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Section A

Answer all questions in this section.

Figure 1 shows a fairground ride moving at a constant angular speed about a
vertical axis.
The ride makes a complete rotation in 6.8 s and the seats move in horizontal circles.
Ignore air resistance throughout this question.

Figure 1

vertical axis

chain

ground level

Seat A acts as a point mass of 25 kg attached to a light chain. This chain has

a length / of 6.0 m and is fixed to the top of the ride at a distance D from the vertical
axis. The chain makes an angle 6, to the vertical.

For this angular speed, 6, is 40°.

[0]1].[1] Show that the tension 7, in the chain is 320 N.

[1 mark]

resolving vertically: T, cos B4 = mg
Ta=mg [ cos B4 = 25 x 93] / cos 40°

Ty = 24525 / 0.7660 = 3202 N =~ 320 N
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Do not write
@ Calculate D. Ourstigithe
[4 marks]
w=2n/T=2n/63=0.924 rad s™
horizontally: Ty sin 84 = mrw?
r = Tu sin 04 / mw? = 320.2 x sin 40° / (25 x 0.924%) = 9.649 m
r=D+1sinB;, so D =964 —6.0xsin4q0° =969 — 3.86
D=S8S78m
D= S$.8 m

E Figure 2 shows the ride with a rider in each seat.

The angular speed of the ride has not changed.
The seat and rider act as a point mass at the end of the chain.

Figure 2

vertical axis

chain

ground level

Show, by resolving forces horizontally and vertically, that 6, does not depend on the
mass of the rider in seat A.

[2 marks]
vertically: T, cos B4 = mg horizontally: Ty sin 84 = mrw?
dividing: tan 04 = mrw? / mg = rw? / g

tan 04 = (D + | sin 8)w? / g

The mass m cancels, so 84 depends only on D, |, w and g: it does not

depend on the mass of the rider.

Question 1 continues on the next page

Turn over »
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El Figure 3 shows the horizontal distance between seat A and seat B. box
Figure 3
: not to scale
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
1
The rider in seat B has the same mass as the rider in seat A.
The angular speed has not changed.
Deduce how:
e the value of 8, compares with the value of 6,
e the value of 7, compares with the value of 7.
[3 marks]
0/\ and 05
B, is greater than 6z (B3 < 0,). From tan 8 = rw? / g with w the
same, seat B is nearer the axis so its radius r is smaller, and as r
increases © increases, so Oz is smaller.
TA and TB
Ty is greater than Ty (Tg < Tp). Vertically T = mg / cos 8, with m the
same. T is inversely proportional to cos ©: Oz is smaller so cos Op is
bigger and Ty is smaller. 10

0 4
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A bungee jumper is attached to a platform by a light elastic rope. The rope obeys box

Hooke'’s law. Assume that air resistance is negligible.

Figure 4 shows the jumper at point P before she leaves the platform.
Figure 5 shows the jumper passing through her equilibrium position Q where the
tension in the rope is equal to her weight.

Figure 6 shows the jumper at the lowest point R when she stops moving for an instant
before moving upwards.

Figure 7 shows the jumper when she has moved back to her equilibrium position Q.

Figure 4 Figure 5 Figure 6 Figure 7
P
l !

Q Q
T (tension)

W = mg (weight)

Iil Draw and label arrows on Figure 6 to show the forces acting on the jumper at R.
[1 mark]

Question 2 continues on the next page

Turn over »
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The spring constant of the rope is 161 N kg™!. The mass of the jumper is 58 kg. box

@ The rope has an extension of 19 m when the jumper is at R.

Calculate the jumper’s acceleration at R.
[2 marks]
tension at R: kAl = 161 x 19 = 3059 N;  weight mg = §8 x 9.8] = 569 N

resultant upward force = kAl — mg = 3059 — §69 = 2490 N

a=F/m=2490/ 58 = 429 m s (upwards)

acceleration = 43 2

Consider the movement of the jumper from Q to R and back up to Q as
simple harmonic motion for one half of an oscillation.

. Calculate the maximum amplitude of this oscillation.

[2 marks]
at equilibrium ®: mg = kAl so Al = 569 /161 = 3.53 m
amplitude = distance from @ to R = 19 — 3.53
A=1585m
maximum amplitude = 1S.S m
E Calculate the time taken for the jumper to move from Q to R and back to Q.
[3 marks]
T=21wfm/ k) =21 L858/ 16])
T=377s (per/'od of a full oscillation)
Q to R and back to ® is half an oscillation:
time=T/2=377/2=189s
time = 1.9 S

0 6
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Figure 8 shows the jumper when she has moved far enough above Q for the tension box
in the rope to be zero.

Figure 8

E Explain why the jumper is not in simple harmonic motion when she is travelling
upwards and the tension in the rope is zero.
[2 marks]

In SHM the acceleration (restoring force) must be proportional to the

displacement from the equilibrium position and directed towards it (a =

-w?x).

When the rope is slack the only force on her is her weight, so the force

is constant (mg) and her acceleration is constant (g), not proportional

to her displacement.

Question 2 continues on the next page

Turn over »
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Another jumper of mass 38 kg now performs the bungee jump. box
At time ¢ = 0, the amplitude of her oscillations begins to decrease.

Figure 9 shows the variation with ¢ of the jumper’s displacement x from her

equilibrium position.

Figure 9
3
2_
x/m \
AN ISSSSEESEN SEEE (IS EEY Sn . ,,,,,,,,,,,,f NS S EEEEEEEEEESEEESEEEEEEEEEEEEEE.

1 \

0 §E \ [ \ 0 15 ~t/s
—11++ |
_2 EEEN |
-3

@ Explain why the amplitude of the oscillations for the jumper decreases.
Assume that air resistance is negligible.
[1 mark]

The rope is not perfectly elastic: not all of the elastic potential energy

stored in the rope is recovered, as some is converted to heat (internal

energy) in the rope, e.q. by plastic deformation.

. Determine the mean rate at which energy is dissipated from the oscillation during the
period covered by the graph in Figure 9.
[3 marks]

from graph: period T = 3.0 s, so w = 21 / 3.0 = 2.09 rad s~

amplitude falls from 2.5 m (t = 0) to 0.5 m (t = 2] s)

E = Vomw?A%: initial E = Y5 x 38 x 2.09° x 2.5 = 521

final E = V5 x 38 x 2.09*> x 0.5 = 20.3 J

mean rate = (521 — 20.8) / 21 = 500 / 2] = 23.3 W

mean rate of energy dissipation = 24 W 14

0 8
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Figure 10 shows a cyclotron that is used to accelerate protons to high energies. box

Figure 10

semi-circular
electrodes or dees

particle’s path

proton source

[ beam of high-energy
protons

alternating
high-voltage supply

The cyclotron has two hollow semi-circular electrodes called dees. These dees are in
a uniform magnetic field.
The dees are connected to an alternating square-wave high-voltage supply.

Protons are released from the proton source. At the instant of release, the right-hand
dee in Figure 10 is negative and the protons are initially attracted to it. They then
follow the horizontal path shown and leave the cyclotron as a beam of high-energy
protons.

|I| Determine the direction of the magnetic flux density inside the dees.
[1 mark]

Vertically downwards (perpendicular to the plane of the dees).

170
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@ Discuss the motion of the protons in the cyclotron.

You should consider:
¢ the forces acting on the protons
¢ the acceleration of the protons.
[6 marks]

Acceleration between the dees: there is a potential difference across the

gap between the dees, so there is an electric field in the gap. The

proton experiences a force F = EQ® due to this electric field, in the

direction of the field, so by F = ma it accelerates across the gap and

its speed increases.

The pd reverses while the proton is inside one dee, so each time it

reaches the gap the next dee is negative and the proton is accelerated

towards the next dee again.

Circular path inside a dee: there is no electric field inside the hollow

dees, but there is a magnetic field at right angles to the velocity of the

proton. A moving charge in a magnetic field experiences a force F =

BQv. This force is always at right angles to the velocity, so it does no

work and the speed is constant inside the dee: the proton moves in a

semicircle, with BQv providing the centripetal force (centripetal

acceleration towards the centre).

Increase in radius: BQv = mv/r gives r = mv [/ BQ. Each time the

proton crosses the gap its speed v increases, so the radius r of its path

in the next dee is greater, and the path spirals outwards until the

protons leave as a high-energy beam.

Question 3 continues on the next page

11
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The alternating voltage has a constant frequency.
Assume that a proton spends a negligible time in the gap between the dees.

Ignore relativistic effects.

El State and explain any change to the angular velocity of a proton as it moves through
the cyclotron.
[1 mark]

No change: the angular velocity stays constant, because the frequency of

the alternating supply (the cyclotron frequency) is constant and w =

BQ / m does not depend on speed or radius.

One cyclotron has dees with a diameter of 0.36 m.
The protons leave the cyclotron 3.45 x 107% s after leaving the source and each proton

has an energy of 1.92 plJ.

E Calculate the speed of a proton as it leaves the cyclotron.

[2 marks]
E=Vm? so v=Q2E/m)
v=as02x192 x107? /167 x107%)
v=26380x10 ms’
speed = 9.8 x 107 ms’!

1 2 IB/M/Jan24/PH03
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E| Show that a proton completes approximately 150 revolutions inside the cyclotron.

[2 marks]

radius on leaving r = 0.36 / 2 = 0.18 m

period of one revolution T = 2mr /v = 271 x 018 / 4.80 x 10’
T =236 x10%s (the same for every revolution)

number of revolutions = 3.5 x 107¢ / 2.36 x 107% = 146

x 150 revolutions

@ Calculate the peak voltage of the high-voltage source.

[3 marks]
energy gained per revolution = 1.92 x 1072 / 146 = 1.31S x 1074 7
pd per revolution: W = QV, V = 131S x 107'% /.60 x 107" = 822 x 10% V
two gap crossings per revolution: pd per crossing = 4.1l x 10* V
this is the peak-to-peak voltage (the dee pd swings from +V, to —V,)

peak voltage Vy = 4.1 x 10 / 2 = 2.0S x 10° V

peak voltage = 2.05 x 10° \%

Do not write
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Used fuel from a nuclear reactor contains many different radioactive isotopes. box

A fuel rod is stored until it is cool enough to be handled safely.

After 10.0 years the activity of caesium-134 in the rod is 1.80 x 10* GBgq.

Assume that no caesium-134 is produced during this period.

Caesium-134 is a B~ emitter with a half-life of 2.06 years.

0.829 MeV is released in each caesium-134 decay.

lyear=3.16 x 10" s
[0]4].[1] sShow that the initial activity of the caesium-134 is approximately 5 x 104 Bq.
[2 marks]

AN=1In2/T, =0693/2.06 = 0.336S year

A=Ae™ so Ay=HAceM

A =180 x 10° GBg = 1.30 x 10® Bg, At = 0.336S x 10.0 = 3.365

Ay = 1.80 x 10" x 3345 = 1,80 x 10 x 28.9

Ap = 521 x 10" Bg ~ S x 10" Bg
El Calculate, in g, the mass of caesium-134 initially present in the rod.

[3 marks]

A =0.3365/ 316 x 107 = 1.065 x 107% s

Ap=ANy so Ny =521 x10%/1065 x10% = 489 x 10*°

moles = .39 x 10%? / 6.02 x 10> = 0.0812 mol

mass = 0.0812 x 139 = 10.9 ¢

mass = /l g

1 4
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. Calculate, in W, the initial rate of energy release caused by caesium-134 3~ decay in

the rod.

energy per decay = 0.829 x 10® x 1.60 x 107" = 133 x 107 7

Ao X energy per decay = $.2] x 10'% x 133 x 1073

\\

rate

rate = 69.] W

rate of energy release = 69

[2 marks]

E The energy released in each decay is 0.829 MeV.

Discuss how:

¢ some of the decay energy causes heating of the fuel rod
¢ some of the decay energy does not heat the fuel rod.

[2 marks]

The B~ particles collide with the ions (atoms) in the fuel rod and

transfer kinetic energy to them, increasing the vibrational (kinetic)

energy of the ions, so the rod is heated.

Some energy is carried away by the antineutrinos, which interact

extremely weakly with matter and escape from the rod, so this energy

Do not write
outside the
box

does not heat it.

Turn over for the next question
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Figure 11 shows two stars A and B separated by a distance of 3.0 x 102 m. box
The gravitational field strength at point X is zero.
Figure 11
A B
® X °
| |
| |
3 3.0x10” m |
N it

|I| Figure 12 shows the variation of gravitational field strength g with distance
from A to B.

Figure 12

A X B

0
0 distance / m jo x 102 m

X is further from A than it is from B.

Explain the variation in g over the distance shown in Figure 12.
[3 marks]

The resultant field is the (vector) sum of the opposing fields due to A

and B.

Near A the field due to A is much greater than that due to B, as A is

close and has the greater mass, so g is large and falls with distance

(inverse square).

At X the fields due to A and B are equal and opposite, so g = 0. X is

nearer to B as B has the smaller mass.

Beyond X the field due to B is greater, so g changes sign as the force

(per unit mass) changes direction, and it rises steeply near B.

IB/M/Jan24/PH03
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IZ| A has a mass of 4.0 x 10°” kg.

box
Xis 1.76 x 10'> m from A.

Calculate the mass of B.

[3 marks]
at X GMy / ra? = 6Mg / rg?
rg = 3.0 x 10? = 1.76 x 10'? = 1.24 x 10> m
Mg = My rg® /[ ra? = 6.0 x 10°° x (1.24 x 10'2)? / (1.76 x 10'?)?
Mz = 199 x 10% kg
mass of B = 2.0 x 10* kg

E Sketch, without performing any calculations, the variation of gravitational potential V'
with distance from A to B.

[2 marks]

distance / 10" m

Turn over »
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Many car engines need a spark from a spark plug to ignite the fuel in the cylinder. box

Figure 13 shows a spark plug with a spark crossing the gap.
The spark occurs when a large emf ¢ is applied across the spark gap.

Figure 13

spark plug —_ ]|

spark ~ ]

Figure 14 shows the main parts of the system for creating the large emf ¢.

Figure 14
switch
P to spark plu
E=12V | s
1
iron core

The system contains a coil P wrapped around an iron core. An insulated coil S is
wrapped around P.

When the switch is in the closed position, there is a current in P.

The current in P creates a magnetic field that links with S.

When the switch opens, the current in P stops, causing the emf ¢ to be induced in S.

IB/M/Jan24/PH03
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|I| Explain how an emf is induced in S when the switch opens.
[1 mark]

When the switch opens the current in P falls to zero, so the magnetic

flux linking S changes (decreases rapidly). This change in flux linkage

induces an emf in S (Faraday's law).

El Explain two features of the system in Figure 14 that will result in a large emf ¢
being produced.
[2 marks]

1 The switch: it breaks the current very quickly, so the time At for the

flux to fall is very small and the rate of change of flux linkage A®/At

Is large.

o The iron core (and large current, 12 V with small R): it makes the

flux density in the coils large, so the change in flux A® is large and

A®/At is large.

Question 6 continues on the next page

Turn over »
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When there is a current in P, the flux linkage in S is given by: box
E
Dy = PN, NgA—
R
where u = a constant =126x10°VsA ' 'm!
N, = the number of turns on P =180
Ng = the number of turns on S =20 000
A = the cross-sectional area of each coil = 6.0 x 10~* m?
E = the emf of the battery =12V

R = the resistance of the primary circuit =2.4 Q

@ Derive an expression for B, the magnetic flux density due to the current in P when the
switch is in the closed position.
[2 marks]

flux linkage in S: ®s = BAN;
S0 BAN5 = }J.NPNSA E / R
dividing by ANs: B = UNpE / R (= uNpl where | = E /R )

(B=126x10%x130x12/24=113x1023T)

2 0
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[0]6].[4]

[o]e][5]

The switch is opened and the current in P decreases to zero. The magnetic flux
density due to the current in P decreases uniformly to zero in a time ¢.
An emf ¢ of 30 kV is induced in S during the time .

Calculate t.
[2 marks]

= UNpNsA E /R = 1.26 x 107 x ]30 x 20 000 x 6.0 x 107% x 12 / 2.4

©
«
|

®s = 1.36 x 1072 Wb turns, falls to zero in time t
e=AbOs/t so =136 x 1072/ 30 x 10°

t=65x10"s

1= 4.5 x 1077 S

An engineer suggests reducing the resistance R of the primary circuit.

Explain the effect that this reduction would have on the emf induced in S when the

switch is opened.
[2 marks]

With a smaller R the current | = E / R in P is larger (same battery

emf), so the magnetic flux density and flux linking S are greater.

When the switch opens there is a greater change in flux linkage in the

same time, so the emf induced in S is larger.
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outside the
box

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 El WRONG METHODS ‘ X H [O) H@ H Qﬁ ‘

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

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.
Qnot use additional pages for this working. /

What is the unit for the gravitational constant G in S| fundamental (base) units?
[1 mark]

A Nmlkg? [<=]
B kgm’s? [=]
Ckg'm's? [=]
Dkg'mis? [<]

2 2 IB/M/Jan24/PHO3
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Two identical satellites P and Q are in circular orbits around the same planet.
The orbital radius of P is smaller than the orbital radius of Q.

Which row shows the satellite with the greater kinetic energy and the satellite with the
greater gravitational potential energy?

[1 mark]
Satellite with the greater Satellite with the greater
kinetic energy gravitational potential energy
A P P

o L [ o]

Turn over for the next question
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The graph shows the variation of acceleration a with time ¢ for an object performing box

simple harmonic motion. The period of the oscillation is T.

Which graph shows the variation of displacement x with ¢ for the same object?

[1 mark]

NN AN
S vaniE A
A

D

A4
ARV

oJ [o] [o] o]

IB/M/Jan24/PH03
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In the Rutherford scattering experiment, an alpha particle is moving directly towards a box
nucleus. The alpha particle stops for an instant at its distance of closest approach to
the nucleus.

A 4 MeV alpha particle is directed towards a zinc nucleus (gg Zn) .

Its distance of closest approach to the nucleus is d, .

An 8 MeV alpha particle is directed towards a thorium nucleus (238 Th).

Its distance of closest approach to the nucleus is d; .

What is the value of d—z ?
T

[1 mark]

A 0.67

B 0.75

o] [o] [o] o]

D 138

Turn over for the next question
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IIIIl The graph shows the variation of absolute electrical potential }J with distance » from
an isolated point charge.

0 ,
0 R

The point P is at a distance R from the point charge.

What is equivalent to the magnitude of the electric field strength at P?
[1 mark]

1
A
the gradient at P

]

B the gradient at P

C the area under the curve fromr=0tor=R

D the area under the curve fromr=Rtor =0

o] L] o

2 6
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II@ The diagram shows four planets P, Q, R and S in circular orbits about a star.
The orbital radii of P, Q, R and S are x, 2x, 3x and 4x respectively.

star

P Q R
[ ) [ ) )
i | i
2t | i
; 2x ; :
< i I
! 3x !
i |

i 4x

S
’
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Which of the following pairs of planets has the biggest difference in gravitational potential

due to the star’s gravitational field?

A PandR =]
B Qand S [=]
CPanda [=]
D Rand S [=]

[1 mark]

n An object moves with simple harmonic motion and has an amplitude 4 and a frequency f-

A
What is the speed of the object when its displacement from the equilibrium position is > ?

Af
A - [=]
B ndf (=]
c gAf [=]
(=]

D 3rdf

[1 mark]

2 7
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The electrostatic force between two protons in a nucleus is F.

The electrostatic force between the electron and the proton in a hydrogen atom is f.

What is the order of magnitude of r ?

A 10°
B 10°
Cc 10

D 105

[=]
[=]
[=]
[=]

[1 mark]

E@ A wire of length L is placed at an angle of 60° to a magnetic field of magnetic flux
density B. The wire carries a current I. The wire and the magnetic field are parallel to the
plane of the page.

Which row shows the magnitude and the direction of the force experienced by the wire?

Magnitude of the force | Direction of the force
A gB[L out of the page
B gBIL into the page
1
C EB]L out of the page
1 .
D EBIL into the page

ol o [ Y

[1 mark]

2 8
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A student uses this circuit to measure the capacitance C of a capacitor.
The voltmeter has a resistance Ry, and the battery has an emf .

XY

T e=

She charges the capacitor with the switch in position X. She moves the switch to
position Y and records the voltmeter reading as the capacitor discharges through
the resistor.

The student determines the time constant of the discharge and calculates C.

Her value of C is lower than expected.

Which changes to Ry, and ¢ could lead to a more accurate determination of C?

[1 mark]
Change to Ry, Change to ¢
A decrease decrease El
B decrease increase E|
o increase decrease E
D increase increase E

Turn over for the next question
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A circuit contains a capacitor of capacitance C that is discharged through a resistor

of resistance R.

The pd across the capacitor decreases from 10 Vt0 2.5 Vin 35 s.

A second circuit contains a capacitor of capacitance 3C that is discharged through a

. . R
resistor of resistance E .

—3C

L
(Sl

What is the time taken for the pd across the capacitor to decrease from 10 V to 5.0 V in

the second circuit?

A 53s

B 26s

C 23s

o] [o] [o] o]

D 12s

[1 mark]
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Some metals such as iron and steel are magnetic. Magnetic metals are attracted

to magnets.

Other metals such as copper and aluminium are non-magnetic. Non-magnetic materials

are not attracted to magnets.
A metal is at rest in a magnetic field.

Eddy currents are produced:

A only in a magnetic metal in a constant magnetic field.
B only in a magnetic metal in a changing magnetic field.
C in any metal in a constant magnetic field.

D in any metal in a changing magnetic field.

o] [o] [o] o]

The diagram shows the oscilloscope trace for a signal of rms voltage 16 V.

e ]

A 5V /division

B 7 V /division

C 10 V /division

D 20 V /division

[1 mark]

[1 mark]
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An ideal transformer at a power station supplies power to a factory through transmission
lines of resistance R.

What is the rate of energy dissipation in the transmission lines?

N 2
A NP2 I,’R

S

NS
B NSZIPR

P

N,V

NS R

[=]

ol ) [

[1 mark]
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IZE The diagram represents the gravitational field around a star and its planet.

Gravitational fields can be represented by gravitational field lines or by lines of

equipotential.

planet

A mass placed in the gravitational field experiences a force F. The magnitude of F' varies

with the position of the mass.

Which row describes the nature of the lines on the diagram and the positions where

the magnitude of F'is greatest?

[1 mark]

The nature of the lines Positions whi(:rg::;g?gnitude of F
A gravitational field lines the lines are far apart
B gravitational field lines the lines are close together
C lines of equipotential the lines are far apart
D lines of equipotential the lines are close together

O L [ o]

END OF QUESTIONS
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