200 5 / ’f 2006 PHYS EXAM 1

A rocket of mass 0.50 kg is set on the ground, pointing vertically up, as shown in Figure 3. When ignited, the
gunpowder burns for a period of 1.5 s, and provides a constant force of 22 N. The mass of the gunpowder is

very small compared to the mass of the rocket, and can be ignored. The effects of air resistance can also be
ignored.

Figure 3
Question 6

What is the magnitude of the resultant force on the rocket?

Fret = 22"“5
22._025’:-({0

{1

17 N

2 marks
Question 7
After 1.5 s, what is the height of the rocket above the ground? ;
Fuet 7 22 a¥
d‘:’-,}]—- Q:.L_:j‘{mg f’t:-z—
0.5 .
- - 2
3§25 om
2 marks
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A second identical rocket, that again provides a constant force of 22 N for 1.5 s, is now launched horizontally

from the top of a 50 m tall building. Assume that in its subsequent motion the rocket always points
horizontally.

Question 8 [1°. Avﬁf‘tjg / 3

After 1.5 s, what is the speed of the rocket, and at what angle is the rocket moving relative to the ground?

Ux = (J)(‘é C’X:"E: é_Z_ = Yy 1/-{5*2 J
= 4yxl S , 9-5 D= Laqu” J)
=66 mS j U)’

D= tau /22
J:W;ljéé%/s? 6L

o WLMEARTAN Y !
Uy gt « )

speed= 67, 7 ms'| angle= /2, ‘? o

4 marks
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John is standing on a railway station and drops a ball from a height of 1.25 m (Figure 4). Mary is in a train that
is passing through the station at a constant speed, and observes the falling ball.

Figure 4

Question 9 33
Which of the diagrams (A-F) below best represents the path of the ball as seen by Mary?
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2 marks
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Figure 5 shows a space shuttle docking with the international space station.

[magine that you are an astronaut floating in space at rest relative to the international space station. You
watch the space shuttle, of mass 6000 kg, dock. You observe the shuttle approaching the space station with a

speed of 5.00 m s7'.
After docking, the space station’s speed has increased by 0.098 m 57

Figure 5

Question 10
Show that the mass of the space station is 3 x 10° kg.

6000x S =30000 V¢

P; < (6009 +M) 0998

After first making contact, it takes 20 s for the shuttle to come to rest with the space station.

Question 11
Calculate the average force exerted on the shuttle by the space station.

po ¢4 Shatftle = 30000 VS
P jiucl o shuttle = 6000 x0.098=587
sp= 29 %12
Ft=46p
2712

‘ F~=—— -
(470 w ¢
1474

3 marks

3 marks
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A student, Sam, of mass 70 kg, is bungee jumping from a platform at the top of a tower (Figure 6). He reaches
the top of the tower by being towed up a slide of length L. The friction between Sam and the slide provides a
constant force of 300 N that opposes the motion. The total work done in dragging Sam up the slide to the top
of the tower is 22720 J. At the top of the tower Sam’s potential energy was greater by 13 720 J than it was on

the ground. bungee cord

Question 12
Show that the length of the slide, L, is 30 m.

> W A
Totalwork = change in Ey + wer ke agaiast 4ried7e

22729 = 5720 ‘f-jo@ L
300l > §000 L =30#

3 marks

Question 13
What is the height, h, of the tower?

MJ’I = 3720
700 h = 13729

9.0 m

2 marks

The natural length of the bungee cord is 10 m.
Sam stops falling and first comes to rest momentarily when the length of the bungee cord is 18 m.

Question 14
What is the spring constant of the bungee cord?

i3 = ;ig_BZ . 2x?@xf0x/f’
Mmgrte = 2 AL

3 marks

SECTION A — AREA OF STUDY 1 — continued
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The planet Mars has a mass of 6.4 x 10> kg, which is approximately % that of Earth, and its radius is
approximately half that of Earth. '

Question 15 & 3 /e

Which of the following (A—D) gives the best value for the acceleration due to gravity at the surface of Mars?
A. 1ms?

B. 25mg?
C. 4ms?
D

5ms?

C

2 marks

The Mars probe that was launched in August 2005 is now orbiting Mars in an orbit with an average radius of
3.00 x 107 m (Figure 7).

Question 16 307 AU@"QJ’[ £.3
What is the period of the orbit in seconds?
> M 2 5
_8'___ :E_., T__ ‘/7? g
T 4nt G M
Y 71 Cef3xl0’ :
i 2
6.6T %10~ xb6-2XI0

158" &

3 marks

END OF AREA OF STUDY 1
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The dwarf planet Pluto was discovered in 1930, and was thought to be the outermost member of our solar
system. It can be considered to orbit the Sun in a circle of radius 6 billion kilometres (6.0 x 10'2 m). In 2003
a new dwarf planet, Eris, was discovered. It has approximately the same mass as Pluto, but the average radius
of its orbit around the Sun is 10.5 billion kilometres (10.5 x 10!2 m).

Question 12
Which of the choices (A—D) below gives the best estimate of the ratio

gravitational attraction of the Sun on Eris

gravitational attraction of the Sun on Pluto

A. 033
B. 0.57
C. 175
D. 35.06

A

2 marks
The period of Pluto around the Sun is 248 Earth-years.
Question 13
How many Earth-years does Eris take to orbit the Sun?
5 7 é/ years
2 marks

SECTION A — AREA OF STUDY 1 — continued
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In a laboratory class at school, Lee is given a spring with a stiffness of 20 N m™! and unstretched length of
0.40 m. He hangs it vertically, and attaches a mass to it, so that the new length of the spring is 0.60 m.

Question 9
Assuming the spring has no mass, what was the value of the mass he attached?

Mg:){%' JC-:-.OZM
Mxd0 = 20502

0.4 o

3 marks

Lee pulls the mass down a further distance of 0.10 m.

Question 10

By how much has the potential energy stored in the spring changed? 2
Kl gzl 20x03°_ 20x0.2
ats =" ¢ al

2 2 2

o4 J
9+ {o '693'@'”‘1 e 16 s AVMZL;{ 2. 5 3 marks

He now releases the mass, so that the mass-spring system oscillates. Ignore air resistance.

Question 11
Which one of the curves (A—D) below could best represent the variation of the total energy of the oscillating
mass-spring system as a function of position?

A, B. C. D.
energy energy energy energy
F-N A & -3
positio'n positio?i positioﬁ positio?n
.‘\“
L

2 marks

SECTION A — AREA OF STUDY 1 — continued
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Use the following information to answer Questions 12—14.

A novelty toy consists of a metal ball of mass 0.20 kg hanging from a spring of spring constant k = 10 N m~!,
The spring is attached to the ceiling of a room as shown in Figure 7. Ignore the mass of the spring.

0

cm A g

55 D CRaC R SRS

60 F e/ "“'IIOcnl
65 | e

Figure 7

Without the ball attached, the spring has an unstretched iength of 40 cm. When the ball is attached, but not
oscillating, the spring stretches to 60 cm.

Question 12 (% % 3
- How much energy is stored in the spring when the ball is hanging stationary on it?
You must show your working. '

z: 0‘6-#0."( :O.ZM

- Kkt _ /9%022
b= = 2

2 marks

SEC€TION A - Area of study 1 — continued
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The ball is now pulled down a further 5 cm and released so that it oscillates vertically over a range of

approximately 10 cm.
Gravitational potential energy is measured from the level at which the ball is released. Ignore air resistance.

Use Graphs A-E in answering Questions 13 and 14.

A, B.
F 3 A
0 S 0 o
bottom top bottom top
C D
A o
0 Ly 0 >
bottom top bottom top
E.
7N
0 I
bottom top

f
Question 13 384
Which of the graphs best represents the shape of the graph of kinetic energy of the system as a function of
height?

D

2 marks

Question 14 KO Ve
Which of the graphs best represents the gravitational potential energy of the system as a function of height?

A

2 marks

SECTION A — Area of study 1 — continued
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The following information relates to Questions 7-9.

lift platform

trapdoor

approximately
100 m

net

Figure 3

Aride in an amusement park allows a person to free fall without any form of attachment. A person on this ride
is carried up on a platform to the top. At the top, a trapdoor in the platform opens and the person free falls.
Approximately 100 m below the release point, a net catches the person:

A diagram of the ride is shown in Figure 3.
Helen, who has a mass of 60 kg, decides to take the ride and takes the platform to the top.
The platform travels vertically upward at a constant speed of 5.0 m s7!.

Question 7 6 [( ‘/n

What is Helen’s apparent weight as she travels up?

V= coust N o QP/)a,re«/f W.e/g?/uf
N = e

600 N

2 marks

SECTION A — Area of study 1 — continued
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As the platform approaches the top, it slows to a stop ata uniform rate of 2.0 m s72.

Question 8 Y37
What is Helen’s apparent weight as the platform slows to a stop?

Mj— N=mq
M = M (j"q)
Mzéo({O‘z)

430 N

3 marks

Helen next drops through the trapdoor and free falls. Ignore air resistance.

During her fall, Helen experiences ‘apparent weightlessness’.

Question 9 Z¢7 AU&I’QJ? 2 2

In the space below explain what is meant by apparent weightlessness. You should make mention of gravitational
weight force and normal or reaction force.

Apf,ared/f u/eﬁfLT s hermal reactioq J,Lorcg/\f.

ﬁpm reat U@fﬂt/&uuu AR,

Dw :uj Che +aH Hedlen is in ek mﬁ her acceleration - ¢
Tt w wol frucz u/g[f_/g/{f&gwu m W’@W a‘V Q&fﬁtﬁ ou_ her

4 marks

SECTION A — Area of study 1 - continued



2009 PHYS EXAM 1 10

Question 12 £ 7 /%

On a loop-the-loop roller coaster, a loop in the track has a radius of 7.0 m as shown in Figure 5.

o=

On a particular occasion, the mass of the trolley and riders is 600 kg.

track loop

7.0m

f track

track

Figure 5

To go safely around the loop, the trolley wheels must not leave the rails at point A.
What is the minimum speed that the trolley must have at point A so that it does not leave the rails?

AfA':N:O 2

m

3 marks

SECTION A — Area of study 1 — continued
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The following information relates to Questions 13 and 14.
The Jason 2 satellite reached its operational circular orbit of radius 1.33 x 1 07 m on 4 July 2008 and then began

mapping the Earth’s oceans.

mass of the Earth = 5.98 x 10** kg

mass of Jason 2 = 525 kg
G=6.67 x 1071 N m? kg2

Question 13 Z € 7

On the figure below, draw one or more labelled arrows to show the direction of any force(s) acting on Jason 2
as it orbits Earth. You can ignore the effect of any astronomical bodies other than the Earth.

=~

‘ /L:ﬁm vity

* ~
2 marks

Question 14 5_/ /o

What is the period of orbit of the Jason 2 satellite?
T g 47°r>
LI &/ b T8
G M

r> GM

3 marks

S

7.55*‘[0L{

END OF AREA OF STUDY 1
SECTTION A — continued
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The following information relates to Questions 3 and 4.

Two physics students are conducting an experiment in which a block, m,, of mass 0.40 kg is being pulled by a string
across a frictionless surface. The string is attached over a frictionless pulley to another mass, My, of 0.10 kg, The second
mass, Iy, is free to fall vertically. This is shown in Figure 1.

I
Y L]
0.40 kg
oy
0.10 kg
J Figure 1
The block is released from rest.
Questions (O %
What is the acceleration of the bloek m,?
T=:Mq =044
Maj“TzMza o 4x0-T=0.1d
1 -p.5d

2 mg?

2 marks
4
Question 4 57 /o
What is the kinetic energy of the block m,, after it has travelled 1.0 m?
g= 2md K
(A
U =2as ,
N MY =MaS8 = D.?‘Z"i
Epc T2
00'8 J
2 marks

SECTION A — Area of study 1 - continued




5 2010 PHYS EXAM |

The following Wformetion relates to Questions 5 and 6,

In designing a bicycle track ata racing track, the designer wants to bank the frack on a particular comer so that the bicycles
will go around the corper with no sideways frictionai force required between the tyres and the track ai 10 m g,

Figures 2a and 2b below show the banked track and the bicycle.
Question 5 - L}(.S /o

On Figure 2b draw two arrows to show the two foroes acting ont the bicycle and rider {treated as a single object).

Figure 2b

2 marks

Question 6 %’ 7

The circular path of the bicycle has a eonstant radius of !(}0 m, and the b:cyc!e w1|l bc tr avc!img at a constant
10m sl . ‘ .

What should be the value of the angle of the bank, 8, so that thc blcycle travels around the comer with no sideways
frictional force between the tyres and the teack? -

engunioeso

x ! N,sivt@:%;q

3 marks

SECTION A - Area of study 1~ continned
TURN OVER
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The following information relates to Questions 13 and 14,

A B

Figure 5a

Figure 5a shows an ideal spring with a 2.0 kg mass attached, The spring-mass system is held so that the spring is not
extended. The mass is gently lowered and the spring stretches until, in Figure 5b, the spring-mass system is at rest. The

spring has extended by 0.40 m.

Question 13 52 V% ayeraqé I/
What is the value of the spring constant, &, of the spring?

Lais » A/

. Ml trerzy

M;:}f‘f

2x40= K¥0. M
.20

70, Y

50 Nm

.
i
1
!
:
F
i
!
i
i
i
i
{
!

2 marks

SECTION A — Area of study 1 continued
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Question 14 /5 Ve Q\)ef‘gf C. 7

What is the difference in the magnitude of the total energy of the spring-mass system between Figure 5a and
Figure 5b?

Write your answer in the box, and show your working in the space provided.

Twitial eweity MU?A 2x10x0.4 = £
F’w/ eu‘erji K'?( 5OX0.Y Z - ¢

2
p-y=4J

E,, - £y

L/% ¥

. . 2 marks

SECTION A — Area of study 1 — continued

TURN OVER |
|
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The following information relates to Questions 15-17. i

Physics students are conducting a collision experiment using two trolleys, m; of mass 0.40 kg and m, of mass
0.20 kg.

*

L]

1
The situation is shown in Figure 6. _ o ‘ ; : o R |

Trolley m, has a light spring attached to it. When uncompressed, this spring has a length of 0.20 m.
Troiley m, is initially moving to the right. Trolley m, is stationary.

The trolleys collide, compressing the spring to a length of 0.10 m. j
The trolleys then move apart again, and the spring reverts to its original length (0.20 m), and both trolleys move off i
to the right. : : o

The collision is elastic. p

The trolleys do not experience any frictional forces,

—_—

0.20 m stationary ' :
—— » ;
m NMAANANL my |
.
1 ;)
Ly

—0.10m j—
- —_— >

MWW |
L3 i

— 0.20m —

| m MV | m 5
L4 E
Figure 6

Use the graphs below to answer Questions 15-17.

A. B. 4

! —p [

A 4

----- ' SECTION A — Area of study 1 — continued
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Question15 3 6 /o

Which graph best shows how the total kinetic energy of the system varies with time before, during and after the collision?

Explain your answer.

A

In 0lastie collision kinetic 2%&/‘99 &cﬁ‘er collis fou ef,bwc/s

va
that btﬁore cofisioy. Dccrf(‘j the @9/&5“@4 Sowul 04 e

/awﬁc ewe(Gy cowverted to Mﬁ;’f //)aff/d/fca/ Mgg @wc! |

theu gdog

@904 4
v

2 marks

-7 4
4
Question 16 5 b ¢
Which graph best shows how the total momentum of the system varies with time before, during and after the collision?

Explain your answer.

-~

5

MOWH/‘&CM ﬂ/ﬂd@yﬁ CQ&CQ,@/—()QO/- .

Question 17 35 Yo

If the collision had been inelastic, which graph would best show how the magnitude of the total momentum of the system

2 marks

varies with time before, during and after the collision? Explain your answer.

5

collisiou

MGMMM QZ WCE/\/ coucorved iu évﬂcuz[/'f or c‘vcé/m /e

2 marks

SECTION A — Area of study 1 — contmued
TURN OVER
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The following information relates to Questions 16—20.

Physics students are conducting an experiment on a spring which is suspended from the ceiling,

Ignore the mass of the spring.

0

40 em

60 cm
70 cm
80 cm

Without the mass attached, the spring has an unstretched length of 40 cm. A mass of 1.0 kg is then attached. When the
1.0 kg mass is attached, with the spring and mass stationary, the spring has a length of 70 crn.

Question16 4 ¥ 7, amﬂge{/
What is the spring constant, k, of the spring?

2z 0. 7-0-1205

335 Nm!

MY = KT
_(xtL0
K= 33

Figure 7

2 marks

SECTION A — Area of study 1 — continued
TURN OVER
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The spring is now pulled down a further 10 cm from 70 cm to 80 cm and released so that it oscillates.
Gravitational potential energy is measured from the point at which the spring is released (80 cm on Figure 7).
Use the following graphs (4-H) in answering Questions 17-20.
" energy " energy
A 'S
i 1 1 1 1 1 T x(cm) L I 1 ] 1 1\ > x(cm)
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
. D.
energy energy
1 1 1 1 1 1 I 1 :x(cm) 1 1 |l 1 1 m )r.x(cm)
¢ 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
energy .. energy
3 » .
L 1 1 i 1 1 Ly x(cm) 1 1 1 1 1 1 1 L X (Cm)
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
. H.
energy energy
F 3 5
1 i 1 I i 1 1 1 px (Cm) 1 3 1 1 1 1 1 L x (Cm)
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

SECTION A — Area of study 1 - continued
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Question 17 4’2 7
Which of the graphs (A—H) best shows the variation of the kinetic energy of the system plotted against the length of
the stretched spring?

D

I mark

e
Question 18 657
Which of the graphs (A-H) best shows the variation of the total energy of the system of spring and mass plotted against
the length of the stretched spring?

C

I mark

Question 19 46 7o
Which of the graphs (A-H) best shows the variation of the gravitational potential energy of the system of spring and
mass (measured from the lowest point as zero energy) plotted against the length of the stretched spring?

A

: 0.
Ouestion20 § % AVeT4e 4

Which of the graphs (A—H) best shows the variation of the spring (strain) potential energy plotted against the length of
the stretched spring?
Give your reasons for choosing this answer for the spring (strain) potential energy.

F

1 mark

Strai« [_spmf,y),ﬂofev/a@/ eocerg}c, pf@ﬂpr{,owﬂ!%@ z’
butwas_total Lesgths 60 aud folu Lt spver epeal 0,
14 yill C@mroaaﬁ D “wheu > will %m/‘mch Wew aad mcreqy%&J
afl the 7[10142 WAL« &uﬂfé (4lreqses )crwaéo to 0 cu,

3 marks

~ SECTION A - Area of study 1— continued
TURN OVER






2012 PHYS EXAM 1 4

Question 2 17 7.
A 1.2 kg block moves to the right along the frictionless surface and collides elastically with a stationary block of
mass 2.4 kg as shown in Figure 3.

—_—p stationary
Before .
1.2kg 24 kg frictionless sutface
Figure 3
After the elastic collision, the 1.2 kg block moves to the left as shown in Figure 4.
[ JJ - » 1/1
After
1L.2kg 2.4kg frictioniess surface

Figare 4

After the collision, the momentum of the 2.4 kg block is greater than the momentum that the 1.2 kg block had before
the collision.

Explain why the greater momentum of the 2.4 kg block is consistent with the principle of conservation of
momentum.

12U =249 12V & law of couservatio
O;f MO"{ER/'I(L(,M ' '
2.4V, = L2u 42V > {2U

3 marks

SECTION A — Area of study 1 — contimued
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Question 4 e |
Two metal spheres hang from the ceiling as shown in Figure 6, Cable A runs between the ceiling and the upper sphere »
of mass 2.0 kg. Cable B runs between the 2.0 kg sphere and the 1.0 kg sphere. Assume that the cables have no mass. L !

ceiling

cable A

cable B

Figure 6
a.  State the foree (magnitude and direction) that cable A applies to the 2.0 kg sphere. 60 Ve

Cable A hold beth 2 aud 1ug
- Spheres |

Force magnitude % (D N

Torce direction 1\

2 marks

b. Newton’s third law is sometimes stated as “To every action there is an equal and opposite reaction’. If the weight
(the gravitational force by Farth) of the 2.0 kg sphere is taken as the ‘action’ force, identify the corresponding
‘reaction’ force and give its direction.  { & % &V qu; £ 0.3

on Eorth T

2 marks

SECTION A — Area of study 1 — continued
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Question 7

Kim has attached a ball of mass 0.20 kg to a piece of string of length 1.8 m and is making it move in a horizontal
circle on a frictionless surface. Kim gradually increases the speed, v, of the ball. The situation is shown from above it
Tigure 9. The string has & breaking force of 4.0 N.

fristionless surface

ball of mass
0.20 kg

Figure %

a. Calculate the greatest speed the ball can reach before the string breaks. 7 7 A

Fand

-

6 ms?!

2 marks
When the ball is at position P, the string breaks. Draw an arrow on Figure 9 from point P, indicating the direction
in which the ball travels immediately after the string breaks. 7 5,

b.

1 mark

SECTION A — Area of study 1 - Question 7 — continued
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On another oceasion, Kim swings the same ball of mass of 0.20 kg in & vertical circle at constant speed. She

uses a much stronger string, which does not break.

She nolices that the tension in the string is greater at the bottom of the circle than it is at the top of the circle.
I:xplain why the tension at the bottom is greater than the tension at the top. You may include a diagram as part

of your explanation. /:_') A ad@fﬂ;f /, 0

3 marks

SECTION A — Area of study 1 — continucd
TURN OVER
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SECTION A - Core studies

Instructions for Section A

IS Answer all questions in this section in the spaces provided. Write using black or blue pen.

Where an answer box has a unit printed in it, give your anawer in that unit.
You should take the value of g to be 10 m 572,
Where answer boxes are provided, write your final answer in the box.

In questions worth more than 1 mark, appropriate working should be shown.
Unless otherwise indicated, diagrams are not to scale,

Area of study — Motion in one and two dimensions

Question 1 (5 marks)

Studenls sel up an inclined plane surface, us shown in Figure Ta. TLis angled al 10° o the horizonlal, They
place a frictionless trolley of mass 0.50 kg at the top of the incline, so that the distance from the front of the
trolley to the stopper at the bottom is 3.5 m.

They release the trofley from rest and find that it takes 2.0 s to reach the stopper at the bottom.

trolley 0.50 kg

Figure Ta

a.  Culeulate the acecleration of the trolley. -{ 5 ‘/‘ 2 marks

as 95 {o’
g
ax (0 $ivfp

174 me

SECTION A — Core studies — Question 1 — continued
TUGRN OVER
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block of wood 0.50kg

stopper
PPe ~—

Figure 1b

b, The students replace the frictionless trolley with a block of wood of the same mass. They release the
hlock of wood at a distance of 3.5 m from the stopper, the same as they did with the trolley. When the
block js sliding down the incline, there is a constant frictional force between it and the surface. They
tind that it takes 6.0 s to reach the stopper at the bottom.

Caleulate the magnitude of the frictional force of the plane surface acting on the block, 32 A 3 marks
avera gt ( &
2 2S5 2¥3.5 g
- - =2 2. = -2

mda

b

M,f.‘;r“'t g - F{f’
Firs 0.5x108/ul0° — 0.5 20,19
W

SECTION A — Core studies — continued
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Question 2 (4 marks)

Students set up an experiment that consists of two masses, m;, of 2.0 kg, and m,, of 6.0 kg, connected by a
string, as shown in Figure 2. The mass of the string can be ignored. The surface is frictionless. The pulley is
frictioniess.

Figure 2
At the start of the experiment, the hottom of mass #2; is 1.2 m above the floor atid both masses are
stationary. .
a. Calculate the gravitational force on my. Include the correct unit in your answer. 6 6 7 1 mark
F g - MJ q
J v
' cf . :
b. Calculate the tension in the string as m; is falling, 2 6’ L 2 ')emo/ 0 09 3 marks
M,q-T=ma 20-T=2a
v —_
T = M 2 A I = g a

20=8a az2.5wms™t
T-6x2.5= (5N

SECTION A — Core studies - continued
TURN OVER
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Question § (4 marks)

Amass of 2.0 kg is being swung by a light rod in a vertical circle of radius 1.0 m at a constant speed of
7.0 m 7, as shown in Figure 5.

light rod

Figure 5
a,  Which of the directions (A-T") below shows the direction of the net force on the mass when it is at
poini P72 8 Y, 1 mark
13
C
A S
v
v =
I

SECTION A— Core studies — Question 5 — continued
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b. Calculate the magnitude of the tension in the light rod at point 8. Show the steps of your working. 3 marks
90 v, averags {3
< ?
.Y
N
s 7
L *]

Y

Question 6 (6 marks) -

Students hang a mass of 1.0 kg from a spring that obeys Hooke's law with =10 N m L. The spring hag an
unstretehed length of 2.0 m. The mass thon hangs stationary at u distance of 1.0 m below the unstretched
position (X) of the gpring, at Y, as shown at position 6b in Figure 6. The mass is then putled a further 1.0 m
below this position and released so that it oscillates, as shown in position Gc.
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Figure 6
not to scale

The vero of gravitational potential cnergy is taken to be the bottom point (7).
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h

energy {I 204

|
spring poiential energy

The spring potential energy and gravitational potential energy are plotted on a graph, as shown in Figure 7.

- /gravitational potential energy

N

5 -
OO/ 0 35 p distance above lowest point
bottom (£) middie (Y) top (X)
Figure 7
a. Calculate the total energy of the system when the mass is at its lowest peint (7). c? ( 7 1 mark

20 !

b. From the data in the graph, calculate the speed of the mass at its midpoint {Y). L/ 2 %

Eg=E,,. " Eq.. ~f£, =20-5-10= 5]
bt 77 =7

averest o 4

2 marks

AT 70 R
MY -8 U’:{/ﬁi’ J= U

3.2 ny
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Without making any other changes, the students now pull the mass down to point P, 0.50-m balow Y.
They release the mass and it oscillates about Y, as shown in Figure 8.

The students now take the zero of gravitational potential energy to be at P and the vero of spring potential
energy to be at Q. They éxpect the total energy at P to be equal to the total energy al Q.

They prepare the following table.

/717N 11 1IN IIII 111117141 41174 4111711111111/ 1 11771/

Om x
0.5 m % g <
10m - 2.(? m } g
1.5 m E < ( 3
o+ > < g
2.5m - i Q;_:‘. x
3.0m - , e 1-?“1
3.5m 1 T
4.0 m

Figure §

Position | Gravitational potential Spring potential . Kinetic energy (KE) !
energy (GPE) energy (SPE)
GPL = mgh . o
Q —10x10x10=107 | 70 KE=0
PTE =1 2
T GPE =0 SPE = 4k(Ax) S

=% 10% 1.0?=507

Fowever, their caleulation of the total energy (GPE + SPE + KE) at Q (10 I} is different from their
caleutation of the total energy atP (5.0 1),

C.

Explain the mistake that the students have made. ? %o aver Q‘J £ 0.5 3 marks

At @ SPEZp
SPE shouJd be caleu {am‘eo/ Jrou {:Ae uxsz‘r&édwc/ lenyth
Aé Q SPE = Kx0> IO&OZ) <125 /ai-ccé £Mf/a,
.25 J |
10:2.25
At P SPEs ©XIE —"—’52-——‘-’- .25

Jotel - /{.23‘ J
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Question 7 (6 marks)

satellitc

Data

S

Figure ¥

T
! mass of Darth

My =6.0x10%kg

radius of Earth

Rp=064%10°m

mass of satellite

1000 kg

universel gravitational constant

(=67 x 1001 N m? kg2

A satellite is in a geostationary circular orbit over Earth’s equator. It remains vertically above the same
point X on the equator, as shown in Figure 9.

a.  Caloulate the period of the orbit of the sufellite. ?/ /e 1 mark
24 x60 %60
§e'rgo ¢
b, Calcalate the radius of the orbit of the satellite from the contre of Farth, % Z 70 2 marks

auercg( 0. f

V?‘n Jn"é /_‘i_

re

'%WY‘Z-_

G

—

—
—

TE

.}__.7-2 _

™~

/P‘

l 4/-2?‘/07 m

i
|

yar?

)
T
5

. : 7 :
z 3 5.b'fx/9"»r£¥0l{¢ Yo
=V e

A
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Cs

An astronaut of mass 65 kg is on board the satellite. She is interviewed on television and says that she
in weightless.

ixplain how the terms “woight’, “weightlessness” and appment weightlessness’ either apply or do not

apply to the astronaut. | §¢ 7, aver ‘g{ {2 3 marks

agp. W@(ft}‘ﬂ&ssmf Mo azj 25 = L}pp/y

w;yhf My yes - Gcfp/\/
ww/tff(éwxs M? o w0 ~ 6[0“ t QDP/‘/

v

SECTION A — Core studies — continued
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Question 8 (6 marks)

A stone is thrown from the top of a 15 m high cliff above the sea at an angie of 30° to the horizontal. It has
an initial speed of 20 m s71. The situation is shown in Figure 10. Ignore air resistance.

a ' 20 ms?t

=0
Figure 10 g
not to scale

a.  Caleulate the time taken for the stone to reach the se-aa. Y2 Yo Avéra j ¢ [.5
y = {5+ 20504 3p%~ fof

d 54t fot 15 20
t4-24-3:0
£+ 3
3 d

b.  Caleulate the magnitude and direstion of the velocity of the stone immediately before it reaches the
sea. (hive the direction as the magnitnde of the angle between the velocity and the horizontal. 3 marks

27% wemje [ 2

Vg = 20 €0s30° = (7. 3ms™’
U, < 205i43° ~ 453 = ~20ms™

v 1Y
Vs UG gF < st ezet = 26. Y

[if f10 )

= Z‘J«’{ﬂ'",('vx = (fﬁc«”‘(;-_-r_'/

3 marks

i

t

= v

264 L J qq o
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Question 2 (11 marks)
To and Sam are conducting an experiment uging a mass attached to a spring. The spring has an unstrelched
Jength of 40 em. The sitration is shown in Figure 3a.

1

40 om

‘-

Figure 3a Figure 3b Figure 3¢

They begin their experiment by measuring the spring constant of the spring by progressively adding 50 g
masses Lo il, us shown in Figure 3b. They measure the resullant lenglh of the spring willi (he mass sltailonagy
and record the following data.

Number of 50 g masscs 0 1 2 3
Length of spring 40cm | S0em | 60cm 70 cm
a.  Show that the spring constant is equal to 5.0 Nm=™. eti @ ver QJ’E (.2 2 marks

0.(x(9= Kk (06-04)
* <!
K: 5.0 Mw

Jo and Sam now attach four 50 g masses to the spring and release it from its unstretched position, which is a
Tength of 40 e, They allow the masses to oscillate freely, as shown in Figure 3e.

b. Tind the extension of the spring at the lowest point of its oscillation (when it i momentarily

slalionary). [gore [rictional losses. Show your reasoning, f H'Y% averaw O?g 0.6 : 3 marks
al .
M X = -KT—- o o : .
v < o
/ S E QoM - 2x02x (O
Euwergyat £ wel g at xE U 5

[
the 1 ep the bottou

L 0.8 m
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Jo and Sam measure the position of the four magses as they oscillate freely up and down, as described
previously, From this data, they plot graphs of the gravitational potential energy and spring potential energy.
Their resulis are shown in Figure 4.

enetey . spring potential
AN T ener
7 ey
/ _ - a
L _ gravitatienal
T T potential energy
. position below
top bottom  unstretched length

Figure 4

Jo says their caleulation must be wrong because the graphs should add to a constant amount, the total

energy of the system. However, Sam says that the graphs are correct. 5 .
27 %
¢.  Bxplain why Jo is incorrect. Your explanation should include the reagon that the spring potential

encrgy and the gravitational potential energy do not add to a constant amount at each. point. 2 marks

Kinshre missing. Ty it will B ccololed thoy will Versse &7
aclel to the Sawte valye

d. Calculate the maximum speed of the masses during the oscillation. Show your working, 7 ‘,{9 4 marks

averaqsl 0.9
174

.,
KT
L AR iy WAL 4

ao.d’ y 0.4 +pdVE = 16

B 9‘.('2}_::19.‘/ :
UZ:L/

V22 my”

/
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Quesiion 4 (8 marks)

Mixy and Bob are riding in a car on a roller-coaster. The roliet-coaster is designed so that the riders will feel
‘weightless” at the top of the ride (point A).

It can be assumed that the track is cireular in shape at and near the poinis A and B. The radius of these
circular paths at A and 13 is 20 m. This is shown in Figure 7. fgnore air resistance and frictional forces.

Figare 7

4 Caleulate the minimum speed at which Mary and Bob must be moving at point A for them to feel
weightless. 6 97 2 marks

tf:d;q?

T

b. Explain why Mary and Bob feel weightless at point A at this speed. 3 marks
PoO azq  apy, weshtlssmss | pot 4rd wecghtlertues,
o7 9 , 7
Fre fa/!. al ﬂrw:‘f'y sz‘r‘/lac,v‘f‘uay
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SECTION A~ Core studies

Instructions for Section A
Answer all questions in this section in the spaces provided, Write using black or blue pen.
Where an auswer box has a unit printed in it, give your answet in that unil.
Yoy should take the value of g to be 10 m 572,
Where answer baxes are pravided, write your finat answer in the bax.
In questions worth more than 1 mark, appropriate working should be shown.

Unless otherwise indicated, diagrams are not to seale.

Area of stady ~ Motion in one and two dinicnsions

Question 1 {7 marks)

Block A, of mass 4.0 kg, is moving (o the vight al a speed of 8.0 s, as shawn in Figure 1. 1 collides with a
stattonary block, B, of mass 8.0 kg, and rebounds to the left. Its speed after the collision is 2.0 m s,

| 8.0 kg
40ke  goms

N — B

Pigure 1

a.  Calculate the speed of block B after the collision. 42 7e QUL QJ ¢ o 7 2 marks
Ye# =Uxf-2] P U,
p= P

5 0 m gt

b.  Egplain whether the collision is elastic or inelastic. nclude some calealations in your answer, 9§ 5% 2 marks

Exn = ’Z‘P] average . 3
U [ 4

[

~ SECTION A~ Core studies — Question 1 - continued
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Question 3 (3 marks)
A model car of mass 2.0 kg is on a track that is part of & vertical cirele of rading 4.0 m, a5 shown in
Figuie 3. At the lowesl point, L, the car is moving at 6.0 m g1, Tgnore friction.

L

Flgure 3

1. At the lowest point (L), draw the resultant force acting on the car as an arrow attached (o the car,

tabelled F,. W 75 v 1 mark

40w ¥

b, Calealate the magnitude of the force exerled hy the track on the car at its lowest point {I.). Show your
working. z ' 2 marks
U

47 7. e 4 “bj

¥

F 226 £ 2410
¥

k9% N

 SECTION A~ Core studies - continved
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i
H

Onestion 5 (5 marks)
A golier hits a ball on & part of a golf course thar is sloping downwards away from hin, as shown in
Figure 5.

173 m

Figure §
not to scale

The gotfer hits the ball ata speed of 40 m 57 and at an angle of 30° to the horizonial. I_gm)rc air resistance.
a.  Caleulate the maximunn height, b, that the ball rises above its initial position, 76 7 2 mnrks

Yz 40504 30° = 20 w s
7
Uﬂ?: UszgA
/ ¢
0 =20 #2,0h,
h=20m

2 0 a1

[ b. The balllunds ata point at a horizontal distance of 173 m from the hitting-off point, as shown above,

*
Calculate the vertical drop, o, from the hitting-off point to the landing point, G. 41 ¢ 3 marks

X = U cos30’d _, avargpl 1.5

@ /7%= Yo eos30' t

- 2 ! 1

~ SECTION A— Core studies — continued
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Question 6 (8 marks)

A mass o 2.0 kg is suspended from a spring, with spring constant £ = 50N m, a5 shown in Figure 6.
It is releused from the unetretchiod position of the spring and fulls a distance of 0.80 m, "Lake the zero of
gravitational potential energy at its lowest point.

3 Z

kN
=
;
1
‘-

Figure 6

4. Caleulate the change in gravitationa! polential encrgy as the maess moves from the Lop position to the
lowest position. 87 % 1 mark

EZ-.Arjh

(6
L) L .
b Caleulate the spring polential chergy at il lowesl point. J / ~ 2 mingks
= d 2 o
E = 2 Kx

6

¢,  Calewate (e speed of the mass at its midpoint (naxinum speed). > 6 7o a”"’-‘y’ t.2 3 marks

5144279: 4£kpoq¢§;«(jt
le =¥ + Y %—;-nffa
Vg

Jx Z‘«JJ

1
2 mg

*SECTION A - Core studies — Question 6 —continued
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i s e A 1 10 2 3 B e+ e m e e st

d.

Which oue of the [ollowing graphs (A—D.} best shows the acceleration of the mass as il goes from the
highest point to the lowest point? Take upwards as positive. Give a reason for your choice. 2 marks

L 25 % @y eregs 0, 7
A 10

5

aeceleration
s o .20 040 o.60
-5

* spring extension (m)
0.80

~10

acculeration 0
ms " fo  lo2o lodo ose o
-5 '

spring extension {m)

0

fod

~10

C. 10

ﬂcceim‘aliozn 0.20 y spring extension (m)
st i A 1040 10,60 10.80
5 - ] ~

-10 ¥

acceleration 0.20 10.40 1060 »  spring extension (m)
(m sy 0 0.80
-5

-10 -

=

In the wickllt  Fiot=0  af €he tep Mg > KX,
) op 12X

at the Betfows Kz:>»qdq , 50 aceeler aiibu

should C@fg ¢ directioq

~ SECTION A— Core studies — continued







2016 PHYSICS EXAM - L

SECTION A — Core stadies

Instructions for Section A
Answer all questioné in this section in the spaces provided. Write using blue or black pen.
‘Where an answer box hag a unit printed in it, give vour answer in that unit,
You should take the vatue of gio be 10 m 52,
Where answer boxes are provided, write your final answer in the box,
In questions worth more than 1 mark, appropriate working should be shown.
Uniless otherwise indicated, ihe diagrams in this book are not drawn to scale.

Area of study - Motion in one and two dimensions

Question 1 (11 marks)

a.  Adtrain consists of an engine of mass 20 tonnes (20 000 kg) towing one wagon of mass 10 tonnes
(10600 kg), as shown in Figure 1.

4

coppling

. % N
direction of motion |,

<
Ll
o
<
wnn
o
[
=z

Figure 1

The train accelerates from rest with a constant acceleration of 0.10 m s . )
Calculaie the specd of the train after it has moved 20 m, Show your working, 3 5/ 2 marks
Veytecas
yis 0 p 2x0.(X20
=2

WRITE

DO NOT

~ SECTION A — Core studies — Question 1 — continued
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b.

The wagon has a frictional resistance of 2000 N.

Fl
Calculate the tension in the coupling between the engine and the wagon. 4 6 e

averag( (0

2 marks

T" ;‘\)C/- = q

T - 2000 = 10000x9. 1

3000 Ng

i

In another situation, the engine, of mass 20 tonnes and moving at 3.0 m s, coltides with a stationary

wagon of mass 10 tonnes and couples with it, as shown in Figure 2. f

o g
G @ FeeEioy  (9=F)
before the collision after the collision

Figure 2

Calculate the spcéd of the train (engine and wagon) after the collision. (f 7 7

2 marks

r, U F Bty (44 ) LV

s00e0x>= d0000 V

2 m gt

SECTION A~ Core studies — Question 1 - continued
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Ouestion ¢ (& marks)
. Hxplain the conditions for s £
on Earih's sorface), Ther

afellite o be fn o g
§ no nead o calondat

ationary orbit (that s, stationary over o fixed pomt
the actaal radins of the orbil. p ¥, 3 marks

Oréit eder .._...__e;afc_/f@f“ L average e s
Peried 244

ﬁ—{ = G U S O mpls [y oo i Q//‘/"QM/NOA
SRR j P — —_ PRI [ b e em e emmeem e e
, o a5 retufiot ey Farth

h.  Roger stafes that there are a nunber of siteaiions ou or near Barth’s sarface where o person may “foel
waizhiloss™.
Eiruily states that this is inpossible. ¥ is only possible {o focl welghiless in doep space whers there is
ngy, o very Hille, gravitational Force on 4 porsor
s
Is Enadly correct or ingorrest? Expladn your answer, 36 % 3 marks

A=

<
L
o
<X
75
= =
-
=

WRITE

DO NOT

T . _ |
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