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1
2
Which unit can be expressed in base units as kg m2 s–2?
A
joule
B
newton
C
pascal
D
watt
The luminosity L of a star is given by
L = 4πr 2σT 4
where
r is the radius of the star,
T is the temperature of the star and
σ is a constant with units W m–2 K–4.
What are the SI base units of L ?
kg m2 s–1
A
3
B
kg m2 s–2
C
kg m2 s–3
D
kg m2 s–4
A particle has velocity V at an angle θ to the horizontal.
The components of the particle’s velocity are Vv upwards in the vertical direction and Vh to the
right in the horizontal direction, as shown.
V
Vv
θ
Vh
What are expressions for the magnitude of V and for the angle θ ?
θ
A
(Vv2 + Vh2 )
V 
tan–1  
V 
B
(Vv2 + Vh2 )
V 
tan–1  v 
 Vh 
C
(Vv 2 − Vh2)
V 
tan–1  
V 
D
(Vv 2 − Vh2)
V 
tan–1  v 
 Vh 
h
magnitude of V
v
h
v
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A whale produces sound waves of frequency 5 Hz. The waves are detected by a microphone and
displayed on an oscilloscope.
Frequency f = 5 Hz
Period T = 1 / f = 1 /5 = 0.2 s
2 div = 0.2 s or 200 ms
1 div = 200 / 2 = 100 ms
So, the time-base setting on the oscillosc
What is the time-base setting on the oscilloscope?
A
5
0.1 ms div–1
B
1 ms div–1
C
10 ms div–1
D
100 ms div–1
The speed shown on a car’s speedometer is proportional to the rate of rotation of the tyres.
The variation of the diameter of a tyre as it wears introduces an error in the speed shown on the
speedometer.
A car has new tyres of diameter 600 mm. The speedometer is accurately calibrated for this
diameter.
The tyres wear as shown, with 6 mm of material being removed from the outer surface.
not to scale
6 mm
12 mm/600 &times; 100%=2%
So, the speed shown is too
high by 2%.
new tyre
worn tyre
What is the error in the speed shown on the speedometer after this wear has taken place?
A
The speed shown is too high by 1%.
B
The speed shown is too high by 2%.
C
The speed shown is too low by 1%.
D
The speed shown is too low by 2%.
&copy; UCLES 2019
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A car travels along a straight horizontal road. The graph shows the variation of the velocity v of
the car with time t for 6.0 s of its journey.
30
v / m s–1
20
10
0
0
1.0
2.0
3.0
4.0
5.0
6.0
t/s
S= u+v/2 &times; t
The brakes of the car are applied from t = 1.0 s to t = 4.0 s. = 22+8/2 &times; 3
How far does the car travel while the brakes are applied?
A
7
21 m
B
45 m
C
67 m
=45 m

D
83 m
A stone is thrown horizontally from the top of a cliff and falls into the sea some time later. Air
resistance is negligible.
Which graph shows how the vertical component vv of velocity of this stone varies with its
horizontal component vh of velocity as it moves through the air?
A
B
vv
vv
0
vh
0
8
C
D
vv
0
0
vh
vv
0
0
vh
0
0
vh
A positive charge of 2.6 &times; 10–8 C is in a uniform electric field of field strength 300 000 V m–1.
How much work must be done on the charge in order to move it a distance of 4.0 mm in the
opposite direction to the direction of the field?
A
3.1 &times; 10–5 J
B
2.0 &times; 10–3 J
C
3.1 &times; 10–2 J
D
2.0 J
&copy; UCLES 2019
E= F/q
F=Eq
=300,000V/m
&times;2.6&times;10^−8
=7.8&times;10^−3 N
W=Fd=7.8&times;10^−3 &times; 4&times;10^−3m
=3.12&times;10^−5 J
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Each diagram illustrates a pair of forces of equal magnitude.
Which diagram gives an example of a pair of forces that is described by Newton’s third law of
motion?
A
B
total
resistive
forces
gravitational
attraction
Earth
driving
force
gravitational
Moon
attraction
C
D
support force
lift
weight
weight
10 A stone is dropped from a tall building. Air resistance is significant. The variation of distance
fallen with time is shown by the dashed line.
A second stone with the same dimensions but a smaller mass is dropped from the same building.
Which line represents the motion of the second stone?
A
B
distance
path of first stone
C
D
0
0
&copy; UCLES 2019
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11 A helium atom of mass m collides normally with a wall. The atom arrives at the wall with speed v
and then rebounds along its original path. Assume that the collision is perfectly elastic.
What is the change in the momentum of the atom during its collision?
A
zero
B
0.5 mv
C
mv
D
2mv
Since,the collision is perfectly ela
so change in momentum=mv+mv
=2mv
12 A cylindrical iceberg of height H floats in sea water. The top of the iceberg is at height h above
the surface of the water.
p=m/v
mig = mwg
PiVig = PwVwg
pi x πr^5H = Pw x πr^2(H−h)
PiH/Pw = H-h
h= H - PiH/pW
iceberg
h
H
sea water
The density of ice is ρ i and the density of sea water is ρ w.
What is the height h of the iceberg above the sea water?
A

ρ 
1 − i  H
ρw 

B
 ρi


− 1 H
 ρw 
C
ρw
H
ρi
D
ρi
H
ρw
13 A couple is applied to a tap as shown.
F
pivot
tap
d
d
F
What is the torque of the couple?
A
Fd
2
B
Fd
C
2Fd
Torque=F x d
= Fd+Fd
=2Fd
&copy; UCLES 2019
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14 A crane uses a counterweight to stop it from toppling over when lifting a load, as shown.
5000&times; 9.8 &times; x=12 &times; 10^3 x 17
x= 4.16m
pivot
counterweight
5000 kg
17.0 m
12.0 kN
not to
scale
crane
The counterweight has a mass of 5000 kg. The crane is required to lift a load of 12.0 kN and the
horizontal distance from the pivot to the load is 17.0 m.
How far from the pivot should the centre of gravity of the counterweight be positioned in order to
keep the crane in equilibrium?
A
0.0408 m
B
0.240 m
C
4.16 m
D
40.8 m
15 Three parallel forces act on an object. As a result of these forces, the object is in equilibrium.
What must be correct for these forces?
A
They all act along the same line.
B
They all have the same magnitude.
C
They do not all act along the same line.
D
They do not all have the same magnitude.
16 An empty glass beaker has a mass of 103 g. When filled with water, it has a total mass of 361 g.
When filled with cooking oil, it has a total mass of 351 g.
The density of water is 1.00 g cm–3.
What is the density of the cooking oil?
A
0.961 g cm–3
B
0.972 g cm–3
C
1.03 g cm–3
D
1.04 g cm–3
Pw = mw/Vw
P Vw = mw/Pw
w = 258 cm^3
 = 2489/258cm^3 = 0.961gcm^-1
=
V
w

m
w

&copy; UCLES 2019
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17 A rope is attached to a sledge and a boy uses the rope to pull the sledge along a horizontal
surface with a constant velocity. The tension in the rope is 100 N and the rope is held at 30&deg; to
the horizontal.
W= Fcosθ&times;s
=100cos30 &times;5.0
=430 J
100 N
rope

sledge
30&deg;
horizontal
surface
How much work does the boy do on the sledge when he pulls it a distance of 5.0 m along the
surface?
A
250 J
B
290 J
C
430 J
D
500 J
18 The kinetic energy Ek of an object of mass m moving at speed v is given by the equation shown.
Ek =
1
2
mv2
Which equation is not used in the derivation of this equation?
A
F = ma
B
s = vt
C
v2 = u2 + 2as
D
W = Fs
19 A grasshopper of mass 0.12 g jumps vertically. It uses its back legs over a time of 0.020 s to jump,
leaving the ground with a velocity of 3.0 m s–1.
F= mv−mu/t
0.12&times;10^13 (3 - 0)/ 0.020
What is the average power developed by the legs of the grasshopper? F = 0.018N
P = Fv = (0.018 + 0/2) x 3
A
9.0 &times; 10–3 W
B
1.8 &times; 10–2 W
C
2.7 &times; 10–2 W
D
37 W = 2.7 x 10^-2 W

20 A spring of original length 100 mm is compressed by a force. The graph shows the variation of the
compressing force F with the length L of the spring.
12
F / N 10
8
6
4
2
0
40
50
60
70
80
90
100
L / mm
What is the energy stored in the spring when the length is 70 mm?
A
0.090 J
&copy; UCLES 2019
B
0.21 J
C
0.27 J
D
0.63 J
At a length of 70 mm, the corresponding compressing force is 6 N.
9702/11/M/J/19
Energy stored = &frac12; &times; ({100
– 70} &times; 10^-3) &times; (6 – 0) = 0.090 J
7
6
A ball rolls in a straight line up a ramp and then back down the ramp along its original path.
Which graph shows the variation with time of the ball’s velocity?
A
B
velocity
velocity
0
0
0
0
time
C
D
velocity
velocity
0
0
0
7
time
0
time
time
A ball is thrown with velocity V at an angle θ to the horizontal.
V
y
θ
x
The acceleration of free fall is g. Assume that air resistance is negligible.
What are the horizontal displacement x and the vertical displacement y after time t?
x
y
A
Vt cos θ
Vt sin θ +
1
2
gt 2
B
Vt cos θ
Vt sin θ –
1
2
gt 2
C
Vt sin θ
Vt cos θ +
1
2
gt 2
D
Vt sin θ
Vt cos θ –
1
2
gt 2
&copy; UCLES 2016
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A ball travels from point X to point Y around a semi-circular track of radius 1.0 m as shown.
X
north
ball
west
east
1.0 m
south
Y
What is the displacement of the ball from X to Y?
9
A
2.0 m
B
2.0 m due south
C
3.1 m
D
3.1 m due south
Which row in the table gives the quantities that are conserved in a perfectly elastic collision
between two gas molecules?
total momentum
total kinetic energy
A
conserved
conserved
B
conserved
not conserved
C
not conserved
conserved
D
not conserved
not conserved
10 Two equal masses travel towards each other on a frictionless track at speeds of 60 cm s–1 and
30 cm s–1. They stick together on impact.
60 cm s–1
30 cm s–1
What is the speed of the masses after impact?
A
15 cm s–1
&copy; UCLES 2016
B
20 cm s–1
C
30 cm s–1
9702/13/M/J/16
D
45 cm s–1
9
11 The IKAROS satellite has mass 320 kg and moves through space using a solar sail of area 20 m2.
The average solar wind pressure is 1.0 &times; 10–5 N m–2.
What is the acceleration of the satellite caused by the solar wind?
A
3.1 &times; 10–8 m s–2
B
6.3 &times; 10–7 m s–2
C
3.2 &times; 10–3 m s–2
D
–2
6.4 &times; 10 m s
p= F/A
F= P xA
= 1x 10-5 x 20
= 20 x 10-5
F= ma
a= F/m
20 x 10-5 /320
=6.25 x 10-7 msec2
–2
12 Three coplanar forces act on an object in the directions shown.
In which diagram could the object be in equilibrium?
A
B
C
D
13 What is the centre of gravity of an object?
A
the geometrical centre of the object
B
the point at which the weight of the object may be considered to act
C
the point on the object about which there is a zero net torque
D
the point where gravity acts on the object
&copy; UCLES 2016
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14 A bicycle pedal is connected to a pivot by a metal bar, as shown.
force 60 N
T= Fd
T= 60 x 0.16
= 9.6Nm
pedal
bar
12 cm
20 cm
pivot
16 cm
The force on the pedal is 60 N downwards.
What is the moment of this force about the pivot?
A
7.2 N m
B
9.6 N m
C
12 N m
D
1200 N m
15 For a change in depth ∆h in a liquid of density ρ, the change in pressure ∆p is given by
∆p = ∆hρ g where g is the acceleration of free fall.
What is the equation, or principle of physics, used in the derivation of this formula?
A
atmospheric pressure decreases with height
B
change in gravitational potential energy = mass &times; g∆h
C
ρ=
D
the density of a fluid increases with depth
&copy; UCLES 2016
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Data
c = 3.00 &times; 108 m s–1
speed of light in free space
permeability of free space
&micro;0 = 4π &times; 10–7 H m–1
permittivity of free space
ε0 = 8.85 &times; 10–12 F m–1
(
1
= 8.99 &times; 109 m F–1)
4πε 0
elementary charge
e = 1.60 &times; 10–19 C
the Planck constant
h = 6.63 &times; 10–34 J s
unified atomic mass unit
1 u = 1.66 &times; 10–27 kg
rest mass of electron
me = 9.11 &times; 10–31 kg
rest mass of proton
mp = 1.67 &times; 10–27 kg
molar gas constant
R = 8.31 J K–1 mol–1
the Avogadro constant
NA = 6.02 &times; 1023 mol–1
the Boltzmann constant
k = 1.38 &times; 10–23 J K–1
gravitational constant
G = 6.67 &times; 10–11 N m2 kg–2
acceleration of free fall
g = 9.81 m s–2
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Formulae
uniformly accelerated motion
s = ut +
1
at 2
2
v 2 = u 2 + 2as
work done on/by a gas
W = p∆V
gravitational potential
φ = – Gm
r
hydrostatic pressure
p = ρ gh
pressure of an ideal gas
p=
simple harmonic motion
a = – ω 2x
velocity of particle in s.h.m.
v = v0 cos ωt
1
3
Nm &lt;c 2&gt;
V
v = &plusmn;ω
Doppler effect
fo =
electric potential
V=
capacitors in series
( x 02 − x 2 )
f sv
v &plusmn; vs
Q
4πε 0r
1 / C = 1 / C1 + 1 / C2 + . . .
capacitors in parallel
C = C1 + C2 + . . .
energy of charged capacitor
W=
electric current
resistors in series
resistors in parallel
Hall voltage
1
QV
2
I = Anvq
R = R1 + R2 + . . .
1 / R = 1 / R1 + 1 / R2 + . . .
VH =
BI
ntq
alternating current/voltage
x = x0 sin ωt
radioactive decay
x = x0 exp(–λt)
decay constant
λ = 0.693
t1
2
&copy; UCLES 2016
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Answer all the questions in the spaces provided.
1
(a) Define acceleration.
Acceleration is defined as the rate of change of velocity with respect to time.
...................................................................................................................................................
...............................................................................................................................................[1]
(b) A man travels on a toboggan down a slope covered with snow from point A to point B and
then to point C. The path is illustrated in Fig. 1.1.
man
toboggan, at rest
A
horizontal
40&deg;
B
20&deg;
horizontal
C
Fig. 1.1 (not to scale)
The slope AB makes an angle of 40&deg; with the horizontal and the slope BC makes an angle of
20&deg; with the horizontal. Friction is not negligible.
The man and toboggan have a combined mass of 95 kg.
The man starts from rest at A and has constant acceleration between A and B. The man
takes 19 s to reach B. His speed is 36 m s–1 at B.
(i)
Calculate the acceleration from A to B.
{v = u + at
where u = 0 (at rest)}
v = 0 + at
or v = at
a = 36 / 19 = 1.9 m s-2
1.9
acceleration = ................................................. m s–2 [2]
(ii)
Show that the distance moved from A to B is 340 m.
(ii)
{s = average speed &times; time
s = &frac12;(u + v)t
= &frac12;&times;36&times;19
= 340 m (342 m / 343 m / 341 m)
[1]
&copy; UCLES 2016
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(iii)
For the man and toboggan moving from A to B, calculate
1. the change in kinetic energy,
{ΔKE = &frac12; m (v2 – u2)}
ΔKE = &frac12;&times;95&times;(362 – 02)
= 62 000
62000
change in kinetic energy = ....................................................... J [2]
2. the change in potential energy.
{ΔPE = mgΔh
where Δh is the vertical height = 340 sin 40&deg;}
ΔPE = 95&times;9.81&times;340 sin 40&deg;
or 95&times;9.81&times;218.5
= 200 000 J
200000
change in potential energy = ....................................................... J [2]
(iv)
Use your answers in (iii) to determine the average frictional force that acts on the
toboggan between A and B.
work done = 200 000 – 62 000
{Work done = 138 000 N
Work done = (Frictional) Force &times; distance}
Frictional force = (138 000 / 340 =)406 N
406
frictional force = ...................................................... N [2]
(v)
A parachute opens on the toboggan as it passes point B. There is a constant deceleration
of 3.0 m s–2 from B to C.
Calculate the frictional force that produces this deceleration between B and C.
–ma = mg sin 20&deg; – f
–95 &times; 3.0 = 95 &times; 3.36 – f
Frictional force f = 600 (604) N
or ma = –mg sin 20&deg; + f
604
frictional force = ...................................................... N [2]
[Total: 12]
&copy; UCLES 2016
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2
(a) Fig. 2.1 shows a liquid in a cylindrical container.
F\OLQGULFDO
FRQWDLQHU
OLTXLG
K
DUHD$
Fig. 2.1
The cross-sectional area of the container is A. The height of the column of liquid is h and the
density of the liquid is ρ.
Show that the pressure p due to the liquid on the base of the cylinder is given by
p = ρgh.
p= F/A
p =ofF/A
use
m = ρV and use of V = Ah and use of F = mg
correct substitution to obtain p = ρgh
[3]
&copy; UCLES 2016
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(b) The variation with height h of the total pressure P on the base of the cylinder in (a) is shown in
Fig. 2.2.
3.0
3 / 105 Pa
2.0
1.0
0
0
0.5
1.0
1.5
K/m
2.0
Fig. 2.2
(i)
Explain why the line of the graph in Fig. 2.2 does not pass through the origin (0,0).
when h is zero the pressure is not zero due to pressure from the atmosphere
...........................................................................................................................................
.......................................................................................................................................[1]
(ii)
Use data from Fig. 2.2 to calculate the density of the liquid in the cylinder.
gradient = ρg or P – 1.0 &times; 105 = ρgh
ρg = 1.0 &times; 105/0.75= 133333
ρ = 133333/9.81
= 14000 kgm–3
14000
density = .............................................. kg m–3 [2]
[Total: 6]
&copy; UCLES 2016
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4
(a) A gas molecule has a mass of 6.64 &times; 10−27 kg and a speed of 1250 m s−1. The molecule
collides normally with a flat surface and rebounds with the same speed, as shown in Fig. 4.1.
flat surface
molecule
flat surface
molecule
before collision
after collision
Fig. 4.1
Calculate the change in momentum of the molecule.
p=mv
∆p (= – 6.64 &times; 10–27&times; 1250 – 6.64 &times; 10–27&times; 1250) = 1.66 &times; 10–23 Ns
1.66 x 10-23
change in momentum = ...................................................
N s [2]
(b) (i)
Use the kinetic model to explain the pressure exerted by gases.
molecule collides with wall/container and there is a change in momentum
...........................................................................................................................................
change in momentum / time is force or ∆p = Ft
...........................................................................................................................................
all of molecular collisions over surface/area of container produces pressure
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...................................................................................................................................... [3]
(ii)
Explain the effect of an increase in density, at constant temperature, on the pressure of
a gas.
more collisions per unit time so greater pressure
...........................................................................................................................................
...................................................................................................................................... [1]
&copy; UCLES 2015
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