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Answer ALL questions. Write your answers in the spaces provided.
Some questions must be answered with a cross in a box [X.

If you change your mind about an answer, put a line through the box 5¢ and then
mark your new answer with a cross [X.

1 (a) Figure 1 shows a solar-powered charger for a mobile phone.

11 cm
7 cm screen of

solar cell

rechargeable
battery lead to
phone
Figure 1
The screen of the solar cell takes in energy from the Sun.
(i) State how energy gets from the Sun to the screen.
(i) State how energy is stored in the charger.
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(i) Each second, 0.12J of energy from the Sun reaches 1 cm?of the screen.

Calculate the total amount of energy reaching the whole screen in 1 second.

ENEIgY = . J
(b) Mobile phones emit microwaves.
Microwave ovens emit microwaves.

Explain why a mobile phone does not have the same heating effect as a microwave oven.

(Total for Question 1 = 7 marks)
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2 (a) Astudentis standing 600 m from a firework display.
A firework explodes with a loud bang, and a flash of light is seen.

Describe how a student can measure the time it takes for the sound wave from
the loud bang to travel 600 m.

(b) Figure 2 shows a water wave.

A

height of
wave/cm Q

T T T T >

¢ 5 10 5 20 25 30
-1 - distance from
source/cm

Figure 2

(i) What is the amplitude of this wave?

— 0 A 28cm
— [0 B 56cm
— [ € 75cm
— 0 D 15cm
(ii) What is the wavelength of this wave?
— ] A 28cm
— ] B 75cm
— ] € 15cm
— [ D 30cm
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(c) Water waves are transverse waves.

(i) Give one other example of a transverse wave.

(d) An earthquake causes a sea wave.
This sea wave travels 26400 m in two minutes.
Calculate the speed of the wave.

Use the equation

distance
wave speed = ————

time

(Total for Question 2 = 9 marks)
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3 (a) Figure 3 shows the structure of an oxygen-14 atom.

(i) Complete the four labels on Figure 3.

Figure 3

(ii) Which of these particles has a negative charge?

alpha particle
electron

neutron

O O O O
O N w >

nucleus

(iii) State the overall charge of the oxygen-14 atom.
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(b) A teacher uses a Geiger-Muiller tube and a counter to measure background radiation.
The reading on the counter tube is 34 counts per minute.

() The teacher puts a source of beta radiation 15cm in front of the same Geiger-Miiller
tube.

The reading on the counter tube is now 468 counts per minute.

Calculate how much radiation detected by the Geiger-Miiller tube comes from
the source of beta radiation.

............................................................. counts per minute
(ii) The teacher puts a thick sheet of aluminium between the source of
beta radiation and the Geiger-Miiller tube.
Estimate the reading on the counter tube.
............................................................. counts per minute

(Total for Question 3 = 9 marks)
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4 A student investigates how light behaves as it leaves a clear plastic block.

Figure 4 shows some of her equipment and the path of a ray of light through the block.

ray of light

clear plastic block

Figure 4

(a) Describe how the student can make sure the light does not change direction as it
enters the block.
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(b) She varies the angle of incidence inside the block and records the angle of refraction.

Figure 5 shows her results.

(i

angle of incidence (°)

angle of refraction (°)

5

7

15

22

30

46

40

69

42

76

Figure 5

) Plot the points on the grid below.

(ii) Draw the best fit smooth curve through the points.

re

100

90

80

70

60

angle of

fraction/° 50
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(2)

(1)
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angle of incidence /°
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(iii) Estimate the angle of incidence which gives an angle of refraction of 90°.

angle of incidence = ...

(c) Describe what happens to the ray of light when the angle of incidence is
increased beyond the critical angle.

(Total for Question 4 = 9 marks)
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5

(@) A car driver sees a rabbit on the road.
The driver makes an emergency stop after he sees the rabbit.

Figure 6 shows the speed of the car from the time the driver sees the rabbit until
the car stops.

16.0
speed /
m/s 12.0 5
8.0 -
4.0
0 T T T T ! |
0 0.5 1.0 1.5 2.0 2.5 3.0

time / seconds

Figure 6

(i) The distance travelled by the car from the time the driver first sees the rabbit
to when car starts to slow down is the

average distance
braking distance

stopping distance

o o o o
O N @ >»

thinking distance

(i) Calculate the distance that the car travels in the first 0.5 seconds.

distance= ... m
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(iii) Which equation relates acceleration to change in velocity and time?

(1 D a:v—%

(iv) Calculate the deceleration of the car.

deceleration = ... m/s?
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(b) Two students, Alice and Bob, carry out an experiment to measure the speed of cars.
Alice paces out the distance between two lamp posts.
She records:
‘Distance between lamp posts = 20 paces’

Bob starts to count when a car passes the first lamp post. He stops counting
when he thinks it has passed the second lamp post.

He records:
‘My estimate for the time taken for the car to pass between the two lamp posts = 3’

Give three ways the students could improve their experimental procedure.

OOV OO VSOOI ON

S

R

(TOtaIforQuestlon5=11marks) ......................
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6 (a) Astudentinvestigates how the surface of an object affects the radiation it emits.

Figure 7 shows the equipment he uses.

—

&i radiation sensor
\
I
shiny Siwef
silver meter
- 5
cube
Figure 7

The cube has four different surfaces.

He fills the cube with boiling water so that the temperature of each surface is the same.
He uses the radiation sensor to measure the radiation emitted from each surface.
(i) His readings are shown.

Draw a line from each surface colour to its correct meter reading.
One has been done for you.

surface colour meter reading
shiny black + + 87
dull black + 61
dull silver + 70

shiny silver + + 47
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(ii) The temperature of each surface is the same.

Give a reason why the radiation sensor gives a different reading for each surface.

(b) (i) What do all waves in the electromagnetic spectrum have in common?

[J A thesame frequency in a vacuum
[J B thesame speed in avacuum
[] € thesame colourin avacuum

[J D the same amplitude in a vacuum

(ii) Blue light has a wavelength of 470 nm and a frequency of 6.30 x 10" Hz

Calculate the velocity of blue light.

velocCity = m/s
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(c) All objects emit electromagnetic radiation.

The intensity and wavelength of the emitted radiation vary with the temperature
of the object.

Figure 8 shows this variation for an object at two different temperatures.

The visible region of the electromagnetic spectrum is also shown.

A visible
intensity ! light !
1 . . 1

high temperature curve

low temperature curve

390 700
wavelength innm

Figure 8

In which part of the electromagnetic spectrum is the peak of the low
temperature curve?

—
~

gamma

infrared

O 0O o o

A
B
C radio
D

ultra violet

(ii) Describe how intensity of the emitted radiation changes with temperature.

(Total for Question 6 = 9 marks)
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7 (a) Scientists no longer accept the geocentric model of the universe but it was the
accepted theory for hundreds of years.

Explain why the evidence available at the time supported the geocentric model.

(b) The Big Bang theory and the Steady State theory are two theories about the
origin of the universe.

The discovery of CMB led scientists to accept only one of the theories.

Explain why redshift supports both theories but CMB supports only one of them.
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(c) (i) A star with a mass very much larger than the Sun

[J A hasalonger main sequence than the Sun and ends as a white dwarf
[J B hasalonger main sequence than the Sun and ends as a black hole
[J € hasa shorter main sequence than the Sun and ends as a white dwarf

[J D hasa shorter main sequence than the Sun and ends as a black hole

(ii) Which row has two correct statements about black holes?

the gravitational field of a

black hole

0 A allows only electromagnetic
radiation to escape

[J] B  allows nothing to escape

[J € allows nothing to escape

allows only electromagnetic
] D o
radiation to escape

a black hole is formed when

a nebula collapses

a very large star collapses

a nebula collapses

a very large star collapses
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(d) Figure 9 shows some lines in the absorption spectra from four different galaxies S
(A, B, C, and D) and from a laboratory source. S

All the spectra are aligned and to the same scale. o

St %08
X
Jote.s el
VAL

D

laboratory
source

1 T T T T T T T T 1
N 390 450 550

0

750

wavelength in nm

Figure 9

Explain, using Figure 9, which galaxy is furthest away from us.

(Total for Question 7 = 11 marks)

5
-
KA
b0 slalel
Do 908
SRS
KBS
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8 Figure 10 shows two students investigating reaction times.
Student B supports his left hand on a desk.

Student A holds a ruler so that the bottom end of the ruler is between the finger and
thumb of student B.

When student A releases the ruler, student B catches the ruler as quickly as he can
with his left hand.

The investigation is repeated with the right hand of student B.

student A
£ v

-

Figure 10

(a) Give a reason why it is better to have the 0cm mark at the bottom of the ruler
rather than at the top.
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(c) The students took five results for the left hand and five results for the right hand.

Figure 11 shows their results.

SBICh distance dropped (cm)
hand trial 1 trial 2 trial 3 trial 4 trial 5 average
left 10.1 255 18.4 14.6 11.7 14
right 17.5 16.1 194 18.6 202
Figure 11

(i) Calculate the average distance dropped for the right hand. Give your answer
correct to 2 significant figures.

distance = ... cm
(i) Calculate the average time for the left hand.
Use the equation
.o distance
time® = ———
500
average time = ... S
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(d) Explain whether any of the readings are anomalous.

(e) Give two ways that the students can improve the quality of their data, other than
ignoring anomalous results.

0000000000000 0000000000000
2 e e e e e
(f) Describe how the students could develop their investigation to investigate how
reaction time changes with another variable.
(Total for Question 8 = 12 marks)
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9 A car accelerates at a constant rate of 1.83 m/s? along a flat straight road.
(@) The force acting on the car is 1.870 kN.
Calculate the mass of the car.

Give your answer to three significant figures.

MASS = o kg
(b) The car accelerates from rest for 16s.
Calculate the speed of the car after 16s.
speed = ... m/s
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*(c) Figure 12 is a speed-time graph for a different car moving on a horizontal road.
A

speed

time
Figure 12

Describe the energy transfers taking place during the movement of the car.

You should refer to energy stores as well as transfers between energy stores for all
three sections of the graph.

(Total for Question 9 = 12 marks)
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10 (@) Americium-241 is a radioactive isotope that emits alpha particles.
Americium-241 is used in smoke alarms.

Give a reason why it is safe to use americium-241 in smoke alarms.

(b) lodine-131 is a radioactive isotope with a half-life of 8 days.
The activity of a sample of iodine-131 is 480 Bq.

Calculate the activity of the sample after 16 days.

ACtiVItY = Bqg
(c) A student uses 59 dice to model radioactive decay.

He starts by rolling all the dice at the same time.

He removes all the dice that show a six.

He then rolls the remaining dice.

The student repeats this process five more times.

State two improvements the student could make to his model of radioactive decay.
e e e e e e e
e e e e

Pearson Edexcel Level | /Level 2 GCSE (9-1) in Physics — Sample Assessment Materials — Issue | — March 2016
© Pearson Education Limited 2016



*(d) Radioactive isotopes can be used to investigate cancer and other illnesses.
The thyroid gland in the neck absorbs most of the iodine that our bodies need.
A person can become ill if their thyroid absorbs too little iodine.

Explain how a radioactive isotope with suitable properties may be used to
investigate the uptake of iodine by this gland.

(Total for Question 10 = 11 marks)

TOTAL FOR PAPER = 100 MARKS
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Equations

(final velocity)? - (initial velocity)? = 2 x acceleration x distance
VZ—u?l=2Xaxx

energy transferred = current X potential difference x time
E=IxVxt

potential difference across primary coil X current in primary coil = potential difference across
secondary coil X current in secondary coil

V xI =V x|
p* P s s
change in thermal energy = mass X specific heat capacity x change in temperature
AQ=mxcx Al
thermal energy for a change of state = mass x specific latent heat
Q=mxlL
P1 V1 = P2 V2
to calculate pressure or volume for gases of fixed mass at constant temperature

energy transferred in stretching = 0.5 X spring constant x (extension)?

E="%xkxx?
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Paper 1 Foundation

Question Answer Mark
number
1(a)(i) (Carried by) electromagnetic wave
(1)
Question Answer Mark
number
1(a)(ii) As chemical energy in the battery
(1)
Question Answer Additional guidance Mark
number
1(a)(iii) Calculation of area (1) 77
7 x 11
Substitution (1) ecf area
77 x 0.12
Answer (1) award full marks for correct
9.2 (J) numerical answer without
workin
9 (3)
Question Answer Additional guidance Mark
number
1(b) An explanation that
combines identification -
understanding (1 mark) and
reasoning/justification -
understanding (1 mark):
. the heating effect for allow not the same
the oven and the phone | wavelength/microwaves
depends on their power | cover a range in wavelengths
(1)
* and since the power of
an oven is much greater
than the power of a
phone, the oven
produces a greater
heating effect (1) (2)
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Question Answer Mark
number
2(a) An answer that combines the following points of
understanding to provide a logical description:
* use a stopwatch (1)
* start timing when flash is seen and stop when bang is
heard (1) (2)
Question Answer Mark
number
2(b)(i) A
(1)
Question Answer Mark
number
2(b)(ii) C
1)
Question Answer Additional guidance Mark
number
2(c)(i) electromagnetic wave allow any named e.m.
wave/seismic S wave
(1)
Question Answer Additional guidance Mark
number
2(c) (i) sound wave allow ultrasound/infrasound/
seismic P wave
1)
Question Answer Additional guidance Mark
number
2(d) two minutes = 120s (1)
substitution (1) ecf unit change
26400 + 120
award full marks for correct
answer (1) numerical answer without
220 (m/s) working
3)
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Question Answer Mark
number
3(a)(i) One mark for each correct label (4)
electron
proton \
[l | _ nucleus
_ neutron fK /
-

(4)
Question Answer Mark
number
3(a)(ii) B

(1)
Question Answer Mark
number
3(a)(iii) zero/0/no charge

1)
Question Answer Mark
number
3(b)(i) 434

(1)
Question Answer Additional guidance Mark
number
3(b)(ii) 34 allow 29 to 39

1)
Question Answer Additional guidance Mark
number
3(b)(iii) Radioactive decay is a allow because background

random process count changes every time
1)
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Question | Answer Additional guidance Mark
number
4(a) An answer that combines the | allow
following points of
understanding to provide a
logical description:
shine the ray at the centre of
* shine the light along a the straight edge
radius (1) before putting the block
* by marking it on the down
paper before putting the
block down (1)
(2)
Question | Answer Additional guidance Mark
number
4(b) (i) all points correctly plotted to | 4 points plotted correctly
+/— half a square (2) (i.e. one error) (1)
(2)
Question | Answer Mark
number
4(b)(ii) smooth curve through at least 3 of the points (1)
(1)
Question | Answer Additional guidance Mark
number
4(b)(iii) * continues line as far as award full marks for correct
90° (1) numerical answer without
¢ estimate between 43° working
and 47° (1) (2)
Question | Answer Mark
number
4(c) An answer that provides a description by making reference
to:
* (all) light reflected (1)
* back inside block (1)
(2)
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Question | Answer Mark
number
5(a)(i) D
(1)
Question | Answer Additional guidance Mark
number
5(a)(ii) 16.0 (m/s) read from graph (1)
Substitution (1) award full marks for
(distance travelled =) 16 x 0.5 correct numerical answer
without working
Answer (1)
8.0 (m) (1) ecf for substitution and
answer using wrong
speed value
3)
Question | Answer Mark
number
5(a)(iii) A
(1)
Question | Answer Additional guidance Mark
number
5(a)(iv) Obtain readings from graph (1)
Substitution (1) award full marks for
E correct numerical answer
2.0 without working
Answer (1)
8.0 (m/s?) (3)
Question | Answer Additional guidance Mark
number
5(b) Any three improvements from:
allow tape measure,
* suitable instrument to trundle wheel
measure distance (1)
* using a greater distance
(to reduce effect of reaction
times) (1) allow stop watch/clock
* suitable instrument to or timing app. on phone
measure time (1)
* use of one student at the
{first/second} lamp post to
signal when to {start/stop}
timing (1) (3)
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* two of three sets of students
taking readings for the same
car (1)
Question | Answer Mark
number
6(a)(i) All three correct (2)
One or two correct (1)
shiny black 87
dull black () 61
dull silver o 70
shiny silver [ - —@ 47
(2)
Question | Answer Additional guidance Mark
number
6(a)(ii) Different surfaces emit (thermal) | allow reference to
radiation at different rates surfaces in question
(1)
Question | Answer Mark
number
6(b)(i) B
(1)
Question | Answer Additional guidance Mark
number
6(b)(ii) substitution and unit conversion award full marks for
(1) i 9 correct numerical answer
answer (1g ecf unit conversion
2.96 x 10° (m/s) (2)
Question | Answer Mark
number
6(c)(i) B
1)
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Question
number

Answer

Mark

6(c)(ii)

An answer that combines points of interpretation/evaluation
to provide a logical description:

as temperature increases, intensity increases (1)
as temperature increases, maximum intensity occurs at a

shorter wavelength (1)

(2)

Question
number

Answer

Additional guidance

Mark

7(a)

An explanation that combines
identification — understanding
(1 mark) and
reasoning/justification -
understanding (2 marks):

at the time, there was only
naked eye evidence (1)
which indicated
Sun/Moon/planets appear to
move across the sky (1)

in the same direction, same
motion each day (1)

allow valid alternatives,
e.g. references to
comets

(3)

Question
number

Answer

Additional guidance

Mark

7(b)

An explanation that combines
identification — understanding
(1 mark) and
reasoning/justification -
understanding (2 marks):

both theories predict an
expanding universe and the
Big Bang theory also predicts
that the universe had a
beginning (1)

the red shift theory indicates
that the universe is expanding
so supports both theories (1)
whereas CMB also indicates
that the universe had a
beginning, so supports Big
Bang theory (1)

provided evidence that
the steady state theory
was incorrect

(3)
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Question Answer Mark
number
7(c)(i) B (1)
Question Answer Mark
number
7(c)(ii) B (1)
Question Answer Mark
number
7(d) An explanation that combines identification via a

judgement (1 mark) to reach a conclusion via

justification/reasoning (2 marks):

* galaxy C is furthest away (1)

* because it has the greatest red shift (1)

* and therefore it has the greatest speed (1) (3)
Question Answer Mark
number
8(a) Idea of a direct reading (without calculation)

(1)

Question Answer
number
8(b) If student B drops the ruler, they are not really measuring

their own reaction time as they know when ruler has been

dropped

(1)
Question Answer Additional guidance Mark
number
8(c)(i) calculating the mean (1) award full marks for
correct numerical

18.36 answer without working

rounding to 2 s.f. (1)

18 (cm) (2)
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Question Answer Additional guidance Mark
number
8(c)(ii) Rearrangement (1) award full marks for
distance correct numerical answer
t= 500 without working
Substitution and answer (1) allow answers which
time = 0.17 (s) round to 0.17, e.g. 0.1673
(2)
Question Answer Additional guidance Mark
number
8(d) An explanation that combines
identification via a judgement
(1 mark) to reach a conclusion
via justification/reasoning
(1 mark):
* 25.5is an anomalous result ignore 19
(1)
* (because) it is much further
away from the mean than the
other results (1) (2)
Question Answer Mark
number
8(e) * Take more readings (1)
* Idea that a third student should also measure the
reaction time (1) (2)
Question Answer Additional guidance Mark
number
8(f) An answer that combines the

following points to provide a
logical description of the
plan/method/experiment:

* using a larger group of
students/large population of
students (1)

* and measure how their
reaction time varies with
age/height (1)

allow any suitable
variable

(2)
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Question Answer Additional guidance Mark
number
9(a) rearrangement (1)
m=?
a
maximum 2 marks if kN
SubStItutIOI’l and ConVersion (1) not Converted to N
1870
=183 award full marks for
correct numerical
answer and rounding to 3 s.f. (1) | @nswer without working
1020 (kg) 3)
Question Answer Additional guidance Mark
number
9(b) (v—u)
rearrangement of ——~ =4 (1)
t
v=u+ at
substitution (1)
v=0+1.83 x 16
award full marks for
answer (1) .
29.3 (m/s) correct numerical
' answer without working
3)
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Question | Indicative content Mark
number
*9(c) Answers will be credited according to candidate's deployment of
knowledge and understanding of the material in relation to the
qualities and skills outlined in the generic mark scheme.
The indicative content below is not prescriptive and candidates
are not required to include all the material which is indicated as
relevant. Additional content included in the response must be
scientific and relevant.
AO2
» fuel forms a store of chemical (potential) energy
* chemical energy is transferred to kinetic energy and
thermal energy when the car moves
* Kkinetic energy transferred to thermal energy as the car
slows down
AO3
* during X, kinetic energy increases as the car’s speed
increases/car accelerates and the increase in kinetic energy
is provided by the chemical energy store
* during all three sections, work is done against frictional
forces in the moving parts of the car and against the drag
from the air
* during Y, kinetic energy stays constant when the car moves
at constant speed but energy is still transferred to thermal
energy
e during Z, kinetic energy decreases as the car slows down (6)
Level Mark | Descriptor
0 No awardable content.
1 1-2 * Interpretation and evaluation of the information attempted but
will be limited with a focus on mainly just one variable.
Demonstrates limited synthesis of understanding. (AO3)

* The description attempts to link and apply knowledge and
understanding of scientific ideas, flawed or simplistic
connections made between elements in the context of the
question. (AO2)

2 3-4 * Interpretation and evaluation of the information on both
variables, synthesising mostly relevant understanding. (AO3)

* The description is mostly supported through linkage and
application of knowledge and understanding of scientific ideas,
some logical connections made between elements in the
context of the question. (AO2)
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3 5-6 * Interpretation and evaluation of the information,
demonstrating throughout the skills of synthesising relevant
understanding. (AO3)

* The description is supported throughout by linkage and
application of knowledge and understanding of scientific ideas,
logical connections made between elements in the context of
the question. (AO2)

Question Answer Additional guidance Mark
number
10(a) alpha cannot penetrate casing alpha only travel a few
cm in air
1)
Question Answer Mark
number
10(b) * evidence of division of activity by 2 (1)
« 120 (Bq) (1)
(2)
Question Answer Mark
number
10(c) * increase number of starting dice (1)
* do more rolls (1)
(2)
Question Indicative content Mark
number
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*¥10(d)

Answers will be credited according to candidate's
deployment of knowledge and understanding of the
material in relation to the qualities and skills outlined in
the generic mark scheme.

The indicative content below is not prescriptive and
candidates are not required to include all the material
which is indicated as relevant. Additional content
included in the response must be scientific and relevant.

AO2 (6 marks)

* use a radioactive isotope of iodine as this is taken up by
the gland

* isotope given by injection or orally

* gland is in the neck, so cannot use an alpha emitter as
alpha will not exit through the skin

* use beta or gamma emitter

* isotope has to have a short enough half-life to minimise
exposure to radiation but long enough for the reading to
be taken

* allow time for isotope to reach gland

* use Geiger-Mdller tube and counter to determine count
rate of isotope in gland

e compare with normal count rate to determine whether

uptake of iodine is normal (6)

Level

Mark

Descriptor

0

No awardable content.

1-2

The explanation attempts to link and apply knowledge and
understanding of scientific ideas, flawed or simplistic
connections made between elements in the context of the
question. (AO2)

Lines of reasoning are unsupported or unclear. (AO2)

3-4

The explanation is mostly supported through linkage and
application of knowledge and understanding of scientific
ideas, some logical connections made between elements
in the context of the question. (AO2)

Lines of reasoning mostly supported through the
application of relevant evidence. (AO2)

5-6

The explanation is supported throughout by linkage and
application of knowledge and understanding of scientific
ideas, logical connections made between elements in the
context of the question. (AO2)

Lines of reasoning are supported by sustained application
of relevant evidence. (AO2)
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