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Do not write
Section A outside the
box

Answer all questions in this section.

Figure 1 shows a perfectly insulated cylinder containing 0.050 kg of liquid nitrogen at

a temperature of 70 K.
A heater transfers energy at a constant rate of 12 W to the nitrogen.

A piston maintains the pressure at 1.0 x 10° Pa during the heating process.

Figure 1

not to scale

nitrogen cylinder

piston

heater
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|I| The nitrogen is heated from 70 K and is completely turned into a gas after 890 s. box

Calculate the specific heat capacity of liquid nitrogen.
Give an appropriate unit for your answer.

specific latent heat of vaporisation of nitrogen = 2.0 x 10°J kg_1

boiling point of nitrogen =77 K
[5 marks]

Total energy supplied: E = Pt = 12 x 890 = 10 680 J
Energy to vaporise the nitrogen at its boiling point:
® = ml = 0.050 x 2.0 x 10° = 10 000 J
Energy used to heat the liguid from 70 K to 77 K:
10 680 — 10 000 = 680 J
® = mehA® so ¢ = Q / (mhB)
¢ = (10 630 - 10 000) / (0.050 x (77 - 70))
¢ =630/03S=1990 J kg k'

¢ % 1.9 x10°7 kg K

specific heat capacity = 1.9 x 10° unit= 7 kg K

Question 1 continues on the next page

Turn over »
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@ The work done by the nitrogen in the cylinder when expanding due to a change of

state is X.
The energy required to change the state of the nitrogen from a liquid to a gas is Y.

Deduce which is greater, X or Y.

density of liquid nitrogen at its boiling temperature = 810 kg m”

density of nitrogen gas at its boiling temperature = 3.8 kg m>
[4 marks]

Volume = m [/ p

Volume of nitrogen gas = 0.050 / 3.8 = 0.013 m?

Volume of liguid nitrogen = 0.050 / 810 = 6.2 x 107 m?

(the volume of the liguid is negligible compared with the gas)
AV = 0.013 - 0.000062 % 0.013 m?

Work done in expanding, X = pAV

X =10x10°x003=13x10°7

Energy to change state, ¥ = ml = 0.050 x 2.0 x 10°

Y =10 x10°7

X =13 x10®7 is less than Y = 1.0 x 10° 7, so X < Y: Y is greater.

Do not write
outside the
box
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II| State what is meant by the internal energy of a gas. box
[2 marks]

It is the sum (total) of the randomly distributed kinetic and potential

energies of all the particles (molecules) in the gas.

@ Absolute zero of temperature can be interpreted in terms of the ideal gas laws or the
kinetic energy of particles in an ideal gas.

Describe these two interpretations of absolute zero of temperature.
[2 marks]

Gas laws: absolute zero is the temperature at which the pressure (or

volume) of a gas extrapolates to zero, i.e. when pV = nRT is zero.

Kinetic energy: absolute zero is the temperature at which the random

motion of the particles stops, so the kinetic energy of the particles is

2€ero.

Question 2 continues on the next page

Turn over »
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- A mixture of argon atoms and helium atoms is in a cylinder enclosed with a piston.
The mixture is at a temperature of 310 K.

Calculate the root mean square speed (cpys) of the argon atoms in the mixture.

molar mass of argon = 4.0 x 10> kg mol ™

[3 marks]
Mass of argon atom m = molar mass [/ Ny
m = 6.0 x 102/ 6.02 x 10 = 6.64 x 107%° kg
Yo m(ems)? = 3kT/2 so ¢y = (3KT | m)
Come = (3 % 138 x 10723 x 310 / 6.64 x 10°%5)
Cms = (.93 x 10°) = 440 m s”!
Crms = 4940 ms !

IZl Compare the mean kinetic energy of the argon atoms and the helium atoms in the
mixture.

[1 mark]

They are the same: at the same temperature both gases have the same

mean (average) kinetic energy per atom (3kT/2).

E Explain, in terms of the kinetic theory model, why a pressure is exerted by the gas on
the piston.

[3 marks]

The atoms move randomly and collide with the piston (walls) and

rebound, so their momentum changes at each collision.

By Newton's second law the piston exerts a force on each atom equal

to the rate of change of momentum, so the atoms exert an equal and

opposite force on the piston (Newton's third law).

06
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@ The mixture of gases in the cylinder stays the same.

Many atoms collide per second, giving a steady total force on the piston,

and pressure = force [ area (p = F/A) of the piston.

Explain, using the kinetic theory model, two changes that can be made independently
to reduce the pressure exerted by the gas.

[3 marks]

Change I: increase the volume (move the piston out). The atoms travel

further between collisions, so there is more time between collisions with

the piston/walls (less frequent collisions), so the rate of change of

momentum, the force, and so the pressure fall.

Change 2: reduce the temperature. The atoms move more slowly, so

each collision causes a smaller change in momentum at the wall, and

there are also fewer collisions per second, so the rate of change of

momentum and the pressure fall.

Do not write
outside the
box
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|I| Define gravitational potential at a point. box
[1 mark]
The work done (energy required) per unit mass in bringing a small mass
from infinity to that point.
@ Figure 2 shows the positions of equipotential surfaces at different distances from the
centre of the Moon.
Figure 2
distance from
centreof e gravitational
Moon/106m .- e . potential/106 J kg1
3060 T .. -1.60
258" T T —1.90
not to 223 m 2220
scale
Explain how the equipotential surfaces in Figure 2 show that the gravitational field is
not uniform.
[1 mark]
The potential difference between neighbouring surfaces is constant (0.30
x 106 7 kg™') but the distances between them are not equal (0.3S and
0.8 x 10° m), so AV/Ar (the field strength) is changing. The surfaces
are also curved, not straight and parallel.

0 8 IB/M/Jun19/7408/2
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E Calculate, using Figure 2, the escape velocity at the surface of the Moon.

radius of Moon = 1.74 x 10° m

V=-G6M/r so M=-Vr/¢g

M = —(=1.60 x 10°) x 3.06 x 10° / 6.67 x 107"

M =73 x10% kg

For escape: GMm [ r = Vo mv? so v = J(26M /1)
v= 2 x 667 x 107" x 736 x 1022 / .74 x 10°)

v = 0563x10%) =2370 m s~

escape velocity = 2.4 x 10> m s

escape velocity = 2.9 x 10°

[4 marks]

Turn over for the next question

Do not write
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box
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10

Figure 3 shows an arrangement used to investigate the repulsive forces between two
identical charged conducting spheres.
The spheres are suspended by non-conducting thread.
Figure 3

support

non-conducting thread not to scale

conducting sphere

tension T

electrostatic

weight W = mg

Each sphere has a mass of 3.2 x 10 kg and a radius of 20 mm.
The distance d is 40 mm.

The capacitance of a sphere of radius r is 4neyr.
Each sphere is charged by connecting it briefly to the positive terminal of a

high-voltage supply, the other terminal of which is at 0 V.
After this has been done the charge on each sphere is 52 nC.

10
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II| Calculate the potential of one of the spheres. box
[3 marks]
C = 4megr = T x 8.85 x 107? x 0.020
C=222x10"7F
V=Q/C=52x107/222 x 107"
V=23600V=23x]0%V
potential = 2.3 x 10° A%
IZ| The charged spheres in Figure 3 are at equilibrium.
Draw labelled arrows on Figure 3 to show the forces on sphere B.
[2 marks]

- Suggest a solution to one problem involved in the measurement of d in Figure 3.
[2 marks]

Problem: a metal ruler held between the spheres would conduct and

disturb the charges/field, and touching the spheres would change their

separation.

Solution: measure d from a distance with a travelling microscope

(telescope) on a vernier scale, or use non-conducting (plastic) callipers

with a ruler, aligned with the line joining the centres.

Question 4 continues on the next page

Turn over »
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E Show that the magnitude of the electrostatic force on each sphere is about 4 x 107 N. box
[3 marks]

The charge acts as if at the centre of each sphere, so the
separation of the charges r = 40 + 20 + 20 = 80 mm = 0.080 m
F=QQ:/ 4meyr’

F=(52x10")°/ (47 x 8.85 x 107% x 0.080°)

F=38x102N ~¢gx|03N

E A student measures the angle 8 when the apparatus in Figure 3 is at equilibrium.
The student records 0 as 7°.

Discuss whether this measurement is consistent with the other data in this
investigation.

[2 marks]

In eguilibrium: tan © = F [ mg

8 =tan(3.3 x 102 / (3.2 x 103 x 9.8])) = 6.9°

The calculated angle is 6.9°, which is very close to 7°, so the

measurement is consistent with the other data.

1 2

stemup.co.uk IB/M/Jun19/7408/2


https://stemup.co.uk

13

@ The student says that the gravitational force between the two spheres has no

significant effect on the angle at which the spheres are in equilibrium.

Deduce with a calculation whether this statement is valid.

Foraw = GMm /[ 1

Forav = 6.67 x 107 x (3.2 x 103)? / 0.080°
Foraw = 1.1 X 102 N

Felee ® G x 1073 N

Felec / Fgmv & 3.6 x 10"

[2 marks]

Foraw = 11 X 1073 N is negligible compared with F.., so the statement

is valid.

Do not write
outside the
box
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A square coil of wire is rotating at a constant angular speed about a horizontal axis. box
Figure 4 shows the coil at one instant when the normal to the plane of the coil is at
30° to a magnetic field.

Figure 4

v

rotation

/ uniform magnetic field
T »
/300
horizontal axis of rotation

square coil — side view

v

v

The area of the coil is 5.0 x 10~ m? and the flux density of the uniform magnetic field
is 2.5 x 10 T.

IB/M/Jun19/7408/2
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|I| The maximum flux linkage of the coil during its rotation is 1.5 x 10~ Wb turns.

Calculate the number of turns in the coil.
[2 marks]

Maximum flux linkage N® = BAN  (coil normal parallel to B)
N = No / BA

1.5 x 103/ (2.5 x 102 x 5.0 x 10°%)

=
\

<
\\

120 turns

number of turns = 120

@ Calculate the flux linkage of the coil at the instant shown in Figure 4.
[1 mark]

N® = BAN cos 6 = 1.5 x 103 x cos 30°

Nd = 1.3 x 103 Wb turns

flux linkage= /.3 X 107 Wb turns

Question 5 continues on the next page

Turn over »
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E The coil forms part of an electrical generator. Figure 5 shows the emf generated by
the coil.

Figure 5

emf 0

time/s

Calculate the peak value of the emf generated.
[2 marks]

T=025s so w=2nw/T=2mw/025=2S)rads' (f=9.0 H2)

Peak emf = BANw = 1.S x 102 x 21t / 0.25 = 0.0377 V

emf = 0.03% \Y%

E Sketch on Figure 6 the variation with time of flux linkage for the same time interval as

Do not write
outside the
box

Figure 5.
[1 mark]
Figure 6
flux linkage 0 . ' !
0 \ | / 0.25
time/s
M
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[o]6]2]

A thermal nuclear reactor uses a moderator to lower the kinetic energy of fast-moving
neutrons.

Explain why the kinetic energy of neutrons must be reduced in a thermal nuclear
reactor.

[1 mark]
Slow (thermal) neutrons are much more likely to be absorbed by U-23S

nuclei in the fuel, so slowing them increases the probability (chance) of

fission.

As a result of a collision with an atom of a particular moderator, a neutron loses 63%
of its kinetic energy.

A neutron has an initial kinetic energy of 2.0 MeV.

Calculate the kinetic energy of the neutron after five collisions.

[2 marks]
After each collision € = (I = 0.63)Epetore = 0.37 Epefore
After five collisions Es = (0.37)° x E,
Es = 0.37° x 2.0 x 10° eV
Es =139 x 109 eV ~ 1.4 x 109 eV
kinetic energy = 1.9 x 10° eV

Question 6 continues on the next page

17
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E The kinetic energy of a neutron in a thermal nuclear reactor is reduced from about box
2 MeV to about 1 eV.

Explain why the number of collisions needed to do this depends on the nucleon
number of the moderator atoms.
[2 marks]

In a collision, the fraction of kinetic energy (momentum) the neutron

loses depends on the masses of the two particles: the neutron loses

most energy when the moderator nucleus has a mass close to the

neutron's mass.

As the nucleon number of the moderator atoms increases, less energy is

lost per collision, so more collisions are required.

IB/M/Jun19/7408/2
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E One fission process which can occur in a thermal nuclear reactor is represented by
the equation

233U + gn = '3 Xe + 35Sr+ 4¢n
Calculate in MeV the energy released in this fission process.

mass of ;U =235.044u
mass of ', Xe =141.930u

mass of 3,5t = 89.908 u

mass of ;n  =1.0087 u
[3 marks]
Mass difference = (my + m,) — (my. + ms, + 4m,)
= (235.049 + 1.0087) — (141.930 + 89.908 + 4 x 1.0087)
= 236.0527 — 235.8728
= 0080 u
Energy released = 0.130 x 931.5
= 168 MeV
energy released = 168 MeV

Question 6 continues on the next page

Turn over »
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E Many magazine and newspaper articles focus on the risks of using nuclear power. box
State three benefits of using nuclear power.
[3 marks]
1 Very little greenhouse gas (CO,) is emitted, so it contributes less to
global warming / climate change.
2 A small mass of fuel produces a very large amount of energy, so little
fuel is used and the air is cleaner.
3 Power is produced continuously (reliably), unlike renewables that
depend on sunlight or wind.
11

END OF SECTION A
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Section B
Each of Questions 07 to 31 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 =5 H (% ‘

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.

@ot use additional sheets for this working. /

Brownian motion

[1 mark]

A makes it possible to see the motion of air molecules.
B is caused by the collisions of smoke particles.

C is caused by collisions between air molecules and smoke particles.

o] 1] [o] [o]

D occurs because air is a mixture of gases and the molecules have
different masses.

Turn over for the next question

Turn over »
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Which row shows two scalar quantities?

A gravitational potential gravitational field strength

B mass gravitational potential

C | gravitational field strength weight

D weight gravitational potential

o] 1o [o

]

[1 mark]

What is the angular speed of a satellite in a geostationary orbit around the Earth?

A 12x10°rads™!

[=]
(=]
[=]
[=]

B 7.3 x 107 rad s
C 42x107rads™

D 26x10" rads”

remains on its surface.

What is the period of rotation of the planet?

R
A =
2% Y El
B 2n GTM El
R3
C
2 G E|
JRENSE (=]

2 2

stemup.co.uk

[1 mark]

A planet of mass M and radius R rotates so quickly that material at its equator only just

[1 mark]
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|I|I| Satellites N and F have the same mass and are in circular orbits about the same planet. box
The orbital radius of F is greater than that of N.

Which is greater for F than for N?
[1 mark]

A gravitational force on the satellite
B angular speed

C kinetic energy

o] o] Lo] [o]

D orbital period

E@ An object moves freely at 90° to the direction of a gravitational field.

The acceleration of the object is
[1 mark]

A zero.
B opposite to the direction of the gravitational field.

C in the direction of the gravitational field.

o] [0 Lof [o]

D at 90° to the direction of the gravitational field.

Turn over for the next question

Turn over »
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IIE When an electron is moving at a speed v perpendicular to a uniform magnetic field of flux box
density B, it follows a path of radius R.

A second electron moves at a speed % perpendicular to a uniform magnetic field of flux

density 4B.

What is the radius of the path of the second electron?
[1 mark]

A =

B & =]
4

C 2R (=]

D 8R (=]

A small object of mass m has a charge Q. The object remains stationary in an evacuated
space between two horizontal plates. The plates are separated by a distance d and the
potential difference between the plates is V.

IV

What is V?
[1 mark]

mQg
d

o] o] o] o

2 4
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IIEl 1.5 mJ of work is done when a charge of 30 uC is moved between two points, M and N, in box
an electric field.

What is the potential difference between M and N?
[1 mark]

A 20 mV (=]
B 20V [=]
C 45V (=]
D 50V (@]

An electric field acts into the plane of the paper. An electron enters the field at 90° to the
field lines.

The force on the electron is
[1 mark]

A zero.
B along the direction of the field.

C at 90° to the field.

o] [o] [o] [of

D opposite to the direction of the field.

n The ionisation potential for the atoms of a gas is V. Electrons of mass m and charge e
travelling at a speed v can just cause ionisation of atoms in the gas.

What is v?
[1 mark]

o D] [ [

Turn over »
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When a small radioactive source is placed in a cloud chamber, straight tracks about 4 cm box
long are observed. The same source is placed 10 cm from a Geiger tube and a count rate
is detected. When a sheet of aluminium 5 mm thick is placed between the source and the
Geiger tube the count rate falls to the background count rate.

Which types of radiation are emitted by the source?
[1 mark]

A o,fandy
B Bandy

C aandy

o] [o] [o] [o]

D aandf

A parallel-plate capacitor is made by inserting a sheet of dielectric material between two
plates. Both plates are in contact with the sheet.

Which relative permittivity and sheet thickness give the greatest capacitance?

[1 mark]
Relative permittivity Thickness / mm
A 2 0.40 (@]
B 3 0.90 [=]
Cc 4 1.0 [=]
D 6 1.6 (=]

2 6
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A 1.0 uF capacitor is charged for 20 s using a constant current of 10 pA. box

What is the energy transferred to the capacitor?
[1 mark]

A 50x1077 (=]
B 1.0x 1077 (=]
C 2.0x 1077 (& ]
D 4.0x 1077 (=]

Elil A 1.0 uF capacitor initially stores 15 pC of charge. It then discharges through a 25 Q
resistor.

What is the maximum current during the discharge of the capacitor?
[1 mark]

A 0.60 mA (=]
B 1.2mA [=]
C 0.60 A (@]
D12A [=]

Izlzl The initial potential difference across a capacitor is V. The capacitor discharges through
a circuit of time constant 7. The base of natural logarithms is e.

What is the potential difference across the capacitor after time 7?
[1 mark]

>
YA

[=]

o |

o] Dl [o

D /;In2

Turn over »
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outsiie e
E@ The plane of coil PQRS is parallel to a uniform magnetic field. box
axle

P | Q
i
!

A | .
! | uniform

: » magnetic
| field
| &
i
I
|

S : R

When a current [ is in the coil
[1 mark]

A there are no magnetic forces acting on SP and QR.
B there are no magnetic forces acting on PQ and RS.

C an attractive magnetic force acts between SP and QR.

o] [o] [o] [of

D an attractive magnetic force acts between PQ and RS.

A horizontal wire of length 0.50 m and weight 1.0 N is placed in a uniform horizontal
magnetic field of flux density 1.5 T directed at 90° to the wire.

What is the current that just supports the wire?
[1 mark]

A 033 A
B 0.75A
CI3A

D30A

o] [o] Lo [¢]

2 8
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EEI Which is not an assumption about gas particles in the kinetic theory model for a gas? box
[1 mark]
A They collide elastically with the container walls. E
B They have negligible size compared to the distance between the El
container walls.
C They travel between the container walls in negligibly short times. E
D They collide with the container walls in negligibly short times. E
A coil P is connected to a cell and a switch.
A second closed coil Q is parallel to P and is arranged on the same axis.
When the switch is closed, coil Q experiences a force.
Which row describes the force on Q?
[1 mark]
Force Direction of force
A increases to constant value to left El
B increases to constant value to right E
C increases then decreases to left E
D increases then decreases to right El

Turn over »

2 9

stemup.co.uk IB/M/Jun19/7408/2


https://stemup.co.uk

30

Do not write
outside the

E Three identical magnets P, Q and R are released simultaneously from rest and fall to the box
ground from the same height.

P falls directly to the ground.
Q falls through the centre of a thick horizontal conducting ring.
R falls through a similar ring that has a gap cut into it.

S S S
P Q R
N N N

In which order do the magnets reach the ground?
[1 mark]

A P and R arrive together, followed by Q.
B P and Q arrive together, followed by R.

C P arrives first, followed by Q which is followed by R.

o] [o] [o] o]

D All three magnets arrive simultaneously.

30
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A steady current / dissipates power P in a resistor of resistance R.

An alternating current through a resistor of resistance 2R has a peak value of /.

What is the power dissipated in the second resistor?
P

A —_—
75 [=]

B P

C 2P

D 2P

o] D] o]

The figure shows an oscilloscope trace of a sinusoidal ac voltage.

] cm

l cm

The time base setting is 5 ms cm™' and the Y-voltage gain is 10 V cm™.

Which row describes the ac voltage?

rms voltage / V Frequency / Hz
A 14 50
B 14 100
C 7 50
D 7 100

[1 mark]

[1 mark]

o o] [of [

31
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A deuterium nucleus and a tritium nucleus fuse together to form a helium nucleus and a box
particle X. The equation for this process is:
2 3 4
H+ H —> He+X
1 1 2
What is X?
[1 mark]
A electron El
B neutron El
C positron E
D proton E
Elil What effect are the control rods intended to have on the average kinetic energy and
number of fission neutrons in a thermal nuclear reactor?
[1 mark]
Avera_ge_klnetlc energy of Number of fission neutrons
fission neutrons
A unchanged unchanged E
B reduced unchanged E
C unchanged reduced E|
D increased reduced El
25

END OF QUESTIONS

32

stemup.co.uk IB/M/Jun19/7408/2


https://stemup.co.uk

33

There are no questions printed on this page
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