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Ql.

(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 10723 N s.

(Total for question = 7 marks)

Q2.

An electron beam tube can be used to demonstrate the deflection of electrons in a uniform
magnetic field. The tube contains a very low pressure gas so that electron paths can be seen.
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glass tube filled with
low pressure gas ———_

electron gun

(Source: hitp://www klingereducational com/images/products/thumbs/555571 jpg)

Electrons are emitted from the electron gun travelling vertically upwards into a region of uniform
horizontal magnetic flux density.

electron gun

electron beam

Explain why the electrons follow a circular path.

(Total for question = 3 marks)
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Select the row of the table which correctly identifies the quantities conserved in an inelastic

Q3.
collision.
Momentum
O A conserved
1 B conserved
O ¢ conserved
0D not conserved
Q4.

Kinetic energy

conserved
not conserved
not conserved

not conserved

Total energy
conserved
conserved

not conserved

not conserved

(Total for question = 1 mark)

In 2015 the Messenger spacecraft crashed into the surface of the planet Mercury after four years

in orbit observing the surface of Mercury.

Messenger's orbit was highly elliptical, varying between 200 km and 15 000 km above the
surface of Mercury. Messenger completed one full orbit every 12 hours.

mass of Messenger spacecraft = 565 kg
mass of planet Mercury = 3.30 x 10?3 kg
radius of planet Mercury = 2430 km

It has been suggested that the same orbital period of about 12 hours could have been achieved
if Messenger was in a circular orbit 7690 km above the surface of Mercury.

(i) Determine whether this suggestion is correct.
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(ii) The elliptical orbit chosen had advantages over this circular orbit.

Explain one advantage.

(Total for question = 6 marks)

Q5.

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.

Page 5 of 52



www.quantumyvisionacademy.com

(i) 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.
mass of car = 0.050 kg

radius of curved part of track = 0.042 m

(Total for question = 4 marks)

Q6.

A footballer kicks a football from the penalty spot. A graph of force on the ball against time is
drawn.

The area under the force-time graph represents
[] A acceleration

[l B change in kinetic energy

[l € changein momentum
[]

D displacement
(Total for question = 1 mark)
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Q7.

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

Which of the following is a correct free-body force diagram for this mass?

~ 1T

(1)
1 A
LI B
LI C
LI D
(Total for question = 1 mark)
Q8.

A 'Gauss gun' can be made from five ball bearings of equal mass and two magnets, as shown.

Pairs of ball bearings are placed to the right of two strong magnets. A single ball bearing is
released from the left, as shown. The ball bearing is attracted to, and collides with, the first
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magnet. This and all subsequent collisions can be assumed to be elastic.

Explain what happens to make the last ball bearing on the right subsequently move off with a
large velocity.

(Total for question = 3 marks)

Q9.

The first satellite weather picture was taken in 1960. Today more than 200 weather satellites are
in use. Some of these satellites are in a geostationary orbit around the Earth, so that they
remain at the same point above the Earth's surface all the time.

(a) (i) Show that the magnitude of the gravitational field strength g at a point outside of the
Earth is given by

GM

r

F =

where r is the distance of the point from the centre of the Earth and M is the mass of the Earth.
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(ii) Use this expression together with an expression for the centripetal acceleration to show that
the radius of a satellite's orbit is given by

, GMT*
o= r

4n”

where T is the time for one orbit of the satellite.

(iii) Hence calculate a value for the radius of the geostationary orbit.

M = 6.0 x 10%* kg
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(Total for question = 9 marks)

Q10.

A track for toy cars can be built with a circular loop as shown.
track

loop

table

A toy car is placed on the track at various heights. It travels around the loop before leaving the
track horizontally at X.

The loop has radius r and the mass of the toy car is m. It is possible for a toy car to complete the
loop without losing contact with the inside of the track.

For this to occur the minimum speed of the toy car at the top of the loop vy, is given by

—

1.'m? — w,'g}.

Explain why.

(Total for question = 2 marks)
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Q11.

In the game of golf a stationary ball is hit by a club. One of the aims of the game is to land the
ball on a patch of ground called the green.

The graph shows how the force F exerted by the club on the ball varies with time t as the ball is
hit.

F/kN
6_

0 i | | | y £/ms
0 01 02 03 04 05

State why the area under the graph represents impulse.

(Total for question = 1 mark)

Q1l2. Select the row in the table that correctly identifies what happens in an inelastic
collision.
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Momentum Kinetic energy | Total energy
X | A conserved conserved conserved
X B not conserved conserved conserved
] c conserved not conserved conserved
X D conserved not conserved not conserved

(Total for Question = 1 mark)

Q13.

A mass-spectrometer is an instrument that is used to measure the masses of molecules.
Molecules of a gas are ionised and travel through a vacuum in a narrow tube. The ions enter a
region of uniform magnetic flux density B where they are deflected in a semicircular path as
shown.

region of
bl magnetic flux
movwvable — guet
detector A density B
14.8 em
beam of
positive —>
ions
Narrow
tube

(a) State why it is necessary for the molecules to be ionised.
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(c) The ions have a charge of +e and a speed of 1.20 x 10> m s™*. When B has a value of 0.673
T, the ions are detected at a point where the diameter of the arc is 14.8 cm.

Calculate the mass of an ion.

MaSS Of AN 10N = it e aens

(d) lons with a smaller mass but the same charge and speed are also present in the beam.
On the diagram sketch the path of these ions.

(Total for question = 6 marks)

Q14.
Mass spectrometry is a technique used to separate ions based on their charge to mass ratio.
The atoms in a sample are ionised and then accelerated and formed into a fine beam.

This beam is passed into a region of uniform magnetic field and the ions are deflected by
different amounts according to their mass.
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uniform magnetic field

— io-ns 7 IC
\ {_Kx
\,W,,,«f \ \\
ion accelerator f L\
i-\ detecmr}}
" -

Analysis of mass spectrometer data shows that chlorine exists in nature as two isotopes,
chlorine-35 and chlorine-37.

After passing through the velocity selector the ion beam enters a region of uniform magnetic flux
density 0.35 T with the ions travelling at right angles to the field direction.

(i) Explain why the ions travel in a circular path.

(iii) The diagram shows the path of the chlorine-35 ions in the field. Chlorine-37 ions enter the
magnetic field with the same velocity.

Page 14 of 52



www.quantumvisionacademy.com

uniform magnetic field

detector

1. Add another line to the diagram to show the path of these chlorine-37 ions.

2. Explain any differences in the paths.

(Total for question = 7 marks)

Q15.

At the end of the 19" century, J.J. Thompson used electric and magnetic fields to deflect beams
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of charged particles. A photograph of his apparatus is shown.

electron source £ evacuated tube

© Science Museum London

Electrons were accelerated through a potential difference to produce a beam of high-energy
electrons. The beam was then deflected in perpendicular directions by the magnetic and electric
fields. The final position of the beam on the screen was determined by the charge and mass of
the electrons.

An electron is travelling left to right and enters a region of uniform magnetic field as shown
below. The direction of the magnetic field is perpendicular to the direction of travel of the
electron.

uniform magnetic field

O——

(i) The magnetic field deflects the electron in the direction up the page.

Explain the direction of the magnetic field that would produce this deflection.

(Total for question = 4 marks)
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Ql6.

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.

There is a maximum speed for the car to stay on the curved part of the track. Explain why the
car will slip off the curved part of the track if the car exceeds the maximum speed.

(Total for question = 3 marks)

Q17.

In 2016 astronomers announced the discovery of an Earth-like planet orbiting Proxima Centauri,
the closest star to the Sun.

The planet was detected because of the small movement of the star as the planet orbited. The
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movement was detected using the Doppler shift in the frequency of light travelling to the Earth.

The graph shows how the component of the star's velocity v towards the Earth varied over time.

NANAANADN,
AR

(i) Use the graph to show that the angular velocity of the planet is about 6 x 107 radian s™.

v

(ii) The mass of Proxima Centauri is 0.12 times the mass of the Sun.
Determine the distance of the planet from Proxima Centauri.

mass of Sun = 1.99 x 10%° kg
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(Total for question = 6 marks)

Q18.

Two identical spheres of mass m are both travelling with a speed v towards each other.

The spheres collide head-on.
Which of the following statements must be true after the collision?

[l A total momentum = 2mv
[J B total momentum =0

[ € total kinetic energy = mv?
[l D total kinetic energy = 0

(Total for question = 1 mark)

Q19.

A football is kicked horizontally to hit a wall. Its momentum just before it hits the wall is 9.0 kg m
-1

s

It rebounds horizontally from the wall with a momentum of —6.0 kg m s™%. The graph shows how

the momentum of the football varies during the impact with the wall.
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10

B B=g
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The force exerted by the wall on the football is

[] A 3.0N
[] B 15N
[l € 600N
[

D 3000N

(Total for question = 1 mark)

Q20.

The photograph shows a bridge.
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The diagram shows a car of mass 950 kg at the highest point X of the bridge.

—

The bridge forms part of a vertical circle of radius 20.0 m.
(a) Calculate the total upward force R of the road on the car:

(i) when the car is stationary at X,

(ii) when the car is passing point X at a speed of 12.0 ms™!

(b) The car is repeatedly driven over the bridge at gradually increasing speeds. Above a certain
speed the car loses contact with the road at X.
State why this happens.

(Total for question = 5 marks)
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Q21.

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 cars are controlled separately and so can be raced, with one car on the inner lane and the

other on the outer lane. The cars are identical. Each car is raced at its highest speed for that
lane.

Explain why the outcome of the race is difficult to predict.

(Total for question = 3 marks)

Q22.

A cyclotron is a particle accelerator which can be used to accelerate protons. The cyclotron
consists of two semicircular electrodes called 'dees'. An alternating potential difference is
applied across the gap between the dees. A uniform magnetic field is applied at right angles to
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the plane of the dees.

_)_,u-pI'Dtt)ll source

(i) Complete the diagram to show the path of the protons.

(ii) State the direction of the magnetic field needed in order to produce the path you have
sketched.

(iii) Explain how the kinetic energy of the protons is increased as they follow the path you have
shown.

(iv) Show that the magnetic flux density B of the applied magnetic field is given by

2xfm

&

B =

where fis the frequency of the alternating potential difference, m is the mass of the proton and
e is the charge on the proton.
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(v) In a particular cyclotron B is 1.2 mT.
Calculate the frequency f of the alternating potential difference.

Q23.
A student was investigating the forces involved in circular motion.

He placed a small coin on a horizontal turntable as shown. The turntable was connected to a
driver unit so that it could be rotated at a constant rate.

_coin
.--"(_--f -\

to ~ turntable
driver e =——___JL \x
unit = :

= F —>

2

beﬁch

plan view

The student switched on the driver unit and increased the rate of rotation until the coin slid off
the turntable. He read the angular velocity w of the turntable from a digital display on the driver
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unit. He then replaced the coin in the original position on the turntable and repeated the
procedure.

His results are shown.
e/ rads?
0.125 0.112 0.118 0.123 0.116

(i) The student used the results to calculate a mean value of w.

State the purpose of calculating a mean.

Percentage uncertainty = ......cccoeeeiiiiiiiie

(iii) The student used w and r to calculate the centripetal acceleration of the coin at the instant
it started to slide.

Calculate the percentage uncertainty in this centripetal acceleration.

(Total for question = 7 marks)
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Q24.

The photograph shows cars driving around a roundabout at a constant speed.

The resultant force F on a car causes it to follow a circular path.

Which of the following statements about F is incorrect?

[l A Fis equal to the product of the mass and angular velocity of the car.

[] B Fisequal to the product of the momentum and angular velocity of the car.
[[] € Fisinthe same direction as the acceleration of the car.

[[] D Fis perpendicular to the momentum of the car.

(Total for question = 1 mark)

Q25.
Scientists are developing a space station equipped with large solar panels. The space station
would be located in a geostationary orbit. The space station would transfer energy to Earth as
microwaves.
(i) A space station in a geostationary orbit is above the equator and has a period of 24 hours.
Explain one advantage of locating the space station in a geostationary orbit.

(2)
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(ii) Calculate the height h of the space station above the equator when it is in a geostationary
orbit.

mass of Earth = 6.00 x 10**kg

24 hours = 8.64 x 10%s

(Total for question = 6 marks)

Q26.

The discovery of the Higgs particle was an important contribution to our understanding of
particle physics.

(a) Describe the standard model for subatomic particles. You should identify the fundamental
particles and the composition of the particles we can observe.
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(b) The mass of the Higgs particle is 2.2 x 1072 kg.

Calculate this mass in GeV/c?.

(c) The Higgs particle was discovered using the Large Hadron Collider (LHC) in 2012. Two beams
of very high energy protons, moving in opposite directions, were made to collide.

(i) Explain the need for such high energy collisions.

(ii) The beams of protons are contained within a ring of superconducting magnets.
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Calculate the momentum of a proton in a beam.

magnetic field strength = 8.3 T
circumference of the ring = 27 km

MOM ENEUM = oo e raeneans

(iii) State the total momentum of the products of the collision between the two beams of
protons.

Total momentum = ...
(d) A student used the equation .. _ r
2m to predict the energy of a proton in the beam, using the
momentum calculated in (c)(ii), but found the energy was far higher than 7 TeV.

Explain why.

(Total for question = 17 marks)

Q27.

A teacher is demonstrating the principle of conservation of momentum using a flat glass surface
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and air pucks. Lightweight tubing supplies compressed air to the pucks which is forced out from
the bottom of the pucks. This means that the pucks move with very little friction across the glass
surface.

air

tubing

puck [

(a) Explain, using ideas about molecular movement, how the puck is able to hover a small
distance above the glass surface.

D

*(b) Applying Newton's 2" and 3™ laws of motion to the collision between two pucks leads to
the conclusion that momentum is conserved.

Justify this statement.
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(c) The teacher uses two identical pucks to investigate collisions. In one collision, one puck
moves with a velocity of 4.0 m s™* and collides with a second puck that is stationary.

After the collision, the first puck has a velocity v at an angle of 30° to its original direction, and
the second puck moves off with a velocity of 2.0 m s™! at an angle of 60° to the original

direction.
Before: % 4.0m s Diagram not
O to scale

2.0m s

(i) Show that the magnitude of the velocity v of the first puck after the collision is about 3.5 m
-1

S
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(Total for question = 16 marks)

Q28.
The diagram shows two black holes, A and B, orbiting each other.

Assume that the centre of mass C of the system is the centre of a circular orbit for each black
hole as shown in the diagram.

-
-
~
i T
# '
i b &
* \
VA
C .
= - @
1 : i
L J .
! ¢
% [}
% ! ;
A - r
i 4 #

Black hole A is in an orbit of radius 2.9 x 10'° m and black hole B is in an orbit of radius 3.6 x
10'° m. Both orbit with the same period, so the total distance between them is 6.5 x 10'° m.

(a) Calculate the force between the black holes.
mass of Sun. M_ =1.99 x 10°kg

mass of black hole A =360
mass of black hole B = 29M_

(b) By considering the orbit of one black hole about C, determine the period of the orbit.
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(Total for question = 5 marks)

Q29.

Astronauts on the 1971 Apollo 14 mission to the Moon brought back many rock samples. It is
now believed that one of these contains a piece of rock that originated on Earth about 4 billion
years (4 x 10° years) ago.

The piece of rock is believed to have been launched into space when an asteroid struck the
Earth.

Four billion years ago, the Moon had a different orbital period, because it was closer to the Earth
than it is today.

Calculate the period of the Moon's orbit four billion years ago, when the radius of its orbit was
1.34 x 108m.

mass of Earth = 5.97 x 10**kg
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(Total for question = 3 marks)

Which of the following is a possible unit for rate of change of momentum?

L1 A
B

[
1 c
]

Mark Scheme

Q1.

kgms™

kgm s
Ns

Ns?!
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Question | Answer Mark
Number
(a) The wavelength (associated) with a particle/electron (1)
with a given momentum (1)
Or
A=hp (1)
all terms defined (1) 2
(h)(1) Use of By = el (1)
Use of Ey= p*/2m Or use of Ey=»"/2 and p = mv (1)
Momentum =121 x 10  kgms™ 1) 3

Example of calculation

E=16x10""Cx 3500V

pP=2mE=2%911x10%" kg = (1.6 x 107 x 500) T

p=121 %107 kgms™"

(b)(ii) | Use of 1 = h/ip (1)
A =35.49 x 107" m (ecf value of p from (1)) (1) 2
(show that value gives 6.63 x 107" m)

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

Total for question

Q2.
Question .- ;
Acceptable answers Additional guidance | Mark
number
An explanation that makes reference to:
¢ The magnetic force on the electrons acts at right
angles to the plane containing B and v (1)
¢ Hence the force 1s always towards the centre of the
circle (1) 3
So providing a centripetal force on the electron or a
centripetal acceleration that maintains circular motion (1)
Q3.
Question Answer Mark
Number
B 1
Q4.
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Question . . .
Number Acceptable answers Additional guidance Mark
@ o use of F = Gmum/” and use of F MP3 ;lndd- - for force and angqla.r
= o d? - (1) | velocity. both approaches required
= mra
Or useof F = Grmma/i” and use E le of calculation
of F'=mv'/r F=41%/Gm
o weof =0 Oruseof T= (1} T] - 4:”:2 » (*) 430000 m + 7 690
2y 000 m) / 6.67 * 10" N m? kg? x
¢ =12 hours 330= 108 kg
Or £7= 10 Nby gravitational () | T=43115 s = 11.98 hours
approach and centripetal force
approach 4
Or @= 145 = 10 radians s by
gravitational approach and
circular motion approach
Or height of orbit = 7700 km
* Comparative statement consistent (1)
with their value(s)
(1) For each, the second marking point
Max 2 :
Slax = _ 1s dependent on the first.
* Allows satellite to get (much) (1) | Award second marking point for
closer to surface other sensible advantages
¢  So more detailed (1)
photographs/scans possible
OR
¢ Allows satellite to spend tume 1)
further from the surface
*  So prevents exposure to (1)
prolonged heat from planet
damaging probe
OR 2
¢ Satellite varies distance from 1)
surface
*  Soi1tcan take wide-angle and (1)
close-up pictures of the planet
Q5.
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G_I:IESI'[D]II Acceptable answers Additional guidance Mark
Number
i e useofs= —[“:H %t (1
+ v=31(ms) (1) | Example of calculation:
11 m=""y077s
v=31ms" 2
ii e useof F=mv'r (1)
»  F=11N (allow ecf from (1)) (1) | Example of calculation:
e 0.050kg x 3.1 (ms5%)?
- 0.042m
F=114N
“show that value” gives F=107N 2
Q6.
Question Answer Mark
Number
C 1
Q7.
Question . P -
Number Acceptable answers Additional guidance Mark
B The two forces acting on the mass are its weight 1

(vertically down) and a tension i the thread.

A assumes there 1s 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 circle
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Q8.
Question | Acceptable Answers Additional gmdance Mark
Marks
Marks can be gamned by discussing 3
e Magnet accelerates ball (1) | erther set of balls
Or magnet increases ball’s KE
*  Momentum is conserved in the 1
collision(s)
e (Since collisions are elastic) KE (1)
conserved so third ball moves
off with the same velocity/KE as
inconung ball it magnet with
Qo.
Question | Answer Mark
Number
(a)(i) | See F=GMm/i~ (1)
Equated to mg to give required expression Or use of g =F/m (1) 2
(a)(ii) |Useofg=w'rORg=v/r (1)
Use of @ =21/T OR v=2mr/T (1)
Correct algebra leading to expression given (1) 3
Example of calculation:
O'r=—
2
(m *]: _GM
LT ) r
_ GMT*
4r’
(a)(iii) | See T =24 hours 1)
T converted into s (1)
r=42=10"m (1) 3
Example of calculation:
IT=24x60x60s=86400s
2 -1 b IO, b1 - 3
. GME:" _ 667=x107" Nm~ kg™ x 61.'D><1D kg = (864005s) C757%10% m’
4q- 4Ax-
r=3/757x10% m* =423x10" m
() The satellite must rotate with the Earth
Or the satellite must be in a geosynchronous orbit
Or any non-equatorial orbit would cause the satellite to move N-5 1
Total for guestion 9
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Q10.
Question Acceptable answers Additional guidance Mark
Numbher Accep ' - gu -
.om’ (1) | Example of denvation: 2)
¢ Useof F'=—ro0 P
r mg =——o0
»  States that F' = mg only as 1 r
reaction force 1s zero (1) V= M,-';
Q1l11.
Question Acceptable answers Additional Mark
Number guidance
1
¢ Tmpulse is the product Ff which is area under this graph (1)
Q1l2.
Question | Answer Mark
Number
C 1
Q13.
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Question | Answer Mark
Number
(a) Ounly (moving) charged particles are deflected by a magnetic field (1)
Or
Only charged particles can be accelerated to produce a beam (1) 1
(h) Into the page (1) 1
() Use of F = mn/r Or use of r = p/BO (1)
Use of F=Bgv Oruseofp =mv (1)
m=6.64x10" kg Q) 3
Example of calculation
mv'ir = Bgv )
m=Bgriv=(067T3T=x16x10"C=x740x 10" m)/120x 10° ms™"
m=664x 10" kg
(d) Semuicircle drawn starting from same initial pomnt and a smaller radius (1) 1
Total for question 6
Q14.
Question - c
- Acceptable Answer Additional Guidance Mark
Number
(i) The 10ns experience a force M For velocity accept direction of motion
perpendicular to their velocity (and or direction of travel
the magnetic field)
The (resultant) force on the 1ons (1)
causes an acceleration at right
angles to their velocity
Or There 15 a magnetic force acting
towards the centre of the path 2
Q_ueshnn Acceptable Answer Additional Guidance Mark
Number
ii ; Example of calculation:
(@) Use of r = & 1) i
BO L_m
r=023m Bg
@ | (34.97:41.66x107 kg 2210’ ms™
=( 97 =1, kg 22 mMS™ 0 2o8m
035Txlex107"C
Q_uesnnn Acceptable Answer Additional Guidance Mark
Number
(iii) path drawn with less curvature (1) | MP1 awarded for path in the magnetic field 1
1 (less overall deflection)
Q_uesllnn Acceptable Answer Additional Guidance Mark
Number
(i) 1015 afe Mmofe massive (1)
2 ions have the same charge so the 2
radius of the path would be greater 1)
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Question
Number

Acceptable Answer

Additional Guidance

Mark

@

(Perpendicularly) out of the
page

The force 15 perpendicular to the
magnetic field and the direction
of (conventional) current

Or an application of Fleming's
Left-Hand Rule

1)

(L]

Accept movement of electrons for current

(i)

An explanation that makes reference
to the following points:

There would be a force (of
constant magnitude) on the
electron perpendicular to 1ts
direction of motion

Causing an acceleration towards
the centre of a circle

1)
(L]

Accept reference to centripetal force for
MP1

Question
Number

Acceptable answers

Additional guidance

Mark

A (resultant) force F is required to

maintain circular motion

This force 1s friction (between
car/slider and track)

As v increased F requuired increased

until it exceeds friction and car
slides off track

alt: A (resultant) force acts to the
centre of the circle.

(1)

(1)

(1)
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{13_:2;;2:.1 Acceptable answers Addirtional guidance Mark
) For MP3. accept correctly rounded
i * Useofw=2nT (1) | answers in range 6.5 * 107° radian 5™
+ For at least 2 full cycles (1) |t06.6x 10 radians™
o @=6.5x 107 (radian s (1) | Example of calculation 3
er =5 % 2 /(56 = 24 = 60 = 60) s
=649 = 107° radian 57!
s . (1) | Example of calculation
ii + FEgquates F = Gmm/r- and F = mor ] ]
Or F = Ganmy/#* and F = mn?/r with m |7= 66710 Nm kg?«012%199
v=2mnT * 10% kg / (6.5 = 107° radian s71)?
+ Correct rearrangement and ] () r=72x10°m 3
bstituti g inr = Gm/ew”
substifution (¢.g. in 7~ m/ @) {( 7=7.6x 10° m for “show that" value)
s r=7.2%10° m (ecf from (BN
Q18.
Question | Answer Mark
Number
| | B 1|
Q19.
Question | Answer Mark
Number
D 1
Q20.
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Question

Number

Answer

Mark

(a)@®

R=932 kN

Example of answer
R=950kg =98l ms"
R=9320N

(D

1

(a)(ii)

Use of F =mnv/r
R=mg—mvir

R = 2480 N ecf their value of R

Example of calculation
R=9320N—-(950kg = 12.0° m" s~/ 20.0 m)
R=72480N

(D
(D
(D

(b)

An answer that ether states implicitly or implies that
"The required centripetal force = myg and so cannot be provided'.

(D

Total for guestion

Q21.

Question

Number Acceptable answers

Addirional guidance

Mark

+ inner lane covers a smaller distance (1)

+« inner lane has a smaller radius of
curvature (1)

« (maximum horizontal force is the same
for both cars) therefore maximum speed
is greater for the car on the outside lane
(s0 outcome unclear)

1)

Q22.
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Question | Answer Mark
Number
(1) Outward spiral from centre m erther direction, munimum of two complete
loops L) 1

(ii) | Direction consistent with diagram-
Clockwise path, field out of page
Anticlockwise path. field into page (1) 1

(1) | Electric field/p.d. between dees causes (resultant) force/acceleration (1)
Proton makes half a revolution in half a cycle of the a.c.
Or facing dee (always) negative when proton reaches gap.

Or whenever the proton gets to a gap. the p.d. has reversed (1)

k.2 /speed (onlyincreases each time the proton crosses the gap

Or work done by the field i the gap increases the k.e. (1) 3
(iv) | Bev=smv'/r Or » =p/Be (1)

v =2mwT (1)

T=1/ (seeing = v/(2nr) scores MP2 & 3) (1)

Or

Bev = mres” (1)

v =rw (1)

e = 2af (seeing v =2mf scores MP2 & 3) (1) 3
(v) | Use of B= 2nfin/e with mass of proton (D

=18 = 10" Hz @) 2

Example of calculation

f=eB/ 2um

F=16x10°Cx12 =107 TV 2n x 1.67 = 107 kg)

f=18 x10*Hz

Q23.
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g‘:ﬁ::: Acceptable Answer Additional Guidance Mark
(1 * Toreduce the effectof (1) 1
random errors
(ii) ¢ Use of data to calculate Example of calculation: _
(0.112+0.116+0.118+0.123+0.125)
mean value (1) W= 5
» Use of half range = Dﬁ 11!? mdﬂsl_lf
Or Use of greatest Half range value = _J+ =0.0062
.y _ 0.0065 mm )
deviation from mean (1) | -~ %o uncertamty= ————— =100 % =5.5% 3
0.119 mm _
e % uncertainty in range Use of greatest deviation from mean gives
] X 5.9 %
3 % to 6% consistent 9%
with student’s working @
(lor2SF)
(iii) e %% uncertamnty m & 1s (1) | Don’t penalise sf in both (11) and (1)
doubled Example of calculation:
3
o % uncertainty = 11 % 1
to 13% consistent with @
student’s working (2 or
3 SE)(ecf from (b)(i1))
Q24.
Question Answer Mark
Number
A 1
Q25.
%uesrinlf Acceptable Answer Additional Guidance Mark
Number

@

surface

o Satellite would always be above
the same point on the Earth’s

* 5o that contact/communication
with the space station would be
maintamed at all times

(D

(D
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(11) )
Use of F = G’l-fm with F =mar @
" Example of calculation:
Use of @ =20/T (D) | masr= GM:m
= 42.3 x 10‘7 m (1) ) (Zn_)ﬁ _ le
h=36x10"m @ |"\T) s
OR L |GMT3
2 T 4
Use of F = G’Lfm with F = m: (1) r=
2 .
1) 3 ||s.s?x1n'-'-m m® kg 600 107 kg% (B.64x10%)?
Use of v=2mr'T \ am?
=49 7 (1) | r=423x10"m
*_4"‘3”(_] m h=r—Ry=2423x107 — 64x 10°m
h=36=10"m (1) =339 x 107m 4
Q26.
Question | Acceptable Answers Additional guidance Mark
Number
a ¢ fundamental — quarks and (1)
leptons
MP2 and 3 could be given for a named particle
¢ Baryons made of 3 q (1) | and its quark composition
5
*  Mesons made of quark (1
and antiquark Can be inferred if either set named
* 0 quark Or 6 leptons (1)
¢ Each particle has an (1)
antiparticle
Question | Acceptable Answers Additional guidance Mark
Number
b . (1) | Example of calculation: 3
Use of AE'= Ame E=22x10"kgx (3.0x10%)* (ms™ )
¢ Conversion of J to eV @ E=198x107"]
* mass = 120 GeV/c (1) | E=198x10"T+1.6x10"JeV"

E=124x10"eV
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Question | Acceptable Answers Additional guidance Mark
Number
(i) Alternative based on numerical values: 3
¢  Energy (of protons) (1) | Observation that Higgs mass is 120 GeV/c?
converted to mass (of This requires an energy of at least 120 GeV
Higgs) Each beam of protons would need an energy of
Or Energy is required to at least 60 GeV

overcome electrostatic
repulsion between protons

¢ Referenceto E=mc’ (can (1)
be written m any form)

¢ Because c"is very large (1)
(E must be large)
Or Higgs particle 1s
massive so needs a lot of
energy to create 1t

c(ii) |* Use of circumference = (1) | Example of calculation: 3
2 r=27000=2x
r=4300m
* Useof p=Bqr (M| p=23Tx16x10%Cx4300m
_ s, qpls
o p=57x105Ns (1) | 2=37x10""Ns
ciii 0 (1) | zero 1
Question | Acceptable Answers Additional guidance Mark
Number
d * High speeds (1) | Alt: speeds close to speed of light 2

Or relativistic
¢ Mass (of proton)

increases (1)
¢  Or thus equation 15 only

valid at non-relativistic

speeds

Q27.
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Question
Number

Acceptable Answer

Additional
Guidance

Mark

(a)

An explanation that makes
reference to the following:

air molecules make
collisions with the
puck and transfer
momentum to the
puck

according to
Newton's 2nd law
the change of
momentum creates
a force on the puck

the rate of change of
momentum by air
molecules colliding
with bottom of puck
is greater than that
due to the collisions
on the top of the
puck

the net (upward)
force halances the
weight of the puck
OR the greater air
pressure below the
puck allows the puck
to be supported.

(1)

(1)

(1)

(1)

(4)
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Question
Number

Acceptable Answer

Additional Guidance

Mark

* (b)

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 is
structured and shows lines of
reasoning.

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

content.

Number of | Number of
indicative marks
marking awarded for
points indicative
seen in marking
answer points

© 4

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 is 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
waould yield an overall
score of 3 marks (3
marks for indicative
content and no marks for
linkages).
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5-4 3
3-2 2
1 1
0 0

The following table shows how the
marks should he 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
logical structure
with linkages and
fully sustained
lines of reasoning
demonstrated
throughout

partially

Answer is

structured with
some linkages
and lines of
reasoning

linkages

and is

Answer has no
between points 0

unstructured

»

Indicative content:

applying Newton's 3 law one puck
(A) exerts a force on the other puck
(B) and vice versa

forces equal in magnitude and
opposite and direction

forces act for same time
Fista = - Fite

applying Newton's 2™ law FAt = Ap
since F is a resultant force on each
puck

total change in momentum = zero,
so momentum is conserved

QR Ap for one puck = -Ap for the
other puck, so momentum is
conserved

www.quantumyvisionacademy.com

(6)
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uestion o :
Q Acceptable Answer Additional Guidance Mark
Number
(c)(i) |+ resolve velocities to (1) | Example of calculation:
find forward/sideways Forwards velocity components:
component ycos30® = 0.866v; 2cos60° =1ms™
Am=m=0866v+m=1
e apply principle of 1
PPl princip (1) (4-1)ms™ 4
conservation of v=——"——=346ms
momentum 0.866
e v=346ms! (1) (3)
c)(ii 1, 1) | Example of calculation:
(c)(i) * LUse KE:;mv‘ (1) [i
- KEI-:—mXﬁIE:Em
* show that final KE (1) 2
is equal to initial 1 1 , 1 5
' KE, ==mx346" +—mx2’
KE 2 2
=om+2m=8m
+ elastic collisions (1)
conserve KE, so
collision is elastic (3)
Question ) i . .
Number Acceptable answers Additional guidance Mark
(a) L 1 Example of calculation
* useof F = Gmmy/r- F=6.67 % 107" Nm’ kg™ x 29 x 1.99 x 10°" kg » 36
_ . () | *199=10%kg/ (6.5 = 10" m)?
* foree=63x107N force = 6.5 x 10°! N 2
e Acceptable answers Additional guidance Mark
Number B P ) s
(b) . Example of calculation
Either F=m?lr= mQur/TV/r
. = o (1 F=4nmr F
use of = mv/r ecf from (a) =4n %29 %199 % 10°%kg x 3.6 x 10" m/
o useof v=2m/T 4y 6.5% 10°' N
=121x=102g"
s T=11%10%s @ T=112x10%s
or = 18700 nun
! =312 hours
» use of F = mew’r ecf from (a) (1) =13 days
¢ useof w=2nT (1)
» T=11x10%s 5y,
3
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Q209.
Question - . 1.
Number Acceptable answers Additional guidance Mark
B L “Use of can be with anv mass m for the orbiting

s TUseof .f = Gmmyr and (1y | body, or by algebraic combination with no m

F=mvr
o Useofv= 21T (1y | Example of calculation

= GAMmAs = 2l
e T=488000s=>57 days (1 |F=CMmr=my
GMi* =v'r
OR v = 2ar/T
T'=4nr | GM

* Useof F= Gmumay® and F . i . _ )

= marr =47 (1.34  10° m)* / 6.67 = 107" Nm’ kg™ =

a 507 x 10% kg =230 = 10" §°
o Useofw=2nT
R I'=488000s5=57 days 3
o T=488000s=5.7 days
Q30.
Question Answer Mark
Number
B 1
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