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Section A

Answer all questions in this section.

|I| A satellite of mass m orbits at a constant height # above the Earth’s surface.

Lo[1][2]

Show that the orbital speed of the satellite is

GM
R+h

V =
where M is the mass of the Earth and R is the radius of the Earth.

gravitational force provides the centripetal force:

wmv? [ r=6Mm [ r

vV=6M/r so v=+GM/T1)

orbital radius r =R +h, so v =GM [/ (R + h))

The satellite has m = 450 kg and orbits at # = 640 km.

Calculate the kinetic energy of the satellite.

v=0667x10"x598 x 10> / (6.37 x 10° + 6.90 x 10°))
v=(569x10) =754x10>ms”’
Ex = VYomv? = b x 450 x §.69 x 107

E, =128 x10°7

kinetic energy = 1.3 x 10"°

[2 marks]

[2 marks]

02

stemup.co.uk

IB/M/Jun19/PH03

Do not write
outside the
box


https://stemup.co.uk

E The satellite is moved to a new orbit where 4 =705 km.

E The total energy of the satellite increases when it is moved to the new orbit.

Calculate the change in gravitational potential energy of the satellite.
[3 marks]

V=-—6M/r
h =640 km: V = —6.67 x 107 x $98 x 10> / 7.0 x 10° = =5.690 x 107 T kg™
h =708 km: V =—-667x107" x §98 x 104 / 7.07S x 10° = =5.638 x 10" J kg™

AV = 5690 x 107 — 5638 x 107 = §23 x 10° J kg™

AE, = mAV = 450 x §.23 x 10°

AE, = 2.35 x 10* 7 (increase)

change in gravitational potential energy = 2.4 x 0% J

Explain why.
[2 marks]

In the higher orbit the satellite moves more slowly (v = (GM/r)), so

its kinetic energy decreases.

Its gravitational potential energy increases (becomes less negative).

But the decrease in KE is smaller than the increase in PE (the KE

change is half the PE change), so the total energy increases.

Do not write
outside the
box
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Do not write
outside the
A thin aluminium sheet hangs from a pivot P. The sheet has an arc radius of 17 cm box

and an arc length of 12 cm, as shown in Figure 1.

Figure 1

P
not to scale A

17 cm

\_/

12 cm

|I| The angle between the sides of the sheet is 0.

Show that 4 is approximately 0.7 rad.
[1 mark]

D
\\

arc length / radius

12 /17 = 0.7] rad = 0.7 rad

D
\

Question 2 continues on the next page
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@ The sheet is pulled to one side and released to oscillate in a vertical plane. A light
gate is placed vertically below P. The sheet swings from side to side, interrupting the
light beam.

Figure 2

o .
direction light gate
of motion

A datalogger records the time ¢ for which the sheet interrupts the light beam during
each swing. Figure 3 shows the variation of ¢ with the number of swings through the

light gate.
Figure 3
0.25
0.20
t/s " > X
0.15 X
0.10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
number of swings
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The average angular speed during one swing of the sheetis .

Determine using Figure 3 the largest value of ©.

[2 marks]
largest w when t is smallest: t = 0.12 s (first swing)
w=0/t=07/0I2
w =59 rad s’

largest value of @ = S.9 rad s
E The sheet completes more than 18 swings before coming to a stop.
Results for ¢ cannot be recorded after 18 swings.
Suggest why.
[1 mark]

After 18 swings the amplitude has become so small that the sheet no

longer swings far enough to clear the light gate, so the beam stays

blocked and no times can be recorded.

Question 2 continues on the next page

Turn over »
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E The aluminium sheet is now made to swing through a uniform magnetic field between
two magnets as shown in Figure 4.

Figure 4

Front view Side view

magnet

I/I% magnets

The sheet is released from the same initial position as in question 02.2.

The presence of the magnetic field increases the damping of the oscillations of the
sheet.

Explain why. 3 ]
marks

As the sheet moves through the field the flux through it changes, so

an emf is induced.

This induces (eddy) currents in the sheet,

By Lenz's law the force on these currents in the field opposes the

motion.

Evergy is lost as heat (I°R losses) from the sheet's kinetic energy.

Do not write
outside the
box
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n Figure 5 shows a parallel plate capacitor connected to a 3.0 kV dc supply. The
capacitor is made from two identical metal plates separated by 5.0 mm of air.

Each plate measures 30 cm in length and 20 cm in width.

Figure 5

30kVdec L

/ 20 cm

30 cm

Figure 6 shows a side view of the capacitor.

Figure 6

IS.O mm

EI Draw on Figure 6 the electric field lines between the plates.

IZI Calculate the electric field strength between the plates.

E=V/d
E=30x10°/50x103

E=60x10°NC"

electric field strength = 6.0 x 10°

[2 marks]

[2 marks]

NC!

Question 3 continues on the next page
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10

[0]3].[3]

[0]3].[4]

The magnitude of the charge stored on each plate is Q.
Show that the electric field strength £ can be expressed as
P,
&4

where ¢; is the relative permittivity of air and 4 is the area of overlap of the plates.

[2 marks]
C=Q/V so V=@Q/C
E=V/d=Q/cd
C =¢gpc,A/d
E=Q/ ((eeeh /d) xd)
E=Q/ ¢cc/h
Calculate Q.
&=1.00

[2 marks]
A =0.30 x 0.20 = 0.060 m?
® = g5, AE = 8.85 x 107? x 1.00 x 0.060 x 6.0 x 10°
®=319x107¢C

0= 32x10” C

170
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11

E State the electrical properties of a dielectric material.
[2 marks]

A dielectric is an electrical insulator (it does not conduct).

It is polarisable: its molecules become polarised (dipoles line up) in an

electric field.

@ The capacitor is isolated from the dc supply and a dielectric material is inserted
between the plates. The potential difference between the plates changes.

Explain the change in the potential difference.
[2 marks]

The dielectric increases the capacitance € (C = gpe,A / d with ¢,

larger).

The capacitor is isolated so ® stays constant, and V = @ / C, so the

pd decreases.

Do not write
outside the
box

Turn over for the next question
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Figure 7 is a plan view of a cyclotron. Two hollow semi-circular electrodes, called box

dees, lie within a uniform magnetic field. An alternating high-voltage supply is
connected to the dees.

A proton enters the cyclotron at S and moves in the plane of the paper. The dashed
line shows the path of the proton.

Three positions, A, B and C, along the path are marked.

e The proton crosses a potential difference between A and B.
¢ The proton moves within the uniform magnetic field between B and C.

Figure 7

-
-

1 VA
1 / / /// / \\\ \\\ \ Vo
. 1 ] / F i \
alternating | P & ;7 \ B‘¢ R
high-voltage "\~ A S TR SN dees
supply | TR R
[ U S \ / P

-

~N————

~< g

~— -

- -

|I| State the direction of the magnetic field in Figure 7.
[1 mark]

Into the plane of the paper.

12
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@ Explain what happens to the proton as it crosses from A to B. box
[2 marks]

The proton accelerates: its speed and kinetic energy increase.

This is because the electric field between the dees exerts a force on the

proton in its direction of travel, so work is done on the proton by the

field.

E Explain the path of the proton as it moves from B to C.
[3 marks]

The proton moves in a semicircle at constant speed (constant KE): only

the direction of its velocity changes.

The magnetic field exerts a force on the moving proton (F = Bgv).

By Fleming's left-hand rule this force is always at 90° to the velocity,

so it acts as a centripetal force towards the centre of the circle (and

does no work).

Question 4 continues on the next page

Turn over »
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E The angular speed w of the proton in the cyclotron is box
Bq
w=—=
m
where B is the magnetic flux density in the cyclotron

q is the charge of the proton
m is the mass of the proton.

Show that the kinetic energy Ey of the proton as it exits the cyclotron is

where R is the maximum radius of the proton path in the cyclotron.
[2 marks]

v =wr, so at the maximum radius R: v = wWR = BgR / m
Ei = Yomv? = Yom (BgR | m)?
Ei = Yom x B?¢’R? | m?

E. = (BgR)? / 2m

IB/M/Jun19/PH03
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EI In one cyclotron, protons exit with £x = 10 MeV when R = 0.34 m. box
Calculate the magnetic flux density in the cyclotron.
Ignore relativistic effects in your calculation.
[3 marks]
Ex =10 MeV =10 x 10° x 1.60 x 107" = 1.60 x 107'* 7
Ex = (BgR)?> | 2m so B = (2mE}) / ¢R
B =2 x167x107% x 160 x107%) /(.60 x 107 x 0.34)
B=731x10%/564x10% =13GT
magnetic flux density = 1.3 T 1

Turn over for the next question
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The activity 4 of a sample of radioactive copper—67 was recorded over time +. box

Figure 8 shows the variation of In(4/Bq) with ¢.

Figure 8

224

/,

222 3

220

In(4/Bq) 216

214 \

212

21.0 \

pd

20.8

\

20.6
0 25 50 75 100 125 150 175

t / hours

III Show that the decay constant of copper—67 is approximately 3 x 10°s7"
[4 marks]

A=HAe™ so Inh=Inhy— N gradient of the graph = -\
from Figure 8: t =0,In A =22449; t =150 h, In A = 2076

gradient = (20.76 — 22.494) / (150 = 0) = =112 x 107 h™!

\

A=112x107 b =112 x 1072/ 3600 s

R

A=31x10¢s! ~3x10¢s"

16
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@ Show that the initial number of atoms of copper—67 in the sample is about 2 x 10", box
[4 marks]
at t = 0 (intercept of Figure 8): In A, = 22.44
Ap = 2299 = 557 x 10? Bg
A=A so Ny=4Ay/A
Ny = §.57 x 10° / 3.1 x 1076
Ny = 1.8 x 105 2 2 x 10" atoms
. Copper—67 decays into stable zinc—67.
Calculate the mass of zinc—67 formed when all the atoms in the copper—67 sample
have decayed.
State an appropriate unit for your answer.
[3 marks]
each Cu-67 atom becomes one 2n-67 atom: 1.8 x 10" atoms of 2n-67
mass of one 2n-67 atom = 67 u = 67 x 1.66] x 107% kg
m = 1.8 x 10" x 67 x 1.66] x 107%’
m =20 x 107 kg
mass = 2.0 x 107"
unit= kg 1
END OF SECTION A

Turn over »
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Section B

Each of the questions in this section is followed by four responses, A, B, C and D.

For each question select the best response.

Only one answer per question is allowed.

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

CORRECT METHOD E| WRONG METHODS ‘ & H @ H@ H dﬁ ‘

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

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.

~

The diagram shows a twelve-hour analogue clock.

What is the average angular speed of the hour hand?

A 73x10rads
B 15x10%rads

C 1.8x10 rads!

o] [o] [0 o]

D 52%x10 'rads!

minute hand

hour hand

[1 mark]
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A car of mass 1200 kg travels at a constant speed around a horizontal circular bend of box
radius 15 m.

The car travels from P to Q in 1.8 s.

What is the centripetal force acting on the car?
[1 mark]

A 220000 N
B 14 000 N
C 5600 N

D 1000 N

o] [o] 10 o]

Turn over for the next question

Turn over »
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The diagram shows two connected wheels, X and Y. box

The diameter of wheel Y is twice the diameter of wheel X.
Wheel X drives wheel Y with a belt. The belt does not slip.
Wheel X rotates at a constant rate.

AN

belt

angular speed of X o

What is /
angular speed of Y

[1 mark]

A 4 [=]
B 2 @]
C 1 [=]
D 0.5 [=]

A ball of mass 0.2 kg moves in a horizontal circle of radius 50 cm at the end of a string.

The ball moves at a constant speed of 9.0 m s,

What is the horizontal force exerted by the ball on the string?
[1 mark]

A 8 N away from the centre of the circle
B 8 N towards the centre of the circle
C 32 N away from the centre of the circle

D 32 N towards the centre of the circle

o] [0 [o] o]

2 0
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The graph shows the variation of velocity v with time ¢ for an object undergoing simple

harmonic motion.

2.0

N\
J

NN
>

\\\

1.0

T

v/ms=l 0.0

0.00 0.50 \ 1.00

L

~

-1.0 \

/7
A

-20

What is the amplitude of oscillation?

A 1.40m
B 0.80m

C 0.54m

o] [o] [o] o]

D 0.51m

Turn over for the next question

t/s

[1 mark]
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|I|I| A mass—spring system of mass m oscillates with frequency f'on a spring with

spring constant k.

A second mass—spring system oscillates at frequency 3f.

Which row is correct for the second system?

Mass Spring constant
A 18m 2k
B Om 3k
Cc 3m Ok
D 2m 18k

o [ [ [

E@ The variation of displacement x with time ¢ for an oscillator of mass m is

x = 2.4cos (0.76¢)

What is the total energy of the oscillator?

A 0.9m

B 1.4m

C 1.7m

D 3.3m

o] [0 [o] o]

[1 mark]

[1 mark]

2 2
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n The diagram shows two planets, P and Q.

The distance between the centres of the planets is d.
The resultant gravitational field strength at R is zero.
The distance PR is 0.75d.

W

<
~
D
[

mass of P ”

What is !
mass of Q

ol o} [

D9 @]

The gravitational field strength at the surface of a uniform solid sphere is g.
The radius of the sphere is R.

What is the density of the sphere?

h
0

ol o] (o

[1 mark]

[1 mark]

2 3
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E@ The graph shows the variation of the gravitational potential V" with distance d from the box
surface of Venus.
d/km
00 5000 10000 15000 20000 25000
—-10 = S
20 =T
V/MIkg-1 -30 g
—40 v,
/
S sgS J
—60

What is the gravitational field strength when d = 10 000 km?
[1 mark]

A 20Nkg'
B -13Nkg'

C +1.3Nkg'

o] [o] [0 o]

D +20Nkg'

2 4
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The scale diagram shows two positively charged spheres, X and Y. box
The charge of X is five times the charge of Y.

The electric field strength at P due to X is Ex.
The electric field strength at P due to Y is Ev.

AP drawn

to scale

What is true for Ex and Ev?
[1 mark]

A Ex = 2EY
B 2Ex: EY

C 2Ex = 5EY

o] [o] [o] [0

D SEX = 2EY

n A positron is at a point in a uniform electric field where the electric field strength is
24kVm ",

The acceleration of the positron is
[1 mark]

A 42 x 10" ms?inthe opposite direction to the electric field strength.
B 4.2 x 10" m s™* in the same direction as the electric field strength.
C 42x10"ms?inthe opposite direction to the electric field strength.

D 4.2 x 10" m s7% in the same direction as the electric field strength.

o] [o] [o] o]

Turn over »
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The graph shows how the charge on a capacitor varies with the potential difference across box
the capacitor.

4.5

4.0

35

3.0

25

charge / mC

2.0

1.5

1.0

0.5

0.0

0 50 100 150 200 250 300 350 400 450
potential difference / V

What is the additional energy stored by the capacitor when the potential difference
increases from 200 V to 400 V?

[1 mark]

A 02]
B 041J

C 0.6J

o] [0 [o] o]

D 0.8J

2 6
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The diagrams show two patterns of field lines, X and Y, around a particle. box

Which row is correct when the particle is a proton?
[1 mark]

Gravitational field Electric field

o o [ Y

Turn over for the next question
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Point P is a short distance from an isolated positron.

What are the signs of the electric potential and the gravitational potential at P?

Sign of electric Sign of gravitational
potential potential
A Negative Negative
B Positive Negative
C Negative Positive
D Positive Positive

Elil A charged capacitor of capacitance 460 uF discharges through a fixed resistor.

After 184 s the capacitor has lost 75% of its initial charge.

What is the resistance of the fixed resistor?

A20x10°Q
B 29x%x10°Q
C 1.4x10°Q

D 29x10°Q

o] [o] [0 o]

o] o [

]

[1 mark]

[1 mark]

2 8
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Turn over for the next question box
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Elzl A capacitor with an initial potential difference 7, was discharged through a resistor. box

The graph shows the variation of current in the circuit with time.

4.5

4.0

3.5

3.0

current / 251N
mA 2.0

1.5 \

1.0

J

0.5

T—

0O 5 10 15 20 25 30 35
time /s

0.0

The capacitor was again discharged from V through a second resistor of smaller
resistance.

Which graph shows the variation of current with time for the second resistor?
The dashed line shows the variation for the first resistor.

[1 mark]
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45 4.5
4.0 4.0
3.54 3.5
3.0+ 3.0
\
current / 22 “‘\ current / 2.5 AN
mA - 20 mA  20f
1.5 1.5+
1.0 '\\ 1.0 X
\“s N
05 BN 0.5 ==
00 & .-: e 00 T :----.
0O 5 10 15 20 25 30 35 0O 5 10 15 20 25 30 35
time /s time /s
C D
45 4.5
4.0 4.0
\
3.5 351
3.0 3.0
\
current / 25 it current / 2.5 AN
mA 2.0 mA 2.0 \
1.5 \ 1.5 ]
\ ¢ \ \.
1.0 \\\ 1.0 \\\ NG
05 BNes 0.5 RNes ™~ H
0.0 e e 0.0
0O 5 10 15 20 25 30 35 0O 5 10 15 20 25 30 35
time /s time /s
A @]
B [=]
c (=]
D (=]
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A radioactive source contains a nuclide that emits alpha particles. The energy
transformed in each decay is 5.5 MeV.

The source initially produces 60 uW of power. The nuclide has a half-life of 90 years.

What is the activity of the source after 270 years?

A 8.5x10°Bq
B 1.7x 10" Bq

C 2.3 x 10" Bq

o] [o] [o] o]

D 8.5x 10° Bq

Some students model radioactive decay using 320 dice.
Each dice has eight faces.
The probability of a dice landing on each face is equal.

The students roll the 320 dice into a tray.

The students remove all the dice that land with the number 8 facing up.
They repeat this process with the remaining dice.

How many dice should the students expect in the tray after a total of 4 rolls?

A 20
B 40
C 190

D 210

o] [0 [o] o]

[1 mark]

[1 mark]
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EEI The diagram shows equipment used to investigate the force produced by a currentin a box
wire that is in a uniform magnetic field. The wire is fixed and cannot move.

Each magnet is 5 cm long and the magnetic flux density of the field between the magnets
is 120 mT.

The north pole of one magnet is labelled in the diagram.

fixed wire

The mass balance reads zero when there is no current in the wire.

What is the reading, in gram, on the mass balance when the current is 2.0 A?

[1 mark]
A -12 (@]
B —0.12 [=]
C +0.12 [=]
D +1.2 [=]
What is the fundamental (base) Sl unit for magnetic flux density?
[1 mark]
A kgAls? El
B kg A's’ El
C kgC's™ E
D kgmA's™ E

Turn over »
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An electron enters a uniform electric field between two parallel plates. box

The initial velocity of the electron is parallel to the plates.
e — |

electron

—“FV

The acceleration of the electron is always
[1 mark]

A perpendicular to the instantaneous velocity.
B perpendicular to the electric field strength.

C in the same direction as the electric field strength.

o] [o] [o] o]

D in the opposite direction to the electric field strength.

A proton and an alpha particle have the same kinetic energy.

The proton and the alpha particle enter a uniform magnetic field at 90° to the magnetic
field lines. Both particles experience a force due to their motion in the magnetic field.

the magnitude of the force on the proton

What is ?
the magnitude of the force on the alpha particle
[1 mark]
A 025 [=]
B 0.50 (=]
cl @]
D 2 [=]

3 4
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The diagram shows the end view of a rectangular coil in a uniform magnetic field of flux box
density 70 mT.

The plane of the coil makes an angle of 20° to the magnetic field lines.
The coil has 50 turns and an area of 0.035 m”.

N

The coil is rotated so that the plane of the coil makes an angle of 50° to the magnetic field
lines.

As a result of this change, the magnetic flux linkage
[1 mark]

A decreases by 3.6 x 102 Whb.
B decreases by 1.1 x 10" Whb.

C increases by 3.6 x 102 Wb.

o] [o] [o] o]

D increases by 1.1 x 10" Whb.
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A metal rod falls at a constant velocity perpendicular to a uniform magnetic field.

An emf is induced between the ends of the rod, P and Q.

The rod is 20 cm long and travels 60 cm through the field in 0.5 s.
The magnetic flux density is 400 mT.

View from above

A 4

\ 4

A\ 4

A\ 4

Which row shows the emf induced across the ends of the rod and the polarity of

end P and end Q7

\ 4

Side view

@)

A 4

\ 4

A 4

A 4

emf/ mV Polarity of P Polarity of Q
A 48 Positive Negative
B 96 Positive Negative
C 48 Negative Positive
D 96 Negative Positive

\ 4

o [ [ [

[1 mark]
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Elil A coil of wire rotates at a constant angular speed w in a uniform magnetic field.
The graph shows the variation with time of the emf induced in the coil.

20

5
0 time/
mV 50.\0, 10 )20 300} 40ms

3w
The angular speed of the coil is changed to 7

Which graph shows the new variation with time of the emf induced in the coil?
[1 mark]
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mV 509 1oy} 2lof i 3ol if 40ms mV 500 1o} f2lof 130} | 40ms
_10 ‘; ‘ ' | _10 I \ 1 \ |
—151 v -15
—20 -20
c D
20 20
15 15
10 ‘ 10
5 [ \ [ \ [ 5 / Vi I
emf/ 0 ] I [ time/ emf/ 0 FEEE yassaan [| time/
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-0 1 -10
—15 —15
—20 -20
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Questions 32 and 33 are about using an oscilloscope to show an ac waveform from an ac box
source. The oscilloscope screen is represented below.

E The frequency of the ac source is 200 Hz.

Which time-base setting on the oscilloscope will display only two complete waveforms on
the screen?
[1 mark]

A 1lmscm '
B 2mscm

C Smscm |

o] [o] [o] o]

D 10 mscm
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ﬂ The root mean square voltage of the ac source is 40 V.

Which volts / division setting on the oscilloscope will display the largest complete

waveform?

A 5 volts / division [=]
B 10 volts / division [=]
C 20 volts / division El
D 50 volts / division [=]

Which of these does not increase the efficiency of a transformer?

A Increasing the diameter of the wire of the secondary coil.
B Overlapping the primary coil with the secondary coil.
C Using a steel core instead of an iron core.

D Using a core of thin insulated metal sheets.

H A step-up transformer is 100% efficient.

What is a possible set of values for the transformer?

o] [0 [o] o]

Np Vo N Vs
A 300 150 100 50
B 150 300 100 50
Cc 100 150 300 50
D 100 50 300 150

END OF QUESTIONS

[1 mark]

[1 mark]

[1 mark]
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