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Data

gravitational field strength close to Earth’s surface

elementary charge
speed of light in vacuum
Planck constant
permittivity of free space
gravitational constant
electron mass

proton mass

unified atomic mass constant
molar gas constant
Avogadro constant
Boltzmann constant

Stefan-Boltzmann constant

Formulae

uniformly accelerated s = uz‘+1§at2

motion
v2 = u2+2as
u+v
S = t
heating AE = mcA6
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g=9.81Nkg™
e=1.60x1071°C
¢=3.00 x 108ms™!
h=16.63 x 10734Js
€, =8.85x 107'2Fm™"
G =6.67 x 107""Nm2kg—2
m, =9.11 x 10731kg
m, =1.67 x 1027kg
u=1.66x10"27kg
R =8.31JK"mol~"
N, = 6.02 x 1023mol~"
k=1.38 x 10723 JK!

0=567x 108 Wm—=2K4

change of state AE

refraction n
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diffraction
single slit, minima

grating, maxima

double slit interference

Rayleigh criterion

photon energy

de Broglie wavelength

simple harmonic motion

energy stored in a
capacitor

capacitor discharge

electric force

electrostatic potential
energy

gravitational force

gravitational potential
energy

magnetic force
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4
Section 1
You are advised to spend about 1 hour 30 minutes on this section.

1 Fig. 1.1 shows a firefighter standing on an elevated platform directing water upwards and towards
a burning building.

Fig. 1.1 (not to scale)

Water leaves the nozzle with a velocity of 13.1ms™ at 15.0° to the horizontal.

(a) State how velocity differs from speed.

(b) (i) Calculate the vertical component of the velocity of the water.

vertical component = ........cceeeiiiiiiiiiiiie e ms~! [2]

(i) Calculate the vertical distance travelled by the water from when it leaves the nozzle until
it reaches its maximum height.

vertical distance travelled = .........cccccooiiiiii m [2]

© UCLES 2019 9792/02/M/J/19



5

(c) State, in terms of momentum, Newton’s second law of motion.

(d) The density of water is 1000kgm= and the diameter of the circular hole in the nozzle at the
end of the hose is 4.00cm.

(i) Determine the momentum of the water that emerges from the nozzle in one second.

MOMENTUM = ...ooviiieeeeeeeeee e kgms™ [2]

(ii) Explain why the value calculated in (d)(i) is not numerically equal to the force on the
nozzle due to the momentum change of the water.

[Total: 9]
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2 Auniform, rectangular canopy (the flat roof above the front door of a house) is 1.30m wide. It is
kept horizontal and in equilibrium by two steel cables. Fig. 2.1 shows the canopy fixed to the wall
by a hinge.

canopy

0.600m

- L

1.30m

Fig. 2.1 (not to scale)

One end of each cable is attached to the canopy at a distance of 0.800 m from the wall. The other
ends are attached to the wall at a distance of 0.600m above the canopy.

The tension in each cable is 47.2N.

(@) (i) State the two conditions for an object to be in equilibrium.

© UCLES 2019 9792/02/M/J/19



(ii) Determine the mass of the canopy.

(b) The Young modulus of the steel from which the cables are made is 1.90 x 10" Pa and each
cable has a cross-sectional area of 7.50 x 107°m?2.

Determine the extension of each cable.

eXtenSiON = ... m [3]

[Total: 8]
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3 Astudent wishes to plot the V-I characteristic graph of a 12.0V, 24.0 W tungsten filament lamp. The
circuit used must enable the potential difference (p.d.) across the lamp to be varied continuously
from 0 to 12.0V. The power supply used is a 12.0V battery.

(a) On Fig. 3.1, draw an appropriate circuit that includes the power supply shown.

12.0V

-

[2]
Fig. 3.1
(b) Fig. 3.2 is the V-I characteristic graph obtained.
12
/
VIV
A
/
8 i
pd
//
4 A
0 = T
0 0.40 0.80 1.20 1.60 2.00
I/A
Fig. 3.2
(i) Use Fig. 3.2 to determine the resistance of the lamp when it is operating at 12.0V.
resistance = .......cccce Q [1]

© UCLES 2019 9792/02/M/J/19
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(i) Use Fig. 3.2 to estimate the resistance of the lamp when it is switched off.

resistance = .........cocoeiiiiic, Q[1]

(iii) The lamp is connected in series with the 12.0V battery and a switch. The switch is
closed and the potential difference across the lamp increases from 0 to 12.0V almost
immediately.

On Fig. 3.3, sketch a graph to suggest how the current in the lamp changes from the

moment the lamp is switched on, until the moment the filament reaches its normal
operating temperature.

A

current

0 time
(2]
Fig. 3.3

© UCLES 2019 9792/02/M/J/19 [Turn over
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(c) Fig. 3.4 shows a variable resistor connected in series with a 2.50 Q fixed resistor and a 12.0V
battery.

12.0V

— k- {—

A
7+

2.50Q

Fig. 3.4
The resistance of the variable resistor is adjusted and the current I in the circuit varies.
Show that the potential difference across the variable resistor is given by:

V=12.0-2.501

(d) The variable resistor in the circuit in Fig. 3.4 is replaced with the 12.0V, 24.0W tungsten
filament lamp.

(i) On the V-I characteristic graph in Fig. 3.2, draw the line that represents the expression:
V=12.0-2.501 [2]

(ii) Use Fig. 3.2 to determine the p.d. across the 2.50Q fixed resistor.

[Total: 10]
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4  Fig. 4.1 shows gas trapped by a piston in a cylinder of cross-sectional area 2.00 x 103 m?.

gas ~
\

piston — cylinder

Fig. 4.1

From the position shown in Fig. 4.1, the piston is pushed very quickly into the cylinder. The piston
moves a distance x to the right.

(a) State why work is done on the gas by the piston.

(b) Fig. 4.2 shows how the force of the piston on the gas changes as the distance x changes.

10

force/kN

—— |

T~

~]

x/cm

Fig. 4.2

(i) Determine the pressure exerted by the piston on the gas when x = 0.

PrESSUIE = iiiiiiiiiiiieeeeeeeeeeeiiaa e e e e e e e eeenennan e as Pa [2]
© UCLES 2019 9792/02/M/J/19
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(ii) Estimate the work done on the gas by the piston as it moves through 14.0cm.

(0] Qe (o] 1 1= T J [3]
(iii) As the gas is compressed its temperature increases.

State and explain how pushing the piston into the cylinder affects the kinetic energy of
the gas molecules.

(c) The gas in the cylinder is a mixture of fuel and air. When x = 14.0cm, the gas explodes and
the piston is pushed back to its original position where x = 0.

(i) Explain how the work done on the piston by the expanding gas compares with the
answer to (b)(ii).

(ii) The cylinder is one part of a heat engine.

State what a heat engine does.

[Total: 13]
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5 Adouble slit is placed in front of a light source and the light from the source falls perpendicularly
on the slits. This produces a pattern on a wall some distance from the slits.

Alight sensor that is connected to a datalogging interface is mounted on a trolley. A distance sensor
that determines the distance between the sensor and the near end of the trolley is also connected
to the interface.

Fig. 5.1 shows the arrangement.
wall

light source track

_ light sensor trolley
double slit

interface —__

Fig. 5.1 (not to scale)
The interface is linked to a datalogging program that is being operated by a computer.
The trolley is pulled along a track parallel to the double slit and the light sensor detects the light

intensity. The computer produces a graph of light intensity against the distance of the trolley from
the sensor, as shown in Fig. 5.2.

A

intensity

= ——

il
P NIAVAV: N IR Y AA

0
0.20 0.24 0.28 0.32 0.36 0.40 0.44 0.48 0.52
distance/m

Fig. 5.2

© UCLES 2019 9792/02/M/J/19
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Each of the slits has a width of 5.20 x 10~°m. The light sensor is a perpendicular distance of
5.00 m from the double slit.

List what can be deduced from the graph. Your answer should, where appropriate, include relevant
calculations.

© UCLES 2019 9792/02/M/J/19 [Turn over
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6 The light from a particular laser is plane-polarised with its plane of polarisation vertical. The
intensity of the light produced is I,.

(a) State how plane-polarised light differs from unpolarised light.

(b) The light from the laser is incident normally on an ideal polarising filter that is vertical. The
intensity of the light that emerges from the filter is equal to I,.

(i) State what this shows about the polarising direction of the filter.

(ii) Fig. 6.1 shows the polarising filter rotating slowly about a horizontal axis at right angles

to its surface.
/I/ laser

rotation direction /' /

L~

[————polarising filter

emerging light

Fig. 6.1

As the angle 6 through which the filter rotates increases from 0° to 360°, the intensity of
the emerging light varies.

On Fig. 6.2, sketch a graph to show how the intensity of the emergent light varies with

angle 6.
A
Iy
intensity of
emergent light
0 | | T I
0 90 180 270 360

o/°

(2]
Fig. 6.2

© UCLES 2019 9792/02/M/J/19
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(c) Fig. 6.3 shows light that reflects from a surface and passes through a vertical polarising filter.

i

reflecting
surface

rotation direction /V /

L~

———polarising filter

emergent light

Fig. 6.3

The light that reflects from the surface is an unequal mixture of vertically polarised and
horizontally polarised light.

When the polarising direction of the filter is vertical, the intensity of the emergent light is
0.2621,. When the polarising direction of the filter is horizontal the intensity is 0.8501,.

Determine the intensity of the emergent light when the polarising direction of the filter is 30.0°
from the vertical.

INEENSILY = ..o I, [2]

[Total: 7]
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7 (a) Anuclear particle X is fired at a nucleus of an isotope of lithium, lithium-6 (gu).

(i) Inthe space, draw a labelled diagram that represents the structure and composition of a
neutral atom of lithium-6.

[2]

(ii) The nuclear particle X is absorbed by the nucleus of lithium-6 to produce a highly
unstable beryllium (Be) nucleus. The nucleus of beryllium then splits into two a-particles.

Complete the equation that represents this reaction.

(3]

(b) In the a-particle scattering experiment, a straight beam of a-particles is fired at a very thin
sheet of gold in a vacuum.

State and explain why:

(i) almost all of the a-particles fired at the gold sheet continue in a straight line through the
gold and out the other side

(ii) some a-particles are deflected through angles greater than 90° when they reach the
gold sheet.

© UCLES 2019 9792/02/M/J/19
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(c) A radioactive source that emits only a-particles is a very minor health risk when it is located
outside a human body. If, however, the same source is swallowed the consequences may be

very serious.

Explain, in terms of the properties of a-particles, why this is so.

[Total: 11]
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8 An electron gun is a device that uses a potential difference (p.d.) V to accelerate free electrons in
a vacuum. This produces a beam of electrons. Fig. 8.1 represents an electron gun.

accelerating
source of electrons
electrons
N >"_@D“<_—> -------
beam of
electrons
o e}
0 +V
Fig. 8.1

(@) Ap.d.of 182V is used in an electron gun to accelerate electrons from rest.

Calculate the speed at which the electrons emerge from the electron gun.

(b) Fig. 8.2 shows apparatus that uses an electron gun to produce a beam of electrons in a
vacuum tube.

electron beam fluorescent screen

crystalline sample

vacuum tube
apparatus pattern on screen
Fig. 8.2

The beam of electrons strikes a thin sample of a crystalline material. The pattern produced on
the fluorescent screen at the front of the vacuum tube is also shown in Fig. 8.2.

Explain what the pattern on the screen shows about the electrons.

© UCLES 2019 9792/02/M/J/19
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(c) An electron microscope produces an image using electrons instead of electromagnetic
waves.

The momentum of each of the electrons is 1.95 x 102°kgms~'. The microscope can only
resolve objects that have an angular separation 6 greater than 1.25 x 10~/ radians.

Calculate an approximate value for the diameter of the aperture of the microscope.

diameter = ..., m [3]

[Total: 9]
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Section 2
You are advised to spend about 30 minutes on this section.
The questions in this section refer to the pre-released material provided as an insert to the paper.
Your answers should, where possible, make use of any relevant Physics.

9 (a) (i) Complete the nuclear equation that represents the beta-plus (*) decay of the proton by
the weak force.

[2]
(i) Place ticks in Table 9.1 to show how the n, f* and v are classified.
Table 9.1
classification
particle hadron baryon meson lepton
n
B+
A%
[3]

© UCLES 2019 9792/02/M/J/19



23
(b) The strong force is a short-range force within the nucleus that binds neighbouring nucleons.

The graph in Fig. 9.1 shows how the strong force between two nucleons varies with their
separation.

strong force A

repulsion X
0
0 0.5 0 25
nucleon-nucleon
. separation/107'5m
attraction

Fig. 9.1
Forces of repulsion are positive and forces of attraction are negative.

(i) State how the strong force prevents nuclei from collapsing.

(ii) Explain why the separation at X in Fig. 9.1 is not equal to the average separation of
nucleons in the nucleus.

© UCLES 2019 9792/02/M/J/19 [Turn over
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(c) The graph in Fig. 9.2 shows the relationship between the total potential energy of a pair of
nucleons and their separation.

total
potential A
energy

0 2.5
nucleon-nucleon
separation/10~"5m

Fig. 9.2

The equilibrium separation is the average separation of two nucleons in a nucleus.
(i) On Fig. 9.2 mark a point on the x-axis to indicate the equilibrium separation.
Label this point E. [1]

(ii) Explain why the point you have chosen is the equilibrium separation.

(d) A neutral xi-zero particle Z° can decay to a neutral lambda particle A° and a neutral pion, .
The quark contents of the Z° and the = are given.

The quark content of the A% is represented by qqq, where q is the symbol for an unidentified

quark, s is the symbol for the strange quark (Extract 3) and U is the symbol for an anti-up
quark.

20— A% 4+ o0

quark content  uss qaq au

During this decay a strange quark becomes an up quark by emitting a W~ particle which, in
turn, decays to a down quark and an anti-up quark.

s —> u + W~

© UCLES 2019 9792/02/M/J/19
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(i) Fig. 9.3 is a Feynman diagram representing the decay of a xi-zero particle =°.

Complete the diagram by transferring information given in the above equations into the
numbered boxes in the diagram.

EO AO

Fig. 9.3

(2]

(ii) State the type of particles to which the W~ belongs.

(e) An omega-minus particle, Q, can decay to a neutral xi-zero particle, Z°, and a pi-minus
particle, ©t".

Q —— =0 4+ g
quark content sss uss ad

Table 9.2 provides information about the up, down and strange quarks.

Table 9.2
quark charge strangeness
u +§ 0
d 1 0
: 1 By

In Extract 3, there are examples showing how the values of strangeness for particles can be
used to determine the nature of a decay.

© UCLES 2019 9792/02/M/J/19 [Turn over
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Use the information about quarks in Table 9.2 and the decay equation for the Q™ to show:

(i) this decay is permissible

[3]

(ii) this is a weak decay.

[2]

(f) A bubble chamber uses a uniform magnetic field to make a moving charged particle follow a
curved path.

A particle with charge Q and mass mis travelling at speed v, and at right angles to a magnetic
field of constant magnetic flux density B, in a curved path of radius r.

(i) Show that the radius of curvature r of this path is directly proportional to the momentum
of the particle.

[1]

© UCLES 2019 9792/02/M/J/19
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(i) Fig. 9.4 is part of a diagram of the bubble chamber photograph in Extract 5.

path with radius

path with radius of curvature r,

of curvature r.

Fig. 9.4 (not to scale)

The lambda particle A9 in Fig. 9.4 decays into a proton and a pi-minus particle and in this
decay momentum is conserved.

A —— p +
The angle between the tracks at the point of decay is 27°.
The radius of curvature of the path of the proton is ry and that of the pi-minus is r..

r
The fraction r—p is equal to 1.1.
T

© UCLES 2019 9792/02/M/J/19 [Turn over
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Use this information to draw a vector diagram representing conservation of momentum
for this decay.

*  Label your vectors.

*  Mark the angle 27° on your diagram.

«  Determine the angle 6 between the direction of the path of the A° and the
direction of the path of the «™ at the point of decay.

[Total: 25]
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