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Section A

Answer all questions in this section.

Figure 1 shows a current-carrying coil inside a uniform magnetic field.
The coil rotates about an axis that is perpendicular to the direction of the field.

Figure 1

not to scale
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The coil experiences a magnetic force at point P as shown in Figure 1.

|I| Annotate Figure 1 with an arrow to show the direction of the current in the coil at P.

[1 mark]
The uniform magnetic field has a horizontal magnetic flux density of 75 mT.
@ The coil has a length of 13 cm, a width of 5.0 cm and 66 turns.
Determine the couple acting on the coil at the instant shown in Figure 1.
current in the coil = 1.5 A
[3 marks]

force on one side of one turn: F = Bll = 75 x 1072 x 1.5 x 0.13 = 0.0146 N
66 turns: F = 66 x 0.0196 = 0.965 N on each long side
the two forces are opposite and separated by the width s = 0.050 m

couple = F x s = 0,965 x 0.050 = 0.068 N m

couple = 0.048 N m

02

stemup.co.uk IB/G/Jun25/PH03

Do not write
outside the
box


https://stemup.co.uk

Do not write
outside the

E The coil is removed. box

Figure 2 shows a vertical metal rod of length 8.75 cm inside the magnetic field.

Figure 2
not to scale

/2.3 ms!
/g18.75 cm

The rod has a constant velocity of 2.3 m s™! perpendicular to the magnetic flux

rod

density.
Calculate the emf induced between the ends of the rod.
[2 marks]
€ = Blv
e=75x103x875x10% x 2.3
e =0.015lV
emf = 0.015] v | 6

Turn over for the next question

Turn over »
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Vanadium-52 has a decay constant of 3.08 x 1073 s7\.

A sample of vanadium-52 has an initial activity of 121 GBq.

|I| Determine the time taken for the activity to fall to 51 GBq.

[2 marks]
A=A e™ so t=InCA/A) /A
t=mQ@21/81) /3.08 x 107
t=038649/308x103=28s
time = 28| S

@ Calculate the mass of vanadium-52 in the sample when its activity is 51 GBq.

mass of one mole of vanadium-52 atoms = 0.052 kg
[3 marks]

A=A so N=A/A=S5Ix10°/308 x103 =166 x 102 nuclei
number of moles n = N [/ Ny = 1.66 x 10" / 6.02 x 10?3
n=2.75x 10" mol

mass = n x molar mass = 2.75 x 107" x 0.052

\

mass = 1.43 x 107% kg

mass = 1.4 x 107" kg

0 4
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[0]2].[3] The decay of vanadium-52 is random. box

Suggest how this affects the ability to make an accurate prediction of:

e the activity of the sample 1 ms after its activity was 51 GBq
¢ whether a nucleus will decay in a time interval of 1 ms.

[2 marks]
Activity: this can be predicted accurately. The sample has a very large

number of nuclei (about 103), so the random variation in the number

decaying per second is very small compared with the activity.

Single nucleus: it is impossible to predict whether (or when) a particular

nucleus will decay in the | ms interval.

Turn over for the next question

Turn over »
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Figure 3 shows a person riding a bike on a horizontal track.

The bike and rider have a centre of mass at point C.
C moves in a circle about point O. The circle has a radius of 22.5 m.

Figure 3

not to scale

225 m

The total mass of the bike and rider is 79.5 kg.
The bike and rider travel at a constant speed of 14.2 m s

The total frictional force acting on the bike is at its maximum value.
F, is the horizontal component of the frictional force acting towards O.

|I| Show that F| is approximately 710 N.

the horizontal friction F) provides the centripetal force
Fr=m?/r=795x1422 /225

Ff=712N =710N

\\

[1 mark]

0 6
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[0]3][2]

A different cycling track is at an angle to the horizontal as shown in Figure 4.

The bike and rider travel in a horizontal circle about O on this track.
Figure 4

not to scale

»
o)

frictional force

Annotate Figure 4 with labelled arrows to show:

¢ the normal contact force N from the track on the bike
¢ the combined weight W of the bike and rider
¢ the resultant force R.

[2 marks]

Question 3 continues on the next page

07
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The track in Figure 4 is at an angle of 42.4° to the horizontal.

C moves around O in a horizontal circle of radius 22.5 m.

The bike and rider are travelling at a constant speed of 14.2 m s™! and experience a
normal contact force of 1040 N.

F, is the horizontal component of the frictional force acting on the bike.

Show that the magnitude of £, is less than the magnitude of F,.
[3 marks]

horizontal component of N = N sin 42.4° = 1090 x sin §2.9° = 701 N
resolving horizontally towards 0:

N sin 42.4° + F, = mv? [ r =712 N (from 03.1)

F =712 =701 = 11.2 N

11.2 N is much less than F, = 712 N, so F, < F,

0 8

stemup.co.uk IB/G/Jun25/PH03

Do not write
outside the
box


https://stemup.co.uk

Do not write
outside the

E The bike and rider now travel in a circle of radius 22.5 m on the track in Figure 4 at a box
constant speed greater than 14.2 m s™.

At this speed, the frictional force between the bike’s tyres and the track is at its
maximum value.

Explain why the bike and rider can travel at a greater speed on the track in Figure 4
than on the track in Figure 3.

You should refer to the forces acting on the bike and rider.
[4 marks]

On the flat track in Figure 3 the only horizontal force is friction, so

friction alone provides the centripetal force, and it is already at its

maximum value; the speed cannot be any higher.

On the banked track in Figure 4 the normal contact force acts at right

angles to the track, so it has a horizontal component, N sin 42.4°,

towards 0.

This horizontal component of the normal contact force contributes to

the centripetal force: centripetal force = horizontal component of friction

+ horizontal component of normal contact force.

A greater speed needs a larger centripetal force (mv?/r) than the

maximum friction alone can provide. On the banked track the normal

contact force adds to the friction, so the larger centripetal force can be

provided and the bike can travel faster.

Turn over for the next question

Turn over »
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11

II| Define gravitational potential at a point.

[2 marks]

The work done per unit mass in moving a small test mass from infinity

to that point.

Figure 5 shows a binary star system consisting of two stars A and B.
A and B each have the same mass and their centres are separated by a distance
of 3.0 x 102 m. O is the point midway between A and B.

Figure 5
- s———,A
|
|
i
|
1.5x 10" m !
:
i
v 0 >
i X
:
i
|
1.5%x10% m !
:
i
|
-V---@B

x is the distance from O along a line perpendicular to AB.
V'; is the total gravitational potential due to both A and B.

@ When x = 0 the value of V is —0.711 GJ kg™

Calculate the mass of A.

[2 marks]
Ve=2x(-6M /r) withr =15 x 10? m
M=-Vrr/26 =07 x10"x15x10?%/ (2 x667x10")
mass of A = 2.0 x 103 kg

Question 4 continues on the next page

Turn over »
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Figure 6 shows the variation of V7 with x. box

Figure 6
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The magnitude of the resultant gravitational field strength due to A and B is g.

@ State the value of x at which g has its maximum value on Figure 6.
Go on to estimate this value of g.

Annotate Figure 6 to support your calculation.
[3 marks]

g7 = —dVi/dx, so gr is greatest where the graph is steepest: x = 1.1 x 10" m
gradient of tangent = AV / Ax = (-0.30 — (=0.74)) x 10* / (2.60 — 0.20) x 10"

97 = 0.49 x 107 / 2.40 x 10* = 1.83 x 107" N kg™

x= 1.l x 10" m

maximum value of g; = 1.83 x 107 N kg!

12
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Describe the variation of g with x shown in Figure 6. box
[2 marks]
g7 is zero at 0 (x = 0), where the pulls of A and B cancel.
As X increases, gt increases in magnitude to a maximum at about x =
1.l x 10" m, and then decreases in magnitude as x increases further.
Figure 7 shows the variation of In g with Inx for larger values of x than those shown
in Figure 6.
Figure 7
In (x/ 102 m)
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N gradient = -2
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N
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The variation of g with x follows an inverse-square law when x is greater than a
minimum value Xmin.
Determine xmin.
Annotate Figure 7 to support your answer.
[3 marks]
inverse square: gt = kix?, so In g7 = =2 In x + In k: a straight line of gradient —2
the curve joins the straight line (gradient —=2) at In(x / 10> m) = 1.6
Xpin = €6 x 102 = .95 x 10"? m
Xmn=  4.95 x 102 m || 12

13
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This question is about a single proton as it moves through a linear accelerator. box

In the linear accelerator, the proton is accelerated by a uniform electric field.
The uniform electric field is created by a potential difference V that acts across a
distance of 2.0 cm.

The electric field strength is 13.3 MN C.

|I| Calculate V.

Give your answer to an appropriate number of significant figures.

[3 marks]
E=V/d so V=Ed
V=133x10°x20x102%=266x10°V
dis given to 2 sf, so V=27 x 105V (2 sf)
V= 2.7 x 10° \%
El Calculate the acceleration of the proton.
mass of proton = 1.67 x 10?7 kg
[3 marks]

force on proton: F = QE = 1.60 x 107" x 13.3 x 10® = 2.3 x 107> N
F=ma so a=F/m

213 x 1072 /1,67 x 107

\

a

a=127x105 m s?

acceleration = 1.27 x 10" ms>

1 4
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E Explain why the acceleration of the proton is zero inside C1 and inside C2.

In the linear accelerator the proton travels through a series of hollow metal cylinders.
Figure 8 shows the first two hollow metal cylinders C1 and C2.
V is applied between C1 and C2 to accelerate the proton as it moves from C1 to C2.
Figure 8
+V -V
2

SSRGS
N

hollow metal cylinders

The surface of C1 is at a potential of%/ and the surface of C2 is at a potential of %/

The linear accelerator is inside a vacuum.

[3 marks]

Inside each hollow metal cylinder the potential is constant (the same

everywhere inside Cl, and the same everywhere inside €2), so AV = 0

and the electric field strength inside is zero.

With no electric field there is no electric force on the proton (F = QE

= 0), so no work is done on it and, from a = F/m, its acceleration is

2€ero.

The accelerator is a vacuum, so there are no collisions with gas particles

to slow the proton down or change its direction.

Question 5 continues on the next page
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El The proton takes the same time to pass through each metal cylinder. box

Explain why the length of C2 is greater than the length of C1.

[2 marks]

The proton is accelerated in the gap between C| and €2, so it travels

faster inside €2 than inside C.

Distance = speed x time (s = vt); with the same time in each cylinder,

the proton travels a greater distance in €2, so C2 must be longer.

11
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Figure 9 shows a capacitor circuit. box

Figure 9

o

o

The battery has an emf of 6.0 V and negligible internal resistance.
Initially, the capacitor is fully discharged.

The switch is moved to position A at time 1 =0

voltmeter reading , )
Iil Calculate after a time equal to one time constant.
emf of the battery

[1 mark]

charging: V = (I — e7*k¢)
after one time constant, t = RC:

V/ie=1-e'=1063

voltmeter reading
emf of the battery 0.63

Question 6 continues on the next page

Turn over »
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The switch is moved to position B at time 1= 7.0 s.
Figure 10 shows the variation of the miliammeter reading with z.

Figure 10

2

milliameter

reading / mA 1

@ Show that the resistance of the resistor is approximately 1000 €.

[2 marks]

at t = 0 the capacitor is uncharged, so all 6.0 V is across the resistor

from Figure 10: 1y = §.5 mh
R=¢€/ly=60/55x1073

R =1090 Q = 1000 Q

18
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@ Determine the time constant and the capacitance of the capacitor in this circuit. box

[3 marks]

I = 1, etRC: the current falls to half of 5.5 mA (2.75 mA) at t, = S.8 s

ty =RCIn2, so RC=858/In2=58/0693=2384s

\

C=RC/R=2384/1090

C=77x103F

\

time constant = %.4 S

capacitance = 7.7 x 1073 F

Question 6 continues on the next page
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El Explain the shape of the graph in Figure 10. box

In your answer you should refer to:

¢ the changes in the voltmeter reading from r=0tor=7.0 s

o the relationship between the voltmeter and milliammeter readings from 1 =0 to
t=7.0s

¢ the changes in the voltmeter and milliammeter readings when ¢ is greater than 7.0 s.

No calculations are required.
[6 marks]

From t = 0 to 7.0 s the capacitor charges: charge flows onto the plates

and the charge stored increases, so the voltmeter reading (the voltage

across the capacitor, V = Q/C) increases from zero towards 6.0 V.

The emf is shared between the capacitor and the resistor: 6.0 V =

voltmeter reading + voltage across resistor. As the voltmeter reading

increases, the voltage across the resistor decreases.

The wmilliammeter reading is the current = voltage across resistor /

resistance, | = (¢ — V)/R, so as the voltmeter reading rises the current

falls. It is largest (5.5 mA = €/R) at t = 0 when the capacitor is

uncharged, then decreases exponentially, as charge already on the

capacitor repels further charge, making it harder to add more.

At t = 7.0 s the switch moves to B: the battery is disconnected and

the capacitor discharges through the resistor.

The current now flows in the opposite direction round the circuit (out of

the capacitor instead of into it), so the milliammeter reading is

negative. Its size jumps to about 3. mA because the whole capacitor

voltage (about 3.4 V) is now across the resistor.

As the capacitor discharges, its charge falls, so the voltmeter reading

falls. The voltage across the resistor equals the capacitor voltage, so it

falls too, and the current decreases exponentially towards zero.

2 0
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Figure 11 shows a simple pendulum used in an experiment to measure the

acceleration g due to gravity.

Figure 11 also shows a card marked with a vertical line.

Figure 11

blocks of wood

J

<
'S
'

m/ card

bench

measurement of the period T of the pendulum.

Draw the card in a suitable position on Figure 11.
Go on to explain why you have chosen this position.

The vertical line on the card is directly behind the string when the

|I| Annotate Figure 11 with a double-headed arrow to show the length L of the
pendulum.

@ The card is to be used as a fiducial marker to reduce the uncertainty in the

[1 mark]

[2 marks]

pendulum hangs at rest (the centre of the oscillation).

The bob moves fastest here, so the moment it passes the line can be

Judged most precisely, reducing the uncertainty in timing.

Question 7 continues on the next page

Turn over »
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i
El Describe two other techniques that can be used to minimise the uncertainty in 7. box

[2 marks]

1 Time at least 10 complete oscillations (nT) and divide the total time

by the number of oscillations n to find T.

2 Repeat the timing several times, remove any anomalous readings and

calculate the mean value of T.

2 2
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E A student varies L and attempts to measure the period T for each value of L. box
Figure 12 shows the student’s graph of their 7% against L.
Figure 12
1.0
0.81
0.6
17/ s?
0.41
0.21
O T T T T 1
0 0.2 0.4 0.6 0.8 1.0
L/m
Due to a mistake in their measurement of 7, the student obtains a value for g
of39.I ms™.
Suggest the mistake made by the student.
Go on to determine the correct value for g for the student’s data.
[2 marks]
T2 = (41°/9) L, so g = 1 / gradient
measured T = Y5 x true T, so measured T?> = Y x true T?
the gradient is 4 times too small, so the value of g is 4 times too large
9g=391/6=978ms?
The student timed half an oscillation instead of one full oscillation (for
example counting each pass through the centre as an oscillation), so
every value of T was half the true period.
g= 9.78 m s 7
END OF SECTION A

Turn over »
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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.

my one answer per question is allowed. \

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

CORRECT METHOD El WRONG METHODS ‘ & H [O) H@ H dﬁ ‘

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. /

An object moves with simple harmonic motion of amplitude 0.80 m and period 9.0 s.

What is the speed of the object when its displacement is 0.60 m?
[1 mark]

A 0.14ms™!
B 020ms’!

C 037ms’!

o] [0 [o] o]

D 042ms’!

IB/G/Jun25/PH03
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A damped oscillator is set into forced vibrations by a periodic driving force of frequency f.
Graphs A, B, C and D are drawn to the same scale.

Which graph shows the heaviest damping?

»

amplitude 1
of vibration

N

amplitude 4
of vibration

\‘\V

»

amplitude 4
of vibration

~v

amplitude 4
of vibration

0

0

ST
7
7

[1 mark]

2 5

stemup.co.uk

Turn over »

1B/G/Jun25/PH03

Do not write
outside the
box


https://stemup.co.uk

26

outside the
A satellite orbits the Earth at a constant orbital speed of v. box
The radius of the orbit is R.
The satellite is moved to a new orbit of the Earth where it has a constant orbital speed
of 2v.
What is the radius of the new orbit?
[1 mark]
R
A [=]
4
R
B > (=]
2
C 2R (=]
D 4R (=]
|I|I| Four point charges are placed at the corners of a square as shown.
3.0nC —6.0nC
R A
| \\ // |
| AN / |
| N\ s
| N // :
| AN 7/
| N Py :
| AN 7/ I
| AN /
| NS :
! N |
| AN |
| / AN I
| // \\ |
| s/ \ |
| 4 AN
| /7 N :
| ’ N |
| // \\ |
| /s AN |
I // \\ |
S — o
—6.0 nC Q
The electric potential is zero at the centre of the square.
What is the charge of Q?
[1 mark]
A 90nC [=]
B 3.0nC [=]
c30nC |[=]
D9.0nC |=]

2 6
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Elzl Which is equivalent to the farad?

A AsV!
B As!V!
ccJ!

DvcC!

o] [o] [o] o]

[1 mark]

E@ A student wants to construct a capacitor using two sheets of copper and a sheet of

dielectric material. All of the sheets have the same area.

thicknessI

copper

— copper

— dielectric material

A sheet of dielectric material is inserted into the space between the sheets of copper so

that the sheets of copper are in contact with the material.

The student has four sheets of dielectric material A, B, C and D, each with a different
thickness and relative permittivity.

Which sheet produces a capacitor with the largest capacitance?

Thickness / mm Relative permittivity
A 0.04 1.5
B 0.06 24
C 0.08 3.6
D 0.16 6.2

o] [o) L] [o

[1 mark]

2 7
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A sample of radioactive radium-222 contains 1.00 x 10?° atoms.
Radium-222 has a half-life of 3.82 days.

How many radium-222 atoms decay in 10 days?

A 342 x 10"
B 1.76 x 10"
C 1.63 x 10"

D 8.37x 10"

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

IIE Which graph is not a straight line for a radioactive nuclide?

A number of nuclei that decay every second against number of undecayed nuclei

B In(number of decayed nuclei) against In(time)

C activity against number of nuclei that decay every second

D In(activity) against In(number of undecayed nuclei)

[1 mark]

[1 mark]

o] [o] [o] o]

A particle with charge Q is travelling with speed v as it enters a uniform magnetic field.
The field has a magnetic flux density B.
The particle experiences a magnetic force that is vertically upwards as it enters the field.

Which statement must always be correct?

A The force on the particle is BQOv.

B The kinetic energy of the particle is constant.

C The magnetic force on the particle remains vertically upwards.

D The particle follows a circular path.

[1 mark]

o] [o] [o] o]

2 8
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A coil with 100 turns has a length of 35 mm and a width of 20 mm. The coil is placed in a

uniform magnetic field of magnetic flux density 0.40 T.

front view

A
N/

|
|

The flux linkage in the coil is 1.0 x 1072 Wb when the angle is 6.
6 is shown in the diagram.

What is 07?

A 1.2°

B 21°

C 69°

D 89°

A single-turn rectangular coil of area A4 rotates at frequency fin a uniform magnetic field.

o] [0 [o] o]

The peak value of the induced emfis «.

A second single-turn rectangular coil rotates in the same magnetic field and has the same

peak induced emf ¢.

Which row shows the area and frequency of rotation of the second coil?

Area of coil Frequency of rotation
A 44 0.51
B 24 2f
Cc 24 0.5
D 0.254 2f

[1 mark]

[1 mark]

o] [ o] [of

2 9
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The diagram shows three identical magnets P, Q and R.

S

N

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

S

The magnets are released from the same height, at the same time, and fall to the ground.

P falls directly to the ground.
Q falls through the centre of a thick conducting ring.
R falls through an identical ring that has a gap cut in it.

Which gives the order that the magnets reach the ground?

A P and R arrive at the same time, followed by Q.

B P and Q arrive at the same time, followed by R.

C P arrives first, followed by Q and then R.

D P, QandR arrive at the same time.

o] [o] [o] o]

[1 mark]

An ac supply transfers energy to a resistor. An rms current of 8 A and a direct current /
transfer energy at the same rate in the resistor.

Whatis [?

A2\V2A
B 4A
C 4\2A

D 8A

o] [o] [o] o]

[1 mark]
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Do not write
outside the
Elil A transformer has 2000 turns on the primary coil and 900 turns on the secondary coil. box
A 230 V ac supply produces a current of 0.10 A in the primary coil. The current in the
secondary coil is 0.21 A.
All of the flux produced by the primary coil links the secondary coil.
What is the efficiency of the transformer?
[1 mark]
A 45% [=]
B 48% [=]
C 95% [ =]
D 100% (=]
E@ A sinusoidal signal with an rms voltage of 80 V is connected across the inputs of an
oscilloscope.
The y-gain of the oscilloscope is 40 V cm™'.
What is the amplitude of the sinusoidal waveform displayed on the screen?
[1 mark]
A 1.4cm El
B 2.0 cm El
C 2.8 cm (=]
D 5.6 cm E 15
END OF QUESTIONS
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There are no questions printed on this page

DO NOT WRITE/ON THIS PAGE
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number Write the question numbers in the left-hand margin.
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There are no questions printed on this page
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