iIGCSE Physics — Paper 2 — May 2023 - Mark Scheme
Part A — Multiple Choice (25 questions)
Question 1

Which row of the table is correct for both force and velocity?

Force Velocity
a) Scalar Scalar
b) Scalar Vector
c) Vector Scalar
d) Vector Vector
Question 2

A student sets up a circuit to determine the resistance of a resistor R. The meter readings
are 5.0 Aand 10.0 V.
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What is the resistance of the resistor R?

A. 05Q B. 50.0 Q C.200Q D.5.00Q

Question 3

A student uses a piece of metallic wire as a resistor. From the same material, he then makes
a second resistor.

The student wants the second resistor to be higher in resistance than the first, what should
they ensure in the second wire?

It is shorter and thicker
It is longer and thinner
It is longer and thicker
It is shorter and thinner
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Question 4



The diagram below shows the different paths of various types of radiation (X, Y and Z).
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5 mm of 20 mm of 60 mm of
paper aluminium lead

In the table below, which row correctly matches X, Y and Z?

X Y Z
A a-rays B-rays y-rays
B a-rays y-rays B-rays
C y-rays a-rays B-rays
D B-rays a-rays y-rays
Question 5

A radioactive rock sample contains 500mg of a radioactive isotope that emits a-rays.
The half-life of this isotope is ten days.
What mass of this isotope would you be expect to have after twenty days?

A. 500 mg B. 250 mg C. 125 mg D. 60.25 mg

Question 6

Which instrument shown in the table below has the greatest ranges of frequencies?

Instrument Lowest Frequency (Hz) | Highest Frequency (Hz)
A) Flute 40 2500
B) Piano 30 4100
C) Trumpet 60 1900
D) Saxophone 130 4800

Question 7

The saxophone is made of a brass alloy. The volume of the alloy that is needed to make the
saxophone is 1000 cm® The density of the alloy used to make the saxophone is calculated to
be 9 g/cm*

What mass of brass alloy was used in producing the saxophone?

A) 0.009 g



B) 1119
C) 9000 g
D) 991 g

Questions 8-10

The graph below shows the journey of a boy jogging along a straight road.
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Using the graph, answer the following questions:
Question 8
At what time did the boy start running at a constant speed?

A) 10s B)20s C)60s D) 100 s

Question 9
What distance did the boy travel from t=20 s to t= 100 s?

A) 80m B)120m C)320m D) 60 m
Question 10

What was the total distance the boy travelled in his journey?

A) 460 m B)240m  C)400m  D)80m

120



Question 11
A light ray travels through a Perspex block as shown.
The angle shown at A is called .....
A) The normal B) The angle of incidence  C) The angle of dispersion

D) The angle of refraction

Question 12
The light ray at B is called....
A) The incidence ray
B) The normal
C) The dispersed ray
D) The refracted ray
Question 13
A toy car has a mass of 0.20 kg and accelerates at 4.0 m/s®. What is the amount of force

required to produce this acceleration?

A) 8.0N B)4.2N C)3.8N D) 0.8 N

Question 14

A sound wave travels a distance of 260 m in a time of 0.6 seconds. What is the speed of the
sound wave?



A) 433 m/s

B) 156 m/s

Question 15

A box is sitting on a floor with one of the forces acting on it labelled A.

C) 260 m/s

D) 510 m/s

z‘/

What is producing this force?

A) The ‘normal’ force
B) The frictional force

C) The force of the floor pushing on the box

D) The force of gravity

Question 16

A student during an experiment does work by pulling a wooden box across a horizontal floor.
They then repeat the experiment and pull a second box along the same floor.

Identify the correct row that shows that the student is now doing twice as much work.

Force used to pull box Distance the box is pulled
(A) Stays the same Is doubled
(B) Stays the same Is halved
(©) Is doubled Is doubled
(D) Is doubled Is halved
Question 17

On a warm, summer day, a student places a bottle of soft drink on the ground and then

covers it with a wet cloth.

Why does this help reduce the temperature of the soft drink?




(A) The water has a very thermal capacity

(B) The water is always cooler than the air surrounding it
(C) The water helps to insulate the soft drink from the warm air around it
(D) Some water evaporates from the cloth so that the water remaining becomes colder

Question 18

A student decides to do an experiment and melt some ice. The student melts 500 g of ice at
0°C. The student finds out that the specific latent heat of fusion of ice is 3.34 x 10* J/kg.

What is the amount of thermal energy required to melt all of the ice at 0°C?

A) 3.34x10%J
B) 1.17 x 10*J
C) 1.67 x10°J
D) 1.17 x 10°J

Question 19

A bicycle is travelling along a straight, level road, with a constant acceleration.

Which graph below shows the motion of the bicycle?
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Question 20

ammeter one ‘f" |
|

@) am{r‘?\t\er two
—/

ammeter three

Rank the magnitude of readings on the three ammeters from smallest to biggest.

Smallest Middle Largest
(a) Ammeter 3 Ammeter 2 Ammeter 1
(b) Ammeter 1 Ammeter 3 Ammeter 2
(c) Ammeter 2 Ammeter 3 Ammeter 1
(d) Ammeter 1 Ammeter 2 Ammeter 3

Question 21

An engineer is interested in finding a device that changes the voltage of an electrical supply
from 240 V a.c. down to 20 V a.c.

What type of device should they use?

(A) A voltmeter
(B) A relay

(C) A transformer
(D) A generator

Question 22

Which of the following below statements about electromagnetic induction is correct?

(A) The effect can only occur when a magnet is moved towards a conductor

(B) The effect can only occur when a magnet is moved away from a nearby conductor

(C) A strong magnet held stationary close to a stationary conductor results in a greater
effect than a weak magnet

(D) The effect can only occur when a magnet and a conductor are both moved with the
same speed and in the same direction

Question 23

A physics student decides to measure the potential difference across a device and the
current in the device.



Which calculation below gives the resistance of the device?

(A) Potential difference x current
(B) Potential difference + current
(C) Current + potential difference
(D) Current + potential difference

Question 24

Which metal is commonly used for the core of an electromagnet?

(A) Steel

(B) Magnesium
(C) Copper

(D) Iron

Question 25
As a liquid is heated, it starts to expand.

How does this result in the formation of a convection current?

(A) The density of the heated liquid increases
(B) The density of the heated liquid decreases
(C) The mass of the heated liquid molecules increases
(D) The mass of the heated liquid molecules decreases

Mark Scheme:



Question 1:
Which row of the table is comect for both force and welocity?
Answer: D (Force: Viector, Vielocity: Vector)

Mark Allocation:

s 1 mark for the correct answer.

Question 2:

A student sets up a circuit to determine the resistance of a resistor K. The meter readings are 5.0 A
and 10.0V, What is the resistance of the resistor K7

Answer: B) 2.0 102
Calculation:

Mark Allocation:
s 1 mark for the correct formula and substitution.

s 1 mark for the correct final answer.

Question 3:
How can a second resistor with higher resistance be made using the same materal?
Answer: B) It is longer and thinner.

Mark Allocation:

* 1 mark for the correct answer.

Question 4
Which row comectly matches the radiations X Y, and Z7
Answer: C) X: Beta, Y. Gamma, £ Alpha

Mark Allocation:

* 1 mark for correctly identifying the shielding properties of each radiation,



Question 5:

A radioactive isotope emits y-rays and has a half-life of 10 days. What mass remains after 20 days?
Answer: B) 125 mg

Calculation:
= After 1 half-life (10 days), 300 mg — 250 mg,

= After 2 half-lives (20 days), 250 mg — 125 mg,

Mark Allocation:
* 1 mark for correctly identifying the number of half-lives.

* 1 mark for the correct final answer.

Question 6:
Which instrument has the greatest range of frequencies?
Answer: D) Guitar

Mark Allocation:

s 1 mark for the correct answer.

Question T:
The saxophone is made of brass alloy. The volume needed is 1000 em® and the density is

8.5 g/cm’”. What is the mass of the brass alloy?
Answer: C) 8500 g

Calculation:
Mass — Density = Volume — £.5 = 1000 — 8500 g.
Mark Allocation:

s 1 mark for the correct formula and substitution.

s 1 mark for the correct final answer.



Cuestion 8:
Af what time did the boy start running at constant speed?
Answer: C) 6 s

Explanation:

* The graph shows constant speed as a horizontal section starting at 60 =,

Mark Allocation:

* 1 mark for the correct interpretation of the graph.

Question 9:

What distance did the boy travel from ¢ — 20sto £ — 10087
Answer: B) 320m

Calculation:

s  The distance is the area under the speed-iime graph:
. From?ﬂstoﬁﬂs:ﬁrea—éxdﬂsxrlm_.-“s—ﬁl}m.
*  From G0sto 1005 Area — 408 = Gm,/s — 240 m.
s Total distance: 80 + 240 — 320 m.

Question 10:

What was the total distance traveled by the boy?
Answer: D) 460 m

Calculation:
*  Agdd up all areas under the graph:
*  From (sto 20s: Area — % w Mz« dm)s — 0m.

*  Add previous result (320 m): 40 + 320 — 460 m.

Mark Allocation:
* 1 mark for carrectly identifying the area from (s to 20 s.

* 1 mark for summing all areas for the total distance.



Question 11:

The angle shown at A is called..,

Answer: B) The angle of incidence
Mark Allocation:

* 1 mark for the correct answer,

Question 12:

The light ray at B is called...
Answer: ) The refracted ray

Mark Allocation:

* 1 mark for the correct answer,

Question 13:

A toy car has a mass of (.20 kg and accelerates at 4.0m,/s”, What is the amount of force required?
Answer: C) L8N

Question 14:

A sound wave travels 260 m in (.5 5. What is the speed of the sound wave?
Answer: D) 520 m/'s

Calculation:
Distance 260 )
Speed — ———— — — — H20m/s.
pee Time 05
Mark Allocation:
* 1 mark for using Speed — ”lj‘[%

* 1 mark for the correct calculation and final answer.

Question 15:

What is producing the force labeled A7
Answer: A) The "mormal” force

Mark Allocation:

* 1 mark for the correct answer.



Question 16:

A student pulls a wooden box along a floor. They double the distance the box is pulled. Which row in
the table correctly describes the effect on work done?
Answer: B) Force stays the same, Distance is doubled

Mark Allocation:
* 1 mark for identifying that work done depends on force and distance.

* 1 mark for the correct answer,

Question 17:

‘Why does covering a wet cloth over a soft drink reduce its temperature?
Answer: ) Some water evaporates from the cloth so that the water remaining becomes colder

Explanation:
Evaporation causes cooling as it requires heat energy, which is taken from the cloth and the

surrounding emdronment.
Mark Allocation:

s 1 mark for the correct answer.

Question 18:

What Is the themmal energy required to melt 500 g of ice at 07 C?
answer: C) 167 = 107

Calculation:
O —mL — 0.500kg = 3.34 = 107 J/kg.
0 — 167 = 107 1.

Mark Allocation:
* 1 mark for using @ — mL.

* 1 mark for the correct calculation and final answer.

Question 19:

Which graph shows the motion of the bicycle traveling at constant acceleration?
Answer: B} Speed-Time graph showing a straight line with positive slope

Mark Allocation:

& 1 mark for correctly identifying a linear speed-time graph for constant acceleration.



Question 20:

Rank the magnitude of readings on the three ammeters from smallest to largest.
Answer: A} Ammeter 3 < Ammeter 1 < Ammeter 2

Explanation:
*  Ammeter 2 measures the total current leaving the battery, so it has the largest reading.

*  Ammeter 1 measures the curent in one branch, and Armmeter 3 measures a smaller branch

current.

* By Kinchhoffs Cument Law, T — 17 + T4

Mark Allocation:

+ 1 mark for comectly ranking the ammeters based on current.

Question 21:

What type of device should an engineer use to change the voltage of an electrical supply?
Answer: C) A transformer

Mark Allocation:

* 1 mark for selecting the comect device used for voltage transformation.

Question 221

Which it about elect gnetic indwction is correct?
Anzwer: D) The effect can only ooour when a magnet and a conductor are both moved with the
same speed and in the same direction.

Explanationc

®  Electromagnetic induction ocours due to the relative motion between a magret and
comouctor, which induces an =mf. and current. If both mowe with the same spesd and direction,
there s no relative mation, and thus no indudtion ooours.

Mark Allocations

* 1 mark for identifying the carrect principle of elsctromagnetic induction.

Question 23:

\Which calculation gives the resistance of the device?
Anzeeer: B) Potential difference < cument
Explanationc
= Ohms Law relates resistance (), vottage (V), and ourrent (1] as:
v
R= T
Mark Allocation:

®* 1 mark for comectly applying Ohm's Law.



Question 23:

Which calculation gives the resistance of the device?
Anzeeer: B) Potential difference < cument

Explanationc

®  Ohim's Law relates resistance ¢ 5, waltage iV and ourreng (1) as:

|

Mark Allocations

* 1 mark for comectly applying Ohm's Law.

Question 24:
\Which metal is commanly used for the core of an electromagnet?
Ansecer: O Iron

Explanationc
®*  |ron is highly magnetic and provides high permeability, making it ideal for electromagnet cores.
Mark Allocation:

® 1 mark for identifying iron as the best choice for the cone material

Cuestion 25

How does heating a liguid form a convection current?
Anzwer: B) The density of the heated liguid deocases

Explanationc

®  Heating causes the liguid moleoules to gain energy and move farther apart, redudng densry.
The warmer, bess dense liguid rises, and cooler, denser liquid sinks, forming a convection current.

Mark Allocation

® 1 mark for understanding the role of density changes in convection currents.



Part B (65 marks total)

Question 1

A car travels on a straight road on a bright and sunny day.

The graph shows how the velocity of the car changes throughout its journey.
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a) i) Determine the velocity of the car after 25 s

60



b) i) Write down the equation linking the change in velocity, time taken, and
acceleration.

(1 mark)

Equation ...

i) Calculate the acceleration of the car from t=0 to t=10 s. Make sure you include the unit for
acceleration.

Acceleration ................coooiinl Unit ..o
(2 marks)
c) i) State the equation that relates time taken, distance travelled and the average
speed.
EqQuation ...
(1 mark)
c) ii) The car travels a total distance of 400 m during the entire journey.
Calculate the car’s average speed over the entire journey.
Average speed = ..........ccoeiiiiiennn. m/s
(2 marks)

c) iii) Passengers in the car report that it travelled further in the first 30 seconds of the
journey than it did during the last 30 seconds.

Explain the passenger’s statement using the graph.



(2 marks)

[Total = 10 marks]

Question 1:

{a) ) Determine the welocity of the car after 25 5. [1 mark]

*  Correct Pracess:

Use the velocity-time graph to read the value at | = 255
" Answer:

Welocity = 10 mys.
Mark Allocatiore

®* 1 mark for comectly identifying the velooty from the graph

{al i) How long does the car remain stationary during its jounney? [1 mark]
*  Correct Pracess:

Identify fiat sections on the velocity-time graph where velocity = 0
= Answer:

Time = & s {stationary from ¢ = 3050 = sl
Mark Allocation

= 1 mark for comectly summing the duration where velooty = 0

(b (il Wirite down the equation linking change in velodity, time, and acceleration. [1 mark]
®*  Equation:

Aw
AT

n=

Mark Allocatiorc

®* 1 mark for writing the comest equatian



{ch (i) State the equation that relates time taken, distance traveled, and average speed. [1
mark]

*  Equation:

Total Distanoe

Average Spes] = -
Tl
Mark Allocatior:

* 1| mark for writing the comect equation

{ich (i) Calculate the car’s average speed over the entire journey. [2 marks)

*  Correct Process:

Total Distance 400 -
Average Spesd = Tl T~ T - G067 1/ 5.

" fnmessr:

fverage Speed = BT mys.

Mark Allocation
" | mark for the correct substitution

" | mark for the correct firal answer

{ch (ifi) Explain why the car traveled further in the first 30 ssconds than the last 30 seconds. [2
marks]

*  Correct Process:

" Fromi = 0stot = 305 the car traveds at higher velocities for mast of the time, cowerning

more cistance.

®* Fromi = 30stot = fills the car decederates and remains stationany for & sscands,

cowering less distance.

Question 2
The Moon takes about 27 days to fully orbit the Earth.

(a) Explain the differences between the orbit of a planet and the orbit of a moon.



(2 marks)
(b) The radius of the orbit of the Moon is approximately 384 000 km.

Calculate the orbital speed of the Moon as it orbits the Earth. Provide a suitable unit.

Orbital speed = ..........cccooeieinnil. unit ...

(3 marks)

Cuestion 2:
{a) Explain the differences between the orbit of a planet and the orbit of a moon. [2 marks]
®* ey Points

1. A plaret cobits a star {e.g, Earth orbits the Sun).

2. A maon arbits a planet (e.g., the Moon orbits the Earth}

Mark Allocation
®* | mark for identifying that planets orhit stars.

®* | mark for identifying that moons arbit planets.

{b) Calculate the orbital speed of the Moon. [3 marks]

®  Correct Process:

Use the formula for orbital speed:

_ 2ar
ﬂ—T.

Substiuting values:
F= 384 000kmn = 384 = WP m, T =27days = 27 = 24 = 3600,

_ 2w(dAd = 107)
TR = 36007

i r= 102 ks,
Anseer:
Orbital speed = 102 km/s.
Mark Allocation
®* | mark for comect formula
®* | mark for comect substitution.

= 1 mark for comect final answer with units. -



(c) Golf was the first sport played on the moon. An astronaut named Alan Shepard
reportedly hit a golf ball for ‘miles and miles’.

The golf ball had a mass of approximately 50 g and he transferred 60 J of energy to it.

i) State the equation that links mass, velocity and kinetic energy.
Equation ...
(1 mark)
i) Using this equation, calculate the initial velocity of the ball.
Initial velocity = ..., m/s

(3 marks)



Cuestion (c):
(i) State the equation that links mass, velocity, and kinetic energy. [1 mark]

*  Correct Answer:

KE = EI'I'II"-

Mark Allocation

®* 1 mark fior comectly stating the sguation.

(i} Using this eguation, caboulate the initial velocity of the ball. [ marks]

*  Given Data:

KE =601, m = 50g =005k,

o JEKE
B m

35
o= \{  — /TA00 = 400w,
.05

*  Reamange Equationc

*  Sybstitute Values:

Answer:

Imitial wedbocity = 49,0 m/fs.

Mark Allocation

* 1 mark fior rearranging the pquation
® 1 mark for comect substitotion.

= 1 mark for the correct final answer with units.

d) On its journey, as the ball reached its highest point it had gained 15 J of potential energy.

)

i)

Equation

Calculate the kinetic energy of the ball at its highest point.

Kinetic energy =

State the equation that links mass, g (gravitational field strength), gravitational
potential energy and height together.

(2 mark)



{iiii} On its joumey, the ball reached its highest point and had 15.] of potential energy.
Cabculate the kinetic energy of the ball at its highest point. [1 mark]

*  Given Data:

Tatal initial energy = (0.1, patential energy at highest paint = 15.1.

*  Cakulation

KE = Total Energy — Potential Energy = 60 — 15 =451,

Anzwer:

Kinetic energy = 45 L
Mark Allocations

®* 1 mark for comectly caloulsting the remaining kinetic energy.

{iw} State the equation that links mass (1), gravitational field
potential energy ({7 PE), and height (/). [1 mark]

*  Correct Answer:

PE = mygh

Mark Allocations

®* 1 mark for comectly stating the eguation.

gth (4], gravitational



ii)

Calculate the maximum height that the ball can reach.
(Assume the gravitational field strength of the moon, g=1.6 N/kQ).

Maximum height of the ball = .......................... m

(2 marks)

(iii} Calculate the maximum height the ball can reach.
{Asswme the gravifationa field stremgth of the Moon, g = LGN kel
[2 marks]
Solution:
1. Use the Grasitational Potential Energy Formulax

&PE

T

+PE =mgh — h=

2. Substitute Values:

Green:
GPE =151, m=005kg, g = 16N kg
= S = L = 187.5m.
006 = L6 (08
Arswer:

Mavimum height = 187.5 m

Mark Allocation:
&FE

meg

® | mark for comectly rearranging ard substituting into the squation fi =

® | mark for the correct firal answear with units.



e) Suggest why the ball that the astronaut hit travelled further on the moon that it would have
had he hit it on Earth.

(2 marks)

[Total = 15 marks]

(v} Suggest why the ball that the astromaut hit traveled further on the
Moon than it would have on Earth.

[2 marks]
Explanatior:
1. Gravitational Field Strengthc

= The Moon's gravitatioral field strength (g = 1.6 N kg is much weaker than Earth's (g =

0AN kg

=  This results in a smaller downward force acting on the ball, allowing it to stay inthe air for

longer.
2. Air Resistance

®*  The Maonhas no atmosphere, so thene is no air resistance to slow the ball down, enabling

it tor travel & greater distance.

Mark Allocation:
®* 1 mark for mentizning weaker gravity an the Moan

®* 1 mark for idemtifying the absence of air resistance.



Question 3

A group of students are investigating whether the distance that a toy car will travel along a
horizontal floor, before it comes to a stop, depends on its mass.

The following equipment is available to the group:

A wooden ramp

Toy car

A selection of masses

Blocks to help support the ramp (shown below in the diagram)
Other items of common equipment from a physics laboratory

Task: To plan an experiment to investigate whether the distance the toy car travels along a
horizontal floor before coming to a stop depends on its mass.

You should include in your plan:

a brief explanation how you would carry out the investigation

e list any equipment that you would you need to use that is not included in the list
above

e state the key variables that you would need to control

e draw a table, or tables, with column headings to show how you would display your
readings and measurements (readings/measurements are not required to be entered
in the table)

You may add to the diagram below to help your description.

ramp

floor

blocks — —ﬁhmhmﬁ““‘“~=aﬂh,5ﬁ‘h /

[}




1. Explanation of the Experiment (4 Marks)

= ey Steps:
1. Setup the ramp as shown in the diagram, ensunng the slope i stable and consistent far
each trial

2. Place the toy car at the top af the ramp and allaw it to moll down fresly onto the horizontal
flaar.

1. Measure the distance traveled by the car an the honzontal floor until it comes ta a stop.

4. Repeat the experiment using different masses attached to the toy car to observe any
variation in the stopping distance.

*  Equipment
" Mezsuring tape ar ruler to measure the distance traveled.
®*  Spppwatch (if needed to messune time for corsistency).

®*  Addional masses to attach bo the toy car.

fdark Allocation

= 1 mark for desorbing the s=tup of the ramp and harizantal floor.

® 1 mark for explaining the prooess of releasing the car and measuring the distance.
= 1 mark for using different masses 1o wary the ndependent varniable.

® 1 mark for isting any additional equipment (2.0, ruler, stopwatch).



2. |dentification of Variables (3 Marks)
®*  |ndependent Yariable:
= The mass of the toy car (varied by attaching different messes),
*  Dependent Variable:
®=  The distance traveled by the tay car on the harizaontal floos.
*  Contral Variables:
®  The height of the ramp {kept constant to erswre corsistent starting enengy).
®=  The surface of the ramp and horzantal floor (same material to cortrol frictian).

= The method of rdeasing the car (e.g. no extemal push)

fark Allocation
= 1 mark for identifying the independent variable
®* 1 mark for identifying the dependent vanable.

®* 1 mark for identifying appropriate contral variables.



3. Data Collection and Display (2 Marks)

®  Table Design:
The table should include the following columns:

= Mass of the toy car (kg
" [Distance traveled (.

* Additional trials {to calculste averages for accuracy).
Miass of Car (kgh Do Travweled (#n) Tirdal 1 () Trial Z {mj} Average DEtance [m)

=  Data Collectionc

*  Perform at least 2-3 trials for each mass to erswure reliable results

*  Record measurements to an appropriate level of precision.

Mark Allocation
= 1 mark for providing 2 clear and arganized table sbructune.
® 1 mark for menticnirg multiple trials and averaging results.

= 1 mark for carrect units fe.g. kg m).

4. Additional Considerations (2 Marks)
®*  Mention sources of error and how o minimize them:
®  Friction on the surface should be consistent and miramized.
= The toy car shauld always be released withawt an external push

*  Ersure measurements are precise by using proper measuring tools

Mark Allocatianc
= 1 mark for addressing possible sources of enmar.

" 1 mark for suggesting improvemants t0 BNsUE acouracy.

[6 marks total]



Question 4

222
Radon-222 is radioactive. It can be represented as 86 Rn

(a) For a neutral atom of radon-222, state the following:
i) The number of protons, ...
i) The number of neutrons, ...l

iii) The number of electrons, ...l
(3 marks)

(b) A radon-222 nucleus decays by a- particle emission to a polonium (Po) nucleus.
Complete the equation for the decay of radon-222.

222
g6 RN —»

(2 mark)

(c) Radon-222 has a half-life of approximately 3.8 days.
At a point in time, the radioactive sample contains 6.4 x 10°radon-222 nuclei.

Determine the number of a- particles emitted by the radon nuclei after a further 7.6 days.

(3 marks)

[7 marks total]



(a) For a neutral atom of radon-222, state the following: [3 marks]

Anmswers:
1. Mumber of protons: 86
2. Mumber of meutrons: 222 — & = 136

1. Number of electrons: 86 [equal to the rumber of protons in a neutral atom),

Mark Allocation:
* 1 mark for comectly identifying the number of protans.
* 1 mark for comectly caloulating the numiber of neutrars.

®* 1 mark fior comectly identifying the number of slectrons

(b} Complete the equation for the decay of radon-222 by «:-particle
emission: [1 mark]
Decay Equation:

2LR

-
& Rn — 51" Po + 3o

Mark Allocation:
* 1 mark for comectly identifying bath the resulting polanium-218 ruclews I“":j"Pul and the -

particle I:éu:.

(c) Determine the number of «-particles emitted after 7.6 days: [3 marks]

Solution:
1. Determine the number of half-lives:

Half-§e of redon-222 is 3.8 days
Time slapsed = T.6 days

ThG
Number of hall-lives = — = 2,
LINBTNTE o i Vi :{R
2. Cakulate the remaining nuckei:
Imitiad musches = Gd s 105
After 1 balf-life:
N= w =32 % 100,
After 2 half-lives
N= w = 1.6 = 10°.

3. Calculate the number of -particles emitted:
Total ruclei decayped

AN = Initial nuclel — Remaining noclel = 6.4 3 107 — 16 = 10° = 4.8 = 10°.
Each decay emits ane a-particle
Mumber of o-particles smitted = 4.8 ¢ 10°.
Arswer:
4.8 w0 10% re-particles.
Mark Allocation:
= 1 mark for caloulating the number of half-lives
= 1 mark for determining the remaining nuchei after 2 half-lives.

= 1 mark for caloulating the total number of a-particles emitted.



Question 5

Nuclear fission is a process that is used in nuclear power stations to release large amounts
of thermal energy.

(a) Describe how the thermal energy that is released is then used to generate electricity.

(3 marks)

(b) Describe two environmental problems that result in using nuclear power stations.

(2 marks)

[5 marks total]



Question 5 Nuclear Fission and Environmental Impacts

{a) Describe how the thermal energy released is then used to generate electricity. [3 maris]
1. Thermal Energy to Steam {1 mark)c
®*  The thermal energy heats waber in the reactar, turning it into high-pressure steam.
2. Steam to Mechanical Energy (1 mark):
*  The steam drives a turbine, which comeers thermal energy into medhanical energy.
3. Mechanical to Eksctrical Energy {1 mark):

®*  Theturbine is conrected to a gereratar, which converts mechanical energy into electrical

ETIETI.

(b} Describe two environmental problems that result from using nuclear power stations. [2
marks]

1. Radioactive Waste {1 mark

= The disposal of radipactive waste is chall=nging and can remain hazardous for thoussnds of

YEars.
2. Mudlear codents {1 mark:

= Patential for catastrophic accidents, such as meftdoans, which can release harmdul radiation

irta the ervironment.



Question 6

A transformer belonging to an engineer is shown below.

A
w0 — $
240V A, = —
Mains © turns —
B

There are 10000 turns in the primary coil of the transformer. The primary coil is connected to
a 240 V mains supply. A 8.0 V lamp is connected to the secondary coil is operating at full
brightness.

Il

(a) Calculate the number of turns in the secondary coil.

(2 marks)

(b) i) The current in the lamp is 2.0 A. Assume the transformer is operating with a 100%
efficiency.

Determine the current in the primary circuit.

(2 marks)
b) ii) The primary circuit contains a 2.0 A fuse.

Calculate the maximum number of lamps that can be joined in parallel in the secondary
circuit without blowing the fuse. Assume that the lamps are identical to the lamp in (b).

(2 marks)
[6 marks total]



Cuestion &: Tramsformer Calculations

(a] Calculate the number of tumns in the secondary coil. [2 marks]
®  Given Data:

Primary voltage (17) = 240V,

Secondary volage (1) = 4.8V,

Primary turrs (N3 = 100, (M)

®  Formula:

B_N _ gy NV
N, ' 08
#  Caloulations
10, 00 = 4.8
N, = T = W) turns.

answer: IV, = B turns.
Mark &llocation
= | mark for comest formula

= | mark for comect caloulation ard anseer.

ibiiij Determine the current in the primary cincwit [2 marks]
= Given Data:
Secandary current () = 2.0 A,
Efficiency = 1{NI%7,
FPower [Prlosary | = Power (Secondary ).

®  Calculationo

- l.l'-l__f.
V- L=V I = L=—"""
H
4.8 =20
I = =004 A
a 240

Answer: I, = (LM A



(biiil Calculate the maximum number of lamps that can be placed in parallel withowt blowing
the fuse. [2 marks]
®  Given Duks:
Fuse current = 2.0 4,
Curent per lamg (I) = 200 A.
®  Calculation

Since the secondary cirouit fuse can handle 2.0 A, the maximum number of lamas i

Fuse Current 20
Chrrent per lanp 20

jl [i’l..'li.i.IJI.IJI:I 1 1HEI 15 =

fnzwer: 1 lamp.
Mark Allocation
= 1 mark for comect caloulation.

® 1 mark for comect arswer.

Question 7

A student performs an experiment to investigate water cooling and sets it up as shown
below.

A student places a thermometer into a beaker containing 200 cm?® of hot water.

thermometer ————

E N

water —{= — — - - -




(a) (i) Record the temperature of the hot water (6y) as shown on the thermometer. Write

your value in the table below for time t= Os (labelled (a) i)).

Table: Experimental results

S

110

20 30 40 5D G0 70 B0 80 100

t/ o/
0 ali)
30 70
60 66
90 62
120 59
150 56

Complete the heading for the columns in the table above.

(1 mark)

(2 marks)



(a) ii) Plot a graph of 8/ °C (y-axis) against t/s (x-axis)

label the axis.

Cuestion 7: Water Cooling Experiment

{a){i} Record the temperature of the hot water at I = (L [1 mark]

" Anzwer:

From the thermameter, the initial temperature B i T

Mark Allocation

= 1 mark for comeactly reading and recording the temperature.

{al{ii) Complete the headings for the table. [2 marks]

®*  Correct Headings:

&= Tarmee |=)

#: Ternperature | ()

Mark Allocatiar

" 1 mark for comectly labeling time (£} and its wnit (s}.

= 1 mark for comectly labeling temparatune [ and its wnit ("),

. Make sure you include a title and

(4 marks)

{a){iii) Plot a graph of & [y-axis} against § {x-axis). Include a tithe and Label the axes. [3 marks]

1. Graph Details

Title: “Temperature of Water Over Time."
X-axis: Time (f, seconds).

f-anis: Ternperature (8, " Ch.

Z. Plot Points:

Use the data from the table to plat points on the graph acourately.

3. Trendline

Diraa a smooth curve or fine shawing the temperature decrease over time



(b) i) State the shape of the best-fit graph line that you have drawn above.

(1 mark)

i) Describe what the shape of the graph line describes to you about the change, if
any, in the rate of cooling of the water in the experiment.

(2 marks)

d) Describe briefly how a student should read a measuring cylinder to obtain an
accurate value for the volume of water. Add a diagram to help your response.



(3 marks)

[13 marks total]

[i} State the shape of the best-fit graph lime that you have drasen. [1 mark]

= Answern
The graph shows 3 curved line sloping dowmwands (esponential decay]

Mark Allocation:

= 1 mark for correctly describing the shape as @ curee indicating exporential decay.

[ii} Describe what the shape of the graph line describes about the change, if any, in the rate of
cooling of the water. [2 marks]

*  Key Points:
" The rate of coaling is faster at the beginning when the water is hot.

" g the water cools, the rate of coaling slows down

Mark Allocation:
= 1 mark for identifying that cooling is faster mitalky.

= 1 mark for stating that cooling slows as the water temperature deoreses



[dl} Drescribe how a student should read a measuring cylinder to obtain an accurate walue for
the volume of water. Add a diagram to help your response. [3 marks]

" Koy Stepss
1. Place the measuning cyfinder on a flat surface to enswne it is level.
2 Ensure the eye level & at the same height as the iquid's meniscus.
3 Read the bottom of the meniscus for the acourabe measurement.
®*  Diagram Reguirements:
®  Include a measuring cyfinder with a meniscus dearky drawn

= Label the comect position of the eye and the meniscus.

Mark Allocation:
* 1 mark for ersuring the cylinder is on a level surface
* 1 mark for correctly describing eye kevel alignment.

* 1 mark for mentioning the meniscus and providing a labeled diagram.

Question 8: Charged Spheres

Part {a) Draw the possible resulting position of each sphere and thread. [1 mark]

*  Answer
Thez spheres will repel each ather due to their pasitive charges, causing the threads ta move
autward and the spheres to separate.

Mark Allocation:

®* 1 mark for correctly drawing the sphenes ard threads showng repulsian

Part {b): Explain the positions of the spheres and threads that you have drawn. [2 marks]
*  Key Explanationc

1. Both spheres are positively changed.

2 ke charges repel each other, causing a repulsive force between the spheres.

3 The repulsion maves the spheres apart, and the theeads tilt outward to balance the forces.

Mark Allocation:
* 1 marik for stating that the sphenss repel due to like charges.
* 1 mark for explaining the cutward tilt of the threads as a result of the repulsie force.



Question 8

Two metallic conducting spheres are hanging suspended on insulating threads (shown
below).

The two spheres are now both given positive charges. In the diagram below, draw a possible
resulting position of each sphere and thread.

(1 mark)

Explain the positions of the spheres and threads that you have drawn.

(2 marks)

[3 marks total]



