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Answer all the questions in the spaces provided.

1 (a) Define density.

(b) The mass m of a metal sphere is given by the expression

nd3p
6

where p is the density of the metal and d is the diameter of the sphere.

m =

Data for the density and the mass are given in Fig. 1.1.

quantity value uncertainty
0 8100kgm™3 +5%
m 7.5kg + 4%
Fig. 1.1

(i) Calculate the diameter d.

(ii) Use your answer in (i) and the data in Fig. 1.1 to determine the value of d, with its

absolute uncertainty, to an appropriate number of significant figures.

A= e, T

© UCLES 2016 9702/21/0/N/16

................. m [3]

[Total: 5]
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2 (a) Define electric field strength.

(b) A potential difference of 2.5kV is applied across a pair of horizontal metal plates in a vacuum,
as shown in Fig. 2.1.

metal
plate

[ &

2.0cm yi ——
electron // B

o+
velocity A - o— 25KV
3.7x10"ms™! '
! —
metal : 5.9cm |
plate - .

Fig. 2.1 (not to scale)
Each plate has a length of 5.9cm. The separation of the plates is 4.0cm. The arrangement
produces a uniform electric field between the plates.
Assume the field does not extend beyond the edges of the plates.

An electron enters the field at point A with horizontal velocity 3.7x10”ms™ along a line
mid-way between the plates. The electron leaves the field at point B.

(i) Calculate the time taken for the electron to move from A to B.

timetaken = ... s [1]

(i) Calculate the magnitude of the electric field strength.

field strength = ....coceeeeecece e NC1[2]

(iii) Show that the acceleration of the electron in the field is 1.1 x 10'®ms=2.

(2]

© UCLES 2016 9702/21/0/N/16
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(iv) Use the acceleration given in (iii) and your answer in (i) to determine the vertical distance

)

(vi)

© UCLES 2016

y between point B and the upper plate.

Explain why the calculation in (iv) does not need to include the gravitational effects on
the electron.

The electron enters the field at time t= 0.

On Fig. 2.2, sketch graphs to show the variation with time t of
1. the horizontal component v, of the velocity of the electron,
2. the vertical component v, of the velocity of the electron.

Numerical values are not required.

A A

Fig. 2.2
(2]

[Total: 12]
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3 (a) State Hooke’s law.

(b) The variation with compression x of the force F acting on a spring is shown in Fig. 3.1.

30
F/N
20 -
Il
10 v
el
0
0 10 20 3.0 40 50
x/cm
Fig. 3.1

The spring is fixed to the closed end of a horizontal tube. A block is pushed into the tube so
that the spring is compressed, as shown in Fig. 3.2.

block
spring tube mass 0.025kg
I
-~ o
. 4.0cm !
BEFORE AFTER . !

Fig. 3.2 (not to scale)
The compression of the spring is 4.0cm. The mass of the block is 0.025kg.

(i) Calculate the spring constant of the spring.

spring constant = ........ccccooeeeeeeiee e Nm~[2]

© UCLES 2016 9702/21/0/N/16
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(ii) Show that the work done to compress the spring by 4.0cm is 0.48J.

2]

(iii) The block is now released and accelerates along the tube as the spring returns to its
original length. The block leaves the end of the tube with a speed of 6.0ms™.

1. Calculate the kinetic energy of the block as it leaves the end of the tube.

KINELIC ENEIgY = ..o J[2]
2. Assume that the spring has negligible kinetic energy as the block leaves the tube.

Determine the average resistive force acting against the block as it moves along the
tube.

resistive force = ... N [3]

(iv) Determine the efficiency of the transfer of elastic potential energy from the spring to the
kinetic energy of the block.

effiCienCY = oo, 2]

[Total: 12]
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4 (a) State whatis meant by the frequency of a progressive wave.

(b) A cathode-ray oscilloscope (c.r.0.) is used to determine the frequency of the sound emitted by
a loudspeaker. The trace produced on the screen of the c.r.o. is shown in Fig. 4.1.

V. N N
JARAN /
/ /
/
/ \
7 \
/
/
/ N
11 cm
1cm
fe—
Fig. 4.1

The time-base setting of the c.r.o. is 250 uscm™".

Show that the frequency of the sound wave is 1600 Hz.

(2]

(c¢) The loudspeaker in (b) emits the sound in all directions. A person attaches the loudspeaker to

a string and then swings the loudspeaker at a constant speed in a horizontal circle above his
head.

An observer, standing a large distance away from the loudspeaker, hears sound of maximum
frequency 1640Hz. The speed of sound in air is 330ms™.

(i) Determine the speed of the loudspeaker.

© UCLES 2016 9702/21/0/N/16
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(ii) Describe and explain, qualitatively, the variation in the frequency of the sound heard by
the observer.

[Total: 8]

5 (a) State whatis meant by the diffraction of a wave.

(b) Laser light of wavelength 500nm is incident normally on a diffraction grating. The resulting
diffraction pattern has diffraction maxima up to and including the fourth-order maximum.

Calculate, for the diffraction grating, the minimum possible line spacing.

[N SPACING = ...eveiiieeiieiiee e m [3]

(c) The light in (b) is now replaced with red light. State and explain whether this is likely to result
in the formation of a fifth-order diffraction maximum.

[Total: 7]
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(a) Define electric potential difference (p.d.).

(b) A battery of electromotive force (e.m.f.) 14V and negligible internal resistance is connected to
a resistor network, as shown in Fig. 6.1.

14V
-] -

—L__—1
R 120 s

T 3 .

6.0Q E |

0-24Q

Fig. 6.1

R, and R, are fixed resistors of resistances 6.0Q and 12Q respectively. R, is a variable
resistor.

Switch S is closed.

(i) Calculate the current in the battery when the resistance of R; is set

1. at zero,

CUITENT = it A 2]

2. at24Q.

(o1 UL (=) o | A 2]

© UCLES 2016 9702/21/0/N/16
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(ii) Use your answers in (b)(i) to calculate the change in the total power produced by the
battery when the resistance of R, is changed from zero to 24 Q.

Change iN POWET = .....coiiiiiiiiiiieieee e W [2]
(c) Switch S in Fig. 6.1 is now opened.

Resistors R, and R, are made from metal wires. Some data for these resistors are shown in

Fig. 6.2.
R, R,
cross-sectional area of wire A 1.8A
number of free electrons per unit volume in metal n 0.50n
Fig. 6.2
Determine the ratio
average drift speed of free electrons in R,
average drift speed of free electrons in R,
ratio = oo, [2]

[Total: 9]
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7 (a) State one difference between a hadron and a lepton.

............................................................................................................................................... [1]
(b) (i) State the quark composition of a proton and of a neutron.
(00 o] o AR
LTS 0] o PP
(2]
(ii) Use your answer in (i) to determine the quark composition of an a-particle.
QUAIK COMPOSITION: .ttt e e e e e e e e e e e e e e e s n e e e e e e e e e annnrnees 1]

(c) The results of the a-particle scattering experiment provide evidence for the structure of the
atom.

result 1: The vast majority of a-particles pass straight through the metal foil or are
deviated by small angles.

result 2: A very small minority of a-particles are scattered through angles greater
than 90°.

State what may be inferred from

(i) result 1,

(ii) result 2.

[Total: 7]
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Answer all the questions in the spaces provided.

1 (a) (i) Define pressure.

(ii) Show that the SI base units of pressure are kgm~'s=2.

(1]

(b) Gas flows through the narrow end (nozzle) of a pipe. Under certain conditions, the mass m of
gas that flows through the nozzle in a short time tis given by

—':f' = kCpP
where  kis a constant with no units,
C is a quantity that depends on the nozzle size,
p is the density of the gas arriving at the nozzle,
P is the pressure of the gas arriving at the nozzle.

Determine the base units of C.

base units

[Total: 5]
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2 A ball of mass 0.030kg moves along a curved track, as shown in Fig. 2.1.

ball

mass 0.030kg speed
\O \1 3ms™!

wall
0.31m

> 2 7

Fig. 2.1
The speed of the ball is 1.3ms~! when it is at point A at a height of 0.31 m.
The ball moves down the track and collides with a vertical wall at point B. The ball then rebounds
back up the track. It may be assumed that frictional forces are negligible.

(a) Calculate the change in gravitational potential energy of the ball in moving from point A to
point B.

change in gravitational potential energy = ........ccccoiiiiiii e J[2]

(b) Show that the ball hits the wall at B with a speed of 2.8ms™".

(3]

© UCLES 2016 9702/22/0/N/16
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(c) The change in momentum of the ball due to the collision with the wall is 0.096kgms~'. The
ball is in contact with the wall for a time of 20 ms.

Determine, for the ball colliding with the wall,

(i) the speed immediately after the collision,

(i) the magnitude of the average force on the ball.

(e) In practice, frictional effects are significant so that the actual increase in kinetic energy of the
ball in moving from A to B is 76 mJ. The length of the track between A and B is 0.60m.

Use your answer in (a) to determine the average frictional force acting on the ball as it moves
from A to B.

frictional force = ... N [2]

[Total: 12]

© UCLES 2016 9702/22/0/N/16 [Turn over
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3 (a) State the two conditions for an object to be in equilibrium.

(b) A uniform beam AC is attached to a vertical wall at end A. The beam is held horizontal by a
rigid bar BD, as shown in Fig. 3.1.

7
0.30m . 0.10m ,

A : I C

wire
wall /

bucket

D —

Y 12N

Fig. 3.1 (not to scale)

The beam is of length 0.40m and weight W. An empty bucket of weight 12N is suspended
by a light metal wire from end C. The bar exerts a force on the beam of 33N at 52° to the
horizontal. The beam is in equilibrium.

(i) Calculate the vertical component of the force exerted by the bar on the beam.

component of the force = ......oovviviiiiiiiiiieeeee N [1]

(ii) By taking moments about A, calculate the weight W of the beam.

© UCLES 2016 9702/22/0/N/16
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(c) The metal of the wire in (b) has a Young modulus of 2.0 x 10'! Pa.
Initially the bucket is empty. When the bucket is filled with paint of weight 78N, the strain of
the wire increases by 7.5 x 107*. The wire obeys Hooke’s law.

Calculate, for the wire,

(i) the increase in stress due to the addition of the paint,

increase iN Stress = ..o, Pa [2]

(ii) its diameter.
diameter = . ..o m [3]
[Total: 11]
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4 (a) State whatis meant by the diffraction of a wave.

............................................................................................................................................... [2]
(b) An arrangement for demonstrating the interference of light is shown in Fig. 4.1.
_—
laser light ~—s —--.- ® Y dark fringe
2.0mm 1
- 0.41mm -+ ---9 X central bright fringe
wavelength | |
B ———— - - - - -
580nm B ® Z dark fringe
e
D
double slit screen

Fig. 4.1 (not to scale)

The wavelength of the light from the laser is 580nm. The separation of the slits is 0.41 mm.
The perpendicular distance between the double slit and the screen is D.

Coherent light emerges from the slits and an interference pattern is observed on the screen.
The central bright fringe is produced at point X. The closest dark fringes to point X are
produced at points Y and Z. The distance XY is 2.0mm.

(i) Explain why a bright fringe is produced at point X.

(ii) State the difference in the distances, in nm, from each slit to point .

AIStANCE = ..ooeeiiii e nm [1]

© UCLES 2016 9702/22/0/N/16
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(iii) Calculate the distance D.

(iv) The intensity of the light passing through the two slits was initially the same. The intensity
of the light through one of the slits is now reduced. Compare the appearance of the
fringes before and after the change of intensity.

[Total: 10]
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5 (a) State Kirchhoff’s second law.

Fig. 5.1
The battery has electromotive force (e.m.f.) 6.8V and internal resistance r.

The I-V characteristics of lamps A and B are shown in Fig. 5.2.

0.40
I/A
0.30 mEP= lamp B
0.20 7
pa ERREES lamp A
/l =TT
/ -t
0.10 7
1
AT
'/'
0 A
0 2.0 4.0 6.0 8.0
7AY%
Fig. 5.2

© UCLES 2016 9702/22/0/N/16
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The potential difference across the battery terminals is 6.0V.

(i) Use Fig. 5.2 to show that the current in the battery is 0.40A.

[2]
(ii) Calculate the internal resistance r of the battery.
L o e Q[2]
(iii) Determine the ratio
resistance of lamp A
resistance of lamp B*
ratio = oo, 2]

© UCLES 2016 9702/22/0/N/16 [Turn over



14
(iv) Determine

1. the total power produced by the battery,

POWET = ittt W 2]

2. the efficiency of the battery in the circuit.

effiCieNCY = ooeeeeeeeeee [2]

[Total: 12]
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6 (a) State one difference between a hadron and a lepton.

(b) A proton within a nucleus decays to form a neutron and two other particles. A partial equation
to represent this decay is

1 1
— N+ o + vttt
1p o ... .
(i) Complete the equation. [2]

(ii) State the name of the interaction or force that gives rise to this decay.

....................................................................................................................................... [1]

(iii) State three quantities that are conserved in the decay.
3 PSSP PPPP
PP PPPPPPPPP
B ettt eeeeeeeeEaaeeeeeeeeeeeesaaaeeeeeeeeetstnaasteeteeetttetnnnnaatetteteanateataeeeeerhn e aaaaaeanes
(3]

(c) Use the quark composition of a proton to show that it has a charge of +e, where e is the
elementary charge.

Explain your working.

(3]

[Total: 10]
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Answer all the questions in the spaces provided.
1 (a) Define density.

............................................................................................................................................... [1]
(b) The mass m of a metal sphere is given by the expression
nd3p
m="6
where p is the density of the metal and d is the diameter of the sphere.
Data for the density and the mass are given in Fig. 1.1.
quantity value uncertainty
p 8100kgm™3 + 5%
m 7.5kg + 4%
Fig. 1.1
(i) Calculate the diameter d.
A= e ————— m [1]

(ii) Use your answer in (i) and the data in Fig. 1.1 to determine the value of d, with its
absolute uncertainty, to an appropriate number of significant figures.

o m [3]

[Total: 5]
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2 (a) Define electric field strength.

(b) A potential difference of 2.5kV is applied across a pair of horizontal metal plates in a vacuum,
as shown in Fig. 2.1.

metal
plate

[ &

2.0cm yi ——
electron // B o+
. T 25KkV

velocity A
3.7x 10’ ms™" 2.0cm T

metal
plate

5.9cm

Fig. 2.1 (not to scale)
Each plate has a length of 5.9cm. The separation of the plates is 4.0cm. The arrangement
produces a uniform electric field between the plates.
Assume the field does not extend beyond the edges of the plates.

An electron enters the field at point A with horizontal velocity 3.7x10”ms™" along a line
mid-way between the plates. The electron leaves the field at point B.

(i) Calculate the time taken for the electron to move from A to B.

timetaken = ... s [1]

(ii) Calculate the magnitude of the electric field strength.

field strength = .....c.coveeveeceeeeeceee e NC1[2]

(iii) Show that the acceleration of the electron in the field is 1.1 x 10'"®*ms—2.

[2]
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(iv) Use the acceleration given in (iii) and your answer in (i) to determine the vertical distance

y between point B and the upper plate.

(v) Explain why the calculation in (iv) does not need to include the gravitational effects on

(vi)

© UCLES 2016

the electron.

The electron enters the field at time t = 0.

On Fig. 2.2, sketch graphs to show the variation with time t of
1. the horizontal component v, of the velocity of the electron,
2. the vertical component v, of the velocity of the electron.

Numerical values are not required.

A A

Fig. 2.2
(2]

[Total: 12]
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3 (a) State Hooke’s law.

(b) The variation with compression x of the force F acting on a spring is shown in Fig. 3.1.

30
F/N
20
el
10 -
A
0
0 10 20 3.0 40 50
x/cm
Fig. 3.1

The spring is fixed to the closed end of a horizontal tube. A block is pushed into the tube so
that the spring is compressed, as shown in Fig. 3.2.

block
spring tube mass 0.025kg
I
- i
. 4.0cm !
BEFORE AFTER |

Fig. 3.2 (not to scale)
The compression of the spring is 4.0cm. The mass of the block is 0.025kg.

(i) Calculate the spring constant of the spring.

spring constant = ........cccceeveeieeieiceceeee Nm~[2]
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(ii) Show that the work done to compress the spring by 4.0cm is 0.48J.

[2]

(ili) The block is now released and accelerates along the tube as the spring returns to its
original length. The block leaves the end of the tube with a speed of 6.0ms™".

1. Calculate the kinetic energy of the block as it leaves the end of the tube.

KINELIC BNEIJY = ..o J[2]
2. Assume that the spring has negligible kinetic energy as the block leaves the tube.

Determine the average resistive force acting against the block as it moves along the
tube.

resistive force = ..o N [3]

(iv) Determine the efficiency of the transfer of elastic potential energy from the spring to the
kinetic energy of the block.

effiCiENCY = ooveeieeeee e [2]

[Total: 12]
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4 (a) State whatis meant by the frequency of a progressive wave.

(b) A cathode-ray oscilloscope (c.r.0.) is used to determine the frequency of the sound emitted by
a loudspeaker. The trace produced on the screen of the c.r.o. is shown in Fig. 4.1.

4 \ N
JARRAN /
/
Vi
/ \
/ \
/
/
/ N\
11 cm
icm
[e—]
Fig. 4.1

The time-base setting of the c.r.o. is 250 uscm".

Show that the frequency of the sound wave is 1600 Hz.

(2]

(c) The loudspeaker in (b) emits the sound in all directions. A person attaches the loudspeaker to

a string and then swings the loudspeaker at a constant speed in a horizontal circle above his
head.

An observer, standing a large distance away from the loudspeaker, hears sound of maximum
frequency 1640Hz. The speed of sound in air is 330ms™.

(i) Determine the speed of the loudspeaker.
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(ii) Describe and explain, qualitatively, the variation in the frequency of the sound heard by
the observer.

[Total: 8]

5 (a) State whatis meant by the diffraction of a wave.

(b) Laser light of wavelength 500nm is incident normally on a diffraction grating. The resulting
diffraction pattern has diffraction maxima up to and including the fourth-order maximum.

Calculate, for the diffraction grating, the minimum possible line spacing.

[N SPACING = ...eviiiiieeiiei e m [3]

(c) The lightin (b) is now replaced with red light. State and explain whether this is likely to result
in the formation of a fifth-order diffraction maximum.

[Total: 7]
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12

(a) Define electric potential difference (p.d.).

(b) A battery of electromotive force (e.m.f.) 14V and negligible internal resistance is connected to
a resistor network, as shown in Fig. 6.1.

14V
-] )

—1 ¢
R 12Q S

— 1

6.0Q2 E |

0-24Q

Fig. 6.1

R, and R, are fixed resistors of resistances 6.0Q and 12Q respectively. R; is a variable
resistor.

Switch S is closed.

(i) Calculate the current in the battery when the resistance of R; is set

1. at zero,

CUITENT = e A 2]

2. at24Q.

CUITENT = e A[2]
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(i) Use your answers in (b)(i) to calculate the change in the total power produced by the
battery when the resistance of R, is changed from zero to 24 Q.

Change iN POWET = .....cooiiiiiiiiiieeee e W 2]
(c) Switch S in Fig. 6.1 is now opened.

Resistors R, and R, are made from metal wires. Some data for these resistors are shown in

Fig. 6.2.
R, R,
cross-sectional area of wire A 1.8A
number of free electrons per unit volume in metal n 0.50n
Fig. 6.2
Determine the ratio
average drift speed of free electrons in R,
average drift speed of free electrons in R,
ratio = oo 2]

[Total: 9]
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7 (a) State one difference between a hadron and a lepton.

............................................................................................................................................... [1]
(b) (i) State the quark composition of a proton and of a neutron.
70} (0] o PP
[T 0] o PP
[2]
(ii) Use your answer in (i) to determine the quark composition of an a-particle.
Lo B =g Qo] o] 0T 1= 1 1T o [1]

(c) The results of the a-particle scattering experiment provide evidence for the structure of the
atom.

result 1: The vast majority of a-particles pass straight through the metal foil or are
deviated by small angles.

result 2: A very small minority of a-particles are scattered through angles greater
than 90°.

State what may be inferred from

(i) result 1,

(if) result 2.

[Total: 7]
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