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Section A

Answer all questions in this section.

[o]2].[1]

[0]2] 2]

Complete the equation for the radioactive decay of |; K.
[2 marks]

42
19 20 -

Figure 1 shows an object of weight W on a table.

Figure 1

A student wrongly suggests that W and the normal reaction at the table form an
action—reaction pair according to Newton’s third law.

State which force actually forms the action—reaction pair to W.
[1 mark]

The gravitational force of attraction exerted by the object on the Earth.

Justify your answer.
[1 mark]

An action-reaction pair must be the same type of force, equal in

magnitude, opposite in direction and act on different objects. W and the

normal reaction are different types of force and both act on the object.
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A particle has a rest energy of 942 MeV

II| State what is meant by the rest energy of a particle.

[2 marks]

The energy equivalent of the rest mass of the particle, i.e. its energy

when it has zero velocity (zero momentum).

It is given by E = myc?.

El Convert 942 MeV into joule.

[1 mark]
l eV =160x10""7

992 MeV = 9492 x 10° x 1.60 x 107? 7

942 MeV = 1.5 x 1070 J

Turn over for the next question
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Figure 2 shows an aircraft that is descending. The horizontal and vertical
components of velocity are constant. The thrust T and the weight W are shown. The
lengths of the arrows indicate the magnitudes of the forces. There is no resultant
moment on the aircraft.

Figure 2
L
\
arrows drawn
to scale
T C T— —>D
v
w

Draw and label on Figure 2 arrows of suitable lengths to represent the lift L and the

drag D that act on the aircraft.
[3 marks]
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Figure 3 and Figure 4 are identical velocity—time graphs for an object oscillating
about a fixed point.

|I| Determine using Figure 3 the maximum acceleration of the oscillating object.

[3 marks]
Figure 3
0.2 1=
N //

0.1 }

\ /

ocity / m s=1 0.0 time / 10-2 s
veloclly /m s HENERREERVAERE:
0.1 \\ //
N

02 .

maximum acceleration = steepest gradient: tangent drawn where v = 0
gradient = (0.20 — (-0.20)) / ((3.5 - 0.79) x 10°)

= 0.90 / 0.0236 = =17 m s7%, so magnitude = 17 m s

. . -2
maximum acceleration = ,7 ms

El Determine using Figure 4 the maximum displacement of the object from the fixed

point.
[3 marks]
Figure 4
0.2
™ area = displacement / /]
N
0.1 i /
1N /
i -1 0.0 time / 102 s
velocity / m s j ] ' 3 ] : ; s 7
-0.1 N /
N\ /
N /
-0.2
displacement = area under v-t graph from t = 0 tot = 2.0 x 102 s
| square = 0.0S m s x 0.5 x 102 s = 2.5 x 10 m
number of squares = 10.S, so displacement = 10.5 x 2.5 x 107 m
maximum displacement = 2.6 x 1073 m
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A tennis ball is served horizontally as shown in Figure 5. The bottom of the ball is
2.75 m above the ground and a horizontal distance of 11.9 m from the net. The top of
the net is 1.07 m above the ground.

Assume air resistance is negligible in this question.

Figure 5

not to scale

net

T1.07 m

|I| Show that the time taken for the bottom of the ball to fall to 1.07 m above the ground
is approximately 0.6 s

2775m

11.90 m

[2 marks]
vertical distance fallen s = 2.75 — 1.07 = 1.68 m

Uvertical = 0, S0 §S = Vzgtz
t=2s/g)=2x168/43)

t=0.3625 = 0585 s ~ 06 s

@ Calculate the minimum initial horizontal velocity v that the ball must have to get over

the net.
[1 mark]
horizontal velocity is constant: v = distance / time
v=19/0585
y= 20.3 ms’
M
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E Later in the game, the ball has a horizontal component of velocity of 42 m's ' and a

downward vertical component of velocity of 26 m s !

Determine the resultant velocity of the ball.
You may use a calculation or a scale drawing.

[4 marks]
492 m s’
6
26 m s’
v
using Pythagoras: v = (2% + 26°)
v = 1764 + 676) = 2440
v=249.49ms’
tan B = 26 / 42 = 0.619
0 = tan'(0.619) = 31.8° » 32° below the horizontal
magnitude of resultant velocity = 49.4 ms

direction of resultant velocity = 32° below the horizontal

Do not write
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0]7] Promethium-147 (1271 Pm) is a radioactive nuclide that emits p~ particles. box
Figure 6 shows the variation with time of the activity of a '4'Pm source.

Figure 6

o
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time / year

[0][7].[1] Determine, using Figure 6, an accurate value for the half-life of " Pm.
[3 marks]

time for activity to halve, read from the graph:
7.6 GBg to 3.3 GBg: 2.6S — 0 = 2.6S years

6.0 GBg to 3.0 GBg: 3.55 — 0.835 = 2.70 years
4.0 GBg to 2.0 GBg: S$.0S — 2.45 = 2.60 years

mean half-life = (2.65 + 2.70 + 2.60) / 3 = 2.6S years

half-life = 2.65 year

0 8
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@ Paper is made by passing it between two rollers as shown in Figure 7.
Figure 7

roller

paper
direction of movement

.

Y

roller

l‘g Pmis often used in the process of controlling the thickness of the paper.

Describe how '27] Pmis used in this process and the radioactive properties that make
" Pm suitable for this purpose.

[4 marks]

The paper passes between the Pm-147 source on one side and a beta

detector (e.9. a GM tube) on the other side.

The count rate at the detector is measured: thicker paper absorbs more

beta particles, so the count rate falls.

If the count rate is too high the paper is too thin, so the rollers

separate; if the count rate is too low the paper is too thick, so the

rollers move together.

Beta radiation is suitable because it passes through paper with some

absorption (alpha would all be absorbed, gamma would hardly be

absorbed). The long half-life (about 2.6 years) means the activity does

not change quickly during production and the source does not need

frequent replacement.
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Figure 8 shows a section of a suspension bridge. The bridge deck is supported by a
single cable attached to a vertical tower.

cable ﬂ/ \\T cable

reaction, R

bridge deck [ tower

Figure 9 is an enlarged view of the cable and the top of the tower. The cable makes
an angle of 40° to the horizontal where it meets the tower.

The tension T in each section of the cable is 1.2 x 10N
The weight of the cable is negligible.

Figure 9

40° 40°

|I| Calculate the magnitude of the resultant force exerted on the tower by the cable.

[2 marks]
horizontal components cancel; vertical components add:
F = 2T sin 40° = 2 x 1.2 x 10% x sin 40°
F =154 x 10® N (vertically downwards)
resultant force = .54 x 10% N
i
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@ The mass of the tower is 7.1 x 10° kg box
Calculate the magnitude of the reaction R of the ground on the base of the tower.
[2 marks]
weight of tower = mg = 7. x 10® x 9.8] = 6.97 x 10’ N
R = force from cable + weight of tower
R = 1.54 x 10% + 6.97 x 10’
magnitude of R = 2.24 x 0% N
E The cable has a cross-sectional area of 1.8 m? and an unstretched length
of 1300 m
The cable is made from steel with a Young modulus of 2.1 x 10'' Pa
Calculate the extension of the cable.
[3 marks]
E = stress [ strain = o /€ with =T/ A and € =¢e /|
so e =T/ (AE)
e = (.2 x10%x1300) /(.8 x 2. x 10")
e =156 x10"/ 378 x 10"
extension = 0.413 m
Question 8 continues on the next page

Turn over »
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8 petirkei
E The breaking stress of the steel cable is 4.7 x 10° Pa box
However, it begins to undergo large plastic deformation at much smaller stresses.

Explain what is meant by breaking stress and by plastic deformation.
[2 marks]
breaking stress the force per unit cross-sectional area
at the point when the cable breaks (snaps).
plastic deformation the change in shape is permanent: the extension
is unrecoverable when the load is removed.
E Explain why the bridge is designed so that, normally, the stress in the cable is
significantly less than the breaking stress.
[1 mark]
To allow a margin for error (safety): the cable can cope with
unexpectedly large loads, and the stress stays below the yield stress so
the cable does not go into the plastic deformation region.
10

Turn to page 14 for the next question
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Turn over for the next question
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A car of mass 1400 kg starts from rest and travels along a horizontal road for 90 m box
Figure 10 shows the variation with distance of the resultant force on the car.

Figure 10

4.4

resultant
force / kN

distance / m

|I| Describe the motion of the car over the 90 m journey.

[1 mark]
The car accelerates from rest and its acceleration increases with
distance travelled, because the resultant force increases.
IZ| Calculate the initial acceleration of the car.
[2 marks]
initial resultant force F = 0.2 kN = 200 N
a=F/m=200/1400
initial acceleration = 0.163 ms>
M
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E Show that the useful work done accelerating the car over the 90 m journey is about

2x10°7
[3 marks]

useful work done = area under the force-distance graph
W="0x(02+49) x10°x 90

W=10¥x4q6x10®x90=207x10°7 ~2x10°7

E Calculate the speed of the car after it has travelled 90 m
[2 marks]

work done = gain in kinetic energy: E, = Vomv?

v =QE,/ m) =2 x 207 x 105/ 1400) = 296

final speed = 17.2 ms”

E Discuss how the resistive forces experienced by the car change over the 90 m

journey.
[2 marks]

Friction (rolling resistance) between the wheels and the road stays

approximately constant over the 90 m.

Air resistance increases as the speed of the car increases, so the total

resistive force increases with distance travelled.
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Section B

Answer all questions in this section.

[1]o][1]

[1]0][2]

Time-lapse photography can be used to show the changing positions of an object at
regular time intervals. The different positions are displayed in a single photograph.

A ball is dropped from rest and its motion is analysed using time-lapse photography to
determine a value for the acceleration due to gravity, g.

Figure 11 shows a full-scale representation of a time-lapse photograph of the ball as
it falls. The position of the ball is shown from time # = 0 and then at 40 ms intervals.

Show, on Figure 11, the distance you would measure to give an accurate value for g.

Label this distance s.
[1 mark]

Justify your answer to question 10.1
[1 mark]

Measuring the largest distance gives the smallest percentage uncertainty

in's, so the value of g is the most accurate.

Measuring top to top avoids judging the centres of the balls.

. Measure distance s using a ruler with a mm scale.

[1 mark]

s= 198 mm

16
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Figure 11
A@® =0
@ (=40ms
@ /=80ms

@ /=120ms

@ /=160ms

@ 1=200ms

Question 10 continues on the next page

17
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E Determine, using s = % gt* and your value for s, a value for g.

[1 mark]
9=2s/ t? = (2 x 0.98) / (0.200)?
g= 9.90 ms?
E Estimate the percentage uncertainty in your measurement of s.
[1 mark]
uncertainty in s = £l mm: (1 /198) x 100
percentage uncertainty in s = 0.5 %

@ The percentage uncertainty in 7 is 0.8%
[1]0] g y

Use this and your values from question 10.4 and question 10.5 to calculate the
absolute uncertainty in your value for g.

Do not write
outside the
box

[3 marks]
9 = 2s / t2, so add the percentage uncertainties:
% uncertainty in g = %s +2 x %t =05 +2x08=21%
absolute uncertainty = 0.02] x 9.90 = 0.2] m s
absolute uncertainty in g = + 0.21 ms >
Turn to page 20 for the next question
ma
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20

|I|I||I| Define impulse.

[1 mark]

Impulse is the change of momentum of an object; it equals force x

time for which the force acts (the area under a force-time graph).

IIIIHZ' A vehicle-safety engineer investigates airbags. A car has a dummy in the driver’s
seat and crashes into a wall so that the airbag inflates as shown in Figure 12. The

force F experienced by the dummy’s head is monitored.

Figure 12

Figure 13 is a graph showing the variation of F with time from when the head first

touches the airbag until it stops moving.

Figure 13

350

-

0 60 ' 240
time / ms

v

2 0
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El]@ The dummy’s head has a mass of 4.8 kg

[1]1][4]

Show that the impulse experienced by the head is approximately 75 N s

[3 marks]

impulse = area under the force-time graph

area = triangle + rectangle

(% x 60 x 103 x 350) + (180 x 103 x 350)

\

105 + 630 =735Ns ~75Ns

\\

Calculate the initial velocity of the head.
[2 marks]

impulse = change in momentum = mv — mu, and v = 0

u=735/438

velocity = 1$.3 ms

In other safety tests car A, without a crumple zone, hits the wall at 12 m s and

rebounds at 8 ms ™'
Car B has a crumple zone. It also hits the wall at 12 m s ! but does not rebound.

State two reasons why a dummy in car A would be likely to be more damaged than a
dummy in car B.
[2 marks]

The crumple zone of car B increases the duration of the impact, so the

rate of change of momentum, and hence the force on the dummy, is

smaller.

Car A rebounds, so its change in momentum (impulse) is greater: its

velocity changes by 12 + 8 = 20 m s compared with 12 for car B, so

the force on its dummy is larger.
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Section C
Each of Questions 12 to 25 is followed by four responses, A, B, C and D.

For each question select the best response.

Only one answer per question is allowed. \
For each answer completely fill in the circle alongside the appropriate answer.

CORRECT METHOD E| WRONG METHODS ‘ & H @ H@ H Qﬁ ‘

If you want to change your answer you must cross out your original answer as shown. JZI

If you wish to return to an answer previously crossed out, ring the answer you now wish to select as

shown. @

You may do your working in the blank space around each question but this will not be marked.
Do not use additional sheets for this working.

E@ Which list contains symbols for S| fundamental base units only?

[1 mark]

A A kg, m N,s E

B A, K, m, mol, s E|

Cc C, kg, m, mol, rad E

D J,K, kg, m,s E
A
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n The graph shows the variation with time of the displacement of a moving vehicle from a

fixed point.

displacement / m
324

244

16+

f 0 t
0 0 20 40 60 time /s

What are the velocity and displacement of the moving vehicle 20 s after it passes the fixed

point?
Velocity / m s Displacement / m
A 0.53 8 [=]
B 0.40 8 [=]
Cc 0.53 16 [=]
D 0.40 16 (@]

Which list contains the names of vector quantities only?

A acceleration, force, momentum, power, weight

B acceleration, displacement, power, velocity, weight

C displacement, force, momen

D displacement, length, mome

tum, velocity, weight

ntum, weight, work done

[1 mark]

[1 mark]

o] [0 [o] o]

2 3
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E@ The diagram shows a shelf, hinged at P and supported by a string. box
The tension T in the string is 25 N

string

1.34m

Pl *
1.60 m shelf

1

What is the moment of 7" about P?
[1 mark]

A 1.34 x 25 tan 40
B 1.60 x 25 cos 40
C 1.34 x25sin 40

D 1.60 x 25 sin 40

o] [o] [o] o]

2 4
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The solid objects below all have the same weight. Each object experiences a horizontal box

force on its top edge. None of the objects slide along the surface.

Which object requires the smallest force to cause it to move?

A B
4 cm 3cm
F > — F > —
4 cm 4 cm
C D
‘ Scm ‘
F :F I
‘ Scm N
F >‘ —
6 cm
4 cm
[1 mark]
A =]
B [e]
c [=]
D [=]

Turn over for the next question
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A moving train accelerates uniformly at 0.70 m s > up to a speed of 55 ms '
The train travels 1875 m during this acceleration.

What are the average speed of the train and the time taken for the acceleration?

[1 mark]
Avera:?a@} :7’?:2_?f the Time taken / s
A 37.5 50 (=]
B 375 107 =
c 48.2 19 =]
D 482 138 =]

Two spheres of equal mass, P and Q, are dropped and fall until reaching their terminal
speeds.
P has a larger diameter than Q.

Which line describes the magnitudes of Q’s initial acceleration and terminal speed
compared with those for P?

[1 mark]
Initial acceleration of Q Terminal speed of Q
less than for P greater than for P E
less than for P same as for P E
same as for P same as for P E
same as for P greater than for P El
A

stemup.co.uk

Do not write
outside the
box


https://stemup.co.uk

27

Do not write
outside the
Two wires, P and Q, have the same original length. They are stretched so that they have box

the same extensions.

The tensile force in P is F and the tensile force in Q is 2F.
P has a diameter d and Q has a diameter 2d.
P is made from a material of Young modulus E.

What is the Young modulus of the material from which Q is made?
[1 mark]

y NIEm A

o] [of [o] [o]

D 2F

Turn over for the next question
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Do not write

P, Q and R are the paths of alpha particles in Rutherford’s alpha-scattering experiment. o
All of the alpha particles have the same initial energy and the paths are drawn to the same
scale.
P

» —

R

Which row identifies the order of the paths starting with the smallest distance of closest
approach and ending with the greatest distance of closest approach to the target nucleus?
[1 mark]

AP, QR [=]
B QR P [=]
c QPR [=]
DR PQ [=]

Elil What is the specific charge of an alpha particle relative to the specific charge of a proton?

[1 mark]
Al (=]
4
B . (=]
2
c2 [=]
D 4 (=]
A
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Elzl 2Py can be formed from a series of decays beginning with 2''Pb. Only alpha particles and box
beta particles are emitted in the series.

How many alpha and beta particles are emitted in the series?
[1 mark]

A 1 alpha particle and 1 beta particle
B 1 alpha particle and 2 beta particles

C 2 alpha particles and 1 beta particle

o] [o] [o] o]

D 2 alpha particles and 2 beta particles

n A detector is placed 50 cm from a gamma source that has a half-life of 40 s
The corrected count rate is found to be 1400 count s '

What will be the corrected count rate 4.0 minutes later when the detector is 2.0 m from the
gamma source?

[1 mark]
A 1.37 counts' El
B 2.73 counts ' E
C 5.47 counts™' E
D 10.9 counts ' E
What are the products of the radioactive decay of a free neutron?
[1 mark]

A an antineutron and two gamma rays
B a proton, an antiproton and an antineutrino

C a proton, an electron and an antineutrino

o] [o] [o] o]

D a proton, a positron and a neutrino

Turn over »
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E@ Which statement about hazards from radioactive sources is not correct?
[1 mark]
A Exposure times should be minimised by keeping sources in lead boxes | < |
when not being used.
B A person cannot be contaminated from a sealed source of beta [=]
radiation if they are more than 1 m from the source.
C Radioactive sources are kept in lead boxes because alpha, betaand [ @ |
gamma radiation cannot penetrate lead.
D Radioactive sources should always be handled with tongs to prevent [ < |
direct contamination of the skin.
END OF QUESTIONS
i
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