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SECTION A
Answer ALL questions.

All multiple choice questions must be answered with a cross in the box X for the correct answer
from A to D. If you change your mind about an answer, put a line through the box ¢ and then
mark your new answer with a cross [X.

1 A student throws a ball vertically upwards.

Which of the following shows a free-body force diagram for the ball immediately after
it leaves the student’s hand?

m— L A
m— 1 B
m— X cC
m— 1 D

(Total for Question 1 = 1 mark)

2 Which row of the table contains only scalar quantities?

— LI A speed displacement current
— ] B energy mass momentum
— X cC power time work done
— LI D acceleration work done temperature
(Total for Question 2 = 1 mark)
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3 Aball falls from rest through glycerine and reaches terminal velocity.

Which of the following graphs shows how displacement s varies with time ¢ for
the ball?

O 0 X O
°c O = »

4 A piece of conducting putty is shaped into a cylinder of uniform cross-sectional area,
as shown. The length of the cylinder is /. The resistance between the two ends is 8.0 Q2.

N

s
t
A B
s
t
C D

(Total for Question 3 = 1 mark)

—C

The piece of putty is then rolled out until the length is 2/.

Which of the following is now the value of the resistance between the two ends?

N

0
0
X

O =

A 2.0Q

S a =

4.0Q
16.0Q
32.0Q

(Total for Question 4 = 1 mark)
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O 0 X O
o A = »

5 A car is travelling at a constant speed in a straight line along a horizontal road.

Which row of the table gives a Newton’s third law pair of forces?

Force 1 Force 2

normal force of car on road friction between wheels and road

normal force of car on road

normal force of road on car
weight of car normal force of car on road

weight of car normal force of road on car

(Total for Question 5 =1 mark)

6 The diagram shows an electric motor pulling a truck of mass m along a slope. The truck
moves through a vertical height 4 and a distance / along the slope, during a time ¢.

There is a potential difference J across the motor and a current / in the motor.

motor

Which of the following expressions gives the efficiency of the motor?

N

A

e
mgl

Vit
mgh

mgl
Vit

mgh
Vit

(Total for Question 6 = 1 mark)
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7 A student investigated the e.m.f. and internal resistance of a battery. The student
produced the following sketch graph.

\

Which row of the table gives the quantities plotted?

y-axis x-axis
L A e.m.f. circuit resistance
] B e.m.f. current
I C terminal potential difference circuit resistance
X D terminal potential difference current

(Total for Question 7 =1 mark)

8 A ball is thrown vertically upwards at a velocity of 6.0ms .

Which of the following gives the maximum height, in m, reached by the ball?

X A 6.0°
2%9.81
O B 6.0°
2% (=9.81)
0 ¢ _60
2x9.81
0 b 6.0
2 x (—9.81)

(Total for Question 8 = 1 mark)
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9 A student connects the circuit shown. The battery has negligible internal resistance.

6.0V

-

The student increases the resistance of the variable resistor from 0Q to 40 Q.

Determine the range of readings on the voltmeter.

B,
Maximum reading on voltmeter=..6.0.V. .
Minimum reading on voltmeter = .. 1.2 .V .
(Total for Question 9 = 3 marks)
6

P 71 9 2 8 A 0 6 3 2

OmC .

V3HVY SIHL NI ILIHM 1ON Od

UM 1IONOd

YISV SIHL NI 3L

Y3dY SIHLNEILIIM LON Od


https://stemup.co.uk

BLANK PAGE

Turn over »

0 7 3 2

A

7 1 9 2

P

8

O =


https://stemup.co.uk

10 A model rocket accelerates vertically upwards then decelerates due to gravity until it

reaches a maximum height.

(a) A velocity-time graph for the rocket until it reaches maximum height is shown.

Velocity
/ms”

30
20
10

0 | | | | |

0 1 2 3 4 5

Time /s
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(b) When the rocket reaches the maximum height of 68 m, a parachute opens. Almost

instantly, the rocket reaches a terminal velocity of 2.0ms .

Complete the velocity-time graph below for the motion of the rocket until it reaches

the ground.

Time to fall at 2.0 m st = 675 m = 2.0 m s* = 33.8 s

Velocity
/ms’’

30

20

10

—2.0 3 T0 13 20 73 30

—10

—20 -

o NN 00
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(c) The rocket is fired upwards a second time when the wind is blowing. The rocket
falls with a vertical velocity of 2.0ms ™' and a horizontal velocity of 1.5ms™".

Determine the velocity of the rocket by drawing a scaled vector diagram.

Scale: 1 em = 0.20 m st

1.5 m st (7.5 om)

A 4

53°

2.0-m-st
(10.0 em)

resultant = 125 ¢cm
=25 m st

Magnitude of velocity = ... 25 ms’'

Angle to the horizontal of velocity = ... . 53

(Total for Question 10 = 8 marks)
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11 A student investigates how the resistance of a length of nichrome wire changes
with temperature.

(a) The student takes measurements to determine the resistance of the wire at
different temperatures.

(1) Draw a diagram of the circuit the student could use.

power supply

coil of nichrome wire

— (1]

©

(i) The wire has a thin electrically insulating coating so that it can be coiled up
without causing a short circuit.

The student places the coil of wire into a water bath so the temperature of the
wire can be varied.

Describe how the student could determine the temperature of the wire accurately.

1
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(b) Explain, in terms of particle behaviour, why the resistance of the nichrome wire
changes as temperature increases.

“4)

(Total for Question 11 = 7 marks)
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12 A wire-wound resistor consists of a long length of wire wound around an insulating
core. A technician finds a wire-wound constantan resistor labelled 80 Q.

(a) Calculate the length of the constantan wire used to make the resistor.

resistivity of constantan wire at room temperature = 4.9 x 107 Qm
diameter of wire = 0.28 mm

A=1d*4 = 1w x (028 x 103 m)?/ 4 = 6.2 x 10 m?

Length=_10m .. ... ...

(b) A potential difference of 9.8 V is applied across the resistor and the current in the
resistor is 0.12A.

Deduce whether the value labelled on the resistor is supported by these data.

uncertainty in the potential difference = £0.1V
uncertainty in the current = +0.01 A

R=V/I =98V +012 A =382 Q

(Total for Question 12 = 7 marks)
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13 Some students used a plank to make a bridge to cross a stream. The plank rested on a
rock and a wall as shown.

Assume the plank is uniform.

5.0m

1.4m

plank

rock wall

(a) (i) Show that the weight of the plank is about 250 N.

mass of plank = 25kg

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

rock: the wall is 5.0 — 1.4 = 3.6 m from the rock.

............ e e N
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(b) A student of weight 550N states that the plank will tip if she walks from the rock to
the other end of the plank.

Justify the student’s statement.

(Total for Question 13 = 7 marks)
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*14 A student connects a filament bulb to a battery. The battery has internal resistance.

The student connects an identical bulb in parallel with the first bulb, as shown.

He continues to connect identical bulbs in parallel.

The student observes that the bulbs get dimmer as more bulbs are connected. He also
observes that the temperature of the battery increases.

Explain these observations.

(Total for Question 14 = 6 marks)
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15 A bullet of mass 12 g moved at a speed of 450ms . The bullet hit a soft wooden block
of mass 2.5kg which was attached to a wire, as shown. The bullet became stuck in the
wooden block which swung upwards.

wire

T

soft wooden .
4
block = 0ms.
2.5kg Q
bullet of
mass 12¢g

(a) (i) Show that the momentum of the bullet is about Skgms ™.
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(b) The soft wooden block was replaced with a hard steel block of the same mass.

An identical bullet was fired at the steel block with the same speed as before. The
bullet rebounded from the steel block.

Explain why the steel block moved through a greater maximum vertical height than
the wooden block.

.9ains more E ., and rises through a greater maximum vertical height. .

(Total for Question 15 = 10 marks)

TOTAL FOR SECTION A =56 MARKS
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SECTION B
Answer ALL questions in the spaces provided.

16 A student released a trolley from the top of a ramp of length of about 1.5m, as shown.

The student investigated how the speed v of the trolley at the bottom of the ramp varied
as the height % of the ramp was increased.

The student placed a light gate connected to a data logger at position A to measure v as
the card passed through the light gate.

=

=
X >

ramp

(a) Describe how the student could measure / accurately.

21

o RO AR AR Turn over
p 71 9 2 8 A0 2 1 3 2


https://stemup.co.uk

(b) The student derived the following equation for the motion of the trolley

where g is the acceleration due to gravity.

(i) Explain why plotting a graph of 4 against v* will produce a straight line.

O
=2
q X
=

Z
=]
B
m

S

(i1) The student varied # and measured corresponding values of v. The results are
recorded below.

h/cm v/ms” V2 m? s7?
10.8 1.38 1.90
18.9 1.98 3.92
28.7 2.45 6.00
40.3 2.86 318
49.8 3.22 10.4
58.7 3.46 12.0
Plot a graph of / on the y-axis against v* on the x-axis on the grid opposite. O
Use the additional column in the table for your processed data. g
) o
=
E>\
S
i
5\
S
>/\
/\
_ J \i:‘,;/‘?’?\\

22
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(i11)) The student used her results to plot a graph and determine a value for g.

She concluded that her value was consistent with the value of g given on the
data sheet at the back of this paper.

Comment on the student’s conclusion.

(Total for Question 16 = 12 marks)
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17 An empty lift is positioned at the first floor of a building. It is suspended by 6 identical
steel cables of length 50m.

(a) Calculate the extension of each lift cable.

cross-sectional area of a cable = 3.1 x 10*m?
Young modulus of steel = 200 GPa
weight of lift = 12kN

Tension in each cable F = 12 x 10> N =~ 6 = 2.0 x 10° N

E =o0/c so € =645 x 10° Pa <~ 200 x 107 Pa = 3.23 x 107

m
I
Dy
(%)
(o)
<
[
w
N
W
X
=
<
(6]
X
Ul
S
3
I
—
N
=
X
=
S
w
3

(b) Ten people enter the lift. After 5 seconds the lift starts to move upwards and stops at
the top floor of the building.

The graph shows the total tension force in the cables during this time.

20.0 -
Tension
/ kN
19.0
18.0 T T T T T T -
0 5 10 15 20 25 30 Time/s

(1) Calculate the total mass of the people in the lift.
weight of lift = 12kN
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(i1) Explain the motion of the lift between 5s and 29s.

(c) When the lift is empty, a technician removes one of the cables for maintenance.

Assess how removing one cable would affect the extension of the remaining cables.

(Total for Question 17 = 12 marks)

TOTAL FOR SECTION B =24 MARKS
TOTAL FOR PAPER =80 MARKS
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List of data, formulae and relationships

Acceleration of free fall
Electron charge

Electron mass
Electronvolt

Gravitational field strength
Planck constant

Speed of light in a vacuum

Mechanics
Kinematic equations of motion
(u+v)t

2

v=u-+at

S =

1
s =ut+ Eat2

v =u?>+2as

Forces
XF =ma
F
g§=—
m
W =mg
moment of force = Fx

Momentum
p =my

Work, energy and power

g=9.81ms?
e=-1.60x10"C
m_=9.11 x 10 kg
1eV=1.60x10"]
2=9.81 Nkg'
h=6.63x103]s
c=3.00x10*ms!

AW = FAs
1
E = Sm?
Al?grav - mgAh
p=-E
t
p="
t
efficiency = useful energy output

total energy input

useful power output

efficiency = -
total power input

28

(close to Earth’s surface)

(close to Earth’s surface)

Electricity
Potential difference
="
0
Resistance
rR="
1

Electrical power and energy
P=VI

P=1IR
2
p=r
R
W= VIt
Resistivity
Rt
A
Current
;-0
At
1= ngvA
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Materials

Density

_m
P=y

Stokes’ law
F = 6nnrv

Hooke’s law
AF = kAx

Young modulus

Stress o =

w | B

Strain ¢ =

E=Z
&

Elastic strain energy
AE, =3 FAx

O =

Waves and particle nature of light

Wave speed
v =fi

Speed of a transverse wave on a string

T
v=|—

u

Intensity of radiation
1=£
A

Power of a lens

1
P=—

f
P=P +P +P +..

Thin lens equation
1 1 1

u v f

Magnification for a lens
_ Image height _ v
object height

Diffraction grating
ni =dsin 6

Refractive index
n, sin 01 = n, sin 92

n=—
v

Critical angle

sinC:l
n

Photon model
E=hf

Einstein’s photoelectric equation
hf=¢ + Vomv?

de Broglie wavelength
h

==
p
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