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Section A

Answer all questions in this section.

Lo[1].[1]

Figure 1 shows a car of mass m travelling at speed v in a horizontal circle of radius r.
Figure 2 is a cross-sectional view of the track showing that it is inclined at an angle 6
to the horizontal.

Figure 1 Figure 2

r @ vmg
l

The sum of the normal reactions of the track acting on the wheels of the car is R.
Assume that R acts through the centre of mass of the car.

The centripetal force is provided entirely by the horizontal components of R.

Show that v is given by:

v =,/rgtand

[3 marks]

Resolving vertically (no vertical acceleration): R cos 6 = mg
Resolving horizontally (centripetal force): R sin @ = mv? /[ r
Dividing the two equations: R sin 8 / R cos 8 = (mv?® / r) [ mg
tan © =v? /rg

v2 = rg tan ©

v = rg tan 8)

0 2
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IZ| Two cars P and Q travel around another angled track.

path of P path of Q not to scale A notto scale

Figure 3 shows the plan view of the track. The section from A to B is
semi-circular.

Figure 4 shows the cross-section of the track at the point A where the cars enter
the semi-circular section.

The steepness of the angled track increases with radius.

Figure 3 Figure 4

semi-circular

section

Both cars travel with constant speed and pass A at the same time.
P travels at a constant speed of 54.6 ms™!. The radius r, of its path is 350 m.

The radius r, of the path of Q is 362 m.

Q travels at speed u where u = \/r,gtan@

@ for car Q is 43.5°.

Determine whether P or Q passes B first.
[3 marks]

u=rgq g tan 8) = (362 x 9.8 x tan 43.5°) = §8.) m s~
distance from A to B = half the circumference = 1r
P. t=mrp/v=mx350/546=20]s

=Trg/u =T x 362 /58] =196 s

2
~
|

(or wp = S4.6 / 350 = 0.156 rad s7!, weq = $S8.) / 362 = 0160 rad s7')

® takes less time (19.6 s < 20.] s), so Q passes B first.

0 3
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@ Figure 5 shows a car travelling around a horizontal circular track. The speed of box
the car increases as it travels around the track.
Figure 5
centre of curvature of track
centre of mass
v
mg

The centripetal force is now provided by the frictional forces F; and F), exerted

by the track on the car’s wheels.

The separation of the normal reactions R, and R, is w.

The height of the car’s centre of mass is 4.

When the speed of the car is V, the left-hand wheels lift from the road surface so

that Rl = 0

Show, using the principle of moments, that V'= %

[3 marks]
R, = 0, so there is no friction on the left wheels (F, = 0).
Taking moments about the centre of mass, the moments balance:
RZ X W/2 = Fz xh
vertically: R, = mg
F, provides the centripetal force: F, = mV? [ r
mg x wf2 = (mV? [ r) x h
V2 = gwr / 2h
V = qwr / 2h)
9

0 4
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II| State the conditions necessary for a body to perform simple harmonic motion.
[2 marks]

The resultant force (acceleration) on the body is proportional to its

displacement from the equilibrium position,

and it is always directed towards the equilibrium position (opposite to

the displacement).

Figure 6 shows a cross-sectional view of a loudspeaker. A coil attached to a paper
cylinder and a paper cone is positioned in the cylindrical gap in the magnet.

Figure 7 shows a front view of the coil and magnet seen from point A. The coil is
inside the radial magnetic field created by the magnet. The current in the coil is 1.

Figure 6 Figure 7

paper cone

[~ paper cylinder

\  coil coil
N
//
magnet
cross-sectional view front view

El Deduce the direction of the magnetic force on the coil at the instant shown in
Figure 7.

Explain your answer.
[2 marks]

The force is out of the page (towards the viewer at A).

By Fleming's left-hand rule: the field is radial and the current is along

the coil, so the force is perpendicular to both.

Turn over »
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When a sinusoidal ac current is in the cail, the coil, cylinder and cone perform simple box
harmonic motion.

The coil has 40 turns and a diameter of 24 mm.
The mass of the coil, paper cylinder and cone is 7.8 g.

The peak current in the coil is 1.73 A. This produces a maximum acceleration of
the coil of 542 m s2.

. Calculate the magnetic flux density at the position of the coil.

[3 marks]

\\

F=wma=738x103x542 =623 N

\
\\

length of wire L = N x 1td = 40 x 7w x 0.024 = 3.02 m

\\

F=BIL so B=F/IL

\\

B =423/(.73x 302)

magnetic flux density = 0.8] T

The coil oscillates with a frequency of 260 Hz.

E Calculate the amplitude of oscillation of the coil.

[2 marks]
w = 27f = 27 x 260 = 1634 rad s~

Omax = W2A 50 A = Qe / WP = 542 / 16342

amplitude= 2.0 x )0~ m

E Calculate the maximum velocity of the coil.

[1 mark]

Vimax = WA = 1634 x 2.03 x 107°

maximum velocity = 0.33 ms!

0 6
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@ Figure 8 shows the variation of the acceleration of the coil with time 7 for 1.5 cycles of

the motion.

542+

acceleration

Figure 8

/ m s—2 0

Sketch, on Figure 9, the variation of the velocity of the coil with ¢ for 1.5 cycles of

the motion.

Show the values of the period of oscillation and the maximum velocity on your

sketch.

0.33

velocity

[2 marks]

Figure 9

/m s—!

-0.33

07
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|I| Show that a geosynchronous satellite orbits the Earth at a distance of box
approximately 36 000 km above the surface of the Earth.
[4 marks]

The gravitational force provides the centripetal force:
GMm | P = mw?r so rP=6M/w

geosynchronous: T = 24 h = 24 x 3600 = 86 400 s

2/ T = 2m/ 86 400 = 7.27 x 10~ rad s™

(3
I

W
\\

6.67 x 107" x §.97 x 10* | (7.27 x 1075)?

753 x10? m® so r=422 x10" m

\

height above surface = r — Rg = .22 x 107 — 6.37 x 10°

height = 3.59 x 10" m = 35 900 km = 36 000 km

IZ| Show that the orbital speed of the satellite is approximately 3100 m s™'.
[2 marks]

v=2mr/T =21 x 4223 x 10° /] 86 400

v =23070 ms! % 3100 m s

0 8
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[0]3].[3]

[0]3].[4]

The satellite has a mass of 380 kg.

Calculate the total energy of the satellite when it is in a geosynchronous orbit.

[3 marks]
E, = —=GMm [ r = =6.67 x 107" x §.97 x 10°% x 380 / 4.223 x 10’
E, = -3.5% x 10° ]
Ex = Vomv? = Vb x 380 x 3070% = 1.79 x 107 7
total energy = €, + E, = 1.79 x 10° — 3.58 x 10°
energy = —/.79 x 10° J

Geostationary satellites are geosynchronous satellites that remain above the same
point of the Earth’s surface.

Geostationary satellites are usually launched towards the east from a point on
the Equator.

Suggest why this is done.
[3 marks]

The Earth rotates from west to east, and a point on the Eguator has

the greatest speed due to this rotation (about 460 m s™).

A rocket launched eastwards from the Egquator already has this velocity

(kinetic energy), so less fuel is needed to reach orbital speed.

Eastwards is the direction of the geostationary orbit (the same direction

as the Earth's rotation).

Geostationary orbits are above the Equator, so launching from the

Equator reduces the manoeuvring needed to reach the orbital plane.

Do not write
outside the
box
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A spacecraft carrying astronauts is launched vertically from the Earth’s surface.

The spacecraft’s engines stop 130 s after the launch. The spacecraft continues to rise
until it reaches its maximum altitude of 106 km. It then falls freely back to Earth.

Parachutes open 370 s after the launch to slow the descent of the spacecraft.
The spacecraft returns to the Earth’s surface 450 s after the launch.

Figure 10 shows the variation of velocity v with time ¢ for the flight.

Figure 10
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lIl Calculate the mean magnitude of the acceleration due to gravity for the part of the

flight between Q and R. Air resistance is negligible for this part of the flight.
[2 marks]

gradient of line QR: Q@ (130 s, 1040 m s7'), R (370 s, 1160 m s™')
a=Av/ At = 0090 - (-160)) / (370 - 130)

a=2200/ 290

mean acceleration due to gravity = 9.2 ms 2

170
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An astronaut pilots the spacecraft. box
IZ| Describe how the weight of the astronaut varies during the flight.
[1 mark]
The weight decreases slightly as the spacecraft rises, because g is lower
at greater altitude; it then increases back to its normal value as the
spacecraft returns.
During one part of the flight, the astronaut has no sensation of weight.
El Explain why the astronaut feels weightless during part of the flight.
[1 mark]
Between ® and R the astronaut and spacecraft are in freefall, both
accelerating at g, so there is no reaction force on the astronaut.
E Describe how the astronaut’s sensation of weight varies during the other parts of
the flight.
[2 marks]
Between P and @ (going up with the engines on) the sensation of
weight is greater than the weight on the ground and it increases as the
acceleration increases.
Between R and S (parachutes open) the sensation of weight is greater
than normal and it decreases back to the value of the weight on the
ground. 6
Turn over for the next question
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lodine-124 (1%‘3‘)1) is used in the detection of cancers in the thyroid gland.

A dose of iodine-124 is given to a patient at time t =0
The iodine-124 is absorbed by the thyroid gland and emissions from decaying
iodine-124 are detected outside the patient’s body.
The activity 4 of the dose of iodine-124 decreases with time.
Figure 11 shows the variation of In(4 / Bq) with time .
Figure 11
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II| Determine the activity of the dose at =0

[2 marks]
intercept on the In(A | Bg) axis at t = 0:  In Ay = 1312
Ay = /312
activity= 7.4 x )07 Bq
@ Determine the half-life of iodine-124.
[3 marks]
gradient = (17.16 = 18.12) / (5.0 x 10° — 0) = —1.92 x 1076 57!
In A =1Inhy— At so A= —gradient =1.92 x 107¢ s~
ty=1In2/A=0693/192 x 107
half-life= 3.6 x 10° S

Question 5 continues on the next page

Turn over »
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@ A different patient is given a dose of iodine-131. box
Calculate the mass of iodine-131 in the dose when its activity is 24 MBq.
decay constant of iodine-131 =1.0 x 10® 5!
molar mass of iodine-131 =0.131 kg
[3 marks]
A=A so N=A/AN=24x10°/10x10° =24 x]0"
number of moles = 2.4 x 10 / 6.02 x 10*> = 3.99 x 107" mol
mass = 3.99 x 107" x 0.13]
mass = 52 x 107? kg
[0]5.[4] 1%%Idecays into lg}‘Xe*:
1%%1 — lg}lXe* + B+ ve
lgiXe* then decays by y emission:
lg}‘Xe* - lgiXe + v
Only one type of particle from this decay series is detected outside the body.
Explain why.
[2 marks]
Only the gamma rays are detected outside the body.
The beta particles are absorbed by the body tissue because they are
weakly penetrating.
The antineutrinos hardly interact with matter, so they are very difficult
to detect. 10

1 4 1B/M/Jun23/PH03
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II| Figure 12 shows a capacitor with two overlapping parallel square plates with sides of
length 7.0 cm.

Figure 12

plates

7.0 cm

There is an air gap between the plates. The air acts as an insulator when the electric
field strength in the gap does not exceed 3.0 x 10* V. m ™.

Estimate the maximum charge that can be stored on the capacitor.

[3 marks]
C=¢cp/d and E=V/d so V=Ed
® = CV = (oA / d) x Ed = €yAE
A =0.070 x 0.070 = 4.9 x 107> m?
® = 885 x107% x 4.9 x 1073 x 3.0 x 10
® =130 x 1077 ¢
maximum charge=  ).3 x J0~? C

Question 6 continues on the next page

Turn over »
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IZ| A parallel-plate capacitor is charged. box

When a dielectric material is inserted between the plates, the capacitance of the
capacitor increases.

Explain this increase in capacitance.
[2 marks]

The molecules of the dielectric become polarised: the dipoles line up with

the field, opposing the field of the plates.

This reduces the net electric field between the plates. The charge stays

constant, so the pd between the plates decreases.

Since € = Q / V, the capacitance increases (at a constant pd, more

charge is stored).

16
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Supercapacitors have very high capacitances. Engineers think that supercapacitors
may replace batteries in some applications.

Supercapacitor X has a capacitance of 144 F and has a potential difference of 2.5 V
across it when fully charged.

A battery Z has an emf of 3.6 V and provides a current of 0.40 A for 2.5 hours.

E Deduce whether X or Z stores more energy.

[2 marks]

X: E=0HCVP =) x 144 x 2.8% = 450 7

2: E=Vit =36 x0.40 x (2.5 x 3600) =13 000 7

2 stores more energy (13 000 I compared with 450 7).

E A different supercapacitor Y can store the same amount of energy as the battery Z.
Suggest why it is better to use Z rather than Y to supply constant power to
a component.
[1 mark]

As the supercapacitor discharges, the pd across it (and so the current)

falls, so the power is not constant; the emf of the battery stays almost

constant.

Turn over »
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Figure 13 shows a linear accelerator that accelerates protons.

Protons pass through a series of hollow electrodes called drift tubes.
Drift tubes D, to D5 are shown in Figure 13.

The drift tubes are connected to a high-frequency, high-voltage square-wave power

supply so that adjacent drift tubes always have opposite polarities.
The periodic time of the supply is T.

Figure 13
proton source evacuated container
D, D, D; D Ds
T@,— _:*'___)_,E}__t _______ 'l'____},e,____— ______ a_k
- |
proton
high-frequency, high-voltage drift tubes

square-wave power supply

A proton with negligible energy is emitted from the proton source.

D, is negative and the proton accelerates towards it. The proton enters D, and travels

at constant speed through it.

As the proton leaves D,, D, becomes negative and D, becomes positive. The proton

accelerates towards D,, as shown in Figure 14.

Figure 14

i |

18
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Lo]7].[1]

The proton only accelerates in the gaps between the drift tubes and travels at
constant speeds within the drift tubes.

Suggest why the proton travels at constant speed when inside any drift tube.
[1 mark]

There is no electric field inside the drift tube (the whole tube is at the

same potential), so there is no resultant force on the proton.

When the proton crosses a gap, the potential difference between adjacent drift tubes
is 42 kV.
The linear accelerator has 30 drift tubes D, to Dy,

Show that each proton has an energy of approximately 2 x 1073 J when it reaches the
end of the linear accelerator.
[2 marks]

energy gained in each gap: AW = QAV = 1.60 x 107 x §2 x 10> = 6.72 x 1075 7
the proton is accelerated 30 times (source to D), then each gap up to Ds,)

total energy E = 30 x 672 x 107° = 2,02 x 1072 T~ 2 x 1072 J

Question 7 continues on the next page

19
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e
@ The frequency of the power supply is 5.0 MHz. box
The proton spends a time % in each drift tube.
Calculate the length of the final drift tube D,
[3 marks]
Ee=Yomv?® so v =2E, ] m)
v=u(2x202x1072/167x10%) =155 x10" m s’
timein Dy =T/2=1/2F=1/(2x50x10%) =10 x107 s
length = vt = 1.55 x 107 x 1.0 x 1077
length = 1.8S m
E A proton leaving the linear accelerator collides with an antiproton.
Describe the outcome of the collision, giving details of any products of the interaction.
rest energy of a proton =1.51 x 1071°J
[2 marks]
The proton and the antiproton annihilate: p +p -y +y
Their mass is converted into two gamma photons, which move off
in opposite directions (so that momentum is conserved).
Each photon has an energy of at least 1.5] x 107° 7 (rest energy plus
half the kinetic energy, about 1.511 x 107° 7). 8
END OF SECTION A

2 0
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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 ‘ & 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. /

An object performs simple harmonic motion described by:

x = Acoswt

The velocity of the object is given by
[1 mark]

A —Asinwt
B —wAsinwt

C A4sinwt

o] [o] [o] o]

D wAsinwt

Turn over for the next question
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A mass is suspended from a spring. box
The mass is lifted a short distance above its equilibrium position and released at time t = 0
The mass performs simple harmonic motion with periodic time T.
Which graph shows the variations with time of the kinetic energy Ex and the
potential energy Ep of the mass—spring system?
[1 mark]
A B
\\ // \\ ’/'Ek
energy energy \ fo !
O O \ 7 \ g Ep
0 T 2T
time
D
Y / Y I/'Ek
energy energy \ fo !
O O \ 7 N7 |E‘p
0 T
time
A
B
Cc
D
I1B/M/Jun23/PH03
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Two isolated masses m; and m, are separated by a distance d. box

The gravitational field strength at point P is zero.

Ol ®

What is the relationship between m; and m,?

ENIENY
W
SH

[1 mark]
Am=g [e]
B m, :% El
c m :% El
o m=2 [=]
Iilil P is the gravitational force between two protons in a nucleus.
Q is the electrostatic force between two protons in a nucleus.
R is the gravitational force between an electron and the nucleus in an atom.
Which is correct?
[1 mark]
AP<R<Q [=]
BR<P<Q |[@]
C 0<r<P [<=]
D 0o<P<R [=]

Turn over »
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IIIZI The electric field around a negative point charge is represented using lines of equipotential box
and electric field lines.
The potential difference between adjacent lines of equipotential is constant.
Which pair of drawings is correct?
[1 mark]
lines of equipotential electric field lines
A [=]
B [=]
c (=]
D [=]
T
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IIE An alpha particle a enters a region where there is a uniform magnetic field and
a uniform electric field.

The direction of the magnetic flux density is either into the page ®
or out of the page @

The direction of the electric field strength is given by one of the following arrows T l —

Which diagram shows a combination of flux density and electric field strength that can
result in the alpha particle travelling through this region at a constant velocity?

[1 mark]
O )
} !
O X)
- }

o] [o] [o] [o]

Turn over for the next question
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Positive ions of mass m and charge g have a velocity v when they enter a uniform box

magnetic field.
The magnetic flux density B is into the page ®
The ions move along a semi-circular path of radius r.

positive ion

The time taken for an ion to complete the semi-circular path depends only on:
[1 mark]

A g, B and m.
B ¢g,Bandr.

C g, mandr.

o] [o] [o] o]

D B, mandr.

2 6
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IIEl E is the energy stored on a capacitor of capacitance C. box
E changes when the potential difference V across the capacitor changes.

Which graph shows the variation of In(E) against In()) for the capacitor?
[1 mark]

A B

: 1
In(E) _ In(E) gradient =~
gradient =2
C). C).
ln(z ) 1“(2
0 0
L In(V) 0 In(¥)
Cc D
In(E) gradient =2 In(E)
gradient =%
0 0
L In(V) 0 In(¥)

o] [o] o] [0

Turn over »
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The graph shows the variation of current / with time ¢ for a capacitor discharging through box
a 47 kQ resistor.

0.4

031

pd

I/ mA
0.2

1/ ms

What is the capacitance of the capacitor?
[1 mark]

A 66 nF
B 43 nF

C 66 pF

o] [o] [o] o]

D 43 pF

2 8
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n The diagram shows a cyclotron.

proton beam 1/

dees

proton source

Which row describes the velocity of the protons inside the dees and between the dees?

[1 mark]
Velocity of protons Velocity of protons
inside the dees between the dees
A changing constant El
B changing changing El
C constant constant E
D constant changing E

Turn over for the next question
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The diagrams show three oscilloscope traces of the same signal. The traces have

different time-base settings.
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Which row shows the best alternative for determining the peak-to-peak voltage

and the frequency of the signal?

[1 mark]
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The diagram shows a system for recharging the batteries of moving electric vehicles. box

coil

alternating magnetic field batteries

wireless electric vehicle charging pad

The car passes through the alternating magnetic field.

An emf is induced in the coil, causing the car’s batteries to charge.

Three suggestions for changes to the system are to:

1 increase the speed of the car

2 increase the area of the coil in the car

3 increase the frequency of the alternating magnetic field.

Which combination of suggestions will increase the energy supplied to the car battery as

the car passes over the charging pad?
[1 mark]

A 1 and 2 only
B 1 and 3 only

C 2 and 3 only

o] [o] [o] o]

D 1and2and 3

Turn over for the next question

Turn over »
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A rectangular coil rotates at a constant angular speed about its axis in a uniform magnetic box
field of flux density 450 mT.

The coil is 5.0 cm long and 3.0 cm wide. It completes 200 rotations every minute.

\
/
/
/\_
/
/
\ 4

A 4

\4

|
Q
P

At one instant, the angle § between the magnetic field and the normal to the coil is 30°.

What is the emf induced between P and Q when & is 30°7?
[1 mark]

A 120V
B 073V

C 0012V

o] [o] [o] o]

D 0.0071 V
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EII' A power station produces 1.25 GW of electrical power at 275 kV rms. The transmission

lines are 99% efficient.

Which row shows the resistance of the transmission lines and the rms voltage drop across

them?
Resistance / rms voltage drop/V
A 0.61 2750
B 0.61 27 500
C 6.1 2750
D 6.1 27 500

Iz@ The power input to an ideal transformer is 7.2 MW at 132 kV rms.
The rms voltage output from the transformer is 230 V.

What is the peak secondary current?

A 390 A

B 770 A

C 22kA

D 44 kA

o] [o] [o] o]

END OF QUESTIONS

[1 mark]

o [ D] e

[1 mark]

Do not write
outside the
box
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There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
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