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1 Intro

This document was created in order to make it easier to find past paper questions, both for teachers
and students. I will do my best to keep this document up to date and include new past paper
questions as they become available. If you spot any mistakes, or want to suggest any improvements,
send me an email at MrDaviePhysics@gmail.com. I am more than happy to send you the Tex file
used to produce the document so that you can modify it as you wish.

2 How to Use

The table on the next page contains links to questions sorted by topic and year. Clicking on a link
will take you to that question. The marking instructions follow directly after each question with
the exception of multiple choice questions and open ended questions. The answers to multiple
choice are at the end of that section of multiple choice questions. I have not included the marking
instructions for open ended questions as they do not contain enough information for you to mark
your own work. Instead ask your teacher to have a look at what you have written. To return
to the table click on Back to Table at the top or bottom of any page. Trying to navigate the
document without doing this is tedious.

Before starting any past paper questions I recommend that you have paper copies of the Re-
lationships Sheet and Data Sheet to avoid wasting time. If you don’t have them then print pages
379-382 of this document.



2015 2016 2017 2018 SPQ 2019

P1 P2 | P1 P2 P1 P2 P1 P2 P1 P2 P1 P2
motion - equations and graphs 1,2 1,2 1 1a,3 1,2 1,2 la,b,3a(i) | 1,3,4 | la,c
forces, energy and power 3,4,5,6 3 2c 2,3 3,4 3,4 1lc,d,2,3b | 5 2
collisions, explosions, and impulse 2 4 3 2 5,6 3a(ii,iii) | 6 1b
gravitation 1.3 |5 1 salil), | 1 7.8 P 4

5b(ii)
special relativity 7 4 4 7d 6,7 9 4 8 7c(ii)
the expanding Universe 8 4h,5 | 6,7 ) 5,6,7 | 1b,5b(i) 5,10c | 10,11 | 5 9,10 | 5,6
forces on charged particles 10,11 7,8d 8 10 6 12,13 | 6 11,12
the Standard Model 9 6 |89 sali), | gg 4 |7 13 | 7Tabc(i)
Ta,b,c

nuclear reactions 12 10 8 8 9 11 15 7e,8 14 7d,8
inverse square law 8 15 14,15 12 16 9 9a(ii),b
wave-particle duality 7 11,12 9,10 7 10 15,16
interference 13 9b 13 9 11 10 13 8 17 11 17 10
spectra 16 da | 16 12bii 6 10a,b | 18 19 9a(i)
refraction of light 15 9a 14 10 12,13 14 9 19 12 18 11
monitoring and measuring AC 17,18 17 16 12 20,21 20,21
current, potent.ial difference, 18 19 14b(i) 15.16 2a(ii), 2993 03
power, and resistance 12b
electrical sources & 10 192 19 11ab | 24 13 19
internal resistance
capacitors 11 20 13 17,18 | 13 17,18,19 25 14 13
semiconductors and p-n junctions | 19 12bi | 19 14a,b(ii) 11c 15 24 14
open ended 5,7 6,11 4,11 4.6¢ 5¢,10c 3,13d
unseen formula/graph plotting 20 12 14 20 15 13 16 7 5b,15
uncertainties 14 2(a,b) 20 11b(ii) 22,25




2020 2022 2023 2024 2025 2026

P1 P2 P1 P2 P1|P2|P1|P2|P1|P2|P1|P2
motion - equations and graphs 1,2,3 1b,c,3a 1,2 2a(i)
forces, energy and power 4,5,6 1d,2a,3a,8a,15a | 3,4,5,6 | 2a(ii)
collisions, explosions, and impulse | 7 3 3a-c
gravitation 1,5a 1,5¢
special relativity 9,10 b 7
the expanding Universe 11,12 2b,4,6b,c 8,9 ba,b
forces on charged particles 13 7a,7c(ii),8b(i,ii) | 10 7
the Standard Model 14,15 5b(ii),7c(i),7d(i) | 11,12 | 6a,b,e
nuclear reactions 16 7d(ii) 13,14
inverse square law 9b(i,ii) 15 8a
wave-particle duality 17 8a,b(i) 9
interference 18 5b(i),10 16 10
spectra 6a,11 8b
refraction of light 19,20 12 17 11
monitoring and measuring AC 13 18
current, potential difference,

921,22 19,20
power, and resistance
electrical sources & 14 91 19
internal resistance
capacitors 23,24,25 22,23 |13
semiconductors and p-n junctions 9b(iii) 24 3d
open ended 4,11 4,6e
unseen formula/graph plotting 8 15b 25 14
uncertainties 10 2b
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X757/76/02 Physics
Section 1—Questions

TUESDAY, 5 MAY
1:00PM - 3:30PM

Instructions for the completion of Section 1 are given on Page two of your question and answer
booklet X757/76/01.

Record your answers on the answer grid on Page three of your question and answer booklet.

Reference may be made to the Data Sheet on Page two of this booklet and to the Relationships
Sheet X757/76/11.

Before leaving the examination room you must give your question and answer booklet to the
Invigilator; if you do not, you may lose all the marks for this paper.
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DATA SHEET

COMMON PHYSICAL QUANTITIES

Quantity Symbol Value Quantity Symbol Value
Speed of light in
vacuum c 3-00 x 108 ms™ Planck’s constant h 6-63 x 1034
Magnitude of the
charge on an electron e 1-60 x 107"°C Mass of electron m, 9-11 x 103" kg
Universal Constant of
Gravitation G |6-67 x 10" m*kg 's 2 | Mass of neutron m, 1-675 x 10 7 kg
Gravitational
acceleration on Earth g |9-8ms? Mass of proton m, 1-673 x 10 7 kg
Hubble’s constant H, |2:3x10"%s"

REFRACTIVE INDICES

The refractive indices refer to sodium light of wavelength 589 nm and to substances at a temperature of

273 K.

Substance Refractive index Substance Refractive index
Diamond 2-42 Water 1-33
Crown glass 1-50 Air 1-00

SPECTRAL LINES
Element | Wavelength/nm Colour Element Wavelength/nm Colour

Hydrogen 656 Red Cadmium 644 Red

486 Blue-green 509 Green

434 Blue-violet 480 Blue

410 Violet Laser

397 Ultraviolet asers

389 Ultraviolet Element Wavelength/nm Colour

Carbon dioxide 9550 Infrared
Sodium 589 Yellow 10590
Helium-neon 633 Red
PROPERTIES OF SELECTED MATERIALS
Substance Density/kgm 3 Melting Point/K Boiling Point/K

Aluminium 2-70 x 103 933 2623
Copper 8-96 x 10° 1357 2853
Ice 9-20 x 102 273 ce
Sea Water 1-02 x 10 264 377
Water 1-00 x 103 273 373
Air 1-29 .. e
Hydrogen 9:0 x1072 14 20

The gas densities refer to a temperature of 273K and a pressure of 1-01 x 10° Pa.
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The following velocity-time graph represents the vertical motion of a ball.

Which of the following acceleration-time graphs represents the same motion?

A

velocity

19-6

Back to Table

SECTION 1 — 20 marks
Attempt ALL questions
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2. Acar is travelling at 12ms™" along a straight road. The car now accelerates uniformly at
—1-5ms % for 6-0s.

The distance travelled during this time is

A 18m
B 45m
C 68m
D 72m
E  99m.

3. Abox of mass m rests on a slope as shown.

Which row in the table shows the component of the weight acting down the slope and the
component of the weight acting normal to the slope?

Component of Component of weight
weight acting acting normal to the
down the slope slope
A mg sinf mg cost
B mg tand mg sinf
C mg cost) mg sinf
D mg cos6 mg tanf
E mg sinf mg tanf

4. A person stands on bathroom scales in a lift.
The scales show a reading greater than the person’s weight.
The lift is moving

upwards with constant speed
downwards with constant speed
downwards with increasing speed

downwards with decreasing speed

m O O @ >

upwards with decreasing speed.

Page 4 Back to Table
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5. A car of mass 900 kg pulls a caravan of mass 400 kg along a straight, horizontal road with
an acceleration of 2-0ms 2.

coupling

— "\ 400kg

|

Assuming that the frictional forces on the caravan are negligible, the tension in the
coupling between the car and the caravan is

A 400N
B 500N
c 800N
D 1800N
E  2600N.

6. Water flows at a rate of 6-:25 x 10®kg per minute over a waterfall.
The height of the waterfall is 108 m.
The total power delivered by the water in falling through the 108 m is

A 113 x10°W
B 1-10 x 10"°W
C 6:62x10"W
D 4-05x107W
E 397 x 10"W.

7. Aspacecraft is travelling at a constant speed of 0-60c relative to the Moon.
An observer on the Moon measures the length of the moving spacecraft to be 190 m.

The length of the spacecraft as measured by an astronaut on the spacecraft is

A 120m
B 152m
C 238m
D 297m
E 300m.

[Turn over
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8.

10.
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A siren on an ambulance emits sound at a constant frequency of 750 Hz.
The ambulance is travelling at a constant speed of 25-0ms ™' towards a stationary observer.
The speed of sound in air is 340 ms™".

The frequency of the sound heard by the observer is

A 695Hz
B 699Hz
C 750Hz
D 805Hz
E 810Hz.

The emission of beta particles in radioactive decay is evidence for the existence of

quarks

electrons

A

B

C gluons
D neutrinos
E

bosons.

Two parallel metal plates X and Y in a vacuum have a potential difference V across them.

- +
E— Y 4 oO— |

An electron of charge e and mass m, initially at rest, is released from plate X.

The speed of the electron when it reaches plate Y is given by

2eV
A m
B 2eV
m
2V
c om
o ¥
em
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11. A potential difference of 2kV is applied across two metal plates.

An electron passes between the metal plates and follows the path shown.

+2kV

T screen

electron
[ ] -

!

ov

A student makes the following statements about changes that could be made to allow the
electron to pass between the plates and reach the screen.

| Increasing the initial speed of the electron could allow the electron to reach the
screen.

Il Increasing the potential difference across the plates could allow the electron to reach
the screen.

Il Reversing the polarity of the plates could allow the electron to reach the screen.

Which of these statements is/are correct?

A lonly

B llonly

C Il only

D landllonly
E landlll only

12. The following statement describes a fusion reaction.
H + H - jHe + (n + energy
1 1 2 0

The total mass of the particles before the reaction is 6-684 x 107 kg.

The total mass of the particles after the reaction is 6:680 x 102" kg.
The energy released in the reaction is

A 6-012 x 1071°)
B 6016 x107J
C 1800 x 1073
D 3-600x 10"
E 1200 x 10°2'J.

[Turn over
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13.

14.

Back to Table

Two identical loudspeakers, L, and L,, are operated at the same frequency and in phase
with each other. An interference pattern is produced.

At position P, which is the same distance from both loudspeakers, there is a maximum.
The next maximum is at position R, where LR =5-6m and L,R = 5-3m.

The speed of sound in air is 340ms™"

The frequency of the sound emitted by the loudspeakers is

A 8:8x10*Hz
B 3-1 x 10"Hz
c 1-0 x 10°Hz
D 1-1 x 10*Hz
E 3-7 x 10%Hz.

An experiment is carried out to measure the wavelength of red light from a laser.

The following values for the wavelength are obtained.
650 nm 640 nm 635nm 648 nm 655 nm

The mean value for the wavelength and the approximate random uncertainty in the mean

A (645 £ 1) nm
B (645 £ 4) nm
C (646 + 1) nm
D (646 = 4) nm
E (3228 + 20) nm.

Page 8 Back to Table
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15. Red light is used to investigate the critical angle of two materials P and Q.
ray of red light

ray of red light

material

Q

. material .
air P air

|

A student makes the following statements.

I Material P has a higher refractive index than material Q.
Il The wavelength of the red light is longer inside material P than inside material Q.

Il The red light travels at the same speed inside materials P and Q.

Which of these statements is/are correct?

A lonly

B llonly

C Il only

D landllonly
E I, landlll

16. The diagram represents some electron transitions between energy levels in an atom.

E -1:4x107"
E. ! -2:4x10"J
E, -5-4x 107"
E, -21-8 x 107"

The radiation emitted with the shortest wavelength is produced by an electron making

transition

A E toE,

B E,toE,

C E;toE

D E;toE,

E E;toE,.

[Turn over
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17. The output from a signal generator is connected to the input terminals of an oscilloscope.
The trace observed on the oscilloscope screen, the Y-gain setting and the timebase setting

are shown.
div
\
div |
[\ [\ [\
C LN LN [
VLN
\ [/ \ [/
\l/
Y-gain Timebase
5
0@,
20 1100 0-1
V/div ms/div
%

The frequency of the signal shown is calculated using the

timebase setting and the vertical height of the trace
timebase setting and the horizontal distance between the peaks of the trace
Y-gain setting and the vertical height of the trace

Y-gain setting and the horizontal distance between the peaks of the trace

m O O @ >

Y-gain setting and the timebase setting.

18. Acircuit is set up as shown.

_o/\/o_

&

The r.m.s voltage across the lamp is 12 V.
The power produced by the lamp is 24 W.
The peak current in the lamp is

A 0-71A
B 1-4A
c 2-0A
D 2-8A
E 17A.

Page 10 Back to Table



19.

20.

Back to Table

A student makes the following statements about energy bands in different materials.

I In metals the highest occupied energy band is not completely full.
Il Ininsulators the highest occupied energy band is full.

Il The gap between the valence band and conduction band is smaller in semiconductors
than in insulators.

Which of these statements is/are correct?

A lonly

B Ilonly

C landllonly
D Iandlllonly
E I, llandlll

The upward lift force L on the wings of an aircraft is calculated using the relationship

L=1pv*4C,

where:
p is the density of air
v is the speed of the wings through the air
A is the area of the wings
C, is the coefficient of lift.

The weight of a model aircraft is 80-0N.

The area of the wings on the model aircraft is 3-0 m?.
The coefficient of lift for these wings is 1-6.

The density of air is 1-29kgm 3

The speed required for the model aircraft to maintain a level flight is

A 2:5ms™’
B 3-6ms’
C 5-1ms"
D 129ms!
E 258ms".

[END OF SECTION 1. NOW ATTEMPT THE QUESTIONS IN SECTION 2
OF YOUR QUESTION AND ANSWER BOOKLET]
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Detailed Marking Instructions for each question

Section 1
Question Answer Mark
1. C 1
2, B 1
3. A 1
4. D 1
5. C 1
6. B 1
7. c 1
8. E 1
9. D 1
10. B 1
11. A 1
12. D 1
13. D 1
14. D 1
15. A 1
16. E 1
17. B 1
18. D 1
19. E 1
20. C 1

Page 12
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National
Qualifications
2015

Mark

X757/76/01 Physics
Section 1 - Answer Grid
and Section 2

TUESDAY, 5 MAY

1:00PM - 3:30 P (AR AR

*X7577 60 1=

Fill in these boxes and read what is printed below.

Full name of centre Town

Forename(s) Surname Number of seat

Date of birth
Day Month Year Scottish candidate number

Total marks — 130

SECTION 1 — 20 marks
Attempt ALL questions.
Instructions for the completion of Section 1 are given on Page two.

SECTION 2 — 110 marks
Attempt ALL questions.

Reference may be made to the Data Sheet on Page two of the question paper X757/76/02 and
to the Relationship Sheet X757/76/11.

Care should be taken to give an appropriate number of significant figures in the final answers to
calculations.

Write your answers clearly in the spaces provided in this booklet. Additional space for answers
and rough work is provided at the end of this booklet. If you use this space you must clearly
identify the question number you are attempting. Any rough work must be written in this
booklet. You should score through your rough work when you have written your final copy.

Use blue or black ink.

Before leaving the examination room you must give this booklet to the /
Invigilator; if you do not, you may lose all the marks for this paper. %SQA

L AR ELARRLAR AW -

* X 7577 60101%*
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MARKS
SECTION 2 — 110 marks

Attempt ALL questions

. The shot put is an athletics event in which competitors “throw” a shot as far

as possible. The shot is a metal ball of mass 4-0kg. One of the competitors
releases the shot at a height of 1-8 m above the ground and at an angle 6 to
the horizontal. The shot travels through the air and hits the ground at X. The
effects of air resistance are negligible.

not to scale
v
70)
1
1-8m
L
=~ range of the shot X

The graph shows how the release speed of the shot v varies with the angle of
projection 6.

16

release speed v (ms ™)

/|

14

12

I/
A
/1

10 =

7

0O 10 20 30 40 50 60 70 80 90

angle of projection 0 (°)

* X 7577 60106 *
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1. (continued) MARKS | DO NoT

WRITE IN
THIS
MARGIN

(@) The angle of projection for a particular throw is 40°.

(i) (A) State the release speed of the shot at this angle. 1

(B) Calculate the horizontal component of the initial velocity of
the shot. 1

Space for working and answer

(C) Calculate the vertical component of the initial velocity of
the shot. 1

Space for working and answer

(i) The maximum height reached by the shot is 4-7m above the
ground. The time between release and reaching this height is
0-76s.

(A) Calculate the total time between the shot being released
and hitting the ground at X. 4

Space for working and answer

L AR EAR R -

*X757760107 *
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) , MARKS 20101
. (a) (ii) (continued) VARG
(B) Calculate the range of the shot for this throw. 3

Space for working and answer

(b) Using information from the graph, explain the effect of increasing the
angle of projection on the kinetic energy of the shot at release. 2

ARIREARMIAnmmn -

*X7577 60108 *
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Section 2
Question Answer Max |Additional Guidance
Mark
1. | (@) | (i) |A v =11-6ms | 1) 1 Unit required - incorrect or missing
unit award 0
Accept m/s
No other value accepted.
B vp = 11:6 cos40 1 Or consistent with A
=89ms ! (1) Accept 8886, 8-89, 9 but not 9-0
0 marks for mixing up B and C
C ve =11-6sin40 1 |Or consistent with A
=7-5ms | (1) Accept 7-456,7-46, 7 but not 7-0
() [A s = ur+%ar 1) 4 |sand a must have the same sign

47=0+%x9-8x7
r= 0-979 (s)

Total Time =0-98 + 0-76
=1-7s

(1)
(1)

(1)

vi=u’+2as
=0+2x9-8x4.7
v=9-6
v=u-+at
9-6=0+9-8¢
t=0-979
All formulae required to get final
answer 1)

Correct substitution into all (1)
Answer of 0-979 (1)

Watch for inappropriate
intermediate rounding eg r =1, treat
as arithmetic error, max 3 marks
Accept 2, 1-74, 1-739 but not 2-0

If g=9-81 or 10 then incorrect
substitution, maximum 1 mark for

formula

NB No secs in physics!

Page 17
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Question Answer Max |Additional Guidance
B d M 3 |
yV=— S =ut+—at
t
or
8.9 = da (1) 1
1-7 s=—(u+v)t (1)
d=15m (1) 2
Or consistent with (a)(ii)(A)
and (a)(i)(B)
Accept 20, 15-1, 15-13
If t = 1-74 accept 15, 15-5, 15-49
(b) kinetic energy is less (1) 2 | This statement is required before

(as @ increases) speed decreases

(1)

any marks awarded.

If there is wrong physics in the
answer then award 0 marks

Can be done by calculation but it
must be clearly indicated which
angle applies to which kinetic energy
to access the second mark.

Wrong substitution in calculation
method - award 0 marks (wrong
physics)

Alternative: (total energy remains
the same)

The greater the angle the more
energy used to lift the putt to a
greater height before release (1)
Less energy available to convert
to E, (1)

Page 18
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2. A student sets up an experiment to investigate collisions between two
trolleys on a long, horizontal track.

force
sensor

lightgate

The mass of trolley X is 0-25 kg and the mass of trolley Y is 0-45 kg.
The effects of friction are negligible.

In one experiment, trolley X is moving at 1-2ms™' to the right and trolley Y
is moving at 0-60ms™" to the left.

The trolleys collide and do not stick together. After the collision, trolley X
rebounds with a velocity of 0-80ms™' to the left.

(@) Determine the velocity of trolley Y after the collision.

Space for working and answer

[Turn over
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. (continued)

(b) The force sensor measures the force acting on trolley Y during the
collision.

The laptop displays the following force-time graph for the collision.

force (N) 4-5 S Eam R SEREREREE REEEE R REREE R SuuRER R SauRRRR R
4.0

35
3-0
2-5
2-0
1-5
1-0
0-5
0-0

0 50 100 150 200 250 300

time (ms)

(i) Determine the magnitude of the impulse on trolley Y.

Space for working and answer

(i) Determine the magnitude of the change in momentum of trolley X.

* X7577 60110 =%
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MARKS | bo NOT

WRITE IN

2. (b) (continued) THIS

MARGIN

(iii) Sketch a velocity-time graph to show how the velocity of trolley X
varies from 0-50s before the collision to 0-50s after the collision. 3

Numerical values are required on both axes.
You may wish to use the square-ruled paper on Page thirty-six.

[Turn over
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Question Answer Max |Additional Guidance
Mark
2. ((a) (Total momentum before = total 3 |If sign convention not applied then
momentum after) max (1) for formula.
mu, +mu, =my +mpy, (1)
’ T ’ Answer must be consistent with sign
convention in substitution line.
(O~25><1-20)+(0-45><—O'60)
=(0-25><—0-80)+(0-45><vy)(1) 0-5,0-511,0-5111
Where candidates calculate the
0-30-0-27=-0-20+0-45xv, momentum of each trolley
B ' individually both before and after,
0-45xv, =0-23 no marks are awarded unless correct
v.=0-5Ims™ (1) addition (including sign convention)
’ and equating takes place.
(to the right)
(b) | () |impulse = area under graph 3 |Impulse = mv — mu
1
(=5bxhj (1) =(0-45 x 0-51) — (0-45 x —0-60)
=%x0-25><4~0 (1)
=0-50Ns 1) =0-50N's
For alternative method accept:
Accept 0-5, 0-500, 0-5000 0-5, 0-500, 0-4995
Accept kgm s’
(i) [0-50 kgm s’ (1) 1 |Or consistent with (i)

Accept N s
Accept 0-5

Page 22
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Question Answer Max |Additional Guidance
Mark

(iii) 3
velocity
(ms™) \

0 | | | time (s)
08 0-5 0-75 1-25

Constant velocity at correct

values and signs before and after
collision 1)

Velocity change from initial to
final in 0-25 s. 1)

Shape of change of velocity
correct ie initially gradual,
increasing steepness then levelling
out to constant velocity. 1)

The origin and at least one axis must
be labelled with quantity or unit or
both otherwise maximum 2 marks.

Page 23
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MARKS | oire
. A space probe of mass 5-60 x 103kg is in orbit at a height of 3-70 x 10°m s
above the surface of Mars.
space probe
not to scale
Mars
The mass of Mars is 6-42 x 1023 kg.
The radius of Mars is 3-39 x 10°m.
(a) Calculate the gravitational force between the probe and Mars. 3
Space for working and answer
(b) Calculate the gravitational field strength of Mars at this height. 3
Space for working and answer

AT EL AR A -

*X757760112 =%
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Question Answer Max |Additional Guidance
Mark
3. (@) GMm 3 |Accept 4-8, 4-770, 4-7704
F=— M
’
o 6:67x107x6-42x10” x5-60x10°
(3-39x10°+3-70x10°)
(4]
F=4-77x10° N 1)
(b) w 3 | Or consistent with (a)
8§=— (1) F= ma is acceptable
m If candidate uses
4770 1)
#5600 =M
’
g=0-852 Nkg' (1)

and has already lost marks in (a) for
not adding the radius to the height,
do not penalise for a second time.
(Gives 3-13) if r is consistent with
(@)

Accept m s >

Page 25
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4. Light from the Sun is used to produce a visible spectrum.
A student views this spectrum and observes a number of dark lines as shown.
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
400 500 600 700
wavelength (nm)
(a) Explain how these dark lines in the spectrum of sunlight are produced. 2

(b) One of the lines is due to hydrogen.

The position of this hydrogen line in the visible spectrum is shown for a
distant galaxy, a nearby galaxy and the Sun.

distant galaxy

nearby galaxy

wavelength (nm)

(i) Explain why the position of the line is different in each of the
spectra. 2

*X7577 60114 %
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4. (b) (continued) THIS

MARGIN

(ii) Show that the redshift of the light from the distant galaxy is
0-098. 2

Space for working and answer

(iii) Calculate the approximate distance to the distant galaxy. 5

Space for working and answer

[Turn over
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Question Answer Max |Additional Guidance
Mark
4, | (a) photons of particular/some/ 2 | 1°" mark stands alone
certain energies/frequencies are
absorbed (1) Particular/some/certain
frequencies/wavelengths of
light/radiation are absorbed (1)
in its/the Sun’s (upper/outer) ‘the atmosphere’ is too vague
atmosphere/outer layers (1)
Accept gases or suitable named
gases in place of atmosphere but
not elements or atoms on their
own.
(b) | (i) |light is redshifted/ shifted towards 2 |accept: the wavelength (1) has
red (1) increased/ frequency (f) has
decreased /lines have been
redshifted
Not ‘blueshift’/becomes
red/shifted to red - this is wrong
(as) the galaxies are moving away physics, award 0 marks.
(from the Sun) 1)
Or further galaxies have greater
recessional velocity
Or equivalent
(ii) served — Lrest 2 |Must start with the appropriate
= 2 (1) relationship
S S 450-410
450%x10™ —410x10 Accept —
= > (1) 410
410x10
=0-098 Award maximum of 1 mark if final
answer is not 0-098
(iii) 5 |-anywhere
z== (1)
¢ Must use 0-098 otherwise incorrect
0-098 1 : 1 substitution - max 2 marks
3-00x10 (1)
-anywhere
(v=294x10"ms™")
v=H.d (1)
‘ Accept 1 x 10%°, 1-28 x 10%,
25
2:94x10"=2:3x 10" xd (1) 1278 <10
d=13x105m ) There is no need to convert to light

(1-4 x10° 1y )

years but if done must be correct
otherwise max 4 marks.
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MARKS | Jeren
5. Aquote from a well-known science fiction writer states: e
“In the beginning there was nothing, which exploded.”
Using your knowledge of physics, comment on the above statement. 3

L AR ELARRLAR R -

*X757760116 *

Page 29 Back to Table



r Back to Table —I

MARKS | bo NOT

WRITE IN
6. (a) The Standard Model classifies force mediating particles as bosons. THIS

MARGIN
Name the boson associated with the electromagnetic force. 1

(b) In July 2012 scientists at CERN announced that they had found a particle
that behaved in the way that they expected the Higgs boson to behave.
Within a year this particle was confirmed to be a Higgs boson.

This Higgs boson had a mass-energy equivalence of 126 GeV.
(1eV=1-6 x10""J)

(i) Show that the mass of the Higgs boson is 2:2 x 10 2°kg. 3

Space for working and answer

(il) Compare the mass of the Higgs boson with the mass of a proton in
terms of orders of magnitude. 2

Space for working and answer

[Turn over

L AR EAR R -

*X757760117 *

Page 30 Back to Table




Back to Table

Question Answer Max |Additional Guidance
Mark
6. |(a) Photon 1
(b) [ () |126 GeV =126 x 10°x(1-6 x 10 ") 3 [If candidate does not show this line,
(1) either separately or in the formula,
then max 2 marks may be awarded.
=2-0x 10™ (J)
-anywhere
E = mc? (1) Alternative:
E =mc® (1)
2:0x 10 =m x (3 x 10*)?
2
(1 126x10°x(1:6x10"% ) = mx(3x10°)
m =22 %107 (kg) (1)
m =22x10"7 (kg)
Max 2 marks if final answer not given
(i) [(2:2x 107 /1-673 x 107 =)130 2

M
(Higgs boson is)

2 orders of magnitude bigger (1)

or 10 /1077 =100
or2:2x102/1-67x10 % =
or2:2x102/1:7x 102 =
or2:24 x 10 2 /1-673 x 107 =
etc

Accept 100, 10%, 132, 131-5, 134,
133-9, etc (1)

If mass of neutron used treat as
wrong physics - award 0 marks

‘2 bigger’ on its own is worth 2
marks
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Back to Table —I

MARKS | bo NOT

WRITE IN

MARGIN

physics concepts. Throwing different balls at a coconut shy to dislodge a
coconut is an analogy which can help understanding of the photoelectric
effect.

Use your knowledge of physics to comment on this analogy. 3

AR EARMRn W -

*X757760118 =*
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8. A student investigates how irradiance / varies with distance d from a point

source of light.

small lamp light
sensor

@ ——\ J:I

WRITE IN

—

light meter

metre stick

The distance between a small lamp and a light sensor is measured with a
metre stick. The irradiance is measured with a light meter.

The apparatus is set up as shown in a darkened laboratory.

The following results are obtained.

d (m) 0-20 0-30 0-40 0-50
I(Wm?) | 1340 60-5 336 21-8

(a) State what is meant by the term irradiance.

(b) Use all the data to establish the relationship between irradiance / and
distance d .

*X7577 60120 =*
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Back to Table

(continued)

(c) The lamp is now moved to a distance of 0-60 m from the light sensor.

Calculate the irradiance of light from the lamp at this distance.

Space for working and answer

(d) Suggest one way in which the experiment could be improved.

You must justify your answer.

(e) The student now replaces the lamp with a different small lamp.
The power output of this lamp is 24 W.

Calculate the irradiance of light from this lamp at a distance of 2-0m.

Space for working and answer

*X757760121=*
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Question

Answer

Max
Mark

Additional Guidance

8.

@

The power per unit area
(incident on a surface)

Accept power per square metre (m?)

(b)

134 x 0-2* =54

60-5 x 0-:3* =54

33-6x0-4°=54
21-8x0:5°=55 (2)
Statement of I x d* = constant

(1)

If only 3 sets of data used correctly
then maximum 2 marks.

If 2 sets of data used correctly then
maximum 1 mark (for relationship)
If only 1 set of data used award 0
marks.

Must be clear how the candidate has
used the data to obtain the
relationship.

Ignore inappropriate averaging in
this case.

Accept straight line graph proof
A sketch graph is not acceptable.
1 mark for all 4 points plotted
correctly and best fit line

1 mark for correct axes including
scales and labels ie / and 1/d*
(ignore units)

1 mark for statement of / x d* =
constant only if some or all data has
been used

I x d is equivalent to I o 1/d”
Accept 1,d’ =1,d,’

()

Ixd =54 (1)
Ix0:60° =54 (1)
[=15Wm (1)

Canuse 1d;’ =1,d)’
Watch for a variation in answers due
to data used.
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Question Answer Max Additional Guidance
Mark
(d) Smaller lamp 1) 2 Accept
Will be more like a point source Use a more precise instrument to
(1) reduce the (absolute) uncertainty.
or
Black cloth on bench (1) Must provide ju.stification Which is
not wrong physics, otherwise 0
k
to reduce reflections (1) marks
Do not accept ‘repeat it’ (since
there is little variation in the
calculated value of the constant/
spread of points from best fit line)
(e) A =4 =4nx 27 =50-265 (1) 4
-anywhere
I= L 1)
A
[=048Wm? (1)
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. A student carries out two experiments to investigate the spectra produced

from a ray of white light.

(@) In the first experiment, a ray of white light is incident on a glass prism
as shown.

not to scale

normal

spectrum

ray of white light

air

(i) Explain why a spectrum is produced in the glass prism.

(i) The refractive index of the glass for red light is 1-54.
Calculate the speed of red light in the glass prism.

Space for working and answer

*X757760122=*
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9. (continued) MARGIN

(b) In the second experiment, a ray of white light is incident on a grating.

not to scale
screen

grating

ray of white light - i

The angle between the central maximum and the second order
maximum for red light is 19-0°.
The frequency of this red light is 4-57 x 10" Hz.

second order maximum

first order maximum
central maximum

first order maximum

second order maximum

(i) Calculate the distance between the slits on this grating. 5

Space for working and answer

(i) Explain why the angle to the second order maximum for blue light
is different to that for red light. 3

L AR EARMOAnnman -

*X7577 60123 =*
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Question Answer Max |Additional Guidance
Mark
9. |(a) | (i) | Different frequencies/ colours 1 |Do NOT accept “bending” on its

have different refractive indices

(1)

or

e Different frequencies/
colours are refracted through
different angles (1)

own but ignore it if follows
‘refraction’

Do not accept ‘different amounts’.
Not wavelength or speed on its own
but ignore if reference made to

frequency or colour.

A correct answer followed by
‘diffract’ or ‘defract’, 0 marks

(i) v,

n=-L (1)
Va
8
|54 - 370010 1)
V2
v, = 195108 ms™ (1)

Accept 1-9, 1-948, 1-9481

Example of inappropriate
intermediate rounding:

sin 6,
n=—
sin 6,
1.54 51.n 42
sin 6,

6, =25-75° =26°

v, _sing,

v, - sin 6,

3-00x10° sin42
v, sin 26

v, =2-0x10°ms™

(max 2 marks)
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Question Answer Max |Additional Guidance
Mark
®) () |v =1 (1) 5 |-anywhere
3.00 x 10°=4-57 x 10" x 4 (1) Inappropriate intermediate
rounding eg 660, treat as
0 arithmetic error max 4 marks
A = 656-5x10
mA = dsinf (1) -anywhere
2% 656'5 x 10” =d x sin19-0 (1
03 10 sinl9-0- ( 1) Accept 4-0, 4-033, 4-0327
B m 1 If candidates go on to calculate 1/d
then do not award the final mark
for answer
(i) |edifferent colours have different 1 3 |Any answer using different
(1) colours/wavelengths diffract/

e mA=d sinf
e (m and d are the same)
e J is different for different 4 (1)

or

(1)

o different colours have different 4
M

e Path difference = mA (1)

o (for the same m)

¢ PD is different for

different A (1)

refracts different amounts as the
explanation is wrong physics, award
0 marks

Any answer using wrong physics,
award 0 marks.

2] = dsind is ok

Path difference = 24 is ok

Can be done by recalculation but
must include the first statement
else maximum 2 marks.
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10. A car battery is connected to an electric motor as shown.

______________________

______________________

®

The electric motor requires a large current to operate.

(@) The car battery has an e.m.f. of 12-8V and an internal resistance r of
6-0 x 1073 Q. The motor has a resistance of 0-050 Q.

(i) State what is meant by an e.m.f. of 12-8V.

(ii)) Calculate the current in the circuit when the motor is operating.

Space for working and answer

(iii) Suggest why the connecting wires used in this circuit have a large
diameter.

L AR EARMRan

*X757760125 =%

Page 41 Back to Table

MARKS

3

1

DO NOT

WRITE IN
THIS
MARGIN




10.

Back to Table

(continued)

(b) A technician sets up the following circuit with a different car battery
connected to a variable resistor R.

Readings of current / and terminal potential difference V from this
circuit are used to produce the following graph.

V() 14

13

12 o

11

10

o 14N

10 20 30 40 50 60 70 80
1(A)

*X7577 60126 *
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10. (b) (continued)

Use information from the graph to determine:

(i) the e.m.f. of the battery;

Space for working and answer

(ii)) the internal resistance of the battery;

Space for working and answer

Back to Table

[Turn over

*X757760127 *
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(b) (continued)

(iii) After being used for some time the e.m.f. of the battery
decreases to 11:-5V and the internal resistance increases to
0-090 Q.

The battery is connected to a battery charger of constant e.m.f.
15-0V and internal resistance of 0-45 Q as shown.

1 LI} _—+ 1
| J’*’ o T |
1 1

1

15-0V ! 11-5V,
battery | - ' i
charger E O

0-45Q: 10-090Q

(A) Switch S is closed.

Calculate the initial charging current.

Space for working and answer

(B) Explain why the charging current decreases as the battery
charges.

*X7577 60128 =*
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Question Answer Max |Additional Guidance
Mark
10. | (@) | (i) |12-8 T (of energy) is gained 1
by/supplied to 1 coulomb (of
charge passing through the battery)
(i) |E=V+Ir and V= IR 1) 3 |Both required for 1 mark
E =I(R+r) If candidates start with this
expression, it gets the formula
12-8 =1(0-050+6-0 x 107) (1) mark
1=230A (1) Rrota1 = 0-050 + 6:0 x 10
=0-056 (Q2)
I=FE/Ry 1)
=12-8/0-056 1)
=230 A 1)
accept [ = V/R if sub correct
accept 200, 229, 228-6
Or consistent with (a) (i)
(iii) | (Wire of large diameter) has a low 1 |Not: motor requires large current,
resistance (1) on its own
or
to prevent overheating (1) Not: The wires will melt, on its
own.
or
€g
to prevent wires melting 1) wires melt (no justification) 0
marks,
thin wires could melt due to large
current 1 mark
(b) | (i) [12-6V 1 |No tolerance
(i) | (gradient = —r) 3 |Gradient = r is wrong physics,
award 0 marks
gradient= (12 — 12-5)/(60-10) (1) gradient formula or implied (1)
==0-01 (1) calculating gradient (1)
internal resistance =0-01 Q (1) or
E=V+1Ir 1)
12:6 =12 +60r (1)
r=0-01Q (1)
If using this method, they must use
data from the line or points which
lie on the line.
Or consistent with (b) (i)
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Question Answer Max |Additional Guidance
Mark
(iii) |(A) Vv 3 |Accept 6, 6-48, 6-:481
1=— 1)
R
(15—11-5)
= (1)
(O~O9+0~45)
(0-:09 + 0-45)
=6'5A 1)

(B) |The e.m.f. of the battery| 2 |Independent marks
increases 1) Accept voltage or pd in place of
Difference between the two emf
e.m.f.s decreases (1)

or equivalent
Apply * rule
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11. Adefibrillator is a device that provides a high energy electrical impulse MARKS | ponoT

to correct abnormal heart beats. s

paddle A paddle B

The diagram shows a simplified version of a defibrillator circuit.

switch
1 2 paddle A

L]

2-50kV L 64 F

The switch is set to position 1 and the capacitor charges.

1

resistance
of patient

paddle B

(a) Show the charge on the capacitor when it is fully charged is 0-16 C. 2

Space for working and answer

L AR P ARDLAn MU -

* X7577 60130 =*
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11. (continued) MARKS | DO NoT

WRITE IN
THIS
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(b) Calculate the maximum energy stored by the capacitor. 3

Space for working and answer

(c) To provide the electrical impulse required the capacitor is discharged
through the person’s chest using the paddles as shown

The initial discharge current through the person is 35-0A.

(i) Calculate the effective resistance of the part of the person’s body
between the paddles. 3

Space for working and answer

L AR EL AR AR IR -

*X757760131=*
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(c) (continued)

(i) The graph shows how the current between the paddles varies with

(iif)

time during the discharge of the capacitor.

current (A)

35.0 \\

0 20 time (ms)

The effective resistance of the person remains the same during
this time.

Explain why the current decreases with time.

The defibrillator is used on a different person with larger effective
resistance. The capacitor is again charged to 2-50 kV.

On the graph in (c)(ii) add a line to show how the current in this
person varies with time.

(An additional graph, if required, can be found on
Page thirty-eight).

*X7577 60132 =*
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Question Answer Max |Additional Guidance
Mark
1. 1) C= Q (1) 2 Must start with formula
Vv
6 0 Maximum 1 mark if final answer not
64x10 = T 50x10° 1) shown
Q:O.16(C) Note: ng
Vv
64x107° = —=—
2-50
Q=016
Is awarded a maximum of 1 mark for
the formula, as knowledge of units
has not been shown.
It is acceptable to work back to find
the value of capacitance.
(b) 1 3 |Alternative methods:
E=—QV (1) 1
2 E= Ecvz (1)
E=1x0-16x2-50x10° (1) 1 )
2 =—x64x10°x(2:50x10°) (1)
E =200J (1) 2
=2001J 1)
or
10
E=—=— 1
> C M
1 0-16°
= (1
2 64x10
=200J 1)
Note: max 2 marks if not x 10°°,
unless value shown as 0-064 x 1073,
which is acceptable or answer
quoted as 200 x 10° uJ or similar.
(treat as unit error)
(c) | (i) v=IR (1) 3 |Accept 71,71-43,71-429
2-50x10° =35-0xR (1)
R=71-4Q (1)
(ii) | The voltage decreases (1) 1
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Question Answer Max |Additional Guidance
Mark
(iii) |Smaller initial current 1) 2 |Line must be a curve to award the

Time to reach 0 A is longer

(1)

second mark

Line must tend towards the time axis
to gain the second mark.

Do not worry about areas under the
lines being different.
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12. A student carries out an investigation to determine the refractive index of a
prism.

A ray of monochromatic light passes through the prism as shown.

not to scale

deviated
ray

incident
ray

The angle of deviation D is the angle between the direction of the incident
ray and the deviated ray.

The student varies the angle of incidence 6 and measures the corresponding
angles of deviation D.

The results are shown in the table.

Angle of incidence 6 (°) | Angle of deviation D (°)
30-0 47-0
40-0 38-1
50-0 37-5
60-0 38-8
70-0 42-5

(a) Using the square-ruled paper on Page thirty-five, draw a graph of D
against 6.

(b) Using your graph state the two values of 6 that produce an angle of
deviation of 41-0°.

(c) Using your graph give an estimate of the minimum angle of deviation
D

me

L AR EARMOn G

*X7577 60133 =%
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(continued)

(d) The refractive index n of the prism can be determined using the

relationship.
n sin(éj = sin(A Dy )
2 2

where A is the angle at the top of the prism, and
D, is the minimum angle of deviation.

Use this relationship and your answer to (c) to determine the refractive
index of the prism.

Space for working and answer

(e) Using the same apparatus, the student now wishes to determine more
precisely the minimum angle of deviation.

Suggest two improvements to the experimental procedure that would
achieve this.

[END OF QUESTION PAPER]

* X7577 6 013 4 %
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Question Answer Max |Additional Guidance
Mark
12. | (a) Suitable scales with labels on axes | 3 |Accuracy of plotting should be easily
(quantity and units) 1) checkable with the scale chosen.
[Allow for axes starting at zero or
broken axes or an appropriate If the origin is shown the scale must
value eg 30°] either be continuous or the axis must
be ‘broken’. Otherwise maximum 2
Correct plotting of points (1) marks.
Do not penalise if candidates plot &
Smooth U shaped curve through against D
these points. 1)
Graphs of sine of angles are
incorrect for (a) 0 marks but can still
gain marks for rest of question.
(b) 36° and 66° 1 | both required for 1 mark
Must be consistent with (a)
Allow + half box tolerance
(c) 37° 1 |Must be consistent with (a)
Allow + half box tolerance
(d) Correct substitution into equation 2 |Must be consistent with (c)
using D,,, from answer to (c) (1)
Correct value for n (1-5 if using
D,, equal to 37°) 1)
(e) Repeat measurements 1) 2 |Not:
take more measurements
More measurements around/ close Repeat the experiment more times
to a minimum or smaller 'steps’ in Extend the range
angle (1)

[END OF MARKING INSTRUCTIONS]

P
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Instructions for the completion of Section 1 are given on Page 02 of your question and answer
booklet X757/76/01.

Record your answers on the answer grid on Page 03 of your question and answer booklet.

Reference may be made to the Data Sheet on Page 02 of this booklet and to the Relationships
Sheet X757/76/11.

Before leaving the examination room you must give your question and answer booklet to the
Invigilator; if you do not, you may lose all the marks for this paper.

»< SOA
W e

* X7577 602 *

A/PB

Page 1 Back to Table



Back to Table

DATA SHEET

COMMON PHYSICAL QUANTITIES

Quantity Symbol Value Quantity Symbol Value
Speed of light in
vacuum c 3-00 X 108 ms™’ Planck’s constant h 6:63 X 10734Js
Magnitude of the
charge on an electron e 1-60 x 107" C Mass of electron m, 9-11 x 103"kg
Universal Constant of
Gravitation G |6-67 x 10" m>kg 's 2| Mass of neutron m, 1-675 x 10 7 kg
Gravitational
acceleration on Earth g  |9-8ms? Mass of proton m, 1-673 x 1027 kg
Hubble’s constant H, |2:3x10"%s"

REFRACTIVE INDICES

The refractive indices refer to sodium light of wavelength 589 nm and to substances at a temperature of

273 K.

Substance Refractive index Substance Refractive index
Diamond 2-42 Water 1-33
Crown glass 1-50 Air 1-00

SPECTRAL LINES
Element | Wavelength/nm Colour Element Wavelength/nm Colour

Hydrogen 656 Red Cadmium 644 Red

486 Blue-green 509 Green

434 Blue-violet 480 Blue

410 Violet Laser

397 Ultraviolet asers

389 Ultraviolet Element Wavelength/nm Colour

Carbon dioxide 9550 Infrared
Sodium 589 Yellow 10590
Helium-neon 633 Red
PROPERTIES OF SELECTED MATERIALS
Substance Density/kgm3 Melting Point/K Boiling Point/K

Aluminium 2:70 x 10° 933 2623
Copper 8-96 x 10° 1357 2853
Ice 9-20 x 102 273 e
Sea Water 1-02 x 10° 264 377
Water 1-00 x 103 273 373
Air 1-29
Hydrogen 9.0 x 1072 14 20

The gas densities refer to a temperature of 273K and a pressure of 1:01 x 10° Pa.
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SECTION 1 — 20 marks
Attempt ALL questions

1. A car accelerates uniformly from rest. The car travels a distance of 60m in 6-0s. The
acceleration of the car is

A 0-83ms?
B 33ms?
C 50ms?
D 10ms™?
E 20ms 2

2. Aballis thrown vertically upwards and falls back to Earth.

Neglecting air resistance, which velocity-time graph represents its motion?

A VA D Vi
0 p 0 Vt
B Y E Vi
N
t t

[Turn over
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3. A block of wood slides with a constant velocity down a slope. The slope makes an angle of
30° with the horizontal as shown. The mass of the block is 2-0kg.

mitiy

30°

The magnitude of the force of friction acting on the block is

A 1-ON
B 1-7N
C 9-8N
D 17-0N
E 19-6N.

4, The graph shows the force which acts on an object over a time interval of 8-0 seconds.

force (N)
12 1
10-
8 4
6 -

4

2

0 T T 1
0 20 40 60 80 100

time (s)

The momentum gained by the object during this 8-0 seconds is

A 12kgms™’
B 32kgms’
C 44kgms'
D 52kgms’
E 72kgms .
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5. A planet orbits a star at a distance of 3-0 x 10° m.
The star exerts a gravitational force of 1-6 x 10 N on the planet.
The mass of the star is 6-0 x 10°°kg.
The mass of the planet is

A 2-4x10"kg
B 1-2x10'kg
C 3-6x10%kg
D 1.6 x 10%kg
E 24 x107kg.

6. A car horn emits a sound with a constant frequency of 405 Hz.
The car is travelling away from a student at 28-:0ms".
The speed of sound in air is 335 ms™".

The frequency of the sound from the horn heard by the student is

A 371Hz
B 374Hz
C 405Hz
D 439Hz
E 442Hz.

[Turn over
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7. The graphs show how the radiation per unit surface area, R, varies with the wavelength, 4,
of the emitted radiation for two stars, P and Q.

R A

(units) /\
N\

/\\\\
/ / \\\ star Q
/ / ~— sEr P
0 % (um)

A student makes the following conclusions based on the information in the graph.

| Star P is hotter than star Q.
Il Star P emits more radiation per unit surface area than star Q.

Il The peak intensity of the radiation from star Q is at a shorter wavelength than that
from star P.

Which of these statements is/are correct?

A lonly

B llonly

C Illonly

D landllonly
E Ilandlll only

8. One type of hadron consists of two down quarks and one up quark.
The charge on a down quark is —4.

The charge on an up quark is +7%.

Which row in the table shows the charge and type for this hadron?

charge type of hadron
A 0 baryon
B +1 baryon
c -1 meson
D 0 meson
E +1 meson
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A student makes the following statements about sub-nuclear particles.

I The force mediating particles are bosons.

Il Gluons are the mediating particles of the strong force.

Il Photons are the mediating particles of the electromagnetic force.

Which of these statements is/are correct?

A lonly

B llonly

C landllonly
D llandlll only
E Lillandlll

The last two changes in a radioactive decay series are shown below.

A Bismuth nucleus emits a beta particle and its product, a Polonium nucleus, emits an alpha

particle.
R . 208
> Po > "5, PD
Which numbers are represented by P, Q, R and S?
p Q R S
A 210 83 208 81
B 210 83 210 84
C 211 85 207 86
D 212 83 212 84
E 212 85 212 84

Page 7
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The table below shows the threshold frequency of radiation for photoelectric emission for
some metals.

Metal Threshold frequency
(Hz)
sodium 4-4 x 10™
potassium 5-4 x10™
zinc 6-9 x 10™

Radiation of frequency 6-3 x 10" Hz is incident on the surface of each of the metals.

Photoelectric emission occurs from

m o 0O ©® >

sodium only

zinc only

potassium only
sodium and potassium only

zinc and potassium only.

Radiation of frequency 9-00 x 10" Hz is incident on a clean metal surface.

The maximum kinetic energy of a photoelectron ejected from this surface is 5-70 x 107 '8 J.

The work function of the metal is

A 2:67x10")
5-97 x 10718

B
C 117x107"J
D
E

2:07 x 1072

9-60 x 107" J.

Page 8
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13. A ray of monochromatic light is incident on a grating as shown.

first order maximum

monochromatic
light

L central maximum

grating

first order maximum

The wavelength of the light is 633 nm.
The separation of the slits on the grating is

A 196 x107"m
B 1-08x10°m
C 2:05x10°m
D 215x10°m
E 410x10°m.

14. Light travels from glass into air.

Which row in the table shows what happens to the speed, frequency and wavelength of the
light as it travels from glass into air?

Speed Frequency Wavelength
A decreases stays constant decreases
B decreases increases stays constant
C stays constant increases increases
D increases increases stays constant
E increases stays constant increases

15. The irradiance of light from a point source is 32Wm2 at a distance of 4-0m from the
source.

The irradiance of the light at a distance of 16 m from the source is

A 0-125Wm?
B 0-50Wm?2
C 2:0Wm?
D 8-0Wm2
E 128Wm™2

Page 9 Back to Table LTurnover
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Part of the energy level diagram for an atom is shown

X and Y represent two possible electron transitions.
A student makes the following statements about transitions X and Y.

| Transition Y produces photons of higher frequency than transition X
Il Transition X produces photons of longer wavelength than transition Y

Il When an electron is in the energy level E,, the atom is ionised.

Which of the statements is/are correct?

A lonly

B landllonly

C landlil only
D llandlll only
E Lllandlll

Page 10 Back to Table
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17. The output of a signal generator is connected to the input of an oscilloscope.

The trace produced on the screen of the oscilloscope is shown.

1 div

-

div

The timebase control of the oscilloscope is set at 2 ms/div.

The Y-gain control of the oscilloscope is set at 4 mV/div.

Which row in the table shows the frequency and peak voltage of the output of the signal

generator?
frequency (Hz) peak voltage (mV)
A 0-5 12
B 0-5 6
C 250 6
D 500 12
E 500 24

Page 11
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18. A potential divider circuit is set up as shown.

+12VO—-|-

3-0kQ
7-0kQ
oV O 1- O

The potential difference across the 7-0kC resistor is

A 36V
B 4.0V
c 51V
D 8.4V
E 90V

Page 12 Back to Table
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19. A circuit is set up as shown.

The resistance of the variable resistor is increased and corresponding readings on the
ammeter are recorded.

Resistance (QQ) 2-0 4-0 6-0 8-0

Current (A) 2-0 1-5 1-2 1-0

These results show that as the resistance of the variable resistor increases the power
dissipated in the variable resistor

increases

decreases

A

B

C remains constant
D decreases and then increases
E

increases and then decreases.

20. A 20pF capacitor is connected to a 12V d.c. supply.

The maximum charge stored on the capacitor is

A 1-4x1073C
B 2:4x10*C
C 1-2x10*C
D 1.7x10°C
E 6:0x107C.

[END OF SECTION 1. NOW ATTEMPT THE QUESTIONS IN SECTION 2
OF YOUR QUESTION AND ANSWER BOOKLET]
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Marking Instructions for each question

Section 1
Question Answer Max Mark
1. B 1
2, A 1
3. C 1
4. C 1
5. C 1
6. B 1
7. C 1
8. A 1
9. E 1
10. D 1
11. D 1
12. A 1
13. C 1
14. E 1
15. C 1
16. B 1
17. D 1
18. D 1
19. E 1
20. B 1
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SECTION 2 — 110 marks

Attempt ALL questions

not to scale

Fo- <

p |

5 |

1Q

An athlete takes part in a long jump competition. The athlete takes off from

point P with an initial velocity of 9-1ms ™' at an angle of 24° to the horizontal
and lands at point Q.

(a) Calculate:

(i) the vertical component of the initial velocity of the athlete;
Space for working and answer

(i) the horizontal component of the initial velocity of the athlete.
Space for working and answer

AR EARRAn W -

*X7577 60106 *
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1. (continued)

(b) Show that the time taken for the athlete to travel from P to Q is 0-76s. 2

Space for working and answer

(c) Calculate the horizontal displacement s, between points P and Q. 3

Space for working and answer

(d) The graph shows how the horizontal displacement of the athlete varies
with time for this jump when air resistance is ignored.

displacement (m) A

R

time (s)

Add a line to the graph to show how the horizontal displacement of the
athlete varies with time when air resistance is taken into account. 2

(An additional graph, if required can be found on Page 38)

L AR EAR DR -

*X757760107 *

Page 17 Back to Table [Turn over




Back to Table

Section 2
Question Answer Max | Additional Guidance
Mark
1. | (@) | (i) |uy=9-1sin24° 1 Sig figs:
uy=37ms’" (1) Accept 4, 3-70, 3-701
OR
Accept m/s
(i) | un=9-1 cos 24° 1 Sig figs:
un=83ms’! (1) Accept 8, 831, 8:313
(b) v=u+at (1) 2 [ SHOW question.
0=37+(-9-3t Sign convention must be
t=0-378 (s) correct.
(total) t=0-378 x 2 (1) A (0 =37 — 0.8t
(total)t=0-76's coep
If final line not shown then a
OR maximum of 1 mark can be
awarded.
v=u-+at (1) ) .
3.7 =37 +(-9-8) x t (1) Guidance on alternatives
(total) t=0-76 s s=u1+lat2 (1)
2
1 2
0:3-7t+5(—9-8)t (1)
(total) t=0-76s
(c) $=vVh Xt (1) 3 Or consistent with (a)(ii)
s=83x076 (1) Sig figs:
s=63m (1) Accept 6, 6-31, 6-:308
1
Accept s = E(u +v)t
1
Accept s =ut+ E at
Accept s =ut
vh=8-31 ms ' gives s = 6:32 m is
acceptable
(d) Smaller displacement (1) 2 Ignore any change in time
curve with decreasing gradient (1) Any part of the curve drawn
above the original line - award 0
marks
These marks are independent.
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2. A student uses the apparatus shown to investigate the force of friction
between the wheels of a toy car and a carpet.

toy car

not to scale

carpet

d

The toy car is released from rest, from a height 4. It then travels down the
ramp and along the carpet before coming to rest. The student measures the
distance d that the car travels along the carpet.

The student repeats the procedure several times and records the following
measurements and uncertainties.

Mass of car, m: (0-20 = 0-01) kg
Height, 4: (0-40 £ 0-005) m
Distance, d: 1:31m 1-40m 1-38m 1-41m 1-35m

@) (i) Calculate the mean distance d travelled by the car.
Space for working and answer

(ii) Calculate the approximate random uncertainty in this value.
Space for working and answer

*X7577 60108 *
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2. (continued) MARGIN

(b) Determine which of the quantities; mass m, height 4 or mean distance d,
has the largest percentage uncertainty.

You must justify your answer by calculation.

Space for working and answer

(© (i) Calculate the potential energy of the toy car at height 4.
An uncertainty in this value is not required.

Space for working and answer

[Turn over

L AR EARMRAn -

*X7577 60109 *
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2. (c) (continued) MARGIN

(ii) Calculate the average force of friction acting between the toy car
and carpet, as the car comes to rest.

An uncertainty in this value is not required. 3

Space for working and answer

(iii) State one assumption you have made in (c) (ii). 1

L AR EAR DR M -

*X757760110=*
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Question Answer Max | Additional Guidance
Mark
2. |(@ |[() | - 1-31+1-40+1-38+1-41+1-35 1 |Sig figs:
d= 5 Accept 1-4, 1-370
d=1-37m (1)
(ii) — 1-41-1-31 2 Sig figs:
Ad =——— (1) Accept 0-020
Ad=0-02m (1) Accept (1-37£0-02)m
(b) 0-01 4 Or consistent with (a)(i) and
Y%Am = x100=5% (1) (a)(ii)
0-20 ’
Each correct calculation with
0-005 correct substitution is awarded 1
0-40
Each calculation is independent
o 5 0-02 . but must have all three
YoAd = x100=1-5% (1) calculations shown to access the
1-37 : T :
final mark for the conclusion.
Mass (has largest percentage Accept percentage sign missing.
uncertainty). (1) Wrong substitution - maximum
of 2 marks.
Sig figs:
for %Am Accept 5-0, 5-00
for %Al Accept 1, 1-25, 1-250
for %Ad Accept 1, 1-46, 1-460
(c) | (i) 3 Sig figs:

E, =mgh
E,=0-20x9-8x0-40

Accept 0-8, 0-784

Treat -9-8 as wrong substitution
unless h is also negative.

Page 22
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Question

Answer

Max
Mark

Additional Guidance

2. |(c)

(if)

E, =Fd (1)
0-78 = F x 1-37 (1)
F= 057N (1)

3

Or consistent with (a)(i) and
(c)(i)

Sig figs:

Accept 0-6, 0-569, 0-5693

Candidates can arrive at this
answer by alternative methods
eg equating loss in Ep to gain in
Ex etc.

If alternative methods used, can
also accept 0-572, 0-5723

1 for ALL equations
1 for ALL substitutions
1 for correct answer

(iff)

All £, converted to Ex

All E, converted to Ew
Air resistance is negligible
Ramp is frictionless

Bearings in the wheels are
frictionless

The carpet is horizontal

No energy/heat loss on the ramp
etc

Only one correct statement
required

Note the =+ rule applies

Energy is conserved on its own

OR

No energy/ heat loss on its own
- 0 marks

Page 23
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3. The following apparatus is set up to investigate the law of conservation of —e

linear momentum.

computer

light
gate 1

light
gate 2

frictionless track /

vehicle X vehicle Y

In one experiment, vehicle X is travelling to the right along the track and
vehicle Y is travelling to the left along the track.

The vehicles collide and stick together.
The computer displays the speeds of each vehicle before the collision.
The following data are recorded:

Mass of vehicle X = 0-85 kg

Mass of vehicle Y = 0-25 kg

Speed of vehicle X before the collision = 0-55 ms™

Speed of vehicle Y before the collision = 0-30ms™’

(a) State the law of conservation of linear momentum. 1

(b) Calculate the velocity of the vehicles immediately after the collision. 3

Space for working and answer

L AR EL AR A -

*X757760112 =%
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3. (continued) —e
(c) Show by calculation that the collision is inelastic. 4

Space for working and answer

[Turn over

L AR PR MO0 e -

*X757760113 =%
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Question Answer Max | Additional Guidance
Mark
3. [(a) Total momentum before (a collision) 1 Not: TMB = TMA

is equal to the total momentum

after (a collision) An isolated system is equivalent

in the absence of external forces (1) to the absence of external
forces

(b) my, +myu, = (m, +u, ) v (1) 3 Sign of the answer must be

consistent with the substitution

(0-85x0-55)+(0-25x—0-3) of + and — velocities.

:(0-25+0-85)v (1

v=036ms" (1) Sig figs:
Accept 0-4, 0-357, 0-3568
If candidate then goes on to
state a direction which is not
consistent with their
substitution then maximum two
marks can be awarded.
Where candidates calculate the
momentum of each trolley
individually both before and
after, no marks are awarded
unless correct addition
(including sign convention) and
equating takes place.

(c) Ex="%mv ANYWHERE (1) 4 Or consistent with (b)

Before E; = Ymyvx’+ Vmyvy

= (Y5 % 0-85 x 0-55%)
+ (% % 025 x 0-3%)

= 0-14 (J) (1)
After Ei = %mv®
=15 x 11 x 0-362=0-071 (J) (1)

Kinetic energy is lost. (Therefore
inelastic.) (1)

1 mark for both substitutions

If candidate answers 0-49 in (b),
this gives 0-13 J for Ex after.

E before # E after is
insufficient
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. Two physics students are in an airport building on their way to visit CERN.

(@) The first student steps onto a moving walkway, which is travelling at
0-83ms ' relative to the building. This student walks along the walkway
at a speed of 1-:20ms™" relative to the walkway.

The second student walks alongside the walkway at a speed of 1-80ms™"
relative to the building.

direction

moving of travel
walkway —\ —_—

walkway

Determine the speed of the first student relative to the second student.
Space for working and answer

*X7577 60114 %
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4, (continued)

(b) On the plane, the students discuss the possibility of travelling at
relativistic speeds.

(i) The students consider the plane travelling at 0-8¢ relative to a
stationary observer. The plane emits a beam of light towards the
observer.

State the speed of the emitted light as measured by the observer.
Justify your answer.

(i) According to the manufacturer, the length of the planeis 71 m.

Calculate the length of the plane travelling at 0-8¢ as measured by
the stationary observer.

Space for working and answer

(iii) One of the students states that the clocks on board the plane will
run slower when the plane is travelling at relativistic speeds.

Explain whether or not this statement is correct.

[Turn over
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Question Answer Max | Additional Guidance
Mark
4. | (@) (0-83 +1-20) — 1-80 (1) 2
0-23ms! (1)
(b) () [3x10¥ms'orec (1) 2 Look for this statement first - if

incorrect then 0 marks.

Speed of light is the same for all 3% 105 m s~ or c on its own is

observers / all (lpertlal) frames of worth 1 mark

reference or equivalent (1)
If the numerical value for speed
is given, then unit is required-
otherwise 0 marks
Any wrong physics in
justification then maximum 1
mark for the statement

(i1) 2 3 Sig figs:
=1 1{!) 1) Accept 40, 42-6, 42-60
C
[=71N1-0-8 (1)
[=43m (1)
(iii) | Correct - from the perspective of 1 The response must involve a

the stationary observer there will statement referring to, or

be time dilation implying, a frame of reference

Incorrect - from the perspective of

the students they are in the same

frame of reference as the clock

Not possible to say/could be both

correct and incorrect - frame of

reference has not been defined
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. (a) Astudent is using an elastic band to model the expansion of the Universe.

elastic band

One end of the band is fixed in a clamp stand at V. Knots are tied in the band to
represent galaxies. The knots are at regular intervals of 0-10 m, at points W, X and Y as
shown.

0-00 0-05 0-10 0-15 0-20 0-25 0-30 0-35 0-40
distance (m)

The other end of the elastic band is pulled slowly for 2-5 seconds, so that the band
stretches. The knots are now in the positions shown below.

0-00 0-05 0-10 0-15 0-20 0-25 0-30 0-35 0-40
distance (m)

AR EL AR A -

* X 7577 60116 *
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5. (a) (continued)

(i) Complete the table to show the average speeds of the knots Xand Y. 2

Knot Average speed (ms™")
w 0-008
X
Y
Space for working

(i) Explain why this model is a good simulation of the expansion of the
Universe. 1

[Turn over
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*X757760117 *
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5. (continued) MARGIN

(b) When viewed from the Earth, the continuous emission spectrum from the
Sun has a number of dark lines. One of these lines is at a wavelength of

656 nm.
— 656 nm

In the spectrum of light from a distant galaxy, the corresponding dark
line is observed at 667 nm.

Calculate the redshift of the light from the distant galaxy. 3

Space for working and answer

L AR RO -

*X757760118 =*
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Mark
5 (@) [ () |AX=0-04 (m) 2 If values are not entered in the
X=0-016 (ms™) (1) table, then X and Y must be
identified and units required.
AY =0-06 (m)
Y=0-024 (ms™) (1)
(i1) | More distant galaxies are moving 1 The (average) speed (of the
away at a greater velocity/ have a knots) is (directly) proportional
greater recessional velocity to the distance (from V)
Or equivalent Any reference to planets or
stars alone - 0 marks
(b) _ /?’ohsen/ed _/?’resl 1 3 SIg ﬁgS:
Z=—m (1) Accept 0-017, 0-01677,
- Y 0-016768
Z=667X10 —65_§)<10 (1) Accept 2_667_656
z=0-0168 (1)
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6. A website states “Atoms are like tiny solar systems with electrons orbiting a
nucleus like the planets orbit the Sun”.
Use your knowledge of physics to comment on this statement. 3
[Turn over
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*X757760119 %
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. An experiment is set up to investigate the behaviour of electrons in electric

fields.
electron beam
anode
parallel
cathode metal
plates S
O—f)'“)é — CA_\ \ o+
o \V ) S md 250V
O —
o) o—
- +
2:0kV

(@) Electrons are accelerated from rest between the cathode and the anode
by a potential difference of 2-0kV.

Calculate the kinetic energy gained by each electron as it reaches the
anode.

Space for working and answer

(b) The electrons then pass between the two parallel metal plates.
The electron beam current is 8-0 mA.

Determine the number of electrons passing between the metal plates in
one minute.

Space for working and answer

*X757760120=*
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7. (continued)

() The switch Siis now closed.
The potential difference between the metal plates is 250 V.
The path of the electron beam between the metal plates is shown.

+250V
path of ’/
electron
beam
[ ov

Complete the diagram to show the electric field pattern between the two
metal plates.

(An additional diagram, if required, can be found on Page 38.)

[Turn over
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Question Answer Max | Additional Guidance
Mark
7. () wW=0V (1) 3 Sig figs:
~1.6x10™" %2000 (1) Accept 3x107°,
3.20x107'°,
=3.2x107] (1) o
3.200x107°,
Ignore negative sign for charge.
(b) O=1t (1) 4 Sig figs:
=0-008x60 (1) Accept 3x10"
=0-48 (C 1
( ) M If the response stops at 0-48
then a correct unit is required.
number = &
1.6x107" Candidates can arrive at this
answer by alternative methods
=3.0x10" (1) eg P=IV and E=Pt

OR

electron.

Straight lines with arrows pointing

downwards.

equal
(ignore end effect)

on the plates

Lines at right angles to the
plates

Page 37
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8. The diagram shows part of an experimental fusion reactor. —e

plasma magnets

The following statement represents a reaction that takes place inside the
reactor.

2 3 4 1
H+H—> He+n

The masses of the particles involved in the reaction are shown in the table.

Particle Mass (kg)
*H 3-3436 x 1077/
*H 5-0083 x 10°%/
$He 6-6465 x 10727
in 1-6749 x 10°%
(@) Explain why energy is released in this reaction. 1
(b) Calculate the energy released in this reaction. 4

Space for working and answer

L AR R AR RLAR T -

*X7577 60122 =*
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8. (continued) MARGIN

(c) Magnetic fields are used to contain the plasma inside the fusion reactor.
Explain why it is necessary to use a magnetic field to contain the plasma. 1

(d) The plasma consists of charged particles. A positively charged particle
enters a region of the magnetic field as shown.

XX X XXX XXXXX X region of
XX XXX XXXXXXX magnetic field
XX XXX XXX XXXX - into page
Sositively XX XXX XXXXXXX
XX XX XXXXXXXX
d;?:igcel:. PUX X X X X X X X X X X
p XX XXX XXXXXXX
XX XXX XXXXXXX
XX XXX XXXXXXX
XX XXX XXXXXXX

Determine the direction of the force exerted by the magnetic field on
the positively charged particle as it enters the field. 1

[Turn over
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*X7577 60123 =%
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Mark

Additional Guidance

8. |(a)

mass is converted into energy

1

There must be a link between
mass and energy.

Mass is lost on its own - 0 marks

Mass defect is wrong physics - 0
marks

Energy is released or equivalent
is not sufficient.

Myyre =3-3436x1077 +5-0083x107
=8-3519x10"" (kg)
m. =6-6465x10" +1-6749x107

afier

=8-3214x1077 (kg)

Am = 3- 0500 x 10727 (kg) (1)

E =mc? (1
=3-0500x10 x(3-00x10°)" (1)
=2.75x107"7J (1)

E =mc* anywhere - 1 mark.

If mass before and after not
used to 5 significant figures
from table then stop marking -
maximum 1 mark for formula

Arithmetic mistake can be
carried forward

Truncation error in mass before
and/or mass after- maximum 1
mark for formula

Sig figs:
2-7,2-745, 2-7450

If finding E = mc? for each
particle, then
E = mc?

All substitutions (1
Subtraction (1
Final answer (1

1

—_

Plasma would cool down if it came
too close to the sides (and reaction
would stop)

(Reaction requires very high
temperature), so plasma would
melt the sides of the reactor

OR

High temperature plasma could
damage/ destroy the container

Up the page

Accept up and upwards

Arrow drawn pointing up the
page is acceptable

If upwards arrow is drawn on
the original diagram, it must be
on the left hand edge

The path of the particle on its
own is not acceptable
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A student carries out an experiment to measure the wavelength of microwave
radiation. Microwaves pass through two gaps between metal plates as shown.

B

microwave 204 mm second order maximum

source
/

- ———————— central maximum

metal plates

detector

meter

As the detector is moved from A to B, a series of maxima and minima are
detected.

(@) The microwaves passing through the gaps are coherent.

State what is meant by the term coherent.

(b) Explain, in terms of waves, how a maximum is produced.

(c) The measurements of the distance from each gap to the second order
maximum are shown in the diagram above.

Calculate the wavelength of the microwaves.
Space for working and answer

*X7577 60124 %
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(d) The distance separating the two gaps is now increased.

State what happens to the path difference to the second order
maximum.

Justify your answer.

[Turn over
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Question Answer Max | Additional Guidance
Mark
9. |(a) The waves from the two sources have 1 “In phase” is not sufficient
a constant phase relationship (and
have the same frequency,
wavelength, and velocity).
(b) Waves meet in phase 1 Accept peak for crest
OR Crest meets crest Can be shown by diagram eg
OR Trough meets trough
OR Path difference = mi
Diagram must imply addition of
two waves in phase
(©) Path Difference = m\ 1) 3 Sig figs:
0-039 m
0-282-0-204=2 x X (1) 0-03900 m
0-039000 m
A =0-0390m (1
(39 mm) Not: 0-04 m
(d) 2

The path difference stays the same
OR
The path difference is still 24 (1)

because the wavelength has not
changed (1)

Look for this statement first - if
incorrect then 0 marks.

The path difference stays the
same OR The path difference is
still 24 on its own - 1 mark

Any wrong physics in
justification then maximum 1
mark (for the statement)

Page 43
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Retroflective materials reflect light to enhance the visibility of clothing.

One type of retroflective material is made from small glass spheres partially
embedded in a silver-coloured surface that reflects light.

A ray of monochromatic light follows the path shown as it enters one of the
glass spheres.

norm\al " silver-coloured

surface

ray of
light

-~ normal

glass sphere

(@) Calculate the refractive index of the glass for this light.

Space for working and answer

* X 7577 60126 *
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10. (continued)

(b) Calculate the critical angle for this light in the glass.
Space for working and answer

(c) The light is reflected at point P.

Complete the diagram below to show the path of the ray as it passes
through the sphere and emerges into the air.

norm\al " silver-coloured

surface

ray of
light

glass sphere

(An additional diagram, if required, can be found on Page 38.)

[Turn over
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Question Answer Max | Additional Guidance
Mark
10. (a) n = sin i/sin r (1) 3 | Sig figs:
A t2,1-90, 1-902
=sin36/sin18 (1) ccep
=19 (1)
(b) sinfc = 1/n (1) 3 | Or consistent with 10(a).
=1/1-9 (1)
=0-5263
Oc =32° (1)
(c) Completed diagram, showing light 1 The normal is not required
emerging (approximately) parallel to
the incident ray
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A student is describing how the following circuit works.
e

—L 1

[
N
74

The student states:

“The electricity comes out of the battery with energy and flows through the

resistor using up some of the energy, it then goes through the LED and the
rest of the energy is changed into light waves.”

Use your knowledge of physics to comment on this statement.

*X7577 60128 =*
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A technician sets up a circuit as shown, using a car battery and two identical
lamps.

The battery has an e.m.f. of 12-8V and an internal resistance of 0-10 Q.

(@) Switch S is open. The reading on the ammeter is 1-80A.

(i) Determine the reading on the voltmeter.

Space for working and answer

(ii) Switch S is now closed.
State the effect this has on the reading on the voltmeter.
Justify your answer.

*X757760129 %
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(b) Some cars use LEDs in place of filament lamps.

An LED is made from semiconductor material that has been doped with
impurities to create a p-n junction.

The diagram represents the band structure of an LED.

o @ -
\.. ® ® ® ® ® ® conduction band

band gap
000000A NI
— : O, valence band
p-type | | n-type
[ [

(i) A voltage is applied across an LED so that it is forward biased and
emits light.

Using band theory, explain how the LED emits light. 3

L AR EARRLAn MU -

*X7577 60130 =*
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12. (b) (continued)

(i) The energy gap between the valence band and conduction band is
known as the band gap.

The band gap for the LED is 3-03 x 107 "% J
(A) Calculate the wavelength of the light emitted by the LED.
Space for working and answer

(B) Determine the colour of the light emitted by the LED.

[Turn over
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Question Answer Max | Additional Guidance
Mark
12.](a) | (i) B 4 lost volts = Ir

V=IR (1) lost volts =1-80x%x0-10

V=1-80(4-8+0-10) (1) lost volts =0-18V

V=28-82(V) (1) V =IR
V=1-80x4-8

Voltmeter reading (= 12-8 — 8-82) V=8-64V

=40V (1) V=12-8-0-18—8- 64
V=4-0V
OR
E=V+Ir
12-8=V+(1-80x0-10)
V=12-62V
V=IR
V=1-80x4-8
V=8-64V
V=12-62—-8-64
V=4-0V
1 for all equations
1 for all substitutions
1 for all correct intermediate
values
1 for final answer
Sig figs:
Accept 4, 3-98, 3-980
(ii) | (Reading on voltmeter)/(voltage 3 Look for this statement first - if

across lamp) decreases (1)
(total) resistance decreases/
current increases.

M

lost volts increases/ Vipd
decreases/p.d. across 4:-8 Q
increases/share of p.d. across
parallel branch decreases

(M

incorrect then 0 marks.

‘Reading on voltmeter
decreases’ on its own is worth 1
mark

Any wrong physics in
justification then maximum 1
mark for the statement

Last 2 marks are independent of
each other

Can be justified by calculation
(Riamp 18 2:2Q), [ =2-1 A, gives
V=2-3V)
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Question

Answer

Max
Mark

Additional Guidance

12.

(b)

(Voltage applied causes) electrons
to move towards conduction band of
p-type/ away from n-type (towards
the junction) (1)

Electrons move/ drop from
conduction band to valence band

M

Photon emitted (when electron

drops) (1

3

Look for reference to either
conduction or valence band
first. Otherwise 0 marks.

Bands must be named correctly
in first two marking point eg not
valency and not conductive

Any answer using recombination
of holes and electrons on its
own, with no reference to band
theory, is worth 0 marks.

Must be directional

Any wrong physics eg holes
move up (from valence band to
conduction band)- 0 marks

This mark is dependent upon
having at least one of the first
two statements

E=hf
3.03x107° =6-63x107 x f
£ =4-57x10" (Hz)

(1)

v= fA (1) for both equations

(1)
(M

3x10°* =4-57x10" x 1
1=6-56x10"m

Alternative:

gt
A
Correct substitution
(1 for £ and #; 1 for ¢)
Final value of A

(1)
(2)
(1)
Sig figs:

Accept 6-6 x 1077,

6564 x 1077,
65644 x 1077

Red (1)

or consistent with (A)

If wavelength stated in this
part, then colour must be
consistent with this value
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A technician sets up a circuit as shown.

P Q
——o
+0 150 mF
12V ) 190
-0
560

The power supply has negligible internal resistance.

(@) The capacitor is initially uncharged.

The switch is moved to position P and the capacitor charges.

(i) State the potential difference across the capacitor when it is fully
charged.

(i1) Calculate the maximum energy stored by the capacitor.

Space for working and answer

*X7577 60132 =%
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13. (continued) MARKS WRITE IN

THIS
MARGIN

(b) The switch is now moved back to position Q.
Determine the maximum discharge current in the circuit. 3

Space for working and answer

(c) The technician replaces the 150mF capacitor with a capacitor of
capacitance 47 mF.

The switch is moved to position P and the capacitor is fully charged.
The switch is now moved to position Q.
State the effect that this change has on the time the lamp stays lit.

You must justify your answer. 2

[Turn over for next question

L AR EARMOAn iGN -

*X7577 60133 =%
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Question Answer Max | Additional Guidance
Mark
13.1() [ (i) |12V 1 Accept 12:0V
(i) |[E=%CV? (1) 3 | Or consistent with a(i)
E =" x150x 1073 x 122 (1) g
Sig figs:
E=11]J (1) 10 J
10-8 J
10-80 J
0O=CV and EzéQV
OR
Q—CVandE=lQ—2 (1)
2 C
Both substitutions (1)
Final answer (1)
(b) (RT=56 +19=175 (Q)) 3 Or consistent with a(i)
V
1= R (1) Candidates can arrive at this
answer by alternative methods.
12
1=— (1)
75 Sig figs:
0:-160 A
0-1600 A
(c) (Lamp stays lit for a) shorter 2 Look for this first

time

stored

(1)

(as smaller capacitance results in)
less energy stored / less charge

(1

Must provide relevant
justification which is not wrong
physics.

If wrong physics - 0 marks.

E is less because E =% C V?is
acceptable.

If candidate says the current
stays the same, they must
identify it is the initial current.

Page 55

Back to Table




r Back to Table

14. A student investigates the factors affecting the frequency of sound produced
by a vibrating guitar string.

The guitar string is stretched over two supports and is made to vibrate as

shown.
guitar string
support e
pulley
not to scale
masses

The frequency f of the sound produced by the vibrating string is given by the
relationship

1 |T
fe )=
2L\ u

where T is the tension in the string
L is the distance between the supports
L is the mass per unit length of the string.

(@) The tension in the string is 49-0N and the mass per unit length of the
string is 4-00 x 10 *kgm™".
The distance between the supports is 0-550 m.

Calculate the frequency f of the sound produced.
Space for working and answer

L AR R ARDLAn MU

* X7577 6013 4 %
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MARKS DO NOT

WRITE IN
14. (continued) MARGIN

(b) The guitar string in part (a) is replaced by a different guitar string.

A student varies the tension 7 and measures the frequency f of the sound
produced by the new guitar string.

The student records the following information.

T(N) JT(N%) f(H2)
10 3-2 162
15 39 190
20 4.5 220
25 5-0 254
30 5-5 273

(i) Using the square-ruled paper on Page 36, draw a graph of f'against

JT 3

(i1) Use your graph to determine the frequency of the sound produced
when the tension in the guitar string is 22 N. 1

[END OF QUESTION PAPER]

L AR RO mwn -

*X7577 60135 %
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Question

Answer

Max

Mark

Additional Guidance

14.

(@)

. 1 f 49.0 )
2x0-550 4.00x107*

=318 Hz (1)

2

Substitution (1)

Answer (1)
Sig figs:
Accept 320, 318-2, 318:18

Suitable scales with labels on axes
(quantity and units) (1)

[Allow for axes starting at zero or
broken axes or an appropriate
value]

Points plotted correctly

(M

Best-fit straight line (1)

If the origin is shown the scale
must either be continuous or
the axis must be ‘broken’.
Otherwise maximum 2 marks.

If an invalid scale is used on
either axis eg values from the
table are used as the scale
points - 0 marks

Do not penalise if candidates
plot VT against f

Graphs of T and f'are incorrect
for (b)(i) - 0 marks, but can still
gain marks for b(ii).

230 Hz

Must be consistent with the
candidate’s graph in (b)(i)
(V22 =4-7 gives) 230 Hz
Correct value of VT must be
used

If f against T is drawn in b(i),
then this mark can still be
accessed.

If values from table are used as
the scale points - 0 marks

[END OF MARKING INSTRUCTIONS]
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DATA SHEET

COMMON PHYSICAL QUANTITIES

Quantity Symbol Value Quantity Symbol Value
Speed of light in
vacuum c 3-00 X 108 ms™’ Planck’s constant h 6:63 X 10734Js
Magnitude of the
charge on an electron e 1-60 x 107" C Mass of electron m, 9-11 x 103"kg
Universal Constant of
Gravitation G |6-67 x 10" m*kg 's 2| Mass of neutron m, 1-675 x 10 7 kg
Gravitational
acceleration on Earth g |9-8ms? Mass of proton m, 1-673 x 1027 kg
Hubble’s constant H, 2:3x 1018571

REFRACTIVE INDICES
The refractive indices refer to sodium light of wavelength 589 nm and to substances at a temperature of
273 K.

Substance Refractive index Substance Refractive index
Diamond 2-42 Water 1-33
Crown glass 1-50 Air 1-00

SPECTRAL LINES

Element | Wavelength/nm Colour Element Wavelength/nm Colour
Hydrogen 656 Red Cadmium 644 Red
486 Blue-green 509 Green
434 Blue-violet 480 Blue
410 Violet Lasers
397 Ultraviolet
389 Ultraviolet Element Wavelength/nm Colour
Carbon dioxide 9550 Infrared
Sodium 589 Yellow 10590
Helium-neon 633 Red

PROPERTIES OF SELECTED MATERIALS

Substance Density/kgm3 Melting Point/K Boiling Point/K
Aluminium 2:70 x 10° 933 2623
Copper 8-96 x 10° 1357 2853
Ice 9-20 x 10? 273 e
Sea Water 1-02 x 103 264 377
Water 1-00 x 103 273 373
Air 1-29
Hydrogen 9.0 x 1072 14 20

The gas densities refer to a temperature of 273K and a pressure of 1:01 x 10° Pa.
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SECTION 1 — 20 marks
Attempt ALL questions

1. The graph shows how the velocity of an object varies with time.

velocity (ms™)

~

time (s

The acceleration of the object is

A 0-83ms?
B 12ms?
C 2-5ms™
D 50ms?
E  6:0ms?

2. Ablock is resting on a horizontal surface.

A force of 24N is now applied as shown and the block slides along the surface.

24N

The mass of the block is 20 kg.
The acceleration of the block is 0-20m s 2.
The force of friction acting on the block is

A 40N
B 80N
C 12N
D 16N
E 25N.

Page 3 Back to Table LTurnover
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3. The graph shows how the vertical speed of a skydiver varies with time.

P Q

vertical speed

0 —
time

A student uses information from the graph to make the following statements.

I The acceleration of the skydiver is greatest between P and Q.

Il The air resistance acting on the skydiver between Q and R is less than the weight of the
skydiver.

[l The forces acting on the skydiver are balanced between R and S.

Which of these statements is/are correct?

A lonly

B llonly

C lllonly

D landllonly
E I,llandlll

4. A spacecraft is travelling at a constant speed of 2-75 x 108 ms ™' relative to a planet.
A technician on the spacecraft measures the length of the spacecraft as 125 m.
An observer on the planet measures the length of the spacecraft as

A 36m
B 50m
C 124m
D 314m
E 433m.
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5. A galaxy has a recessional velocity of 0-30c.

Hubble’s Law predicts that the distance between Earth and this galaxy is

m O O @™ >

1-:3x10"m
3:9%x10%m
1-3x10%m
1-4 x 10*"m
4.5 x 10 m.

6. Measurements of the expansion rate of the Universe lead to the conclusion that the rate of
expansion is increasing.

Present theory proposes that this is due to

m O O @ >

redshift

dark matter

dark energy

the gravitational force

cosmic microwave background radiation.

7. A student makes the following statements about the radiation emitted by stellar objects.

Stellar objects emit radiation over a wide range of frequencies.
The peak wavelength of radiation is longer for hotter objects than for cooler objects.

At all frequencies, hotter objects emit more radiation per unit surface area per unit
time than cooler objects.

Which of these statements is/are correct?

m O N @ >

| only

Il only

I and Il only
I and lll only
I, Iland Ill

[Turn over
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The following statement represents a nuclear reaction.

256 4
10sLT—Z+;He

Nucleus Z is

A

o 0O

Radiation is incident on a clean zinc plate causing photoelectrons to be emitted.

The source of radiation is replaced with one emitting radiation of a higher frequency.

M
ENo
M
Db

252
103 LT

The irradiance of the radiation incident on the plate remains unchanged.

Which row in the table shows the effect of this change on the maximum kinetic energy of a

photoelectron and the number of photoelectrons emitted per second?

m O O @ >

Maximum kinetic energy Number of photoelectrons
of a photoelectron emitted per second
no change no change
no change increases
increases no change
increases decreases
decreases increases

Page 6
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10. Ultraviolet radiation of frequency 7-70 x 10" Hz is incident on the surface of a metal.

1.

Photoelectrons are emitted from the surface of the metal.

The maximum kinetic energy of an emitted photoelectron is 2:67 x 107" J.

The work function of the metal is

A

m O O @

A student makes the following statements about waves from coherent sources.

I
Il
M
Which of these statements is/are correct?

m O O @ >

1-07 x 107°)
2-44 x 107"
2:67x107"7)
5-11x 107"

7-78 x 1077 .

Waves from coherent sources have the same velocity.

Waves from coherent sources have the same wavelength.

Waves from coherent sources have a constant phase relationship.

| only

Il only

I and Il only
I and lll only
I, Iland 1Nl

Page 7
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12. Aray of red light passes from a liquid to a transparent solid.
The solid and the liquid have the same refractive index for this light.

Which row in the table shows what happens to the speed and wavelength of the light as it
passes from the liquid into the solid?

Speed Wavelength
A decreases decreases
B decreases increases
C no change increases
D increases no change
E no change no change

13. Aray of blue light passes from air into a transparent block as shown.

block

The speed of this light in the block is

A 1-80x108ms™
B 196 x108ms™’
C 2:00x108ms™’
D 2:23x108ms™
E  2:65x108ms™.

Page 8 Back to Table



Back to Table

14. A student carries out an experiment to investigate how irradiance varies with distance.

15.

A small lamp is placed at a distance d away from a light meter. The irradiance 7 at this
distance is displayed on the meter. This measurement is repeated for a range of different
distances.

The student uses these results to produce the graph shown.

1

1

d*
The graph indicates that there is a systematic uncertainty in this experiment.
Which of the following would be most likely to reduce the systematic uncertainty in this
experiment?
Repeating the readings and calculating mean values.
Replacing the small lamp with a larger lamp.
Decreasing the brightness of the lamp.

Repeating the experiment in a darkened room.

m O O W@ >

Increasing the range of distances.

A point source of light is 8-00m away from a surface. The irradiance, due to the point
source, at the surface is 50-0mWm™=. The point source is now moved to a distance of
12-0m from the surface.

The irradiance, due to the point source, at the surface is now

A 22:2mWm™
B 26-0mWm™
C 333mwWm?2
D 75-0mWm™
E  267mWm™2

[Turn over
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16. The output from an a.c. power supply is connected to an oscilloscope. The trace seen on the
oscilloscope screen is shown.

div

-~

div 1

The Y-gain setting on the oscilloscope is 1-0V/div.
The r.m.s. voltage of the power supply is

A 21V
B 3.0V
C 4.0V
D 4-2vV
E 60V

17. A 20pF capacitor is connected to a 12V d.c. supply.
The maximum charge stored on the capacitor is

A 1-4x1073C
B 2:4x10*C
C 1-4x10*C
D 17x10°C
E 6:0x107C.
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19.

Back to Table

A circuit containing a capacitor is set up as shown.

1

480Q

1200Q —— 304F

The supply has negligible internal resistance.

The maximum energy stored in the capacitor is

A 54x10*)
B 35x107*)J
C 14x10™%)
D 34x107°J
E 22x107°J.

A student makes the following statements about conductors, insulators and semiconductors.

I In conductors, the conduction band is completely filled with electrons.
Il Ininsulators, the gap between the valence band and the conduction band is large.
Il In semiconductors, increasing the temperature increases the conductivity.

Which of these statements is/are correct?

A lonly

B Ilonly

C Illonly

D landllonly
E Ilandlll only

[Turn over for next question
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20. Astronomers use the following relationship to determine the distance, d, to a star.

_ L
47d?

For a particular star the following measurements are recorded:
apparent brightness, F = 4-4 x 1071°Wm™
luminosity, L = 6-1 x 103°W

Based on this information, the distance to this star is

A 33x10"m
B 15x10"m
C 37x10%m
D 1-1x10¥m
E 39x10¥m.

[END OF SECTION 1. NOW ATTEMPT THE QUESTIONS IN SECTION 2 OF YOUR QUESTION AND
ANSWER BOOKLET]
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Marking instructions for each question

Section 1
Question Answer Max mark
1. A 1
2 B 1
3 C 1
4 B 1
5 B 1
6 C 1
7 D 1
8 A 1
9 D 1
10. B 1
11. E 1
12. E 1
13. D 1
14. D 1
15. A 1
16. A 1
17. B 1
18. E 1
19. E 1
20. A 1
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SECTION 2 — 110 marks
Attempt ALL questions

. Astudent is on a stationary train.

The train now accelerates along a straight level track.

The student uses an app on a phone to measure the acceleration of the train.

(@) The train accelerates uniformly at 0-32 ms2 for 25 seconds.

(i) State what is meant by an acceleration of 0-32ms™2.

(ii) Calculate the distance travelled by the train in the 25 seconds.
Space for working and answer

*X7577 60106 *
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1. (continued) MARKS | Do NoT

WRITE IN
THIS
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(b) Later in the journey, the train is travelling at a constant speed as it
approaches a bridge.

A horn on the train emits sound of frequency 270 Hz.

The frequency of the sound heard by a person standing on the bridge is
290 Hz.

The speed of sound in air is 340ms™".

(i) Calculate the speed of the train. 3

Space for working and answer

(i) The train continues to sound its horn as it passes under the bridge.

Explain why the frequency of the sound heard by the person
standing on the bridge decreases as the train passes under the
bridge and then moves away.

You may wish to use a diagram. 1

L AR EAR DR -

*X757760107 *
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Section 2
Question Answer X Additional guidance
mark
1. | (@) | (i) | The velocity increases by 1 Accept:
0-32 ms™ each/per second Speed increases by ...
Rate of change of velocity/speed is ...
Train gets faster by ...
Velocity/speed changes by ...
(i1) 3 Accept:
S:ut+5at2 (1) v=u-+at
s=((0x25))+(0-5x0-32x25") (1) v=(0)+0-32x25
100 1) v =8(ms")
s= m
( v =u’ +2as
82=(0%)+(2x0-32x5s)
s=100 m
OR
1 -
s=—(u+v)tor s=vt
2
5= %((O)+8) x 25
s=100 m
Note:
1 mark for ALL equations
1 mark for ALL substitutions
1 mark for correct answer
(b) | (i) , 3 y
=1 (1) f,=1 is also acceptable
vy, V=V,
4
290:270( 340 (1)
L340 -V, Accept 20, 23-4, 23-45
v,=23ms" (1
(ii) | Statement that there are fewer 1 In a diagram, there must be an

wavefronts per second.

OR

The wavefronts are further apart
OR

The wavelength increases

OR

diagram showing wavefronts closer
together ahead of the train and
further apart behind it.

or any similar response

implication of direction of travel.

Do Not Accept

Any answer that implies that the
frequency/wavelength of the horn
itself is changing.
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. A white snooker ball and a black snooker ball travel towards each other in a

straight line.
The white ball and the black ball each have a mass of 0-180 kg.

Just before the balls collide head-on, the white ball is travelling at 2:60ms™’
to the right and the black ball is travelling at 1-80 ms™" to the left.

2:60ms™’ 1-80ms™
— -

O @

After the collision, the black ball rebounds with a velocity of 2:38 ms™ to the
right.

(@ (i) Determine the velocity of the white ball immediately after the
collision.

Space for working and answer

(ii)) The collision between the balls is inelastic.
State what is meant by an inelastic collision.

*X7577 60108 *
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(continued)

(b) A student carries out an experiment to measure the average force
exerted by a cue on a ball.

push switch motion sensor

cue
S - ball

computer

The cue hits the stationary ball.

The timer records the time the cue is in contact with the ball.
The computer displays the speed of the ball.

The results are shown.

Time of contact between the cue and the ball = (0-:040 + 0-001) s
Speed of the ball immediately after contact = (0-84 +0-01) ms™"
Mass of the ball = (0-180 + 0-001) kg

(i) Calculate the average force exerted on the ball by the cue.
An uncertainty in this value is not required.

Space for working and answer

(i) Determine the percentage uncertainty in the value for the average
force on the ball.

Space for working and answer

*X7577 60109 *
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Question Answer Max Additional guidance
mark
(a) | (i) | (total momentum before = total 3 1 mark for equating the
momentum after) momentums before and after.

1 mark for the substitutions.
mu, +mu, =my +m v, (1) 1 mark for answer including unit.
(0-180%2-60) +(0-180%-1-80) Signs must be consistent.
=(0-180 0-180x2-38 1

( Ve x ) (M Allow cancellation of masses
0-468—-0-324=0-180v_+0-4284 throughout the relationship.

_ -1
v,=-1-58ms (1) Accept v, =-1-58ms " to the left
(Accept ‘1-58 ms™ to the left’ or an as "loose™ use of direction.
indication of direction eg arrow left) Sig fig 1-6, 1-580, 1-5800

(ii) | kinetic energy is lost/greater before the 1 Do not accept:

collision than after. E, before =E, after.

E, is not conserved.

(b) | () | Ft=mv—mu (1) 3 | Accept:
Fx0-040=(0-180x0-84)—(0-180%0) a=r""
(1) !
F—3.8N ) _0:84(0)
0-040

a=21(ms?)

F =ma

F=0-180x 21

F=3-8N

Sig figs 4, 3-78, 3-780

Note:

1 mark for ALL equations

1 mark for ALL substitutions

1 mark for correct answer

Ignore any uncertainty calculations

within this question.

(i1) 0-01 2 1 mark for correct or implied
0.84 x100=1-2 working for % uncertainty in t.
[0-001 100 0-56) 1 mark for indicating 2-5% as the
0-180 largest.
0-001 %100 (=2-5) (1) Must have % in final answer -
0-040 equivalent to ‘unit’.
(Uncertainty in F is) 2-5% (1 Accept: 3%
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3. Aballis thrown vertically upwards. s

The ball is above the ground when released.

5-6ms™’

}

o not to scale

A

—— ground

The graph shows how the vertical velocity of the ball varies with time from
the instant it is released until just before it hits the ground.

vertical velocity (ms™)

7 -\
0-0 >

time (s)

The effects of air resistance can be ignored.

(@) (i) Calculate the time taken for the ball to reach its maximum height. 3

Space for working and answer

L AR EAR DR M -

*X757760110=*
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3. (a) (continued)

(i) Calculate the distance the ball falls from its maximum height to the
ground. 3

Space for working and answer

(b) The ball is now thrown vertically upwards from the same height with a
greater initial vertical velocity.

Add a line to the graph below to show how the vertical velocity of the
ball varies with time from the instant it is released until just before it
hits the ground.

The effects of air resistance can be ignored.
Additional numerical values on the axes are not required. 3

vertical velocity (ms™")

. _\
0-0 ==

time (s)

(An additional graph, if required, can be found on Page 39.)

L AR EL AR A -

*X757760111=*
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Question Answer Max Additional guidance
mark
(@ | () |v=u+at 3 u and a must have opposite signs
—5. -9.
0=5-6+(9-8) Accept 0=5-6—9-8t
t=0-57 s

Accept 0-6, 0-571, 0-5714

Alternative method:

v =u® +2as
02=5-6"+2x(-9-8)x s
s=1-6 (m)

s=%(u+v)t

1-6:[5.6+0jt
2

t=0-57s

If an alternative method is used,
1 mark for ALL equations

1 mark for ALL substitutions
1 mark for correct answer

If candidate answers question
in terms of an object falling
from the max height and
reaching a velocity of 5:6ms™',
then a suitable justification
MUST be given to allow access
to 2" and 3™ marks.

A negative value for time is
wrong physics - max 1 mark.
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Question

Answer

Max
mark

Additional guidance

(@)

(if)

vi=u’+2as
(-7-7)" =07 +2x(-9-8)s
s=-3-0m

(Distance = 3-0 m)

v and a must have the same sign
and calculated value of s must
agree with sign convention
used.

Accept 3, 3-03, 3-025

Alternative method:

mgh = —mv*

2
1 2
9. 8xh==—x7-7
2

gh=

h=3-0m

If an alternative method is used,
1 mark for ALL equations

1 mark for ALL substitutions

1 mark for correct answer

Starting point greater than 5-6
Final point beyond -7-7
Acceptably parallel line

Independent marks

Must be one continuous
acceptably straight line for third
mark.
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Some motorways have variable speed limits, with overhead information
boards displaying the maximum speed allowed. This system is designed to
keep the traffic flowing and to avoid congestion.

Editorial Credit: FliK4Z

In this system, the flow of traffic is observed and the maximum speed to be
displayed is determined using

speed = frequency x wavelength

Use your knowledge of physics to comment on this system for determining
the maximum speed to be displayed.

* X 757760112 *
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. Planets outside our solar system are called exoplanets.
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An exoplanet of mass 5-69 x 10* kg orbits a star of mass 3-83 x 10°°kg.

é

exoplanet

3-14x 10" m

star
not to scale

@) (i) Compare the mass of the star with the mass of the exoplanet in
terms of orders of magnitude. 2

Space for working and answer

(i) The distance between the exoplanet and the star is 3:14 x 10" m.

Calculate the gravitational force between the star and the
exoplanet. 3

Space for working and answer

AR EARRLAn M -

*X7577 60114 %
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(continued)

(b) The gravitational force between the star and the exoplanet causes the
star to follow a circular path as the exoplanet orbits the star. Small
differences in the wavelength of the light from the star are observed on
Earth.

Light from the star is redshifted when the star moves away from the
Earth and blueshifted when the star moves towards the Earth.

not to scale

. exoplanet
star ({}

exoplanet
@ star

light from star

redshifted l blueshifted

to Earth to Earth

(i) Calculate the redshift of light from the star observed on Earth
when the star is moving away from the Earth at 6-60 x 10°ms™".

Space for working and answer

(i) For an exoplanet of greater mass at the same distance from the
star, suggest whether the radius of the circular path followed by
the star would be greater than, less than, or the same as that for
an exoplanet of smaller mass.

*X757760115 =%
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Question Answer Max Additional guidance
mark
@ [ () |(3.83x10*) 2 | Sig figs:
——— | =673 1 . .
L5~69><1027J accept 670, 673-1, 673-11
Or
(Star ]S) (1030\
3 (orders of magnitude) greater 1 — 1 =1000 or 10°
OR (107)
Or
Exoplanet is 3 (orders of magnitude) o
smaller (30-27)=3 1
‘3 greater’ on its own is worth 2
marks.
Care should be taken where
candidates answer by the
reciprocal method - 2 marks are
still available.
27
2:69x10° 69”030 -1.49x10° 1
3-83x10
Comparison statement 1
‘Greater’ on its own - 0 marks
(i) F oG 1 3 Sig figs:
r’ Accept 1-5, 1-474, 1-4743
27 30
F o667 1003 69x10 x3~832x10 )
(3-14x10")
F=1-47x10"N 1
(b) | (i) v 1 3 Sig figs:
ZZZ Accept 2-2, 2-200, 2-2000
= 6-60 x10° 1
3-00x 108
z=2-20x10" 1
(ii) | Greater (than) 1 Accept any word synonymous

with ‘greater’.

Any correct suggestion followed
by wrong physics 0 marks.
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The visible spectrum of light emitted by a star is observed to contain a
number of dark lines. The dark lines occur because certain wavelengths of
light are absorbed when light passes through atoms in the star’s outer
atmosphere.

The diagram shows some of the energy levels for a hydrogen atom.

E, -1:36 x 107"
E, —2-42x 107}
E, ~5-42 x 107"
E, -21-8x 107"

(@) For the energy levels shown in the diagram, identify the electron
transition that would lead to the absorption of a photon with the highest
frequency.

(b) An electron makes the transition from energy level E, to E;.
Determine the frequency of the photon absorbed.

Space for working and answer

*X757760116 *
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Question

Answer

Max
mark

Additional guidance

(@)

Eo to E3
Eo~> E;
Between Ey and Es

Could be shown by an arrow on
the diagram showing the correct
upwards transition.

Direction must be correct.

Do not accept:
Eo ) E3
Between E,;and E,

E,—E =hf
~1:36x107" ~(-5-42x10™)
=6-63x107 x f
f=6:-12x10"Hz

Sig figs:
Accept 6-1, 6-124, 6-1237

Accept:

(A)E=hf or E,—E =hf for
formula mark

5-42x107"° -1-36x107"°
=6-63x10*x f

for substitution mark

Note:
Correct AE=4-06x10"°(J)

1-36x107"° -5.42x107"°
for AE, maximum 1 mark for
a correct formula.
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The following diagram gives information on the Standard Model of fundamental —e
particles.
matter atom electron nucleus proton neutron quarks

(@) Explain why the proton and the neutron are not fundamental particles. 1

(b) An extract from a data book contains the following information about
three types of sigma (X) particles. Sigma particles are made up of three

quarks.
Particle Symbol Quark Content Charge | Mean lifetime (s)
sigma plus >t up up strange +1e 8-:0x 107"
neutral sigma >0 up down strange 0 7-4x107%°
sigma minus z down down strange —1e 1-5 x 10710

(i) A student makes the following statement.
All baryons are hadrons, but not all hadrons are baryons.
Explain why this statement is correct. 2

(i) The charge on an up quark is +2e.
Determine the charge on a strange quark. 1
Space for working and answer

AR RO -

*X757760118 =*

Page 31 Back to Table



=

7.

Back to Table

(continued)

(o0 (i) State the name of the force that holds the quarks together in the
sigma () particle.

(ii)) State the name of the boson associated with this force.

(d) Sigma minus (X7) particles have a mean lifetime of 1-5 x 107'%s in their
frame of reference.

X~ are produced in a particle accelerator and travel at a speed of 0-9¢
relative to a stationary observer.

Calculate the mean lifetime of the X~ particle as measured by this
observer.

Space for working and answer

*X757760119 %
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Question Answer nA:::(k Additional guidance
(a) They are composed of other 1 Accept they are composite
particles/quarks, (fundamental particles.
particles are not).
(b) | (i) |Baryons are (hadrons as they are) 2 For first mark, a correct
composed of (three) quarks. 1 statement that baryons consist
of quarks.
Mesons/some hadrons are made from
a quark - anti-quark pair so are not For second mark, a correct
baryons. 1 statement that there are other
hadrons that have a different
quark-count from baryons.
Accept two quarks in place of
quark-anti-quark pair.
(ii) |- 1/3(e) 1
(c) | (i) |strong (nuclear force) 1
(i) | gluon 1 Or consistent with (c)(i).
A carry forward mark is only
accessible if one of the four
fundamental forces is identified
in (c)(i)-
(d) ; 3 Accept: 3, 3-44, 3-441
t = 1
2
a0
c
10 Accept: 1:5x10
, 1.5x10° T
t = - - 1 1/1_0.92
(0-90)
1- 2
c
t'=3-4x 1019 1
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. X-ray machines are used in hospitals.

An X-ray machine contains a linear accelerator that is used to accelerate
electrons towards a metal target.

The linear accelerator consists of hollow metal tubes placed in a vacuum.

Q
2. 50 kV electron
alternatmg supply beam
metal tube

Electrons are accelerated across the gaps between the tubes by an alternating
supply.

@) (i) Calculate the work done on an electron as it accelerates from P to Q.
Space for working and answer

(i) Explain why an alternating supply is used in the linear accelerator.

*X757760120=*
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(continued)

(b) The electron beam is then passed into a “slalom magnet” beam guide.
The function of the beam guide is to direct the electrons towards a metal

target.
Inside the beam guides R and S, two different magnetic fields act on the
electrons.
Electrons strike the metal target to produce high energy photons of
radiation.
electron
beam
R metal
target

(i) Determine the direction of the magnetic field inside beam guide R.

(ii) State two differences between the magnetic fields inside beam
guides R and S.

(c) Calculate the minimum speed of an electron that will produce a photon
of energy 4:16 x 1077 J.,

Space for working and answer

*X757760121=*
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Question Answer Max Additional guidance
mark
(@) [ (i) |WorEw=QV 1 3 Suspend significant figure rule
160 x 109 x 2-50 x 103 ’ and accept 4x107'¢J.
Ignore negative sign for charge.
=4-00 x10716 J 1
(ii) | Particle (always) accelerates in the 1 Candidate must make some
same direction/forwards implication of ‘same direction’.
OR
Force on particle/electron is always
in same direction
OR
Ensure the direction of the electric
field is correct when particle/
electron passes between (alternate)
gaps
. Do not accept:
(b) | () | Out of page 1 ‘upwards’ on its own,
OR
‘out of the page’ with other
comments such ad ‘circular’
‘clockwise’.
(i1) | (Magnetic fields are in) opposite 2 Independent marks
directions 1 Or consistent with (b)(i) for first
mark as long as a linear field is
(Magnetic field in) S is stronger than described.
(field in) R L Accept statement referring to
direction of (magnetic field in) S
alone ONLY if (b)(i) has been
answered.
Do not accept:
‘different directions’
‘force in S is opposite to force
in R’ alone.
(c) B = L2 ;| 3 |Accept: 96, 9-557, 9-5566
2
416 x 1017 = 1 5911 x 1031 x 12

2
1
y=9-56 x 106 ms!
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9. A diagram from a 'How Things Work' website contains information about a
nuclear fusion reaction.

Reaction of helium-3 with deuterium

deuterium

neutron

energy

helium-3

helium-4

(a) State what is meant by the term nuclear fusion.

*X7577 60122 =*
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. (continued)

(b) The following statement represents this fusion reaction.
3 2 4 1
He+ H — JHe+p

The mass of the particles involved in the reaction are shown in the table.

Particle Mass (kg)
“He 5-008 x 10727
’H 3-344 x 10777
JHe 6-646 x 107
P 1-673 x 10777

(i) Explain why energy is released in this reaction.

(i) Determine the energy released in this reaction.
Space for working and answer

*X7577 60123 =%
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Question

Answer

Max
mark

Additional guidance

(@)

(Two) small nuclei combine to form

a larger nucleus

’

Accept: ‘light’ and ‘heavy’.
Accept: ‘fuse’, ‘join’

Do not accept:
Atoms/molecules/particles/
isotopes/elements.

Do not accept:
‘react’ in place of ‘combine’ or
equivalent of ‘combining’.

(Some) mass (is lost and) converted

to energy

There must be an indication of
mass being converted (or an
equivalent term) to energy e.g.
transformed, becomes, changed
to etc...

Do not accept: transferred...
Mass is lost on its own - 0 marks.

Mass defect is wrong physics - 0
marks.
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Question Answer Max Additional guidance
mark
(b) | (ii) | Mass before: 4 E = mc? anywhere, 1 mark.

5-008 x 10% + 3-344 x 107/

= 8-352 x 107
Mass after:
6646 x 1077 + 1-673 x 10°%
=8-319 x 107
Mass “lost”:

0-033 x 107 (kg)
E=mcd
E = 0-033 x 107 x (3-00 x10%)?

E=2-97 x10"J

Accept: 3-0, 2-970, 2-9700
Do not accept 3.

Check for correct substitutions
of values in calculation of mass
“lost”. If values are incorrect,
maximum 1 mark for formula,
even if final answer is correct.

If mass before and after not
used to 4 significant figures
from table then stop marking -
maximum 1 mark for formula.

Ignore inappropriate reference
to mass defect.

Arithmetic mistake can be
carried forward.

Truncation error in mass before
and/or mass after - maximum 1
mark for formula.

If finding E = mc? for each
particle, then

E = mc?

All substitutions
Subtraction

Final answer

— ) e -
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10. An experiment is carried out to determine the wavelength of light from a

sinfd 0-60

laser.

screen

//‘ first order maximum
— 0

| central maximum

laser gra:ting
not to scale

(@) Explain, in terms of waves, how a maximum is formed.

(b) The experiment is carried out with four gratings.
The separation of the slits d is different for each grating.

The angle between the central maximum and the first order maximum 6,
produced by each grating, is measured.

The results are used to produce a graph of sind against l

0-50

0'40 A

0-30

0-20 >

0-10

0-00
0-00 0-10 0-20 0-30 0-40 0-50 0-60 0-70 0-80 0-90 1-00 1-10

%(x 10°m™)

* X 7577 60124 *
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(b) (continued)

(i) Determine the wavelength of the light from the laser used in this
experiment.

Space for working and answer

(i) Determine the angle & produced when a grating with a spacing d of
2:0 x 10°m is used with this laser.

Space for working and answer

(c) Suggest two improvements that could be made to the experiment to
improve reliability.

*X7577 60125 =%
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Question Answer Max Additional guidance
mark
10. | (a) Waves meet in phase 1 Accept ‘peak’ for ‘crest’.
OR Crest meets crest Can be shown by diagram:
OR Trough meets trough AAAY + AN - /\/W
OR Path difference = mx Do not accept ‘join’ or ‘merge’
alone.
(b) | (i) |statement that A = gradient 3 | Acceptable range using the
or link A to the gradient ‘gradient’ method, 4-7 to
5-0x107 m, but intermediate
subs to calculate gradient steps still need to be checked.
=48 x 107m If any of the plotted points on
the graph (‘x’) are used, then
maximum 1 for formula.
mA =d sin 6 1
Accept : A=dsin @ in this case
Subs of values from line 1
A=48x10"m 1
(i) | (d=2x10® gives:) 3 | Sig figs:
%:0-50x10" Accept 10, 13-9, 13-89
Alternative method -
sind=0-24 from graph mA =dsind 1
0= 14° Accept: 1 =dsin@ in this case
1x4-8x107 =2.0x10® xsin6 1
0 =14° 1
Or consistent with (b)(i).
(c) Any two correct answers from: 2 Independent marks

Repeat measurements
Use additional gratings
Move screen further away

Use second order maxima to
determine 6

Measure angle from first order to
first order

For the first point opposite, it
must be clear that the
candidate is implying that the
measurements are being
repeated.

Do not accept:

‘repeat the experiment’
‘different sizes of slits/gratings’
‘darkened room’

Any additional improvements
stated (beyond two) that reduce
reliability, then + rule applies.
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physics concepts. A car moving from a smooth surface to a rough surface,
eg from a road to sand, can be used as an analogy for the refraction of light.

smooth
road sand

Use your knowledge of physics to comment on this analogy. 3

AR EAR ORI -

*X7577 60126 *
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12. A lamp is connected to a battery containing two cells as shown.

——————————————————————

The e.m.f. of each cell is 1-5V and the internal resistance of each cell is 2:7 Q.

The reading on the ammeter is 64 mA.

(a) State what is meant by an e.m.f. of 1-5V. 1

(b) (i) Show that the lost volts in the battery is 0-35V. 2

Space for working and answer

(i) Determine the reading on the voltmeter. 1

Space for working and answer

(iii) Calculate the power dissipated by the lamp. 3
Space for working and answer

L ARIEARMIa -

*X7577 60128 =*
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(continued)

() In a different circuit, an LED is connected to a battery containing four

cells.

ﬁ%’v’""": :r1'-'5'v"""’: :r1'-'5'v"""’: ﬁ%’v"""‘:

I H H e | E—

: 2:7Q : : 2:7Q : : 2:7Q : : 2:7Q :

____________________________________________ (A)
/
] R
I/I | I

The potential difference across the LED is 3-6 V when the current is 26 mA.
Determine the resistance of resistor R.

Space for working and answer

*X757760129 %
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Question Answer e Additional guidance
mark
12. | (a) 1-5 J (of energy) is supplied 1 | Accept ‘given to’...
to/gained by each coulomb (of
charge passing through the cell). Accept ‘battery’/‘source’.
(b) | (@) |lost volts = Ir 1 2 “SHOW” question.
Must start with a correct
lost volts = 64 x 103 x (2 x 2-7) 1 formula.
Accept V=1IR
lost volts = 0-35 V Accept 5-4 as substitution for ‘r’
Accept working out lost volts for
one cell, then doubling.
(i) (v=2-7v 1 Must use 0-35 V
Do not accept 3V on its own,
but if 3V is clearly shown as a
rounded value - 1 mark.
(iii) |(P=1V 1 3 Or consistent with (b)(ii)
P=64x103x2-7 1 Sig figs:
P=0-17 W 1 Accept 0-2, 0-173, 0-1728
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Question Answer Max Additional guidance
mark
12. | (c) V=E-1Ir 4 1 mark for quoting both
V=6:0-(26x103 x (4x2:7)) formulae - explicitly or implied.
v=>5-7192 (V)
Sig figs:
A 1- 1-51
R= VTR (both formulae) ccept 80, 81-5, 815
. 5.7192-3-6 Alternative methods:
26x10° R =L
R=82Q I
6-0
R =——=230-8(Q2
" 26x10° ©
Vv
RLED = 7

3.6
RLED_26x1o-3
R=230-8-(138-5+10-8)
R=82Q

~138.5(Q)

V=Ir
V =26x107 x (2.7 x 4)
Vv =0-2808 (V)
V,=6-0-3-6-0-2808
V, =2-1192 (V)
roVe

1

21192

T 26x10°

R=820Q

1 mark for all formulae

1 mark for all substitutions
1 mark for all correct
intermediate values

1 mark for final answer
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13.  Anuncharged 220 uF capacitor is connected in a circuit as shown. MARKS | b NoT
wARGH
12V
5
-
22|° a 68000

6800 Q

The 12V battery has negligible internal resistance.

(@) Switch S, is closed and the capacitor charges in a time of 7-5s.
Calculate the initial charging current. 3
Space for working and answer

(b) Switch S, is opened.
The capacitor is discharged.
Switch S, is now closed and then switch S, is closed.

Explain why the time for the capacitor to fully charge is less than in
part (a). 2
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13. | () V=IR 1 3 Sig figs:
12 =1x 6800 1 Accept 2, 1-76, 1-765
1=1-8x1034 1
(b) The (circuit/total) resistance is 2 Independent marks.
less 1
Accept:
Initial charging current is Average current is greater
greater 1 OR
The current at any given time is
greater.
‘Current greater’ on its own is
not sufficient for 2" mark.
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14. Solar cells are made by joining n-type and p-type semiconductor materials. A
layer is formed at the junction between the materials.

(@) A potential difference is produced when photons enter the layer
between the p-type and n-type materials.

State the name of this effect. 1

(b) A student carries out an experiment using a solar cell connected to a
variable resistor R as shown.

solar cell

®

II
V)
/

_
A lamp is placed above the solar cell and switched on.

The variable resistor is altered and readings of current and voltage are
taken. These readings are used to produce the following graph.

current 40
(mA) L
\\
\\
N
30 N
20
\
10 \
\
\
0 \
0-0 0-5 1-0 1-5 2-0 25 3-0 voltage

V)
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14. (b) (continued)

(i) Solar cells have a maximum power output for a particular irradiance
of light.

In this experiment, the maximum power output occurs when the
voltage is 2-1V.

Use information from the graph to estimate a value for the
maximum power output from the solar cell. 3

Space for working and answer

(i) The lamp is now moved closer to the solar cell.

Explain, in terms of photons, why the maximum output power from
the solar cell increases. 1

L AR EARMOAn iGN -
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14. | (a) Photovoltaic (effect) 1
(b) [(i) |1=35mA (from graph) 1 3 | P=1V anywhere, 1 mark.
P=1IV 1 Sig figs:

(P=0-035x 2-1)

P=0-074w 1

Accept 0-07, 0-0735

Accept a value for I between
34-5 and 35 mA inclusive.

I=34-5mA gives P=0-073 W

Sig figs for above:
Accept 0-07,0-0725, 0-07245

Greater number of photons (strike
the solar cell) per second

The answer has to imply a
‘rate’.

Any correct statement followed
by wrong physics, 0 marks.
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15. A wire of length L and cross-sectional area A4 is shown.

N ——

L

The resistance R of the wire is given by the relationship

r=PL
A

where p is the resistivity of the wire in Qm.

(@) The resistivity of aluminium is 2-8 x 108 Q m.

Calculate the resistance of an aluminium wire of length 0-82m and
cross-sectional area 4-0 x 107 m?. 2

Space for working and answer

L AR R ARDLAn MU -
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. (continued)

(b) A student carries out an investigation to determine the resistivity of a
cylindrical metal wire of cross-sectional area 4-52 x 10 m?.

4-52 x 10°m? _

The student varies the length L of the wire and measures the
corresponding resistance R of the wire.

The results are shown in the table.

Length of wire L (m) Resistance of wire R (x1073 Q)
1-5 5-6
2:0 7-5
2-5 9.4
3-0 11-2
35 13-2

(i) Using the square-ruled paper on Page 36, draw a graph of R
against L.

(i) Calculate the gradient of your graph.
Space for working and answer

(iii) Determine the resistivity of the metal wire.

Space for working and answer

[END OF QUESTION PAPER]
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15. | (a) pL 2 | Sig figs:
R 1 Accept 6 x 103 | 5:74 x 1073,
2.8x10% x0-82 5740107
R= 1
4.0x10°
R=5-7x103Q 1
(b) | (i) | Suitable scales with labels on axes 3 | The scale must correctly extend

(quantity and unit)

[Allow for axes starting at zero or
broken axes or starting at an
appropriate value]

Correct plotting of points

Best fit line

1

over the range of the points
plotted.

The resistance scale must include
(x10°%) or show correct converted
values, otherwise maximum 2
marks.

If an invalid scale is used on
either axis eg values for
resistance from the table are
used as major grid line values - 0
marks.

Accuracy of plo