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Section A

Answer all questions in this section.

Lo[1].[1]

[o]1].[2]

One of the moons of Jupiter is named lo.
The mass of lo is 8.93 x 10?* kg.

The gravitational potential due to lo at its surface is —3.27 x 10° J kg™".

State what is meant by a gravitational potential of =3.27 x 10° J kg™! at the surface
of lo.
[2 marks]

The work done per kilogram (per unit mass) in bringing a mass from

infinity to the surface of lo is —3.27 x 106 J kg™

Gle. 3.27 x 10° 7 of work would be needed per kg to move it from the

surface to infinity).

Show that the radius of lo is approximately 1.8 x 10° m.
[1 mark]

V=-6M/r so r=6M/|V]
r =667 x107" x 893 x 10°? / 3.27 x 10¢

r=182x106m (= 1.8 x 105 m)
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E Calculate 4.

E Another rock of greater mass is ejected vertically upwards from the surface with the

A volcanic rock of mass 3.00 kg is ejected vertically upwards from the surface of lo
with an initial velocity of 760 m s .

The rock reaches a maximum height /# above the surface of lo.

Show that the rock’s gravitational potential energy at height /4 is approximately —9 M1J.

[3 marks]
energy is conserved: E, at h = initial E, + initial E,
initial €, = mV = 3.00 x (=3.27 x 10°) = —=9.8] x 10° J
initial E, = Yomv? = V5 x 3,00 x 760° = 8.66 x 10° 7
E, at h = =9.8] x 10° + 8.66 x 10° = =899 x 10° I (= =9 MJ)

[2 marks]
E,=—6Mm [r so r=6Mm/ |E,]
r=6.67x10"x 393 x 10%? x 3.00 / 8.99 x 10° = 2.00 x 10° m
h=r—-R=200x10°—-182x10°=18x10°m

h= 1.3 x 10° m

same initial velocity.

State and explain how the height reached by the rock of greater mass compares to 4.
[2 marks]

The height reached is the same (h).

Both the KE (Ysmv?) and the change in GPE (m AV) are directly

proportional to the mass, so m cancels out in the energy conservation

equation.

0 3
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Figure 1 shows a mass—spring system that consists of a baby in a harness.

The system is suspended from a fixed support by a vertical spring.

The total mass of the baby and harness is 8.5 kg.
The spring has negligible mass and obeys Hooke’s Law.

Figure 1

fixed support

§/ spring

harness

floor

III The extension of the spring is 0.16 m when the system is in equilibrium.

Show that the spring constant of the spring is approximately 520 N m .

at equilibrium kx = mg
k=mg/x=285x4938/0l6

k =821 N m™ (= 520 N m™)

[1 mark]
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The baby is displaced vertically downwards by 4.0 cm from the equilibrium position
and released at time =0
The system then oscillates vertically with simple harmonic motion.

@ Show that the time period of the oscillation is approximately 0.8 s.

[1 mark]
T=2n/m /[ k) = 21t /(8.5 / S21)
T=030s
E Calculate the initial total energy of the system due to the oscillation.
[3 marks]
w=2n/T=2n/030 = 73S rad s
energy of oscillator = maximum kinetic energy = Yomw?A?
(or the maximum potential energy VskA?)
E=Vx885x785 x (4.0 x102)?
E=046217
initial total energy = 0.42 J

Question 2 continues on the next page
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The baby does not add energy to the oscillating system.

E Sketch a graph on Figure 2 to show the variation of the kinetic energy of the system
with time from¢t=0tos=1.2s.

Label the axes and add appropriate scales.

[4 marks]
Figure 2
0.6
0.5
0+ N N e N
E,/J 03 / \\ il /\ /\\
02 EEEN NN R SN R AN
AR AN AN
o) HEY S EEEEE NN VEREEEEy ANEENEEEEENE VEEREREY,
. \ / \ \
/ / \
0 0.2 0.9 0.6 0.3 1.0 1.2
t/s
E In practice, the oscillations are damped by air resistance.
Describe how the damping force varies with time.
[2 marks]

It varies within each cycle: greatest at the equilibrium position (max

speed), zero at the extremes.

It decreases over successive cycles, as the damping force decreases with

decreasing speed.

Do not write
outside the
box

06

stemup.co.uk IB/M/Jan21/PH03


https://stemup.co.uk

[0]3].[2]

Carbon dating is a process that can be used to find the age of dead wood.
Wood contains a mixture of the carbon isotopes carbon-14 and carbon-12.

- . ber of carbon-14 at .
In living wood, the ratio number of carbon aloms is assumed to be constant.

number of carbon-12 atoms

In dead wood, the ratio number of carbon-14 atoms changes with time.

number of carbon-12 atoms

Carbon-12 is not radioactive.
Carbon-14 is radioactive with a decay constant of 3.85 x 1072571,

State what is meant by decay constant.
[1 mark]

The probability of a (particular) nucleus decaying per unit time.

45% of the mass of living wood is from carbon-12 atoms.
Show that 30 g of living wood contains approximately 1 mol of carbon-12 atoms.

molar mass of carbon-12=12 g
[1 mark]

mass of carbon-12 = 0.95 x 30 = 13.5 ¢
moles = mass [/ molar mass = 13.5 / 12

= 1. mol (1.13 mol, = | mol)

Question 3 continues on the next page
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The number of carbon-14 atoms in 30 g of living wood is 8.2 x 10!!. box

f -14
El Calculate the ratio number of carbon-14 atoms in 30 g of living wood.
number of carbon-12 atoms

[2 marks]
number of C-12 atoms = 113 x 6.02 x 10> = 6.77 x 10*3
ratio = 8.2 x 10" / 6.77 x 10?3
ratio = 1.2 x 107"

ratio= 1.2 x 1072
E Show that the activity due to the carbon-14 in 30 g of living wood is
approximately 3 Bq.
[1 mark]

A= AN
A=3385x10"%x82x]0"

A =32Bg (= 3Bg)
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[o]3][5]

. Suggest two reasons why the age of the object might be different from your answer

Scientists estimate the age of an ancient wooden object by carbon dating.
The mass of the object is 30 g.

State and explain how the ratio number of carbon-14 atoms in the object
number of carbon-12 atoms

compares with the ratio in living wood.

[2 marks]

The ratio in the object is lower than in living wood.

Since the tree died, the carbon-14 nuclei have been decaying and are

not replaced, so the number of carbon-14 atoms has decreased, while

the number of carbon-12 atoms stays the same (in living wood the

carbon-19 is constantly replaced).

The object has an activity of 2.6 Bq due to carbon-14.

Estimate, in years, the age of the object.

[3 marks]
A = Ape™ 2.6 = 316 e™
At = In(3.16 / 2.6) = 0195
t=0195 /335 x 1072 = 5.06 x 10" s
t =506 x10"/ (318 x10°) = 1600 years
age = 1600 years

to Question 03.6.
[2 marks]

1 Radioactive decay is random and the activity is small compared to the

background count.

2 The object may have been made from wood that was already old (the

tree died long before the object was made).
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A beam contains electrons with a range of horizontal velocities. Figure 3 shows the
electron beam entering a device in a vacuum.

The device consists of two horizontal metal plates R and S separated by a distance d.

A uniform electric field of electric field strength £ and a uniform magnetic field of
magnetic flux density B are applied between the plates. The fields are perpendicular
to each other and to the initial velocity of the electrons.

Only electrons that enter the device at a particular velocity v are undeflected.
Electrons with other velocities are deflected such as in Figure 3.

Figure 3

electrons deflected

upwards
region of magnetic

and electric fields R

d electrons

electron beam undeflected

electrons deflected
downwards

II| The electric force on the electrons acts upwards towards plate R.

State the direction of £.
[1 mark]

direction of E= downwards (towards S)

@ State the direction of B.

[1 mark]

directionof B= jnto the page
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. The forces acting on the undeflected electrons are balanced. box
Show that
E
v:_
B
[1 mark]
electric force = magnetic force: eE = Bev
so v=E/B
E There is a potential difference of 410 V between the metal plates.
d=12cm
B=035T
Calculate v.
[2 marks]
E=V/d=410/0J2 =342 x10°Vm
v=E/B=342x10°/03S
v=248x10®ms!
v= 9.8 x 10 ms!
El State and explain the direction of deflection of electrons that enter the device with a
velocity greater than v.
[3 marks]
They are deflected downwards (towards plate S).
The (upward) electric force eE does not depend on the speed, so it is
unchanged.
The (downward) magnetic force Bev is proportional to the speed, so it
Increases.
So the magnetic force is now greater than the electric force and the
resultant force js downwards. 8

Turn over »

11 IB/M/Jan21/PH03

stemup.co.uk


https://stemup.co.uk

12

|I| Determine the fundamental (base) units for flux linkage.

flux linkage N® = BAN (N has no units)

F=wmaN=kyms? soT=kygms?/CAm) =kgs? A’
units of N® = kg s72 A™ x m?

fundamental (base) units = kg m? s2 A~

and F=BIL so B=F/IL

[2 marks]

Figure 4 shows the arrangement that a student uses to investigate electromagnetic
induction.

The voltmeter connected across coil Y can measure both positive and negative
potential differences.

Figure 4

laminated iron core

coil X
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13

The student closes the switch and gradually adjusts the variable resistor so that the
magnetic flux density B in the core varies with time 7 as shown in Figure 5.

Figure 5
0.8
T/
,//"
0.6
/
B/IT o04f e e A e o AB=080T
/
0.2 //’
| . ..////.
//,
0 T Vi t=0.50-1010=0.90
0 0.1 0.2 0.3 04 0.5
tls

@ The voltmeter measures ¢, the induced emf across coil Y.
Show that
e=ANm
where

A is the cross-sectional area of the core
N is the number of turns on coil Y
m is the gradient of the line shown in Figure 5.

[2 marks]

flux linkage N®© = BAN, with A and N constant
e = A(N®) / At = AN x AB / At
gradient of Figure S: m = AB / At

so € = ANm

Question 5 continues on the next page
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14

[0]5].[3]

[0]5].[4]

Estimate the maximum value of ¢ during the 0.5 s shown in Figure 5.

A=55%x10"*m?

N=200
[3 marks]
max € where the gradient is greatest: tangent drawn at t = 0.3 s
max gradient m = AB / At = 0.30 / 0.40 = 2.0 T s™
£ =ANm = 55 x 107 x 200 x 2.0
=022V
maximum value of ¢ = 022 A\

The student opens the switch and the current in coil X decreases to zero in a very
short time.

Describe what happens to the reading on the voltmeter during this time.
Go on to explain why this happens.
[3 marks]

The voltmeter shows a very large emf for a very short time, which then

drops back to zero.

The reading has the opposite sign (negative) to the reading while B

was increasing.

The current falls to zero very quickly so the flux linkage with coil Y

decreases very rapidly: the induced emf is equal to the rate of change

of flux linkage, so it is large.

By Lenz's law the induced emf opposes the change, and the flux is now

decreasing instead of increasing, so the emf has the opposite sign.

1 4
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E The arrangement shown in Figure 4 can be used as a transformer when coil X is box
connected to an alternating current supply.

Explain the reason for using a laminated core.
[2 marks]

The alternating flux in the iron core induces eddy currents in the core,

which heat it and waste energy.

The laminations (insulated thin layers) reduce the magnitude of the

eddy currents in the core.

This reduces the energy lost as heat, so the transformer is more

efficient.

Turn over for the next question
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Do not write
outside the
Figure 6 shows a circuit used to transfer energy to the lamp in a camera flash. box
Figure 6
S1 S2
.7

——0.85mF @
L

A battery of emf 12 V and negligible internal resistance charges the capacitor when
the switch is in position S1.

The capacitor discharges through the lamp when the switch is in position S2.
Assume that the capacitor is discharged completely after each use.

II| The capacitor has a capacitance of 0.85 mF.

Show that the energy stored in the capacitor when it is fully charged is

approximately 0.06 J.
[1 mark]

E=0CV? = x 085 x 1073 x )22

E=610x1027 (»0.06 7)

@ The lamp emits a flash of visible light when the voltage across it is greater than a
minimum voltage Vmin.

The duration of the flash is 55 ms.
Assume that the resistance of the lamp is constant and has a value of 31 Q.

Calculate Vmin.

[2 marks]
V= Ve R RC = 31 x 0.85 x 1073 = 0.0264 s
Vipin = 12 e—0‘055/0.0264 =12 x 0.129
Viin = 1SV
Vinin = ,,S \Y%

IB/M/Jan21/PH03
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The charging circuit includes a resistor and a 12 V battery. The battery transfers a
total energy of 50 mW h during its lifetime.

El Explain why only half of this energy can be transferred to the capacitor.
[2 marks]

The battery does work QV when it moves charge ® at pd V, but the

energy stored in the capacitor is only %2QV (= %CV?, the area under

the Q against V graph).

The other half of the energy is dissipated as heat in the resistor of the

charging circuit.

E Calculate the maximum number of times the battery can charge the capacitor during
the battery’s lifetime.
[2 marks]

S0 mW h = S0 x 103 x 3600 = 180 J
energy to capacitor = 180 / 2 = 90 J

number of times = 90 / 0.06 = 1500

maximum number of times = 1500

Question 6 continues on the next page
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The capacitor is replaced with one of much greater capacitance.

E Explain how the replacement capacitor affects the duration and the brightness of each
flash.

[3 marks]

The duration of each flash is greater (the brightness decreases more

gradually), because the time constant RC is greater, so the voltage

takes longer to fall below V.

The initial brightness is the same, because the initial voltage (12 V)

and so the initial current through the lamp are the same.

@ Explain how the replacement capacitor affects the number of flashes the battery can
deliver.

Assume that the capacitor discharges completely each time the flash is used.
[2 marks]

Fewer flashes can be delivered.

The energy stored in the capacitor each time (JoCV?) is greater, so the

battery's 90 J is used up in fewer charges.

Do not write
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box
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Section B box
Each of the questions in this section is followed by four responses, A, B, C and D.

For each question select the best response.

@y one answer per question is allowed. \

For each question, completely fill in the circle alongside the appropriate answer.

CORRECT METHOD E| WRONG METHODS ‘ X H @ H@ H dﬁ ‘
If you want to change your answer you must cross out your original answer as shown. ]Z[

If you wish to return to an answer previously crossed out, ring the answer you now wish to select

as shown. @

You may do your working in the blank space around each question but this will not be marked.
Do not use additional sheets for this working.

Which row identifies a vector and a scalar?

[1 mark]
Vector Scalar
A centripetal force gravitational field strength EI
B gravitational potential electric potential energy El
C centripetal acceleration capacitance El
D time constant magnetic flux linkage E

An object moves at a constant speed in a horizontal circle.
Which statement is true?
[1 mark]

A The object is in equilibrium.

C The total energy of the object is constant.

(=]
B The velocity of the object is constant. El
(=]
(=]

D There is a resultant force on the object in the direction of its motion.
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An object of mass m on the end of a string of length / is released from rest at X. It moves box
in a circular path and passes through Y when the string is vertical.

u

|
|
|
|
|
|
|
|
|
ey

What is the tension in the string when the object passes through Y?
[1 mark]

A mg [=]
B 3mg (=]
C mgl [=]
D 2g! [=]

An object is performing simple harmonic motion. There are phase differences between the
acceleration, displacement and velocity of the object.

Which row is correct?

[1 mark]
Phase difference between the Phase difference between the
acceleration and the acceleration and the
displacement / rad velocity / rad
A 0 m [=]
b8
: " . =]
T
c 0 : =]
D m m [=]

2 0
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Iilil The separation between the Earth and the Sun varies.
The minimum separation is 1.7% smaller than the average separation.
The maximum separation is 1.7% greater than the average separation.

force of attraction between Earth and Sun at the minimum separation "

What is /
force of attraction between Earth and Sun at the maximum separation

A 0.934

B 0.967

C 1.035

o] [o] [o] o]

D 1.070

II@ Two satellites X and Y have the same mass and orbit the same planet.
X has total energy of magnitude £ and orbital radius 7.
Y has orbital radius 2r.

What is the magnitude of the total energy of Y?

>
NG

vs)
N |

P Lo [l

D 2F

[1 mark]

[1 mark]

2 1
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IIE' Two charged objects are placed at different positions in the same uniform electric field.

Which quantity must be the same for the two charged objects?

[1 mark]
A electric field strength E|
B electric force El
C electric potential El
D electric potential energy E

Identical positively charged particles are fixed at the points of a regular hexagon of side
length x. The magnitude of each charge is Q.

0, SO

X

centre of hexagon

+0 +0

What are the magnitudes of the resultant electric field strength and the resultant electric
potential at the centre of the hexagon?
[1 mark]

Resultant electric field strength Resultant electric potential

A zZero zZero

zero
4ne,x

6Q

2
4ne,x

60 Je

dmg X’ 4mg,x

Zero

ol [ D] [o

2 2

stemup.co.uk IB/M/Jan21/PH03

Do not write
outside the
box


https://stemup.co.uk

23

IIEl Two charged bodies X and Y have the same size, and their surfaces are separated by a
distance d.
The charge on Xis O, and the charge on Y is Q..

The graph shows the variation of the resultant electric field strength £ with position along
the line joining X and Y.

position

What are the relationships between the signs of O, and Q. and between the magnitudes

of O, and Q.7
[1 mark]

Signs Magnitudes

The magnitude of Q. is greater than

and have opposite signs
A O O PP 9 the magnitude of O,

The magnitude of Q, is greater than

and have opposite signs
B | O O PP I the magnitude of Q,

The magnitude of (), is greater than

and have the same sign
C | O 9 the magnitude of O,

The magnitude of ), is greater than

and have the same sign
D | O O 9 the magnitude of Q,

o L [ o
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Questions 16 and 17 are about two parallel-plate capacitors M and N. box

M and N have identical dimensions.

M N
dielectric vacuum

In M, the plates are separated by a dielectric with a relative permittivity of 9

In N, the plates are separated by a vacuum.

M and N are both charged so that they store the same energy.

What is charge storedby M ?
charge storedby N
[1 mark]
1
A [=]

W | —

o] 1] [

2 4
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n M and N are discharged and then connected in parallel to a cell.

N
L

charge storedby M

What is now?

charge stored by N

[=]

O | —

W | —

o o] [

Turn over for the next question

[1 mark]

2 5
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A capacitor is initially uncharged. The switch is closed at time =0 box

I
|

Which pair of graphs shows the variation with time ¢ of the voltage V'r across the resistor
and the current I in the circuit after the switch is closed?
[1 mark]

S
~
S
~

S
~
()
~

S
~
()
~

2 6
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Two identical horizontal copper rings P and Q are fixed on a common axis. box

P is vertically above Q. Initially, there is a clockwise current in P and no current in Q.

:+/ axis
current !

P

S

copper rings

The clockwise current in P is reduced at a constant rate.

This reduction results in
[1 mark]

A a clockwise current in Q.
B an anticlockwise current in Q.

C an alternating current in Q.

o] [o] [o] o]

D no current in Q.

Turn over for the next question
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The diagram shows the trace of a voltage on an oscilloscope screen.

A

A

A

Which two actions are required to cause the voltage to appear as the trace below?

Action 1

Action 2

turning off the time-base

doubling the Y-gain (volts / division)

turning off the time-base

halving the Y-gain (volts / division)

doubling the time-base

doubling the Y-gain (volts / division)

doubling the time-base

halving the Y-gain (volts / division)

[1 mark]

o] o Lo [o]

2 8
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Do not write

Elil A mains power supply has a sinusoidal voltage with a root mean square value of 230 V. i

What is the peak-to-peak voltage?

[1 mark]

A 163V E

B 325V E

C 460V E

D 651V (& ] 15

END OF QUESTIONS
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There are no questions printed on this page
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