Q1. (&) Some students have designed and built an electric-powered go-kart. After testing, the
students decided to make changes to the design of their go-kart.

First design X Final design Y

The go-kart always had the same mass and used the same motor.

The change in shape from the first design (X) to the final design (Y) will affect the top
speed of the go-kart.

Explain why.

@)
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(b) The final design go-kart, Y, is entered into a race.

The graph shows how the velocity of the go-kart changes during the first 40 seconds of the
race.
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(i)  Use the graph to calculate the acceleration of the go-kart between points J and K.

Give your answer to two significant figures.

Acceleration = ........cccoeeiieiieie e m/s?
)
(i)  Use the graph to calculate the distance the go-kart travels between points J and K.
Distance = .......cccvveeeeevviee e, m
2
(i)  What causes most of the resistive forces acting on the go-kart?
(1)

(Total 8 marks)
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Q2.

The diagram shows an orbiter, the reusable part of a space shuttle. The data refers to a

typical flight.

(@ () What name is given to the force which keeps the orbiter in orbit around the Earth?

(i)  Use the following equation to calculate the kinetic energy, in joules, of the orbiter

while it is in orbit.

Orhbiter data
Ilass 78000 kg
Orbital speed 7.5 lanfs
Otbital altitude 200 lan
Landing speed 100 mis
Flight tme 7 days

kinetic energy = % mv’

(i)  What happens to most of this kinetic energy as the orbiter re-enters the Earth’s

atmosphere?

(b) After touchdown the orbiter decelerates uniformly coming to a halt in 50 s.

()  Give the equation that links acceleration, time and velocity.

(i) Calculate the deceleration of the orbiter. Show clearly how you work out your answer

and give the unit.

@)

@

)

()

@
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(c) () Give the equation that links acceleration, force and mass.

1)
(i)  Calculate, in newtons, the force needed to bring the orbiter to a halt. Show clearly
how you work out your answer.
Force = ., newtons

1)

(Total 9 marks)
Q3. The miners working in a salt mine use smooth wooden slides to move quickly from one level
to another.
*
WVertical

drop =15m

(@ A miner of mass 90 kg travels down the slide.

Calculate the change in gravitational potential energy of the miner when he moves 15 m
vertically downwards.

gravitational field strength = 10 N/kg

Use the correct equation from the Physics Equations Sheet.

Show clearly how you work out your answer.

@
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(b) Calculate the maximum possible speed that the miner could reach at the bottom of the
slide.

Use the correct equation from the Physics Equations Sheet.
Show clearly how you work out your answetr.

Give your answer to an appropriate number of significant figures.

Maximum possible speed = ..o m/s
3)
(c) The speed of the miner at the bottom of the slide is much less than the calculated
maximum possible speed.
Explain why.
3)

(Total 8 marks)
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Q4.

A student investigated how the extension of a spring depends on the force applied to the
spring.

The diagram shows the spring before and after a force had been applied.

[H---Metre rule
A
B B
C
D

I|I|I|||I|IM!.hi.#.l.ﬂl.”
I=

|.|.|.|.|.|.|.|.|.¢.|.ﬂ|.

(@ (i) Complete the following sentence using letters, A, B, C or D, from the diagram.
The extension of the spring is the distance between the positions labelled

...................... and ...................... on the metre rule.

(i)  What form of energy is stored in the stretched spring?

()

()
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(b) The results from the investigation are plotted on the following graph.
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() The graph shows that the student has made an error throughout the investigation.

What error has the student made?

)
(i)  The student has loaded the spring beyond its limit of proportionality.
Mark on the graph line the limit of proportionality of the spring. Label the point P.
Give the reason for choosing your point P.
@)
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(c) The student uses a different spring as a spring balance. When the student hangs a stone
from this spring, its extension is 72 mm.

The spring does not go past the limit of proportionality.

Calculate the force exerted by the stone on the spring.

spring constant = 25 N/m

Use the correct equation from the Physics Equations Sheet.

Show clearly how you work out your answer.

)
(Total 8 marks)

Q5. The Boat is a theme park ride. The Boat swings backwards and forwards. The diagrams
show the Boat at the top and bottom of its swing.

A B C

(&) As the Boat swings from its position in A to its position in B, a child on the ride gains
5070 joules of kinetic energy. The child has a mass of 60 kg and is sitting at the centre.

(i)  Write down the equation which links kinetic energy, mass and speed.

)

(i)  Calculate the speed of the child as the Boat passes through B. Show clearly how you
work out your final answer.

@
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Q6.

(b)

Sketch a graph to show how the gravitational potential energy of the child changes as the
Boat swings from A to B to C. The axes have been drawn for you.
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(i)

injoules 3000
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Position of the boat

The diagram shows a cricketer bowling a ball.

The cricketer bowls the ball at 20 m/s.

How could the kinetic energy of this ball have been increased?

@
(Total 5 marks)

@)
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(i)  The ball has a mass of 0.16 kg.

Use the equation in the box to calculate the momentum of the ball
when it is bowled at 20 m/s.

momentum = mass X velocity

Show clearly how you work out your answer and give the unit.

Choose the unit from the list below.

kg m/s m/s? Nm

®)
(b) The batsman misses the ball and the ball hits the cricket stumps.
paati
Ty
___—Cricket stumps
As the ball hits the stumps, the ball loses both kinetic energy and momentum.
(i)  What happens to the kinetic energy lost by the ball?
@
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(i)  Even though the ball loses momentum, the total momentum of the ball and stumps
just before the ball hits the stumps is the same as the total momentum of the ball
and stumps just after the collision.

Explain how this is possible.

&)

(Total 7 marks)

Q7. (@) The diagram represents 3 atoms, K, L and M.

."’-’ -\"\ .-l’ “‘\ z’i ‘\\ . ]

.'! \lu\ rz “-l .rr \\., I\l_"_\

) .'I lr - .

! @D ¥ i {%@ H . -&j@) H ® Proton

\ / v ! | O ] O Neutron
“, S . A . A = Electron

K L M

(i)  Which two of the atoms are isotopes of the same element?

.................... and ...
)
(i)  Give areason why the two atoms that you chose in part (a)(i) are:
(1) atoms of the same element ..........cccevveeiiiiie e
(2) different isotopes of the same element. ...........cccceveieiiiieiniieene,
@)
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(b) The table gives some information about the radioactive isotope thorium-230.

mass number 230

atomic number 90

()  How many electrons are there in an atom of thorium-2307?

1)

(i)  How many neutrons are there in an atom of thorium-2307?
1)

(c) When a thorium-230 nucleus decays, it emits radiation and changes into radium-226.
230 226 . .
oo Th— . Ra + | Radiation

What type of radiation, alpha, beta or gamma, is emitted by thorium-230?

Explain the reason for your answer.
3)

(Total 8 marks)
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Q8.

A radioactive source emits alpha (a), beta (B) and gamma (y) radiation. The diagram shows

what happens to the radiation as it passes between two charged metal plates.

Diagram 1

Megatively charged
plate

I:ZJ _—P
Radioactive ! /
= —q

source

+ + +
R

Positively charged
plate

(& Whichline P, Q or R shows the path taken by:

() alpharadiation ..

(i) gammaradiation? ...

(b) The diagram shows three different boxes and three radioactive sources. Each source
emits only one type of radiation and is stored in a different box. The box reduces the

amount of radiation getting into the air.

Aluminium Cardboard

Lead

L
L

g
%

— 5 — 5

Gamma Beta
source source

Draw three lines to show which source should be stored in which box so that the

minimum amount of radiation gets into the air.

5

Alpha
SOUrce

@)

@)

@
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(c) The graphs show how the count rates from three different radioactive sources, J, K, and
L, change with time.

100 100 4
\ 100 \\\
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(i)  Which source, J, K, or L, has the highest count rate after 24 hours? ..............

@)
(i)  For source L, what is the count rate after 5 hours?
............................. counts per second
)
(i)  Which source, J, K, or L, has the longest half-life? .......c..ccccooveeiiieiiiinecns
)
(iv) A radioactive source has a half-life of 6 hours.
What might this source be used for?
Put a tick (+") in the box next to your choice.
To monitor the thickness of paper as it is made in a factory
To inject into a person as a medical tracer
To make a smoke alarm work
)

(Total 8 marks)
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M1. (@ more streamlined
accept decrease surface area

air resistance is smaller (for same speed)
accept drag for air resistance
friction is insufficient

so reaches a higher speed (before resultant force is 0)
ignore reference to mass

® @) 17

allow 1 mark for correct method, ie 2
3

or allow 1 mark for an answer with more than 2 sig figs that rounds
to 1.7
or allow 1 mark for an answer of 17

(i) 7.5
allow 1 mark for correct use of graph, eg 1 x5 x 3
2

(iii) air (resistance)
accept wind (resistance)
drag is insufficient
friction is insufficient

(8]
M2. (@ () gravity/weight

(i) 2193750000000 or 2.19 x 10%
not 2.19*
allow 1 mark for the correct conversion to 7500 (m/s)
allow one mark for answer 2193750(J)

transferred to heat
ignore extras of sound and light
accept changed to heat
accept lost due to friction
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change in velocity
time (taken)

(b) (i) acceleration =

accept word speed instead of velocity

I — U
accepta = —

or correct rearrangement
do not accept

v

a t

even if subsequent calculation correct

-

a t

can gain credit if subsequent calculation correct

(i 2
ignore + or — signs
m/s’ 1

accept m/s/s or ms™

(c) (i) force =mass x acceleration
accept correct rearrangement
acceptF=mxa
do not accept

m da

unless subsequent calculation correct

(i) 156 000
accept 78 000 x their (b)(ii)(only if (b)(i) correct)

(9]
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M3. (@ 13500 (J)
allow 1 mark for correct substitution, ie 90 x 10 x 15 provided no
subsequent step shown

2
(b) 17
or
their {a)
45
correctly calculated and answer given to 2 or 3 significant figures
accept 17.3
allow 2 marks for an answer with 4 or more significant figures, ie
17.32
or
allow 2 marks for correct substitution, ie 13 500/ their (a) = ¥2 x 90
X V2
or
allow 1 mark for a statement or figures showing KE = GPE
3
(c) workis done
1
(against) friction (between the miner and slide)
accept ‘air resistance’ or ‘drag’ for friction
1
(due to the) slide not (being perfectly) smooth
accept miners clothing is rough
or
causing (kinetic) energy to be transferred as heat/internal energy of surroundings
accept lost/transformed for transferred
accept air for internal energy of surroundings
1
(8]
M4. (@) i) BC
either order
1
(i) elastic potential (energy)
accept strain for elastic
1
(b) () mark both parts together
1
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measured / recorded the length of the spring (and not extension)
accept measured A-C (and not B—C)
accept did not work out/measure the extension

extension does not equal zero when force = 0
accept line should pass through the origin

(i)  point marked at 5.5 (N)
accept any point between 5.0 and 5.6 inclusive

up to that point force and extension are (directly) proportional
accept it's at the end of the straight part (of the graph line)

accept past that point force and extension are no longer (directly)
proportional

accept the line starts to curve

(c) 1.8
allow 1 mark for correct substitution, ie 25 x 0.072 provided no
subsequent step shown
an answer 1800 gains 1 mark

an incorrect conversion from mm to m with a subsequent correct
calculation gains 1 mark

(8]

M5. (@ (i) kinetic energy = % x mass x speed’

2

acceptke= = mv

Mo =

do not accept KE = ; ms’

(i) 13
allow 1 mark for correct substitution or transformation
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M6.

(b)

if B is at the top of the curve - no marks

PE at A maximum
PE at B minimum
PE at C justlessthanor =to A

do not accept wavy lines or very non-symmetrical
accept straight lines or curves

difference between A and B is 5000 to 5200
(5]

(@ (i) bowlthe ball faster
accept increase its speed
accept a stated speed above 20 m/s
increase momentum is insufficient
bowl ball with greater power/force is insufficient
bowl ball harder is insufficient
do not accept increase mass of ball

(i) 3.2
allow 1 mark for correct substitution i.e. 0.16 x 20 provided no
further steps shown

kg m/s
accept any clear indication of correct answer

(b) () work done by ball to move stumps
accept transformed into heat / sound
accept transferred to surroundings
accept transferred to the stumps
do not accept absorbed by the stumps

(i) the stumps gain momentum

equal to momentum lost by ball
accept momentum is conserved

(7]
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M7. (@ () KandL
both answers required either order

(i) (1) same number of protons
accept same number of electrons
accept same atomic number

(2) different numbers of neutrons
(b) () 90
(i) 140

(c) alpha (particle)
reason may score even if beta or gamma is chosen

mass number goes down by 4

or

number of protons and neutrons goes down by 4
or

number of neutrons goes down by 2

candidates that answer correctly in terms of why gamma
and beta decay are not possible gain full credit

atomic / proton number goes down by 2
or

number of protons goes down by 2

accept an alpha particle consists of 2 neutrons and 2 protons for 1
mark

accept alpha equals 42He or “201 for 1 mark

an alpha particle is a helium nucleus is insufficient for this mark

(8]

M8. @ @ P

(i) Q
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(b)

(©)

3 lines correct

aluiminium cardboard lead

| gamma | | beta | [ apha |

allow 1 mark for 1 correct line
two lines drawn from any source or box — both incorrect

i K
(i) 56

accept 50 — 60 inclusive
(i) K

(iv) toinject... tracer

(8]
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