 20kg

Smooth frictionless horizontal surface

A constant, horizontal force of 100 N is applied to block P.

Determine the magnitude of the force block P exerts on block Q.

(A) 40N
(B) 60N
(C) 80N

(D) 100N

8 A block moves at a speed of 10 m s™ across a frictionless, horizontal surface.
No net force is acting on this block.

What is the magnitude of the velocity of the block 10 seconds later?

(A) Oms*
(B) Lessthan 10 ms™
(C) 10ms?

(D) Greater than 10 m s™
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9 The following graph shows how the net force acting on a toy car varies with
time.

FIN) 1

2.0 6.0 10 3¢s)

What is the magnitude of the total change in momentum of the toy car at the
end of 10 seconds?

(A) 240kgms?
(B) 200kgms*
(C) 140kgms*
(D) 100kgms*

10  Consider the block shown below which is initially at rest on a frictionless
horizontal surface and then acted upon by two forces simultaneously.

160 N 75 kg 420 N

Determine the kinetic energy of the block when it has moved 5 metres.

(A) 35
(B) 2601
(C) 13001
(D) 2100
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11 A pendulum swings backwards and forwards through positions A, B and C.

Which of the following graphs best represents how the gravitational potential
energy (GPE) and kinetic energy (KE) vary with time?

(A) 25 -
2 GPE
315
]
v
5 1
0.5 ‘KE
0 .
1.6
©)
GPE
&
KE
0 0.2 0.4 0.6 0.8 1.2 1.4 1.6
Time (s)

(B)

(D)

Energy (J)

Energy (1)

25 B A c
~ o~
N 7 \
a1 ’ ) GPE
\ ’ \
\ ’ \
1.5 - \ Vi \
\ \
\
1 /
\ / \
\ ’ \
0.5 \ ’ \
\\ ’ KE
7’
0 ‘ I ‘ ‘ T T )
0 0.2 0.4 0.6 0.8 1 1.2 14 16
Time (s)
25 g A B
3 -
N 7 - N
10N , \ GPE
\ ’ \
\ ’ \
1.5 - \ ’ \
\ \
i / \
1 \ ; \
\ ’ \
05 - \ ’ \ KE
\\ ’
7/
0 T - T T T T )
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Time (s)

12 Arresistor has a steady current of 5.0 A flowing through itin 10 s.
How many electrons pass through the resistor in 10 s?

(A) 8.0x10%8
(B) 3.1x10%
(C) 25x10°
(D) 1.6x10%
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13  Consider the following combination of resistors.

4.0 Q

— 200 }— 400 }—

What is the total resistance between points P and Q in the above section of an
electric circuit?

(A 20Q
(B) 4.0Q
(C) 64Q
(D) 11.6Q
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Class

Part B
Total marks (86)

) Name
Attempt ALL Questions
Allow about 1 hour and 45 minutes for this Part

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

Question 14 (5 marks) Marks

A ball was thrown vertically upwards at a speed of 10.0 m s™ from the top of a cliff.
The time of flight for the ball to hit the sea at the bottom of the cliff was 6.92 s.

Assume no air resistance acts on the ball.

View from side

cliff

Sea level

(@) Calculate the speed with which the ball hits the sea at the bottom of the cliff.

Question 14 continued on next page.
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Question 14 continued. Marks

(b) Calculate the height of the cliff top above sea level.

(c) What is the acceleration of the ball at the highest point?

Page 12 of 44
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Class

Question 15 (6 marks) Name Marks

A police motor bike is stationary by the side of a road. An L-plate driver,
exceeding the speed limit, passes the police motor bike at a constant speed of 108
km h™. The police motor bike sets off to catch the L-plater just as he passes. The
police motor bike accelerates uniformly at 6.5 m s for 6.0 s and then continues at a
constant speed.

(a) Convert the L-plate driver’s speed to ms™.

............................................................................................................................. 1
(b) Calculate the speed of the police motor bike at 6 s.

............................................................................................................................. 1
(c) Calculate the distance travelled by police motor bike in the first 6 s.

............................................................................................................................. 1
(d) Calculate the total time for the police motor bike to draw level with the

L-plate driver.

............................................................................................................................. 2
(e) Calculate how far the L-plate driver has travelled before the police motor bike

catches up.

............................................................................................................................. 1
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Question 16 (3 marks)

A swimmer competes in a swimming race across a 30 m wide river which has a
constant downstream current of 1.0 ms™. He swims slightly against the current so
that he ends up exactly opposite the starting point as shown in the following
diagram.

finishing point View from above
¢

— 30m

current 1 ms™
¢

starting point

The swimmer can swim at 2 ms™ in still water.

By drawing velocity vectors in the space provided below, determine the time it
takes the swimmer to swim from the starting point to the finishing point.

Page 14 of 44
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Class

Name

Question 17 (5 marks) Marks

The diagram below shows the displacement versus time graph for a car travelling
along a straight road.

7 (m)

100 pEmmp e
/

/ N\
[

0 10 20 30
t(s)

From the graph, determine:

(@) the average speed of the car between 0 and 30 s.

Question 17 continued on next page.
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Question 17 continued. Marks

(b) the average velocity of the car between 20 and 30 s.

(c) the instantaneous velocity of the car at 5 s.
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Class

Name
Question 18 (4 marks) Marks

This question refers to the electric circuit shown below.

O
: R
R1
— __ }—

6.0 Q

®

|

I
12V
The voltmeter has a reading of 4.0 V and the ammeter has a reading of 3.0 A.

(@) Calculate the voltage across the unknown resistor, R;.

............................................................................................................................. 1
(b) Calculate the value of the unknown resistor, R.

............................................................................................................................. 1
(c) Calculate the value of the unknown resistor, R,.

............................................................................................................................. 2
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Question 19 (4 marks) Marks

This question refers to the electric circuit shown below.

20Q

—L_ 1

3.0 Q
 —
—_1
{v)
/

—
—— 1
R

&—I
8.0V

The reading on the ammeter, A; is 0.80 A.

(@) Calculate the value of the unknown resistor, R.

............................................................................................................................. 1
(b) Determine the reading on the voltmeter in the circuit above.

............................................................................................................................. 2
(c) Calculate the reading on the ammeter A,.

............................................................................................................................. 1
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Class

Name
Question 20 (3 marks) Marks

The following circuit was set up with two resistors, R; and Ry,and a battery.

O,

—

(») —
Y =
2

HF ————

R1

The following graph shows how the potential difference across resistor, Ry, varies
as the current through resistor, R, is changed.

potential
difference (V)

current (A)

(@) Calculate the value of the resistance of resistor, Rj.

Question 20 continued on next page
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Question 20 continued. Marks

(b) When the potential difference of the battery is 8.0 V, it supplies a current of
0.40 A to the circuit.

Calculate the value of the unknown resistor, R;.

............................................................................................................................. 2

Question 21 (2 marks)

A 100 kg man stands on a set of bathroom scales in a lift and notices that the scales

read 153 kg.

Determine the acceleration of the lift.
............................................................................................................................. 2
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Class

Question 22 (4 marks)

Name

Marks

Three 20 kg masses are pulled upwards with a constant force F such that the

tension force in the rope at point Y is 500 N.

(@) Determine the magnitude of the acceleration of the masses.

(b) Determine the magnitude of the constant force, F.
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Question 23 (4 marks)

Three masses 10 kg, 20 kg and 70 kg are connected by massless and unstretchable
strings and pulled along a frictionless, horizontal surface by a constant horizontal
force of 600 N as shown below.

X 600 N
10 kg 20kg —e— 70kyg ——>

(@) Calculate the magnitude of the acceleration of the masses.

(b) Calculate the tension force in the string at X.

(c) The same arrangement of three masses is now placed on a rough surface. If
the frictional force which now acts on each mass is equal to 0.2 times the
weight of each mass, determine the magnitude of the new acceleration of the
system when the constant horizontal force of 600 N is applied.

Page 22 of 44
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Class

Name

Question 24 (6 marks) Marks

In “Mission Impossible Twelve”, Ethan Hunt of mass 80 kg finds himself attached
to a 40 kg mass via a pulley above a pool of lava as shown below.

40 Ethan
kg Hunt

20m
lava

N

(@ Assuming the system is released from rest, what time would elapse before
Ethan reaches the surface of the lava?

(b) Ethan starts to climb up the rope with an acceleration of 1.0 m s? relative to
the lava.

(1) Determine the tension in the rope while Ethan is climbing.

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

(i)  Determine the magnitude of the acceleration of the 40 kg mass while
Ethan climbs the rope.
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Class

Question 25 (4 marks) Name Marks

A stone of mass 0.25 kg is thrown into the air with an initial speed of 35 m s™ and it
lands 50 m up a slope as shown in the following diagram.

stone PP i DU

trajectory . - ~_ impact
’ .

’ S point

40 m

(@) Determine the initial kinetic energy of the stone.

(b) Determine the speed of the stone when it hits the slope.
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Class

Name

Question 26 (6 marks) Marks

Two balls, A and B (with momenta p, and pg), collide elastically as follows:

pa=15kgms™1 pp = —8kgms™

==

Before

1

1 =—9kgms~

p
After Q| 6 e [N

During the collision, ball A of mass 3 kg loses 24 joules of kinetic energy.

(@) Calculate the magnitude of the final momentum pg of ball B after the
collision.

(b) Calculate the magnitude of the impulse that ball A applies to ball B during the
collision.

Question 26 continued on next page.
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Question 26 continued. Marks

(c) Determine the initial velocity of ball A.

(d) Determine the mass of ball B.

Page 28 of 44
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Class

Name

Question 27 (5 marks) Marks

Two dynamics trolleys, A and B, are joined together and moving to the left at
4ms™. The spring loaded plunger is set off pushing the trolleys apart. Trolley A
increases in speed while trolley B becomes stationary.

4 mls
<€

Masses
A Plunger

Dynamics Eart\

Dynamics Cart

Lab Table

The dynamics trolleys are 3 kg each and the two added masses to trolley B are 1 kg
each.

(@) Calculate the magnitude of the total momentum of trolley A and B before the
plunger is set off.

(b) Determine the speed of trolley A after the plunger is set off.

(c) Show numerically whether the total Kinetic energy increases, decreases or
remains the same. Account for why this occurs.
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Question 28 (5 marks) Marks

The maximum braking force of a car is limited by the frictional force between the
tyres and the road. The maximum frictional force, F, can be determined by the
equation F = umg where p is the coefficient of friction between the tyre and the
road and mg is the weight of the car.

A car’s braking distance is tested on two different road surfaces, A and B, both
from an initial speed of 60 kmh™ (16.67 ms™).

The braking distance on surface A was 18 m.
The braking distance on surface B was 71 m.

Friction coefficient
@ 14 Normal road surface

ug Covered in ice A

(@) Determine the coefficient of friction for the normal road surface A.

Question 28 continued on next page.
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Class

Name
Question 28 continued. Marks

(b) Determine the maximum initial speed that should be travelled on road surface
B to have the same stopping distance as surface A.
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BLANK PAGE

Page 32 of 44



Form V Physics 2016 May Examination

Class

- Name
Question 29 (6 marks) Marks

The velocity versus time graphs below show two underground trains, A and B,
travelling from the same station on parallel, straight tracks. At time t = 0 s, both
trains are alongside each other at rest.

30

¥ (ms™1)

20 40 60 80 100 120 140 t(s)

Question 29 continued on next page.
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Question 29 continued. Marks

Using the graphs, or otherwise, determine:

(@ the maximum speed of train B.

(b) the magnitude of the acceleration of train A between 80 and 140 s.

(c) thetime at which train A and train B are alongside each other again.
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Class

Question 30 (4 marks) Name Marks

A physics student sets up the following circuit in an attempt to determine the
electrical characteristics of component X.

Component X

®

Component X consists of a battery of potential difference, V and a resistor, r, in
series.

Various resistors, Ry, are placed in the circuit at Y and the current flowing through
the ammeter is recorded each time.

Question 30 continued on next page.
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Question 30 continued. Marks

1
The following graph is a plot of Ry (on the y-axis) versus 7 using the
experimental results obtained.

11

10

w

Ry (®))

1 -1
7(/1 )

Question 30 continued on next page.
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Class

Name

Question 30 continued. Marks

(@) Use the graph to find the value of the resistor, r, within component X.

(b) Use the graph to find the value of the potential difference, V, of the battery
within component X.
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In an engine test, a car accelerates uniformly between two points (from the same
starting velocity) on a straight road, and its final velocity is recorded.

U

A

«

A

Distance AB

The data obtained is included in the table on the following page.

—>V
> J
B

Distance AB Final Velocity, v (ms™) Averagev | Average Vv’

(m) 1 2 3 (ms™h)* (m%s?)*
50 20.6 214 21.2 211 445
100 27.2 27.2 27.0 27.1 734
150 32.7 334 32.8 33.0 1090
200 37.3 375 37.1 37.3 1390
250 40.4 40.9 40.8

300 44.2 44.6 44.8 44.5 1980

(* to 3 significant figures, with v* based on v to 3 significant figures)

(@ Complete the table above by adding in the missing values.

Question 31 continued on next page.
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Class

Name

Question 31 continued. Marks

(b) Plot a graph of velocity squared (on the y-axis) against distance.

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

(c) Using your graph, or otherwise, determine:

(1) the initial velocity of the car.
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Data Sheet

Charge on the electron, ¢

Mass of electron, m,

Mass of neutron, m,

Mass of proton, m,

Speed of sound in air

Earth’s gravitational acceleration, g
Radius of Earth, Rg

Speed of light, ¢

27

Magnetic force constant, (k = ﬂj

Universal gravitational constant, G
Mass of Earth

Planck’s constant, h

Rydberg’s constant, R (hydrogen)

Atomic mass unit, u

leV

Density of water, p

Specific heat capacity of water

Page 41 of 44

-1.602 x 10 C
9.109 x 10*' kg
1.675 x 10" kg
1.673 x 10%" kg
340 ms™
9.8ms?

6.4 x 10°m

3.00x 108 ms?

2x 10" NA?

6.7 x 10 N m? kg
6.0 x 10%* kg

6.626 x 10 Js
1.097 x 10’ m*

1.661 x 10" kg
931.5 MeV/c?

1.602 x 100
1.00 x 10® kg m®

418 x10°J kgt K™
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FORMULAE SHEET
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General Instructions 4. @ © @

o Write your class and Candidate 5. @ @ @
Number in the space provided.

o Attempt all questions 6. @ @ © @

¢ Use a blue or black pen

o Select the alternative A, B, C, or D 7 @ @ © @
that best answers the question.

e Fill in the response 0\211 completely. 8. @ @ @
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MTK.
Class

Lart D | CRI8 .

Total marks (86) - T

Attempt ALL Questions

Allow about 1 hour and 45 minutes for this Part

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

Question 14 (5 marks) Marks

A ball was thrown vertically upwards at a speed of 10.0 m s™ from the top of a cliff.
The time of flight for the ball to hit the sea at the bottom of the cliff was 6.92 s.

Assume no air resistance acts on the ball.

View from side

cliff

Sea level

(a) Calculate the speed with which the ball hits the sea at the bottom of the cliff.

.................... Vf%*N(? 2

Question 14 continued on next page.
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Question 14 continued.

(b) Calculate the height of the cliff top above sea level.
2

What is the acceleration of the ball at the highest point?

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

(c)
= 7'09 MS.

..........................................
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Class

Question 15 (6 marks) Name Marks

A police motor bike is stationary by the side of a road. An L-plate driver,
exceeding the speed limit, passes the police motor bike at a constant speed of 108
kmh™. The police motor bike sets off to catch the L-plater just as he passes. The
police motor bike accelerates uniformly at 6.5 m s for 6.0 s and then continues at a
constant speed.

(a) Convert the L-plate driver’s speed to ms™.

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

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

(b) Calculate the speed of the police motor bike at 6 s.

(c)

(d) Calculate the total time for the police motor bike to draw level with the
L-plate driver.

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

Cor) (1. 805l Bomndl 302D S TR 2TS
(D ~totnl = 6+7 = [3Bs

(e) Calculate how far the L-plate driverTias travelled before the police motor bike
catches up.

OV‘A’hS‘(m‘) ..... s
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Question 16 (3 marks)

A swimmer competes in a swimming race across a 30 m wide river which has a
constant downstream current of 1.0 ms™”. He swims slightly against the current so
that he ends up exactly opposite the starting point as shown in the following
diagram.

finishing point View from above
. T
— 30m
current 1 ms™
@
starting point

The swimmer can swim at 2 ms™ in still water.

By drawing velocity vectors in the space provided below, determine the time it
takes the swimmer to swim from the starting point to the finishing point.

Page 14 of 44
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Class

Name

Question 17 (5 marks) Marks

The diagram below shows the displacement versus time graph for a car travelling
along a straight road.

7 (m) /

-

100 =g -——7/' ' _ . 'I.

0 10 20 30
t(s)

From the graph, determine:

(a) the average speed of the car between 0 and 30 s.

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

Question 17 continued on next page.
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Question 17 continued. Marks

(b) the average velocity of the car between 20 and 30 s.

( /) \( /)
Ok backisards

(c) the instantaneous velocity of the(z carat5s.

L2 = recoanislaa.. Aangcals. wa}f@f

L e L L L T e e e T T T T

m% ﬁ{ﬂwlzq
7%
0 oi//foy Yy = = = Jp- 8 ms™!
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Class

Name
Question 18 (4 marks) Marks

This question refers to the electric circuit shown below.

@
: | R
R; ;

—

0

I

1]
12V
The voltmeter has a reading of 4.0 V and the ammeter has a reading of 3.0 A.

(a) Calculate the voltage across the unknown resistor, R;.

Vr=Va -r\/u....f} ...... VA 1

correcr et oal

<
2
i

- BV

(b) Calculate the value of the unknown resistor, R;.

Ve =-/i“—5@ - =202 1

(c)_ Calculate the value of the unknown resistor, R,.

\/ - E ‘.Ea-\-e—(g - e R
= 5. STCTTTL B e o0 X OV ot 1 WO
.................................................. 5 e e ) 0 W\ A bza,;eo\
2238 e A = A0s() £ B0 0 Ay
=2-67 + K, o\ (2,
Rzt . 4— I NP S PAG- e300 N RO Fomn R
5#41-\: = A~ =~

R = \IMhy s -
A S
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Question 19 (4 marks) Marks
This question refers to the electric circuit shown below.

20Q

3.0Q
—‘: e}
O,

e—l

The reading on the ammeter, A; is 0.80 A.

(a) Calculate the value of the unknown resistor, R.

S0 o £ o~
.F—o\—r"\\)\cx

(b) Determine the reading on the voltmeter in the circuit above.

Im"—‘%’c&/ﬁt'b/*\/@ﬂK 2

seasnasanns

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

c_;:\""‘ar_'!l—
?ﬁ?ﬂh“f@c'\_
(¢) Calculate the reading on the ammeter A,. Core erd—.
I,z_rz\-*'l BT Zaurverrreesesronersrssasrsnssnensmssrsronssnsssrasnssessss 1
o
.............................. B R oo
wseed

OK/ Y:.': = I+ = A?__
R
Y— us e \d@.‘rg{,ﬁrs Lro e Caj and l

q.)z.s-\-\éﬁ A calcolaka R covr
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Class

Name

Question 20 (3 marks) Marks

The following circuit was set up with two resistors, R; and Ry,and a battery.

©

(») 1
N 3
2

JHF ———

R,

The following graph shows how the potential difference across resistor, R,, varies
as the current through resistor, Ry, is changed.

potential
difference (V)

0.5

current (A)

(a) Calculate the value of the resistance of resistor, Ry.

—

............................................................................................ g:}’ﬁ:; '-T-:\';F‘L.j#;l‘.cj '_"\

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

Question 20 continued on next page
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Question 20 continued. Marks

(b) When the potential difference of the battery is 8.0 V, it supplies a current of
0.40 A to the circuit.

Calculate the value of the unknown resistor, R;.

Rr= ¥o.a = 2052 /e o colcolated

w—AnS(a\)+Qv_' B =D (s Avas(ed
........... R g
L AT
P7/ =R R o AC "WV Zkes

oR/ calec\aka NV acress &, ~
/ V= &4 « Aas (_‘—'-13. \/ © o' \/(D“"‘('
Question 21 (2 marks) \/?\‘ = - 6.4 e \/R. = RxO S

A 100 kg man stands on a set of bathroom scales in a lift and notices that the scales
read 153 kg.

Determine the acceleration of the lift.

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

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

”C..>.”R” .......... i.g:g..;.a-:éu..; ----- ila.bma ---------------------- w‘é‘;‘ié“x—“ / \Mk
o~ = | -ARens ?fa\udeal
O = 1SR — jcexa D\0oA R At [ =k
/ C,C;ou‘\\.i@“"ec’[} 8
o aedons

o/ 152 xa@ — \COxARD = 152a VimK

v Ve~
or)  sixae mwos Y xins
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Question 22 (4 marks) Marks

Three 20 kg masses are pulled upwards with a constant force F such that the
tension force in the rope at point Y is 500 N.

20 kg / Lfi)lf"'i,-"; { (JO >/S
+Y /fof J)er g(o\wg

MM)'//N/W) /‘//"0\(‘/(5 - ,Z/;

|

|

20 kg e J

(a) Determine the magnitude of the acceleration of the masses.

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

(b) Determine the magnitude of the constant force, F.

- colosa..

0 Y
F-\..___ — &« ,r'\ p L o £n l‘ ~
e e F50°Y oll glowv J
Y7

10 "
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Question 23 (4 marks)

2016 May Examination

Marks

Three masses 10 kg, 20 kg and 70 kg are connected by massless and unstretchable
strings and pulled along a frictionless, horizontal surface by a constant horizontal
force of 600 N as shown below.

(a)

(b)

(©)

10 kg

20 kg

600 N

—e— 70kg ——>

Calculate the magnitude of the acceleration of the masses.

GOU

I‘J I"i ..-.

{ ) f‘“:.. :'

Calculate the tension force in the string at X.

4 ]

L/

b

e

The same arrangement of three masses is now placed on a rough surface. If
the frictional force which now acts on each mass is equal to 0.2 times the
weight of each mass, determine the magnitude of the new acceleration of the
system when the constant horizontal force of 600 N is applied.

(D0 a ‘\f/

[ T s T R L T R R E R )

s ™
K{)T) -
L/

f'l
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Class

Name

Question 24 (6 marks)

In “Mission Impossible Twelve”, Ethan Hunt of mass 80 kg finds himself attached
to a 40 kg mass via a pulley above a pool of lava as shown below.

40 Ethan
kg Hunt

20 m
lava

T = i .

(a) Assuming the system is released from rest, what time would elapse before

Ethan reaches the surface of the lava? . =
- 1 <4 - ~ . _,.'j'r /’.
...............\.i.)}.'...:..... {'r'"{ )”} . b “l(.:.\...."f.!.)./.‘.f..au't..)li’.:’k//)

I

- V 324

J

L X : (/_ . JZ;VJJ N

(b) Ethan starts to climb up the rope with an acceleration of 1.0 m s? relative to
the lava.

1) Determine the tension in the rope while Ethan is climbing.

L

................... L ‘&QJ&SO"’Q)

Question 24 continued on next page.
Page 23 of 44
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Question 24 continued. Marks

(ii)  Determine the magnitude of the acceleration of the 40 kg mass while
Ethan climbs the rope.

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

—

( fi‘am W(C} |
(J-.r' y
A = T - 4% #h/

iy
40

0 / / Qw2 f
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Class

Question 25 (4 marks) Name Marks

A stone of mass 0.25 kg is thrown into the air with an initial speed of 35 m s and it
lands 50 m up a slope as shown in the following diagram.

stone “—--‘s~‘

trajectory o~ ‘\‘ impact
. > in
« PO
N

< 40m >

(a) Determine the initial kinetic energy of the stone.

B L T T

(b) Determine the speed of the stone when it hits the slope.

:;}.3( Eaef j:GPEf»KE ........................................... 3

L L R E R Ry B

T e T e Q,,rg?’me%ddw/"m #i‘j -
3Smfs.

1;11'7[1;31/ l/eﬂLJml{ I/Q,/fou;l’ WO\S ‘
gave @ maske fff" %/Q’Z ”‘/’fo’fﬁ Phyij
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CRID
Class

Pl
Question 26 (6 marks) hName Marks

Two balls, A and B (with momenta p, and pg), collide elastically as follows:

pa=15kgms™t pp =-8kgms™!

ey el

Before

After

During the collision, ball A of mass 3 kg loses 24 joules of kinetic energy.

(a) Calculate the magnitude of the final momentum pg of ball B after the
collision.

"
~3
|
o N3
1]
N
L3 e
P =~
=
s

.........

B o
JT\
12
I
=Q
-}.
D
G
!
~J
=
————
G\-.
354
3
S~

(b) Calculate the magnitude of the impulse that ball A applies to ball B during the
collision.

Jz8ps..2 folbollz folobl) .. 1o (8)
imw}e 15, ha( o[nmau i, mammﬁ/m 4‘ /\/5

The Jr_m[w(u, un bq(ﬂ 15 e changx. 0f mmfmf”'“ JF‘ bq” B

Question 26 continued on next page.
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Question 26 continued. Marks

(¢) Determine the initial velocity of ball A.

| : is
LT LT — palmhallz a2 15, Yo 233...... {
................................................................................................ a2 2 m)5....
(Pa‘:l)M 1 ,\l nq{_ f\]hf chd")

(d) Determine the mass of ball B.

va" ..... tush collswm ZTRE; 220G o) 3
S fo ). Baal vtloly of holl A g bt frek W07 .'.3.......(:....‘?”"/’
I
ost, 10,15, Uk, Dk maoneols wet. Up. S, VB s
| Vachs Eotyy com o be wnbe Kby 7 (58 Vg g fo"
Mathod . G2 (4. Debes, (0)....... (mﬁrﬁv(mqf'ldhﬁl@duh&m ouka:
st 3Gk pe (O] 2 3E3 e ()] L elushe colloum M
wlb Ve 75:[_ ..... *%:17+% ............. w..\/.e,.:..l./a...’:.....f./l.A.:...Msg
............ "o, (15‘6"64’.}4757—77'\5 ”...(,.:.??.?...F:...f:..(..‘-%s)
1 -
.......................... I A N -
Mp 2 4“(3 m ley

oY R— i o Iy G oo g o g
EJAKE PR ER iy () _[19(5) ] &z

+1’7ﬂ(lbj Vem = Im © 34mp
37‘§ + % = 13'5— a % -. VA = Z.(l/t-m) - Un
1 . 24 -
me( 2.3 31) ’b = 3+mp
mo s 3ot | fn e, )T
| cufti. SOWTIONS [ A b Unlj 5% | "9 27-3 ’4—’%‘
Ex’ NUMM,'\/M |5 -4 - LS Fol/m M/Lm TP, f‘ )
velouk 5 -2 Covld (_\_/]_._.__31 5gs rdu'viv e
Ay} 7 501V‘</ l, h ’1_ om W‘“’f; ;ﬂb"’?’!"t"\.
|AE 375 ol L oy &Wilq .
AR it [~ 4 'b T A £ s €I
\{f'”“'\‘) J 2 § 3"1; s W \/Ml, » r,:{ua'r{;. MJ.r,\,.-}’W
z [ 3 B o~ i |
ALI;;E -2 4 FL4 | @ ((/f/w" anin/v” f
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Class

Question 27 (5 marks) Name Marks

Two dynamics trolleys, A and B, are joined together and moving to the left at
4 ms”. The spring loaded plunger is set off pushing the trolleys apart. Trolley A
increases in speed while trolley B becomes stationary.

4 mls

<€

A Plunger

Oynamics tart\

Masses
\ B
Dynamics Cart

The dynamics trolleys are 3 kg each and the two added masses to trolley B are 1 kg
each.

(a) Calculate the magnitude of the total momentum of trolley A and B before the
plunger is set off.

Loz LAt M U, ("”Afmg) Iy, 1
noabbym.......) 3% Kb |

(b) Determine the speed of trolley A after the plunger is set off.

(c) Show numerically whether the total kinetic energy increases, decreases or
remains the same. Account for why thls oceurs.

LKL 2 3 21847 U ZKEL = 4 (3)(10-67)" J!7!_3:{
oy ﬂf*' '.;l:.. e BE), REE b»“\ IR 7.

+0 w( {4L v vm U ‘”“’ﬁv( {L Ll .(l.';":-'

”E‘U'“( kjp Nl bu,au% “nt/t 15 SFafw(tpor{c,nfw( M(’:W %)

h‘vt f;ffm Pl dves work  whin r({w;,a/( 1 Y u,}w,n
( / _l.(({,n} (,tj H“‘ {a}(jt’}

' £ h"“ o '.v j )"’1"
1y commy ’ [ 9

(
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Question 28 (5 marks) Marks

The maximum braking force of a car is limited by the frictional force between the
tyres and the road. The maximum frictional force, F, can be determined by the
equation F = umg where p is the coefficient of friction between the tyre and the
road and mg is the weight of the car.

A car’s braking distance is tested on two dlfferent road surfaces, A and B, both
from an initial speed of 60 kmh™ (16.67 ms’ b,

The braking distance on surface A was 18 m.

The braking distance on surface B was 71 m.

Friction coofficient
U Normal road surface

pg Covered in ice A

(a) Determine the coefficient of friction for the normal road surface A. I 67)1

Fdn (ma ) h s A e sgds s 22O

-nW 'r.'r "l 4 ¢
En 3Lp ....................... R.,.,ﬁ..@f.;.:.l.f ...... m....s..»../) ................................................. _—

] vu’(
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Class

Name
Question 28 continued. Marks

(b) Determine the maximum initial speed that should be travelled on road surface

B to have the (s?smz ;.t)(;pping distance as surface A. ﬁ 0) (, wel s Mo
Mefhod 1. s A e g R QoL b efoich oL Gk on iic tnls
Fl A A i)
o ‘/:i, 30l<n/h).

Mefhod 2
a(cul(/q[",w ...... FI ﬂd*«ld{‘fdﬂfm"dfﬂﬂﬁ@*fm}wi/{l’ M”?"“.r w

U= v”'»la/;, =B ey Vs i;"/’"“@)

V&l
LWMVI/
1€ z[ g bm/s (O unswe

Al ]
—
i
(5
~
S
»
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Question 29 (6 marks) Marks

The velocity versus time graphs below show two underground trains, A and B, travelling from the
same station on parallel, straight tracks. At time t = 0 s, both trains are alongside each other at rest.

30

7 (ms™1)

o

20 40 60 80 100 120 140 t(s)

Question 29 continued on next page.



Question 29 continued. Marks

Using the graphs, or otherwise, determine:

(a)

(b)

(©)

the maximum speed of train B.

From the Graph: =25 ms”' (1 mk)

the magnitude of the acceleration of train A between 80 and 140 s.
= Gradient of Graph A from 80 — 140 s (I mk for valid substituion)
=30/60 = 0.5 ms? (2 mks)

the time at which train A and train B are alongside each other again.

Start from t = 80s: at this time r,= 2100 m and rg =1625 m
so B is 475 m behind A. - (I mk)

rg = 25.t ry = 30.t —t%/4
they meet when ry = r, + 475
i.e. when 25t = 30t — t¥/4 + 475 - (2 mks)
solution: t = 54.7 s - (3 mks

so, tyoraL = 134.7 s.

NB: (I mk) for any valid measurement of distance at any stated time



Question 30 (4 marks) Marks

A physics student sets up the following circuit in an attempt to determine the electrical
characteristics of component X.

Component X

®

Component X consists of a battery of potential difference, V and a resistor, r, in series.

Various resistors, Ry, are placed in the circuit at Y and the current flowing through the ammeter is
recorded each time.

Question 30 continued on next page.



11

10

w

Ry (Q)

1
7(/1 )



Question 30 continued on next page.

Question 30 continued. Marks

(@) Use the graph to find the value of the resistor, r, within component X.

NB circuit analysis gives:

V=IRy=r) so Ry=Vll-r
r is the negative intercept of the graph (I mk)
= 3.9 Q) (accept 4 Q) 2 mks

(b) Use the graph to find the value of the potential difference, V, of the battery
within component X.

From above, V = Gradient of graph
=(10-0)/(1.4 -0.4) (I mk)
=10V 2 mks

NB: carry through marks awarded only if the method was clear (e.g. if it was
obvious where the numerical values used came from).



Question 31 (10 marks) Marks

In an engine test, a car accelerates uniformly between two points (from the same starting velocity)
on a straight road, and its final velocity is recorded.

« > J
Distance AB
A B

The data obtained is included in the table on the following page.

Distance AB Final Velocity, v (ms™) Averagev | Average Vv’
(m) 1 2 3 (ms™)* (m’s2)*
50 20.6 214 21.2 21.1 445
100 27.2 27.2 27.0 27.1 734
150 32.7 334 32.8 33.0 1090
200 37.3 37.5 37.1 37.3 1390
250 40.4 40.9 40.8 40.7 1660*
300 44.2 44.6 44.8 445 1980

(* to 3 significant figures, with v* based on v to 3 significant figures)
* sig figs not penalised here!

(@ Complete the table above by adding in the missing values.

Question 31 continued on next page.



Question 31 continued. Marks
(b) Plot a graph of velocity squared (on the y-axis) against distance.
2500
2000 —
= &
E 1500
f: e
S
8 7
z
% 1000
S
=
&
500 &
7
0
50 100 150 200 250 300 350
Distance (m)
y =6.1446x + 141.2
e Points Correctly Plotted
e Axes Labelled
e Correct Units
e Appropriate Scale
e Line of Best Fit (which does NOT go through origin)
e Clarity
Minus | mk for any of the above missing
4

Question 31 continued on next page.




Question 31 continued. Marks

(c) Using your graph, or otherwise, determine:
(1) the initial velocity of the car.

Intercept of the graph = u> = 140

Sou=11.8 ms'

(accepted 1.0 — 13.5 for 2 mks, with a wider range for | mk)

(i) the acceleration of the car.

v? = u® = 2ar, so gradient of graph = 2a
so, 2a = 6.1

a=3 ms?

(I accepted 2.7 — 3.3 for 2 mks — but was much more generous if the
mark had already been lost in part (i))

NB: carry through mark awarded for part (ii) where possible, as long as
the method was clear
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