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1 (a) Define velocity.

(b) A rock of mass 7.5kg is projected vertically upwards from the surface of a planet. The rock
leaves the surface of the planet with a speed of 4.0ms™" at time t = 0. The variation with
time t of the velocity v of the rock is shown in Fig. 1.1.

/’

I,

//

Fig. 1.1

Assume that the planet does not have an atmosphere and that the viscous force acting on the
rock is always zero.

(i) Determine the height of the rock above the surface of the planet at time t = 4.0s.
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(ii) Determine the change in the momentum of the rock from time t = 0 to time t = 4.0s.

change in momentum = ..., Ns [2]

(iii) Determine the weight W of the rock on this planet.

(c) In practice, the planet in (b) does have an atmosphere that causes a viscous force to act on
the moving rock.

State and explain the variation, if any, in the resultant force acting on the rock as it moves
vertically upwards.

[Total: 10]
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2 (a) State whatis meant by the centre of gravity of an object.

(b) A non-uniform rod XY is pivoted at point P, as shown in Fig. 2.1.

| 4.00m .
I 1.70m : 5
' 1.10m , i i
X : Y
- /\ - - wire
P —
Y Y QO—
F 44.0N sphere
\/
3.0N

Fig. 2.1 (not to scale)

The rod has length 4.00m and weight 44.0N. The centre of gravity of the rod is 1.70m from
end X of the rod. Point P is 1.10m from end X.

A sphere hangs by a wire from end Y of the rod. The weight of the sphere is 3.0N. The weight
of the wire is negligible.

A force F is applied vertically downwards at end X so that the horizontal rod is in equilibrium.

(i) By taking moments about P, calculate F.

(ii) Calculate the force exerted on the rod by the pivot.
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(c) The sphere in (b) is now immersed in a liquid in a container, as shown in Fig. 2.2.

| A | L]

P liquid,
density 1100 kgm=3
' ' O 1009
F 440N .
container
Fig. 2.2

The density of the liquid is 1100 kgm=3. The upthrust acting on the sphere due to the liquid is
2.5N. The magnitude of F is unchanged so that the horizontal rod is not in equilibrium.

(i) Use Archimedes’ principle to determine the radius r of the sphere.

(ii) Calculate the magnitude and direction of the resultant moment of the forces on the rod
about P.

magnitude of resultant moment = ..o Nm

direction of resultant MOMENt ...,

[Total: 10]
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3 (a) (i) Define power.

(ii) A force F takes time t to move an object through a displacement x at constant velocity v
in the direction of the force. The work done by the force is W.

Use the definition of power to show that the power P transferred by the force is given by

P = Fv.

[2]

(b) Ablock is pulled up a slope by a wire attached to a motor, as shown in Fig. 3.1.

motor

slope

------- 1-1-----------------------------horizontal

Fig. 3.1 (not to scale)

The useful power output of the motor is 56 W. The block has a weight of 430N and travels
with constant velocity along the slope at an angle of 11° to the horizontal.

Assume that there are no resistive forces opposing the motion of the block.

(i) Calculate the tension T in the wire.

© UCLES 2022 9702/21/M/J/22



(ii) Calculate the speed of the block.

(iii) The rate of increase of gravitational potential energy of the block is equal to the useful
power output of the motor. One of the reasons for this is that there is no work done
against resistive forces.

By considering the motion of the block, state another reason for this.

..................................................................................................................................... [1]
(iv) The motor has an efficiency of 80%.
Calculate the time taken for an input energy of 1.2kJ to be supplied to the motor.
timetaken = ... s [2]
[Total: 9]
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10

A spring is suspended from a fixed point at one end and a vertical force is applied to the other end,
as shown in Fig. 4.1.

fixed point

spring

Fig. 4.1

The variation of the applied force F with the length L of the spring is shown in Fig. 4.2.

30
FI/N
20
10
0
0 20 40 60
L/cm
Fig. 4.2
(@) Determine the spring constant k of the spring.
K S e Nm= [2]
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(b) Determine the elastic potential energy in the spring when the applied force Fis 15N.

elastic potential energy = ... J [3]

[Total: 5]
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5 Ahorizontal string is stretched between two fixed points A and B. A vibrator is used to oscillate the
string and produce an observable stationary wave.

At one instant, the moving string is straight, as shown in Fig. 5.1.

point P

Fig. 5.1

The dots in the diagram represent the positions of the nodes on the string. Point P on the string is
moving downwards.

The wave on the string has a speed of 35ms~" and a period of 0.040s.

(a) Explain how the stationary wave is formed on the string.

............................................................................................................................................. [2]
(b) On Fig. 5.1, sketch a line to show a possible position of the string a quarter of a cycle later
than the position shown in the diagram. [1]

(c) Determine the horizontal distance from A to B.
distance = ... m [3]

© UCLES 2022 9702/21/M/J/22
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(d) A particle on the string has zero displacement at time ¢ = 0. From time £ = 0 to time t = 0.060 s,
the particle moves through a total distance of 72mm.

Calculate the amplitude of oscillation of the particle.

amplitude = ... mm [2]

[Total: 8]
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6 (a) State Kirchhoff’s first law.

(b) A battery is connected to two resistors X and Y, as shown in Fig. 6.1.

4“:{%

—L

Y

3

Fig. 6.1

The resistance of resistor X is greater than the resistance of resistor Y.

(i) State and explain which resistor dissipates more power.

(ii) The two resistors are made of wires that have the same length. Both wires are made
from metal of the same resistivity.

State and explain which resistor is made of wire with the larger cross-sectional area.
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(c) A battery of electromotive force (e.m.f.) 9.0V and negligible internal resistance is connected
in series with a light-dependent resistor (LDR) and a fixed resistor of resistance 18002, as
shown in Fig. 6.2.

-]
18000 AN
L
N
W)
Fig. 6.2

A voltmeter is connected across the fixed resistor. The reading on the voltmeter is 5.4 V.

(i) Calculate the current in the circuit.

CUITENT = e A [1]

(i) Calculate the resistance R, of the LDR.

(iii) The intensity of the light illuminating the LDR increases.

By reference to the current in the circuit, state and explain the change, if any, to the
voltmeter reading.

[Total: 11]
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7 (a) Anunstable nucleus QX decays by emitting a ~ particle.

(i) Determine quantitatively the changes, if any, in A and Z when X decays.

Change IN A = e
Change in Z = ...
[2]
(ii) In addition to the p~ particle, another lepton is emitted during the decay.
State the name of the other lepton that is emitted.
..................................................................................................................................... [1]
(b) A particle P is composed of an up quark (u) and a down antiquark (d).
(i) Calculate the charge q of particle P in terms of e, where e is the elementary charge.
Show your working.
0= o e [2]
(ii) Particle P belongs to two classes (groups) of particles.
State the names of these two classes.
L PRSPPI
2 ettt et e e oAt e e ea et e e Rt e e e enEeeeeRbe e e Rt e e e eRbeeeeReeeenteeeaneeeaaneeeaneeas
[2]
[Total: 7]
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1 (a) Inthe following list, underline all units that are SI base units.
ampere degree Celsius kilogram newton [1]
(b) Fig. 1.1 shows a horizontal beam clamped at one end with a block attached to the other end.

block

direction
of oscillations

Al

clamp beam

Fig. 1.1

The block is made to oscillate vertically.

The Young modulus E of the material of the beam is given by

kM
E= ﬁ
where M is the mass of the block,
T is the period of the oscillations

and ks a constant.

A student determines the values and percentage uncertainties of k, M and T.
Table 1.1 lists the percentage uncertainties.

Table 1.1
. percentage
quantity uncertainty
Kk +2.1%
M +0.6%
T +1.5%

The student uses the values of k, M and T to calculate the value of E as 8.245 x 10°Pa.

(i) Calculate the percentage uncertainty in the value of E.

percentage uncertainty =

© UCLES 2022 9702/22/M/J/22
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(ii) Use your answer in (b)(i) to determine the value of E, with its absolute uncertainty, to an
appropriate number of significant figures.

[N O B e, ) x 10°Pa [2]

[Total: 5]
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2 Asphere is attached by a metal wire to the horizontal surface at the bottom of a river, as shown in
Fig. 2.1.

direction of sphere

flow of water

/ water
wire

. horizontal
68 surface

Fig. 2.1 (not to scale)
The sphere is fully submerged and in equilibrium, with the wire at an angle of 68° to the horizontal
surface. The weight of the sphere is 32N. The upthrust acting on the sphere is 280N. The density
of the water is 1.0 x 103kgm™3.

Assume that the force on the sphere due to the water flow is in a horizontal direction.

(a) By considering the components of force in the vertical direction, determine the tension in the
wire.

tension = ..o N [2]
(b) For the sphere, calculate:
(i) the volume
VOIUME = oo, m3 [1]
(ii) the density.
deNSIty = ..o kgm=3 [2]

© UCLES 2022 9702/22/M/J/22
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(c) The centre of the sphere is initially at a height of 6.2m above the horizontal surface. The
speed of the water then increases, causing the sphere to move to a different position. This
movement of the sphere causes its gravitational potential energy to decrease by 77 J.

Calculate the final height of the centre of the sphere above the horizontal surface.

(d) The extension of the wire increases when the sphere changes position as described in (c).
The wire obeys Hooke’s law.

(i) State a symbol equation that gives the relationship between the tension T in the wire and
its extension x. ldentify any other symbol that you use.

(ii) Before the sphere changed position, the initial elastic potential energy of the wire was
0.65J. The change in position of the sphere causes the extension of the wire to double.

Calculate the final elastic potential energy of the wire after the sphere has changed
position.

final elastic potential energy = .......cccooooiiiiiiiiiiiiiicc J [2]

[Total: 11]
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3 A man standing on a wall throws a small ball vertically upwards with a velocity of 5.6ms=!. The
ball leaves his hand when it is at a height of 3.1 m above the ground, as shown in Fig. 3.1.

ball

velocity 5.6ms™" T
o man

3.1m

Fig. 3.1 (not to scale)
Assume that air resistance is negligible.

(a) Show that the ball reaches a maximum height above the ground of 4.7 m.

[2]
(b) The man does not catch the ball as it falls.

Calculate the time taken for the ball to fall from its maximum height to the ground.

timetaken = ... s [2]

© UCLES 2022 9702/22/M/J/22
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(c) The ball leaves the man’s hand at time t = 0 and hits the ground attime t=T.
On Fig. 3.2, sketch a graph to show the variation of the velocity v of the ball with time ¢ from

t =0 to t = T. Numerical values of v and t are not required. Assume that v is positive in the
upward direction.

Fig. 3.2
[3]

(d) State what is represented by the gradient of the graph in (c).

(e) The man now throws a second ball with the same velocity and from the same height as the
first ball. The mass of the second ball is greater than that of the first ball. Assume that air
resistance is still negligible.

For the first and second balls, compare:
(i) the magnitudes of their accelerations

(ii) the speeds with which they hit the ground.

[Total: 10]
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10
(a) State the principle of conservation of momentum.

............................................................................................................................................. [2]
(b) Two balls, X and Y, move along a horizontal frictionless surface, as shown from above in
Fig. 4.1.
3.0kg
40ms™’
N
N
N 3.7ms™
el o GO
6 7
7
e
48ms™!
2.5kg
before collision after collision
Fig. 4.1 (not to scale) Fig. 4.2 (not to scale)

Ball X has a mass of 3.0kg and a velocity of 4.0ms~" in a direction at angle 6 to a line AB.
Ball Y has a mass of 2.5kg and a velocity of 4.8ms~ in a direction at angle 8 to the line AB.

The balls collide and stick together. After colliding, the balls have a velocity of 3.7ms~" along
the line AB on the horizontal surface, as shown in Fig. 4.2.

(i) By considering the components of the momenta along the line AB, calculate 6.

© UCLES 2022 9702/22/M/J/22



11

(ii) By calculation of kinetic energies, state and explain whether the collision of the balls is
inelastic or perfectly elastic.

[Total: 7]
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5 Light from a laser is used to produce an interference pattern on a screen, as shown in Fig. 5.1.

1 lo.44 mm O ¢ -~ central bright fringe
n p @ —— dark fringe
Q ¢ -—— bright fringe
light of R @ - dark fringe
wavelength
660nm 1 18m /I
double screen
slit

Fig. 5.1 (not to scale)
The light of wavelength 660 nm is incident normally on two slits that have a separation of 0.44 mm.
The double slit is parallel to the screen. The perpendicular distance between the double slit and
the screen is 1.8 m.
The central bright fringe on the screen is formed at point O. The next dark fringe below point O
is formed at point P. The next bright fringe and the next dark fringe below point P are formed at
points Q and R respectively.
(@) The light waves from the two slits are coherent.

State what is meant by coherent.

............................................................................................................................................. [1]
(b) For the two light waves superposing at R, calculate:
(i) the difference in their path lengths, in nm, from the slits
path difference = ...l nm [1]
(ii) their phase difference.
phase difference = ........ccccevveiviiiiiieiiieeieeeeeeeeeeeeeeeeeeee ° 1]

© UCLES 2022 9702/22/M/J/22
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(c) Calculate the distance OQ.

distance OQ = ... m [3]

(d) The intensity of the light incident on the double slit is increased without changing the
frequency.

Describe how the appearance of the fringes after this change is different from, and similar to,
their appearance before the change.

(e) The light of wavelength 660 nm is now replaced by blue light from a laser.

State and explain the change, if any, that must be made to the separation of the two slits so
that the fringe separation on the screen is the same as it was for light of wavelength 660 nm.

[Total: 11]
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6 (a) Anetwork of three resistors of resistances R,, R, and R; is shown in Fig. 6.1.

R, R, R,
ﬁ—
I
V1 V2 V3
Fig. 6.1

The individual potential differences across the resistors are V1, V2 and V3. The current in the
combination of resistors is I and the total potential difference across the combination is V.

Show that the combined resistance R of the network is given by

R=R,+R,+R,.

[2]

(b) A battery of electromotive force (e.m.f.) 8.0V and negligible internal resistance is connected
to a thermistor, a switch X and two fixed resistors, as shown in Fig. 6.2.

Fig. 6.2

Resistor R1 has resistance 6.0kQ and resistor R2 has resistance 4.0kQ.

© UCLES 2022 9702/22/M/J/22
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(i) Switch X is open.

Calculate the potential difference across R;.

potential difference = ..o, V [2]
(i) Switch X is now closed. The resistance of the thermistor is 12.0kQ.

Calculate the current in the battery.

CUITENT = e A [2]
(c) The switch X in the circuit in (b) remains closed. The temperature of the thermistor decreases.

By reference to the current in the battery, state and explain the effect, if any, of the decrease
in temperature on the power produced by the battery.

[Total: 9]
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(@) Anucleus of caesium-137 (12203) decays by emitting a §~ particle to produce a nucleus of an

element X and an antineutrino. The decay is represented by

Bics > X+ Ep+ v

(i) State the number represented by each of the following letters.

[2]

(ii) State the name of the class (group) of particles that includes the p~ particle and the
antineutrino.

(b) A particle Y has a quark composition of ddd where d represents a down quark.
A particle Z has a quark composition of Ud where U represents an up antiquark.

(i) Show that the charges of particles Y and Z are equal.

[2]

(ii) State and explain which particle is a meson and which particle is a baryon.

[Total: 7]
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1  Asolid metal sphere has a diameter of (3.42 £ 0.02)cm and a mass of (67  2)g.

(a) Calculate the density, in gcm™3, of the metal.

deNSity = ..o gcm=3 [3]

(b) Determine the percentage uncertainty in the density.

percentage uncertainty = ... % [2]

[Total: 5]
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2  Anarcher releases an arrow towards a target at a velocity of 65.0ms~" at an angle of 4.30° above
the horizontal, as shown in Fig. 2.1.

arrow, speed
65.0ms™!

centre of target
target

archer

70.0m

ground

Fig. 2.1 (not to scale)

When released, the tip of the arrow is a horizontal distance of 70.0m from the target and 1.66m
above the horizontal ground.

The arrow hits the centre of the target.
Assume that air resistance is negligible and that all the mass of the arrow is at its tip.

(@) Show that the time taken for the arrow to reach the target is 1.08s.

[2]

(b) Calculate the height of the centre of the target above the ground.

height above ground = ..., m [3]

© UCLES 2022 9702/23/M/J/22
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(c) By considering energy changes, state and explain how the final kinetic energy of the arrow as

it hits the target compares with its initial kinetic energy immediately after release. A numerical
calculation is not required.

[Total: 7]
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3 (a) Define velocity.

(b) A constant driving force of 2400N acts on a car of mass 1200kg. The car accelerates from
rest in a straight line along a horizontal road.

Assume that the resistive forces acting on the car are negligible.

(i) Calculate the acceleration of the car.

acceleration = ........ccccoeeiiiieeeeeeeee e ms=2 [1]

(ii) On Fig. 3.1, sketch a graph showing the variation with time t of the velocity v of the car
for the first 20 seconds of its motion.

Label this line A.

50

40

—1

vims

30

20

10

t/'s

Fig. 3.1
(2]
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(c) In reality, a resistive force due to air resistance acts on the car in (b). This resistive force
increases with speed until it becomes equal in magnitude to the driving force at time ¢t = 12s.

(i) On Fig. 3.1, sketch a second line to show the variation with time ¢ of the velocity v of the
car for the first 20 seconds of its motion. Label this line B. [3]

(ii) At time t = 20s, the driving force is increased to 3000N and remains constant at this
value.

Describe how the velocity of the car changes due to this increase in the driving force.

[Total: 9]
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4 (a) A mass m moves a vertical distance Ah in a uniform gravitational field and gains gravitational
potential energy AE,. The acceleration of free fall is g.

Use the concept of work done to show that

AEp = mgAh.

[2]

(b) A 0.60kg mass is attached to a string which is wrapped around the wheel of a generator, as
shown in Fig. 4.1.

generator
wheel
string
resistor
[———mass, 0.60kg
Fig. 4.1

The mass is held stationary above the floor. When released, the mass initially accelerates
and then falls at a steady speed and spins the wheel. The generator causes a current in a
resistor. Air resistance is negligible.

State the main energy change when the mass is falling at a steady speed.

........................................... energy to ...cccceceeeeiiiiiiiiiiccee e, €NEIQY. [1]
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(c) When falling at a steady speed, the mass in (b) falls through a vertical distance of 1.4m in a
time of 4.0s. This causes a current of 90 mA in the resistor. The resistance of the resistor is
47 Q.

Calculate:

(i) the rate of work done by the falling mass

rate of work done = ... W [2]

(ii) the power dissipated in the resistor

POWET = et eaeeeees W [2]

(iii) the efficiency of the generator.
efficienCy = .. 2]
[Total: 9]
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5 (a) Parallel light rays from the Sun are incident normally on a magnifying glass. The magnifying
glass directs the light to an area A of radius r, as shown in Fig. 5.1.

parallel light rays
from Sun

Y

55cm

magnifying glass

Fig. 5.1 (not to scale)

The magnifying glass is circular in cross-section with a radius of 5.5cm. The intensity of the
light from the Sun incident on the magnifying glass is 1.3kWm2.

Assume that all of the light incident on the magnifying glass is transmitted through it.

(i) Calculate the power of the light from the Sun incident on the magnifying glass.

(ii) The value of ris 1.5mm.

Calculate the intensity of the light on area A.

INENSItY = oo Wm=2 [1]
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(b) A laser emits a beam of electromagnetic waves of frequency 3.7 x 10'9Hz in a vacuum.

(i) Show that the wavelength of the waves is 8.1 x 1078 m.

[2]

(ii) State the region of the electromagnetic spectrum to which these waves belong.

(ili) The beam from the laser now passes through a diffraction grating with 2400 lines per

millimetre. A detector sensitive to the waves emitted by the laser is moved through an
arc of 180° in order to detect the maxima produced by the waves passing through the
grating, as shown in Fig. 5.2.

detector
diffraction grating
laser \I
beam from
laser detector moves
along this line
Fig. 5.2
© UCLES 2022 9702/23/M/J/22
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Calculate the number of maxima detected as the detector moves through 180° along the
line shown in Fig. 5.2. Show your working.

number of maxima detected = ..........ccccciii [4]

(iv) The laser is now replaced with one that emits electromagnetic waves with a wavelength
of 300 nm.

Explain, without calculation, what happens to the number of maxima now detected.
Assume that the detector is also sensitive to this wavelength of electromagnetic waves.

[Total: 12]
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6 (a) (i) On Fig. 6.1, sketch the I-V characteristic of a filament lamp.

I A
0 =
0 4
Fig. 6.1
[2]
(ii) Explain the shape of the line in (a)(i).
..................................................................................................................................... [3]

(b) A conducting wire has length 5.8 m and cross-sectional area 3.4 x 10~8mZ2. The resistivity of
the metal of the wire is 5.6 x 108 Qm.

Calculate the resistance of the wire.

resistance = ... Q [2]
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(c) Arresistor of resistance R is placed in a circuit with a cell of negligible internal resistance, two
switches S1 and Sz, a second resistor of resistance 2R and three ammeters X, Y and Z. The
circuit is shown in Fig. 6.2.

Fig. 6.2

The reading on X is 1.0Awhen S, is open and S, is closed.

Complete Table 6.1.

Table 6.1
position of switches ammeter readings
S, S, reading on X/A | readingon Y/A | reading on Z/A

open open 0 0 0

open closed 1.0

closed open

closed closed

[4]

[Total: 11]
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16

(a) [I;lug;irrt\gl? (18F) is an isotope that decays to an isotope of oxygen (O) by the emission of a

(i) Complete the nuclear equation for the decay, including all the particles involved.

18
8F —
3]

(ii) Aquark in the fluorine-18 nucleus changes flavour during the decay. State this change of
flavour.

......................... quark to ..........cccveeeeeee.... quark. [1]
(b) A hadron has a charge of —2e, where e is the elementary charge.

(i) State and explain whether the hadron is a meson or a baryon.

[Total: 7]
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