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Ql.

The diagram shows a battery-powered clock on a wall. It has a minute hand and an hour hand.

Angular veloCity = ...

(b) The diagram shows the position of the minute hand when the time is 1 : 44 and when the

timeis 1: 46.
The diagram is not to

Show that the work done against the force of gravity to move the minute hand from1:44to 1:
46 is about 1 mJ.

mass of minute hand = 14 g

length of minute hand = 8.0 cm
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(c) The clock uses a 1.5 V cell and draws a maximum current of 8.0 pA.

After a time, the maximum power of the cell has reduced to 65% of its initial value making the
clock run slowly.

Calculate the time taken for the minute hand to move from the 1 : 44 position to the 1 : 46
position.

(Total for question = 10 marks)

Q2.

Cathode ray tubes are used in oscilloscopes.

The diagram shows a simplified cathode ray tube that can be used to determine the magnitude
and polarity of a potential difference (p.d.).
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The cathode ray tube consists of an electron gun, a pair of deflecting plates and a fluorescent
screen.

p.d.
o tobe screen
measured vacuum
% N /3 ~~_electrons
= ~a
. v '+ deflecting e
electron gun plates

(a) The electron gun includes a filament. When this filament is heated, electrons are released
and are accelerated by a p.d. of 1.5 kV to form an electron beam.

(i) Name the process by which electrons are released from the heated filament.

(ii) Show that the maximum velocity of the electrons is about 2 X 10" ms™L

(b) The electron beam then enters a uniform electric field between the two parallel horizontal
deflecting plates. The magnitude and direction of the deflection is determined by the p.d. V that
is applied across the plates.

The diagram shows one possible path of the electron beam as it passes between the plates.

=5
v - y
__ oy W d
electron
beam

= 20cm —=
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(i) Show that the acceleration of an electron, of mass m and charge Q, is given by

4y

dm

(ii) Calculate the magnitude of the vertical deflection y of the beam as it leaves the plates.

V=50V
d=0.01lm

(c) A laboratory oscilloscope with the time base turned off operates in the same way as this
simplified cathode ray tube. A student uses an oscilloscope in this way to monitor an alternating
p.d. of 53 Vs

On the grid, draw the trace that would be seen on the screen.
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HHHHHHHH 1 square =25V

(Total for question = 14 marks)

Q3.

The International Space Station (ISS) orbits the Earth with a constant speed v. The orbit is
circular and of radius r.

The diagram represents two positions, A and B, of ISS during its orbit.

¥V

Draw a labelled vector diagram, in the space below, of the velocities at the two positions that
shows the acceleration is directed towards the centre of the orbit.

(Total for question = 2 marks)
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Q4.

A student carries out an experiment to investigate the force acting between two charged
objects. A lightweight negatively-charged ball is freely suspended from the ceiling by an
insulating thread. The ball is repelled by a negatively-charged sphere that is placed near it on an
insulated support.

The angle of deflection is 6 and r is the distance between the centres of the ball and the sphere.

|
él
charged Q charged
ball | | sphere
| |
e 3 —==l

(a) (i) Draw a free-body force diagram for the suspended ball.

(ii) The weight of the suspended ball is W.
Show that the force of repulsion F on the suspended ball is given by

F=Wtan6

Page 7 of 53



www.quantumyvisionacademy.com

(b) (i) The student can increase the magnitude of the force by moving the sphere towards the

suspended ball.
She takes pairs of measurements of r and 6 and calculates the magnitude of the force F. She

then plots a graph of F against r.

F/10°N

200

150

100

50

/107 m

Use readings from the graph to demonstrate that the relationship between F and r obeys an
inverse square law.

(ii) The charge on the sphere is 100 times greater than the charge on the ball.

Calculate the charge on the ball.
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(Total for question = 11 marks)

Q5.

* The following extract comes from a section on forces, on a website written for children.

/ Forces act in pairs. \ o
The lift force on a plane pushing = i
P P ﬁbofh forces in +he®

| it up into the sky is paired with gravity
are equal, the plane will stay
\ at rest in the same place.

which pulls the plane back towards Tha
\ centre of the Earth. /

— —— T

Criticise this extract.
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(Total for question = 6 marks)

Q6.

(a) State what is meant by the de Broglie wavelength.

(b) An electron is accelerated from rest, in a vacuum, through a potential difference of 500 V.

(i) Show that the final momentum of the electron is about 1 x 107> N s.

Page 10 of 53



www.quantumyvisionacademy.com

(Total for question = 7 marks)

Q7.

The graph shows the variation of the gravitational field strength with distance from the centre of
the Earth. Ry is the radius of the Earth.

gravitational
field strength

S

RU distance

Describe how gravitational field strength varies with distance from the centre of the Earth

e for distances between 0 and R,
e for distances greater than R,
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(Total for question = 3 marks)

Q8.

Photograph 1 shows a toy known as a popper. It is a hollow hemisphere made of rubber.

Photograph 1

When the top of the popper is pushed down, it changes shape as in Photograph 2.

Photograph 2

It remains in this shape for two to three seconds. It then returns to its original shape and is
launched from the surface, rising nearly a metre.

The initial speed of the popper can be determined using only a metre rule to measure the
maximum height reached by the popper.

(i) Describe how the maximum height measurement can be used to determine the launch
speed.
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(ii) Comment on using the maximum height measurement as a means of determining an
accurate value for the launch speed.

(3)

(Total for question = 6 marks)

Q9.

A physics class made a toy rocket. A drinks bottle was partially filled with water and inverted
over a valve. An air pump delivered air to the bottle until the pressure forced the bottle from the
valve and the water was ejected from the bottle at high speed.

A velocity-time graph for the bottle for the first 4 s after take-off is shown.
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204
w101
2 0 I I T ===
_E 1.0:2 30240 0Tume / s
S -10-

—20 -

Determine the height to which the rocket travelled.

(Total for question = 2 marks)

Q10.

In 1965, Richard Feynman proposed a double slit experiment to investigate the wave properties
of electrons.

The experiment was later carried out using the arrangement shown.
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detector

_—
beam of electrons

barrier -
A beam of electrons was directed at a barrier with two slits.
The detector recorded the positions where electrons arrived after passing through the slits.

The following pattern was obtained. Black dots represent points where electrons were detected.
A band where electrons were not detected has been labelled X and a band where electrons were
detected has been labelled Y.

The path difference for electrons arriving at band X from the separate slits was 2.5 x 10> m. For
electrons arriving at band Y the path difference was 5.0 x 107 m.

Explain why this pattern is observed when the electron energy is 9.6 x 107* .

The electrons are travelling at non-relativistic speeds.
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(Total for question = 6 marks)

Q1l1.

Tiny sensors in smartphones could be used to determine the position of the phone on the Earth's
surface by measuring the Earth's magnetic flux density.

A current I and a magnetic field of flux density B are applied to a slice of semiconductor as
shown. The slice has thickness t and depth d.

1//%

4

Electrons collect at the top edge of the slice and the bottom edge becomes positively charged.
As a result a potential difference known as a Hall voltage V. develops.

Two sensors in the smartphone were used to determine the horizontal component B, and the
vertical component By, of the Earth's magnetic flux density.

Page 16 of 53



www.quantumyvisionacademy.com

Calculate the angle of the Earth's magnetic field to the horizontal.
By =19.0 uT

By =49.0 uT

(Total for question = 2 marks)

Q1l2.

In an experiment to determine the charge on an electron, negatively charged oil drops are
allowed to fall between two parallel metal plates separated by a distance d.

A potential difference (p.d.) is applied across the plates. The diagram shows one oil drop
between the plates.

N

When the p.d. is 0 V the oil drop accelerates to terminal velocity. The p.d. is increased. It is
observed that at a particular p.d. V the oil drop stops falling and remains stationary between the
plates.

* Explain the motion of the oil drop in terms of the forces acting on it as the p.d. is increased
from O to V.
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(Total for question = 6 marks)

Q13.

In an experiment to determine the charge on an electron, negatively charged oil drops are
allowed to fall between two parallel metal plates separated by a distance d.

A potential difference (p.d.) is applied across the plates. The diagram shows one oil drop
between the plates.

N~

When the p.d. is 0 V the oil drop accelerates to terminal velocity. The p.d. is increased. It is
observed that at a particular p.d. V the oil drop stops falling and remains stationary between the
plates.

(a) The oil drop has a mass m. Show that the charge g on the oil drop is given by

mgd
V

Page 18 of 53



www.quantumyvisionacademy.com

(Total for question = 4 marks)

Q14.
A uniform paving slab is to be used as a garden step.

The paving slab has a weight of 310 N and a length of 90 cm and will be supported at two points,
P and Q, as shown. The distance between P and Q will be 75 cm.

end of slab-..k.h'ﬁ 90cm
| |
| & 75em '
d Q

This might be unsafe because a person who places all their weight at the end of the slab might
tip the slab.

A person of mass 70 kg stands at the end of the slab.

Deduce whether the slab will tip.
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(Total for question = 4 marks)

Q15.

An electric kettle is used to heat water from room temperature to boiling point.
(a) (i) Calculate the electrical power used by the kettle.

potential difference = 230 V

current = 12.5 A

(ii) The kettle is switched on for 140 s.

Calculate the total energy supplied to the kettle.

Total energy supplied = ...
(iii) The amount of thermal energy transferred to the water is calculated to be 351 000 J.

Calculate the efficiency of the kettle at heating the water.
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Efficiency = .o

(b) A student suggests that the useful energy required is thermal and the kettle only produces
thermal energy, so it should be 100 % efficient.

Discuss this suggestion.

(Total for question = 8 marks)

Q1l6.

Beam engines contributed to powering the Industrial Revolution in Britain in the 18™ century. A
beam engine consisted of a beam which could rock to and fro around a well-oiled pivot. Attached
to the beam there are two rods, one connected to a piston in a steam cylinder and the other
connected to a pump.

The diagram below shows a simplified arrangement of a beam engine.
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50m =
_---"f
60m _—><
— -5 |
'.; . a- —zb;- B =
steam [T \\\

cylinder ey beam - rod to
rod T pump

steam ’/

cylinder .
1 steam inlet

The engine, which ran continuously, could lift a mass of 2500 kg of water through 12 m each
minute.

The engine used 1250 kg of coal a day. 1 kg of coal can release 22.3 MJ of energy.

The beam engine was said to have an efficiency of 10 %.

Deduce whether this claim for efficiency was correct.

(Total for question = 5 marks)
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Q17.

The world solar challenge is set every two years, in Australia. The challenge is to complete a
three thousand kilometre route with a vehicle powered only by the Sun.

Vehicles have their surfaces fitted with solar panels, as shown in the photograph.

(Source: ©® LAURENT DOUEK/LOOK AT SCIENCES/SCIENCE PHOTO LIBRARY)
Solar power alone would not be suitable for a family car because it is not sunny all the time.
Give two further reasons why solar power alone would not be suitable.
(2)

(Total for question = 2 marks)

Q18.

The following extract is taken from a quote by Rutherford, speaking about the scattering of alpha
particles by a thin gold foil.
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We knew the alpha particle was a very fast, massive particle with a great deal of energy.
and the chance of an alpha particle being scattered backward was very small. Then I
remember two or three days later Geiger coming to me in great excitement and saying
“We have been able to get some of the alpha particles coming backward ...” It was almost
as incredible as if vou fired a 15-inch shell at a piece of tissue paper and it came back and
hit you.

(a) Rutherford compared the scattering of alpha particle through large angles to firing "a
15-inch shell at a piece of tissue paper and it came back and hit you."

Explain, with reference to the properties of the alpha particle, why a relatively large force is
needed to deflect alpha particles through a large angle.

(b) Before the alpha particle scattering experiment, scientists believed that the mass and
charge of an atom were uniformly distributed throughout the atom in a radius of about 1.4 x
107'% m. Following the scattering experiments, a model of the atom was developed in which
there was a concentrated centre of charge called the nucleus.

Assess the validity of this model of the atom given that the magnitude of the force required to
scatter these alpha particles by a large angle is about 2.0 N. You should include a calculation in
your answer.

proton number of gold = 79
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Q1l19.

A length of string is threaded through a drinking straw. The string is fixed at one end and held at
the other so that it is at 30° to the horizontal. A balloon is inflated and attached to the straw.
When the balloon is released, the air escapes from the balloon and the balloon and straw start to
move up the string.

Q20.

An object of mass m is moved from point A on the ground, to point B on a bench of height h as
shown in the diagram.

Which of the following is a correct expression for the work done on the object?
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mgh
sin

mgh
cosf!

O C mgh

[0 D mghsinf

(Total for question = 1 mark)

Q21.

A student investigated the terminal velocity of steel spheres falling through oil.
The student obtained the following results.

radius of steel sphere = 1.50 mm

volume of steel sphere = 1.41 x 1078 m?

mass of steel sphere = 1.10 x 10™* kg

maximum speed of sphere = 0.849 m s™!

The student had the following table.

Type of oil Density at 26°C /kgm™ Viscosity at 26°C /Pas
Corn 018 0.0447
Hazelnut 918 0.0504
Sunflower 918 0.0414

Identify which type of oil the student used.
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(Total for question = 4 marks)

Q22.

The photograph shows a model racing car set. The curved parts of the track are semicircular.
The car makes electrical contact with the track using metal brushes underneath the car.

The following measurements are made for a car starting at rest on a straight piece of track.

distance travelled = 1.2 m
time taken = 0.77 s
(i) Show that the final velocity of the car is about 3ms™.

Assume the acceleration is constant.

(ii) The final velocity calculated in (i) is the maximum velocity before the car slips off the track.

Calculate the maximum horizontal force between the curved part of the track and the car.
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mass of car = 0.050 kg

radius of curved part of track = 0.042 m

(Total for question = 4 marks)

Q23.
The force between two identical point charges, X and Y, is F.
Charge X is doubled; charge Y remains the same.

Which row of the table gives the force on each charge?

L] A
0B 2F
0 C 2F F
D 2F 2F
(Total for question = 1 mark)
Q24.

Beam engines contributed to powering the Industrial Revolution in Britain in the 18th century. A
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beam engine consisted of a beam which could rock to and fro around a well-oiled pivot. Attached
to the beam there are two rods, one connected to a piston in a steam cylinder and the other
connected to a pump.

steam
cylinder \ beam | rod to
rod T pump
steam /
cylinder

P steam inlet

The beam has a constant thickness and a mass of 3.05 x 10* kg. The length of the beam is 11.0
m. The pivot P is positioned 6.0 m from the steam cylinder end of the beam.

In its resting position the steam cylinder rod is supported by the base of the steam cylinder with
the beam at an angle of 20° to the horizontal.

The steam cylinder rod exerts a force T on the beam. The force exerted on the beam by the
pump rod can be neglected.

Calculate the force T.
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(Total for question = 4 marks)

Q25.

Scientists have been studying a type of jumping spider that can jump up to six times its body
length.

The scientists photographed a spider at 0.02 s intervals, during a jump. The picture is taken from
the photograph and is shown actual size.

_d%fjfg *

platform

(i) Deduce whether the images show that the motion in the x-direction is independent of the
motion in the y-direction. You should take measurements using the cross marking the centre of
gravity of the spider.
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(ii) Show that the initial velocity of the spider at the start of the jump is about 1 ms™ . You
should take measurements using the cross marking the centre of gravity of the spider.

(iii) The spider achieves this jump by extending its two back legs by 3.0 mm.
Calculate the average force the spider exerts in each leg to achieve the jump.

mass of spider = 150 mg

(Total for question = 12 marks)

Q26.

A simple model of the hydrogen atom consists of an electron moving in a circular path around a
proton.
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(i) In this simple model it is the electrostatic force, rather than the gravitational force, that is
responsible for keeping the electron in a circular path.

By means of calculations justify this statement.

radius r of the hydrogen atom = 5.3 x 107 m

(ii) Ignoring the gravitational force, calculate the velocity of the electron in this simple model of
the hydrogen atom.

(Total for question = 7 marks)

Q27.

A space rocket lifts off vertically.
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The rocket lifts off because

L1 A the exhaust gases exert a force on the ground.
L1 B the exhaust gases exert a force on the rocket.
[l € the ground exerts a force on the rocket.

[l D the rocket exerts a force on the ground.

(Total for question = 1 mark)

Q28.

A mass is attached to a light thread which is fixed at X.
The mass is moving at constant speed in a horizontal circle, centre O.

X
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O O o O
o)

(Total for question = 1 mark)

Q29.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer
with a cross [X.

A trapdoor is fixed to a vertical wall with a hinge. A wire is attached to the other end of the
trapdoor and inclined at an angle of 60°, as shown. The wire holds the trapdoor horizontal.

vertical wall
\ - wire

hinge —_

.

trapdoor

Which of the following shows the free-body force diagram for the trapdoor?
A \( B
C D %

Page 34 of 53



www.quantumvisionacademy.com

O O O O

(Total for question = 1 mark)

Q30.

The International Space Station (ISS) is in a low Earth orbit. Astronauts in ISS have an apparent
weight of zero. In order to determine their mass, the astronauts must secure themselves to a
platform which is set into oscillation and moves with simple harmonic motion.

Describe how, using a stopwatch and a ruler, the following quantities could be determined for
the oscillating platform:

(i) the frequency of oscillation
(2)

(ii) the maximum speed of the platform.
(2)
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(Total for question = 4 marks)

Mark Scheme

Q1.

Question
Number

(a) Example of calculation:
* use -:}I‘T:%Tr (1)

Acceptable Answer Additional guidance Mark

2m
W=—
e 1.7x10% rad st (1) (60 x 60) s

. w _ -1
o 200 rad s (2)

Question

Number
(b) e recognises (1) | Example of calculation:

weight acts

halfway W =0.014kg x9.81 Nkg !

along hand % (2 % 0.04s5in6” m)

Acceptable Answer Additional guidance Mark

e uses (1) | W=11x10"3]
correct
angle
between
the two
positions

e determines (1)
change in
vertical height
(= 0.008 m)

e use of AE = (1)
mgAh

¢ work done (1)
= 1.1 (mJ) (5)
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uestion .y .
?»Iumber Acceptable Answer Additional guidance Mark
(<) e useof P=VI (1) | Example of calculation:
" P=15Vx80x10°A=12x10""W
» useof P=— (1) 1.1x1073]
_ t= = 141
AND 65% 0.65x 1.2 x 105 W s
e t=141s (1)
(3)
Q2.
?ﬁ?ﬁggp Answer Additional guidance | Mark
(a)(i) | thermionic emission (1)
%L:J?EEZ: Acceptable Answer Additional guidance Mark
(a)(ii) Example of calculation:
+ equate imv?and VQ (1) | E=1500V x 16x 10717 C=24x1071¢]
¢ v=23%x10" ms? _ [2xzaxi07ie] 7 -1
(1) U—\Jlm—23xlﬂ ms
(2)
%t?ﬁgg? Acceptable Answer Additional guidance | Mark
(b)(i) |« useof F=EQandE=1% (1)

OR seeF=?

+« equate F =ma and
F=EQ

d

(1)

(2)
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- EEIIT Acceptable Answer Additional guidance Mark
Number
(b)(ii)| » wuse of speed = (1) | Example of calculation:
distance/time
=T =B87x107%s
e t=87x10"1(s) (1) S
+ useofa=_2 (1) 1 50V x L.6x107%¢
m _ ' —10 2
5= (0.01 m x 9.11 x 10-31 k.g) X (8.7 x107s)
* use of s = ut +ac® (1)
with u = 0 and s=33x10"*m (6)
vertical
acceleration to
find s
e 5=33x10"*m (1)
%UEStI{]n Acceptable Answer Additional guidance Mark
umber
(c) e useof V=Vof 2 (1) | Example of calculation:
« vertical line (1) | Vo =53V xV2 =75V
« positive and negative (1)
deflection shown
¢ maximum (1)
deflection 75 V
(4)
Q3.
Question | Acceptable answers Additional Mark
Number guidance
2
N _ Example of
» vector velocities of same length with arrows as shown to diagram
mdicate a difference. The “minus™ v line should be
approximately horizontal. @ fa
|
» third side identified as Aw/acceleration in direction T Ly >
approximately towards centre of circle (1)
Accept “-v” line
as arrow to
right and
labelled “v”
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Question
Number

Answer

Mark

(a)(@)

Wimg and T correct (1)
F/E/ electric force cormrect (1)

Example of diagram
/'

W

(a)()

See Tcos =W (1)
See Tsinf =F (1)
Or

Draws a comrect tnangle of forces (1)
Correctly labels 8 (1)
{1f a triangle 15 drawn 1t must be a closad polygon with correctly orentated

direction of arrows)

(b)(®)

Records 1pair of values from graph (1)
ERecords 2nd pair of values from graph (1)
Use of F 7 (1)
Shows that Fyry™ = Fary” (1)
{accept answers with or without the powers of ten mcluded)

Example of answer
Ignoring powers of 10
115 N = 20° m" = 46000
51 N » 30° m" = 45900

(b)(ia)

Uses constant from (b) ignoring powers of ten errors

Or uses a pair of values from graph (1)
Use of F = k(Q; 0 #* with 1.6 x 107 C (1)
=72 107C (1)

Example of answer

100 0" =46000 x 10° Nm’ /8.99 x 10°Nm’ C™
(F = 510100

0=72x10"C

Total for guestion

B

Q5.
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QNueshnn Acceptable Answer Additional Guidance AMark
umber
" This question assesses a student’s ability to
show a coherent and logical structured answer The following table shows how the marks
with linkage and fully-sustained reasoning. should be awarded for structure and lines
Marks are awarded for indicative content and for | of reasoning
how the answer 15 structured and shows hines of Number of marks
Teasomng. awarded for
The following table shows how the marks structure and hines
should be awarded for mndicative content. of reasoning
Number of mdicative | Number of marks Answer shows a 2
points seen in answer | awarded for coherent and
indicative points logical structure
6 4 with linkage and
5-4 3 fully sustained
32 7 lines of reasoning
1 1 demonstrated
0 0 throug]:u::m
Answer 15 1
partially
structured with
some linkages and
lines of reasoning
Answer has no 0
linkage between
Indicative content: points and is
» Newton’s 3" law pair of forces mmst be unstructured
of the same type
Or Newton’'s 3 law pair of forces
must act on different bodies
¢ The twq forces mentioned are not a 3rd Linkage Marks
Law paur
Or gravity is not a good description of IC points 1 — 3
force Two of these points could score one
+ The lift on the plane should be paired linkage mark
with the push of the plane on the air
Or the gatit1iiml forcg of Earth on IC points 4— 6
plane should be paired with the Two of these points could score one
gravitational force of plane on Earth. linkage mark
s If the vertical resultant force is zero the
plane will not accelerate vertically
* So the plane could be “at rest” or
moving with uniform velocity mn the
vertical direction
* There must be some honzental motion
50 plane can’t be in same place 6
Q6.
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Question
Number

Answer

Mark

(a)

The wavelength (associated) with a particle/electron
with a given momentum

Or

A=hp

all terms defined

@
@

1)
8y

[ ]

(b)(3)

Use of By = el
Use of E,=p*/2m Or use of Ex=mv'/2 and p = mv
Momentum =121 x 10  kgms™

Example of calculation

E=16x10""Cx 500V
pP=2mE=2%911x10%" kg = (1.6 x 107 x 500) T
p=121 %107 kgms™"

(1)
(1)
(1)

(b)(ii)

Use of A = h/p
A=15.49 % 107" m (ecf value of p from (1))
(show that value gives 6.63 = 107" m)

Example of ca!cularion ) _
p=663x 107 Ts/121 = 1075 kgems™
A=549 % 10" m

@
@

Total for question

Q7.

Question
number

Acceptable answers

Additional
guidance

Mark

A description that makes reference to the following points:

* o is directly proportional to rup to Ro (1)

¢ and then g decreases with increasing r (1)

¢ where g 1s proportional to the inverse of the square of r (1)

Q8.

Question
number

Acceptable answers

Additional
guidance

Mark

A description that makes reference to the following points: Allow argument
o Refertovi=u?+2as (1)
¢  Where 5 1s height reached, v 1s zero, a = -g (1)

e Sou=+2gs(l)

Yo mvi = mghto
get the same
results.

Aur resistance will act on the popper... (1)

...As a decelerating force (1) OR... dissipating energy (1)
So the imitial speed will be lower than in the absence of air
resistance, so the suggestion is not correct (1)
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Qo.
Question | Acceptable Answers Additional Guidance Mark
Number
*  Attempts to (1) Range for base of tnangle between
find area 1.8 and 2s to recognise area 2
under graph Example of calculation:
Area= }é x1.95 = 20ms™
¢ Height=19m (1) =19m
Alternative:
s Use equations (2)
of motion to
Height =19 m
Q1lo0.
o Acceptable answers Additional guidance Mark
Number
o Useof Ex=p*/2m (1) | MP1 accept use of p = mv and Use
of Ex = % mn?
o Useofi=hp (1) | MP4acceptin+¥)ilornd
respectively
o . =503x10" (m) calculated 1
from Ex (1) Example of calculation
Or pP=N2x9.11x 1073 kg = 9.6 =
Ex=9.7 x 107V (J) calculated fror 107°J) - _
A=50=10"m p=132=10"kgms™
Or A=663x107]s/132=x 10 kg
p=13=108 (kgems) ms
calculated from Ex and A=50%10"m
p=13=10%" (kgms™)
calculated from 4 =5.0 > 107 m 6

¢ path difference at X 15 A/2 1)
Or path difference at Y 1s 4

¢ (electron) waves at X are in 1)
antiphase
Or (electron) waves at Y are in
phase

¢ at X destructive )
interference/superposition takes
place
Or at Y constructive
interference/superposition takes
place
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Q11.
g?;:;t];::-l Acceptable answers Additional guidance Mark
Uses tanf = By= By (1) Example of calculation:
Or uses tant = Ba= By tanf=49/19
(0]
Angle=69° @) | s-688°
Accept use of vector triangle as
alternative to calculation
Q12.
(3::2:: Acceptable answers Additional guidance Mark

&=

This question assesses a student’s
ability to show a coherent and logically
structured answer with linkages and

fully-sustained reasoning.

Marks are awarded for indicative
content and for how the answer 1s
structured and shows lines of reasoning.

The following table shows how the
marks should be awarded for indicative

content.
Number of Number of
indicative marks awarded
marking for indicative
points seen in | marking poinis
answer
i) 4
5—4 3
3-2 2
1 1
0 0

Guidance on how the mark scheme
should be applied:

The mark for indicative content
should be added to the mark for lines
of reasoning. For example, an answer
with five indicative marking points
which 1s partially structured with
some linkages and lines of reasoning
scores 4 marks (3 marks for
indicative content and 1 mark for
partial structure and some linkages
and lines of reasoning).

If there are no linkages between
points, the same five indicative
marking points would vield an
overall score of 3 marks (3 marks for
indicative content and no marks for
linkages).
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Question Acceptable answers Additional guidance | Mark
number
* The following table shows how the marks should be
(continued) | awarded for structure and lines of reasoning.
Number of
marks
awarded for
structure of
answer and
sustained
line of
reasoning
Answer shows a coherent and 2
logical structure with linkages
and fully sustained lines of
reasoning demonstrated
throughout
Answer 1s partially structured 1
with some linkages and lines of
reasoning
Answer has no linkages 0
between points and 1s
unstructured
Question Acceptable answers Alil:.hhonal Mark
number guidance
B Indicative content
(continued)
¢ At terminal velocity the forces on the drop are balanced OR
weight = drag
* The p.d creates an electrostatic force acting upwards on the
drop
The electrostatic force increases as p.d. increases
* The net upward force causes the drop to have a negative
acceleration
* As speed decreases the drag decreases
* The drop remains stationary when the forces are balanced
OR until the drop remains stationary when weight =
electrostatic force 6
Q13.
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ti Additional
Question Acceptable answers L onaT | Mark
number guidance
(b) * Equate the electric force and the gravitational force (1) gE = mg
¢ Use of E=V/d to obtain g = megd/T (1) g(Vid) = mg
g = mgd'V
2
(c) An explanation that makes reference to: Indication
¢ Electrostatic/upward force (on drop) would be greater than ?fwhl_(:h
the weight/downward force (1) g‘;l;ief
s Sodr sould lerat rards (1 i
o drop would accelerate upwards (1) unbalanced 2
15
insufficient.
Q14.
Question Acceptable answer Additional guid Mark
Number Acceptable answers Additional guidance 1
+ take one moment around P (1) | esther person or paving slab
o Useof W=mg (1)
+  Use of weight/mass of paving slab at .
centre point (1) | e.g. distance to P =30 cm
+ It would tip because the moment of the Example of c_al_cmatmn:
eight of < 103 N m/ 10300 N Moment of weight of person
weight ol person is m - =70kgx9.81 Nkg'*0.15m=103 Nm
cm and is larger than the moment of the
weight of slab 93 N.m /9300 N cm (1) | Moment of weight of paving slab
=310N=030m=93Nm 1
Q15.
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Question Answer Mark
Number
(a)(1) Use of P=1V (1)
Power = 2900 W (1) 2
Example of calculation
Power=125A =230 V=2873 W
(a)(ii) P=FEi (1)
Energy = 400 000 I (ecf from (1)) (1) 2
Example of calculation
Energy = 2873 W = 140 s =402 500 ]
(a)(ii1) Use of efficiency = useful energy output / total energy mput (1)
= 0.87 or 87% (ecf from (11)) (do not award 1f = 100%) (1) 2
Example of calculation
Efficiency =351 0001/ 402 500 J=0.87 or 87%
(b) Some energy transferred by heating the kettle / element / wires /
surroundings
Or Some energy transferred as sound (1)
So not all of the (input) energy 1s transferred to (heating) the water
Or so useful energy output 1s less than energy input
Or only the energy heating the water 1s useful
| 2
Total for gquestion 3
Q16.
Question | Acceptable answers Additional guidance Mark
Number
¢ Use of AEze= mghh (1) | (allow reverse argument starting 5
with 10% efficiency for full credit)
¢ convert for a unit time, e.g. day (1) | Example of calculation:
or second 18 W AE,,,, =2500x9.81x12
] ] AE_ . = 294k] per minute
¢ (alculation of energy input (§8] ®
provided by coal in unit time AE,, ., =294k] x 60 = 24
AE_  =424MJperday
¢ Use of Effictency = energy (1) -

output/energy mnput
Or 1 terms of power Efficiency =
+ Efficiency = 1.5 % so not (1)
correct

energy mput = 1230 x 223 MJ

24 MI/ 27900 MT
=1.5%

Page 46 of 53



www.quantumyvisionacademy.com

Q1l7.
Question Acceptable answers Additional guidance Mark
Number
Max 2 2
¢ normal car would have much more mass (1)
¢ too much area of solar cell needed (1)
so mmnpractical
e poing uphill would need far more power 1)
Q1l1s.
Question ) . . :
Acceptable Answer Additional guidance | Mark
Number
(a) An explanation that makes

reference to the following:

* due to the large mass (1)
and speed OR large
momentum OR large
energy

+« the alpha particle would (1)
have a large change in
momentum when
deflected through large
angles which requires a
large force

(2)
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Question
Number
(b) s use of F=-2%_ (1) | Accept calculating a force for r = 1.4 x 1072

dme,r? .
and comparing forces

Acceptable Answer Additional guidance Mark

+ charge of alpha
g p (1)

=2 x 1.6 x 107 (C) Example of calculation:

r=13x10"*¥ (m
: (M) (1) ! (79 x 2)(1.6 x 10712 C)2
) r= [8.99x 10 Nm2C~2 % : :
s comparison of the (1) + 2

two distances

. r=13x107¥m
+« conclusion that the (1)

alpha particle must (5)
reach a closer
distance to give a
larger force and
relates this to the
model

Q1l19.

Question

. Acceptable Answer Additional guidance | Mark
Number

An explanation that
makes reference to:

¢ correct reference to (1)
Newton’s 3" law

¢ balloon moves in
opposite direction to
the air

(1)

e applies Newton’s 2™
law so that resultant
force on balloon
causes it to accelerate

OR
applies Newton's 2™
law so that resultant
force on balloon
causes its momentum
to change (3)

(1)
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Q20.
Question Acceptable answer Additional guid Mark
Number Acceptable answers y onal guidance Mar
C 1
mgh
A uses the distance AB rather than height
B uses a component of height
D uses a component of height
Q21.
Question - . -
Number Acceptable answers Additional guidance Mark
. Example of calculation 4
* Useof p=m/V (1) | mass of oil displaced
- 2 -3 -8 43
¢ Use of relationship upthmst = weight m _ Tﬁg : ig—skfgm 1AL 10Tm
of liquid (1) | upthrust=130%10"kg x 081 m s~
+ Useof F=6nmv =127 =x107*N
1 _ ~
¢ 7=397x1072(Pas)soitis weight o_f1sphere= 1.10 x 107 kg x
sunflower oil 98l ms™
=108 x 10°N
weight = upthmst + drag
1.08 x 107 N = (67 % px 1.5x 107
m=*0840ms™) + 127 x
107N
n=397= 10" Pas
Q22.
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Question

Number Acceptable answers Additional guidance Mark
i e useofs= —[“:H %t (1
+ v=31(ms) (1) | Example of calculation:
11 m=""y077s
v=31ms" 2
ii o useof F=mvir 8y]
»  F=11N (allow ecf from (1)) (1) | Example of calculation:
0.050kg x 3.1 (ms5%)?
F=
0.042 m
F=114N
“show that value” gives F=107N 2
Q23.
Q'u ES[‘]O]II Acceptable answers Additional guidance Mark
Number
D 1
Q24.
Question | Acceptable answers Additional guidance Mark
Number
¢ Take a correct moment about (1) eg T.6.cos20 or sin70 4
pivot P
If cos20’s are absent from both
¢ Converts the mass to weight of (1) | sides of equation
beam ie <9 81 seen then can still credst 4 marks
Example of Calculation:
®  Appreciates centre of mass 0.3 (1) | Tro@i=ces20-3 0510 (kg) %9 81(ams" ) % 0.5(m)
= cos
m from P T = 240kN
s T=25kN 1)
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Question

Number Acceptable answers Additional guidance Mark
(i) distance between at least two pairs of MP1 and 2 could come from marks on
images (1) | the diagram
distances between images are the
same in ¥ direction M
distance between images varies in y
direction showing a changing
velocity @
velocity in the x direction 1s constant
so x direction is independent of ¥ o
direction 4
{ij) e of 12 = u’ + 2as ors = ut +%[’1t: alt to MP2 - 0.5 ]'.'L'I.S-] {3110“’ 0.4 to [}6}
- (1) | if using distance taken from first two
initial vertical component velocity images and v = dlt
=047ms"
@ E le of calculati
, ) xample of calenlation:
use of vy = d/t in the horizontal (1) D=u®—2%981ms2x0.0llm
) uv=0465ms"
Use of Pythagoms with vg and uv (1)
. 0.08m
Resultant velocity=11m vy = 5
@ 0.08
va=10ms?!
v = (047" + 1.0%)
Resultant velocity =1.1 ms™ 3
(iii) Use of A= F As (1) | Allow ECF from (a)(i1)
Example of calculation:
Use of Ez= % m” (1) 2 % F % 0.003m
1 . i .
=—x 150 % 10~%kgx1.1% (ms™)?
F=00I5N 2
(1) | F=0015N “show that” value gives F
Alternative =0013N
Use of v2 = u® + 2as 1) | Alternative
1.1 (ms?)? =2 x a x 0.003
Use of F = ma (dependent on MP1) 1) a =202 Sﬂs_ ) “ m
F=0015N (1) 2% F =150 x 107% kgx202 ms~2
F=0015N 3
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Question ... .
Addit 1 guid Mark
number Acceptable answers N ar
(i) o use of F= Q10v4men (1)
vse of F = Gmyma (1)
Expresses forces as a ratio (1)
OR calculates the ndividual
forces F-=8.1 x 108 N F.=
36x 104 N (1)
Ratio = 2 x 10 or 5 x 1040 and 4
identifies gravitational force as
insignificant (1)
(ii) * use Of.F = ’:"‘W*"Jr and F'= Example of calculation:
O10:/4mepr (1)
- — @1@a v = &
s to derive v pr— (1) -.f dmegrm
s  velocity =2.2x 106 m 57! _ 16 x107Y Cxl.6 x107%% C
@ ) V= 3mxB.85-7 Frm-1x5.3 % 10-1tmn5.110-5" k=
v =2.185 x 106 m &1 3
Q27.
gﬂﬁng Acceptable answers Additional guidance Mark
B 1
Q28.
%_:t:t;:: Acceptable answers Additional guidance Mark
B The two forces acting on the mass are its weight 1

{(vertically down) and a tension in the thread.

A assumes there 15 a centripetal force only

C assumes there 15 an additional centripetal force
D assumes the additional centripetal force acts
away from the centre of the ciucle
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Q209.
Question | Acceptable answers Additional | Mark
Number guidance

The only correct answer is A 1

B is not correct as these forces are not in equilibrium

C 15 not correct as these forces are not in equulibrium

D 1s not correct as these forces are not in equilibrium

Q30.
%ummn Acceptable Answer Additional Guidance Mark
Number
() * (Use the stopwatch to) time MPI: At least 5
a large number of (1) | oscillations required
oscillations to determine
the time period 2
» Calculate the frequency (1)
using f = %
(i) s (Use the metre rule to)
measure the max (1) MP?- allow £
displacement of the ~a 22“ useo
platform (from the Vinax = 7 Xmax 2
equilibrium position)
* (Calculate the maximum (1)

speed USING Vyay =
2 f Xmay
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