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Section A

Answer all questions in this section.

A student investigates the emf induced in a coil of wire when it is rotating at constant
angular speed in a uniform magnetic field.

An oscilloscope is connected across the output of the coil. Figure 1 shows the trace
on the oscilloscope screen.

Figure 2 shows the time-base setting for the oscilloscope.

Figure 1 Figure 2

time base

|I| Describe what the student should do to determine an accurate value for the peak emf

induced in the coil.
[3 marks]

Turn the time-base off so the trace becomes a vertical line.

Increase the y-gain (decrease the volts/div) so the line fills as much of

the screen vertically as possible.

Measure the peak-to-peak length in (vertical) divisions and multiply by

the volts/div to get the peak-to-peak voltage.

Halve the peak-to-peak voltage to get the peak emf.
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Use Figure 1 and Figure 2.

time-base setting = 0.2 s / div
4 complete cycles occupy 9.8 divisions

gT =98 x02 =19 s so T =049 s

@ Show that the angular speed of the coil is approximately 13 rad s™'.

W=2rn/T=21/049 =128 rad s”' = 13 rad s~

Figure 3

@ Figure 3 shows the oscilloscope screen with the time-base set to OFF.

The student wishes to make an accurate measurement of the time period of the

induced emf.

Calculate an appropriate time-base setting.
Explain your answer.

T = 0.49 s. For one cycle to fill the 10 divisions of the screen:

0.99 / 10 = 0.049 s per division, so the nearest setting is SO ms/div

time-base setting =

With S0 ms/div one full cycle fills (almost) the whole screen width, so

S0 ms / div

[3 marks]

[3 marks]

T can be measured over the largest possible distance.

Question 1 continues on the next page

0 3

stemup.co.uk

Turn over »

1B/M/Jun22/PH03

Do not write
outside the
box


https://stemup.co.uk

The peak emfis 7.5 x 1072 V.

Calculate the magnetic flux density of the magnetic field.

Emax = BANW so B =¢,, / ANw
B=725x102/(6.0x103x2S5x12.38)

magnetic flux density =

E The coil has an area of 6.0 x 107> m? and 25 turns of wire.

0.039

[2 marks]

@ Figure 4 shows the coil connected to a 27 Q resistor.
The resistance of the rest of the circuit is negligible.

Figure 4

N

\!A

&
S

—1__F—
27Q

Calculate the mean power dissipated in the resistor.
Vis = Vo / 2 =785 x1072 /2 =530 x 107V
P=V,?/R=_(_530x102)>/27

P=104x10"W

mean power =

magnet magnet

1.0 x 1074

[3 marks]
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II' Show that the total energy E of a satellite orbiting the Moon is given by

3 GMm
2r

E:

where m is the mass of the satellite, M is the mass of the Moon and r is the orbital
radius of the satellite.

[3 marks]

gravitational force provides the centripetal force:
GMm [P =mv?/r so mv:=6Mm/r
kinetic energy Ej, = Yomv? = GMm [ 2r
gravitational potential energy E, = —GMm [ r
E=E +E, =6Mm/2r— GMm [ r

E=-G6Mm [/ 2r

IZ| Explain the significance of the negative sign in the equation in Question 02.1.
[2 marks]

GPE is zero at infinity and enerqy is needed to move the satellite away

from the Moon, so its GPE is negative.

E is negative as it is a bound system (held by the Moon's attraction):

the KE is smaller than the magnitude of the negative GPE.

Question 2 continues on the next page

Turn over »
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The satellite has a mass of 1.0 x 10° kg and orbits the Moon in a circular orbit.
The mass of the Moon is 7.3 x 10?* kg.

@ Determine the orbital speed of the satellite when the orbital radius is 1.95 x 103 km.

[3 marks]
GMm /P =mv? /r so v =+6M/r)
r =195 x 10 km = 1.95 x 10 m
v =667 x107" x 7.3 x10%? /1495 x 10°)
v=:0250x10) =153 x10°>m s
orbital speed = .58 x 10° ms!

1B/M/Jun22/PH03
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The satellite’s thrusters exert a force in the direction opposite to its direction of motion, box
as shown in Figure 5. This causes the radius of the orbit to decrease.
Figure 5
satellite
direction .,A,,O)
of motion =% force
E Explain, with reference to energy, why the use of the thrusters reduces the radius of
the orbit.
[2 marks]
The thrust acts opposite to the motion, so negative work is done on the
satellite: its total energy decreases (becomes more negative).
Since E = =GMm [ 2r, a lower (more negative) total energy means a
smaller orbital radius r.
E Calculate the work done by the thrusters in reducing the radius of the satellite’s orbit.
Assume that the final orbit of the satellite is circular.
initial radius of the orbit = 1.95 x 10° km
final radius of the orbit = 1.85 x 10> km
[2 marks]
work done = AE = (=6GMwm [ 2r) — (=6Mwm / 2r,) = (GMwm [/ 2)(/rs = I/r)
= (667 x 107" x 7.3 x10%2 x 1.0 x 10 / 2)
x (1 /185 x 106 =1/ 145 x 10°)
=243 x 0% x 277 x107% = 6.75 x 107 7
work done = 6.7 x 10 J 12
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|I| Define activity in the context of radioactive decay.

[1 mark]

The number of nuclei that decay per unit time.

A dice-rolling experiment models radioactive decay. Standard six-sided dice are
used. One dice represents one radioactive nucleus.

At time ¢ = 0, there are N, dice.

e The dice are rolled.
¢ The dice showing six dots on the top surface are removed, as shown in Figure 6.
o The number N of the remaining dice is counted.

The process of rolling, removing and counting the dice is repeated at intervals

of 1 minute.
Figure 6
/ dice removed
|..° .c /
0
o ]
- LY J «® -
* 4 Q
(' e,
] - d
- N
00 o
L) 4 o ceeo e
e, -
L3 Y,
‘:\ ©, N %,
(W) 0

In this experiment the variation of N with time ¢ can be modelled mathematically as
N=N,e™

@ Explain why 4 is approximately 0.2 minute .

[1 mark]

On average, | dice in 6 shows a six and is removed each minute, so the

probability of decay per minute is N = 1/6 = 0.7 = 0.2 minute™.

0 8
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- El Estimate the time ¢ at which N = 7
[2 marks]
Ty2 =1In 2 /)\
T, = 0693/ (1/6) = 0.693 / 0.167 = 4.2 minute
t= 9.2 minute
E This experiment is done with N, = 500
Estimate, using the mathematical model for the variation of N with ¢, the time ¢ at
which N =20
[3 marks]
N = Nee™™ 20 = 500 e
et =20 / 500 = 0.04
-t/6 = In 004 so t/6=1In25 =322
t =6 x 322 = 19.3 minute
t= 19 minute
E Explain why the actual time taken might be significantly different to your estimate in
Question 03.4.
[1 mark]
Only a small number of dice remain near the end, and dice rolls are
random events, so the number of sixes each minute can differ a lot
from the prediction. 8
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8.0 mm apart.
O is a point midway between the charges.
P is a point 3.0 mm away from O and equidistant from Q, and Qg.

Figure 7

® U

3.0 mm

° N ®
Q, 40mm 40mm Qp

|I| The resultant electric field strength at P is 1400 N C™! towards O.

Calculate the charge of Q.

distance from Q4 to P = /(4.0° + 3.0%) = 5.0 mm
cos 8 =3.0/50=06 (8 =253 angle to PO)

Ees = 2E cos® so E=1400/ (2 x06) =170N '

E

\

Q / 4me,? so Q@ = 4rer’E

Q

\

47t x .85 x 107? x (5.0 x 1072)? x 1170

@ = 3.2 x 107? €, and the charge is negative

charge = -3.2 x 107"

Figure 7 shows two identical negative point charges, Q, and Qg, in fixed positions

[3 marks]
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@ Sketch, on Figure 8, the variation of electric potential } with displacement x from O box
between Q, and Qg.

Calculations and numerical values for V are not required.
[2 marks]

Figure 8

=
=
=

e e EE LR R e
———————— e

Question 4 continues on the next page
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[0]4][4]

[o]4][5]

Figure 9 shows a point R between O and Qg.

Figure 9
, 4.0 mm ‘ 4.0 mm ‘
o o e o
Q 0 R Qg

Q, and Qg are in fixed positions.

A small mass m with negative charge ¢ is released from rest at R.
Only electrostatic forces act on m.
After release, m oscillates about O along the line between Q, and Qg.

State and explain how the direction of the resultant force on m varies during
oscillation.
[2 marks]

The force on m is always directed towards 0 (to the right of O it

points left, to the left of O it points right).

Both Q4 and Qg repel m (all are negative) and the nearer charge repels

more strongly, so the resultant force points away from the nearer

charge, towards 0,

Describe the energy changes of m from its release until it reaches O for the first time.
[2 marks]

As m moves from R towards O its electric potential enerqy decreases

and its kinetic energy increases.

The decrease in electric potential energy is equal to the increase in

kinetic energy.

Deduce whether or not m performs simple harmonic motion.
[1 mark]

No: the force (acceleration) on m is not proportional to its

displacement from 0 (it varies roughly as 1/r*), so it is not SHM.

12
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II' State what is meant by a capacitance of 37 mF.

[1 mark]

37 mC of charge is stored for every | V of pd across the capacitor (37

millicoulombs per volt).

A capacitor is made up of two parallel metal plates, which are separated in air by a

distance d.
A cell of negligible internal resistance is connected across the capacitor as shown in

Figure 10. Switch S is closed and the capacitor becomes fully charged.

Figure 10

d
IZ' While S is still closed, the plate separation is reduced to 3

State and explain what happens to the magnitude of the charge stored by the

capacitor.
[3 marks]

C = goA / d : halving d doubles the capacitance C.
S is still closed, so the pd V across the capacitor stays the same (= emf).

® = CV, so with V constant and C doubled, the charge ® doubles.

The charge stored doubles (it increases).

Question 5 continues on the next page
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Do not write
@ Explain how charge is conserved when the plate separation is reduced. Oms’;gime
[1 mark]
An equal number of electrons is removed from the positive plate as is
deposited onto the negative plate (they flow from the + plate to the —
plate through the cell).
E S is now opened.
The plate separation is increased to d.
State and explain how the energy stored in the capacitor changes during this process.
[3 marks]
S open: Q stays constant. € = €,A / d, d doubles so C halves.
E=@®°/ 2¢C, Q constant and C halved, so E doubles.
The charge Q stays the same because the capacitor is isolated: with S
open charge cannot flow on or off the plates.
Doubling d halves the capacitance (C = g,A / d).
Evergy stored E = @* / 2C, so with @ constant and C halved the
energy stored doubles (V = Q/C also doubles).
E Explain how energy is conserved when the plate separation is increased as described
in Question 05.4.
[1 mark]
The gain in stored energy is provided by the work done (by the external
force) in pulling the attracting plates apart. 9
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II| Describe what is necessary for a charged particle to experience a force due to its

movement in a magnetic field.
[1 mark]

The charged particle must have a component of its velocity perpendicular

to the magnetic field (it must not move parallel to the field).

El Show that the radius 7 of the circular path of a charged particle in a uniform magnetic
field in a vacuum is given by

where p is the momentum of the particle, B is the magnetic flux density and ¢ is the

charge of the particle.
[2 marks]

The magnetic force provides the centripetal force:
Bgv=mV?/r
r=mv / Bg

momentum p = mv, so r =p [ Bg

Question 6 continues on the next page
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A cloud chamber is a particle detector that produces visible tracks. The tracks form box
as charged particles ionise air molecules along their paths. Charged particles
produce spiral tracks when the cloud chamber is placed in a uniform magnetic field.

Figure 11 is a full-size image showing the track of a particle created at point X in a
cloud chamber. The particle travels in a horizontal plane.

Figure 11

region of
magnetic

field —___

The magnetic field direction is into the plane of the page.

@ Explain why the radius of the path decreases as the particle created at X travels
through the cloud chamber.

[3 marks]

As it travels, the particle jonises the air molecules and so loses some of

its kinetic energy to them.

Its velocity, and so its momentum p = mv, decreases.

Since r = p [/ Bg with B and g constant, the radius is directly

proportional to the momentum, so the radius of the path decreases.

16
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[0]6].[4] The particle created at X has a charge of 1.6 x 101 C. box

The magnetic flux density in the cloud chamber is 0.20 T and acts vertically into the
plane of the page.

Determine, by taking measurements from Figure 11, an estimate for the initial
momentum of the particle.

Figure 11 is a full-size image.

[3 marks]
initial radius measured on Figure 1| (centre of first arc to X):
r=33mm = 0033 m
r=p/Bg so p=Bgr
p=020x16x10""x0033
p =106 x10%" kg m s
momentum = 1) x 1072 kgms!

Question 6 continues on the next page

Turn over »
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E A gamma photon produces two particles in a pair-production event in the cloud box
chamber. Figure 12 shows the tracks due to the pair-production event.

Figure 12

Explain what Figure 12 indicates about the three particles involved in the
pair-production event.

[3 marks]

The gamma photon leaves no track, so it is uncharged (neutral).

The two spirals curl in opposite directions, so the two particles produced

have opposite charges.

The two tracks have similar initial radii, so the two particles have the

same initial momentum (same speed and energy).

END OF SECTION A

18
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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 pages for this working.

n In an experiment to investigate centripetal force, mass M and mass m are attached to the
ends of a string.
Mass m is moved in a horizontal circle of constant radius.

e Om

_tube

string
M

Mass M is varied as the independent variable.

Which could be a directly measurable dependent variable?
[1 mark]

A speed of m
B centripetal acceleration of m

C mass of m

o] [o] [o] o]

D time period of rotation of m

Turn over »
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A body is moving with simple harmonic motion.

What is the variation of its velocity v with its displacement x?

[1 mark]
A B
VA VA
r x
c D
VA VA
A [=]
B [=]
c [=]
D [=]
L
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A mass oscillates with amplitude 4 and frequency f'on a spring of spring constant k. The box
total energy of the mass—spring system is E.

A second mass—spring system has an identical mass and a different spring.
The second system oscillates with amplitude 24 and frequency 2f.

Which shows the spring constant of the second spring and the total energy of the second

system? » q
mar
Spring constant Total energy
A J2k AE [=]
B 2k 16E [=]
c 4k AE (=]
D 4k 16E (& ]

A pendulum bob is pulled to one side so that its string makes an angle 6 to the vertical.
The bob is released and the pendulum oscillates freely.

What is the maximum acceleration of the bob?
[1 mark]

Ag
B gcos?@

C gsiné

o] [o] [o] o]

D gtan @

Turn over »
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Iilil Two uniform solid spheres of radius R and 3R touch. They have the same density p. box

What is the gravitational force between them?
[1 mark]

o]

A é7IGR,02
6
B ©GR>p

C 3n°GR'p

o] [0 [o

D gnzGRsp2

II@ The average density of the Earth is 1.4 times greater than the average density of planet X.
The radius of the Earth is 1.9 times greater than the radius of X.

What is the gravitational field strength on the surface of X?
[1 mark]

A 3.7Nkg'!
B 7.2 Nkg!

C I3Nkg'!

o] [o] [o] o]

D 26 Nkg!

2 2
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Axis M.

IIEI The average mass of a nucleon in a nucleus of the atom 7

The mass of an electron is me.

itational f
What is gravita |on.a oree for the forces between the nucleus and an electron in the
electrostatic force

atom?
[1 mark]

4ne,GZm M
A 0T e
Ae’

dng,GAm M
B 07" e n
Ze

Am M
C 2
4dne,GZe

o D] [o

GAm M

D dng,Ze E

Points P and Q are 0.2 m apart in an electric field. The graph shows the variation of
electric field strength E with position » between P and Q.

What is the potential difference between P and Q?

[1 mark]
80
60 A
/’/
E/NC1 40 -
/’/
20
0
0 0.1 0.2
P r/m Q
A6V (=]
B 10V (=]
C 60V [=]
D 300V [=]

Turn over »
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IIE In the circuit, the resistance of resistor R, is greater than the resistance of resistor R;.
The capacitor C is initially uncharged.

R,

I
‘I

n
&)

oO_—
(7]
[ S}

R

At time ¢ = 0 the switch is set to position S,.
At time ¢ = T the switch is moved to position S,.

Which graph shows the variation of current 7 in the ammeter with ¢?

[1 mark]
A B
I 1 \\
0|
0 Tl/t % TV ‘
c D
[ V_\ |
O . O T
0 T { 0 T I
A =]
B [=]
c [=]
D [=]
L
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A capacitor of capacitance C is connected to a switch, a cell of emf ¢ and a resistor of box
resistance R.
The cell has negligible internal resistance.
The capacitor is initially uncharged.

C
|
|

The switch is then closed.

What is the time taken for the voltage across the capacitor to reach %?

[1 mark]

A RC In3

B RC lné
2

C RC (In2 — In3)

pl [ o] [

D %RC In2

n Which is a unit for magnetic flux?
[1 mark]

ANmMmA!
B Nm?>A’!

CNm'A

o] [o] [o] o]

D Nm?A

Turn over »
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Questions 18 and 19 refer to the following situation.

An electron moves to the right at a constant velocity v in a region where a magnetic field of

flux density B and an electric field of strength E are applied.

Force Fi due to the electric field and force Fz due to the magnetic field act on the electron.

I'g

Iy

Fg is up the page and Fj is down the page as shown.

What are the directions of £ and B?

Direction of £ Direction of B
A up the page down the page
B up the page out of the page
C down the page into the page
D down the page out of the page

The resultant force on the electron is zero.

Which equation relates £, B and v?

A Bv=FE
B B=vE
C v=BE

D BEv=1

o] [o [o] o]

[1 mark]

o] [o] Lo [o]

[1 mark]

2 6
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. . . 3L box
A rectangular coil has dimensions L and 7

The coil moves in a magnetic field at a velocity v perpendicular to the field.

The magnetic field has a uniform magnetic flux density B perpendicular to the plane of the

coil.
® ® ® ® ®
L
e |
| I
® ® ® | ® L ®
3L v |
2 I !
|
|
® ® ® | ® ®
| I
1 B . '
X Y
® ® ® ® ®

What is the emf induced in the coil as it moves from position X to position Y?
[1 mark]

A BLv
B iBLv
2

C 3BLv

o D D] [o

DO

Turn over for the next question
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Elil A bar magnet is moved near a coil XY in the direction shown by the arrows. box
Two of the actions shown in the diagrams will induce an N-pole at Y.
Which actions will induce an N-pole at Y?
[1 mark]
1 2
X Y X Y
= >
3 4
X Y X Y
< =
A 1and3 [=]
B 1and4 [=]
C 2and3 (@]
D 2and4 [=] 15
END OF QUESTIONS
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There are no questions printed on this page
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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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