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Section A

Answer all questions in this section.

Figure 1 shows a load of mass 35 g attached to a vertical spring X.

The load is at rest in its equilibrium position.

Figure 1
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=

The load is pulled vertically downwards below its equilibrium position and released.
The load oscillates with simple harmonic motion (SHM) with a period of 0.68 s and

amplitude 4.

Figure 2 shows the variation of kinetic energy of the load with its displacement from

the equilibrium position during an oscillation.

Figure 2

1.0

P NN

0.9

AN

™\

7~

~—.

L

~—

0.0
—A 0

displacement

02

stemup.co.uk

IB/M/Jan22/PH03

Do not write
outside the
box


https://stemup.co.uk

|I| Calculate, in mm, A4.

A
IZ' The load is brought to rest and then pulled vertically downwards a distance E)

[4 marks]

W=2n/T=21w/ 068 = 924 rad s
From Figure 2: maximum E, = 0.9 mJ = 9.9 x 107 J
Ek = Vzmvmaxz
Vimax = VQ2E I m) = (2 x 9.9 x 1079 / 0.035)
Vpax = 0.232 m s~
Viax = AW S0 A = Ve / 0 = 0.232 / 9.24
A=0.0251 m =25 mm

A= 28 mm

below its equilibrium position.

It is released and oscillates with SHM.
Spring X has negligible mass.

Sketch, on Figure 2, the variation of the total energy of the mass—spring system

with displacement.
[2 marks]

Question 1 continues on the next page

0 3
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Spring X is replaced with an elastic string Y that obeys Hooke’s law.

Figure 3 shows the load attached to the end of Y.

Y has negligible mass.

Y has an extension of 42 mm when the load is at rest in its equilibrium position.

Figure 3
LSS

35¢g

El The load is pulled 20 mm vertically downwards below its equilibrium position.
It is then released and oscillates with SHM.

Show that the period of the oscillations is approximately 0.4 s.
[2 marks]

mg =ke so k=mg/e=0.035x98 /0042 =818 Nm’
T =2m/m [ k) = 21t(0.035 / 8.18)

T = 0.4] s, which is approximately 0.9 s

The load on Y is now pulled 50 mm vertically downwards below its equilibrium position
and released.

The movement of the load fulfils the conditions for SHM until the load reaches a
position P. When the load is at P, the elastic string Y is at its unstretched length.

E Calculate the velocity of the load at P.

[3 marks]
Ww=2n/T=2mw/04 =153 rad s’
At P the displacement from equilibrium x = 42 mm = 4.2 x 1072 m
amplitude A = SO mm = 5.0 x 107% m
v =wyA? = x?2) =153 x J(5.0 x 1072)? = (4.2 x 1072)?)
v =153 x0.027] = 0.41S m s
velocity = 0.9] (upwards) ms!

IB/M/Jan22/PH03
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E| The load continues to move upwards after reaching P.

Explain why this movement above P does not fulfil the conditions for SHM.

[2 marks]

Above P the string is slack (no tension), so the only force on the

load

is its weight. The force is constant, so the acceleration is constant

(equal to g).

So the acceleration is no longer proportional to the displacement from

the equilibrium position (and directed towards it), which is the condition

for SHM.

El State whether spring X or elastic string Y has the greater stiffness.
Explain your answer.

Elastic string Y has the greater stiffness.

[2 marks]

The mass is the same, but the period with X (0.68 s) is greater than

with ¥ (0.4] s). T = 2tfim/k), so k = G10°m [/ T ky = 3.0 N m™

and ky = 82 N m™.

Do not write
outside the
box

Turn over for the next question

Turn over »

05

stemup.co.uk

IB/M/Jan22/PH03


https://stemup.co.uk

Lo]2][41]

El No more tritium can enter the underground lake.

Drinking water is taken from an underground lake.

The water contains small quantities of radioactive isotopes such as tritium (?H) .

The decay of tritium has a half-life of 12.3 years.

Water is unsafe to drink when its activity due to tritium decay is greater
than 7.6 x 107 Bq per cubic metre of water.

2.50 x 10™* m? of water from the lake contains 1.1 x 10'° tritium atoms.

Deduce whether the amount of tritium in water from this lake makes it unsafe to drink.

[3 marks]
Ty, =12.3 x 365 x 24 x 3600 = 3.88 x 10% s

A=mm2/T,=0693/338 x10° =179 x 10" s

\

A=AN=179x10" x 1] x 10" =196 Bg (n 2.50 x 1074 m?)

activity per m*> = 19.6 / 2.50 x 107 = 7.9 x 10° Bg m™>

7.9 x 10° Bg m~ is much less than 7.6 x 10’ Bq m™>, so the water is

safe to drink.

The activity due to tritium decay can be measured to estimate the time for which the
water has been in the lake. This time is called the residence time.

Suggest why this method is only used when the residence time is less than

approximately 150 years.
[2 marks]

1SO years is about 12 half-lives (IS0 / 12.3 = 12.2), so the activity falls

to ()% % 2.4 x 1079 of its initial value.

The activity due to tritium would then be too low to detect or measure

accurately (compared with background).

0 6
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outside the
. Kr-81 is a radioactive isotope of krypton that is found in water. box
The amount of Kr-81 dissolved in the water can also be used to find the residence
time.
An amount of water from another underground lake contains 2.2 x 10° atoms of Kr-81
When the water was originally trapped, the same amount of water contained
3.7 x 10% atoms of Kr-81
No more krypton entered the lake after the water was trapped.
Calculate, in years, the residence time for this lake.
decay constant of Kr-81 = 3.03 x 10 year™!
[2 marks]

N =Npe™ so t=mN,/N) /A

t=In(3.7x10°/ 22 x10%) / 3.03 x107°

t=0520/3.03x10°

t = 1.72 x 10° years

residence time = 1.7 x 10° years 7

Turn over for the next question

Turn over »
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A metal slider carries the spacecraft on the rails.

Figure 4

spacecraft

rail 5m

The slider is placed at X as shown in Figure 5.

Figure 5

launch
point

positive rail

85 m slider

. e

slider

rail

AN\~

A rail launcher is a system designed to launch a spacecraft using magnetic forces.

The launcher consists of two parallel metal rails connected to a power supply.

Figure 4 shows the spacecraft and slider on the rails. The distance between the
points where the slider makes contact with each rail is 1.5 m.

U

negative ralil

slider.

A force F acts on the slider.

power
supply

When the power supply is switched on there is a constant current / in the rails and

The current in the rails produces a magnetic field that passes through the slider.
This magnetic field can be assumed to be vertical in the region of the slider.

0 8
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II| State and explain the direction of the magnetic field in the slider.
Refer to the direction of F'in your answer.
[1 mark]

Vertically upwards: the current jn the slider is towards X and F is to

the left, so by Fleming's left-hand rule the field is up.

In one test of the system, the slider and spacecraft are initially at rest at X in Figure 5.
The power supply is switched on and the magnetic field that passes through the slider
has an average flux density of 2.5 T.

The magnitude of Fis 1.8 x 10" N.

@ Calculate 1.

[1 mark]

F=8ll so I=F/Bl=18x10/(S5xIS)

I= 4.3 x]0° A

El The total mass of the spacecraft and slider is 125 kg.

The spacecraft and slider travel 250 m before reaching the launch point.
The launch point is 85 m higher than X.

Assume that the magnitude of F'is constant and always acts in the same direction as
the velocity of the slider.
Friction and drag forces are negligible.

Determine the speed of the spacecraft and slider when they reach the launch point.
[4 marks]

work done by F = Fs = 1.8 x 107 x 250 = 4.5 x 10% 7

GPE gained = mgh = 125 x 9.8] x 85 = 1.04 x 10° J

KE = work done — GPE gained = 4.5 x 10° — 1.04 x 10° = 4.9999 x 10% 7
Yomv? = KE so v =2 x 44999 x 107 / 125)

v=23849 x 10> m s~

speed = 2.5 x )03 ms!

Question 3 continues on the next page

Turn over »
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[0]3].[4]

[0]3][5]

Scientists want to increase the launch speed of the spacecraft from the value obtained
in the test. The launch point remains 85 m higher than the starting position.

The gain in potential energy is negligible compared to the gain in kinetic energy.
The current remains constant as the slider moves along the rails.

One scientist suggests increasing the launch speed by increasing the horizontal
section of the rails so that the total length travelled by the slider is doubled.

Discuss the effect that this change would have on the launch speed.
[2 marks]

The force is unchanged, so doubling the distance doubles the work done

on the slider and spacecraft, so the KE doubles.

Since KE « v?, the speed increases by a factor of +2 (to about 1.2 x

10 m s7!).

The average flux density of the magnetic field in the region of the slider is directly
proportional to the current in the rails.

A different scientist suggests increasing the launch speed by doubling the current in
the rails and slider.

Discuss the effect that doubling the current would have on the launch speed.
[2 marks]

Doubling the current also doubles B. F = BIl, so the force on the slider

increases by a factor of 4 and so does the work done (and the KE).

Since KE « V2, the speed increases by a factor of 2 (to about 1.7 x 10°

m s,
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Figure 6 shows two charged water droplets A and B in a thundercloud.

The radius of A is 66 um and the radius of B is 35 pm.

Each droplet has a charge of —1.2 x 1072 C.

Assume that the charge on A and the charge on B are concentrated at their centres.
The distance between the centres of A and B is 1.5 mm.

Figure 6
i 1.5 mm { not to scale
)
66 um 35 um
II| Calculate the electrostatic force between A and B.
[2 marks]

F=@Q®; / 4meor’

F=02x10"%)?%/ (4t x 3.85 x 107% x (1.§ x 1073)?)
F=875x107"N

force = S x 1077 N

@ Movement of the air in the cloud causes A and B to move together until they touch.

Calculate the work done against the electrostatic force in moving A and B from the
position shown in Figure 6 to the position where they touch.
[3 marks]

E, = QQ, / GTeyr

atr =18 mm: E,= (2 x107"%)* [ (4mey x 1.5 x 107) = 8.6 x 107* 7
touching, r = 66 + 35 = 101 pm = 1.01 x 107 m:

E, = (.2 x 107%)? / (47ey x 1.01 x 107) = 1.28 x 107° 7

work done = 1.28 x 107° — 8.6 x 107> = 1.2 x 107° 7

work done = 1.2 x 1070 J

Question 4 continues on the next page
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12

Figure 7 shows a simplified diagram of a thundercloud. The bottom of the
thundercloud is negatively charged and the top is positively charged.
Y is a point inside the thundercloud.

Figure 7

thundercloud

E., is the electric field strength at Y.

. State the direction of E,.

[1 mark]

Vertically downwards.

E A charged water droplet is stationary at Y.

The weight of the droplet and the force on it due to £, are equal in magnitude.
The mass of the droplet is 1.38 x 10~ kg.
The charge on the droplet is —2.1 x 1072 C.

Calculate E,.
[3 marks]
weight = mg = 138 x 107 x 9.8 = 1.35 x 107% N
electric force = weight: E®Q = mg
E=mg/@®=135x107%/2]x107"
E=645x10°Vm
Ey= 6.9 x 10 Vm'!

12
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The base of the thundercloud and the ground beneath it can be modelled as two
plates of a parallel-plate capacitor with air between them as shown in Figure 8.

Figure 8

base of
thundercloud

The base of the cloud is circular, with a diameter of 2.75 km.
The base of the cloud is 340 m above the ground.

E Show that the capacitance of the capacitor is about 1.5 x 107 F.

A =1 =1 x (1375)? = 5.99 x 106 m?

=g/ d=885x107% x ) x 594 x 10° / 340

o
|

C = 1.55 x 1077 F, which is about 1.5 x 1077 F

E The capacitor discharges when lightning strikes the ground.
The charge stored in the capacitor before it discharges is 87 C.

Calculate the energy available for the lightning strikes.

E=Q*/2¢=3%87/(2x155x107)

E=2449x10°7

energy = 2.4 x 10"°

[2 marks]

[2 marks]

13

stemup.co.uk

Turn over »

IB/M/Jan22/PH03

Do not write
outside the
box



https://stemup.co.uk

14

Lunar Prospector was a space probe that orbited the Moon.
Table 1 shows data about the Moon and Lunar Prospector.
Table 1
mass / kg 7.348 x 10?
Moon
radius / m 1.737 x 10°
Lunar Prospector mass / kg 1.263 x 10?

Lunar Prospector had an initial orbital radius of 1.84 x 10° m.

II| Calculate the acceleration of Lunar Prospector in this orbit.

[2 marks]
a=g9g=6M/r
a=667x10"x 7368 x 10°* / (1.849 x 10°)*
a =145 m s
acceleration = .95 m s>
@ Calculate the orbital period of Lunar Prospector in this orbit.
[2 marks]

a=wr so w=+a/r)=:45/1384 x10°) = 3.87 x 107 rad s~
T=2nn/w=2mw/ 887 x107

T=708x10°s

orbital period = 7.0 x 103 S

IB/M/Jan22/PH03
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Lunar Prospector was moved to a different orbit where its gravitational potential
energy (GPE) was —3.47 x 108 J.

E Calculate the height above the Moon'’s surface of this different orbit.

[3 marks]
GPE = mV, V = GPE [ m = =3.47 x 10° / 126.3 = =2.75 x 10° J kg™
V=-6M/r so r=6M/|V|
r=667x10"" x 73468 x 10°2 / 2.75 x 10° = 1.784 x 10° m
height = r — R = 1.784 x 106 — 1.737 x 10°
height = 4.7 x 104 m
height = 4.7 x 10° m

E The speed of Lunar Prospector in this orbit was 1.66 km s™'.

Lunar Prospector left orbit and crashed onto the surface of the Moon.

Calculate the kinetic energy of Lunar Prospector when it hit the surface of the Moon.
Assume that the contribution to the kinetic energy from Lunar Prospector’'s engines
was negligible.

[3 marks]
KE in orbit = Vomv? = V5 x 126.3 x (1.66 x 10°)*> = 1.74 x 10* 7
GPE at surface = —GMm [ R
= —6.67 x 107" x 7.348 x 10%? x 126.3 / 1.737 x 10° = —3.56 x 10® J
KE at surface = (KE + GPE in orbit) — GPE at surface
= (.79 x 10® = 3.47 x 10°) — (—=3.56 x 10®) = /.83 x 10% J
kinetic energy = .83 x 10% J

Question 5 continues on the next page

Turn over »
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El There are variations in the density of the material of the surface of the Moon. box
Measurements of Lunar Prospector in orbit were used to detect these variations.

At one point in its orbit, Lunar Prospector passed over a region where the density of
the surface was greater than average.

Suggest how this affected the centripetal acceleration of Lunar Prospector.
[2 marks]

The centripetal acceleration of Lunar Prospector is provided by (equal to)

the gravitational field strength of the Moon at the probe.

Over the denser region there is more mass close to the probe, so the

gravitational field strength there is greater.

So the centripetal acceleration of Lunar Prospector increased (briefly) as

it passed over the region.

16
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As the magnet falls towards the coil, the magnetic flux through the coil

Do not write
outside the
A student does an experiment to investigate electromagnetic induction. box
She drops a magnet vertically through a coil of wire.
The coil is connected to a voltage sensor and data logger, as shown in Figure 9.
Figure 9
magnet
¢ voltage| | data
¢ SEnsor logger
IIl Explain why an emf is induced as the magnet falls towards the coil.
[2 marks]

increases, so the magnetic flux linkage with the coil changes

(increases).

By Faraday's law, an emf is induced that is proportional to the rate of

change of flux linkage.

Question 6 continues on the next page
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Figure 10 shows the variation of the induced voltage ¥ with time ¢ after the magnet is
released.

Figure 10

—
——

ViV 0 — = t/s

Az

—

>

Prad

The durations T} and 7, and maximum values V| and V, of two peaks are labelled.

@ Explain why V', and V, have opposite signs.

[2 marks]

By Lenz's law, the induced emf is always in a direction to oppose the

change in flux linkage that causes it.

As the magnet enters the coil the flux linkage increases, and as it

leaves the coil the flux linkage decreases. These changes are in opposite

directions, so the emfs V) and V, have opposite signs.

18
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@ Explain why the magnitude of V; is less than the magnitude of V5. box
[2 marks]

The magnet accelerates as it falls, so it is moving more slowly when it

enters the coil than when it leaves it.

So the rate of change of flux linkage is smaller as it enters, and by

Faraday's law the induced emf is smaller: |V)| < |V,].

E Explain why T is greater than 7.

[2 marks]

The magnet is accelerating downwards, so its speed keeps increasing.

The emf is zero when the magnet is at the centre of the coil. T, covers

the magnet approaching the centre of the coil and T, covers it leaving;

it travels a similar distance faster during T, so the time from the top

of the coil to the centre is greater than the time from the centre to

the bottom: T) > T,.

END OF SECTION A
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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 [O) H@ H dﬁ ‘

If you want to change your answer you must cross out your original answer as shown. E

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.

@ot use additional pages for this working. /

What is the tesla (T) in fundamental (base) units?

[1 mark]
A kgC's™! (=]
B Vsm? [=]
C Akgs™? B
D kg A's™ D]
A sinusoidal voltage with a peak value of 81 V is applied across a resistor.
The mean power dissipated in the resistor is 48 W.
What direct current causes a power of 48 W to be dissipated in the resistor?
[1 mark]
A 042 A [=]
B 0.59 A [=]
C 0.84 A ]
D 1.I9A [=]

Turn over »
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Use the information below to answer Question 09 and Question 10. box

A charged particle has mass m and charge +Q.

The particle is travelling with a horizontal velocity v when it enters a uniform magnetic field
of flux density B.

The magnetic field is horizontal and at right angles to v.

The region of the field has a height 4.

Ignore the effect of gravity in these questions.

X X X X X X X

m X X X X X X X
O——— h
+Q X X X X X X X

X X X X X X X
magnetic field is into page

What is the magnitude of the acceleration of the particle?

[1 mark]
B
a2 @)
m
B
B 22 =]
h
BOv
c
—~ (=]
Ov
D =
= (=]
What is the initial path of the particle in the field?
[1 mark]

A circular, curving upwards
B parabolic, curving upwards

C circular, curving downwards

o] [o] [o] 10

D parabolic, curving downwards

2 2
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IIIIl The graph shows how the flux linkage in a coil varies with time . box

flux N@ === ; ;
linkage | !
I I

| |

| |

| |

| |

O L
0 1 5}

[1 mark]

D o~ [=]

II@ A capacitor of capacitance C initially stores charge Q,.
It is discharged through a resistor of resistance R.

What percentage of O, has been transferred from the capacitor in a time equivalent to 2RC

after the discharge begins?
[1 mark]

A 14%
B 39%

C 61%

o [0 [o] o]

D 86%

Turn over »
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IIE' An oscilloscope trace displays an ac waveform that has a peak voltage of 5.6 V and a
frequency of 1.5 kHz.

/N /7N

[\ /N

] \/

e

1cm

What are the settings for the time-base and y-gain on the oscilloscope?

[1 mark]
Time-base / ms cm™! y-gain /' V em™!
A 0.1 2 )
B 10 2 [=]
c 0.1 0.5 [=]
D 10 0.5 [=]

2 4
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The diagram shows a field around two objects X and Y. box

J

4

Which is correct for this field?

[1 mark]
Type of field Relationship between X and Y
Al koo reontute ey | =
o | eacren T STy | @)
o gravitational field mass of X > mass of Y E
D gravitational field mass of Y > mass of X El

Turn over for the next question
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IIEl A dielectric material contains polar molecules that rotate in an electric field.
The dielectric material is inserted between the plates of a charged parallel-plate capacitor.

The capacitance of the capacitor changes.

Which row shows the alignment of the polar molecules and the effect on the capacitance?

Alignment of polar molecules Effect on capacitance

+ —
APDD|_
+ —

A LD EDED|_ decreases
+ —
APDD|_
+ —
ML X X
+ —

B ML X A 28 decreases
+ —
ML X X S
+ —
APDD|_
+ — .

C HE L L 28 increases
+ —
APDD|_
+ —
ML X X
+ - .

D ML X A 28 increases
+ —
ML X X S

[1 mark]

[=]

Eddy currents are produced in the core of a transformer when there is an alternating

current in the secondary coil.

Which statement about eddy currents is correct throughout a complete cycle of the

alternating current?

A They are eliminated using a laminated core.

B They reduce the flux density of the magnetic field in the core.

C They increase if the peak current in the secondary coil increases.

D They circulate around the core in the direction of the magnetic field.

o] [0 [o] o]

[1 mark]

2 6
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n The graph shows the variation with time of the velocity of a particle performing simple box
harmonic motion.
velocity

|
|
|
|
|
|
I
|
0 i
T

Which statement about the particle is correct?
[1 mark]

T
A Attime Zthe restoring force on the particle is zero.
. T , o -
B Attime Ethe potential energy Ep of the particle is a minimum.

C Attime % the displacement of the particle is zero.

o] [ @ [

D Attime T the acceleration of the particle is a maximum.

Turn over for the next question
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A single square coil of side 0.12 m is in a uniform magnetic field that has a magnetic flux box

density of 24 mT.
The caoil is rotating at a constant angular speed about an axis at right angles to the field.
The emf induced in the coil has a peak value of 0.63 V.

s coil

magnetic field

|

|

|

i

. |
uniform 012 m i
|

|

|

|

How many times does the coil rotate in one second?

[1 mark]
A 192 [=]
B 290 -
C 552 =]
D 1820 (=]
A satellite orbiting the Earth has an orbital radius » and orbital speed v.
Which is correct?
[1 mark]

A roc?

B/ xv

o b [ [
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An object of mass 1.5 kg is attached to the end of a string. The string has
a cross-sectional area of 0.79 mm?.
The object is rotated in a vertical circle at a constant angular speed of 7.5 rad s™'.
The radius of the circle is 0.38 m.

What is the stress in the string when the object is at the bottom of the circle?

A 22kPa [=]
B 22 MPa [=]
C 59 kPa [=]
D 59 MPa D

EIII A planet has a mass half that of the Earth and a density half that of the Earth.

What is the gravitational field strength on the surface of the planet?

A 2.5Nkg!
B 3.5Nkg!

C 49Nkg'

o] [0 [o] o]

D 9.8 Nkg

END OF QUESTIONS

[1 mark]

[1 mark]
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There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
ANSWER IN THE/SPACES PROVIDED
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Question
number

Additional page, if required.

Write the question numbers in the left-hand margin.
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