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2

Make estimates of the following quantities.

(a) the speed of sound in air

(b) the density of air at room temperature and pressure

density = ..o, 1]

(c) the mass of a protractor
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Use

3 (a) Derive the Sl base unit of force.

Sl base unitofforce = ... [1]

(b) A spherical ball of radius r experiences a resistive force F due to the air as it moves
through the air at speed v. The resistive force Fis given by the expression

F = cry,
where cis a constant.

Derive the Sl base unit of the constant c.

Slbaseunitof c= ..o [1]

© UCLES 2006 9702/02/M/J/06
Measurements 2



For
3 |Examiner’s

u
(c) The ball is dropped from rest through a height of 4.5m. *

(i) Assuming air resistance to be negligible, calculate the final speed of the ball.

(i) The ball has mass 15g and radius 1.2cm.

The numerical value of the constant ¢ in the equation in (b) is equal to 3.2 x107*
when measured using the Sl system of units.

Show quantitatively whether the assumption made in (i) is justified.

[3]

© UCLES 2006 9702/02/M/J/06 [Turn over
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4 The uncalibrated scale and the pointer of a meter are shown in Fig. 1.1.

uncalibrated
scale

Fig. 1.1

The pointer is shown in the zero position.
The meter is to be used to indicate the volume of fuel in the tank of a car.

A known volume V of fuel is poured into the tank and the deflection 6 of the pointer is noted.

Fig. 1.2 shows the variation with 6 of V.
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Fig. 1.2
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(@) OnFig.1.1,

(i) calibrate the scale at 20 x 103 cm? intervals, [2]

(ii) mark a possible position for a volume of 1.0 x 10% cm?3. [1]

(b) Suggest one advantage of this scale, as compared with a uniform scale, for measuring
fuel volumes in the tank of the car.

© UCLES 2007 9702/02/M/J/07
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5 Make reasonable estimates of the following quantities.
(a) the frequency of an audible sound wave
freqUeNCY = ..o Hz [1]
(b) the wavelength, in nm, of ultraviolet radiation
wavelength = ... nm [1]
(c) the mass of a plastic 30cm ruler
MASS = .iieeeieeeeeeiiiene e e g [1]
(d) the density of air at atmospheric pressure
density = ....cccoeveeeieeeceee e kg m= [1]
© UCLES 2008 9702/02/M/J/08
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6 (a) State the most appropriate instrument, or instruments, for the measurement of the
following.
(i) the diameter of a wire of diameter about 1 mm
............................................................................................................................ [1]
(ii) the resistance of a filament lamp
............................................................................................................................ [1]
(iii) the peak value of an alternating voltage
............................................................................................................................ [1]
(b) The mass of a cube of aluminium is found to be 580g with an uncertainty in the
measurement of 10g. Each side of the cube has a length of (6.0 + 0.1)cm.
Calculate the density of aluminium with its uncertainty. Express your answer to an
appropriate number of significant figures.
density = ................ F o, gem=3 [5]
© UCLES 2009 9702/21/M/J/09
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7

A student determines the acceleration of free fall using the apparatus illustrated in Fig.2.1.

electromagnet

/—{ I— ball

timer

(I
>
light beam
h
>
light beam
Fig. 2.1

8702/2 O/NO1

Measurements

Egminer’s
Use



A steel ball is held on an electromagnet. When the electromagnet is switched off, the ball
immediately interrupts a beam of light and a timer is started. As the ball falls, it interrupts a
second beam of light and the timer is stopped. The vertical distance h between the light
beams and the time t recorded on the timer are noted. The procedure is repeated for
different values of h. The student calculates values of t? and then plots the graph of Fig. 2.2.

1.0
h/m

0.8 /

0.6

AN

0.4

N

0.2 7/

12/s®
Fig.2.2

(@) Use Fig.2.2 to calculate a value for g, the acceleration of free fall of the ball. Explain
your working.

o B ms=2 [4]

(b) Identify one possible source of random error in the determination of g and suggest how
this error may be reduced.
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9

(@) (i) Define density.

10

(b) The speed v of sound in a gas is given by the expression

)

where p is the pressure of the gas of density p. v is a constant.

Given that p has the base units of kgm~'s™2, show that the constant y has no unit.

[3]

A student uses a metre rule to measure the length of an elastic band before and after

stretching it.

The lengths are recorded as

length of band before stretching, L, =50.0 £ 0.1 cm

length of band after stretching, Ly = 51.6 £ 0.1 cm.

Determine

(a) the change in length (Lg - L;), quoting your answer with its uncertainty,

(Lg = Lg) = evreerreemeneeiesseinseessinnseceeen

9702/2/0/N/02
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(Ls - Lo)

L, ’

(b) the fractional change in length,

fractionalchange = ..., [1]

(c¢) the uncertainty in your answer in (b).

uncertainty = ... [3]

9702/2/0/N/02 [Turn over
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10 A student takes readings to measure the mean diameter of a wire using a micrometer screw
gauge.

(a) Make suggestions, one in each case, that the student may adopt in order to

(i) reduce a systematic error in the readings,

(b) The mean diameter of the wire is found to be 0.50 £ 0.02 mm. Calculate the percentage
uncertainty in

(i) the diameter,

uncertainty = ... Y%

(ii) the area of cross-section of the wire.

uncertainty = ... Y%
[2]
© UCLES 2004 9702/02/O/N/04
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For
. . Examiner’s
11 (a) (i) Define pressure. Use

.............................................................................................................................. [1]
(i) State the units of pressure in base units.

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

(b) The pressure p at a depth hin an incompressible fluid of density p is given by
p=pgh,

where g is the acceleration of free fall.
Use base units to check the homogeneity of this equation.
..................................................................................................................................... [3]

© UCLES 2005 9702/02/0O/N/05
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12  (a) Distinguish between systematic errors and random errors.

ST A (=0 F= Lo =T 4 o] £ PP

Fig. 1.1
The volume V of the cylinder is given by the expression
V = nR2L.
The volume and length of the cylinder are measured as

V = 15.0+0.5¢cm3
L = 20.0+0.1cm.

Calculate the radius of the cylinder, with its uncertainty.

radius = ..oooovvieiiiieeeennn. R cm [5]
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For
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Use

13 (a) The current in a wire is I. Charge Q passes one point in the wire in time t. State

(i) the relation between I, Q and t,

(b) The current in the wire is due to electrons, each with charge g, that move with speed v
along the wire. There are n of these electrons per unit volume.
For a wire having a cross-sectional area S, the current I is given by the equation
I = nSqv¥,

where kis a constant.

(i) State the units of I, n, S, g and v in terms of the base units.

(ii) By considering the homogeneity of the equation, determine the value of k.

© UCLES 2008 9702/02/0O/N/08
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14 The volume of fuel in the tank of a car is monitored using a meter as illustrated in Fig. 1.1.

FUEL

Fig. 1.1

The meter has an analogue scale. The meter reading for different volumes of fuel in the tank
is shown in Fig. 1.2.

60
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Fig. 1.2

The meter is calibrated in terms of the fraction of the tank that remains filled with fuel.
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(a) The car uses 1.0 litre of fuel when travelling 14km. The car starts a journey with a full

For
tank of fuel.

Examiner’s

Use
(i) Calculate the volume of fuel remaining in the tank after a journey of 210km.

...................................... litres [2]

(ii) Use your answer to (i) and Fig. 1.2 to determine the change in the meter reading
during the 210km journey.

from full to

............................................... [1]
(b) There is a systematic error in the meter.
(i) State the feature of Fig. 1.2 that indicates that there is a systematic error.
............................................................................................................................ [1]
(ii) Suggest why, for this meter, it is an advantage to have this systematic error.
............................................................................................................................ [1]

© UCLES 2009 9702/21/0/N/09
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15 A simple pendulum may be used to determine a value for the acceleration of free fall g.
Measurements are made of the length L of the pendulum and the period T of oscillation.

The values obtained, with their uncertainties, are as shown.

(a) Calculate the percentage uncertainty in the measurement of

(i) the period T,

uncertainty = ..o % [1]
(i) the length L.
uncertainty = ..o, % [1]
© UCLES 2009 9702/22/0/N/09
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(b) The relationship between T, L and g is given by For

Examiner’s
Am2L Use
T2 -

Using your answers in (a), calculate the percentage uncertainty in the value of g.

uncertainty = ... % [1]
(¢) The values of L and T are used to calculate a value of gas 9.751ms™2.

(i) By reference to the measurements of L and T, suggest why it would not be correct
to quote the value of gas 9.751ms™2.

(ii) Use your answer in (b) to determine the absolute uncertainty in g.

Hence state the value of g, with its uncertainty, to an appropriate number of
significant figures.

© UCLES 2009 9702/22/0O/N/09
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16 A student has been asked to determine the linear acceleration of a toy car as it moves down ¥
a slope. He sets up the apparatus as shown in Fig. 3.1.
d \
1
Ve'e ®
\
e ///
///
Fig. 3.1
The time tto move from rest through a distance dis found for different values of d. A graph of
d (y-axis) is plotted against t? (x-axis) as shown in Fig. 3.2.
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© UCLES 2004 9702/02/M/J/04

Measurements 20



For
21 |Examiner's

Ui
(a) Theory suggests that the graph is a straight line through the origin. *

Name the feature on Fig. 3.2 that indicates the presence of

(i) random error,

[2]
(b) (i) Determine the gradient of the line of the graph in Fig. 3.2.
gradient = ... 2]
(ii) Use your answer to (i) to calculate the acceleration of the toy down the slope.
Explain your working.
acceleration = ....coceeeeeeeeeeeeee e, ms=2 [3]

© UCLES 2004 9702/02/M/J/04
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1 A unit is often expressed with a prefix. For example, the gram may be written with the prefix
‘kilo’ as the kilogram. The prefix represents a power-of-ten. In this case, the power-of-ten
is 103.
Complete Fig. 1.1 to show each prefix with its symbol and power-of-ten.
prefix symbol power-of-ten
kilo k 103
nano T
centi | e, 1072
................................ M 108
................................ T 1012
Fig. 1.1
[4]
© UCLES 2010 9702/21/M/J/10 [Turn over
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Use
1 A metal wire has a cross-section of diameter approximately 0.8 mm.
(@) State what instrument should be used to measure the diameter of the wire.
...................................................................................................................................... [1]
(b) State how the instrumentin (a) is
(i) checked so as to avoid a systematic error in the measurements,
.............................................................................................................................. [1]
(ii) used so as to reduce random errors.
.............................................................................................................................. [2]
© UCLES 2010 9702/22/M/J/10 [Turn over
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1  Adigital voltmeter with a three-digit display is used to measure the potential difference across
a resistor. The manufacturers of the meter state that its accuracy is +1% and =1 digit.
The reading on the voltmeter is 2.05V.
(a) For this reading, calculate, to the nearest digit,
(i) achange of 1% in the voltmeter reading,
change = .....cccoc V [1]
(ii) the maximum possible value of the potential difference across the resistor.
MaxXimum Value = .......ccevvrveeeeieiiieeieeeeeeeeeeeeeeeeee V [1]
(b) The reading on the voltmeter has high precision. State and explain why the reading may
not be accurate.
...................................................................................................................................... [2]
© UCLES 2010 9702/23/M/J/10 [Turn over
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1 (a) Two of the SI base quantities are mass and time. State three other S| base quantities.

(b) A sphere of radius ris moving at speed v through air of density p. The resistive force F
acting on the sphere is given by the expression

F = Br2pvk
where B and k are constants without units.

(i) State the SI base units of F, pand v.

et e e e e e e e ——ee e e ———eeeaa—eeeeea———aaeaabaeeeeaanrenens
N
72
[3]

(ii) Use base units to determine the value of k.
K = e [2]

© UCLES 2010 9702/21/0O/N/10
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1 (a) (i) Distinguish between vector quantities and scalar quantities.

.............................................................................................................................. [2]
(ii) State whether each of the following is a vector quantity or a scalar quantity.
1. temperature
.............................................................................................................................. [1]
2. acceleration of free fall
.............................................................................................................................. [1]
3. electrical resistance
.............................................................................................................................. [1]

© UCLES 2010 9702/22/0/N/10
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1 Make estimates of the following quantities.
(a) the thickness of a sheet of paper
thickness = .., mm [1]
(b) the time for sound to travel 100m in air
time = s [1]
(c) the weight of 1000cm? of water
weight = N [1]
2 Briefly describe the structures of crystalline solids, polymers and amorphous materials.
Lod V753 = | TS [ £ P
02011 0 0= P
=Yg g o] g o] Lo LU ST ¢ T L= £ =
[3]
© UCLES 2010 9702/23/0/N/10
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3 Aloudspeaker produces a sound wave of constant frequency.

For
Examiner’s
Outline how a cathode-ray oscilloscope (c.r.0.) may be used to determine this frequency. Use
........................................................................................................................................... [4]
© UCLES 2010 9702/23/0/N/10 [Turn over
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(b)

The true value of the time interval is 10.1s.

29

For each of the following, tick [v/] one box to indicate whether the experimental technique
would reduce random error, systematic error or neither. The first row has been completed

as an example.

random error

systematic error

neither

keeping your eye
in line with the
scale and the
liquid level for a
single reading of
a thermometer

averaging many
readings of the
time taken for a
ball to roll down a
slope

using a linear
scale on an
ammeter

correcting for

a non-zero
reading when a
micrometer screw
gauge is closed

2]

The measurement of a particular time interval is repeated many times. The readings are
found to vary. The results are shown in Fig. 1.1.

number
of readings

© UCLES 2011

10.0 10.2

10.4

10.6

reading of time interval/s

Fig. 1.1
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30
(i) State how the readings on Fig. 1.1 show the presence of

For
Examiner’s
1. a systematic error, Use
.............................................................................................................................. [1]
2. arandom error.
.............................................................................................................................. 1]
(ii) State the expected changes to Fig. 1.1 for experimental measurements that are
1. more accurate,
.............................................................................................................................. [1]
2. more precise.
.............................................................................................................................. [1]
© UCLES 2011 9702/23/M/J/11 [Turn over
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1 Measurements made for a sample of metal wire are shown in Fig. 1.1.

quantity measurement uncertainty
length 1750mm +3mm
diameter 0.38mm +0.01mm
resistance 7.5Q +0.2Q
Fig. 1.1

(a) State the appropriate instruments used to make each of these measurements.

(i) length

............................................................................................................................. [1]
(ii) diameter
............................................................................................................................. [1]
(iii) resistance
............................................................................................................................. [1]
(b) (i) Show that the resistivity of the metal is calculated to be 4.86 x 10~/ Qm.
[2]
(ii) Calculate the uncertainty in the resistivity.
uncertainty = = ... Qm [4]

© UCLES 2011 9702/21/M/J/11
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32
(c) Use the answers in (b) to express the resistivity with its uncertainty to the appropriate

For
number of significant figures. Examiner’s
Use
resistivity = ..o e ——— Qm [1]
© UCLES 2011 9702/21/M/J/11 [Turn over
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2 (a) A sphere of radius Ris moving through a fluid with constant speed v. There is a frictional For
force F acting on the sphere, which is given by the expression Examiner's
Use
F = 6xDRv
where D depends on the fluid.

(i) Show that the SI base units of the quantity D are kgm™'s~".

[3]

(ii) A raindrop of radius 1.5mm falls vertically in air at a velocity of 3.7ms~. The value
of D for airis 6.6 x 10~*kgm~'s~". The density of water is 1000kgm™3.

Calculate

1. the magnitude of the frictional force F,

2. the acceleration of the raindrop.

acceleration = ........ccccceceeveeeeeeeeeeeee, ms—2[3]

© UCLES 2011 9702/22/M/J/11
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(b) The variation with time t of the speed v of the raindrop in (a) is shown in Fig. 2.1.

For
Examiner’s
A Use
v
4/ i
/|
0 [
0 t
Fig. 2.1
(i) State the variation with time of the acceleration of the raindrop.
............................................................................................................................. [3]
(ii) A second raindrop has a radius that is smaller than that given in (a). On Fig. 2.1,
sketch the variation of speed with time for this second raindrop. 2]
© UCLES 2011 9702/22/M/J/11 [Turn over
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Examiner’s
Use

1 (a) Define density.

(b) Explain how the difference in the densities of solids, liquids and gases may be related to
the spacing of their molecules.

(c) A paving slab has a mass of 68kg and dimensions 50 mm x 600 mm x 900 mm.

(i) Calculate the density, in kgm™, of the material from which the paving slab is
made.

density = .......ccoeeeeeieeeeeeee e kgm=3[2]

(ii) Calculate the maximum pressure a slab could exert on the ground when resting on
one of its surfaces.

PreSSUre = ..cccovvveeiieiieeeieeeeeeeeeeeeeeeeeeee, Pa [3]

© UCLES 2011 9702/21/0O/N/11
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For
Examiner’s
Use

1 (a) (i) State the Sl base units of volume.

base units of volume ..........coovviiiiiiiiiiiieiieeeeeeeeee [1]

(i) Show that the SI base units of pressure are kgm~'s72,

[1]

(b) The volume V of liquid that flows through a pipe in time tis given by the equation

v _ aPrt

t  8Cl

where P is the pressure difference between the ends of the pipe of radius rand length L
The constant C depends on the frictional effects of the liquid.

Determine the base units of C.

base units of C ... [3]

© UCLES 2012 9702/21/M/J/12 [Turn over
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F
Exam(;rrwer’s
1 The volume V of liquid flowing in time t through a pipe of radius ris given by the equation Use
v._ apPrt
t 8Cl

where P is the pressure difference between the ends of the pipe of length [, and C depends

on the frictional effects of the liquid.
An experiment is performed to determine C. The measurements made are shown in Fig. 1.1.

4 — —1 3 2
+ /10 m3s P/103Nm r/mm I/m
1.20 + 0.01 2.50 £ 0.05 0.75 = 0.01 0.250 + 0.001
Fig. 1.1
(a) Calculate the value of C.

(O Nsm=2[2]

(b) Calculate the uncertainty in C.
UNCertainty = ....coocovveeeeeeeeeeeeeeeeenee Nsm [3]
(c) State the value of C and its uncertainty to the appropriate number of significant figures.
(O F et Nsm=[1]

© UCLES 2012 9702/22/M/J/12 [Turn over
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1 (a) The spacing between two atoms in a crystal is 3.8 x 10719m. State this distance in pm.

SPACING = .eevveeiieiiiiie e pm [1]

(b) Calculate the time of one day in Ms.

(c) The distance from the Earth to the Sun is 0.15 Tm. Calculate the time in minutes for light
to travel from the Sun to the Earth.

(d) Underline all the vector quantities in the list below.

distance energy momentum weight work [1]

© UCLES 2012 9702/23/0/N/12
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Answer all the questions in the spaces provided.

For
Examiner’s
Use
1 Energy is stored in a metal wire that is extended elastically.
(a) Explain what is meant by extended elastically.
..................................................................................................................................... 2]
(b) Show that the SI units of energy per unit volume are kgm='s=2.
[2]
(c) For a wire extended elastically, the elastic energy per unit volume X'is given by
X=Ce’E
where Cis a constant,
¢ is the strain of the wire,
and E'is the Young modulus of the wire.
Show that C has no units.
3]
© UCLES 2013 9702/21/M/J/13 [Turn over
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Answer all the questions in the spaces provided.

1 (a) State the Sl base units of force.

(b) Two wires each of length 1 are placed parallel to each other a distance x apart, as
shown in Fig. 1.1.

A
\

Fig. 1.1

Each wire carries a current I. The currents give rise to a force F on each wire given by

_ K121
X

F
where Kis a constant.

(i) Determine the Sl base units of K.

UNItS OF K oo [2]

(ii) On Fig. 1.2, sketch the variation with x of F. The quantities I and [ remain constant.

Fig. 1.2 (2]

© UCLES 2013 9702/23/M/J/13
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(iii) The current I in both of the wires is varied.

For
On Fig. 1.3, sketch the variation with I of F. The quantities x and [ remain constant. Xa[ZZers
F
0 >
0 I
Fig. 1.3 [1]
© UCLES 2013 9702/23/M/J/13 [Turn over
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Answer all the questions in the spaces provided. For

Examiner’s
1 (a) Determine the Sl base units of power. Use

Sl base units of power ............cceoie [3]

(b) Fig. 1.1 shows a turbine that is used to generate electrical power from the wind.

L
wind /

AL turbine
speed v xv

Fig. 1.1
The power P available from the wind is given by
P = CL?pv3
where L is the length of each blade of the turbine,
o is the density of air,
vis the wind speed,

Cis a constant.

(i) Show that C has no units.

[3]

© UCLES 2013 9702/22/M/J/13
Measurements 42



43
(ii) The length L of each blade of the turbine is 25.0m and the density p of airis 1.30 in

For
Sl units. The constant Cis 0.931. Examiner's
The efficiency of the turbine is 55% and the electric power output Pis 3.50 x 10°W. Use
Calculate the wind speed.
WiNd SPEed = ....oooveeeeeeeeeeeeee e ms~1 [3]
(iii) Suggest two reasons why the electrical power output of the turbine is less than the
power available from the wind.
1 PSPPSR PPPRP
2 ettt e eeeeeeeeeeteeeeeeaaeeeeeaaeeeeeeansteeeeaa—eeeeeaaseteetanteeeeeannteeeeaanareeeaanaeeeeannnneeeaans
[2]
© UCLES 2013 9702/22/M/J/13 [Turn over
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Answer all the questions in the spaces provided.

For
Examiner’s
1 (a) State two Sl base units other than the kilogram, metre and second. Use
3 SO EPRR
2 e eeeeeeeeeeeeeeeeeeeeeeeeeaaaesseeteeeeeeeesaassseteteeeeeeeaaaa———eteeeeeeaaaannateeeeeeeeeeaaannrneeanaeeeeaaanns

(b) A metal wire has original length [,. It is then suspended and hangs vertically as shown
in Fig. 1.1.

wire

Fig. 1.1

The weight of the wire causes it to stretch. The elastic potential energy stored in the wire
is E.

(i) Show that the Sl base units of E are kgm?s=2.

2]

© UCLES 2013 9702/21/0O/N/13
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(ii) The elastic potential energy E is given by

For
Examiner’s
E= Cp292 A 103 Use
where p is the density of the metal,
g is the acceleration of free fall,
A is the cross-sectional area of the wire
and Cis a constant.
Determine the Sl base units of C.
Sl base units of C .......euvveeiiiiiiis [3]
© UCLES 2013 9702/21/0/N/13 [Turn over
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2 The time T for a satellite to orbit the Earth is given by

46

For
Examiner’s
T = <K_I?3) Use
M
where R is the distance of the satellite from the centre of the Earth,
M is the mass of the Earth,
and Kis a constant.
(@) Determine the SI base units of K.
SIbase units of K ..ocooiiiiiiiiiiiie e [2]
(b) Data for a particular satellite are given in Fig. 2.1.
quantity measurement | uncertainty
T 8.64 x 10*s +0.5%
R 423 x10’m +1%
M 6.0 x 10%*kg +2%
Fig. 2.1
Calculate K and its actual uncertainty in SI units.
K=, e SI units [4]
© UCLES 2013 9702/23/0/N/13 [Turn over
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Answer all the questions in the spaces provided. For
Examiner’s

1 Acylindrical disc is shown in Fig. 1.1. Use

! 28mm !

A
Y

12mm

Fig. 1.1

The disc has diameter 28 mm and thickness 12mm.
The material of the disc has density 6.8 x 103kgm3.

Calculate, to two significant figures, the weight of the disc.

© UCLES 2013 9702/23/0/N/13
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2 A source of radio waves sends a pulse towards a reflector. The pulse returns from the

For
reflector and is detected at the same point as the source. The emitted and reflected pulses |examiners
are recorded on a cathode-ray oscilloscope (c.r.0.) as shown in Fig. 2.1. Use

1cm
‘1 cm
Fig. 2.1
The time-base setting is 0.20uscm™.
(a) Using Fig. 2.1, determine the distance between the source and the reflector.
diStanCe = ... m [4]

(b) Determine the time-base setting required to produce the same separation of pulses on

the c.r.0. when sound waves are used instead of radio waves.

The speed of sound is 300ms™.

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

© UCLES 2013 9702/21/0/N/13 [Turn over
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1 (a) Underline all the base quantities in the following list.
ampere charge current mass second temperature  weight
(b) The potential energy E, stored in a stretched wire is given by
Ep="% Co2V
where Cis a constant,
ois the strain,
Vis the volume of the wire.
Determine the SI base units of C.
base units .......cccceeiiiiiiiiii
© UCLES 2014 9702/23/M/J/14
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Answer all the questions in the spaces provided.

1 (a) Show that the SI base units of power are kgm?s=3.

(3]
(b) The rate of flow of thermal energy Q

T in a material is given by

where A is the cross-sectional area of the material,

T is the temperature difference across the thickness of the material,
X is the thickness of the material,

Cis a constant.

Determine the SI base units of C.

base units [4]

© UCLES 2014 9702/22/M/J/14
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2 Acoinis made in the shape of a thin cylinder, as shown in Fig. 2.1.

diameter

@: _} thickness

Fig. 2.1

Fig. 2.2 shows the measurements made in order to determine the density p of the material used to
make the coin.

quantity measurement uncertainty
mass 9.6¢g +0.5¢
thickness 2.00mm + 0.01mm
diameter 22.1mm +0.1mm
Fig. 2.2

(a) Calculate the density p in kgm=3.

(b) (i) Calculate the percentage uncertainty in p.

percentage uncertainty = .......ccccooiiiiiiiiiiii e [3]

(ii) State the value of p with its actual uncertainty.

© UCLES 2014 9702/22/M/J/14 [Turn over
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Answer all the questions in the spaces provided.

1 (a) Mass, length and time are SI base quantities.
State two other base quantities.

(b) A mass mis placed on the end of a spring that is hanging vertically, as shown in Fig. 1.1.

/

spring

mass m

Fig. 1.1

The mass is made to oscillate vertically. The time period of the oscillations of the mass is T.

-c |m
r-c f7

where C is a constant and k is the spring constant.

The period T is given by

Show that C has no units.

(3]

© UCLES 2014 9702/21/0O/N/14
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2 (a) Define pressure.

.............................................................................................................................................. [1]
(b) A cylinder is placed on a horizontal surface, as shown in Fig. 2.1.
' diameter !
e ——m
| |
I/\I
- _ \cylinder
Fig. 2.1
The following measurements were made on the cylinder:
mass = 5.09 = 0.01 kg
diameter =9.4 + 0.1cm.
(i) Calculate the pressure produced by the cylinder on the surface.
PrESSUIE = ooiiiiiiiiieeeeee e Pa [3]
(ii) Calculate the actual uncertainty in the pressure.
actual uncertainty = ... Pa [3]
(iii) State the pressure, with its actual uncertainty.
PreSSUME = .coovvvvieeiieiieeeeeeeeeeeeeeeeee e e —————————————————— Pa [1]
© UCLES 2014 9702/21/0/N/14 [Turn over
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Answer all the questions in the spaces provided.

1 (a) The Young modulus of the metal of a wire is 1.8 x 10'! Pa. The wire is extended and the strain

produced is 8.2 x 1074,
Calculate the stress in GPa.

SIESS = oo GPa [2]
(b) An electromagnetic wave has frequency 12THz.

(i) Calculate the wavelength in um.

wavelength = ... um [2]

(ii) State the name of the region of the electromagnetic spectrum for this frequency.

(c) An object B is on a horizontal surface. Two forces act on B in this horizontal plane. A vector
diagram for these forces is shown to scale in Fig. 1.1.

7.5N

Fig. 1.1
© UCLES 2014 9702/22/0/N/14
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A force of 7.5N towards north and a force of 2.5N from 30° north of east act on B.
The mass of B is 750g.

(i) On Fig. 1.1, draw an arrow to show the approximate direction of the resultant of these
two forces. [1]

(ii) 1. Show that the magnitude of the resultant force on B is 6.6 N.

(1]

2. Calculate the magnitude of the acceleration of B produced by this resultant force.

MAGNItUAE = ...veeeeeceeeeeeee e ms2 [2]

(iii) Determine the angle between the direction of the acceleration and the direction of the
7.5N force.

© UCLES 2014 9702/22/0/N/14 [Turn over
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Answer all the questions in the spaces provided.

1 (a) The kilogram, metre and second are SI base units.

State two other base units.

1 PSSP
2 ettt eeeeeeeieeeeseiteeeeeeieesesesessseeseseseseesiistsseseseststeseisssseeeeiirseeesiaiteseeeinrreeeaanreeeeaanrrnees
(2]
(b) Determine the SI base units of
(i) stress,

SIbase UNitS ....oeeveeiiiiiiiiiiieee e 2]

(i) the Young modulus.
SIbase UNItS ....oooviiiiiiiiiiieeee e [1]

© UCLES 2014 9702/23/0/N/14
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2 A microphone detects a musical note of frequency f. The microphone is connected to a cathode-
ray oscilloscope (c.r.0.). The signal from the microphone is observed on the c.r.o. as illustrated in

Fig.2.1.

/ \\ /
7/ \ 7/ \
/ /
\ \
\ \
/ \ / \ i
/ \ / \ /
i \ i \ i
i \ i \ /
7 \ 7 \ Vi
/ 4 \ y
\ \ o
'
1.0cm
1 I_ -
-]
1 1
1.0cm
Fig. 2.1

The time-base setting of the c.r.o. is 0.50mscm™". The Y-plate setting is 2.5mVcm™".

(a) Use Fig. 2.1 to determine

(i) the amplitude of the signal,

amplitude = ... mV [2]

(ii) the frequency f,

F o e Hz [3]

(iii) the actual uncertainty in f caused by reading the scale on the c.r.o.

actual uncertainty = .....cccccvviiiiiiiii Hz [2]

(b) State fwith its actual uncertainty.

© UCLES 2014 9702/23/0/N/14 [Turn over
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1 (a) The distance between the Sun and the Earth is 1.5 x 10" m. State this distance in Gm.

diStaNCe = ... Gm [1]
(b) The distance from the centre of the Earth to a satellite above the equator is 42.3Mm. The
radius of the Earth is 6380 km.
A microwave signal is sent from a point on the Earth directly below the satellite.

Calculate the time taken for the microwave signal to travel to the satellite and back.

(c) The speed v of a sound wave through a gas of density p and pressure P is given by
v— C_P
B V Y
where C is a constant.

Show that C has no unit.

(3]
(d) Underline all the scalar quantities in the list below.

acceleration energy momentum power weight [1]

© UCLES 2015 9702/23/M/J/15
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(e) A boat travels across a river in which the water is moving at a speed of 1.8ms™.
The velocity vectors for the boat and the river water are shown to scale in Fig. 1.1.

water velocity 1.8 ms-1

river

boat velocity 3.0ms—!

60°

river bank

Fig. 1.1 (shown to scale)

In still water the speed of the boat is 3.0ms™'. The boat is directed at an angle of 60° to the
river bank.

(i) OnFig. 1.1, draw a vector triangle or a scale diagram to show the resultant velocity of the
boat. [2]

(ii) Determine the magnitude of the resultant velocity of the boat.

resultant veloGity = .........ccoeeeeieieeeceeeeeee ms~ [2]

© UCLES 2015 9702/23/M/J/15 [Turn over
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Answer all the questions in the spaces provided.

1 (a) Use the definition of work done to show that the SI base units of energy are kgm?s2.

[2]
(b) Define potential difference.
.............................................................................................................................................. 1]
(c) Determine the SI base units of resistance. Show your working.
UNIES et [3]
© UCLES 2015 9702/22/M/J/15 [Turn over
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1 (a) Use the definition of power to show that the SI base units of power are kgm?2s3,
[2]
(b) Use an expression for electrical power to determine the Sl base units of potential difference.
01 SRS [2]
© UCLES 2015 9702/21/M/J/15
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1 (a) State the difference between a scalar quantity and a vector quantity.

(b) Two forces of magnitude 6.0N and 8.0N act at a point P. Both forces act away from
point P and the angle between them is 40°.
Fig. 1.1 shows two lines at an angle of 40° to one another.

Fig.1.1

On Fig. 1.1, draw a vector diagram to determine the magnitude of the resultant of the
two forces.

magnitude of resultant = ... N [4]

© UCLES 2004 9702/02/M/J/04
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For
Examiner’s
Use

1 (a) (i) Distinguish between vector quantities and scalar quantities.

.............................................................................................................................. [2]
(ii) State whether each of the following is a vector quantity or a scalar quantity.
1. temperature
.............................................................................................................................. [1]
2. acceleration of free fall
.............................................................................................................................. [1]
3. electrical resistance
.............................................................................................................................. [1]

© UCLES 2010 9702/22/0/N/10
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(b) A block of wood of weight 25N is held stationary on a slope by means of a string, as

For
shown in Fig. 1.1. Examiner's

Use

string

Fig. 1.1

The tension in the string is T and the slope pushes on the block with a force R that is
normal to the slope.

Either by scale drawing on Fig. 1.1 or by calculation, determine the tension T in the
string.

© UCLES 2010 9702/22/0/N/10 [Turn over
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1 (a) Distinguish between scalars and vectors.

(b) Underline all the vector quantities in the list below.
acceleration kinetic energy momentum power weight

(c) A force of 7.5N acts at 40° to the horizontal, as shown in Fig. 1.1.

7.5N

horizontal
Fig. 1.1
Calculate the component of the force that acts
(i) horizontally,
horizontal component = .........ccccceeiiiiiiiiiie
(i) vertically.
vertical component = ...

© UCLES 2011 9702/23/0O/N/11
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(d) Two strings support a load of weight 7.5N, as shown in Fig. 1.2.

For
Examiner’s
Use
T
horizontal
7.5N
Fig. 1.2
One string has a tension T, and is at an angle 50° to the horizontal. The other string has
atension T, and is at an angle 40° to the horizontal. The object is in equilibrium.
Determine the values of T, and T, by using a vector triangle or by resolving forces.
T = N
Ty = N
[4]
© UCLES 2011 9702/23/0/N/11 [Turn over
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1 (a) Explain the differences between the quantities distance and displacement.

tanker

tug 2

Fig. 1.1
Tug 1 pulls the tanker with a force T, at 25.0° to XY. Tug 2 pulls the tanker with a force
of T, at 15.0° to XY. The resultant force R due to the two tugs is 25.0x103N in the
direction XY.

(i) By reference to the forces acting on the tanker, explain how the tanker may be
described as being in equilibrium.

© UCLES 2012 9702/23/M/J/12
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(ii) 1. Complete Fig. 1.2 to draw a vector triangle for the forces R, T, and T,. 2]

For
Examiner’s
Use
R
25.0 x 108N
Fig. 1.2
2. Use your vector triangle in Fig. 1.2 to determine the magnitude of T, and of T,.
T = N
T = N
(2]
© UCLES 2012 9702/23/M/J/12 [Turn over
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1 (a) The spacing between two atoms in a crystal is 3.8 x 10719m. State this distance in pm.

SPACING = .eevveeiieiiiiie e pm [1]

(b) Calculate the time of one day in Ms.

(c) The distance from the Earth to the Sun is 0.15 Tm. Calculate the time in minutes for light
to travel from the Sun to the Earth.

(d) Underline all the vector quantities in the list below.

distance energy momentum weight work [1]

© UCLES 2012 9702/23/0/N/12
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(e) The velocity vector diagram for an aircraft heading due north is shown to scale in For
Fig. 1.1. There is a wind blowing from the north-west. Examiner’s

Use

aircraft

Fig. 1.1
The speed of the wind is 36 ms~" and the speed of the aircraft is 250ms™.

(i) Draw an arrow on Fig. 1.1 to show the direction of the resultant velocity of the
aircraft. [1]

(ii) Determine the magnitude of the resultant velocity of the aircraft.

resultant veloGity = .........ccoevveeveeeereeecreeeee ms~' [2]

© UCLES 2012 9702/23/0/N/12 [Turn over
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2 (a) Distinguish between mass and weight.

(b) An object O of mass 4.9kg is suspended by a rope A that is fixed at point P. The object
is pulled to one side and held in equilibrium by a second rope B, as shown in Fig. 2.1.

rope B

Fig. 2.1

Rope A is at an angle 6 to the horizontal and rope B is horizontal. The tension in rope A
is 69N and the tension in rope Bis T.

(i) On Fig. 2.1, draw arrows to represent the directions of all the forces acting on
object O. (2]

© UCLES 2013 9702/21/M/J/13
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(i) Calculate

For
Examiner’s
1. the angle 6, Use
0 = e, ° [3]
2. the tension T.
T et N [2]
© UCLES 2013 9702/21/M/J/13 [Turn over
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3 (a) Force is a vector quantity. State three other vector quantities.

(b) Three coplanar forces X, Y and Z act on an object, as shown in Fig. 3.1.

Y

object

Fig. 3.1

The force Zis vertical and X is horizontal. The force Y'is at an angle 6 to the horizontal. The
force Zis kept constant at 70 N.

In an experiment, the magnitude of force X is varied. The magnitude and direction of force Y
are adjusted so that the object remains in equilibrium.

Fig. 3.2 shows the variation of the magnitude of force Y with the magnitude of force X.

130 v
/,
Y/N
//
110 -
a0
70 =TT
50
0 20 40 60 80 100 120
X/N
Fig. 3.2
© UCLES 2014 9702/23/0O/N/14
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(i) Use Fig. 3.2 to estimate the magnitude of Y for X = 0.

Y o N [1]
(ii) State and explain the value of 6 for X = 0.
....................................................................................................................................... [2]
(iii) The magnitude of X'is increased to 160N. Use resolution of forces to calculate the value
of
1. angle 6,

B = e °[2]
2. the magnitude of force Y.
Y o e N [2]
(c) The angle 6 decreases as X increases. Explain why the object cannot be in equilibrium for
6=0.
............................................................................................................................................... 1]
© UCLES 2014 9702/23/0/N/14 [Turn over
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2 An experiment is conducted on the surface of the planet Mars. For

A sphere of mass 0.78kg is projected almost vertically upwards from the surface of the |Examiners

planet. The variation with time t of the vertical velocity v in the upward direction is shown in Use
Fig.2.1.

10

vims-1

0 l 2 NH3 4 tls

)4

)4

7

-10

Fig. 2.1

The sphere lands on a small hill at time t=4.0s.

(a) State the time t at which the sphere reaches its maximum height above the planet’s
surface.

(b) Determine the vertical height above the point of projection at which the sphere finally
comes to rest on the hill.

© UCLES 2009 9702/22/M/J/09
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(c) Calculate, for the first 3.5s of the motion of the sphere, For

Examiner’s
(i) the change in momentum of the sphere, Use

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

(ii) the force acting on the sphere.

(d) Using your answer in (c)(ii),

(i) state the weight of the sphere,

(ii) determine the acceleration of free fall on the surface of Mars.

acceleration = .........cceeveeeeeeeeeeeee e ms2 [2]

© UCLES 2009 9702/22/M/J/09
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6 A girl stands at the top of a cliff and throws a ball vertically upwards with a speed of 12m s, For
as illustrated in Fig. 3.1. Examiner's
Use
path of
¥ ball
i IS
| h
| y
Fig. 3.1

At the time that the girl throws the ball, her hand is a height h above the horizontal ground at
the base of the cliff.
The variation with time t of the speed v of the ball is shown in Fig. 3.2.

20

—1
v/ims

10

Fig. 3.2

© UCLES 2004 9702/02/O/N/04
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Speeds in the upward direction are shown as being positive. Speeds in the downward
direction are negative.

(a) State the feature of Fig. 3.2 that shows that the acceleration is constant.

.................................................................................................................................... [1]
(b) Use Fig. 3.2 to determine the time at which the ball
(i) reaches maximum height,
time = . s
(if) hits the ground at the base of the cliff.
time = . s
[2]
(c) Determine the maximum height above the base of the cliff to which the ball rises.
height = ... m [3]

(d) The ball has mass 250g. Calculate the magnitude of the change in momentum of the
ball between the time that it leaves the girl’s hand to time t=4.0s.

© UCLES 2004 9702/02/O/N/04
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7 Atrolley of mass 930 g is held on a horizontal surface by means of two springs, as shown in

Fig' 4.1. Examiner’s
Use
trolley spring
Fig. 4.1

The variation with time t of the speed v of the trolley for the first 0.60 s of its motion is shown
in Fig. 4.2.

8.0
vicms™ P N

A/ \‘\
6.0
4 N
/ \
4.0
/ \
/ \
A
2.0 7 \
/
0
0 0.1 0.2 0.3 0.4 0.5 0.6
t/'s
Fig. 4.2
(a) Use Fig. 4.2 to determine
(i) the initial acceleration of the trolley,
acceleration = ...............cceeeunn. m s [2]

© UCLES 2005 9702/02/0O/N/05
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(i) the distance moved during the first 0.60 s of its motion.

distance = ... m [3]

(b) (i) Use your answer to (a)(i) to determine the resultant force acting on the trolley at
time t=0.

(ii) Describe qualitatively the variation with time of the resultant force acting on the
trolley during the first 0.60 s of its motion.

© UCLES 2005 9702/02/0O/N/05
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9 A student investigates the speed of a trolley as it rolls down a slope, as illustrated in Fig. 2.1. For
Examiner’s

Use
speed sensor

trolley \VQ

N

Fig. 2.1

The speed v of the trolley is measured using a speed sensor for different values of the time t
that the trolley has moved from rest down the slope.

Fig. 2.2 shows the variation with t of v.

2.0 X
v/ims! -
15 _
l//
v/'/'
~
/
1.0 A
/X
/
/
1
05 Z
/
/
,/
0 4
0 0.2 04 0.6 0.8 1.0 1.2
t/s
Fig. 2.2
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(a) Use Fig. 2.2 to determine the acceleration of the trolley at the point on the graph where
t=0.80s.

acceleration = ...........cccoeeeeeneennnnnn. ms—2 [4]

(b) (i) State whether the acceleration is increasing or decreasing for values of t greater
than 0.6 s. Justify your answer by reference to Fig.2.2.

.............................................................................................................................. [2]
(i) Suggest an explanation for this change in acceleration.
.............................................................................................................................. [1]
(c) Name the feature of Fig. 2.2 that indicates the presence of
(i) random error,
.............................................................................................................................. [1]
(ii) systematic error.
.............................................................................................................................. [1]
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u
11 A girl G is riding a bicycle at a constant velocity of 3.5ms™'. At time t =0, she passes a boy B *
sitting on a bicycle that is stationary, as illustrated in Fig. 2.1.

B

G 3.5ms™!
t=0
Fig. 2.1

At time t=0, the boy sets off to catch up with the girl. He accelerates uniformly from time t=0
until he reaches a speed of 5.6ms™" in a time of 5.0s. He then continues at a constant speed
of 5.6ms™". At time t=T, the boy catches up with the girl.
T'is measured in seconds.
(a) State, in terms of T, the distance moved by the girl before the boy catches up with her.

distance = ......coociiiiiiiiiiinn. m [1]

(b) For the boy, determine

(i) the distance moved during his acceleration,

distance = ..o, m [2]

(ii) the distance moved during the time that he is moving at constant speed.
Give your answer in terms of T.

distance = ......ccccoiiiiiiiiiiiieees m [1]

© UCLES 2007 9702/02/O/N/07
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(c) Use your answers in (a) and (b) to determine the time T taken for the boy to catch up
with the girl.
T o= e s [2]
(d) The boy and the bicycle have a combined mass of 67kg.
(i) Calculate the force required to cause the acceleration of the boy.
force = . N [3]

(ii) At a speed of 4.5ms™!, the total resistive force acting on the boy and bicycle is
23N.
Determine the output power of the boy’s legs at this speed.

© UCLES 2007 9702/02/O/N/07
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12 A car is travelling along a straight road at speed v. A hazard suddenly appears in front of
the car. In the time interval between the hazard appearing and the brakes on the car coming
into operation, the car moves forward a distance of 29.3m. With the brakes applied, the front
wheels of the car leave skid marks on the road that are 12.8 m long, as illustrated in Fig. 2.1.

position of car skid mark
when hazard appears /

29.3 m 12.8 m

Fig. 2.1

It is estimated that, during the skid, the magnitude of the deceleration of the car is 0.85g,
where g is the acceleration of free fall.

(@) Determine

(i) the speed v of the car before the brakes are applied,

(ii) the time interval between the hazard appearing and the brakes being applied.

© UCLES 2008 9702/02/0O/N/08
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(b) The legal speed limit on the road is 60 km per hour. For

Use both of your answers in (a) to comment on the standard of the driving of the car. Examiner’s
Use

© UCLES 2008 9702/02/0O/N/08
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13 A sky-diver jumps from a high-altitude balloon.

(a) Explain briefly why the acceleration of the sky-diver

(i) decreases with time,

............................................................................................................................ [2]
(i) is 9.8ms™ at the start of the jump.
............................................................................................................................ [1]
(b) The variation with time t of the vertical speed v of the sky-diver is shown in Fig. 2.1.
40
v/ms
30 e onuan
20 pa
0%
/]
/
,/
/
10
0 /
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
t/'s
Fig. 2.1
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Use Fig. 2.1 to determine the magnitude of the acceleration of the sky-diver at time For

t=6.0s. Examiner's
Use

acceleration = .......cceeveeeeeeeeeeeeeeene m s~ [3]
(c) The sky-diver and his equipment have a total mass of 90kg.
(i) Calculate, for the sky-diver and his equipment,

1. the total weight,

2. the accelerating force at time t=6.0s.

force = i N [1]
(ii) Use your answers in (i) to determine the total resistive force acting on the sky-diver
at time t=6.0s.
force = i, N [1]
© UCLES 2009 9702/21/0/N/09
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16 A steel ball of mass 73 g is held 1.6 m above a horizontal steel plate, as illustrated in Fig. 4.1.

steel ball
___________ O/ mass 739
A
. i
1.6m E
'h
steel E
plate |
Y Y
C 2
Fig. 4.1

The ball is dropped from rest and it bounces on the plate, reaching a height h.

(a) Calculate the speed of the ball as it reaches the plate.

SPEEA = .oveeeeeeee e ms~'  [2]

(b) As the ball loses contact with the plate after bouncing, the kinetic energy of the ball is
90% of that just before bouncing. Calculate

(i) the height h to which the ball bounces,
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(i) the speed of the ball as it leaves the plate after bouncing.

[4]

(c) Using your answers to (a) and (b), determine the change in momentum of the ball
during the bounce.

to (c).
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2 (a) Complete Fig. 2.1 to show whether each of the quantities listed is a vector or a scalar.

For
Examiner’s
Use
vector / scalar

distance moved | ...l

speed |

acceleration | ...l

Fig. 2.1
[3]
(b) A ball falls vertically in air from rest. The variation with time ¢ of the distance d moved by
the ball is shown in Fig. 2.2.
5
4
/|
/
d/m v
3
7
4
4
4
2
Il/
1 e
0 =
0 0.2 0.4 0.6 0.8 1.0 1.2
t/s
Fig. 2.2
© UCLES 2010 9702/21/M/J/10
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(i) By reference to Fig. 2.2, explain how it can be deduced that For
Examiner’s

1. the ball is initially at rest, Use

.............................................................................................................................. [2]
2. airresistance is not negligible.
.............................................................................................................................. [1]

(ii) Use Fig. 2.2 to determine the speed of the ball at a time of 0.40s after it has been
released.

SPEEA = oo m s~ [2]

(iii) On Fig. 2.2, sketch a graph to show the variation with time t of the distance d moved

by the ball for negligible air resistance. You are not expected to carry out any further
calculations. [3]

© UCLES 2010 9702/21/M/J/10 [Turn over

Kinematics 94



2 (a) The distance s moved by an object in time t may be given by the expression

s = 1at?

N —

where a is the acceleration of the object.

State two conditions for this expression to apply to the motion of the object.

19

(b) A student takes a photograph of a steel ball of radius 5.0cm as it falls from rest. The
image of the ball is blurred, as illustrated in Fig. 2.1.

The image is blurred because the ball is moving while the photograph is being taken.

initial position
of ball in photograph

final position
of ball in photograph

Fig. 2.1

90

cm

100

cm

MW

The scale shows the distance fallen from rest by the ball. At time t= 0, the top of the ball
is level with the zero mark on the scale. Air resistance is negligible.

© UCLES 2010
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Calculate, to an appropriate number of significant figures,

For
Examiner’s
(i) the time the ball falls before the photograph is taken, Use
time = s [3]
(i) the time interval during which the photograph is taken.
time interval = ..., s [3]
(c) The student in (b) takes a second photograph starting at the same position on the scale.
The ball has the same radius but is less dense, so that air resistance is not negligible.
State and explain the changes that will occur in the photograph.
...................................................................................................................................... [2]
© UCLES 2010 9702/22/M/J/10 [Turn over
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4 A student takes measurements to determine a value for the acceleration of free fall. Some of |

the apparatus used is illustrated in Fig. 4.1. Examiner's
Use

electromagnet

iron
ball

bench

Fig. 4.1

The student measures the vertical distance d between the base of the electromagnet and
the bench. The time t for an iron ball to fall from the electromagnet to the bench is also
measured.

Corresponding values of t2 and d are shown in Fig. 4.2.

60

50

d/cm

40

30

20

10

0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
12/s2

Fig. 4.2

© UCLES 2010 9702/23/0/N/10
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(@) On Fig. 4.2, draw the line of best fit for the points. [1] For
Examiner’s
(b) State and explain why there is a non-zero intercept on the graph of Fig. 4.2. Use
.................................................................................................................................... [2]
(c) Determine the student’s value for
(i) the diameter of the ball,
diameter = ..., cm [1]
(ii) the acceleration of free fall.
acceleration = ..oocveeveeeeeeeeeeeeee e ms=2 [3]
© UCLES 2010 9702/23/0/N/10 [Turn over
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3 A helicopter has a cable hanging from it towards the sea below, as shown in Fig. 3.1.

helicopter

Sea
M
_— = \—/\—/t/

Fig. 3.1
A man of mass 80kg rescues a child of mass 50.5kg. The two are attached to the cable
and are lifted from the sea to the helicopter. The lifting process consists of an initial uniform
acceleration followed by a period of constant velocity and then completed by a final uniform
deceleration.

(a) Calculate the combined weight of the man and child.

Weight = s N [1]
(b) Calculate the tension in the cable during

(i) the initial acceleration of 0.570ms™,

tension = ..o N [2]

(i) the period of constant velocity of 2.00ms™".

tension = ... N [1]

© UCLES 2011 9702/23/M/J/11
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(c) During the final deceleration the tension in the cable is 1240N. Calculate this

; For
deceleration. Examiner’s
Use
deceleration = ........ccccoeeveveveeeeeeeeeeenn ms—2 [2]
(d) (i) Calculate the time over which the man and child are
1. moving with uniform acceleration,
time = ., s [1]
2.  moving with uniform deceleration.
time = . s [1]
(ii) The time over which the man and child are moving with constant velocity is 20s.
On Fig. 3.2, sketch a graph to show the variation with time of the velocity of the
man and child for the complete lifting process.
2.0
velocity
/ms™
1.0
0
5 10 15 20 25 30 35
time/s
Fig. 3.2
[2]
© UCLES 2011 9702/23/M/J/11 [Turn over
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1  The variation with time t of the displacement s for a car is shown in Fig. 1.1.

600 yas

500 N

s/m
400

pd

300 3

200

//
7

100 /

0
0 20 40 60 80 100 t/s

Fig. 1.1

(a) Determine the magnitude of the average velocity between the times 5.0s and 35.0s.

average VeloCity = ......cccooeiiviiiiiiiiiiee s ms~1[2]

(b) On Fig. 1.2, sketch the variation with time t of the velocity v for the car.

v/ms-1

Fig. 1.2
[4]
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2 The variation with time t of velocity v of a car is shown in Fig. 2.1.

For
Examiner’s
Use
. stagel stage 2 i
- - >
20.0
15.0 ~
v/ms-1 e -
10.0 ~HHHF A A A A PRSI A AP A A
5.0 s u
O -
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
t/s
Fig. 2.1

At time t = 0, the driver sees an obstacle in the road. A short time later, the driver applies the
brakes. The car travels in two stages, as shown in Fig. 2.1.

(a) Use Fig. 2.1 to describe the velocity of the car in

1. stage,
...................................................................................................................................... [1]
2. stage?
...................................................................................................................................... 1]
(b) (i) Calculate the distance travelled by the car fromt =0to t = 3.5s.
total distance = ... m [2]

© UCLES 2011 9702/23/0O/N/11
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(ii) The car has a total mass of 1250kg. Determine the total resistive force acting on For

the car in stage 2. Examiner's
Use

(c) For safety reasons drivers are asked to travel at lower speeds. For each stage, describe
and explain the effect on the distance travelled for the same car and driver travelling at
half the initial speed shown in Fig. 2.1.
(i) stage 1:

.............................................................................................................................. [1]
(ii) stage 2:
.............................................................................................................................. [2]
© UCLES 2011 9702/23/0/N/11 [Turn over
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2 A ball is thrown vertically down towards the ground with an initial velocity of 4.23ms™'. The
ball falls for a time of 1.51s before hitting the ground. Air resistance is negligible.

(@) (i) Show that the downwards velocity of the ball when it hits the ground is 19.0ms™".

2]

(ii) Calculate, to three significant figures, the distance the ball falls to the ground.

diStanCe = ... m [2]

(b) The ball makes contact with the ground for 12.5ms and rebounds with an upwards
velocity of 18.6ms~". The mass of the ball is 46.5g.

(i) Calculate the average force acting on the ball on impact with the ground.

magnitude of force = ..o N

direction of fOrCe ....vvnieeeeeeeeeeeeeee e

(ii) Use conservation of energy to determine the maximum height the ball reaches
after it hits the ground.

height = ... m [2]
(c) State and explain whether the collision the ball makes with the ground is elastic or
inelastic.
...................................................................................................................................... [1]
© UCLES 2012 9702/21/M/J/12
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(i) Show that the time taken for the ball to reach the ground is 0.47 s.

© UCLES 2012

Fig.2.1.

ball passing point A

ball at maximum
5.0m height after rebound

RN B
d
/.

v v /. /.

s

Fig. 2.1

As the ball passes A, it has a speed of 8.4ms™'. The height of A is 5.0m above the

ground. The ball hits the ground and rebounds to B. Assume that air resistance is
negligible.

(i) Calculate the speed of the ball as it hits the ground.

[1]

29

(@) A ball is thrown vertically down towards the ground and rebounds as illustrated in
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(b) The ball rebounds vertically with a speed of 4.2ms™" as it leaves the ground. The time For

the ball is in contact with the ground is 20 ms. The ball rebounds to a maximum height h. |Examiners
Use
The ball passes A at time t= 0. On Fig. 2.2, plot a graph to show the variation with time
t of the velocity v of the ball. Continue the graph until the ball has rebounded from the
ground and reaches B.

v/ms™!

Fig. 2.2 [3]
(c) The ball has a mass of 0.050kg. It moves from A and reaches B after rebounding.

(i) For this motion, calculate the change in

1. kinetic energy,

change in Kinetic energy = .......cccccviiieiie e J[2]

2. gravitational potential energy.

change in potential energy = ..o J [3]

© UCLES 2012 9702/22/M/J/12 [Turn over
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(ii) State and explain the total change in energy of the ball for this motion. For
Examiner’s

Use

© UCLES 2012 9702/22/M/J/12
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2 (a) A student walks from A to B along the path shown in Fig. 2.1.

For
Examiner’s
Use
A
B
Fig. 2.1
The student takes time tto walk from A to B.
(i) State the quantity, apart from t, that must be measured in order to determine the
average value of
1. speed,
.............................................................................................................................. [1]
2. velocity.
.............................................................................................................................. [1]
(ii) Define acceleration.
.............................................................................................................................. [1]
© UCLES 2013 9702/23/M/J/13 [Turn over
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(b) A qirl falls vertically onto a trampoline, as shown in Fig. 2.2.

{
|

springy material

Fig. 2.2
The trampoline consists of a central section supported by springy material. At time

t = 0 the girl starts to fall. The girl hits the trampoline and rebounds vertically. The
variation with time t of velocity v of the girl is illustrated in Fig. 2.3.

10.0

8.0

[ ——

6.0

AN

AN

v/ims1

——

4.0

AN

LT

2.0

AN

0

0

AN

t/s

-2.0

-4.0

rebound

time
Il
[

-6.0

[
[T

-8.0

Fig. 2.3

For the motion of the girl, calculate

(i) the distance fallen between time t = 0 and when she hits the trampoline,
diStance = .....ccccciiii s m [2]
© UCLES 2013 9702/23/M/J/13
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(ii)

(c) (i)

(ii)

© UCLES 2013

34
the average acceleration during the rebound.

For
Examiner’s
Use
acceleration = ........ccceeveeeeeeeeeeeeeeenn ms—2[2]
Use Fig. 2.3 to compare, without calculation, the accelerations of the girl before
and after the rebound. Explain your answer.
.............................................................................................................................. 2]
Use Fig. 2.3 to compare, without calculation, the potential energy of the girl at
t=0and t= 1.85s. Explain your answer.
.............................................................................................................................. [2]
9702/23/M/J/13 [Turn over
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3 (a) Define

(i) velocity,

(b) A car of mass 1500kg travels along a straight horizontal road.
The variation with time t of the displacement x of the car is shown in Fig. 3.1.

140

120 g

100 -

AN

80

AN

x/m

60 v,

40 /

N

t/s

Fig. 3.1
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(i) Use Fig. 3.1 to describe qualitatively the velocity of the car during the first six

For
seconds of the motion shown. Examiner’s
Give reasons for your answers. Use
.............................................................................................................................. [3]
(ii) Calculate the average velocity during the time interval t=0to t=1.5s.
average VeloCity = ......cccocviiiiiiiiiiieieeee s ms~! [1]
(iii) Show that the average acceleration between t=1.5s and t= 4.0s is =7.2ms™2.
[2]
(iv) Calculate the average force acting on the car between t=1.5s and t=4.0s.
fOrCe = oo N [2]
© UCLES 2013 9702/23/0/N/13 [Turn over
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3 (a) State Newton’s first law of motion.

box

horizontal

Fig. 3.1

The angle of the slope to the horizontal is 20°. The box has a mass of 65kg. The total resistive
force R acting on the box is constant as it slides down the slope.

(i) State the names and directions of the other two forces acting on the box.

(ii) The variation with time t of the velocity v of the box as it moves down the slope is shown
in Fig. 3.2.

8.0
6.0 -
v/ms™ A
4.0 -
2.0 T
0 1 2
0 .0 t/s .0
Fig. 3.2
© UCLES 2014 9702/22/M/J/14
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1. Use data from Fig. 3.2 to show that the acceleration of the box is 2.6 ms™.

(2]
2. Calculate the resultant force on the box.
resultantforce = .........ccc N [1]
3. Determine the resistive force R on the box.
|2 T N [3]
© UCLES 2014 9702/22/M/J/14 [Turn over
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Answer all the questions in the spaces provided.

1 (a) (i) Define velocity.

(b) A car of mass 1500kg moves along a straight, horizontal road. The variation with time t of the
velocity v for the car is shown in Fig. 1.1.

40
30 N
v/ms™ NN
20 N
10
0
0 1.0 2.0 3.0 4.0 5.0 6.0
t/s
Fig. 1.1
The brakes of the car are applied from t =1.0sto t = 3.5s.
For the time when the brakes are applied,
(i) calculate the distance moved by the car,
AIStANCE = ..o m [3]

© UCLES 2014 9702/21/M/J/14
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(ii) calculate the magnitude of the resultant force on the car.

Fig. 1.2
On Fig. 1.2, show with arrows the directions of the acceleration (label this arrow A) and the
resultant force (label this arrow F). [1]
© UCLES 2014 9702/21/M/J/14 [Turn over
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2 The variation with time t of the velocity v of a ball is shown in Fig. 2.1.

vims

-10

-15

Fig. 2.1
The ball moves in a straight line from a point P at ¢t = 0. The mass of the ball is 400g.

(a) Use Fig. 2.1 to describe, without calculation, the velocity of the ball from t=0to t= 16s.

© UCLES 2015 9702/23/M/J/15
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(b) Use Fig. 2.1 to calculate, for the ball,

(i) the displacement from P at t=10s,

displacement = ... m [2]
(ii) the acceleration at t=10s,
acCeleration = ........cccoceeeeueeeeeeeeeeeee e ms—2 [2]
(iii) the maximum kinetic energy.
KINetiC eNergy = .....cccoiiiieieiiiee e J [2]

(c¢) Use your answers in (b)(i) and (b)(ii) to determine the time from t = 0 for the ball to return to P.

© UCLES 2015 9702/23/M/J/15 [Turn over
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2 A stone is thrown vertically upwards. The variation with time t of the displacement s of the stone is
shown in Fig. 2.1.

A

N

//

N

>

Fig. 2.1
(@) Use Fig. 2.1 to describe, without calculation, the speed of the stone from t=0to t=3.0s.

.............................................................................................................................................. [2]
(b) Assume air resistance is negligible and therefore the stone has constant acceleration.
Calculate, for the stone,
(i) the speed at 3.0s,
SPEEA = .o ms~' [3]

© UCLES 2015 9702/22/M/J/15
Kinematics 119



44
(ii) the distance travelled from t=0to t=3.0s,

AIStANCE = ..oeeeie s m [3]

(iii) the displacement from t=0to t= 3.0s.

displacement = ... m
AIrECHION e
(2]
(c¢) On Fig. 2.2, draw the variation with time t of the velocity v of the stone from t=0to t= 3.0s.
A
v/ims™
0
0 1.0 2.0 3.0
t/s1
Fig. 2.2

(3]
© UCLES 2015 9702/22/M/J/15 [Turn over
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2 (a) Define speed and velocity and use these definitions to explain why one of these quantities is
a scalar and the other is a vector.

(b) A ballis released from rest and falls vertically. The ball hits the ground and rebounds vertically,

as shown in Fig. 2.1.
ba”/T initial position

rebound

———ep—————— -

ground

Fig. 2.1

© UCLES 2015 9702/21/M/J/15 [Turn over
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The variation with time t of the velocity v of the ball is shown in Fig. 2.2.

12.0

10.0

8.0 y

vims1
6.0

4.0

T~
N

2.0

~
™~

0

0 1.0 2 3.0

-2.0

™

—4.0

-6.0

-8.0 7

-10.0

Fig. 2.2
Air resistance is negligible.

(i) Without calculation, use Fig. 2.2 to describe the variation with time t of the velocity of the
ball from t=0to t=2.1s.

....................................................................................................................................... [3]
(ii) Calculate the acceleration of the ball after it rebounds from the ground. Show your
working.
acCeleration = ........cccoeveveeeeeeeeeee e, ms2[3]
© UCLES 2015 9702/21/M/J/15
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(iii) Calculate, for the ball, from t=0to t=2.1s,

1. the distance moved,

distanCe = ..o,

2. the displacement from the initial position.

displacement = ..o

(iv) On Fig. 2.3, sketch the variation with t of the speed of the ball.

12.0

10.0

8.0
speed/ms1
6.0

4.0

2.0

0

0 1.0 2.0 3.0

-2.0

-4.0

-6.0

-8.0

-10.0

Fig. 2.3
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3 (a) A stone of mass 569 is thrown horizontally from the top of a cliff with a speed of
18ms~, as illustrated in Fig. 4.1.
18m s
o« — 2
16m
sea level
Fig. 4.1
The initial height of the stone above the level of the sea is 16 m. Air resistance may be
neglected.
(i) Calculate the change in gravitational potential energy of the stone as a result of
falling through 16 m.
change = ..., J [2]
(i) Calculate the total kinetic energy of the stone as it reaches the sea.
Kinetic energy = ... J [3]
© UCLES 2007 9702/02/M/J/07
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2 |Examiner’s

U
(b) Use your answer in (a)(ii) to show that the speed of the stone as it hits the water is *

approximately 25ms=1,

(c) State the horizontal velocity of the stone as it hits the water.
horizontal veloCity = ...........cccoveeveeeeeieeeeeenee. ms~! [1]

(d) (i) On the grid of Fig. 4.2, draw a vector diagram to represent the horizontal velocity
and the resultant velocity of the stone as it hits the water. [1]

Fig. 4.2

(i) Use your vector diagram to determine the angle with the horizontal at which the
stone hits the water.

© UCLES 2007 9702/02/M/J/07
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15 A small ball is thrown horizontally with a speed of 4.0ms™'. It falls through a vertical height of

1.96 m before bouncing off a horizontal plate, as illustrated in Fig. 3.1.

4.0ms-1
—

19m| \

plate 0.98m

Fig. 3.1
Air resistance is negligible.
(a) For the ball, as it hits the horizontal plate,

(i) state the magnitude of the horizontal component of its velocity,

horizontal velocCity = ..........ccovvviiiiiiinees

(i) show that the vertical component of the velocity is 6.2ms™.

© UCLES 2009 9702/22/0/N/09
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(b) The components of the velocity in (a) are both vectors. For

Examiner’s
Complete Fig. 3.2 to draw a vector diagram, to scale, to determine the velocity of the Use

ball as it hits the horizontal plate.

Fig. 3.2
VEIOCItY = eocvevieceeeeeceeee e ms™!
at o ° to the vertical
(3]

(c) After bouncing on the plate, the ball rises to a vertical height of 0.98m.

(i) Calculate the vertical component of the velocity of the ball as it leaves the plate.

vertical veloCity = ........ccooveeeeeeeeceeeeeeeee ms~! [2]

© UCLES 2009 9702/22/0/N/09
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(ii) The ball of mass 34 g is in contact with the plate for a time of 0.12s. For

Examiner’s
Use your answer in (¢)(i) and the data in (a)(ii) to calculate, for the ball as it bounces Use
on the plate,

1. the change in momentum,

Change = ..ococeveeeeeeeeeeeeeeee kgms™ [3]

2. the magnitude of the average force exerted by the plate on the ball due to this
momentum change.

© UCLES 2009 9702/22/0/N/09
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2 Aballis thrown horizontally from the top of a building, as shown in Fig. 2.1.

8.2ms™!

R

®--_

Fig. 2.1
The ball is thrown with a horizontal speed of 8.2ms~'. The side of the building is vertical. At
point P on the path of the ball, the ball is distance x from the building and is moving at an
angle of 60° to the horizontal. Air resistance is negligible.

(a) For the ball at point P,

(i) show that the vertical component of its velocity is 14.2ms™1,

[2]

(ii) determine the vertical distance through which the ball has fallen,

distance = ... m [2]
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© UCLES 2010

(iii) determine the horizontal distance x.

For
Examiner’s
Use
X D et m [2]
(b) The path of the ball in (a), with an initial horizontal speed of 8.2ms™, is shown again in
Fig.2.2.
8.2ms™
7_. T ~
Fig. 2.2
On Fig. 2.2, sketch the new path of the ball for the ball having an initial horizontal
speed
(i) greater than 8.2ms~" and with negligible air resistance (label this path G), 2]
(ii) equal to 8.2ms~" but with air resistance (label this path A). 2]
9702/21/0/N/10 [Turn over
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2 Aballis thrown from a point P, which is at ground level, as illustrated in Fig. 2.1. For

Examiner’s
Use

wall

path of ball &

Fig. 2.1

The initial velocity of the ball is 12.4ms™" at an angle of 36° to the horizontal.

The ball just passes over a wall of height h. The ball reaches the wall 0.17 s after it has been
thrown.

(a) Assuming air resistance to be negligible, calculate

(i) the horizontal distance of point P from the wall,

diStanCe = ... m [2]

© UCLES 2010 9702/22/0/N/10
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(ii) the height h of the wall.

For
Examiner’s
Use
H= m [3]
(b) A second ball is thrown from point P with the same velocity as the ball in (a). For this
ball, air resistance is not negligible.
This ball hits the wall and rebounds.
On Fig. 2.1, sketch the path of this ball between point P and the point where it first hits
the ground. (2]
© UCLES 2010 9702/22/0/N/10 [Turn over
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1 (a) Distinguish between scalar quantities and vector quantities.

(b) In the following list, underline all the scalar quantities.
acceleration force kinetic energy mass power weight [1]

(c) A stone is thrown with a horizontal velocity of 20ms~" from the top of a cliff 15m high.
The path of the stone is shown in Fig. 1.1.

cliff 15m

ground

Fig. 1.1
Air resistance is negligible.
For this stone,

(i) calculate the time to fall 15m,

(ii) calculate the magnitude of the resultant velocity after falling 15m,

resultant VeloCity = .......ccccoeceeeeveeeeeveeeeenene ms~' [3]
© UCLES 2011 9702/22/M/J/11
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1"

(iif) describe the difference between the displacement of the stone and the distance | |,

that it travels. Examiner's
Use
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3 A ballis thrown against a vertical wall. The path of the ball is shown in Fig. 3.1.

For
Examiner’s
Use
P
T wall
| 6.15m |
' 9.95m '
Fig. 3.1 (not to scale)
The ball is thrown from S with an initial velocity of 15.0ms™" at 60.0° to the horizontal.
Assume that air resistance is negligible.
(a) For the ball at S, calculate
(i) its horizontal component of velocity,
horizontal component of velocity = ..., ms~1[1]
(ii) its vertical component of velocity.
vertical component of veloCity = .......ccccoeiiiiiiiiiiiiis ms~1[1]
(b) The horizontal distance from S to the wall is 9.95m. The ball hits the wall at P with a
velocity that is at right angles to the wall. The ball rebounds to a point F that is 6.15m
from the wall.
Using your answers in (a),
(i) calculate the vertical height gained by the ball when it travels from S to P,
height = ... m [1]
© UCLES 2011 9702/21/0/N/11 [Turn over
Projectiles 135



13

(ii) show that the time taken for the ball to travel from S to P is 1.33s, For

Examiner’s
Use

[1]

(iii) show that the velocity of the ball immediately after rebounding from the wall is about
4.6ms.

(1]
(¢) The mass of the ball is 60 x 1073kg.
(i) Calculate the change in momentum of the ball as it rebounds from the wall.
change in momentum = ...........ccciiiiiiiii Ns [2]
(ii) State and explain whether the collision is elastic or inelastic.
............................................................................................................................. [1]

© UCLES 2011 9702/21/0/N/11
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2 (a) Explain what is meant by a scalar quantity and by a vector quantity.

(2]
(b) A ball leaves point P at the top of a cliff with a horizontal velocity of 15ms~, as shown in
Fig.2.1.
ball
path of ball
25m

Fig. 2.1

The height of the cliff is 25m. The ball hits the ground at point Q.
Air resistance is negligible.

(i) Calculate the vertical velocity of the ball just before it makes impact with the ground at Q.

vertical VElOCItY = ........cccveeeeeeeeeeeeeee e ms~'[2]

(ii) Show that the time taken for the ball to fall to the ground is 2.3s.

(1]

© UCLES 2014 9702/23/M/J/14
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(iii) Calculate the magnitude of the displacement of the ball at point Q from point P.

displacement = ............cccc, m [4]

(iv) Explain why the distance travelled by the ball is different from the magnitude of the
displacement of the ball.

© UCLES 2014 9702/23/M/J/14 [Turn over
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4 (a) Explain what is meant by gravitational potential energy and kinetic energy.

gravitational potential ENErgY: ... e e

(b) A ball of mass 4009 is thrown with an initial velocity of 30.0ms™" at an angle of 45.0° to the
horizontal, as shown in Fig. 4.1.

path of ball

ball

Fig. 4.1
Air resistance is negligible. The ball reaches a maximum height H after a time of 2.16s.
(i) Calculate

1. the initial kinetic energy of the ball,

Kinetic energy = ......ccccvieiiieiiiieeeee e J[3]

2. the maximum height H of the ball,

© UCLES 2014 9702/22/M/J/14
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3. the gravitational potential energy of the ball at height H.

potential energy = ... J [2]

(ii) 1. Determine the kinetic energy of the ball at its maximum height.

KINELIC ENEIQY = ..oeeiiiiiiie et J[1]

2. Explain why the kinetic energy of the ball at maximum height is not zero.

© UCLES 2014 9702/22/M/J/14 [Turn over
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2 Aballis thrown from A to B as shown in Fig. 2.1.

60°

Fig. 2.1

The ball is thrown with an initial velocity V at 60° to the horizontal.
The variation with time t of the vertical component V,, of the velocity of the ball from ¢ = 0 to
t=0.60s is shown in Fig. 2.2.

6.0

2.0

velocity/ms-1

t/'s

Fig. 2.2

© UCLES 2014 9702/22/0/N/14
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Assume air resistance is negligible.

(@) (i) Complete Fig. 2.2 for the time until the ball reaches B. [2]

(ii) Calculate the maximum height reached by the ball.

(iif) Calculate the horizontal component V, of the velocity of the ball at time t= 0.

V= s ms~1[2]
(iv) On Fig. 2.2, sketch the variation with t of V,. Label this sketch V,. [1]
(b) The ball has mass 0.65kg.
Calculate, for the ball,
(i) the maximum kinetic energy,
Maximum KiNetiC ENEIgY = ......ocoeviiiiiiiiiirieeee e J [3]

(i) the maximum potential energy above the ground.

maximum potential ENergy = ... J[2]
© UCLES 2014 9702/22/0/N/14 [Turn over
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(a) Explain what is meant by the centre of gravity of an object.

(b) A non-uniform plank of wood XY is 2.50 m long and weighs 950 N. Force-meters (spring
balances) A and B are attached to the plank at a distance of 0.40m from each end, as
illustrated in Fig. 3.1.

force-meter A force-meter B

0.40 0.40m
Faukid 2400

X O 77777777 7 7 777777 77 77 777 77 77 7777 77 77 777777 77 A Y

e 2.50m -

Fig. 3.1

When the plank is horizontal, force-meter A records 570 N.

(i) Calculate the reading on force-meter B.

reAdING = .. N
(ii) On Fig. 3.1, mark a likely position for the centre of gravity of the plank.

(iii) Determine the distance of the centre of gravity from the end X of the plank.

AiStANCe = v, m

9702/2 M/J02
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2

Two forces, each of magnitude F, form a couple acting on the edge of a disc of radius r, as
shown in Fig.5.1.

Fig.5.1

(@) The disc is made to complete n revolutions about an axis through its centre, normal to
the plane of the disc. Write down an expression for

(i) the distance moved by a point on the circumference of the disc,
distance = ...
(i) the work done by one of the two forces.

WOIK AONE = e

(b) Using your answer to (a), show that the work W done by a couple producing a torque T
when it turns through n revolutions is given by

W = 2rnT. [2]

© UCLES 2004 9702/02/M/J/04
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Ui
(c) A car engine produces a torque of 470 Nm at 2400 revolutions per minute. Calculate >

the output power of the engine.

© UCLES 2004 9702/02/M/J/04
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A rod AB is hinged to a wall at A. The rod is held horizontally by means of a cord BD,
attached to the rod at end B and to the wall at D, as shown in Fig. 2.1.

wall

\

hinge

Fig. 2.1

The rod has weight W and the centre of gravity of the rod is at C. The rod is held in
equilibrium by a force T in the cord and a force F produced at the hinge.

(a) Explain what is meant by

(i) the centre of gravity of a body,

(ii) the equilibrium of a body.

© UCLES 2006 9702/02/M/J/06
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Use

(b) The line of action of the weight W of the rod passes through the cord at point P.

Explain why, for the rod to be in equilibrium, the force F produced at the hinge must also
pass through point P.

(c) The forces F and T make angles o and 3 respectively with the rod and AC = 5AB, as
shown in Fig. 2.1.

Write down equations, in terms of F, W, T, a and j3, to represent

(i) the resolution of forces horizontally,

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

(ii) the resolution of forces vertically,
.............................................................................................................................. [1]

(iii) the taking of moments about A.
.............................................................................................................................. [1]

© UCLES 2006 9702/02/M/J/06
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4 (a) Define the torgue of a couple.

(b) A torque wrench is a type of spanner for tightening a nut and bolt to a particular torque,
as illustrated in Fig. 3.1.

force F
nut torque scale

v KG\D

i

45¢cm

Fig. 3.1

The wrench is put on the nut and a force is applied to the handle. A scale indicates the
torque applied.

The wheel nuts on a particular car must be tightened to a torque of 130Nm. This is
achieved by applying a force F to the wrench at a distance of 45cm from its centre
of rotation C. This force F may be applied at any angle 0 to the axis of the handle, as
shown in Fig. 3.1.

For the minimum value of Fto achieve this torque,

(i) state the magnitude of the angle 0 that should be used,

0 = oo ° 1]

(ii) calculate the magnitude of F.

© UCLES 2009 9702/21/M/J/09
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5 (a) Define the torque of a couple. For

Examiner’s
Use

(b) A torque wrench is a type of spanner for tightening a nut and bolt to a particular torque,
as illustrated in Fig. 3.1.

force F
nut torque scale

v [6\)

A
Y

45¢cm

Fig. 3.1

The wrench is put on the nut and a force is applied to the handle. A scale indicates the
torque applied.

The wheel nuts on a particular car must be tightened to a torque of 130N m. This is
achieved by applying a force F to the wrench at a distance of 45cm from its centre
of rotation C. This force F may be applied at any angle 0 to the axis of the handle, as
shown in Fig. 3.1.

For the minimum value of Fto achieve this torque,

(i) state the magnitude of the angle 0 that should be used,

(ii) calculate the magnitude of F.

© UCLES 2009 9702/22/M/J/09
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(a) State the two conditions necessary for the equilibrium of a body which is acted upon by
a number of forces.

(b) Three identical springs S,, S, and S, are attached to a point A such that the angle
between any two of the springs is 120°, as shown in Fig. 3.1.

Fig. 3.1

The springs have extended elastically and the extensions of S, and S, are x.
Determine, in terms of x, the extension of S; such that the system of springs is in
equilibrium. Explain your working.

extension of Sg = ..o [3]

8702/2 O/NO1
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(c) The lid of a box is hinged along one edge E, as shown in Fig. 3.2.

cord

box

Fig.3.2

The lid is held open by means of a horizontal cord attached to the edge F of the lid. The
centre of gravity of the lid is at point C.

On Fig. 3.2 draw
(i) an arrow, labelled W, to represent the weight of the lid,
(i) an arrow, labelled T, to represent the tension in the cord acting on the lid,

(iii) an arrow, labelled R, to represent the force of the hinge on the lid.

(3]

E@aminer’s
Use
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7 (a) Explain what is meant by the centre of gravity of a body. For

Examiner’s
.......................................................................................................................................... Use

(b) An irregularly-shaped piece of cardboard is hung freely from one point near its edge, as
shown in Fig. 2.1.

pivot

cardboard

Fig. 2.1

Explain why the cardboard will come to rest with its centre of gravity vertically below the
pivot. You may draw on Fig. 2.1 if you wish.

© UCLES 2005 9702/02/0/N/05
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8 (a) Distinguish between the moment of a force and the torque of a couple. For

Examiner’s
(0000) 0 T=T o180 )iF=T0 (o) (o7 RPTT TR Use

(b) One type of weighing machine, known as a steelyard, is illustrated in Fig. 3.1.

4.8 cm| pivot 12 N sliding weight metal rod

ottt ettt Tttt

-

hook 2.5 N sliding weight

Fig. 3.1

The two sliding weights can be moved independently along the rod.

With no load on the hook and the sliding weights at the zero mark on the metal rod, the
metal rod is horizontal. The hook is 4.8 cm from the pivot.

A sack of flour is suspended from the hook. In order to return the metal rod to the
horizontal position, the 12N sliding weight is moved 84 cm along the rod and the 2.5N
weight is moved 72cm.

© UCLES 2008 9702/02/0/N/08
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(i) Calculate the weight of the sack of flour.

For
Examiner’s

Use
weight = ... N [2]
(i) Suggest why this steelyard would be imprecise when weighing objects with a weight of

about 25N.
...................................................................................................................................... [1]
© UCLES 2008 9702/02/0/N/08
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2 (a) State the two conditions that must be satisfied for a body to be in equilibrium. For

Examiner’s
1 Use

et e heee e teeeeteeeeaseeeeteeeeseeeeseeeasseeeaaseeeasteeeaseeeeaseeeaaneteaareeeaaneeeateeeaneeeateeenns
[2]
(b) Three co-planar forces act on a body that is in equilibrium.
(i) Describe how to draw a vector triangle to represent these forces.
....................................................................... [3]
(i) State how the triangle confirms that the forces are in equilibrium.
.............................................................................................................................. [1]

© UCLES 2010 9702/23/M/J/10
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(c) A weight of 7.0N hangs vertically by two strings AB and AC, as shown in Fig. 2.1. For

Examiner’s
Use

50°

Y70N

Fig. 2.1

For the weight to be in equilibrium, the tension in string AB is T, and in string AC it
is T,
o

On Fig. 2.1, draw a vector triangle to determine the magnitudes of T, and T,,.

LIS N
Ty = corrrrreeeeessesseessss e N
[3]

(d) By reference to Fig. 2.1, suggest why the weight could not be supported with the strings
AB and AC both horizontal.

© UCLES 2010 9702/23/M/J/10 [Turn over
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3 (a) State the relation between force and momentum. For

Examiner’s

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

(b) A rigid bar of mass 4509 is held horizontally by two supports A and B, as shown in
Fig. 3.1.

ball O

l

: 45¢cm

50cm

Fig. 3.1

The support A is 45cm from the centre of gravity C of the bar and support B is 25cm
from C.

A ball of mass 140(g falls vertically onto the bar such that it hits the bar at a distance of
50cm from C, as shown in Fig. 3.1.

The variation with time t of the velocity v of the ball before, during and after hitting the
bar is shown in Fig. 3.2.

6
/,
/,
I,
I,
I,
/'
4 —~
velocity /’
downwards /’
/ms™! v
/
/
2 /
74
"4
/|
//
O /
0 0.2 0.4 0.6 0.8 /.0 1.2
4 time/s
I'
/I
/'
'/V
_2 //
/
/
-4
)
Fig. 3.2
© UCLES 2010 9702/21/0/N/10
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For the time that the ball is in contact with the bar, use Fig. 3.2

F
Exam(;rrwer’s
(i) to determine the change in momentum of the ball, Use
Change = ..ococeveeeeeeeeeeeeeeene, kgms™ [2]
(ii) to show that the force exerted by the ball on the bar is 33 N.
[1]
(c) For the time that the ball is in contact with the bar, use data from Fig. 3.1 and (b)(ii) to
calculate the force exerted on the bar by
(i) the support A,
fOrce = e N [3]
(ii) the support B.
force = o N [2]
© UCLES 2010 9702/21/0/N/10 [Turn over
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3 (a) State whatis meant by the centre of gravity of a body. For

Examiner’s
Use

(b) A uniform rectangular sheet of card of weight W is suspended from a wooden rod. The
card is held to one side, as shown in Fig. 3.1.

rod

card

Fig. 3.1
On Fig. 3.1,

(i) mark, and label with the letter C, the position of the centre of gravity of the card,

[1]

(ii) mark with an arrow labelled W the weight of the card. [1]

© UCLES 2010 9702/22/0/N/10
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(c) The cardin (b) is released. The card swings on the rod and eventually comes to rest.

(i)

(ii)

© UCLES 2010

For
Examiner’s
List the two forces, other than its weight and air resistance, that act on the card Use
during the time that it is swinging. State where the forces act.
8 SRR
PP PRPPP
[3]
By reference to the completed diagram of Fig. 3.1, state the position in which the
card comes to rest.
Explain why the card comes to rest in this position.
.............................................................................................................................. 2]
9702/22/0/N/10 [Turn over
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3 (a) Explain what is meant by centre of gravity. For

Examiner’s
Use

(c) A student is being weighed. The student, of weight W, stands 0.30m from end A of a
uniform plank AB, as shown in Fig. 3.1.

P D)
A B

| | |
| | V |
| wY 80N 70N |
fe———l

~0.50m :
a 2.0m i

Fig. 3.1 (not to scale)
The plank has weight 80N and length 2.0m. A pivot P supports the plank and is 0.50m
from end A.
A weight of 70N is moved to balance the weight of the student. The plank is in equilibrium
when the weight is 0.20m from end B.

(i) State the two conditions necessary for the plank to be in equilibrium.

© UCLES 2011 9702/21/M/J/11
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(ii) Determine the weight W of the student.

For
Examiner’s

Use
W= e, N [3]
(iii) If only the 70N weight is moved, there is a maximum weight of student that can
be determined using the arrangement shown in Fig. 3.1. State and explain one

change that can be made to increase this maximum weight.

............................................................................................................................. [2]
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Forces 162



2 Aclimber is supported by a rope on a vertical wall, as shown in Fig. 2.1.

wall — 2\

Fig. 2.1

21

The weight W of the climber is 520 N. The rope, of negligible weight, is attached to the climber
and to a fixed point P where it makes an angle of 18° to the vertical. The reaction force R

acts at right-angles to the wall.
The climber is in equilibrium.

(a) State the conditions necessary for the climber to be in equilibrium.

(b) Complete Fig. 2.2 by drawing a labelled vector triangle to represent the forces acting on

the climber.

w

Fig. 2.2

© UCLES 2011 9702/23/M/J/11
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(c) Resolve forces or use your vector triangle to calculate

For
Examiner’s
(i) the tension Tin the rope, Use
T = e N [2]
(ii) the reaction force R.
R = e N [1]
(d) The climber moves up the wall and the angle the rope makes with the vertical increases.
Explain why the magnitude of the tension in the rope increases.
...................................................................................................................................... 1]
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2 (a) Define the torque of a couple.

For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
..................................................................................................................................... 2]
(b) A uniform rod of length 1.5m and weight 2.4 N is shown in Fig. 2.1.
I 1.5m !
i i
| |
| |
|
rope A g oN . |
A pin |
|
|
rod ”~
weight 2.4N l v
8.0N | ope B
Fig. 2.1
The rod is supported on a pin passing through a hole in its centre. Ropes A and B
provide equal and opposite forces of 8.0N.
(i) Calculate the torque on the rod produced by ropes A and B.
torque = oo Nm [1]
(ii) Discuss, briefly, whether the rod is in equilibrium.
............................................................................................................................. [2]
© UCLES 2011 9702/21/0/N/11 [Turn over
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(c) The rod in (b) is removed from the pin and supported by ropes A and B, as shown in

; For
Fig.2.2. Examiner’s
Use
3 1.5m N
| |
| |
|
| rope A rope B
I A A
' 0.30m
]
|
\\\ |
P l
weight 2.4 N
Fig. 2.2

Rope A is now at point P 0.30m from one end of the rod and rope B is at the other end.

(i) Calculate the tension in rope B.

tensioninB= ....cccc N [2]
(ii) Calculate the tension in rope A.
tensioniNA= . N [1]
© UCLES 2011 9702/21/0/N/11
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2 (a) Define

For
Examiner’s
(i) force, Use
.............................................................................................................................. 1]
(ii) work done.
.............................................................................................................................. [1]
(b) A force Facts on a mass m along a straight line for a distance s. The acceleration of the
mass is a and the speed changes from an initial speed u to a final speed v.
(i) State the work W done by F.
(1]
(ii) Use your answer in (i) and an equation of motion to show that kinetic energy of a
mass can be given by the expression
kinetic energy = % x mass x (speed).
(3]
(c) A resultant force of 3800N causes a car of mass of 1500kg to accelerate from an initial
speed of 15ms™ to a final speed of 30ms™.
(i) Calculate the distance moved by the car during this acceleration.
distance = ... m [2]

(ii) The same force is used to change the speed of the car from 30ms™ to 45ms™.
Explain why the distance moved is not the same as that calculated in (i).
.............................................................................................................................. [1]
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3 (a) Define the terms

(i) power,

(ii) the Young modulus.

I o] e | H
motor
cable —
object of
mass 1800 kg - § §
ground
Fig. 3.1

The motor in the crane lifts a total mass of 1800kg from rest on the ground. The
cable supporting the mass is made of steel of Young modulus 2.4 x 10''Pa. The
cross-sectional area of the cable is 1.3 x 10~*m?. As the mass leaves the ground, the
strain in the cable is 0.0010. Assume the weight of the cable to be negligible.

(i) 1. Use the Young Modulus of the steel to show that the tension in the cable is
3.1 x 10*N.

(2]
2. Calculate the acceleration of the mass as it is lifted from the ground.
acceleration = ........ccccoeveeeeeeeeeeeeeeenn ms2 [3]
© UCLES 2011 9702/23/0/N/11
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(ii)

(iii)

© UCLES 2011

27
The motor now lifts the mass through a height of 15m at a constant speed.

For
Examiner’s
Calculate Use
1. the tension in the lifting cable,
tenSioN = ..o N [1]
2. the gain in potential energy of the mass.
gain in potential energy = ... J [2]
The motor of the crane is 30% efficient. Calculate the input power to the motor
required to lift the mass at a constant speed of 0.55ms™".
INPUL POWET = oo W [3]
9702/23/0/N/11 [Turn over
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2 A ball is thrown vertically down towards the ground with an initial velocity of 4.23ms™'. The
ball falls for a time of 1.51s before hitting the ground. Air resistance is negligible.

(@) (i) Show that the downwards velocity of the ball when it hits the ground is 19.0ms™".

2]

(ii) Calculate, to three significant figures, the distance the ball falls to the ground.

diStanCe = ... m [2]

(b) The ball makes contact with the ground for 12.5ms and rebounds with an upwards
velocity of 18.6ms~'. The mass of the ball is 46.5g.

(i) Calculate the average force acting on the ball on impact with the ground.

magnitude of force = ..o N

direction of fOrCe ....vvnieeeeeeeeeeeeeee e

(ii) Use conservation of energy to determine the maximum height the ball reaches
after it hits the ground.

height = ... m [2]
(c) State and explain whether the collision the ball makes with the ground is elastic or
inelastic.
...................................................................................................................................... [1]
© UCLES 2012 9702/21/M/J/12
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3 (a) State Newton’s first law.

For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
...................................................................................................................................... [1]
(b) A log of mass 450kg is pulled up a slope by a wire attached to a motor, as shown in
Fig. 3.1.
motor
Fig. 3.1
The angle that the slope makes with the horizontal is 12°. The frictional force acting on
the log is 650 N. The log travels with constant velocity.
(i) With reference to the motion of the log, discuss whether the log is in equilibrium.
.............................................................................................................................. [2]
(ii) Calculate the tension in the wire.
tensioN = ..o N [3]
(iii) State and explain whether the gain in the potential energy per unit time of the log is
equal to the output power of the motor.
.............................................................................................................................. [2]
© UCLES 2012 9702/22/M/J/12 [Turn over
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2 A motor drags a log of mass 452 kg up a slope by means of a cable, as shown in Fig. 2.1.

\ motor

start and finish | cable
position ‘
of log

Fig. 2.1
The slope is inclined at 14.0° to the horizontal.

(a) Show that the component of the weight of the log acting down the slope is 1070 N.

(b) The log starts from rest. A constant frictional force of 525N acts on the log. The |
accelerates up the slope at 0.130ms™2.
(i) Calculate the tension in the cable.
teNSION = ..oiiiiiiiieeeeeee N
© UCLES 2012 9702/23/M/J/12
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(ii) The log is initially at rest at point S. It is pulled through a distance of 10.0m to

point P.

Calculate, for the log,

1. the time taken to move from S to P,

2. the magnitude of the velocity at P.

(c) The cable breaks when the log reaches point P. On Fig. 2.2, sketch the variation with
time t of the velocity v of the log. The graph should show v from the start at S until the

log returns to S.

A

velocity =

© UCLES 2012

Fig. 2.2
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2 (a) State Newton’s second law.

(b) A ball of mass 65g hits a wall with a velocity of 5.2ms™" perpendicular to the wall. The
ball rebounds perpendicularly from the wall with a speed of 3.7ms™!. The contact time
of the ball with the wall is 7.5ms.

Calculate, for the ball hitting the wall,

(i) the change in momentum,

change in momentum = ..o Ns[2]

(ii) the magnitude of the average force.

(c¢) (i) Forthe collision in (b) between the ball and the wall, state how the following apply:

1. Newton’s third law,

.............................................................................................................................. [2]
2. the law of conservation of momentum.
.............................................................................................................................. [1]
(ii) State, with a reason, whether the collision is elastic or inelastic.
.............................................................................................................................. [1]
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For
Examiner’s

1 (a) The drag force D on an object of cross-sectional area A, moving with a speed v through Use
a fluid of density p, is given by

D =— CpAv?

1
2
where Cis a constant.

Show that C has no unit.

(2]
(b) A raindrop falls vertically from rest. Assume that air resistance is negligible.

(i) On Fig. 1.1, sketch a graph to show the variation with time t of the velocity v of the
raindrop for the first 1.0s of the motion.

10.0

8.0

6.0

v/ims1

4.0

2.0

t/s

Fig. 1.1
(1]

(i) Calculate the velocity of the raindrop after falling 1000 m.

VEIOCIY = oo ms~' [2]
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(c¢) In practice, air resistance on raindrops is not negligible because there is a drag force. For

This drag force is given by the expression in (a). Examiner’s
Use

(i) State an equation relating the forces acting on the raindrop when it is falling at
terminal velocity.

[1]

(i) The raindrop has mass 1.4 x 105kg and cross-sectional area 7.1 x 10°8m?. The
density of the air is 1.2kgm™ and the initial velocity of the raindrop is zero. The
value of Cis 0.60.

1. Show that the terminal velocity of the raindrop is about 7ms™".

2]

2. The raindrop reaches terminal velocity after falling approximately 10m. On
Fig. 1.1, sketch the variation with time t of velocity v for the raindrop. The sketch
should include the first 5s of the motion.

2]

© UCLES 2012 9702/22/0/N/12 [Turn over

Forces 176



35

3 (a) Define centre of gravity. For

Examiner’s
Use

(b) A uniform rod AB is attached to a vertical wall at A. The rod is held horizontally by a
string attached at B and to point C, as shown in Fig. 3.1.

CY

wall

8.5N

Fig. 3.1
The angle between the rod and the string at B is 50°. The rod has length 1.2m and
weight 8.5N. An object O of mass M is hung from the rod at B. The tension T in the
string is 30N.

(i) Use the resolution of forces to calculate the vertical component of T.

vertical component of T= .......coooiiiiiiiiiiicc, N [1]

(ii) State the principle of moments.
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(iii) Use the principle of moments and take moments about A to show that the weight of

For
the object O is 19N. Examiner's

Use

[3]
(iv) Hence determine the mass M of the object O.
S et a e e e aane kg [1]
(c) Use the concept of equilibrium to explain why a force must act on the rod at A.
...................................................................................................................................... 2]
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4 (a) Define the torque of a couple.

(b) A wheel is supported by a pin P at its centre of gravity, as shown in Fig. 4.1.

25¢cm

|———
|

35N

35N

Fig. 4.1

The plane of the wheel is vertical. The wheel has radius 25cm.

37

Two parallel forces each of 35N act on the edge of the wheel in the vertical directions

shown in Fig. 4.1. Friction between the pin and the wheel is negligible.

(i) List two other forces that act on the wheel. State the direction of these forces and

where they act.

(ii) Calculate the torque of the couple acting on the wheel.

(iii) The resultant force on the wheel is zero. Explain, by reference to the four forces

acting on the wheel, how it is possible that the resultant force is zero.

(iv) State and explain whether the wheel is in equilibrium.
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3 (a) Explain what is meant by work done.

(b) A boy on a board B slides down a slope, as shown in Fig. 3.1.

boy on board B

horizontal

Fig. 3.1

The angle of the slope to the horizontal is 30°. The total resistive force F acting on B is
constant.

(i) State a word equation that links the work done by the force F on B to the changes in
potential and kinetic energy.

(ii) The boy on the board B moves with velocity v down the slope. The variation with time ¢ of
vis shown in Fig. 3.2.

8.0 r
6.0 o
vims1 4.0 » 4
/r‘
2.0 A
0 0 1.0 2.0 3.0
) t/'s
Fig. 3.2
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The total mass of B is 75kg.
For B, from t=0to t=2.5s,

1. show that the distance moved down the slope is 9.3m,

(2]
2. calculate the gain in kinetic energy,
gain in KinetiC €Nergy = .......ccooociieeiiiiiee e J [3]
3. calculate the loss in potential energy,
loss in potential eNergy = ... J [3]
4. calculate the resistive force F.
F oo N [3]
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3 (a) State Newton’s first law of motion.

box

horizontal

Fig. 3.1

The angle of the slope to the horizontal is 20°. The box has a mass of 65kg. The total resistive
force R acting on the box is constant as it slides down the slope.

(i) State the names and directions of the other two forces acting on the box.

(ii) The variation with time t of the velocity v of the box as it moves down the slope is shown
in Fig. 3.2.

8.0
6.0 -
v/ms™ A
4.0 -
2.0 T
0 1 2
0 .0 t/s .0
Fig. 3.2
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1. Use data from Fig. 3.2 to show that the acceleration of the box is 2.6 ms™.

(2]
2. Calculate the resultant force on the box.
resultantforce = .........ccc N [1]
3. Determine the resistive force R on the box.
|2 T N [3]
© UCLES 2014 9702/22/M/J/14 [Turn over

Forces 183



42

3 A uniform plank AB of length 5.0m and weight 200N is placed across a stream, as shown in
Fig. 3.1.

Fa Fg

Fig. 3.1
A man of weight 880N stands a distance x from end A. The ground exerts a vertical force F, on
the plank at end A and a vertical force f5 on the plank at end B.
As the man moves along the plank, the plank is always in equilibrium.

(@) (i) Explain why the sum of the forces F, and Fgis constant no matter where the man stands
on the plank.

(ii) The man stands a distance x = 0.50m from end A. Use the principle of moments to
calculate the magnitude of F.
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(b) The variation with distance x of force F, is shown in Fig. 3.2.

10001
force/N . g
N FA
500 ™
0
0O 10 20 30 4.0 5.0
x/m
Fig. 3.2
On the axes of Fig. 3.2, sketch a graph to show the variation with x of force F. [3]
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4 Atrolley moves down a slope, as shown in Fig. 4.1.

trolley

horizontal

Fig. 4.1
The slope makes an angle of 25° with the horizontal. A constant resistive force Fg acts up the
slope on the trolley.
At time t= 0, the trolley has velocity v = 0.50ms~! down the slope.
At time t=4.0s, v = 12ms~! down the slope.

(@) (i) Show that the acceleration of the trolley down the slope is approximately 3ms=2.

(2]

(ii) Calculate the distance x moved by the trolley down the slope from time t=0to t=4.0s.

(iii) On Fig. 4.2, sketch the variation with time t of distance x moved by the trolley.

A

0 4.0 t/s

Fig. 4.2

(2]
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(b) The mass of the trolley is 2.0kg.

(i) Show that the component of the weight of the trolley down the slope is 8.3N.

(1]
(ii) Calculate the resistive force Fg.
Fr= o N [2]
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Answer all the questions in the spaces provided.

1 (a) The Young modulus of the metal of a wire is 1.8 x 10'! Pa. The wire is extended and the strain

produced is 8.2 x 1074,
Calculate the stress in GPa.

SIESS = oo GPa [2]
(b) An electromagnetic wave has frequency 12THz.

(i) Calculate the wavelength in um.

wavelength = ... um [2]

(ii) State the name of the region of the electromagnetic spectrum for this frequency.

(c) An object B is on a horizontal surface. Two forces act on B in this horizontal plane. A vector
diagram for these forces is shown to scale in Fig. 1.1.

7.5N

Fig. 1.1
© UCLES 2014 9702/22/0/N/14
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A force of 7.5N towards north and a force of 2.5N from 30° north of east act on B.
The mass of B is 750g.

(i) On Fig. 1.1, draw an arrow to show the approximate direction of the resultant of these
two forces. [1]

(ii) 1. Show that the magnitude of the resultant force on B is 6.6 N.

(1]

2. Calculate the magnitude of the acceleration of B produced by this resultant force.

MAGNItUAE = ...veeeeeceeeeeeee e ms2 [2]

(iii) Determine the angle between the direction of the acceleration and the direction of the
7.5N force.
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3 ArodPQis attached at P to a vertical wall, as shown in Fig. 3.1.

wall— |

. é 0,

P
rod
w

Fig. 3.1

The length of the rod is 1.60m. The weight W of the rod acts 0.64m from P. The rod is kept
horizontal and in equilibrium by a wire attached to Q and to the wall at R. The wire provides a
force Fon the rod of 44N at 30° to the horizontal.

(@) Determine

(i) the vertical component of F,

vertical component = ... N [1]

(ii) the horizontal component of F.

horizontal component = ... N [1]

(b) By taking moments about P, determine the weight W of the rod.
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(c) Explain why the wall must exert a force on the rod at P.

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

(d) On Fig. 3.1, draw an arrow to represent the force acting on the rod at P. Label your arrow with

the letter S. [1]
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A bullet of mass 2.0 g is fired horizontally into a block of wood of mass 600 g. The block is
suspended from strings so that it is free to move in a vertical plane.

The bullet buries itself in the block. The block and bullet rise together through a vertical
distance of 8.6 cm, as shown in Fig. 3.1.

wood
block

bullet

Fig. 3.1

(@) (i) Calculate the change in gravitational potential energy of the block and bullet.

(ii) Show that the initial speed of the block and the bullet, after they began to move off
together, was 1.3ms™".

[1]

1
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(b) Using the information in (a)(ii) and the principle of conservation of momentum,
determine the speed of the bullet before the impact with the block.

(c) (i) Calculate the kinetic energy of the bullet just before impact.

Kinetic energy = .....ccoeveeeeiiiiiee e J [2]

(ii) State and explain what can be deduced from your answers to (¢)(i) and (a)(i) about
the type of collision between the bullet and the block.
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2 An experiment is conducted on the surface of the planet Mars. For

A sphere of mass 0.78kg is projected almost vertically upwards from the surface of the |Examiners

planet. The variation with time t of the vertical velocity v in the upward direction is shown in Use
Fig.2.1.

10

vims-1

0 l 2 NH3 4 tls

)4

)4

7

-10

Fig. 2.1

The sphere lands on a small hill at time t=4.0s.

(a) State the time t at which the sphere reaches its maximum height above the planet’s
surface.

(b) Determine the vertical height above the point of projection at which the sphere finally
comes to rest on the hill.

© UCLES 2009 9702/22/M/J/09
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(c) Calculate, for the first 3.5s of the motion of the sphere, For

Examiner’s
(i) the change in momentum of the sphere, Use

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

(ii) the force acting on the sphere.

(d) Using your answer in (c)(ii),

(i) state the weight of the sphere,

(ii) determine the acceleration of free fall on the surface of Mars.

acceleration = .........cceeveeeeeeeeeeeee e ms2 [2]
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5

A ball B of mass 1.2kg travelling at constant velocity collides head-on with a stationary ball S
of mass 3.6kg, as shown in Fig. 2.1.
— VYV -
ball B
mass 1.2kg mass 3.6 kg
Fig. 2.1
Frictional forces are negligible.
The variation with time t of the velocity v of ball B before, during and after colliding with ball S
is shown in Fig. 2.2.
+4
\
+3 \
v/ms-1 \
+2 \
\
+1
\
0 \
0 0.1 0.2 \r10.3 0.4 0.5+ t/s
-1
-2
Fig. 2.2
(a) State the significance of positive and negative values for vin Fig. 2.2.
.................................................................................................................................... [1]
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(b) Use Fig. 2.2 to determine, for ball B during the collision with ball S,

For
Examiner’s

(i) the change in momentum of ball B, Use

change in momentum = ..........cccooiiiiniiiine e Ns [3]

(i) the magnitude of the force acting on ball B.

(c) Calculate the speed of ball S after the collision.
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(d) Using your answer in (c) and information from Fig. 2.2, deduce quantitatively whether For

the collision is elastic or inelastic. Examiner’s
Use

© UCLES 2009 9702/21/M/J/09

Dynamics 198



For
8 |Examiner’s

Ui
5 A ball falls from rest onto a flat horizontal surface. Fig. 3.1 shows the variation with time ¢ of *
the velocity v of the ball as it approaches and rebounds from the surface.

(0]

'v/ms!

|
[
[
|
|
[
‘an
\
—
o
o
o
wW
o
[
N
o
\
(o))
\
|
Il

)

L~

N

Fig. 3.1
Use data from Fig. 3.1 to determine

(a) the distance travelled by the ball during the first 0.40 s,

distance = ..o m [2]
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u
(b) the change in momentum of the ball, of mass 45 g, during contact of the ball with the >

surface,

(c) the average force acting on the ball during contact with the surface.
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6 A girl stands at the top of a cliff and throws a ball vertically upwards with a speed of 12m s, For
as illustrated in Fig. 3.1. Examiner's
Use
path of
¥ ball
i IS
| h
| y
Fig. 3.1

At the time that the girl throws the ball, her hand is a height h above the horizontal ground at
the base of the cliff.
The variation with time t of the speed v of the ball is shown in Fig. 3.2.

20

—1
v/ims

10

Fig. 3.2

© UCLES 2004 9702/02/0/N/04

Dynamics 201



11

Speeds in the upward direction are shown as being positive. Speeds in the downward
direction are negative.

(a) State the feature of Fig. 3.2 that shows that the acceleration is constant.

.................................................................................................................................... [1]
(b) Use Fig. 3.2 to determine the time at which the ball
(i) reaches maximum height,
time = . s
(if) hits the ground at the base of the cliff.
time = . s
[2]
(c) Determine the maximum height above the base of the cliff to which the ball rises.
height = ... m [3]

(d) The ball has mass 250g. Calculate the magnitude of the change in momentum of the
ball between the time that it leaves the girl’s hand to time t=4.0s.
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(e) (i) State the principle of conservation of momentum. For

Examiner’s
Use
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7 Atrolley of mass 930 g is held on a horizontal surface by means of two springs, as shown in

Fig' 4.1. Examiner’s
Use
trolley spring
Fig. 4.1

The variation with time t of the speed v of the trolley for the first 0.60 s of its motion is shown
in Fig. 4.2.

8.0
vicms™ P N

A/ \‘\
6.0
4 N
/ \
4.0
/ \
/ \
A
2.0 7 \
/
0
0 0.1 0.2 0.3 0.4 0.5 0.6
t/'s
Fig. 4.2
(a) Use Fig. 4.2 to determine
(i) the initial acceleration of the trolley,
acceleration = ...............cceeeunn. m s [2]
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(i) the distance moved during the first 0.60 s of its motion. For

Examiner’s
Use

distance = ... m [3]

(b) (i) Use your answer to (a)(i) to determine the resultant force acting on the trolley at
time t=0.

(ii) Describe qualitatively the variation with time of the resultant force acting on the
trolley during the first 0.60 s of its motion.
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8 A stone on a string is made to travel along a horizontal circular path, as shown in Fig. 3.1. .
or

Examiner’s
Use

path of

stone stone

Fig. 3.1

The stone has a constant speed.

(@) Define acceleration.
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(c) The stone has a weight of 5.0 N. When the string makes an angle of 35° to the vertical,

the tension in the string is 6.1 N, as illustrated in Fig. 3.2. For

Examiner’s
Use

Y

5.0N

Fig. 3.2

Determine the resultant force acting on the stone in the position shown.

magnitude of force = ... N
direction of force...........coooiiiii [4]
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9 A student investigates the speed of a trolley as it rolls down a slope, as illustrated in Fig. 2.1. For
Examiner’s

Use
speed sensor

trolley \VQ

N

Fig. 2.1

The speed v of the trolley is measured using a speed sensor for different values of the time t
that the trolley has moved from rest down the slope.

Fig. 2.2 shows the variation with t of v.

2.0 X
v/ims! -
15 _
l//
v/'/'
~
/
1.0 A
/X
/
/
1
05 Z
/
/
,/
0 4
0 0.2 04 0.6 0.8 1.0 1.2
t/s
Fig. 2.2
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(a) Use Fig. 2.2 to determine the acceleration of the trolley at the point on the graph where
t=0.80s.

acceleration = ...........cccoeeeeeneennnnnn. ms—2 [4]

(b) (i) State whether the acceleration is increasing or decreasing for values of t greater
than 0.6 s. Justify your answer by reference to Fig.2.2.

.............................................................................................................................. [2]
(i) Suggest an explanation for this change in acceleration.
.............................................................................................................................. [1]
(c) Name the feature of Fig. 2.2 that indicates the presence of
(i) random error,
.............................................................................................................................. [1]
(ii) systematic error.
.............................................................................................................................. [1]
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10 Francium-208 is radioactive and emits o-particles with a kinetic energy of 1.07x10712J to
form nuclei of astatine, as illustrated in Fig. 3.1.

. astatine
francium nucleus

nucleus
before decay

O «- particle

v

Fig. 3.1
(a) State the nature of an a-particle.

(b) Show that the initial speed of an o-particle after the decay of a francium nucleus is
approximately 1.8 x10”ms™".

[2]
(c) (i) State the principle of conservation of linear momentum.
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(ii) The Francium-208 nucleus is stationary before the decay. Estimate the speed of For

the astatine nucleus immediately after the decay. Examiner's
Use

(d) Close examination of the decay of the francium nucleus indicates that the astatine
nucleus and the a-particle are not ejected exactly in opposite directions.

Suggest an explanation for this observation.

© UCLES 2006 9702/02/0/N/06

Dynamics 211



21
11 A girl G is riding a bicycle at a constant velocity of 3.5ms~!. At time t =0, she passes a boy B
sitting on a bicycle that is stationary, as illustrated in Fig. 2.1.

B

G 3.5ms™!
t=0
Fig. 2.1
At time t=0, the boy sets off to catch up with the girl. He accelerates uniformly from time t=0
until he reaches a speed of 5.6ms™" in a time of 5.0s. He then continues at a constant speed
of 5.6ms™". At time t=T, the boy catches up with the girl.
T'is measured in seconds.

(a) State, in terms of T, the distance moved by the girl before the boy catches up with her.

distance = ......coociiiiiiiiiiinn. m [1]

(b) For the boy, determine

(i) the distance moved during his acceleration,

distance = ..o, m [2]

(ii) the distance moved during the time that he is moving at constant speed.
Give your answer in terms of T.

distance = ......ccccoiiiiiiiiiiiieees m [1]
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(c) Use your answers in (a) and (b) to determine the time T taken for the boy to catch up
with the girl.
T o= e s [2]
(d) The boy and the bicycle have a combined mass of 67kg.
(i) Calculate the force required to cause the acceleration of the boy.
force = . N [3]

(ii) At a speed of 4.5ms™!, the total resistive force acting on the boy and bicycle is
23N.
Determine the output power of the boy’s legs at this speed.
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12 A car is travelling along a straight road at speed v. A hazard suddenly appears in front of
the car. In the time interval between the hazard appearing and the brakes on the car coming
into operation, the car moves forward a distance of 29.3m. With the brakes applied, the front
wheels of the car leave skid marks on the road that are 12.8 m long, as illustrated in Fig. 2.1.

position of car skid mark
when hazard appears /

29.3 m 12.8 m

Fig. 2.1

It is estimated that, during the skid, the magnitude of the deceleration of the car is 0.85g,
where g is the acceleration of free fall.

(@) Determine

(i) the speed v of the car before the brakes are applied,

(ii) the time interval between the hazard appearing and the brakes being applied.
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(b) The legal speed limit on the road is 60 km per hour. For

Use both of your answers in (a) to comment on the standard of the driving of the car. Examiner’s
Use
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13 A sky-diver jumps from a high-altitude balloon.

(a) Explain briefly why the acceleration of the sky-diver

(i) decreases with time,

............................................................................................................................ [2]
(i) is 9.8ms™ at the start of the jump.
............................................................................................................................ [1]
(b) The variation with time t of the vertical speed v of the sky-diver is shown in Fig. 2.1.
40
v/ms
30 e onuan
20 pa
0%
/]
/
,/
/
10
0 /
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
t/'s
Fig. 2.1
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Use Fig. 2.1 to determine the magnitude of the acceleration of the sky-diver at time For

t=6.0s. Examiner's
Use

acceleration = .......cceeveeeeeeeeeeeeeeene m s~ [3]
(c) The sky-diver and his equipment have a total mass of 90kg.
(i) Calculate, for the sky-diver and his equipment,

1. the total weight,

2. the accelerating force at time t=6.0s.

force = i N [1]
(ii) Use your answers in (i) to determine the total resistive force acting on the sky-diver
at time t=6.0s.
force = i, N [1]
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14 A stationary nucleus of mass 220u undergoes radioactive decay to produce a nucleus D of
mass 216u and an a-particle of mass 4u, as illustrated in Fig. 3.1.

nucleus

before decay

nucleus D a-particle

after decay

initial kinetic energy
1.0x 10712

Fig. 3.1
The initial kinetic energy of the a-particle is 1.0 x 10712J.

(@) (i) State the law of conservation of linear momentum.

(ii) Explain why the initial velocities of the nucleus D and the a-particle must be in
opposite directions.

(b) (i) Show that the initial speed of the a-particle is 1.7 x 10’ms™.

2]
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(ii) Calculate the initial speed of nucleus D. For

Examiner’s
Use

(¢) The range in air of the emitted a-particle is 4.5cm.
Calculate the average deceleration of the a-particle as it is stopped by the air.

deceleration = .......ccoceeeeeeeeeeeeeeene ms=2 [2]
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16 A steel ball of mass 73 g is held 1.6 m above a horizontal steel plate, as illustrated in Fig. 4.1.

steel ball
___________ O/ mass 739
A
. i
1.6m E
'h
steel E
plate |
Y Y
C 2
Fig. 4.1

The ball is dropped from rest and it bounces on the plate, reaching a height h.

(a) Calculate the speed of the ball as it reaches the plate.

SPEEA = .oveeeeeeee e ms~'  [2]

(b) As the ball loses contact with the plate after bouncing, the kinetic energy of the ball is
90% of that just before bouncing. Calculate

(i) the height h to which the ball bounces,
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(i) the speed of the ball as it leaves the plate after bouncing.

[4]

(c) Using your answers to (a) and (b), determine the change in momentum of the ball
during the bounce.

to (c).
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Ui
17 A ball has mass m. It is dropped onto a horizontal plate as shown in Fig. 4.1. >

plate

Fig. 4.1

Just as the ball makes contact with the plate, it has velocity v, momentum p and kinetic
energy E,.

(@) (i) Write down an expression for momentum p in terms of mand v.

(ii) Hence show that the kinetic energy is given by the expression

2
E = P~
k 2m’
[3]
© UCLES 2004 9702/02/M/J/04
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(b) Just before impact with the plate, the ball of mass 35 g has speed 4.5ms™. It bounces
from the plate so that its speed immediately after losing contact with the plate is
3.5ms'. The ball is in contact with the plate for 0.14s.

Calculate, for the time that the ball is in contact with the plate,

(i) the average force, in addition to the weight of the ball, that the plate exerts on the
ball,

magnitude of force = ... N
direction of force = ..o
[4]
(if) the loss in kinetic energy of the ball.
0SS = oo J [2]
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2 (a) Complete Fig. 2.1 to show whether each of the quantities listed is a vector or a scalar.

For
Examiner’s
Use
vector / scalar

distance moved | ...l

speed |

acceleration | ...l

Fig. 2.1
[3]
(b) A ball falls vertically in air from rest. The variation with time ¢ of the distance d moved by
the ball is shown in Fig. 2.2.
5
4
/|
/
d/m v
3
7
4
4
4
2
Il/
1 e
0 =
0 0.2 0.4 0.6 0.8 1.0 1.2
t/s
Fig. 2.2
© UCLES 2010 9702/21/M/J/10
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(i) By reference to Fig. 2.2, explain how it can be deduced that For
Examiner’s

1. the ball is initially at rest, Use

.............................................................................................................................. [2]
2. airresistance is not negligible.
.............................................................................................................................. [1]

(ii) Use Fig. 2.2 to determine the speed of the ball at a time of 0.40s after it has been
released.

SPEEA = oo m s~ [2]

(iii) On Fig. 2.2, sketch a graph to show the variation with time t of the distance d moved

by the ball for negligible air resistance. You are not expected to carry out any further
calculations. [3]

© UCLES 2010 9702/21/M/J/10 [Turn over
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2 (a) The distance s moved by an object in time t may be given by the expression

s = 1at?

N —

where a is the acceleration of the object.

State two conditions for this expression to apply to the motion of the object.

35

(b) A student takes a photograph of a steel ball of radius 5.0cm as it falls from rest. The
image of the ball is blurred, as illustrated in Fig. 2.1.

The image is blurred because the ball is moving while the photograph is being taken.

initial position
of ball in photograph

final position
of ball in photograph

Fig. 2.1

90

cm

100

cm

MW

The scale shows the distance fallen from rest by the ball. At time t= 0, the top of the ball
is level with the zero mark on the scale. Air resistance is negligible.
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Calculate, to an appropriate number of significant figures,

For
Examiner’s
(i) the time the ball falls before the photograph is taken, Use
time = s [3]
(ii) the time interval during which the photograph is taken.
time interval = ..., s [3]
(c) The student in (b) takes a second photograph starting at the same position on the scale.
The ball has the same radius but is less dense, so that air resistance is not negligible.
State and explain the changes that will occur in the photograph.
...................................................................................................................................... [2]
© UCLES 2010 9702/22/M/J/10 [Turn over
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4 A student takes measurements to determine a value for the acceleration of free fall. Some of |

the apparatus used is illustrated in Fig. 4.1. Examiner's
Use

electromagnet

iron
ball

bench

Fig. 4.1

The student measures the vertical distance d between the base of the electromagnet and
the bench. The time t for an iron ball to fall from the electromagnet to the bench is also
measured.

Corresponding values of t2 and d are shown in Fig. 4.2.

60

50

d/cm

40

30

20

10

0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
12/s2

Fig. 4.2
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(@) On Fig. 4.2, draw the line of best fit for the points. [1] For
Examiner’s
(b) State and explain why there is a non-zero intercept on the graph of Fig. 4.2. Use
.................................................................................................................................... [2]
(c) Determine the student’s value for
(i) the diameter of the ball,
diameter = ..., cm [1]
(ii) the acceleration of free fall.
acceleration = ..oocveeveeeeeeeeeeeeeee e ms—2 [3]
© UCLES 2010 9702/23/0/N/10 [Turn over
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3 A helicopter has a cable hanging from it towards the sea below, as shown in Fig. 3.1.

helicopter

Sea
M
_— = \—/\—/t/

Fig. 3.1
A man of mass 80kg rescues a child of mass 50.5kg. The two are attached to the cable
and are lifted from the sea to the helicopter. The lifting process consists of an initial uniform
acceleration followed by a period of constant velocity and then completed by a final uniform
deceleration.

(a) Calculate the combined weight of the man and child.

Weight = s N [1]
(b) Calculate the tension in the cable during

(i) the initial acceleration of 0.570ms™,

tension = ..o, N [2]

(i) the period of constant velocity of 2.00ms™".

tension = ... N [1]
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(c) During the final deceleration the tension in the cable is 1240N. Calculate this

; For
deceleration. Examiner’s
Use
deceleration = ........ccccceoveveveeeeeeeeeeennn ms—2 [2]
(d) (i) Calculate the time over which the man and child are
1. moving with uniform acceleration,
time = ., s [1]
2. moving with uniform deceleration.
time = . s [1]
(ii) The time over which the man and child are moving with constant velocity is 20s.
On Fig. 3.2, sketch a graph to show the variation with time of the velocity of the
man and child for the complete lifting process.
2.0
velocity
/ms™
1.0
0
5 10 15 20 25 30 35
time/s
Fig. 3.2
[2]
© UCLES 2011 9702/23/M/J/11 [Turn over
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1  The variation with time t of the displacement s for a car is shown in Fig. 1.1.

600 yas

500 N

s/m
400

pd

300 3

200

//
7

100 /

0
0 20 40 60 80 100 t/s

Fig. 1.1

(a) Determine the magnitude of the average velocity between the times 5.0s and 35.0s.

average VeloCity = ......cccoceviviiiiiiiiinee s ms~1[2]

(b) On Fig. 1.2, sketch the variation with time t of the velocity v for the car.

v/ms-1

Fig. 1.2
[4]
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2 The variation with time t of velocity v of a car is shown in Fig. 2.1.

For
Examiner’s
Use
. stagel stage 2 i
- - >
20.0
15.0 ~
v/ms-1 e -
10.0 ~HHHF A A A A PRSI A AP A A
5.0 s u
O -
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
t/s
Fig. 2.1

At time t = 0, the driver sees an obstacle in the road. A short time later, the driver applies the
brakes. The car travels in two stages, as shown in Fig. 2.1.

(a) Use Fig. 2.1 to describe the velocity of the car in

1. stage,
...................................................................................................................................... [1]
2. stage?
...................................................................................................................................... 1]
(b) (i) Calculate the distance travelled by the car fromt =0to t = 3.5s.
total distance = ... m [2]

© UCLES 2011 9702/23/0/N/11
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(ii) The car has a total mass of 1250kg. Determine the total resistive force acting on

For
the car in stage 2. Examiner's
Use
fOrce = i N [3]
(c) For safety reasons drivers are asked to travel at lower speeds. For each stage, describe
and explain the effect on the distance travelled for the same car and driver travelling at
half the initial speed shown in Fig. 2.1.
(i) stage 1:
.............................................................................................................................. [1]
(ii) stage 2:
.............................................................................................................................. [2]
© UCLES 2011 9702/23/0/N/11 [Turn over
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2 A ball is thrown vertically down towards the ground with an initial velocity of 4.23ms™'. The
ball falls for a time of 1.51s before hitting the ground. Air resistance is negligible.

(@) (i) Show that the downwards velocity of the ball when it hits the ground is 19.0ms™".

2]

(ii) Calculate, to three significant figures, the distance the ball falls to the ground.

diStanCe = ... m [2]

(b) The ball makes contact with the ground for 12.5ms and rebounds with an upwards
velocity of 18.6ms~'. The mass of the ball is 46.5g.

(i) Calculate the average force acting on the ball on impact with the ground.

magnitude of force = ... N

direction of fOrCe ....vvnniieeeeeeeeeee e

(ii) Use conservation of energy to determine the maximum height the ball reaches
after it hits the ground.

height = ... m [2]
(c) State and explain whether the collision the ball makes with the ground is elastic or
inelastic.
...................................................................................................................................... [1]
© UCLES 2012 9702/21/M/J/12
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(i) Show that the time taken for the ball to reach the ground is 0.47 s.

© UCLES 2012

Fig.2.1.

ball passing point A

ball at maximum
5.0m height after rebound

RN B
d
/.

v v /. /.

s

Fig. 2.1

As the ball passes A, it has a speed of 8.4ms™'. The height of A is 5.0m above the

ground. The ball hits the ground and rebounds to B. Assume that air resistance is
negligible.

(i) Calculate the speed of the ball as it hits the ground.

[1]

45

(@) A ball is thrown vertically down towards the ground and rebounds as illustrated in

9702/22/M/J/12
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(b) The ball rebounds vertically with a speed of 4.2ms™" as it leaves the ground. The time For

the ball is in contact with the ground is 20 ms. The ball rebounds to a maximum height h. |Examiners
Use
The ball passes A at time t= 0. On Fig. 2.2, plot a graph to show the variation with time
t of the velocity v of the ball. Continue the graph until the ball has rebounded from the
ground and reaches B.

v/ms™!

Fig. 2.2 [3]
(c) The ball has a mass of 0.050kg. It moves from A and reaches B after rebounding.

(i) For this motion, calculate the change in

1. Kkinetic energy,

change in Kinetic energy = ..o J[2]

2. gravitational potential energy.

change in potential energy = ..o J [3]

© UCLES 2012 9702/22/M/J/12 [Turn over

Dynamics 237



47

(ii) State and explain the total change in energy of the ball for this motion. For
Examiner’s

Use

© UCLES 2012 9702/22/M/J/12
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2 Two planks of wood AB and BC are inclined at an angle of 15° to the horizontal. The two

wooden planks are joined at point B, as shown in Fig. 2.1.

Fig. 2.1

A small block of metal M is released from rest at point A. It slides down the slope to B and

up the opposite side to C. Points A and C are 0.26 m above B. Assume frictional forces are
negligible.

(@) (i) Describe and explain the acceleration of M as it travels from A to B and from B to C.

............................................................................................................................ [3]
(ii) Calculate the time taken for M to travel from A to B.
ime = . s [3]
(iii) Calculate the speed of M at B.
SPEEA = .eoveeeeeee e ms~' [2]

(b) The plank BC is adjusted so that the angle it makes with the horizontal is 30°. M is
released from rest at point A and slides down the slope to B. It then slides a distance
along the plank from B towards C.

Use the law of conservation of energy to calculate this distance. Explain your working.

distance = ..o m [2]

© UCLES 2012 9702/23/0/N/12
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Answer all the questions in the spaces provided.

1 (a) (i) Define acceleration.

(b) The variation with time t of vertical speed v of a parachutist falling from an aircraft is
shown in Fig. 1.1.

60
B C
50 L 1 1
v/ms™ %
Ve \
/4 \
40
/ \
\
A
/
\
30 i \
\
/ \
\
/
20 UD
/
\
\
/
/
N
N
1041 =
i E
/
0 A
0 10 20 30
t/s
Fig. 1.1
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(i) Calculate the distance travelled by the parachutist in the first 3.0 s of the motion.

For
Examiner’s
Use
distance = ... m [2]

(ii) Explain the variation of the resultant force acting on the parachutist from t = 0
(point A) to t=15s (point C).
............................................................................................................................. [3]

(iii) Describe the changes to the frictional force on the parachutist
1. at t=15s (point C),
............................................................................................................................. 1]

2. between t=15s (point C) and t=22s (point E).
............................................................................................................................. 1]
© UCLES 2012 9702/21/0/N/12 [Turn over
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(iv) The mass of the parachutist is 95kg.

For
Examiner’s
Calculate, for the parachutist between t= 15s (point C) and t= 17s (point D), Use
1. the average acceleration,
acceleration = .........ccoceveeeeeeeeeeeeeeenn ms=2 [2]
2. the average frictional force.
frictional force = ......ccooceiiiiiiic, N [3]
© UCLES 2012 9702/21/0/N/12

Dynamics 242



52

3 (a) (i) Define force.

.............................................................................................................................. (1]
(ii) State Newton’s third law of motion.
.............................................................................................................................. [3]
(b) Two spheres approach one another along a line joining their centres, as illustrated in
Fig. 3.1.
——_ -
sphere sphere
A B
Fig. 3.1

When they collide, the average force acting on sphere A is F, and the average force
acting on sphere B is F.

The forces act for time ¢, on sphere A and time t5 on sphere B.
(i) State the relationship between

1. Fyand Fg,

(ii) Use your answers in (i) to show that the change in momentum of sphere A is equal
in magnitude and opposite in direction to the change in momentum of sphere B.

© UCLES 2010 9702/22/M/J/10
Dynamics

For
Examiner’s
Use

243



(c) For the spheres in (b), the variation with time of the momentum of sphere A before,
during and after the collision with sphere B is shown in Fig. 3.2.

1

5

[TTTTTTT
LT
I'TTTTTT]
momentum
toright/Ns

1

pd

ti

//

(&)]

Fig. 3.2

The momentum of sphere B before the collision is also shown on Fig. 3.2.

Complete Fig. 3.2 to show the variation with time of the momentum of sphere B during

and after the collision with sphere A.

© UCLES 2010
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(@) (i) State the principle of conservation of momentum.

(b) An object A of mass 4.2kg and horizontal velocity 3.6ms~' moves towards object B as

shown in Fig. 3.1.

A B
3.6ms1 1.2ms!

42kg —> <« 1.5kg before collision

Fig. 3.1

Object B of mass 1.5kg is moving with a horizontal velocity of 1.2ms™! towards
object A.

The objects collide and then both move to the right, as shown in Fig. 3.2.

A B

3.0ms™!
42kg —— | 1.5kg —> after collision

Fig. 3.2
Object A has velocity v and object B has velocity 3.0ms™".

(i) Calculate the velocity v of object A after the collision.

(V) [o1o31 1V T ms~1[3]

(ii) Determine whether the collision is elastic or inelastic.

[3]
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2 (a) Define force. For

Examiner’s

..................................................................................................................................... [1] | Use

(b) A resultant force F acts on an object of mass 2.4kg. The variation with time t of F is
shown in Fig. 2.1.

10.0

8.0

F/N

6.0

4.0

2.0

t/s

Fig. 2.1

The object starts from rest.

© UCLES 2013 9702/22/M/J/13
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(i) On Fig. 2.2, show quantitatively the variation with t of the acceleration a of the
object. Include appropriate values on the y-axis.

A

a/ms—2

0 1.0 2.0 3.0 4.0
t/s

Fig. 2.2
(4]

(ii) On Fig. 2.3, show quantitatively the variation with t of the momentum p of the object.
Include appropriate values on the y-axis.

For
Examiner’s
Use

A
p/Ns
0
0 1.0 2.0 3.0 4.0
t/s
Fig. 2.3
(5]
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Answer all the questions in the spaces provided.

1 (a) (i) Define velocity.

(b) A car of mass 1500kg moves along a straight, horizontal road. The variation with time t of the
velocity v for the car is shown in Fig. 1.1.

40
30 N
v/ms™ NN
20 N
10
0
0 1.0 2.0 3.0 4.0 5.0 6.0
t/s
Fig. 1.1
The brakes of the car are applied from t =1.0sto t = 3.5s.
For the time when the brakes are applied,
(i) calculate the distance moved by the car,
AIStANCE = ..oei s m [3]
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(ii) calculate the magnitude of the resultant force on the car.

Fig. 1.2
On Fig. 1.2, show with arrows the directions of the acceleration (label this arrow A) and the
resultant force (label this arrow F). [1]
© UCLES 2014 9702/21/M/J/14 [Turn over
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4 (a) State the principle of conservation of momentum.

(b) A ball X and a ball Y are travelling along the same straight line in the same direction, as
shown in Fig. 4.1.

X Y
4009 0.65ms™" 600g 0.45ms™"

Fig. 4.1

Ball X has mass 4009 and horizontal velocity 0.65ms™".
Ball Y has mass 600g and horizontal velocity 0.45ms™".

Ball X catches up and collides with ball Y. After the collision, X has horizontal velocity 0.41ms™'
andY has horizontal velocity v, as shown in Fig. 4.2.

X Y
*— o—
400¢ 0.41ms™ 600g Vv
Fig. 4.2
Calculate
(i) the total initial momentum of the two balls,
MOMENTUM = ..o Ns [3]
(ii) the velocity v,
V o et ms~1[2]

© UCLES 2014 9702/23/0/N/14
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(iii) the total initial kinetic energy of the two balls.

KINetiC eNergy = .....cccoiiieeeeiii e J [3]

(c¢) Explain how you would check whether the collision is elastic.

(d) Use Newton’s third law to explain why, during the collision, the change in momentum of X is
equal and opposite to the change in momentum of Y.

© UCLES 2014 9702/23/0/N/14 [Turn over
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3 Twoballs X andY are supported by long strings, as shown in Fig. 3.1.

X Y
OQ"
45ms! 2.8ms!

Fig. 3.1

61

The balls are each pulled back and pushed towards each other. When the balls collide at the

position shown in Fig. 3.1, the strings are vertical. The balls rebound in opposite directions.

Fig. 3.2 shows data for X and Y during this collision.

The positive direction is horizontal and to the right.

ball mass velocity just before velocity just after
collision/ms™ collision/ms™
509 +4.5 -1.8
M -2.8 +1.4
Fig. 3.2

(@) Use the conservation of linear momentum to determine the mass M of Y.
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(b) State and explain whether the collision is elastic.

(c) Use Newton’s second and third laws to explain why the magnitude of the change in momentum
of each ball is the same.

© UCLES 2015 9702/21/M/J/15 [Turn over
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1 Some gas is contained in a cylinder by means of a moveable piston, as illustrated in Fig. 5.1. *

\

g\ 7
moveable
\ /% piston

cylinder X Z \

Fig. 5.1

State how, for this mass of gas, the following changes may be achieved.

(a) increase its gravitational potential energy

...................................................................................................................................... [1]
(b) decrease its internal energy

...................................................................................................................................... [1]
(c) increase its elastic potential energy

...................................................................................................................................... [1]
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U
2 (a) Explain what is meant by the infernal energy of a substance. ¥

(b) State and explain, in molecular terms, whether the internal energy of the following
increases, decreases or does not change.

(i) alump of iron as it is cooled

© UCLES 2006 9702/02/M/J/06
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A shopping trolley and its contents have a total mass of 42kg. The trolley is being pushed For
along a horizontal surface at a speed of 1.2ms™'. When the trolley is released, it travels a |examiners
distance of 1.9m before coming to rest. Use
(a) Assuming that the total force opposing the motion of the trolley is constant,

(i) calculate the deceleration of the trolley,

deceleration = .......c.cceeeeeeiceeieeeeee ms= [2]

(i) show that the total force opposing the motion of the trolley is 16 N.

[1]

(b) Using the answer in (a)(ii), calculate the power required to overcome the total force
opposing the motion of the trolley at a speed of 1.2ms™".

© UCLES 2008 9702/02/M/J/08
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(c) The trolley now moves down a straight slope that is inclined at an angle of 2.8° to the
horizontal, as shown in Fig. 3.1.

Fig. 3.1
The constant force that opposes the motion of the trolley is 16 N.
Calculate, for the trolley moving down the slope,

(i) the component down the slope of the trolley’s weight,

component of weight = .........cccoooiiii N [2]

(i) the time for the trolley to travel from rest a distance of 3.5m along the length of the
slope.

(d) Use your answer to (c)(ii) to explain why, for safety reasons, the slope is not made any
steeper.
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(a) Explain the concept of work.

(b) A table tennis ball falls vertically through air. Fig. 8.1 shows the variation of the kinetic
energy E, of the ball with distance h fallen. The ball reaches the ground after falling
through a distance hj,.

energy 4
EK
0 I >
0 ho h

Fig. 8.1
(i) Describe the motion of the ball.

(ii) On Fig. 8.1, draw a line to show the variation with h of the gravitational potential
energy E; of the ball. At h = h,, the potential energy is zero. [3]
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(a) Define what is meant by

(i) work done,

(b) A force Fis acting on a body that is moving with velocity v in the direction of the force.

Derive an expression relating the power P dissipated by the force to F and v.

(2]
C car or mass accelerates from rest to a speed o ms ' Ino.18S.
(c) A carof 1900 kg accel f peed of 27ms~" in 8.1

(i) Calculate the average rate at which kinetic energy is supplied to the car during the
acceleration.
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(ii) The car engine provides power at a constant rate. Suggest and explain why the For

acceleration of the car is not constant. Examiner's
Use
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6 (a) (i) Define potential energy.
............................................................................................................................. [1]
(ii) Distinguish between gravitational potential energy and elastic potential energy.
gravitational potential ENergy ........ooiiiiiiiii
elastic potential @NErgy ...
............................................................................................................................. [2]

(b) A small sphere of mass 51¢ is suspended by a light inextensible string from a fixed
point P.
The centre of the sphere is 61cm vertically below point P, as shown in Fig. 3.1.

P
61cm 18>
sphere,
/mass 51g

Fig. 3.1

The sphere is moved to one side, keeping the string taut, so that the string makes
an angle of 18° with the vertical. Calculate

(i) the gain in gravitational potential energy of the sphere,
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u
(i) the moment of the weight of the sphere about point P. *
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3 A cyclist is moving up a slope that has a constant gradient. The cyclist takes 8.0s to climb For
the slope. Examiner's
The variation with time t of the speed v of the cyclist is shown in Fig. 3.1. Use

8

v/ms™

Fig. 3.1

(a) Use Fig. 3.1 to determine the total distance moved up the slope.

distance = .....ccccciiiie m [3]

© UCLES 2010 9702/23/M/J/10
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(b) The bicycle and cyclist have a combined mass of 92kg.
The vertical height through which the cyclist moves is 1.3m.

(i) For the movement of the bicycle and cyclist between t=0 and t= 8.0s,

1. use Fig. 3.1 to calculate the change in kinetic energy,

2. calculate the change in gravitational potential energy.

(ii) The cyclist pedals continuously so that the useful power delivered to the bicycle

is 75W.
Calculate the useful work done by the cyclist climbing up the slope.

WOIK dONE = .o

© UCLES 2010 9702/23/M/J/10
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(c) Some energy is used in overcoming frictional forces. For
Examiner’s
(i) Use your answers in (b) to show that the total energy converted in overcoming Use

frictional forces is approximately 670J.

(1]
(ii) Determine the average magnitude of the frictional forces.
average force = ... N [1]
(d) Suggest why the magnitude of the total resistive force would not be constant.
...................................................................................................................................... [2]

© UCLES 2010 9702/23/M/J/10
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3 (a) (i) Explain whatis meant by work done.

(ii) Define power.

(b) Fig. 3.1 shows part of a fairground ride with a carriage on rails.

Fig. 3.1

The carriage and passengers have a total mass of 600kg. The carriage is travelling at a
speed of 9.5ms™" towards a slope inclined at 30° to the horizontal. The carriage comes
to rest after travelling up the slope to a vertical height of 4.1 m.

(i) Calculate the kinetic energy, in kd, of the carriage and passengers as they travel
towards the slope.

Kinetic energy = .....cccoomeeeeeiiiiieeee s kJ [3]

(ii) Show that the gain in potential energy of the carriage and passengers is 24 kJ.

2]
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(iii) Calculate the work done against the resistive force as the carriage moves up the

For
slope. Examiner's
Use
WOIK dONE = ...ovviiiiiiiiiieiiiieiieeevee e kd [1]
(iv) Use your answer in (iii) to calculate the resistive force acting against the carriage
as it moves up the slope.
resistive force = ...l N [2]
© UCLES 2011 9702/22/M/J/11 [Turn over
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2 (a) Explain what is meant by work done.

..................................................................................................................................... [1]
(b) A car is travelling along a road that has a uniform downhill gradient, as shown in

Fig.2.1.

25ms™!
7.5°
Fig. 2.1
The car has a total mass of 850kg. The angle of the road to the horizontal is 7.5°.
Calculate the component of the weight of the car down the slope.
component of weight = ... N [2]

(¢) The car in (b) is travelling at a constant speed of 25ms™'. The driver then applies the
brakes to stop the car. The constant force resisting the motion of the car is 4600 N.

(i) Show that the deceleration of the car with the brakes applied is 4.1ms™2,

2]

(i) Calculate the distance the car travels from when the brakes are applied until the
car comes to rest.

distance = .....ccccocciiiiie m [2]

© UCLES 2011 9702/21/M/J/11
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(iii) Calculate

F
Exam(;rrwer’s
1. the loss of kinetic energy of the car, Use
loss of kKinetic energy = ... J[2]
2. the work done by the resisting force of 4600 N.
(Vo] ¢ Qe (o] 0 1= T J[1]
(iv) The quantities in (iii) part 1 and in (iii) part 2 are not equal. Explain why these two
quantities are not equal.
............................................................................................................................. [1]
© UCLES 2011 9702/21/M/J/11 [Turn over
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4 (a) Distinguish between gravitational potential energy and electric potential energy. For
Examiner’s
Use

(b) A body of mass m moves vertically through a distance h near the Earth’s surface. Use
the defining equation for work done to derive an expression for the gravitational potential
energy change of the body.

2]

(c) Water flows down a stream from a reservoir and then causes a water wheel to rotate, as
shown in Fig. 4.1.

reservoir

stream

120m

water wheel

Fig. 4.1
As the water falls through a vertical height of 120 m, gravitational potential energy is
converted to different forms of energy, including kinetic energy of the water. At the water
wheel, the kinetic energy of the water is only 10% of its gravitational potential energy at
the reservoir.

(i) Show that the speed of the water as it reaches the wheel is 15ms™.

2]

© UCLES 2011 9702/21/0/N/11 [Turn over
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(ii) The rotating water wheel is used to produce 110kW of electrical power. Calculate

For
the mass of water flowing per second through the wheel, assuming that the |examiners
production of electric energy from the kinetic energy of the water is 25% efficient. Use

mass of water per second = .......ccooeeverviiiiiiiiiiieieeeeeenn. kgs™ [3]
© UCLES 2011 9702/21/0/N/11
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2 (a) Define

For
Examiner’s
(i) force, Use
.............................................................................................................................. 1]
(ii) work done.
.............................................................................................................................. [1]
(b) A force Facts on a mass m along a straight line for a distance s. The acceleration of the
mass is a and the speed changes from an initial speed u to a final speed v.
(i) State the work W done by F.
(1]
(ii) Use your answer in (i) and an equation of motion to show that kinetic energy of a
mass can be given by the expression
kinetic energy = % x mass x (speed).
(3]
(c) A resultant force of 3800N causes a car of mass of 1500kg to accelerate from an initial
speed of 15ms™ to a final speed of 30ms™.
(i) Calculate the distance moved by the car during this acceleration.
distance = ... m [2]

(ii) The same force is used to change the speed of the car from 30ms™ to 45ms™.
Explain why the distance moved is not the same as that calculated in (i).
.............................................................................................................................. [1]

© UCLES 2011 9702/22/0/N/11 [Turn over
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3 (a) Define the terms

(i) power,

(ii) the Young modulus.

I o] e | H
motor
cable —
object of
mass 1800 kg - § §
ground
Fig. 3.1

The motor in the crane lifts a total mass of 1800kg from rest on the ground. The
cable supporting the mass is made of steel of Young modulus 2.4 x 10''Pa. The
cross-sectional area of the cable is 1.3 x 10~*m?. As the mass leaves the ground, the
strain in the cable is 0.0010. Assume the weight of the cable to be negligible.

(i) 1. Use the Young Modulus of the steel to show that the tension in the cable is
3.1 x 10*N.

2]

2. Calculate the acceleration of the mass as it is lifted from the ground.

acceleration = ........ccccoeveeeeeeeeeeeeeeenn ms2 [3]

© UCLES 2011 9702/23/0/N/11
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(ii)

(iii)

© UCLES 2011

21
The motor now lifts the mass through a height of 15m at a constant speed.

For
Examiner’s
Calculate Use
1. the tension in the lifting cable,
tenSioN = ..o N [1]
2. the gain in potential energy of the mass.
gain in potential energy = ... J [2]
The motor of the crane is 30% efficient. Calculate the input power to the motor
required to lift the mass at a constant speed of 0.55ms™".
INPUL POWET = oo W [3]
9702/23/0/N/11 [Turn over
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(i) Show that the time taken for the ball to reach the ground is 0.47 s.

© UCLES 2012

Fig.2.1.

ball passing point A

ball at maximum
5.0m height after rebound

RN B
d
/.

v v /. /.

s

Fig. 2.1

As the ball passes A, it has a speed of 8.4ms™'. The height of A is 5.0m above the

ground. The ball hits the ground and rebounds to B. Assume that air resistance is
negligible.

(i) Calculate the speed of the ball as it hits the ground.

[1]

22

(@) A ball is thrown vertically down towards the ground and rebounds as illustrated in

9702/22/M/J/12

For
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(b) The ball rebounds vertically with a speed of 4.2ms™" as it leaves the ground. The time For

the ball is in contact with the ground is 20 ms. The ball rebounds to a maximum height h. |Examiners
Use
The ball passes A at time t= 0. On Fig. 2.2, plot a graph to show the variation with time
t of the velocity v of the ball. Continue the graph until the ball has rebounded from the
ground and reaches B.

v/ms™!

Fig. 2.2 [3]
(c) The ball has a mass of 0.050kg. It moves from A and reaches B after rebounding.

(i) For this motion, calculate the change in

1. kinetic energy,

change in Kinetic energy = .......cccccviiieiie e J[2]

2. gravitational potential energy.

change in potential energy = ..o J [3]

© UCLES 2012 9702/22/M/J/12 [Turn over
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(ii) State and explain the total change in energy of the ball for this motion. For
Examiner’s

Use

© UCLES 2012 9702/22/M/J/12
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3 (a) Define power.

For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
.................................................................................................................................... [1]
(b) A cyclist travels along a horizontal road. The variation with time t of speed v is shown in
Fig. 3.1.
12.0
10.0 =T
8.0
v/ms™! y
6.0
/
/
/
/
4.0 i
i
/
]
/
2.0
J
I
|
I
0
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
t/s
Fig. 3.1
The cyclist maintains a constant power and after some time reaches a constant speed
of 12ms™.
(i) Describe and explain the motion of the cyclist.
............................................................................................................................ [3]
© UCLES 2012 9702/23/0/N/12 [Turn over
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(ii) When the cyclist is moving at a constant speed of 12ms™' the resistive force is For
48N. Show that the power of the cyclist is about 600W. Explain your working. Examiner's

Use

2]

(iii) Use Fig. 3.1 to show that the acceleration of the cyclist when his speed is 8.0ms™"
is about 0.5ms™2.

[2]
(iv) The total mass of the cyclist and bicycle is 80kg. Calculate the resistive force R

acting on the cyclist when his speed is 8.0ms™'. Use the value for the acceleration
given in (iii).

(v) Use the information given in (ii) and your answer to (iv) to show that, in this
situation, the resistive force R is proportional to the speed v of the cyclist.

[1]

© UCLES 2012 9702/23/0/N/12
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3 (a) An object falls vertically from rest through air. State and explain the energy conversions
that occur as the object falls.

(b) A ball of mass 150 is thrown vertically upwards with an initial speed of 25ms™.

(i) Calculate the initial kinetic energy of the ball.

KinetiC energy = ...ccvveeiieeiiieeee e J [3]
(ii) The ball reaches a height of 21 m above the point of release.
For the ball rising to this height, calculate

1. the loss of energy of the ball to air resistance,

eNnergy oSS = ..o J [3]

2. the average force due to the air resistance.

© UCLES 2013 9702/21/M/J/13
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3 (a) State whatis meant by work done.

...................................................................................................................................... [1]
(b) A trolley of mass 4009 is moving at a constant velocity of 2.5ms™ to the right as shown
in Fig. 3.1.
2.5ms™!
trolley —
4009
(0] Q

Fig. 3.1

Show that the kinetic energy of the trolley is 1.3J.

2]

(c) The trolley in (b) moves to point P as shown in Fig. 3.2.

25ms™!
trolley —_—

F
400g [+

(0]

Q
A T
P

Fig. 3.2

At point P the speed of the trolley is 2.5ms™".
A variable force F acts to the left on the trolley as it moves between points P and Q.
The variation of F with displacement x from P is shown in Fig. 3.3.

20
F/N 10 )
0 ] >
0 X
P Q
Fig. 3.3
© UCLES 2013 9702/21/0O/N/13
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The trolley comes to rest at point Q.

For
Examiner’s
(i) Calculate the distance PQ. Use
distance PQ = ...oooviiieiiie e m [3]
(ii) On Fig. 3.4, sketch the variation with x of velocity v for the trolley moving between P
and Q.
A
2.5+
v/ims™
0 T >
P Q X
Fig. 3.4
[2]
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4 (a) Distinguish between gravitational potential energy and elastic potential energy.

(b) A ball of mass 65¢g is thrown vertically upwards from ground level with a speed of
16ms™'. Air resistance is negligible.

(i) Calculate, for the ball,

1. the initial kinetic energy,

Kinetic energy = ......ccccviiiieeieiieeeeeee e J [2]

2. the maximum height reached.

maximum height = ........cccccoi m [2]

(ii) The ball takes time t to reach maximum height. For time % after the ball has been
thrown, calculate the ratio

potential energy of ball
kinetic energy of ball

(iii) State and explain the effect of air resistance on the time taken for the ball to reach
maximum height.

© UCLES 2013 9702/23/0/N/13
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2 (a) (i) Define power.

(ii) Use your definition in (i) to show that power may also be expressed as the product of
force and velocity.

(2]

(b) A lorry moves up a road that is inclined at 9.0° to the horizontal, as shown in Fig. 2.1.

Fig. 2.1

The lorry has mass 2500kg and is travelling at a constant speed of 8.5ms~". The force due to
air resistance is negligible.

(i) Calculate the useful power from the engine to move the lorry up the road.

(ii) State two reasons why the rate of change of potential energy of the lorry is equal to the
power calculated in (i).

© UCLES 2014 9702/21/M/J/14 [Turn over
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3 (a) Explain what is meant by work done.

(b) A boy on a board B slides down a slope, as shown in Fig. 3.1.

boy on board B

horizontal

Fig. 3.1

The angle of the slope to the horizontal is 30°. The total resistive force F acting on B is
constant.

(i) State a word equation that links the work done by the force F on B to the changes in
potential and kinetic energy.

(ii) The boy on the board B moves with velocity v down the slope. The variation with time ¢ of
vis shown in Fig. 3.2.

8.0 r
6.0 o
vims1 4.0 » 4
/r‘
2.0 A
0 0 1.0 2.0 3.0
) t/'s
Fig. 3.2
© UCLES 2014 9702/23/M/J/14
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The total mass of B is 75kg.
For B, from t=0to t=2.5s,

1. show that the distance moved down the slope is 9.3m,

(2]
2. calculate the gain in kinetic energy,
gain in KinetiC eNergy = .......cccoociiieiiiiiiee e J[3]
3. calculate the loss in potential energy,
loss in potential eNergy = ... J [3]
4. calculate the resistive force F.
F oo N [3]
© UCLES 2014 9702/23/M/J/14 [Turn over
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5 A motor is used to move bricks vertically upwards, as shown in Fig. 5.1.

motor/’@

bricks

container //{\

Fig. 5.1

The bricks start from rest and accelerate for 2.0s. The bricks then travel at a constant speed of
0.64ms™1 for 25s. Finally the bricks are brought to rest in a further 3.0s.

The total mass of the bricks is 25kg.
(a) Determine the change in kinetic energy of the bricks

(i) inthe first 2.0s,

change in Kinetic energy = .......ooooiiiiiiie i J [2]
(i) inthe next 25s,
change in Kinetic energy = ..o J [1]
(iii) in the final 3.0s.
change in Kinetic energy = ..o J [1]
© UCLES 2014 9702/21/0/N/14

Work, Energy and Power 287



35
(b) The bricks are in a container. The weight of the container and bricks is 350 N.

Calculate, for the lifting of the bricks and container when travelling at constant speed,

(i) the gain in potential energy,

ENErgY JAIN = ooiiiiiiiiieeee e J [3]
(ii) the power required.
POWEL = i e ettt e e e W [2]
© UCLES 2014 9702/21/0/N/14 [Turn over
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3 (a) Define power.

............................................................................................................................................... [1]
(b) Fig. 3.1 shows a car travelling at a speed of 22ms~" on a horizontal road.
speed 22ms1
1200N
resistive force
horizontal road
Fig. 3.1
The car has a mass of 1500kg. A resistive force of 1200N acts on the car.
Calculate
(i) the force Frequired from the car to produce an acceleration of 0.82ms™2,
F oo N [3]
(ii) the power required to produce this acceleration.
POWEL = it e e e e e e W [2]
(c) The resistive force on the car is proportional to v2, where v is the speed of the car.
Suggest why the car has a maximum speed.
............................................................................................................................................... 1]
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1 A glass fibre of length 0.24 m and area of cross-section 7.9 x 10~/ m? is tested until it breaks. For
The variation with load F of the extension x of the fibre is shown in Fig. 4.1. Exazviner’s
se
4
x/ 104 m
3
2
1
0
0 20 40 60 80
F/N
Fig. 4.1

(a) State whether glass is ductile, brittle or polymeric.

...................................................................................................................................... 1]
(b) Use Fig. 4.1 to determine, for this sample of glass,
(i) the ultimate tensile stress,
ultimate tensile stress = ... Pa [2]

© UCLES 2005 9702/02/M/J/05
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(ii) the Young modulus, For

Examiner’s
Use

Young modulus = .........eeeiiiiiiiiiiieeeeeeeeeeeee Pa [3]

(iii) the maximum strain energy stored in the fibre before it breaks.

maximum Strain eNergy = ........cccooereeeeeiiiniireeeeee e J [2]
(c) A hard ball and a soft ball, with equal masses and volumes, are thrown at a glass

window. The balls hit the window at the same speed. Suggest why the hard ball is more
likely than the soft ball to break the glass window.

© UCLES 2005 9702/02/M/J/05
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2 Fig.5.1 shows the variation with force F of the extension x of a spring as the force is
increased to F, and then decreased to zero.
A
R D
F
=
2 1
I
|
1
F1 _________ 1 :
1 1
I I
| |
1 1
I I
0 1 1 >
0 X, X,
X
Fig.5.1
(a) State, with a reason, whether the spring is undergoing an elastic change.
..................................................................................................................................... 1]
(b) The extension of the spring is increased from x, to x,.
Show that the work W done in extending the spring is given by
W= %k(xz2 - X2,
where k is the spring constant.
[3]
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u
(c) A trolley of mass 850¢ is held between two fixed points by means of identical springs, *

as shown in Fig.5.2.

trolley spring
7

Fig. 5.2

When the trolley is in equilibrium, the springs are each extended by 4.5 cm. Each spring
has a spring constant 16 Ncm™.

The trolley is moved a distance of 1.5 cm along the direction of the springs. This causes
the extension of one spring to be increased and the extension of the other spring to be
decreased. The trolley is then released. The trolley accelerates and reaches its
maximum speed at the equilibrium position.

Assuming that the springs obey Hooke’s law, use the expression in (b) to determine the
maximum speed of the trolley.

© UCLES 2006 9702/02/M/J/06
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A spring is placed on a flat surface and different weights are placed on it, as
Fig.2.1.

weights

\

spring

Fig. 2.1

The variation with weight of the compression of the spring is shown in Fig. 2.2.

4
/
. /I
compression
/cm //
3
/
//
/
/I
2
/
//
/
/
1
/
//
/
/I
0
0 10 20 30 40
weight / N
Fig. 2.2

The elastic limit of the spring has not been exceeded.

(@) (i) Determine the spring constant k of the spring.

© UCLES 2008 9702/02/M/J/08
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(ii) Deduce that the strain energy stored in the spring is 0.49J for a compression of

3.5cm.

[2]

(b) Two trolleys, of masses 800g and 2400g, are free to move on a horizontal table. The
spring in (a) is placed between the trolleys and the trolleys are tied together using thread
so that the compression of the spring is 3.5cm, as shown in Fig. 2.3.

thread

spring
trolley

mass 800¢g

trolley
mass 24009

Fig. 2.3

Initially, the trolleys are not moving.
The thread is then cut and the trolleys move apart.

(i) Deduce that the ratio

speed of trolley of mass 800 g
speed of trolley of mass 2400 g

is equal to 3.0.

© UCLES 2008 9702/02/M/J/08
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(ii) Use the answers in (a)(ii) and (b)(i) to calculate the speed of the trolley of mass

For
800g. Examiner’s
Use
SPEEA = ..o ms™! [3]
© UCLES 2008 9702/02/M/J/08

Elastic Properties 296



8

4 A spring having spring constant k hangs vertically from a fixed point. A load of weight L, when For
hung from the spring, causes an extension e. The elastic limit of the spring is not exceeded. |Examiners
Use

(a) State

(i) what is meant by an elastic deformation,

(ii) the relation between k, L and e.

Question 4 continues on page 10
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(b) Some identical springs, each with spring constant k, are arranged as shown in Fig. 4.1.

arrangement total extension spring constant of
arrangement

Fig. 4.1
The load on each of the arrangements is L.
For each arrangement in Fig. 4.1, complete the table by determining
(i) the total extension in terms of e,

(ii) the spring constant in terms of k.

© UCLES 2009 9702/21/M/J/09
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£®miner’s
(a) In the following list of solids, underline those materials which are crystalline. vee
rubber copper nylon glass aluminium 2]
(b) The three graphs A, B and C of Fig.5.1 represent the variation with extension x of the
tension Fin specimens of three different materials. One of the materials is polymeric, one
is brittle and the other is ductile. They are not shown in that order in Fig.5.1.
4 4
FIN FIN
IS PR ol ——
2 2
A B
14 14
0 T 0 T .
0 1 0 2 4
x/mm x/mm
4
FIN
L 77 N
2
C
1 .
0 T T I
0 20 40 60
x/mm
Fig.5.1
(i) State the type of material which would produce the line shown in each graph.
(Gl =T o] g AN (=30 (o] = N material.
Graph Bis fOr @ ..uveeiieeiie i material.
Graph CiS fOr @ ..ocuveeieeeeei e material. 2]
(i) Use graph B to estimate the work done in stretching the specimen from 0 to 4 mm.
WOrK dONE = ...vveieeeieeeeeeeeeeeeeeeeee e J [3]
8702/2 O/NO [Turn over
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11

An aluminium wire of length 1.8 m and area of cross-section 1.7 x 10-°m? has one end fixed
to a rigid support. A small weight hangs from the free end, as illustrated in Fig. 9.1.

/

1.8m

wire

1 — weight

Fig. 9.1
The resistance of the wire is 0.030 Q and the Young modulus of aluminium is 7.1 x 10'%Pa.
The load on the wire is increased by 25 N.
(@) Calculate

(i) the increase in stress,

INCIEASE = ..iiviiiiii e eaeens Pa

(i) the change in length of the wire.
change = ... m
[4]
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. . . . U
(b) Assuming that the area of cross-section of the wire does not change when the load is >

increased, determine the change in resistance of the wire.
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13

(a) A metal wire has an unstretched length L and area of cross-section A. When the wire
supports a load F, the wire extends by an amount AL. The wire obeys Hooke’s law.

Write down expressions, in terms of L, A, F and AL, for
(i) the applied stress,
(ii) the tensile strain in the wire,

(iii) the Young modulus of the material of the wire.

(b) A steel wire of uniform cross-sectional area 7.9 x 10~/ m? is heated to a temperature of
650 K. It is then clamped between two rigid supports, as shown in Fig. 5.1.

[ 0.62m I

rigid
support

T

\wire

Fig. 5.1

The wire is straight but not under tension and the length between the supports is
0.62m. The wire is then allowed to cool to 300 K.

When the wire is allowed to contract freely, a 1.00m length of the wire decreases in
length by 0.012 mm for every 1 K decrease in temperature.

(i) Show that the change in length of the wire, if it were allowed to contract as it cools
from 650 K to 300 K, would be 2.6 mm.

[2]
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(i) The Young modulus of steel is 2.0 x 10" Pa. Calculate the tension in the wire at For

300 K, assuming that the wire obeys Hooke’s law. ExaLrJniner’s
se

tension = ... N [2]

(iii) The ultimate tensile stress of steel is 250 MPa. Use this information and your
answer in (ii) to suggest whether the wire will, in practice, break as it cools.

© UCLES 2004 9702/02/0/N/04
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A straight wire of unstretched length L has an electrical resistance R. When it is stretched by For
a force F, the wire extends by an amount AL and the resistance increases by AR. The area of |guminers
cross-section A of the wire may be assumed to remain constant. Use

(a) (i) State the relation between R, L, A and the resistivity p of the material of the wire.

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

" , . . AR . . :
(ii) Show that the fractional change in resistance g s equal to the strain in the wire.
[2]

(b) A steel wire has area of cross-section 1.20 x 10" m? and a resistance of 4.17 Q.
The Young modulus of steel is 2.10x 10" Pa.

The tension in the wire is increased from zero to 72.0 N. The wire obeys Hooke’s law at
these values of tension.

Determine the strain in the wire and hence its change in resistance. Express your
answer to an appropriate number of significant figures.

© UCLES 2006 9702/02/0/N/06
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u
8 A sample of material in the form of a cylindrical rod has length L and uniform area of *

cross-section A. The rod undergoes an increasing tensile stress until it breaks.
Fig. 4.1 shows the variation with stress of the strain in the rod.

0.02
strain
breaking
point ,
0.01 s
0
0 5 10

stress/108 Pa

Fig. 4.1

(a) State whether the material of the rod is ductile, brittle or polymeric.

(b) Determine the Young modulus of the material of the rod.

Young modulus = ......cceviiiieiiiiiiieeee e Pa [2]

© UCLES 2007 9702/02/0/N/07
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(c) A second cylindrical rod of the same material has a spherical bubble in it, as illustrated
in Fig. 4.2.

cylindrical rod bubble

1.9x 105 N -—— 1.9x 103N

cross-sectional area
3.2x10°%m?2

Fig. 4.2
The rod has an area of cross-section of 3.2x10%m? and is stretched by forces of
magnitude 1.9x10°N.

By reference to Fig. 4.1, calculate the maximum area of cross-section of the bubble
such that the rod does not break.

(d) A straight rod of the same material is bent as shown in Fig. 4.3.

Fig. 4.3

Suggest why a thin rod can bend more than a thick rod without breaking.

© UCLES 2007 9702/02/0/N/07
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9 A uniform wire has length L and area of cross-section A.
The wire is fixed at one end so that it hangs vertically with a load attached to its free end, as
shown in Fig. 4.1.

wire

load W

Fig. 4.1

When the load of magnitude Wis attached to the wire, it extends by an amount e. The elastic
limit of the wire is not exceeded.

The material of the wire has resistivity p.

(@) (i) Explain what is meant by extends elastically.

............................................................................................................................ [2]
(ii) Write down expressions, in terms of L, A, W, p and e for
1. the resistance R of the unstretched wire,
B o= [1]
2. the Young modulus E of the wire.
E = [1]

© UCLES 2009 9702/21/0/N/09
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(b) A steel wire has resistance 0.44 Q. Steel has resistivity 9.2 x 1078Qm.

For
Examiner’s
A load of 34N hung from the end of the wire causes an extension of 7.7 x 10™#m. Use
Using your answers in (a)(ii), calculate the Young modulus E of steel.
E = e, Pa [3]
© UCLES 2009 9702/21/0/N/09
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10 (a) Explain what is meant by strain energy (elastic potential energy). For

Examiner’s
Use

(b) A spring that obeys Hooke’s law has a spring constant k.

Show that the energy E stored in the spring when it has been extended elastically by an
amount x is given by

1
E= EkX2.

[3]

© UCLES 2009 9702/22/0/N/09
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(c) A light spring of unextended length 14.2cm is suspended vertically from a fixed point, For

as illustrated in Fig. 4.1. Examiner’s
Use
fixed point fixed point fixed point
14.2cm
16.3cm 17.8cm

- Hhon

Fig. 4.1 Fig. 4.2 Fig. 4.3

A mass of weight 3.8N is hung from the end of the spring, as shown in Fig. 4.2.
The length of the spring is how 16.3cm.

An additional force F then extends the spring so that its length becomes 17.8cm, as
shown in Fig. 4.3.

The spring obeys Hooke’s law and the elastic limit of the spring is not exceeded.

(i) Show that the spring constant of the spring is 1.8 Ncm™.

[1]

© UCLES 2009 9702/22/0/N/09
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(ii) For the extension of the spring from a length of 16.3cm to a length of 17.8cm,

1.

© UCLES 2009

calculate the change in the gravitational potential energy of the mass on the
spring,

change in energy = ......cccccevviiiieiniineee e J [2]

show that the change in elastic potential energy of the spring is 0.077J,

[1]

determine the work done by the force F.

WOrk dONe = ...oieiiiiiiiieeee e J [1]

9702/22/0/N/09
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11 (a) (i) Define the terms

For
Examiner’s

1. tensile stress, Use

.............................................................................................................................. 1]
2. tensile strain,
.............................................................................................................................. 1]
3. the Young modulus.
.............................................................................................................................. 1]

(i) Suggest why the Young modulus is not used to describe the deformation of a liquid
or a gas.

(b) The change AVin the volume V of some water when the pressure on the water increases
by Ap is given by the expression

o AV

Ap=22x10° 57,

where Ap is measured in pascal.

In many applications, water is assumed to be incompressible.
By reference to the expression, justify this assumption.

© UCLES 2008 9702/02/M/J/08
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(c) Normal atmospheric pressure is 1.01 x 10° Pa.

For
Examiner's
Divers in water of density 1.08 x 108kgm™ frequently use an approximation that every Use
10m increase in depth of water is equivalent to one atmosphere increase in pressure.
Determine the percentage error in this approximation.
EITO = oo, % [3]
© UCLES 2008 9702/02/M/J/08
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3 (a) The variation with extension x of the tension Fin a spring is shown in Fig. 3.1. For
Examiner’s
Use
200 —
P
F/N
7
///
150 yan
//
//
100 A
I
//
vd
/1
50
/’/
//
/]
0
0 1.0 2.0 3.0 4.0
x/cm
Fig. 3.1
Use Fig. 3.1 to calculate the energy stored in the spring for an extension of 4.0cm.
Explain your working.
ENEITY = coviieiiiiiieeeeee e e e e e J [3]

© UCLES 2010 9702/21/M/J/10
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(b) The spring in (a) is used to join together two frictionless trolleys A and B of mass M, and For
M, respectively, as shown in Fig. 3.2. Examiner’s
Use
spring
trolley A trolley B
mass M, mass M,
/
Fig. 3.2
The trolleys rest on a horizontal surface and are held apart so that the spring is
extended.
The trolleys are then released.
(i) Explain why, as the extension of the spring is reduced, the momentum of trolley A
is equal in magnitude but opposite in direction to the momentum of trolley B.
.............................................................................................................................. [2]
(ii) At the instant when the extension of the spring is zero, trolley A has speed V, and
trolley B has speed V.,
Write down
1. an equation, based on momentum, to relate V1 and V,,
.............................................................................................................................. [1]
2. an equation to relate the initial energy E stored in the spring to the final
energies of the trolleys.
.............................................................................................................................. [1]
© UCLES 2010 9702/21/M/J/10 [Turn over
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(iii) 1. Show that the kinetic energy E, of an object of mass m is related to its For
momentum p by the expression Examiner's
Use
E, = ﬁ
K™ 2m

[1]
2. Trolley A has a larger mass than trolley B.

Use your answer in (ii) part 1 to deduce which trolley, A or B, has the larger
kinetic energy at the instant when the extension of the spring is zero.

© UCLES 2010 9702/21/M/J/10
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5 (a) Tensile forces are applied to opposite ends of a copper rod so that the rod is stretched.
The variation with stress of the strain of the rod is shown in Fig. 5.1.

2.5

stress /108 Pa d

2.0

1.5

1.0

0.5

Fig. 5.1

3.0

4.0 5.0

strain / 1073

(i) Use Fig. 5.1 to determine the Young modulus of copper.

Young modulus = ......

(ii) On Fig. 5.1, sketch a line to show the variation with stress of the strain of the rod as
the stress is reduced from 2.5 x 108 Pa to zero. No further calculations are expected.

© UCLES 2010 9702/22/M/J/10

Elastic Properties

[1]

For
Examiner’s
Use

317



(b) The walls of the tyres on a car are made of a rubber compound.

13

29

For

The variation with stress of the strain of a specimen of this rubber compound is shown | Examiners

in Fig. 5.2.

As the car moves, the walls of the tyres bend and straighten continuously.

stress

-

strain

Fig. 5.2

Use Fig. 5.2 to explain why the walls of the tyres become warm.

© UCLES 2010

9702/22/M/J/10
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4 (a) A uniform wire has length L and constant area of cross-section A. For
The material of the wire has Young modulus E and resistivity p. Examiner's
A tension Fin the wire causes its length to increase by AL. Use
For this wire, state expressions, in terms of L, A, F, AL and p for
(i) the stress g,
............................................................................................................................ [1]
(ii) the strain ¢,
............................................................................................................................ [1]
(iii) the Young modulus E,
............................................................................................................................ [1]
(iv) the resistance R.
............................................................................................................................ [1]

(b) One end of a metal wire of length 2.6 m and constant area of cross-section 3.8 x 10~ m?
is attached to a fixed point, as shown in Fig. 4.1.

wire \‘
E 2.6m
load |
30N T -t
Fig. 4.1
© UCLES 2010 9702/21/0/N/10
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The Young modulus of the material of the wire is 7.0 x 10'°Pa and its resistivity & .,
is2.6 x1078Qm.

Examiner’s
A load of 30N is attached to the lower end of the wire. Assume that the area of Use

cross-section of the wire does not change.
For this load of 30N,

(i) show that the extension of the wire is 2.9 mm,

[1]

(ii) calculate the change in resistance of the wire.

(c) The resistance of the wire changes with the applied load.

Comment on the suggestion that this change of resistance could be used to measure
the magnitude of the load on the wire.

© UCLES 2010 9702/21/0/N/10 [Turn over
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4 (a) A metal wire has spring constant k. Forces are applied to the ends of the wire to extend For
it within the limit of Hooke’s law. Examiner's
Show that, for an extension x, the strain energy E stored in the wire is given by Use

1
E-= §kX2.

[4]

(b) The wire in (a) is now extended beyond its elastic limit. The forces causing the extension
are then removed.
The variation with extension x of the tension Fin the wire is shown in Fig. 4.1.

80
/,/
6 0 /l '/,’/
F/N dinzd
4
// 74
A
//
40 A
BZdnnys
/ A
4 7
7 7
v 7
l/ l/
20 A //
4 4
V 4
4 v
V vV
0
0 0.2 0.4 0.6 0.8 1.0
x/ mm
Fig. 4.1

Energy Eg is expended to cause a permanent extension of the wire.

(i) On Fig. 4.1, shade the area that represents the energy Eg. [1]

© UCLES 2010 9702/22/0/N/10
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(i) Use Fig. 4.1 to calculate the energy Eg. For
Examiner’s

Use

Eg= i, mdJ [3]
(iif) Suggest the change in the structure of the wire that is caused by the energy Eg.
.............................................................................................................................. [1]
© UCLES 2010 9702/22/0/N/10 [Turn over
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5 A spring hangs vertically from a fixed point and a mass of 94 g is suspended from the spring, For
stretching the spring as shown in Fig. 5.1. Examiner's
Use

mass
94¢g 2.6cm

Fig. 5.1 Fig. 5.2 Fig. 5.3

The mass is raised vertically so that the length of the spring is its unextended length. This is
illustrated in Fig. 5.2.

The mass is then released. The mass moves through a vertical distance of 2.6cm before
temporarily coming to rest. This position is illustrated in Fig. 5.3.

(a) State which diagram, Fig. 5.1, Fig. 5.2 or Fig. 5.3, illustrates the position of the mass
such that

(i) the mass has maximum gravitational potential energy,

(ii) the spring has maximum strain energy.

(b) Briefly describe the variation of the kinetic energy of the mass as the mass falls from its
highest position (Fig. 5.2) to its lowest position (Fig. 5.3).

© UCLES 2010 9702/23/0/N/10
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(c) The strain energy E stored in the spring is given by the expression For
Examiner’s
E = 1kX2 Use
2
where k is the spring constant and x is the extension of the spring.
For the mass moving between the positions shown in Fig. 5.2 and Fig. 5.3,
(i) calculate the change in the gravitational potential energy of the mass,
change = ..., J [2]
(ii) determine the extension of the spring at which the strain energy is half its maximum
value.
extension = ....ccciiiiiieeeeeeeeeee cm [3]
© UCLES 2010 9702/23/0/N/10 [Turn over
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4 A student measures the Young modulus of a metal in the form of a wire. For
Examiner’s
(a) Describe, with the aid of a diagram, the apparatus that could be used. Use
..................................................................................................................................... [2]
(b) Describe the method used to obtain the required measurements.
..................................................................................................................................... [4]

© UCLES 2011 9702/22/M/J/11
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(c) Describe how the measurements taken can be used to determine the Young modulus. For
Examiner’s
.......................................................................................................................................... Use
..................................................................................................................................... [4]
© UCLES 2011 9702/22/M/J/11 [Turn over
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4 (a) State Hooke’s Law. For
Examiner's
------------------------------------------------------------------------------------------------------------------------------------------ Use
...................................................................................................................................... [1]

(b) A spring is compressed by applying a force. The variation with compression x of the
force Fis shown in Fig. 4.1.

60 A
F/N prat
40 -
20 paii
0 v
0 10 20 30 40 50
Xx/mm
Fig. 4.1
(i) Calculate the spring constant.
spring constant = .........c.ccoceeveeiveeeeenenee Nm=[1]

(ii) Show that the work done in compressing the spring by 36 mm is 0.81 J.

2]

© UCLES 2011 9702/23/M/J/11

Elastic Properties 327



11

39
(c) A child’s toy uses the spring in (b) to shoot a small ball vertically upwards. The ball has For
a mass of 25g. The toy is shown in Fig. 4.2. Examiner’s
Use
ball ——— ——— trigger/release for spring
|é spring
Fig. 4.2
(i) The spring in the toy is compressed by 36 mm. The spring is released.

Assume all the strain energy in the spring is converted to kinetic energy of the ball.

Using the result in (b)(ii), calculate the speed with which the ball leaves the spring.

SPEEA = oo ms~' [2]

(ii) Determine the compression of the spring required for the ball to leave the spring

with twice the speed determined in (i).
COMPIESSION = ...eiiiiiiiiiiiiieeeees mm [2]
(iii) Determine the ratio
maximum possible height for compression in (i)
maximum possible height for compression in (ii) -
ratio = oo [2]
© UCLES 2011 9702/23/M/J/11 [Turn over
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4 (a) Define, for a wire,
(i) stress,
............................................................................................................................. 1]
(ii) strain.
............................................................................................................................. 1]

(b) A wire of length 1.70m hangs vertically from a fixed point, as shown in Fig. 4.1.

LLLLL

wire

E

Y 25.0N

Fig. 4.1

The wire has cross-sectional area 5.74 x 108m? and is made of a material that has a
Young modulus of 1.60 x 10! Pa. A load of 25.0N is hung from the wire.

(i) Calculate the extension of the wire.

eXtENSION = ..ooiviiiiiieieeeeeeeeeeeeeeeeeeee e m [3]
(ii) The same load is hung from a second wire of the same material. This wire is

twice the length but the same volume as the first wire. State and explain how the
extension of the second wire compares with that of the first wire.

© UCLES 2011 9702/21/M/J/11
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6 (a) State Hooke’s law.

8.0 }
L
pd
//
6.0 -
F/N 4
//
4.0 »
/'/
2.0 —
/I/
0
0 2 4 6 8 10
x/102m
Fig. 6.1

The point L on the graph is the elastic limit of the spring.

(i) Describe the meaning of elastic limit.

© UCLES 2011 9702/21/0/N/11
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(iii) Calculate the work done in extending the spring with a force of 6.4 N.

workdone = .....ccoeevveevennnns

42

(c) A second spring B of spring constant 2k, is now joined to spring A, as shown in

Fig. 6.2.

Ne
spring A
spring B
6.4N

Fig. 6.2
A force of 6.4 N extends the combination of springs.
For the combination of springs, calculate

(i) the total extension,

extension = ......coevvueeennnen.

(ii) the spring constant.

spring constant = ...

© UCLES 2011 9702/21/0/N/11
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3 (a) Define

(i) stress,

.............................................................................................................................. 1]
(ii) strain.
.............................................................................................................................. [1]
(b) Explain the term elastic limit.
...................................................................................................................................... 1]
(c) Explain the term ultimate tensile stress.
...................................................................................................................................... 2]

(d) (i) A ductile material in the form of a wire is stretched up to its breaking point. On
Fig. 3.1, sketch the variation with extension x of the stretching force F.

F A

o
xY

Fig. 3.1
(2]
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(ii) On Fig. 3.2, sketch the variation with x of F for a brittle material up to its breaking

. For
point. Examiner’s
Use
F A
0 >
0 X
Fig. 3.2
(1]
(e) (i) Explain the features of the graphs in (d) that show the characteristics of ductile and
brittle materials.
.............................................................................................................................. 2]
(ii) The force F is removed from the materials in (d) just before the breaking point is
reached. Describe the subsequent change in the extension for
1. the ductile material,
.............................................................................................................................. 1]
2. the brittle material.
.............................................................................................................................. 1]
© UCLES 2011 9702/22/0/N/11 [Turn over
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3 (a) Define the terms

(i) power,

(ii) the Young modulus.

I o] e | H
motor
cable —
object of
mass 1800 kg - § §
ground
Fig. 3.1

The motor in the crane lifts a total mass of 1800kg from rest on the ground. The
cable supporting the mass is made of steel of Young modulus 2.4 x 10''Pa. The
cross-sectional area of the cable is 1.3 x 10~*m?. As the mass leaves the ground, the
strain in the cable is 0.0010. Assume the weight of the cable to be negligible.

(i) 1. Use the Young Modulus of the steel to show that the tension in the cable is
3.1 x 10*N.

2]

2. Calculate the acceleration of the mass as it is lifted from the ground.

acceleration = ........ccccoeveeeeeeeeeeeeeeenn ms2 [3]
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(ii)

(iii)

© UCLES 2011

46
The motor now lifts the mass through a height of 15m at a constant speed.

For
Examiner’s
Calculate Use
1. the tension in the lifting cable,
tenSioN = ..o N [1]
2. the gain in potential energy of the mass.
gain in potential energy = ... J [2]
The motor of the crane is 30% efficient. Calculate the input power to the motor
required to lift the mass at a constant speed of 0.55ms™".
INPUL POWET = oo W [3]
9702/23/0/N/11 [Turn over
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3 One end of a spring is fixed to a support. A mass is attached to the other end of the spring.

F
The arrangement is shown in Fig. 3.1. Exam(;rrwer’s
Use
mass
Fig. 3.1
(@) The mass is in equilibrium. Explain, by reference to the forces acting on the mass, what
is meant by equilibrium.
...................................................................................................................................... [2]
(b) The mass is pulled down and then released at time t = 0. The mass oscillates up and
down. The variation with t of the displacement of the mass d is shown in Fig. 3.2.
6.0
d/102m
40 P ™
20 // N\
0 / N\
0 0.2 0.4 0.6 0.8 1.0
20 / N t/s /
—4.0+F b -
—6.0
Fig. 3.2
Use Fig. 3.2 to state a time, one in each case, when
(i) the mass is at maximum speed,
time= ... s [1]
(ii) the elastic potential energy stored in the spring is a maximum,
ime = . s [1]
(iii) the mass is in equilibrium.
time = ., s [1]
© UCLES 2012 9702/21/M/J/12 [Turn over
Elastic Properties 336



48

(c) The arrangement shown in Fig. 3.3 is used to determine the length [ of a spring when

different masses M are attached to the spring.

mass

Fig. 3.3

The variation with mass M of lis shown in Fig. 3.4.

35

30 ye

N\

N
AN

25

1/10_2m .

20

15

10

0 0.10 0.20 0.30 0.40
M/kg

Fig. 3.4
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(i) State and explain whether the spring obeys Hooke’s law.

For
Examiner’s
---------------------------------------------------------------------------------------------------------------------------------- Use
.............................................................................................................................. 2]
(i) Show that the force constant of the spring is 26 Nm™".
[2]
(iii) A mass of 0.40kg is attached to the spring. Calculate the energy stored in the
spring.
EBNEIJY = cereieeiieeieeeeeeeeeeer e er e e e e e e e J [3]
© UCLES 2012 9702/21/M/J/12 [Turn over
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5 (a) Define the Young modulus. For

Examiner’s
Use

(b) A load Fis suspended from a fixed point by a steel wire. The variation with extension x
of Ffor the wire is shown in Fig. 5.1.

6.0

5.0

4.0

F/N 30

2.0 =

1.0 =il

0 0.10 0.20 0.30
X/mm

Fig. 5.1

(i) State two quantities, other than the gradient of the graph in Fig. 5.1, that are
required in order to determine the Young modulus of steel.

1 PSPPSR RRRRPPPRP
2 et et e eeteeeeiteeeeeeaeeeeeeaaeeeeeeansteeeeeaa—eeeeaaneteeeanteeeeeaanteeeeeanaeeeeaannneeeeannneeeeeans
(1]
(ii) Describe how the quantities you listed in (i) may be measured.
.............................................................................................................................. [2]

© UCLES 2012 9702/22/M/J/12
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(iii) A load of 3.0N is applied to the wire. Use Fig. 5.1 to calculate the energy stored in

; For
the wire. Examiner’s
Use
EBNEIJY = coireeiireerieereeeeeee e e e e e e J[2]
(c) A copper wire has the same original dimensions as the steel wire. The Young modulus
for steel is 2.2 x 101N m and for copperis 1.1 x 101" Nm=2.
On Fig. 5.1, sketch the variation with x of F for the copper wire for extensions up to
0.25mm. The copper wire is not extended beyond its limit of proportionality. 2]
© UCLES 2012 9702/22/M/J/12 [Turn over
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6 (a) State Hooke’s law.

(b) A spring is attached to a support and hangs vertically, as shown in Fig. 6.1. An object M
of mass 0.41Kkg is attached to the lower end of the spring. The spring extends until M is
at rest at R.

spring

Fig. 6.1

The spring constant of the spring is 25N m~"'. Show that the extension of the spring is
about 0.16 m.

[2]
(c) The object M in Fig. 6.1 is pulled down a further 0.060m to S and is then released.
For M, just as it is released,
(i) state the forces acting on M,
.............................................................................................................................. [1]
(ii) calculate the acceleration of M.
acceleration = ........ccccceceeveeeeeeeeeeeee, ms— [3]

© UCLES 2012 9702/22/0/N/12
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(d) Describe and explain the energy changes from the time the object M in Fig. 6.1 is

For
released to the time it first returns to R. Examiner’s
Use
...................................................................................................................................... 2]
Please turn over for Question 7.
© UCLES 2012 9702/22/0/N/12 [Turn over
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5 (a) Explain what is meant by plastic deformation. For

Examiner’s
Use

(b) A copper wire of uniform cross-sectional area 1.54 x 10°°m? and length 1.75m has a
breaking stress of 2.20 x 108 Pa. The Young modulus of copper is 1.20 x 10'" Pa.

(i) Calculate the breaking force of the wire.

breakingforce = ... N [2]

(ii) A stress of 9.0 x 10 Pa is applied to the wire. Calculate the extension.

eXteNSIoON = ....cooovviiiiiiiiiii e m [2]

(c) Explain why it is not appropriate to use the Young modulus to determine the extension
when the breaking force is applied.

© UCLES 2012 9702/21/0/N/12
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4 (a) Define For
Examiner’s

(i) stress, Use

(b) The Young modulus of the metal of a wire is 0.17 TPa. The cross-sectional area of the
wire is 0.18 mm?.

The wire is extended by a force F. This causes the length of the wire to be increased by
0.095 %.

Calculate

(i) the stress,

SIreSS = i, Pa [4]
(ii) the force F.
Fm N [2]
© UCLES 2013 9702/23/M/J/13 [Turn over
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4 A spring hangs vertically from a point P, as shown in Fig. 4.1.

P

metre rule sprin

A B mass M

reading x— |

A

Fig. 4.1

A mass M is attached to the lower end of the spring. The reading x from the metre rule is taken, as
shown in Fig. 4.1. Fig. 4.2 shows the relationship between x and M.

0.60
0.40
M/ kg L F
0.20
,/'/'
A
A
0
20 22 24 26 28 30 .. 82
Fig. 4.2

(a) Explain how the apparatus in Fig. 4.1 may be used to determine the load on the spring at the
elastic limit.
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(c) Use Fig. 4.2 to determine the spring constant, in Nm~', of the spring.

SPrNgG CONStaNt = ...ocvouvvceiicicicec e, Nm~' [3]
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5 (a) Define the Young modulus.

(b) Two wires P and Q of the same material and same original length [, are fixed so that they
hang vertically, as shown in Fig. 5.1.

/

F F

Fig. 5.1 (not to scale)

The diameter of P is d and the diameter of Q is 2d. The same force F is applied to the lower
end of each wire.

Show your working and determine the ratio

(i) stress in P
stressinQ’

Fatio = oo [2]
(ii) strain in P .
strain in Q
Fatio = oo [2]
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4 A metal ball of mass 404 falls vertically onto a spring, as shown in Fig. 4.1.

I—metal ball

spring spring

support

Fig. 4.1 (not to scale)

The spring is supported and stands vertically. The ball has a speed of 2.8 ms~! as it makes contact
with the spring. The ball is brought to rest as the spring is compressed.

(a) Show that the kinetic energy of the ball as it makes contact with the spring is 0.16J.

(2]

(b) The variation of the force F acting on the spring with the compression x of the spring is
shown in Fig. 4.2.

20
F/N
10 -
0+ -
0 X5
X
Fig. 4.2

The ball produces a maximum compression X when it comes to rest. The spring has a spring
constant of 800N m~".
Use Fig. 4.2 to

(i) calculate the compression X,
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(ii) show that not all the kinetic energy in (a) is converted into elastic potential energy in the
spring.

(2]
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4 (a) Compare the molecular motion of a liquid with

(i) asolid,

(b) (i) A ductile material in the form of a wire is stretched up to its breaking point. On Fig. 4.1,
sketch the variation with extension x of the stretching force F.

A

F ductile material

Fig. 4.1 [1]

(ii) On Fig. 4.2, sketch the variation with extension x of the stretching force F for a brittle
material up to its breaking point.

A

E brittle material

Fig. 4.2 [1]

(c) Describe a similarity and a difference between ductile and brittle materials.

ST 11 =

(6 [ {=1 (=] 0 o7= U TR

(2]
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4 Fig. 4.1 shows the values obtained in an experiment to determine the Young modulus E of a metal
in the form of a wire.

quantity value instrument
diameter d 0.48mm
length [ 1.768m
5.0N to 30.0N
load F in 5.0N steps
extension e 0.25mmto 1.50mm
Fig. 4.1

(@) (i) Complete Fig. 4.1 with the name of an instrument that could be used to measure each of
the quantities. [3]

(ii) Explain why a series of values of F, each with corresponding extension e, are measured.

(b) Explain how a series of readings of the quantities given in Fig. 4.1 is used to determine the
Young modulus of the metal. A numerical answer for E is not required.
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4 A spring is kept horizontal by attaching it to points A and B, as shown in Fig. 4.1.

slider spring
cart, mass 1.7kg v support
\\ » /
A Bl
[ONENO)
Fig. 4.1

Point A is on a movable slider and point B is on a fixed support. A cart of mass 1.7 kg has horizontal
velocity v towards the slider. The cart collides with the slider. The spring is compressed as the cart
comes to rest. The variation of compression x of the spring with force F exerted on the spring is

shown in Fig. 4.2.

4.5
/
,/
/
d
3.5
7/
F/N
/
d
2.5
/
,/
/I
1.5
0.5 1.0 1.5 2.0
x/cm
Fig. 4.2

Fig. 4.2 shows the compression of the spring for F = 1.5N to F = 4.5N. The cart comes to rest
when Fis 4.5N.

(a) Use Fig.4.2to

(i) show that the compression of the spring obeys Hooke’s law,
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(ii) determine the spring constant of the spring,

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

(iii) determine the elastic potential energy E, stored in the spring due to the cart being
brought to rest.

(b) Calculate the speed v of the cart as it makes contact with the slider. Assume that all the
kinetic energy of the cart is converted to the elastic potential energy of the spring.
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1 The Brownian motion of smoke particles in air may be observed using the apparatus shown For
in Fig. 2.1.

Examiner’s

Use
L

/mICrOSCOpe

smoke

U cell

light

YVY VY

Fig. 2.1

(a) Describe what is seen when viewing a smoke particle through the microscope.

(b) Suggest and explain what difference, if any, would be observed in the movement of

smoke particles when larger smoke particles than those observed in (a) are viewed
through the microscope.
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2 (a) Define density.

(b) A U-tube contains some mercury. Water is poured into one arm of the U-tube and oil is
poured into the other arm, as shown in Fig. 4.1.

oil
water . R
71cm
53cm
S IR N
v mercury
Fig. 4.1

The amounts of oil and water are adjusted until the surface of the mercury in the two
arms is at the same horizontal level.

(i) State how it is known that the pressure at the base of the column of water is the
same as the pressure at the base of the column of oil.

(ii) The column of water, density 1.0 x 103kgm=3, is 53 cm high. The column of oil is
71 cm high.

Calculate the density of the oil. Explain your working.

AENSItY = ..ovvneiiiiiee e kgm3 [3]
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(c) The density of liquid water is 1.0gcm™3. The density of water vapour at atmospheric
pressure is approximately gem=3,

1600

Determine the ratio

() volume of water vapour
volume of equal mass of liquid water ’

FAtO = oo [1]
(ii) mean separation of molecules in water vapour
mean separation of molecules in liquid water
FAtio = oo [2]
(d) State the evidence for
(i) the molecules in solids and liquids having approximately the same separation,
.............................................................................................................................. [1]
(if) strong rigid forces between molecules in solids.
] (0] o PRSP
1o PRSP RERPP [2]
© UCLES 2007 9702/02/M/J/07
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A sphere has volume V and is made of metal of density p.

(@) Write down an expression for the mass m of the sphere in terms of V and p.

(c) The sphere in (b) has mass 2.0x 10~3kg. When the sphere is released, it eventually
falls in the liquid with a constant speed of 6.0cms™.

(i) For this sphere travelling at constant speed, calculate

1. its kinetic energy,

KinetiC energy = .....cccveveeeeiiiiiiiieeeee e J

2. its rate of loss of gravitational potential energy.

(ii) Suggest why it is possible for the sphere to have constant kinetic energy whilst
losing potential energy at a steady rate.

8702/2 O/NO1
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(a) Distinguish between the structure of a metal and of a polymer.

(b) Latex is a natural form of rubber. It is a polymeric material.

(i) Describe the properties of a sample of latex.

(ii) The process of heating latex with a small amount of sulphur creates cross-links
between molecules. Natural latex has very few cross-links between its molecules.

Suggest how this process changes the properties of latex.
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5 Some smoke particles are viewed through a microscope, as illustrated in Fig. 5.1.

A

—

microscope
/ p

smoke cell
light | j=l/
—_—

Fig. 5.1
Brownian motion is observed.

(@) Explain what is meant by Brownian motion.

(b) Suggest and explain why Brownian motion provides evidence for the movement of
molecules as assumed in the kinetic theory of gases.

(c) Smoke from a poorly maintained engine contains large particles of soot.
Suggest why the Brownian motion of such large particles is undetectable.
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6 (a) (i) State one similarity between the processes of evaporation and boiling. For

Examiner’s
Use

ettt e e e e e —eeeeeaet—eeesea——eeeeaat—eeeeaaaateeeeaareeeeeaaateeeeeaarareeeaanreeesaaraeeeaans
2 ettt eeeeeeeiteeeeeeaeeeeeeaeeeeeesessteeeeeasseteeeaanseteesinsreteeeanteeeeaanrreeeaannneeeeaarneeeaans
[4]
(b) Titanium metal has a density of 4.5gcm=3.
A cube of titanium of mass 489 contains 6.0 x 1023 atoms.
(i) Calculate the volume of the cube.
VOIUME = o cm?3 [1]
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(ii) Estimate For

Examiner’s
1. the volume occupied by each atom in the cube, Use

2. the separation of the atoms in the cube.

separation = .....ccccccciiiiiiis cm [1]
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4 (a) State the evidence for the assumption that For

Examiner’s
(i) there are significant forces of attraction between molecules in the solid state, Use

.............................................................................................................................. [1]
(ii) the forces of attraction between molecules in a gas are negligible.
.............................................................................................................................. [1]
(b) Explain, on the basis of the kinetic model of gases, the pressure exerted by a gas.
...................................................................................................................................... [4]

(c) Liquid nitrogen has a density of 810kgm=3. The density of nitrogen gas at room
temperature and pressure is approximately 1.2kgm3.

Suggest how these densities relate to the spacing of nitrogen molecules in the liquid
and in the gaseous states.

© UCLES 2010 9702/23/M/J/10
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7 (a) Explain the difference in densities in solids, liquids and gases using ideas of the spacing | [,

between molecules. Examiner’s
Use

(b) A hydrogen nucleus (proton) may be assumed to be a sphere of radius 1 x 107'°m.
Calculate the density of a hydrogen nucleus.

deNSItY = .oovieiceeeeeeee e kgm=3 [3]

(c) The density of hydrogen gas in a pressurised cylinder is 4kgm™3. Suggest a reason why
this density is much less than your answer in (b).

© UCLES 2011 9702/23/M/J/11
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6 (a) State two assumptions of the simple kinetic model of a gas. For

Examiner’s
1. Use

(b) Use the kinetic model of gases and Newton’s laws of motion to explain how a gas exerts
a pressure on the sides of its container.
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For
Examiner’s
Use

1 (a) Define density.

(b) Explain how the difference in the densities of solids, liquids and gases may be related to
the spacing of their molecules.

(c) A paving slab has a mass of 68kg and dimensions 50 mm x 600 mm x 900 mm.

(i) Calculate the density, in kgm™, of the material from which the paving slab is
made.

density = .....ccoeeeieieeeeeeeee kgm=3[2]

(ii) Calculate the maximum pressure a slab could exert on the ground when resting on
one of its surfaces.

PreSSUre = ..cccovvveeiieiieeeieeeeeeeeeeeeeeeeeeee, Pa [3]

© UCLES 2011 9702/21/0/N/11
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3 (a) Show that the pressure P due to a liquid of density p is proportional to the depth h below

F
the surface of the liquid. Examiner
Use
[4]
(b) The pressure of the air at the top of a mountain is less than that at the foot of the
mountain. Explain why the difference in air pressure is not proportional to the difference
in height as suggested by the relationship in (a).
...................................................................................................................................... [2]
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3 (a) Define pressure.

(b) Explain, in terms of the air molecules, why the pressure at the top of a mountain is less
than at sea level.

(c) Fig. 3.1 shows a liquid in a cylindrical container.

container —
liquid — 0.250m

Fig. 3.1

The cross-sectional area of the container is 0.450m?. The height of the column of liquid
is 0.250m and the density of the liquid is 13600kgm=.

(i) Calculate the weight of the column of liquid.

© UCLES 2012 9702/21/0/N/12
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(ii)

(iif)

© UCLES 2012

15

Calculate the pressure on the base of the container caused by the weight of the

N For
liquid. Examiner's
Use

PrESSUIE = oiiiiiieiiieieeeeeeeeeriiian e e e eaeeeeens Pa [1]

Explain why the pressure exerted on the base of the container is different from the

value calculated in (ii).

............................................................................................................................. [1]
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4 (a) Describe apparatus that demonstrates Brownian motion. Include a diagram.

For
Examiner’s
Use
...................................................................................................................................... 2]
(b) Describe the observations made using the apparatus in (a).
...................................................................................................................................... 2]
(c) State and explain two conclusions about the properties of molecules of a gas that follow
from the observations in (b).
3 SO PPRPPR
2 ettt eeeeeeeeeeeeeeeeeeeeeeeieeseeseeeeeeeesasssteteteeeeeeeeaan———eteeeeeeaaaanana——eeeteeeeeaaannrrnaeaeeeeaaans
[2]
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4 (a) Define pressure.

For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
..................................................................................................................................... 1]
(b) Use the kinetic model to explain the pressure exerted by a gas.
..................................................................................................................................... [4]
(c) Explain whether the collisions between the molecules of an ideal gas are elastic or
inelastic.
..................................................................................................................................... 2]
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6 Distinguish between melting and evaporation.

L4011 T PP PP PURPPR
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4 (a) A gas molecule has a mass of 6.64 x 10727kg and a speed of 1250ms~'. The molecule
collides normally with a flat surface and rebounds with the same speed, as shown in Fig. 4.1.

flat surface /_flat surface
?
/
molecule molecule |/
o —————— -~ @/
/
/
/
/
/
/
/ /
before collision after collision
Fig. 4.1

Calculate the change in momentum of the molecule.

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

(b) (i) Use the kinetic model to explain the pressure exerted by gases.

...................................................................................................................................... [3]
(ii) Explain the effect of an increase in density, at constant temperature, on the pressure of
a gas.
...................................................................................................................................... [1]
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1 | Examiner’s

. . . - u
1 Two horizontal metal plates are situated 1.2cm apart, as illustrated in Fig. 6.1. *

1.2cm

Fig. 6.1
The electric field between the plates is found to be 3.0 Xx10*N C~' in the downward direction.
(@) (i) On Fig. 6.1, mark with a + the plate which is at the more positive potential.

(ii) Calculate the potential difference between the plates.

potential difference = .........covvvviiiiiiiiiiiiieee Vv
[3]

(b) Determine the acceleration of an electron between the plates, assuming there is a
vacuum between them.

acceleration = .....cooceeeeeeeeeeeeeeeeee e ms2 [3]

9702/2 M/J02

Electric Field 373



2 Two parallel metal plates P and Q are situated 8.0 cm apart in air, as shown in Fig. 6.1. For

Examiner’s
Use

8.0cm

____‘I___
Y

+160 V

Fig. 6.1
Plate Q is earthed and plate P is maintained at a potential of +160 V.

(@) (i) On Fig. 6.1, draw lines to represent the electric field in the region between the
plates. (2]

(ii) Show that the magnitude of the electric field between the plates is 2.0x 103V m™.

[1]

© UCLES 2005 9702/02/M/J/05

Electric Field 374



(b) A dust particle is suspended in the air between the plates. The particle has charges of
+1.2x1071°C and -1.2x107'3C near its ends. The charges may be considered to be
point charges separated by a distance of 2.5 mm, as shown in Fig. 6.2.

+1.2x10-15C

_ direction of
electric field

-1.2x10-15C

Fig. 6.2

The particle makes an angle of 35° with the direction of the electric field.

(i) On Fig. 6.2, draw arrows to show the direction of the force on each charge due to
the electric field. [1]

(i) Calculate the magnitude of the force on each charge due to the electric field.

(iii) Determine the magnitude of the couple acting on the particle.

© UCLES 2005 9702/02/M/J/05
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For
4 |Examiner’s
Ui
3 (a) Define electric field strength. *

(b) Two flat parallel metal plates, each of length 12.0cm, are separated by a distance of
1.5cm, as shown in Fig. 2.1.

electron
speed 5.0 x 10’ ms™

12.0cm

Fig. 2.1

The space between the plates is a vacuum.

The potential difference between the plates is 210V. The electric field may be assumed
to be uniform in the region between the plates and zero outside this region.

Calculate the magnitude of the electric field strength between the plates.

field strength = ........ccoooveveeeceeeeeeee NC [1]
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(b) The electron accelerates horizontally across the space between the plates. Determine For

Examiner’s
(i) the horizontal acceleration of the electron, Use

acceleration = ........ccccceveveeeeeeereeeenns ms=2 [2]

(ii) the time to travel the horizontal distance of 2.50cm between the plates.

(c) Explain why gravitational effects on the electron need not be taken into consideration in
your calculation in (b).

© UCLES 2009 9702/21/M/J/09
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4 Two vertical parallel metal plates are situated 2.50cm apart in a vacuum. The potential For

difference between the plates is 350V, as shown in Fig. 6.1. Examiner's
Use
350V -
electron
+ ‘ -
2.50cm
Fig. 6.1

An electron is initially at rest close to the negative plate and in the uniform electric field
between the plates.

(@) (i) Calculate the magnitude of the electric field between the plates.

electric field strength = ..........ccooeeveveeeceeeeee NC' [2]

(ii) Show that the force on the electron due to the electric field is 2.24 x 10~'5N.

2]
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(b) The electron accelerates horizontally across the space between the plates. Determine For

Examiner’s
(i) the horizontal acceleration of the electron, Use

acceleration = ........ccceeeeeeeeeeeeeeeeeeeenn ms2 [2]

(ii) the time to travel the horizontal distance of 2.50 cm between the plates.

(c) Explain why gravitational effects on the electron need not be taken into consideration in
your calculation in (b).

© UCLES 2009 9702/22/M/J/09
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8

An electron travelling horizontally in a vacuum enters the region between two horizontal

metal plates, as shown in Fig. 6.1.

T +400V

electron P
path > ]

region of J_

electric field =

Fig. 6.1

The lower plate is earthed and the upper plate is at a potential of + 400 V. The separation of

the plates is 0.80 cm.

The electric field between the plates may be assumed to be uniform and outside the plates

to be zero.

(@) On Fig. 6.1,

(i) draw an arrow at P to show the direction of the force on the electron due to the

electric field between the plates,

(ii) sketch the path of the electron as it passes between the plates and beyond them.

(b) Determine the electric field strength E between the plates.

9702/2/0/N/02
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9 |Examiner's

. u
(c) Calculate, for the electron between the plates, the magnitude of >

(i) the force on the electron,

force = .o, N

(ii) its acceleration.
acceleration = ......oveiii ms—2
(4]

(d) State and explain the effect, if any, of this electric field on the horizontal component of
the motion of the electron.
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Two horizontal metal plates X and Y are at a distance 0.75cm apart. A positively charged
particle of mass 9.6x107'°kg is situated in a vacuum between the plates, as illustrated in
Fig. 6.1.

plate X

0.75cm o

plate Y

Fig. 6.1
The potential difference between the plates is adjusted until the particle remains stationary.

(a) State, with a reason, which plate, X orY, is positively charged.

(b) The potential difference required for the particle to be stationary between the plates is
found to be 630 V. Calculate

(i) the electric field strength between the plates,

field strength = .........cocoviiiiiiiii, NC [2]
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(i) the charge on the particle.

For
Examiner’s
Use
charge = ...coiiiiiii C [3]
© UCLES 2005 9702/02/0/N/05

Electric Field 383



7

12

Two parallel plates P and Q are separated by a distance of 7.6 mm in a vacuum. There is a
potential difference of 250V between the plates, as illustrated in Fig. 4.1.
7.6 mm
plate P — | X [ plateQ
250V
-
Fig. 4.1
Electrons are produced at X on plate P. These electrons accelerate from rest and travel to
plate Q.
The electric field between the plates may be assumed to be uniform.
(@) (i) Determine the force on an electron due to the electric field.
force = ..o N [3]
(ii) Show that the change in kinetic energy of an electron as it moves from plate P to
plate Q is 4.0x10717 J.
[2]
© UCLES 2008 9702/02/0/N/08

Electric Field

For
Examiner’s
Use

384



13

(iii) Determine the speed of an electron as it reaches plate Q. For
Examiner's
Use

(b) The positions of the plates are adjusted so that the electric field between them is not
uniform. The potential difference remains unchanged.

State and explain the effect, if any, of this adjustment on the speed of an electron as it
reaches plate Q.
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Electric Field 385



14

5 (a) State whatis meant by an electric field. For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
...................................................................................................................................... 1]
(b) The electric field between an earthed metal plate and two charged metal spheres is
illustrated in Fig. 5.1.
earthed
metal plate
charged charged
sphere sphere
Fig. 5.1
(i) On Fig. 5.1, label each sphere with (+) or (-) to show its charge. 1]
(ii) On Fig. 5.1, mark a region where the magnitude of the electric field is
1. constant (label this region C), 1]
2. decreasing (label this region D). 1]
© UCLES 2010 9702/21/M/J/10 [Turn over
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(¢) A molecule has its centre P of positive charge situated a distance of 2.8 x 107'9m from
its centre N of negative charge, as illustrated in Fig. 5.2.

,"" XBX‘I 0_1 0 m

For
Examiner’s
Use

o =
Pe. /,
RN ) applied
— » electric field
30/ 5.0x10*Vm™
. \‘,,N
>
molecule
Fig. 5.2

The molecule is situated in a uniform electric field of field strength 5.0 x 10*Vm~'. The
axis NP of the molecule is at an angle of 30° to this uniform applied electric field.
The magnitude of the charge at P and at Niis 1.6 x 107'9C.

(i) On Fig. 5.2, draw an arrow at P and an arrow at N to show the directions of the
forces due to the applied electric field at each of these points. [1]

(ii) Calculate the torque on the molecule produced by the forces in (i).
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7 Two oppositely-charged parallel metal plates are situated in a vacuum, as shown in Fig. 7.1. For
Examiner’s
. Use
negatively-charged

metal plate

particle, mass m

charge +q
speed v

positively-charged |
metal plate +

' L
Fig. 7.1
The plates have length L.
The uniform electric field between the plates has magnitude E. The electric field outside the
plates is zero.
A positively-charged particle has mass m and charge +q. Before the particle reaches the
region between the plates, it is travelling with speed v parallel to the plates.

The particle passes between the plates and into the region beyond them.

(@) (i) On Fig. 7.1, draw the path of the particle between the plates and beyond them. [2]

(ii) For the particle in the region between the plates, state expressions, in terms of E,
m, q, vand L, as appropriate, for

1. the force F on the particle,

2. the time tfor the particle to cross the region between the plates.

© UCLES 2010 9702/23/0/N/10
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(b) (i) State the law of conservation of linear momentum. For
Examiner’s

---------------------------------------------------------------------------------------------------------------------------------- Use
............................................................................................................................ 2]

(ii) Use your answers in (a)(ii) to state an expression for the change in momentum of
the particle.
............................................................................................................................ [1]

(iii) Suggest and explain whether the law of conservation of linear momentum applies
to the particle moving between the plates.
............................................................................................................................ [2]
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4 (a) Define electric field strength.

(b) Two horizontal metal plates are 20mm apart in a vacuum. A potential difference of
1.5kV is applied across the plates, as shown in Fig. 4.1.

metal plate
+1.5KV P

o oil drop 20mm

oV

metal plate
Fig. 4.1
A charged oil drop of mass 5.0 x 107'®kg is held stationary by the electric field.
(i) On Fig. 4.1, draw lines to represent the electric field between the plates. 2]

(ii) Calculate the electric field strength between the plates.

electric field strength = .........ccoveveeevierceenee, Vvm[1]

(iii) Calculate the charge on the drop.

(iv) The potential of the upper plate is increased. Describe and explain the subsequent
motion of the drop.

© UCLES 2011 9702/22/0/N/11
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6  Two horizontal metal plates are separated by distance d in a vacuum. A potential difference V

For
is applied across the plates, as shown in Fig. 6.1. Examiner’s
Use
+V
metal plate
radioactive [ - d

source |\ I |

beam of a-particles metal plate

ov

Fig. 6.1

A horizontal beam of a-particles from a radioactive source is made to pass between the
plates.

(a) State and explain the effect on the deflection of the a-particles for each of the following
changes:

(i) The magnitude of V is increased.

(ii) The separation d of the plates is decreased.

© UCLES 2011 9702/23/0/N/11
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(b) The source of a-particles is replaced with a source of B-particles. For

Compare, with a reason in each case, the effect of each of the following properties on |Examiner’s
the deflections of a- and B-particles in a uniform electric field: Use
(i) charge

.............................................................................................................................. [2]
(ii) mass

.............................................................................................................................. [2]
(iii) speed

.............................................................................................................................. 1]

(c) The electric field gives rise to an acceleration of the a-particles and the B-particles.
Determine the ratio

acceleration of the a-particles
acceleration of the B-particles

© UCLES 2011 9702/23/0/N/11
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4 (a) Define electric field strength. For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use

(b) A uniform electric field is produced by applying a potential difference of 1200V across
two parallel metal plates in a vacuum, as shown in Fig. 4.1.

o
1200V 14mm metal plates
o) \
P
Fig. 4.1

The separation of the plates is 14mm. A particle P with charge 3.2x107'°C and mass

6.6x 10727 kg starts from rest at the lower plate and is moved vertically to the top plate
by the electric field.

Calculate

(i) the electric field strength between the plates,

electric field strength = ........cocooveveeevierceeee, vm[2]

(i) the work done on P by the electric field,

(o] Qe (o] 0 1= T J [2]

(iii) the gain in gravitational potential energy of P,

gain in potential energy = ........occcoiiiie e J [2]

© UCLES 2012 9702/23/M/J/12
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(iv) the gain in kinetic energy of P,

For
Examiner’s
Use
gain in Kinetic energy = ... J[1]
(v) the speed of P when it reaches the top plate.
SPEEA = .o ms~1[2]
© UCLES 2012 9702/23/M/J/12 [Turn over
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7 (a) Two horizontal metal plates are connected to a power supply, as shown in Fig. 7.1.

metal plate

+ O
1.2kV

Fig. 7.1

The separation of the plates is 40 mm.

metal plate

40mm

The switch S is then closed so that a potential difference of 1.2kV is applied across the

plates.

(i) On Fig. 7.1, draw six field lines to represent the electric field between the metal

plates.

(i) Calculate the electric field strength E between the plates.

2]

(b) The switch S is opened and the plates lose their charge. Two very small metal spheres
A and B joined by an insulating rod are placed between the metal plates as shown in

Fig.7.2.
metal plate
S |
15mm
+0 I I
A B
1.2kV ¢ < ®
-0 —-e +e
insulating rod
| metal plate
Fig. 7.2
© UCLES 2013 9702/23/0/N/13
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Sphere A has charge —e and sphere B has charge +e, where e is the charge of a proton.
The length AB is 15mm. The rod is supported at its centre C so that the rod is horizontal
and in equilibrium.

The switch S is then closed so that the potential difference of 1.2kV is applied across
the plates.

(i) There is a force acting on A due to the electric field between the plates.
Show that this force is 4.8 x 10715N.

[2]
(ii) The insulating rod joining A and B is fixed in the position shown in Fig. 7.2.
Calculate the torque of the couple acting on the rod.
torque = ..o, UNIE e, [3]
(iii) The insulating rod is now released so that it is free to rotate about C.
State and explain the position of the rod when it comes to rest.
.............................................................................................................................. [2]
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3 (a) Define electric field strength.

(b) A sphere S has radius 1.2 x 10¥m and density 930kgm~3.
Show that the weight of S is 6.6 x 107" N.

(2]

(c) Two horizontal metal plates are 14mm apart in a vacuum. A potential difference (p.d.) of
1.9kV is applied across the plates, as shown in Fig. 3.1.

1 9KV o metal plate
+1. l
/. 14 mm
- sphére S metal plate
Fig. 3.1

A uniform electric field is produced between the plates.
The sphere S in (b) is charged and is held stationary between the plates by the electric field.

(i) Calculate the electric field strength between the plates.

electric field strength = ........cccooveiiiceceeeeeeeeeeee vm'[2]

© UCLES 2014 9702/22/0/N/14
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(ii) Calculate the magnitude of the charge on S.

(iii) The magnitude of the p.d. applied to the plates is increased.
Explain why S accelerates towards the top plate.

© UCLES 2014 9702/22/0/N/14 [Turn over
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7 (a) Explain what is meant by an electric field.

............................................................................................................................................... [1]
(b) A uniform electric field is produced between two vertical metal plates AB and CD, as shown in
Fig.7.1.
A C
a-particle\
B 16 mm D
450V
+ —
O (o,
Fig. 7.1

The potential difference between the plates is 450V and the separation of the plates is 16 mm.
An a-particle is accelerated from plate AB to plate CD.
(i) On Fig. 7.1, draw lines to represent the electric field between the plates. [2]

(ii) Calculate the electric field strength between the plates.

electric field strength = .......cccoveeieieiceeeeee e, vm[2]

(iii) Calculate the work done by the electric field on the a-particle as it moves from AB to CD.

WOIK AONE = ...iiiiiiiiiiiiiiiiieeieee e J [3]

Question 7 continues on page 16.
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(iv) A p-particle moves from AB to CD. Calculate the ratio

work done by the electric field on the a-particle
work done by the electric field on the p-particle.

Show your working.

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable
effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will
be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge International
Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after
the live examination series.

Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local
Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.

© UCLES 2015 9702/21/M/J/15

Electric Field 400



1

A student has available some resistors, each of resistance 100 Q.

(a) Draw circuit diagrams, one in each case, to show how a number of these resistors may
be connected to produce a combined resistance of

(i) 2000,

(i) 509,

(iii) 40Q.

[4]
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. - : u
(b) The arrangement of resistors shown in Fig. 8.1 is connected to a battery. *

25Q

1000 q

250
Fig. 8.1

The power dissipation in the 100 Q resistor is 0.81 W. Calculate

(i) the currentin the circuit,

CUIMTENT = e A

(ii) the power dissipation in each of the 25 Q resistors.

9702/2 M/J02

Current Electricity 402



2 A household electric lamp is rated as 240V, 60 W. The filament of the lamp is made from
tungsten and is a wire of constant radius 6.0 x 10°m. The resistivity of tungsten at the
normal operating temperature of the lamp is 7.9 x 10~ Qm.

(a) Forthe lamp at its normal operating temperature,

(i) calculate the current in the lamp,

CUITENt = o A

(i) show that the resistance of the filament is 960 Q.

[3]
(b) Calculate the length of the filament.
length = ... m [3]
(c¢) Comment on your answer to (b).
.................................................................................................................................... [1]
© UCLES 2004 9702/02/M/J/04
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3 Athermistor has resistance 3900 Q at 0 °C and resistance 1250 Q at 30 °C. The thermistor is
connected into the circuit of Fig. 8.1 in order to monitor temperature changes.

thermistor

1.50V

Fig. 8.1

The battery of e.m.f. 1.50V has negligible internal resistance and the voltmeter has infinite
resistance.

(@) The voltmeter is to read 1.00V at 0 °C. Show that the resistance of resistor R is 7800 Q.

[2]
(b) The temperature of the thermistor is increased to 30 °C. Determine the reading on the
voltmeter.
reading = .eeeeeeiieeee e V [2]
© UCLES 2004 9702/02/M/J/04
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(c) The voltmeter in Fig. 8.1 is replaced with one having a resistance of 7800 Q. >
Calculate the reading on this voltmeter for the thermistor at a temperature of 0 °C.
reading = .oooooeeiiiis V [2]
© UCLES 2004 9702/02/M/J/04

Current Electricity 405



4 (a) Define the resistance of a resistor. For

Examiner’s
Use

(b) In the circuit of Fig. 7.1, the battery has an e.m.f. of 3.00V and an internal resistance r.
R is a variable resistor. The resistance of the ammeter is negligible and the voltmeter
has an infinite resistance.

Fig. 7.1

The resistance of R is varied. Fig. 7.2 shows the variation of the power P dissipated in R
with the potential difference V across R.

1.2
P/W
1.1 A =
1.0
/
0.9
0.8
0.8 1.0 1.2 1.4 1.6 1.8 2.0
VIV
Fig. 7.2
© UCLES 2005 9702/02/M/J/05
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(i) Use Fig. 7.2 to determine

1. the maximum power dissipation in R,

MAXIMUM POWET = .ooiiiiiieeee e e e e e e e w

2. the potential difference across R when the maximum power is dissipated.

potential difference = .......cccccoiiiiiii s \Y

(i) Hence calculate the resistance of R when the maximum power is dissipated.

resistance = ........ccccc e, Q [2]

(iii) Use your answers in (i) and (ii) to determine the internal resistance r of the battery.

(c) By reference to Fig. 7.2, it can be seen that there are two values of potential difference
V for which the power dissipation is 1.05 W.
State, with a reason, which value of V will result in less power being dissipated in the
internal resistance.

© UCLES 2005 9702/02/M/J/05
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5 A circuit contains three similar lamps A, B and C. The circuit also contains three switches,

S;, S, and S, as shown in Fig. 7.1.

1 ®
s, S, ssk

OX

oY

Fig.7.1

One of the lamps is faulty. In order to detect the fault, an ohm-meter (a meter that measures
resistance) is connected between terminals X and Y. When measuring resistance, the ohm-

meter causes negligible current in the circuit.

Fig. 7.2 shows the readings of the ohm-meter for different switch positions.

switch meter reading
S, S, S, /Q
open open open o
closed open open 15Q
open closed open 30Q
open closed closed 15Q
Fig.7.2

(a) Identify the faulty lamp, and the nature of the fault.

1210114V F= Lo ] o PSPPI

NAtUre OF fAUIL: ... e e e e e e e naes [2]

(b) Suggest why it is advisable to test the circuit using an ohm-meter that causes negligible

current rather than with a power supply.

© UCLES 2006 9702/02/M/J/06
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(c) Determine the resistance of one of the non-faulty lamps, as measured using the ohm-

meter.

resistance =
(d) Each lamp is marked 6.0V, 0.20 A.
Calculate, for one of the lamps operating at normal brightness,

(i) its resistance,

resistance =

(ii) its power dissipation.

power =

(e) Comment on your answers to (¢) and (d)(i).

© UCLES 2006 9702/02/M/J/06
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6 A car battery has an internal resistance of 0.060€. It is re-charged using a battery charger ¥

having an e.m.f. of 14V and an internal resistance of 0.10Q, as shown in Fig. 6.1.

. car

: 0.10Q, I 0.060Q: battery
battery ! ! ! !

1 + 1 1 1
charger , . . - .

: 14V : ' | :

1 — 1 : 1 E :

Fig. 6.1

(a) At the beginning of the re-charging process, the current in the circuit is 42A and the
e.m.f. of the battery is E (measured in volts).

(i) For the circuit of Fig. 6.1, state
1. the magnitude of the total resistance,
resistanCce = ... Q

2. the total e.m.f. in the circuit. Give your answer in terms of E.

[2]

(i) Use your answers to (i) and data from the question to determine the e.m.f. of the
car battery at the beginning of the re-charging process.

© UCLES 2007 9702/02/M/J/07
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(b) For the majority of the charging time of the car battery, the e.m.f. of the car battery is 12V
and the charging current is 12.5A. The battery is charged at this current for 4.0 hours.
Calculate, for this charging time,

(i) the charge that passes through the battery,

(ii) the energy supplied from the battery charger,

ENEIJY = .eviiiiieeenneerneeneeeneeeneennnenneenneennee J [2]

(iii) the total energy dissipated in the internal resistance of the battery charger and the
car battery.

ENEIJY = werveeereeerneennennennneennennnnernennnnnnnnes J [2]

(c) Use your answers in (b) to calculate the percentage efficiency of transfer of energy from
the battery charger to stored energy in the car battery.

efficienCy = ..o % [2]

© UCLES 2007 9702/02/M/J/07
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7 An electric heater consists of three similar heating elements A, B and C, connected as shown For
in Fig. 6.1. Examiner’s

Use
0 240V 081 ——

Fig. 6.1

Each heating element is rated as 1.5kW, 240V and may be assumed to have constant

resistance.
The circuit is connected to a 240V supply.

(a) Calculate the resistance of one heating element.

resistance = ...........cocei Q [2]

© UCLES 2008 9702/02/M/J/08

Current Electricity 412



(b) The switches S4, S, and S; may be either open or closed.

13

Complete Fig. 6.2 to show the total power dissipation of the heater for the switches in

the positions indicated.

© UCLES 2008

S, S, S; total power / kW
open closed closed | .
closed closed (o] o7=1 o
closed closed closed | .
closed open OPeN | i
closed open closed | .
Fig. 6.2
9702/02/M/J/08
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8 A network of resistors, each of resistance R, is shown in Fig. 7.1.

A Z

Fig. 7.1

(a) Calculate the total resistance, in terms of R, between points

(i) AandC,
FESISTANCE = oo
(ii) BandX,
reSISTIANCE = .ooviieeieeee e
(iii) Aand Z.
reSiStanCe = ...
© UCLES 2009 9702/21/M/J/09
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(b) Two cells of e.m.f. E; and E, and negligible internal resistance are connected into the For

network in (a), as shown in Fig. 7.2. Examiner's
Use

Fig. 7.2

The currents in the network are as indicated in Fig. 7.2.
Use Kirchhoff’s laws to state the relation

(i) between currents I,, I, and I,

............................................................................................................................ [1]
(i) between E,, R, I, and 15 in loop BCXYB,

............................................................................................................................ [1]
(iii) between E,, E,, R, 1, and I, in loop ABCXYZA.

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

© UCLES 2009 9702/21/M/J/09
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(@) A student has been asked to make an electric heater. The heater is to be rated as 12V vee

60 W, and is to be constructed of wire of diameter 0.54 mm. The material of the wire has
resistivity 4.9x 1077 Qm.

9

(i) Show that the resistance of the heater will be 2.4 Q.

(2]

(ii) Calculate the length of wire required for the heater.

(b) Two cells of em.f. E; and E, are connected to resistors of resistance R, R, and R, as
shown in Fig.7.1.

8702/2 O/NO1
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£¥aminer's

The currents 1, I, and I in the various parts of the circuit are as shown. vee

(i) Write down an expression relating /,, I, and I5.

............................................................................................................................... [1]
(i) Use Kirchhoff’s second law to write down a relation between
1. E,, Ry, Ry, I, and I, for loop ABEFA,
2. E,, E, Ry, Ry 1 and [, for loop ABCDEFA.
[2]

8702/2 O/NO1
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10 A student set up the circuit shown in Fig. 7.1. %

15Q 45Q
— "1 @

Fig. 7.1
The resistors are of resistance 15 Q and 45 Q. The battery is found to provide 1.6 x 10%J of
electrical energy when a charge of 1.8 x 10*C passes through the ammeter in a time of
1.3 x 10%s.

(a) Determine

(i) the electromotive force (e.m.f.) of the battery,

emf = \

(i) the average current in the circuit.
CUMENT = ..o A
[4]

9702/2/0/N/02
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(b) During the time for which the charge is moving, 1.1 x 10%J of energy is dissipated in the
45 Q resistor.

(i) Determine the energy dissipated in the 15 Q resistor during the same time.

BNEIGY = ettt J

(ii) Suggest why the total energy provided is greater than that dissipated in the two
resistors.

9702/2/0/N/02
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11 Fig. 6.1 shows the variation with applied potential difference V of the current I in an electrical

For
component C. Examiner’s
Use
4.0 7
I/mA /
3.0 /
/
//
//
2.0
7
Pl
A
1.0
0 |
0 1.0 2.0 3.0 4.0 5.0 6.0
ViV
Fig. 6.1

(a) (i) State, with a reason, whether the resistance of component C increases or
decreases with increasing potential difference.

(ii) Determine the resistance of component C at a potential difference of 4.0 V.

resistance = ..., Q [2]

© UCLES 2004 9702/02/0/N/04
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(b) Component C is connected in parallel with a resistor R of resistance 1500 Q and a For
battery of e.m.f. E and negligible internal resistance, as shown in Fig. 6.2. Examiner's

Use

E C 1500 Q

1

Fig. 6.2

(i) On Fig. 6.1, draw a line to show the variation with potential difference V of the
current 7 in resistor R. 2]

(i) Hence, or otherwise, use Fig.6.1 to determine the current in the battery for an
e.m.f. of 2.0 V.

current = ... A [2]

(c) The resistor R of resistance 1500 Q and the component C are now connected in series
across a supply of e.m.f. 7.0 V and negligible internal resistance.

Using information from Fig. 6.1, state and explain which component, R or C, will
dissipate thermal energy at a greater rate.

© UCLES 2004 9702/02/0/N/04
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12 A battery of e.m.f. 4.50V and negligible internal resistance is connected in series with a fixed
resistor of resistance 1200 Q and a thermistor, as shown in Fig. 7.1.

C

1200 Q

Fig. 7.1

(a) At room temperature, the thermistor has a resistance of 1800Q. Deduce that the
potential difference across the thermistor (across AB) is 2.70 V.

[2]

(b) A uniform resistance wire PQ of length 1.00m is now connected in parallel with the
resistor and the thermistor, as shown in Fig. 7.2.

C P
_L Q Tt I
1200Q
450V __ B 1.00m
M
1 '
) R A

Fig. 7.2

© UCLES 2005 9702/02/0/N/05
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A sensitive voltmeter is connected between point B and a moveable contact M on the For

wire. Examiner’s
Use

(i) Explain why, for constant current in the wire, the potential difference between any
two points on the wire is proportional to the distance between the points.

............................................................................................................................... [2]
(ii) The contact M is moved along PQ until the voltmeter shows zero reading.
1. State the potential difference between the contact at M and the point Q.
potential difference = ................oll V [1]
2. Calculate the length of wire between M and Q.
length= ... cm [2]

(iii) The thermistor is warmed slightly. State and explain the effect on the length of wire
between M and Q for the voltmeter to remain at zero deflection.

© UCLES 2005 9702/02/0/N/05
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13 (a) Distinguish between the electromotive force (e.m.f.) of a cell and the potential difference
(p.d.) across a resistor.

E, R
§ | —F+—°
Iy
R
E, | 2
X S I s
2

3
B 1 > C
Iy
Fig. 7.1

The cells are connected to resistors of resistance R,, R, and R, and the currents in the
branches of the circuit are I, I, and I, as shown.

(i) Use Kirchhoff’s first law to write down an expression relating I, I, and I.

............................................................................................................................. [1]
(ii) Use Kirchhoff’s second law to write down an expression relating
1. E,, R,, Ry, I, and I in the loop XBCYX,
...................................................................................................................... [1]
2. E,E, Ry, R, I and [, inthe loop AXYDA.
...................................................................................................................... [1]
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14 An electric shower unit is to be fitted in a house. The shower is rated as 10.5kW, 230V. The
shower unit is connected to the 230V mains supply by a cable of length 16 m, as shown in
Fig. 6.1.

copper wire cable
\\ _____ shower unit
230V supply 10.5 kW
230V
copper wire 16m g
Fig. 6.1

(a) Show that, for normal operation of the shower unit, the current is approximately 46 A.

[2]

(b) The resistance of the two wires in the cable causes the potential difference across the
shower unit to be reduced. The potential difference across the shower unit must not be
less than 225V.

The wires in the cable are made of copper of resistivity 1.8x108Qm.
Assuming that the current in the wires is 46 A, calculate

(i) the maximum resistance of the cable,

resistance = ......ccocceiiiiieeninnn. Q [3]

© UCLES 2007 9702/02/0/N/07
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(if) the minimum area of cross-section of each wire in the cable.

(c) Connecting the shower unit to the mains supply by means of a cable having wires with
too small a cross-sectional area would significantly reduce the power output of the
shower unit.

(i) Assuming that the shower is operating at 210V, rather than 230V, and that its
resistance is unchanged, determine the ratio

power dissipated by shower unit at 210V
power dissipated by shower unit at 230V

(ii) Suggest and explain one further disadvantage of using wires of small cross-sectional
area in the cable.

© UCLES 2007 9702/02/0/N/07
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15 A potential divider circuit consists of two resistors of resistances P and Q, as shown in For
Fig.7.1. Examiner’s

Use

E

-

Fig. 7.1

The battery has e.m.f. E and negligible internal resistance.

(a) Deduce that the potential difference V across the resistor of resistance P is given by the

expression
P
V= E.
P+Q
[2]
© UCLES 2008 9702/02/0/N/08
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(b) The resistances P and Q are 2000 Q and 5000 Q respectively. For
A voltmeter is connected in parallel with the 2000 Q resistor and a thermistor is connected | Examiners
in parallel with the 5000 €2 resistor, as shown in Fig. 7.2. Use

2000 Q 5000 Q

Fig. 7.2
The battery has e.m.f. 6.0V. The voltmeter has infinite resistance.

(i) State and explain qualitatively the change in the reading of the voltmeter as the
temperature of the thermistor is raised.

............................................................................................................................. [3]
(ii) The voltmeter reads 3.6V when the temperature of the thermistor is 19°C.
Calculate the resistance of the thermistor at 19°C.
resistance = .........cooiiiiiiiinn. Q [4]

© UCLES 2008 9702/02/0/N/08
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16 A cell has electromotive force (e.m.f.) E and internal resistance r. It is connected in series

with a variable resistor R, as shown in Fig. 6.1.

(b) The variable resistor R has resistance X. Show that

power dissipated in resistor R~ X

power produced in cell X+

© UCLES 2009 9702/21/0/N/09
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(c) The variation with resistance X of the power Py dissipated in R is shown in Fig. 6.2.

2.0
Pa/W
15
/
1.0+ N
0.5
0
0 0.5 1.0 1.5 2.0 2.5 3.0

X/Q

Fig. 6.2

(i) Use Fig. 6.2 to state, for maximum power dissipation in resistor R, the magnitude of
this power and the resistance of R.

MAaXiMUM POWET = ...eiiiiiiieeieeiiiiireeeee e e e e e eee e w
resistanCe = ..o Q
(2]

(ii) The cell has e.m.f. 1.5V.
Use your answers in (i) to calculate the internal resistance of the cell.

internal resistance = ..., Q [3]

(d) InFig. 6.2, it can be seen that, for larger values of X, the power dissipation decreases.
Use the relationship in (b) to suggest one advantage, despite the lower power output, of
using the cell in a circuit where the resistance X is larger than the internal resistance of
the cell.

© UCLES 2009 9702/21/0/N/09
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17  (a) Two resistors, each of resistance R, are connected first in series and then in parallel.

Show that the ratio

combined resistance of resistors connected in series

combined resistance of resistors connected in parallel

is equal to 4.

31

[1]

(b) The variation with potential difference V of the current I in a lamp is shown in Fig. 6.1.

0.15 =
,/
I/A b
/'l/
/'
0.10
Vi
7
//'
/)
A
/
/"
0.05 v
/
/
4
/
y,
0
0 1.0 2.0
VIV
Fig. 6.1
© UCLES 2009 9702/22/0/N/09
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Calculate the resistance of the lamp for a potential difference across the lamp of 1.5V.

32

For
Examiner’s
Use
resistance = .....coccceeeiiiiiiiieeee e, Q [2]
(c) Two lamps, each having the I-V characteristic shown in Fig. 6.1, are connected first
in series and then in parallel with a battery of e.m.f. 3.0V and negligible internal
resistance.
Complete the table of Fig. 6.2 for the lamps connected to the battery.
p.d. across resistance of combined resistance
each lamp/V each lamp/Q of lamps/€)
lamps connected in
SEHES i | e |
lamps connected in
parallel e | e |
Fig. 6.2
[4]
(d) (i) Use data from the completed Fig. 6.2 to calculate the ratio
combined resistance of lamps connected in series
combined resistance of lamps connected in parallel
ratio = oo [1]
(ii) The ratios in (a) and (d)(i) are not equal.
By reference to Fig. 6.1, state and explain qualitatively the change in the resistance
of a lamp as the potential difference is changed.
............................................................................................................................ [3]
© UCLES 2009 9702/22/0/N/09
Current Electricity 432



18 (a) A network of resistors, each of resistance R, is shown in Fig. 7.1.

Fig. 7.1

Switches S, and S, may be ‘open’ or ‘closed’.

33

Complete Fig. 7.2 by calculating the resistance, in terms of R, between points X and Y
for the switches in the positions shown.

switch S, switch S, resistance between points X and Y
open (o] o =Y o T USSR
open CloSEd | oo

closed closed |

© UCLES 2009

9702/22/M/J/09
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(b) Two cells of em.f. E, and E, and negligible internal resistance are connected into a

For
network of resistors, as shown in Fig. 7.3. Examiner's
Use
M
I
E;

Fig. 7.3

The currents in the network are as indicated in Fig. 7.3.
Use Kirchhoff’s laws to state the relation

(i) betweencurrents I, I, I;and I,

.............................................................................................................................. 1]
(i) between E,, E,, R, and I in loop NKLMN,

.............................................................................................................................. [1]
(iii) between E,, R, 1;and 1, in loop NKQN.

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

© UCLES 2009 9702/22/M/J/09
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6 An electric heater is to be made from nichrome wire. Nichrome has a resistivity of For
1.0 x 1076Qm at the operating temperature of the heater. Examiner's
The heater is to have a power dissipation of 60W when the potential difference across its Use
terminals is 12V.
(a) For the heater operating at its designed power,

(i) calculate the current,

CUITENT = i A[2]

(ii) show that the resistance of the nichrome wire is 2.4 Q.

2]

(b) Calculate the length of nichrome wire of diameter 0.80 mm required for the heater.

© UCLES 2010 9702/21/M/J/10 [Turn over
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(c) A second heater, also designed to operate from a 12V supply, is constructed using the

For
same nichrome wire but using half the length of that calculated in (b). Examiner’s
Explain quantitatively the effect of this change in length of wire on the power of the Use
heater.
...................................................................................................................................... [3]
© UCLES 2010 9702/21/M/J/10
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6 (a) A metal wire of constant resistance is used in an electric heater.

F
In order not to overload the circuit for the heater, the supply voltage to the heater is Exam‘;,r,e,fs
reduced from 230V to 220V.

Use

Determine the percentage reduction in the power output of the heater.

reduction =

(b) A uniform wire AB of length 100cm is connected between the terminals of a cell of
e.m.f. 1.5V and negligible internal resistance, as shown in Fig. 6.1.

1.5V

100 cm

A

A

Fig. 6.1

An ammeter of internal resistance 5.0Q is connected to end A of the wire and to a
contact C that can be moved along the wire.

Determine the reading on the ammeter for the contact C placed

(i) atA,

reading =
© UCLES 2010 9702/22/M/J/10
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(ii) atB. For
Examiner’s
Use
reading = oo A [1]
(c) Using the circuit in (b), the ammeter reading | is recorded for different distances L of the
contact C from end A of the wire. Some data points are shown on Fig. 6.2.
0.4
I/A
0.3
0.2
0.1
0
0 20 40 60 80 100
L/cm
Fig. 6.2
(i) Use your answers in (b) to plot data points on Fig. 6.2 corresponding to the
contact C placed at end A and at end B of the wire. 1]
(ii) Draw a line of best fit for all of the data points and hence determine the ammeter
reading for contact C placed at the midpoint of the wire.
reading = oo A[1]
© UCLES 2010 9702/22/M/J/10 [Turn over
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(iii) Use your answer in (ii) to calculate the potential difference between A and the For

contact C for the contact placed at the midpoint of AB. Examiner's
Use

potential difference = ............cccc V [2]

(d) Explain why, although the contact C is at the midpoint of wire AB, the answer in (c)(iii) is
not numerically equal to one half of the e.m.f. of the cell.

© UCLES 2010 9702/22/M/J/10
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6 (a) (i) State whatis meantby an electric current.

For
Examiner’s
---------------------------------------------------------------------------------------------------------------------------------- Use
.............................................................................................................................. [1]
(ii) Define electric potential difference.
.............................................................................................................................. 1]
(b) The variation with potential difference V of the current | in a component Y and in a
resistor R are shown in Fig. 6.1.
0.7
I/A
0.6
componentY
i
/
/
0.5 f
/
’ resistor R
/
0.4
/
/
0.3
0.2
l/'
,/
vd
0.1 A
//
0 g
0 2 4 6 8 10
VIV
Fig. 6.1
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Use Fig. 6.1 to explain how it can be deduced that resistor R has a constant resistance

For
of 20 Q. Examiner’s
Use
...................................................................................................................................... [2]
(c) The component Y and the resistor R in (b) are connected in parallel as shown in
Fig. 6.2.
L
. E Y R| 20Q
1
Fig. 6.2
A battery of e.m.f. E and negligible internal resistance is connected across the parallel
combination.
Use data from Fig. 6.1 to determine
(i) the current in the battery for an e.m.f. E of 6.0V,
current = ..., A [1]
(ii) the total resistance of the circuit for an e.m.f. of 8.0V.
resistance = ... Q 2]
© UCLES 2010 9702/23/M/J/10 [Turn over

Current Electricity 441



42

(d) The circuit of Fig. 6.2 is now re-arranged as shown in Fig. 6.3. For

Examiner’s
Use

Fig. 6.3
The current in the circuit is 0.20 A.

(i) Use Fig. 6.1 to determine the e.m.f. E of the battery.

(ii) Calculate the total power dissipated in component Y and resistor R.

© UCLES 2010 9702/23/M/J/10
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6 (a) Alampisratedas 12V, 36 W. For
Examiner’s

(i) Calculate the resistance of the lamp at its working temperature. Use

resistance = .....cccccevvvviiiii Q [2]

(ii) On the axes of Fig. 6.1, sketch a graph to show the current-voltage (I-V)
characteristic of the lamp. Mark an appropriate scale for current on the y-axis.

I/A
o 6 12
VIV
Fig. 6.1
3]
© UCLES 2010 9702/21/0/N/10
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(b) Some heaters are each labelled 230V, 1.0kW. The heaters have constant resistance.

For
Examiner’s
Determine the total power dissipation for the heaters connected as shown in each of the Use
diagrams shown below.
(M)
230V
o (o}
T T T
— [ [T
POWEL = iiiiiiiieeeeeeeeeeetee e e e e e eeeeees kW [1]
(i)
230V
o] (o}
— [ [ | = [ [
POWET = et eeeeees kW [1]
(iii)
230V T T T
(T T T1
T
POWET = i et eeeeeeees kW [2]
© UCLES 2010 9702/21/0/N/10 [Turn over
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6 The variation with temperature of the resistance R; of a thermistor is shown in Fig. 6.1. For
Examiner’s
4.0 e
3.0 S
™~
R;/kQ =
2.0
1.0
0
0 5 10 15 20 25
temperature/°C
Fig. 6.1

The thermistor is connected into the circuit of Fig. 6.2.

1.6kQ
—— o/
9.0V
-]
| |
Fig. 6.2
© UCLES 2010 9702/22/0/N/10
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The battery has e.m.f. 9.0V and negligible internal resistance. The voltmeter has infinite

. For
resistance. Examiner’s
Use
(@) For the thermistor at 22.5°C, calculate
(i) the total resistance between points A and B on Fig. 6.2,
resistance = ..., Q2]
(ii) the reading on the voltmeter.
voltmeter reading = ......ccoooiiiiiis V [2]
(b) The temperature of the thermistor is changed. The voltmeter now reads 4.0V.
Determine
(i) the total resistance between points A and B on Fig. 6.2,
resistance = .......ccccee Q[2]
© UCLES 2010 9702/22/0/N/10 [Turn over
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(ii) the temperature of the thermistor.

For
Examiner’s
Use
temperature = ... °C [2]
(c) A student suggests that the voltmeter, reading up to 10V, could be calibrated to measure
temperature.
Suggest two disadvantages of using the circuit of Fig. 6.2 with this voltmeter for the
measurement of temperature in the range 0°C to 25°C.
1L PRSPPI
2SO PPP TP
[2]
© UCLES 2010 9702/22/0/N/10
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8 An electric heater has a constant resistance and is rated as 1.20kW, 230V. For
Examiner’s
The heater is connected to a 230V supply by means of a cable that is 9.20m long, as Use

illustrated in Fig. 8.1.

copper wires
in cable

heater,
e e oo S rated
___________________________ . 1.20kW
230V
9.20m >
Fig. 8.1

The two copper wires that make up the cable each have a circular cross-section of diameter
0.900mm. The resistivity of copper is 1.70 x 108Qm.

(@) Show that

(i) the resistance of the heater is 44.1Q,

2]

(i) the total resistance of the cable is 0.492 Q.

[2]

© UCLES 2010 9702/23/0/N/10
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(b) The current in the cable and heater is switched on. Determine, to three significant For

figures, the power dissipated in the heater. Examiner’s
Use
POWET = o W [3]
(c) Suggest two disadvantages of connecting the heater to the 230V supply using a cable
consisting of two thinner copper wires.
3 S REPRR
2 PP PRRPPR
[2]
© UCLES 2010 9702/23/0/N/10 [Turn over
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5 (a) Foracell, explain the terms For

Examiner’s

(i) electromotive force (e.m.f.), Use

............................................................................................................................. [1]
(ii) internal resistance.
............................................................................................................................. [1]
(b) The circuit of Fig. 5.1 shows two batteries A and B and a resistor R connected in
series.
R
[ ]
L
r— =1 =/ _|
LT _——
: '3.0V! : H2V |
L I L
Al | Bl :
| | I |
: 0.10Q : 0.20Q
I I
| - |- —1 |_ —_ —_d

Fig. 5.1

Battery A has an e.m.f. of 3.0V and an internal resistance of 0.10Q. Battery B has an
e.m.f. of 12V and an internal resistance of 0.20 Q. Resistor R has a resistance of 3.3 Q.

(i) Apply Kirchhoff’s second law to calculate the current in the circuit.

CUMTENT = oo A[2]

(ii) Calculate the power transformed by battery B.

© UCLES 2011 9702/22/M/J/11
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(iii) Calculate the total energy lost per second in resistor R and the internal

i For
resistances. Examiner’s
Use
energy lost per second = .........cccccveueeeeveeereereeenae. Js1[2]

(c) The circuit of Fig. 5.1 may be used to store energy in battery A. Suggest how your
answers in (b) support this statement.
..................................................................................................................................... [1]

© UCLES 2011 9702/22/M/J/11 [Turn over
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5 (a) A variable resistor is used to control the current in a circuit, as shown in Fig. 5.1.

For
Examiner’s
Use
Fig. 5.1
The variable resistor is connected in series with a 12V power supply of negligible internal
resistance, an ammeter and a 6.0 resistor. The resistance R of the variable resistor
can be varied between 0 and 12Q.
(i) The maximum possible current in the circuit is 2.0A. Calculate the minimum
possible current.
MINIMUM CUIreNnt = ... A[2]
(ii) On Fig. 5.2, sketch the variation with A of current I, in the circuit.
2.0
I/A
1.0
0
0 4 8 12 p/o
(2]
Fig. 5.2
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(b) The variable resistor in (a) is now connected as a potential divider, as shown in Fig. 5.3.

6.0Q

Fig. 5.3

Calculate the maximum possible and minimum possible current I, in the ammeter.

maximum I2 T

minimum I2 T et

(c) (i) Sketch on Fig.5.4 the I — V characteristic of a filament lamp.

A

Fig.5.4

© UCLES 2011 9702/21/M/J/11
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(ii) The resistor of resistance 6.0Q is replaced with a filament lamp in the circuits of For
Fig. 5.1 and Fig. 5.3. State an advantage of using the circuit of Fig. 5.3, compared |Examiners

to the circuit of Fig 5.1, when using the circuits to vary the brightness of the filament Use
lamp.

© UCLES 2011 9702/21/M/J/11 [Turn over

Current Electricity 454



55

5 (a) (i) OnFig.5.1, sketch the | —V characteristic for a filament lamp.

A
I/A

VIV

Fig. 5.1
[2]

(ii) Explain how the resistance of the lamp may be calculated for any voltage from its
| —V characteristic.

(b) Two identical filament lamps are connected first in series, and then in parallel, to a 12V
power supply that has negligible internal resistance. The circuits are shown in Fig. 5.2
and Fig. 5.3 respectively.

12V

e e e
s
X—& &

Fig. 5.2 Fig. 5.3

© UCLES 2011 9702/23/M/J/11
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(i) State and explain why the resistance of each lamp when they are connected in

For
series is different from the resistance of each lamp when they are connected in |Examiners
parallel. Use
.............................................................................................................................. [3]

(ii) Each lamp is marked with a rating ‘12V, 50W’. Calculate the total resistance of the
circuit for the two lamps connected such that each lamp uses this power.
total resistance = ... Q [3]
© UCLES 2011 9702/23/M/J/11 [Turn over
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5 (a) Define the ohm.

For
Examiner’s
..................................................................................................................................... [1] Use
(b) Determine the SI base units of resistivity.
base units of resistivity = ......ccccceiiiiiiiiis [3]
(c) Acell of eem.f.2.0V and negligible internal resistance is connected to a variable resistor
R and a metal wire, as shown in Fig. 5.1.
| 2.0V R
T
| |
metal wire
? ?
i 900 mm i
Fig. 5.1
The wire is 900mm long and has an area of cross-section of 1.3 x 107'm?. The
resistance of the wire is 3.4 Q.
(i) Calculate the resistivity of the metal wire.
reSistivity = .oovveeeeeieiieeeeeeeeee [2]
© UCLES 2011 9702/21/0/N/11 [Turn over
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(ii) The resistance of R may be varied between 0 and 1500 Q.
Calculate the maximum potential difference (p.d.) and minimum p.d. possible across
the wire.

MaxXimMuM P.d. = .o \Y
MINIMUM P.0. = oo \Y
(2]

(iii) Calculate the power transformed in the wire when the potential difference across
the wire is 2.0V.

(d) Resistance R in (c) is now replaced with a different variable resistor Q. State the power
transformed in Q, for Q having

(i) zero resistance,

POWET = it W [1]
(ii) infinite resistance.
POWET = iiiiiiiiiee e e e e e eeeeens W [1]
© UCLES 2011 9702/21/0/N/11
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5 A potentiometer circuit that is used as a means of comparing potential differences is shown

. ; For
in Fig. 5.1. Examiner's
Use
’ : |E1 o R; G
—{ o —
Iy |
L ____21
metal wire
B
I
I3
o I_ S
| |
H—
C !_E_Ql_ _rz_» JI D
Fig. 5.1

A cell of e.m.f. E, and internal resistance r, is connected in series with a resistor of resistance

R, and a uniform metal wire of total resistance R,.

A second cell of e.m.f. E, and internal resistance r, is connected in series with a sensitive

ammeter and is then connected across the wire at BJ. The connection at J is halfway along

the wire. The current directions are shown on Fig. 5.1.

(a) Use Kirchhoff’s laws to obtain the relation
(i) between the currents I,, I, and I,

.............................................................................................................................. (1]
(ii) between E,, R,, R,, ry, I, and I, in loop HBJFGH,

.............................................................................................................................. [1]
(ili) between E,, E,, ry, I, Ry, Ry, 1, and 1 in the loop HBCDJFGH.

.............................................................................................................................. 2]

(b) The connection at J is moved along the wire. Explain why the reading on the ammeter
changes.
...................................................................................................................................... 2]

© UCLES 2011 9702/22/0/N/11 [Turn over
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4 (a) Distinguish between potential difference (p.d.) and electromotive force (e.m.f.) in terms
of energy transformations.

(b) Two cells A and B are connected in series with a resistor R of resistance 5.5Q, as
shown in Fig. 4.1.

14.4V |
! 2.3Q cellA
1 1
—H H——
1 1
1 1
| P |
R
55Q
P '
! 1.8Q |
1 1
L
: 1cell B
e e A
Fig. 4.1

Cell A has e.m.f. 4.4V and internal resistance 2.3Q. Cell B has e.m.f. 2.1V and internal
resistance 1.8Q.

(i) State Kirchhoff’s second law.

.............................................................................................................................. [1]
(i) Calculate the current in the circuit.
CUITENt = .o A [2]
(iii) On Fig. 4.1, draw an arrow to show the direction of the current in the circuit. Label
this arrow 1. [1]
© UCLES 2011 9702/23/0/N/11
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(iv) Calculate

For
Examiner’s
1. the p.d. across resistor R, Use
PO = e V [1]
2. the terminal p.d. across cell A,
PO = e V [1]
3. the terminal p.d. across cell B.
PO, = i V [2]
© UCLES 2011 9702/23/0/N/11 [Turn over

Current Electricity 461



62
5 (a) (i) State Kirchhoff’s second law.

For
Examiner’s
---------------------------------------------------------------------------------------------------------------------------------- Use
.............................................................................................................................. [1]
(ii) Kirchhoff’s second law is linked to the conservation of a certain quantity. State this
quantity.
.............................................................................................................................. [1]
(b) The circuit shown in Fig. 5.1 is used to compare potential differences.
. S
2.0V !
| 0.50Q |
c — D
I
R
Y
uniform resistance wire
length 1.00m
Fig. 5.1
The uniform resistance wire XY has length 1.00m and resistance 4.0Q. Cell A has
e.m.f. 2.0V and internal resistance 0.50Q. The current through cell A is I. Cell B has
e.m.f. E and internal resistance r.
The current through cell B is made zero when the movable connection J is adjusted so
that the length of XJ is 0.90m. The variable resistor R has resistance 2.5 Q.
(i) Apply Kirchhoff’s second law to the circuit CXYDC to determine the current I.
L= Al2]
© UCLES 2012 9702/21/M/J/12 [Turn over
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(i) Calculate the potential difference across the length of wire XJ. For

Examiner’s
Use

potential difference = ........cccooeeeiiiii V [2]

(iii) Use your answer in (ii) to state the value of E.

(iv) State why the value of the internal resistance of cell B is not required for the
determination of E.

© UCLES 2012 9702/21/M/J/12
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4 A battery of electromotive force 12V and negligible internal resistance is connected to two For

resistors and a light-dependent resistor (LDR), as shown in Fig. 4.1. Examiner's
Use
1
8.0kQ
12v. T XE=3.
12kQ /
(A T
NG Y
Fig. 4.1

An ammeter is connected in series with the battery. The LDR and switch S are connected
across the points XY.

(@) The switch S is open. Calculate the potential difference (p.d.) across XY.

P A= e V [3]
(b) The switch S is closed. The resistance of the LDR is 4.0 kQ. Calculate the current in the
ammeter.
CUITENT = oo A[3]
© UCLES 2012 9702/22/M/J/12
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(c) The switch S remains closed. The intensity of the light on the LDR is increased. State

For
and explain the change to Examiner’s
Use
(i) the ammeter reading,
.............................................................................................................................. 2]
(ii) the p.d. across XY.
.............................................................................................................................. [2]
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5 (a) (i) State Kirchhoff’s first law.

(ii) Kirchhoff’s first law is linked to the conservation of a certain quantity. State this
quantity.

(b) A variable resistor of resistance R is used to control the current in a circuit, as shown in
Fig.5.1.

+

-
1
.
o
o
Q

Fig. 5.1

The generator G has e.m.f. 20V and internal resistance 0.50Q. The battery has e.m.f.
12V and internal resistance 0.10Q. The current in the circuit is 2.0 A.

(i) Apply Kirchhoff’s second law to the circuit to determine the resistance R.

(ii) Calculate the total power generated by G.

© UCLES 2012 9702/23/M/J/12
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(iii) Calculate the power loss in the total resistance of the circuit.

For
Examiner’s

Use
POWEK = .ooieieeeeeeeeeeeeeeeeeee e W [2]
(iv) The circuit is used to supply energy to the battery from the generator. Determine

the efficiency of the circuit.
efficienCy = oo 2]
© UCLES 2012 9702/23/M/J/12 [Turn over
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A circuit used to measure the power transfer from a battery is shown in Fig. 4.1. The power is

F
transferred to a variable resistor of resistance R. Exam(;rrwer’s
Use
___________ |
| E |
| ||_ __ ]
] ! Lo T
|
I __________ —
® |
{i}ﬁ)
(V)
o/
Fig. 4.1
The battery has an electromotive force (e.m.f.) E and an internal resistance r. There is a
potential difference (p.d.) V across R. The current in the circuit is I.
(a) By reference to the circuit shown in Fig. 4.1, distinguish between the definitions of e.m.f.
and p.d.
.................................................................................................................................... [3]
(b) Using Kirchhoff’s second law, determine an expression for the current I in the circuit.
(1]
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(c) The variation with current I of the p.d. V across R is shown in Fig. 4.2.

For
Examiner’s
6.0 Use
N
\‘\‘
N,
4.0
AN
VIV N
N
2.0
N
N
\\
0
0 1.0 2.0 3.0 4.0
1/A
Fig. 4.2
Use Fig. 4.2 to determine
(i) the e.m.f. E,
E= e V [1]
(ii) the internal resistance r.
F = ettt ———————— Q [2]

(d) (i) Using data from Fig. 4.2, calculate the power transferred to R for a current of 1.6 A.

(ii) Use your answers from (c)(i) and (d)(i) to calculate the efficiency of the battery for
a current of 1.6 A.

efficiency = ... % [2]
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5 Fig. 5.1 shows a 12V power supply with negligible internal resistance connected to a uniform

F
metal wire AB. The wire has length 1.00m and resistance 10Q. Two resistors of resistance Exam‘;rrwer’s
4.0Q and 2.0Q are connected in series across the wire. Use

| 12V
k-1
I
I, C metal wire
A . B
40cm
|3
4.0Q . 2.0Q
D
Fig. 5.1
Currents I,, I, and I, in the circuit are as shown in Fig. 5.1.
(@) (i) Use Kirchhoff’s first law to state a relationship between I,, I, and I,.
.............................................................................................................................. [1]
(ii) Calculate I,.
L= A[3]
(iii) Calculate the ratio x, where
___power in metal wire
~ power in series resistors
X S [3]
(b) Calculate the potential difference (p.d.) between the points C and D, as shown in Fig. 5.1.
The distance AC is 40cm and D is the point between the two series resistors.
PO, = e V [3]
© UCLES 2012 9702/22/0/N/12 [Turn over
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3 (a) With reference to the arrangement of atoms, distinguish between metals, polymers and

For
amorphous solids. Examiner’s
Use
L= =1L PP
[010])Y70 4 1= = PP UPPPP PP
=Yg g le g o Lo U E=TX=T o] o L=
[3]
(b) On Fig. 3.1, sketch the variation with extension x of force F to distinguish between a
metal and a polymer.
A A
F F
> >
0O » O0 .
metal polymer
Fig. 3.1
(2]
© UCLES 2012 9702/22/0/N/12 [Turn over
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2 (a) Define electrical resistance. For

Examiner’s
Use

(b) A circuit is set up to measure the resistance R of a metal wire. The potential difference
(p.d.) V across the wire and the current I in the wire are to be measured.

(i) Draw a circuit diagram of the apparatus that could be used to make these
measurements.

[3]

(ii) Readings for p.d. V and the corresponding current I are obtained. These are shown
in Fig. 2.1.

0.30 |

0.25 ,/‘/

0.20 -

T
/A 0.15 i

0.10

0.05%

VIV

Fig. 2.1

© UCLES 2012 9702/21/0/N/12
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Explain how Fig. 2.1 indicates that the readings are subject to For
Examiner’s
1. a systematic uncertainty, Use
............................................................................................................................. 1]
2. random uncertainties.
............................................................................................................................. 1]
(iii) Use data from Fig. 2.1 to determine R. Explain your working.
S e ——————————— Q [3]
(c) In another experiment, a value of R is determined from the following data:
Current I =0.64 + 0.01Aand p.d. V=6.8 +0.1V.
Calculate the value of R, together with its uncertainty. Give your answer to an appropriate
number of significant figures.
R= e, F o Q [3]
© UCLES 2012 9702/21/0/N/12 [Turn over
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6 (a) Define potential difference (p.d.).

For
Examiner’s

...................................................................................................................................... [1] | Use

(b) A battery of electromotive force 20V and zero internal resistance is connected in series
with two resistors R1 and RZ, as shown in Fig. 6.1.

20V
-4
R, ﬁ R,
0-400Q 600Q
Fig. 6.1

The resistance of R, is 600Q. The resistance of R, is varied from 0 to 400 Q.
Calculate

(i) the maximum p.d. across R,,

MaXimum P.d. = .. V1]
(ii) the minimum p.d. across R,
MINIMUM P.0. = e V [2]
© UCLES 2013 9702/23/M/J/13
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(c) Alight-dependent resistor (LDR) is connected in parallel with R,, as shown in Fig. 6.2.

For
Examiner’s
Use
Fig. 6.2
When the light intensity is varied, the resistance of the LDR changes from 5.0kQ to
1.2kQ.
(i) For the maximum light intensity, calculate the total resistance of R, and the LDR.
total resistance = ... Q[2]
(ii) The resistance of R, is varied from 0 to 400< in the circuits of Fig. 6.1 and
Fig. 6.2. State and explain the difference, if any, between the minimum p.d. across
R, in each circuit. Numerical values are not required.
.............................................................................................................................. [2]
Please turn over for Question 7.
© UCLES 2013 9702/23/M/J/13 [Turn over
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6 (a) Define charge.

(b) A heater is made from a wire of resistance 18.0Q and is connected to a power supply of
240V. The heater is switched on for 2.60 Ms.

Calculate

(i) the power transformed in the heater,

(ii) the current in the heater,

CUITENT = i A[1]

(iii) the charge passing through the heater in this time,

(iv) the number of electrons per second passing a given point in the heater.

NUMDET = .o s71[2]

© UCLES 2013 9702/22/M/J/13
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6 Two resistors A and B have resistances R, and R, respectively. The resistors are connected

in series with a battery, as shown in Fig. 6.1.

Fig. 6.1

The battery has electromotive force (e.m.f.) E and zero internal resistance.

(a) State the energy transformation that occurs in

(i) the battery,

(ii) the resistors.

(b) The current in the circuit is I.
State the rate of energy transformation in

(i) the battery,

(i) the resistor A.

© UCLES 2013 9702/21/M/J/13
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(c) The resistors are made from metal wires. Data for the resistors are given in Fig. 6.2.

For
Examiner’s
Use
resistor A B
resistivity of metal o pl/2
length of wire l l
diameter of wire d 2d
Fig. 6.2
Use information from Fig. 6.2 to determine the ratio
power dissipated in A
power dissipated in B”
ratio = ... [3]
(d) The resistors A and B are connected in parallel across the same battery of e.m.f. E.
Determine the ratio
power dissipated in A
power dissipated in B*
ratio = ... 2]
© UCLES 2013 9702/21/M/J/13 [Turn over
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6 (a) Define potential difference (p.d.).

(b) A power supply of e.m.f. 240V and zero internal resistance is connected to a heater as
shown in Fig. 6.1.

240V

Fig. 6.1

The wires used to connect the heater to the power supply each have length 75m. The
wires have a cross-sectional area 2.5mm? and resistivity 18nQm. The heater has a
constant resistance of 38 Q.

(i) Show that the resistance of each wire is 0.54 Q.

[3]
(ii) Calculate the current in the wires.
CUITENT = oo A[3]
(iii) Calculate the power loss in the wires.
POWET = ..ooiiiiiiiiiiiee e W [3]

© UCLES 2013 9702/21/0/N/13
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(c) The wires to the heater are replaced by wires of the same length and material but

For
having a cross-sectional area of 0.50 mm?. Without further calculation, state and explain |Examirers
the effect on the power loss in the wires. Use
...................................................................................................................................... [2]

© UCLES 2013 9702/21/0/N/13 [Turn over
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6 A battery connected in series with a resistor R of resistance 5.0Q is shown in Fig. 6.1.

For
Examiner’s
r—-— - - - - - - = Use
| |
r
|_9_.0Y | — |
[ L1 |
|
L — — —
R
5.0Q
Fig. 6.1

The electromotive force (e.m.f.) of the battery is 9.0V and the internal resistance is r.
The potential difference (p.d.) across the battery terminals is 6.9V.

(a) Use energy considerations to explain why the p.d. across the battery is not equal to the
e.m.f. of the battery.

...................................................................................................................................... [2]
(b) Calculate
(i) the current in the circuit,
(o1 UL (=) o | A [2]
(ii) the internal resistance r.
L= e Q 2]

© UCLES 2013 9702/23/0/N/13
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(c) Calculate, for the battery in the circuit,

For
Examiner’s
(i) the total power produced, Use
POWET = it W [2]
(i) the efficiency.
efficiency = ..o 2]
© UCLES 2013 9702/23/0/N/13 [Turn over
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5 (a) Explain why the terminal potential difference (p.d.) of a cell with internal resistance may be
less than the electromotive force (e.m.f.) of the cell.

(b) A battery of e.m.f. 4.5V and internal resistance r is connected in series with a resistor of
resistance 6.0Q, as shown in Fig. 5.1.

The current I in the circuit is 0.65A.
Determine

(i) the internal resistance rof the battery,

(ii) the terminal p.d. of the battery,

© UCLES 2014 9702/23/M/J/14
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(iii) the power dissipated in the resistor,

(iv) the efficiency of the battery.

efficienCy = ..o [2]
(c) A second resistor of resistance 20Q is connected in parallel with the 6.0 Q resistor in Fig. 5.1.

Describe and explain qualitatively the change in the heating effect within the battery.

© UCLES 2014 9702/23/M/J/14 [Turn over
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6 A battery is connected in series with resistors X and Y, as shown in Fig. 6.1.

: |24V
k-]
X B Y
A 6.0Q ©
R
Fig. 6.1

The resistance of X is constant. The resistance of Y is 6.0Q. The battery has electromotive force
(e.m.f.) 24V and zero internal resistance. A variable resistor of resistance Ris connected in parallel
with X.

The current I from the battery is changed by varying R from 5.0Q to 20Q. The variation with R of
I is shown in Fig. 6.2.

2.5
\\
N
N
\\
1/A
N
2.0 =
1.5
5 10 15 20
R/Q
Fig. 6.2
© UCLES 2014 9702/22/M/J/14
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(a) Explain why the potential difference (p.d.) between points A and C is 24V for all values of R.

(b) Use Fig. 6.2 to state and explain the variation of the p.d. across resistor Y as R is
increased. Numerical values are not required.

.............................................................................................................................................. [2]
(c) For R=6.02,
(i) show that the p.d. between points A and B is 9.6V,
[2]
(ii) calculate the resistance of X,
resistance = ..., Q [3]
(iii) calculate the power provided by the battery.
POWET = et W [2]

(d) State and explain qualitatively how the power provided by the battery changes as the
resistance R is increased.

© UCLES 2014 9702/22/M/J/14 [Turn over
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6 (a) Distinguish between electromotive force (e.m.f.) and potential difference (p.d.).

(b) A battery of e.m.f. 12V and internal resistance 0.50Q is connected to two identical lamps, as
shown in Fig. 6.1.

&
&

Fig. 6.1

Each lamp has constant resistance. The power rating of each lamp is 48W when connected
across a p.d. of 12V.

(i) Explain why the power dissipated in each lamp is not 48 W when connected as shown in
Fig.6.1.

(ii) Calculate the resistance of one lamp.

FESISTANCE = ..ovvveiiiiiieeeeeece e Q [2]

© UCLES 2014 9702/21/M/J/14
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(iii) Calculate the current in the battery.

CUITENT = e A [2]

(iv) Calculate the power dissipated in one lamp.

(c) A third identical lamp is placed in parallel with the battery in the circuit of Fig. 6.1. Describe
and explain the effect on the terminal p.d. of the battery.

Please turn over for Question 7.
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3 The resistance R of a uniform metal wire is measured for different lengths [ of the wire.
The variation with [ of R is shown in Fig. 3.1.

4.0 T T T T T T T T T S
/'/,
3.0
,,/
/’
R/Q
Il,
2.0 -
/'I,‘
1.0 >4
0
0 0.20 0.40 0.60 0.80 1.00
I/m
Fig. 3.1

(a) The points shown in Fig. 3.1 do not lie on the best-fit line. Suggest a reason for this.

.............................................................................................................................................. [1]
(b) Determine the gradient of the line shown in Fig. 3.1.
gradient = ....ooooiiiiiii [2]
(¢) The cross-sectional area of the wire is 0.12mm?2.
Use your answer in (b) to determine the resistivity of the metal of the wire.
resistivity = .oovvveeieieeeeeee Qm [3]

© UCLES 2014 9702/21/0/N/14
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(d) The resistance R of different wires is measured. The wires are of the same metal and same
length but have different cross-sectional areas A.

On Fig. 3.2, sketch a graph to show the variation with A of R.

A

Fig. 3.2
(2]

© UCLES 2014 9702/21/0/N/14 [Turn over
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7 (@) A cell with internal resistance supplies a current. Explain why the terminal potential difference
(p.d.) is less than the electromotive force (e.m.f.) of the cell.

(b) A battery of e.m.f. 12V and internal resistance 0.50Q is connected to a variable resistor X
and a resistor Y of constant resistance, as shown in Fig. 7.1.

Fig. 7.1

The resistance R of X is increased from 2.0Q to 16 Q. The variation with R of the current I in
the circuit is shown in Fig. 7.2.

© UCLES 2014 9702/21/0/N/14
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3.0
/A
2.0 Y
\‘
~_
1.0 B
0
0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0
R/Q
Fig. 7.2
Calculate, for I = 1.2A,
(i) the p.d. across X,
D0 = i V [2]
(ii) the resistance ofY,
resistance = ..o Q [3]
(iii) the power dissipated in the battery.
POWET = et W [2]

(c) Use Fig. 7.2 to explain the variation in the terminal p.d. of the battery as the resistance R of X
is increased.

© UCLES 2014 9702/21/0/N/14 [Turn over
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5 A battery of electromotive force (e.m.f.) 12V and internal resistance ris connected in series to two
resistors, each of constant resistance X, as shown in Fig. 5.1.

5""1'2'v'l """" o
4:|}--4| |

1

1 1

(PN
X X
— "
Fig. 5.1

The current I, supplied by the battery is 1.2A.

The same battery is now connected to the same two resistors in parallel, as shown in Fig. 5.2.

Fig. 5.2
The current I, supplied by the battery is 3.0A.

(@) (i) Show that the combined resistance of the two resistors, each of resistance X, is four
times greater in Fig. 5.1 than in Fig. 5.2.

(2]
(if) Explain why I, is not four times greater than I,.

© UCLES 2014 9702/22/0/N/14
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(iii) Using Kirchhoff’s second law, state equations, in terms of e.m.f., current, X and r, for

1. the circuit of Fig. 5.1,

2. the circuit of Fig. 5.2.

(2]
(iv) Use the equations in (iii) to calculate the resistance X.
X o Q[1]
(b) Calculate the ratio
power transformed in one resistor of resistance Xin Fig. 5.1
power transformed in one resistor of resistance Xin Fig. 5.2
ratio = oo [2]

(c) The resistors in Fig. 5.1 and Fig. 5.2 are replaced by identical 12V filament lamps.

Explain why the resistance of each lamp, when connected in series, is not the same as the
resistance of each lamp when connected in parallel.

© UCLES 2014 9702/22/0/N/14 [Turn over
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6 (a) A wire has length 100cm and diameter 0.38mm. The metal of the wire has resistivity
4.5x1077Qm.

Show that the resistance of the wire is 4.0 Q.

(3]

(b) The ends B and D of the wire in (a) are connected to a cell X, as shown in Fig. 6.1.

metal wire

The cell X has electromotive force (e.m.f.) 2.0V and internal resistance 1.0 Q.

A cellY of em.f. 1.5V and internal resistance 0.50Q is connected to the wire at points B and
C, as shown in Fig. 6.1.

The point C is distance [ from point B. The current in cell Y is zero.
Calculate

(i) the currentin cell X,

Current = ..., A[2]

© UCLES 2014 9702/23/0/N/14
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(ii) the potential difference (p.d.) across the wire BD,

(iii) the distance L

(c) The connection at C is moved so that [ is increased. Explain why the e.m.f. of cell Y is less
than its terminal p.d.

© UCLES 2014 9702/23/0/N/14 [Turn over
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5 A uniform resistance wire AB has length 50cm and diameter 0.36 mm. The resistivity of the metal
of the wire is 5.1 x 1077Qm.

(@) Show that the resistance of the wire AB is 2.5Q.

2]

(b) The wire AB is connected in series with a power supply E and a resistor R as shown in

Fig. 5.1.
E
F-=
M B R
a—Y B
250
C N D
Fig. 5.1

The electromotive force (e.m.f.) of E is 6.0V and its internal resistance is negligible.
The resistance of R is 2.5Q. A second uniform wire CD is connected across the terminals

of E. The wire CD has length 100cm, diameter 0.18 mm and is made of the same metal as
wire AB.

Calculate

(i) the current supplied by E,

current =

© UCLES 2015 9702/23/M/J/15
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(ii) the power transformed in wire AB,

POWET = et W [2]
(iii) the potential difference (p.d.) between the midpoint M of wire AB and the midpoint N of
wire CD.
D0 = e V2]
© UCLES 2015 9702/23/M/J/15 [Turn over
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5 (a) OnFig. 5.1, sketch the temperature characteristic of a thermistor.

A

resistance

0 T -

temperature/°C

Fig. 5.1
(2]

(b) A potential divider circuit is shown in Fig. 5.2.

-
N~

Fig. 5.2

The battery of electromotive force (e.m.f.) 12V and negligible internal resistance is connected
in series with resistors X and Y and thermistor Z. The resistance of Y is 15kQ and the
resistance of Z at a particular temperature is 3.0kQ2. The potential difference (p.d.) across Y

is 8.0V.
(i) Explain why the power transformed in the battery equals the total power transformed in
X,Y and Z.
...................................................................................................................................... [1]
(ii) Calculate the current in the circuit.
CUITENT = e A [2]

© UCLES 2015 9702/22/M/J/15
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(iii) Calculate the resistance of X.

resistanCe = ..o Q [3]
(iv) The temperature of Z is increased.

State and explain the effect on the potential difference across Z.

© UCLES 2015 9702/22/M/J/15 [Turn over
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5 The variation with potential difference (p.d.) V of current | for a semiconductor diode is shown in

Fig. 5.1.
12.0
HH |
[T |
10.0 f
8.0 ,’
o 1/mA
By R ARAAAARRIEREEE
17 I
[N |
17 |
+0 '
1]
[ 11
2.0 {
0
-05 0 0.5 1.0
VIV
Fig. 5.1

(@) Use Fig. 5.1 to describe the variation of the resistance of the diode between
V=-0.5Vand V=0.8V.

(b) On Fig. 5.2, sketch the variation with p.d. V of current | for a filament lamp. Numerical values
are not required.

1 A

Fig. 5.2
(2]
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(c) Fig. 5.3 shows a power supply of electromotive force (e.m.f.) 12V and internal resistance
0.50 Q2 connected to a filament lamp and switch.

K —

Fig. 5.3
The filament lamp has a power of 36 W when the p.d. across itis 12V.

(i) Calculate the resistance of the lamp when the p.d. across itis 12V.

resistanCe = ... Q[1]

(ii) The switch is closed and the current in the lamp is 2.8 A. Calculate the resistance of the
lamp.

resistanCe = ..o Q [3]

(d) Explain how the two values of resistance calculated in (¢) provide evidence for the shape of
the sketch you have drawn in (b).
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1 Fig. 2.1 shows the variation with distance x along a wave of its displacement d at a particular >

time.
A
d
l/ \\ /,/, \\\
4 N 7 AN
O TN T AT TN
( 2 0.4 ).6 0.8 1.0 1.2
Sume x/ m S
Fig.2.1
The wave is a progressive wave having a speed of 330ms™".
(@) (i) Use Fig.2.1 to determine the wavelength of the wave.
wavelength = ..., m
(ii) Hence calculate the frequency of the wave.
frequency = . Hz

[3]

(b) A second wave has the same frequency and speed as the wave shown in Fig.2.1 but
has double the intensity. The phase difference between the two waves is 180°.

On the axes of Fig.2.1, sketch a graph to show the variation with distance x of the
displacement d of this second wave. 2]
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u
2 Along tube, fitted with a tap, is filled with water. A tuning fork is sounded above the top of the ¥

tube as the water is allowed to run out of the tube, as shown in Fig.6.1.

tuning fork
512Hz \\\\

ES ] S

32.4cm

Fig. 6.1 Fig. 6.2

A loud sound is first heard when the water level is as shown in Fig. 6.1, and then again when
the water level is as shown in Fig. 6.2.

Fig. 6.1 illustrates the stationary wave produced in the tube.

(a) On Fig.6.2,
(i) sketch the form of the stationary wave set up in the tube, [1]
(ii) mark, with the letter N, the positions of any nodes of the stationary wave. [1]
© UCLES 2006 9702/02/M/J/06
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(b) The frequency of the fork is 512 Hz and the difference in the height of the water level for
the two positions where a loud sound is heard is 32.4 cm.

Calculate the speed of sound in the tube.

() The length of the column of air in the tube in Fig.6.1 is 15.7 cm.

Suggest where the antinode of the stationary wave produced in the tube in Fig.6.1 is
likely to be found.

© UCLES 2006 9702/02/M/J/06
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3 Light reflected from the surface of smooth water may be described as a polarised transverse
wave.
(a) By reference to the direction of propagation of energy, explain what is meant by

(i) a transverse wave,
.............................................................................................................................. [1]

(ii) polarisation.
.............................................................................................................................. [1]

(b) A glass tube, closed at one end, has fine dust sprinkled along its length. A sound source

is placed near the open end of the tube, as shown in Fig. 5.1.

dust heap
tube
sound
source
3 39.0cm K
Fig. 5.1

The frequency of the sound emitted by the source is varied and, at one frequency, the

dust forms small heaps in the tube.

(i) Explain, by reference to the properties of stationary waves, why the heaps of dust
are formed.
.............................................................................................................................. [3]

© UCLES 2007 9702/02/M/J/07
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Ui
(ii) One frequency at which heaps are formed is 2.14kHz. ¥

The distance between six heaps, as shown in Fig. 5.1, is 39.0cm.
Calculate the speed of sound in the tube.

(c) The wave in the tube is a stationary wave. Explain, by reference to the formation of a
stationary wave, what is meant by the speed calculated in (b)(ii).

© UCLES 2007 9702/02/M/J/07
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(a) State what is meant by

(i) the frequency of a progressive wave,

(i) the speed of a progressive wave.

(b) One end of a long string is attached to an oscillator. The string passes over a frictionless
pulley and is kept taut by means of a weight, as shown in Fig. 5.1.

———4 | ——oscillator

Fig. 5.1

The frequency of oscillation is varied and, at one value of frequency, the wave formed
on the string is as shown in Fig. 5.1.

(i) Explain why the wave is said to be a stationary wave.

.............................................................................................................................. [1]
(iif) State what is meant by an antinode.

.............................................................................................................................. [1]
(iii) On Fig. 5.1, label the antinodes with the letter A. [1]

© UCLES 2008 9702/02/M/J/08
Waves

For
Examiner’s
Use

508



7

(c) A weight of 4.00N is hung from the string in (b) and the frequency of oscillation is For
adjusted until a stationary wave is formed on the string. The separation of the antinodes |Examiners
on the string is 17.8cm for a frequency of 125Hz. Use
The speed v of waves on a string is given by the expression

v=|— ,
m

where T is the tension in the string and mis its mass per unit length.
Determine the mass per unit length of the string.

mass per unit length = ...........ccccooevieeeciceeceeee, kgm™ [5]
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5 The variation with time t of the displacement x of a point in a transverse wave T, is shown in

Fig. 5.1.

H xH&
HHA
4 4
A N 4 .I_
/ / 1
A é A /|
HEEEEEEEEEEANEEEEEEEEEEEE SN/ AEEEEEEEEEEEERVEEEEEEEEEEEE NNy AEEEEEE EEEEEEEEEE Y
\ \ t / S%
N N
/
N N
HH-A
Fig. 5.1

(a) By reference to displacement and direction of travel of wave energy, explain what is
meant by a transverse wave.

(b) A second transverse wave T,, of amplitude A has the same waveform as wave T, but
lags behind T, by a phase angle of 60°. The two waves T, and T, pass through the
same point.

(i) On Fig. 5.1, draw the variation with time t of the displacement x of the point in
wave T,. (2]

(ii) Explain what is meant by the principle of superposition of two waves.

............................................................................................................................... [2]
(iii) Forthe time t=1.0s, use Fig. 5.1 to determine, in terms of A,
1. the displacement due to wave T, alone,
displacement = ...
2. the displacement due to wave T2 alone,
displacement = ...
3. the resultant displacement due to both waves.
displacement = ...
[3]
9702/2/0/N/02
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The spectrum of electromagnetic waves is divided into a number of regions such as radio
waves, visible light and gamma radiation.

(a) State three distinct features of waves that are common to all regions of the
electromagnetic spectrum.

(b) A typical wavelength of visible light is 495 nm. Calculate the number of wavelengths of
this light in a wave of length 1.00 m.

number = ... [2]
(c) State a typical wavelength for
(i) X-rays,
wavelength = ... m
(if) infra-red radiation.
wavelength = ... m
[2]
© UCLES 2004 9702/02/0/N/04
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A string is stretched between two fixed points. It is plucked at its centre and the string
vibrates, forming a stationary wave as illustrated in Fig. 4.1.

[ 75¢cm I

- =

Fig. 4.1

The length of the string is 75 cm.
(a) State the wavelength of the wave.
wavelength = ..., m [1]

(b) The frequency of vibration of the string is 360 Hz. Calculate the speed of the wave on
the string.

(c) By reference to the formation of the stationary wave on the string, explain what is meant
by the speed calculated in (b).

© UCLES 2004 9702/02/O/N/04
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8 Fig.5.1 shows the variation with time t of the displacements x, and x5 at a point P of two
sound waves A and B.

3
X,/107*cm
2

xg/10™*cm

NN NN
wave A
J J \
J J \
\
A
7/ Vi
Vi \ J \
\ Vi \ Vi
\
\
wave B
/ N / N
4 A 4 N
0 1 2 4 5 716 t/ms
N/ N/

Fig. 5.1
(a) By reference to Fig. 5.1, state one similarity and one difference between these two
waves.
ST 11 = U
(o)1 (=Y (= 7= SRR 2]

(b) State, with a reason, whether the two waves are coherent.

© UCLES 2005

9702/02/0O/N/05
Waves

For
Examiner’s
Use

513



12
(c) The intensity of wave A alone at point P is I.

For
4 Examiner’s
(i) Show that the intensity of wave B alone at point P is gI. Use
[2]
(ii) Calculate the resultant intensity, in terms of I, of the two waves at point P.
resultant intensity = ... 1[2]
(d) Determine the resultant displacement for the two waves at point P
(i) attime t=3.0ms,
resultant displacement = ... cm [1]
(ii) attime t=4.0ms.
resultant displacement = ... cm [2]

© UCLES 2005 9702/02/0/N/05
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9 Auniform string is held between a fixed point P and a variable-frequency oscillator, as shown For

in Fig. 5.1. Examiner's
Use

oscillator —

Fig. 5.1

The distance between point P and the oscillator is L.

The frequency of the oscillator is adjusted so that the stationary wave shown in Fig. 5.1 is
formed.

Points X and Y are two points on the string.

Point X is a distance %L from the end of the string attached to the oscillator. It vibrates with
frequency fand amplitude A.

PointY is a distance %L from the end P of the string.
(@) For the vibrations of pointY, state
(i) the frequency (in terms of f),
frequency = ..., 1]
(ii) the amplitude (in terms of A).
amplitude = ..o [1]
(b) State the phase difference between the vibrations of point X and point Y.

phase difference = .......ccccoceiiiiiiii 1]

© UCLES 2009 9702/22/0/N/09
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(c) (i)

(ii)

© UCLES 2009

State, in terms of fand L, the speed of the wave on the string.

The wave on the string is a stationary wave.

14

Explain, by reference to the formation of a stationary wave, what is meant by the

speed stated in (i).

9702/22/0O/N/09
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4 (a) State two features of a stationary wave that distinguish it from a progressive wave. For

Examiner’s
1 Use

(b) A long tube is open at one end. It is closed at the other end by means of a piston that
can be moved along the tube, as shown in Fig. 4.1.

tube

s

1
1
:<
1

piston

loudspeaker

Y

Fig. 4.1

A loudspeaker producing sound of frequency 550Hz is held near the open end of the
tube.

The piston is moved along the tube and a loud sound is heard when the distance L
between the piston and the open end of the tube is 45cm.

The speed of sound in the tube is 330ms~.

(i) Show that the wavelength of the sound in the tube is 60cm.

(1]
(ii) On Fig. 4.1, mark all the positions along the tube of
1. the displacement nodes (label these with the letter N),
2. the displacement antinodes (label these with the letter A). "
3

© UCLES 2010 9702/22/M/J/10
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(c¢) The frequency of the sound produced by the loudspeaker in (b) is gradually reduced.

For
Examiner’s
Determine the lowest frequency at which a loud sound will be produced in the tube of | Use
length L = 45cm.
frequency = . Hz [3]
© UCLES 2010 9702/22/M/J/10 [Turn over

Waves 518



17

5 (a) A source of sound has frequency . Sound of wavelength A is produced by the source. For

Examiner’s

(i) State Use

1. what is meant by the frequency of the source,

.............................................................................................................................. [1]
2. the distance moved, in terms of A, by a wavefront during n oscillations of the

source.
diStaNCe = ....ueee s [1]

(ii) Use your answers in (i) to deduce an expression for the speed v of the wave in
terms of fand A.

2]

(b) The waveform of a sound wave produced on the screen of a cathode-ray oscilloscope
(c.r.0.) is shown in Fig. 5.1.

I1cm

1cm

Fig. 5.1

© UCLES 2010 9702/23/M/J/10
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The time-base setting of the c.r.o0.is 2.0 ms cm™.

(i)

(ii)

© UCLES 2010

For
Examiner’s
Determine the frequency of the sound wave. Use
frequenCy = ..o Hz [2]
A second sound wave has the same frequency as that calculated in (i). The
amplitude of the two waves is the same but the phase difference between them
is 90°.
On Fig. 5.1, draw the waveform of this second wave. [1]
9702/23/M/J/10 [Turn over
Waves 520
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5 A studentis studying a water wave in which all the wavefronts are parallel to one another. For
The variation with time t of the displacement x of a particular particle in the wave is shown |Examiners
in Fig. 5.1. Use

+3
x/mm

+2 y

>
>
o~
>

+1 / / / / /

~]
~]

o
o
]
o
N

I

/’o‘

t/s ]

Fig. 5.1

The distance d of the oscillating particles from the source of the waves is measured.
At a particular time, the variation of the displacement x with this distance d is shown in
Fig. 5.2.

+3
x/mm
+21=C

+1 AN

Fig. 5.2
(@) Define, for a wave, what is meant by

(i) displacement,

© UCLES 2010 9702/22/0/N/10
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(b) Use Figs. 5.1 and 5.2 to determine, for the water wave,

For
Examiner’s
(i) the period T of vibration, Use
T = e s [1]
(ii) the wavelength 4,
A S cm [1]
(iii) the speed v.
VS e cms™1[2]

(c) (i) Use Figs. 5.1 and 5.2 to state and explain whether the wave is losing power as it
moves away from the source.
.............................................................................................................................. [2]

(ii) Determine the ratio
intensity of wave at source
intensity of wave 6.0cm from source
ratio = oo [3]
© UCLES 2010 9702/22/0/N/10 [Turn over
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6 (a) A transverse progressive wave travels along a stretched string from left to right. The

shape of part of the string at a particular instant is shown in Fig. 6.1.
P
SO TR R
AY N\
displacement 6.0
/mm \ \
4.0 7 \ / \
2.0 1 \ / \
/ \ / \
0 A3
0 20 40 60 80 100 120
2.0 \ /1 H H
[{distance along string/cm
-4.0 \ /
' \ 7
—6.0 AN
Ne~
8.0 LS
Fig. 6.1
The frequency of the wave is 15Hz.
For this wave, use Fig. 6.1 to determine
(i) the amplitude,
amplitude = ... mm [1]
(ii) the phase difference between the points P and Q on the string,
phase difference = .......cccccooiiiiiiiiiiiici, [1]
(iii) the speed of the wave.
SPEEA = oo ms~' [2]

(b) The period of vibration of the wave is T. The wave moves forward from the position
shown in Fig 6.1 for a time 0.25 T. On Fig. 6.1, sketch the new position of the wave. [2]

© UCLES 2011 9702/23/M/J/11
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(c) Another stretched string is used to form a stationary wave. Part of this wave, at a

particular instant, is shown in Fig. 6.2. ExaE;rrwer’s
se
Fig. 6.2
The points on the string are at their maximum displacement.
(i) State the phase difference between the particles labelled X and Y.
phase difference = .......ccccooiiiiiiiiiiiiics 1]
(ii) Explain the following terms used to describe stationary waves on a string:
=1 1] o To [
1o L= OSSP RRRP PP
(1]
(iii) State the number of antinodes shown on Fig. 6.2 for this wave.
number of antinodes = ........coceeiiiiiiiiiiiiiiciieeeee 1]
(iv) The period of vibration of this wave is 7. On Fig. 6.2, sketch the stationary wave
0.25t after the instant shown in Fig. 6.2. [1]
© UCLES 2011 9702/23/M/J/11 [Turn over
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6 (a) State the principle of superposition. For

Examiner’s
Use

...................................................................................................................................... 2]
(b) An arrangement that can be used to determine the speed of sound in air is shown in
Fig. 6.1.
N
S
LEfi ——————————————————— al
microphone
loudspeaker
c.r.o. N

Fig. 6.1
Sound waves of constant frequency are emitted from the loudspeaker L and are
reflected from a point S on a hard surface.
The loudspeaker is moved away from S until a stationary wave is produced.

Explain how sound waves from L give rise to a stationary wave between L and S.

(c) A microphone connected to a cathode ray oscilloscope (c.r.0.) is positioned between L
and S as shown in Fig. 6.1. The trace obtained on the c.r.o. is shown in Fig. 6.2.

11 cm

1cm
Fig. 6.2

The time-base setting on the c.r.o.is 0.10mscm™".

© UCLES 2011 9702/22/0/N/11
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(i) Calculate the frequency of the sound wave.

For
Examiner’s
Use
frequenCy = ... Hz [2]
(ii) The microphone is now moved towards S along the line LS. When the microphone
is moved 6.7 cm, the trace seen on the c.r.o. varies from a maximum amplitude to a
minimum and then back to a maximum.
1. Use the properties of stationary waves to explain these changes in amplitude.
.............................................................................................................................. 1]
2. Calculate the speed of sound.
speed of SOUNd = .....cooeeeeeeiieceeeeeeee e, ms~1[3]
Please turn over for Question 7.
© UCLES 2011 9702/22/0/N/11 [Turn over
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5 (a) By reference to vibrations of the points on a wave and to its direction of energy transfer,
distinguish between transverse waves and longitudinal waves.

...................................................................................................................................... [2]
(b) Describe what is meant by a polarised wave.
...................................................................................................................................... [2]
(c) The variation with distance x of the displacement y of a transverse wave is shown in
Fig.5.1.
3.0 i
| // \\ // \\
A )4 N 4 N
2.0
y/cm / \ / \
1.0
/ \ / \
/ \ / \
0 2 ;
0 0.2 0.4 0.6 0.8 1.00 1.2
\ / X/ m—H
-1.0 AN 7
\ /|
-2.0
\N /
\\ //
-3.0
Fig. 5.1
(i) Use Fig. 5.1 to determine
1. the amplitude of the wave,
amplitude = ..o cm [1]

2. the phase difference between the points labelled A and B.

phase difference = ... [2]

© UCLES 2011 9702/23/0O/N/11
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(ii) Determine the amplitude of a wave with twice the intensity of that shown in

. For
Fig. 5.1. Examiner's
Use
amplitude = ... cm [1]
© UCLES 2011 9702/23/0/N/11 [Turn over

Waves 528



27

6 (a) Use the principle of superposition to explain the formation of a stationary wave. For

Examiner’s
Use

(b) Describe an experiment to determine the wavelength of sound in air using stationary
waves. Include a diagram of the apparatus in your answer.

© UCLES 2012 9702/22/M/J/12
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(c) The variation with distance x of the intensity | of a stationary sound wave is shown in

; For
Fig.6.1. Examiner’s
Use
1.0 - p -
J N J N
I /arbitrary / \ / \
units
0.5 + . / \
/ \ / \
/ \ / \
/ \ / \
4 AN V4 AN
4 N / N
// N // \\
0
0 20 40 60
x/cm
Fig. 6.1
(i) On the x-axis of Fig. 6.1, indicate the positions of all the nodes and antinodes of the
stationary wave. Label the nodes N and the antinodes A. 1]
(i) The speed of sound in air is 340ms™".
Use Fig. 6.1 to determine the frequency of the sound wave.
freqUENCY = e Hz [3]
Please turn over for Question 7.
© UCLES 2012 9702/22/M/J/12 [Turn over
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5 A long rope is held under tension between two points A and B. Point A is made to vibrate

For
vertically and a wave is sent down the rope towards B as shown in Fig. 5.1. Examiner's
Use
—— direction of travel of wave
B
Fig. 5.1 (not to scale)
The time for one oscillation of point A on the rope is 0.20s. The point A moves a distance of
80 mm during one oscillation. The wave on the rope has a wavelength of 1.5m.
(@) (i) Explain the term displacement for the wave on the rope.
.............................................................................................................................. [1]
(ii) Calculate, for the wave on the rope,
1. the amplitude,
amplitude = ...ooovvveiieiieeeee mm [1]
2. the speed.
SPEEA = .o ms~! [3]
(b) On Fig. 5.1, draw the wave pattern on the rope at a time 0.050s later than that shown.
[2]
(c) State and explain whether the waves on the rope are
(i) progressive or stationary,
.............................................................................................................................. 1]
(i) longitudinal or transverse.
.............................................................................................................................. 1]
© UCLES 2013 9702/21/0/N/13 [Turn over
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© UCLES 2013

30

Define, for a wave,

For
Examiner’s
1. wavelength A, Use
.............................................................................................................................. 1]
2. frequency f.
.............................................................................................................................. 1]
Use your definitions to deduce the relationship between A, fand the speed v of the
wave.
(1]
9702/23/0/N/13 [Turn over
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(b) Plane waves on the surface of water are represented by Fig. 5.1 at one particular instant For

of time. Examiner’s
Use

direction of travel of waves

-

8.0mm

A
Y

18cm '

Fig. 5.1 (not to scale)
The waves have frequency 2.5Hz.
Determine, for the waves,

(i) the amplitude,

amplitude = ... mm [1]

(ii) the speed,

(iii) the phase difference between points A and B.

phase difference = ........cccccccvvvvnrinnnnnnns unit ......... [1]

© UCLES 2013 9702/23/0/N/13
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(c) The wave in (b) was produced in a ripple tank. Describe briefly, with the aid of a sketch

For
diagram, how the wave may be observed. Examiner’s
Use
(2]
© UCLES 2013 9702/23/0/N/13 [Turn over
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5 (a) Explain what is meant by the following quantities for a wave on the surface of water:

(i) displacement and amplitude,

o 1= o =T7=T .4 11 o1
=L 00T 0] 1100 o = PP PP PO PPPPPPPRR
[2]
(ii) frequency and time period.
LLES [8=] o3 YOO PRPPPR PP
1] 4TS o= ¢ To T PP PP PP
[2]
(b) Fig. 5.1 represents waves on the surface of water in a ripple tank at one particular instant of
time.
. direction of travel of waves
vibrator
25 cm :
15 mm
12 mm water
side view
ripple tank

Fig. 5.1 (not to scale)

A vibrator moves the surface of the water to produce the waves of frequency f. The speed of
the waves is 7.5cms™!. Where the waves travel on the water surface, the maximum depth of
the water is 15mm and the minimum depth is 12mm.

© UCLES 2014 9702/21/M/J/14
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(i) Calculate, for the waves,

1. the amplitude,

amplitude = ... mm [1]

2. the wavelength.

wavelength = ... m [2]

(ii) Calculate the time period of the oscillations of the vibrator.

time period = ..o s [2]
(c) State and explain whether the waves on the surface of the water shown in Fig. 5.1 are

(i) progressive or stationary,

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

(ii) transverse or longitudinal.
...................................................................................................................................... [1]
© UCLES 2014 9702/21/M/J/14 [Turn over
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7 (a) (i) Explain whatis meant by a progressive transverse wave.

(o] go e | (=T1S] 1Y/=

(2]
(ii) Define frequency.
....................................................................................................................................... [1]
(b) The variation with distance x of displacement y for a transverse wave is shown in Fig. 7.1.
2.0 —
R
y/cm N
1.0 X AN
Q NCS
0 AN ad ot 7
( 4 0, 1.2 .6 200 -
x/cmiH
-1.0 ™ 7 BN y.4i
N A
P T
-2.0 —
Fig. 7.1
On Fig. 7.1, five points are labelled.
Use Fig. 7.1 to state any two points having a phase difference of
(i) zero,
....................................................................................................................................... [1]
(i) 270°.
....................................................................................................................................... [1]
(c¢) The frequency of the wave in (b) is 15Hz.
Calculate the speed of the wave in (b).
SPEEA = .o ms~1[3]

© UCLES 2014 9702/23/0/N/14
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(d) Two waves of the same frequency have amplitudes 1.4cm and 2.1 cm.

Calculate the ratio

intensity of wave of amplitude 1.4cm
intensity of wave of amplitude 2.1cm -

© UCLES 2014 9702/23/0/N/14
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1 | Examiner's
1 (a) Figs. 7.1(a) and (b) show plane wavefronts approaching a narrow gap and a wide gap vee

respectively.

> g >
-
> >
(a) (b)
Fig. 7.1

On Figs. 7.1(a) and (b), draw three successive wavefronts to represent the wave after it
has passed through each of the gaps. [5]

9702/2 M/J02

Superposition 539



For
2 | Examiner’s

(b) Light from a laser is directed normally at a diffraction grating, as illustrated in Fig. 7.2. e

scale
diffraction
grating
N
] 162°
laser > @g
] 136°
Fig. 7.2

The diffraction grating is situated at the centre of a circular scale, marked in degrees.
The readings on the scale for the second order diffracted beams are 136° and 162°.

The wavelength of the laser light is 630 nm.

Calculate the spacing of the slits of the diffraction grating.

SPACING = oo m [4]

(c) Suggest one reason why the fringe pattern produced by light passing through a
diffraction grating is brighter than that produced from the same source with a double slit.

9702/2 M/J02

Superposition 540



2 Fig. 6.1 shows wavefronts incident on, and emerging from, a double slit arrangement.

—1

—

Fig. 6.1

The wavefronts represent successive crests of the wave. The line OX shows one direction
along which constructive interference may be observed.

(a) State the principle of superposition.

© UCLES 2004

9702/02/M/J/04
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Ui
(b) On Fig. 6.1, draw lines to show *
(i) a second direction along which constructive interference may be observed (label
this line CC),
(i) a direction along which destructive interference may be observed (label this line
DD).
[2]
(c) Light of wavelength 650 nm is incident normally on a double slit arrangement. The
interference fringes formed are viewed on a screen placed parallel to and 1.2 m from the
plane of the double slit, as shown in Fig. 6.2.
screen
» I
-
light of
oot I a
wavelength 650 nm
P -
» I
E‘ >
1.2m
not to scale
Fig.6.2
The fringe separation is 0.70 mm.
(i) Calculate the separation a of the slits.
separation = ..., m [3]
© UCLES 2004 9702/02/M/J/04
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Ui
(ii) The width of both slits is increased without changing their separation a. State the >

effect, if any, that this change has on

1. the separation of the fringes,

© UCLES 2004 9702/02/M/J/04
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(a)

(b)

Explain what is meant by the diffraction of a wave.

Light of wavelength 590 nm is incident normally on a diffraction grating having 750 lines
per millimetre.
The diffraction grating formula may be expressed in the form

dsin@ = nA.

(i) Calculate the value of d, in metres, for this grating.

(ii) Determine the maximum value of n for the light incident normally on the grating.

maximum value of N= .........ccccceiviiiiiiiieiieeeeeeeeeeeeeeee 2]

© UCLES 2005 9702/02/M/J/05
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(iii) Fig. 5.1 shows incident light that is not normal to the grating.

diffracted
light

incident
light

il
AN

[I™~grating

Fig. 5.1

Suggest why the diffraction grating formula, dsin@ = nA, should not be used in this
situation.

(c) Light of wavelengths 590 nm and 595 nm is now incident normally on the grating.
Two lines are observed in the first order spectrum and two lines are observed in the
second order spectrum, corresponding to the two wavelengths.
State two differences between the first order spectrum and the second order spectrum.

© UCLES 2005 9702/02/M/J/05
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4 A double-slit interference experiment is set up using coherent red light as illustrated in For
Fig. 5.1. Examiner's

Use
double slit screen

coherent
red light

24m

Fig. 5.1 (not to scale)
The separation of the slits is 0.86 mm.
The distance of the screen from the double slit is 2.4 m.
A series of light and dark fringes is observed on the screen.

(a) State what is meant by coherent light.

(b) Estimate the separation of the dark fringes on the screen.

separation = ... mm [3]
(c) Initially, the light passing through each slit has the same intensity.

The intensity of light passing through one slit is now reduced.
Suggest and explain the effect, if any, on the dark fringes observed on the screen.

© UCLES 2009 9702/22/M/J/09
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5 Two sources S, and S, of sound are situated 80cm apart in air, as shown in Fig. 5.1.

100cm

80cm

Fig. 5.1

The frequency of vibration can be varied. The two sources always vibrate in phase but have
different amplitudes of vibration.

A microphone M is situated a distance 100cm from S, along a line that is normal to S,S,,.

As the frequency of S, and S, is gradually increased, the microphone M detects maxima and
minima of intensity of sound.

(a) State the two conditions that must be satisfied for the intensity of sound at M to be
Zero.

(b) The speed of sound in air is 330ms™.

The frequency of the sound from S, and S, is increased. Determine the number of
minima that will be detected at M as the frequency is increased from 1.0kHz to 4.0kHz.

© UCLES 2009 9702/21/M/J/09
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Light of frequency 4.8 x 10'*Hz is incident normally on a double slit, as illustrated in Fig. 6.1.
double slit

/ screen
light of
oo e G
frequency
4.8x10" Hz 1.5 mm

< >

26m

Fig.6.1 (not to scale)
Each slit of the double slit arrangement is 0.10mm wide and the slits are separated by

1.5mm. The pattern of fringes produced is observed on a screen at a distance 2.6 m from
the double slit.

(@) (i) Show that the width of each slit is approximately 160 times the wavelength of the
incident light.

3]

(ii) Hence explain why the pattern of fringes on the screen is seen over a limited area
of the screen.

8702/2 O/NO1
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(b) Calculate the separation of the fringes observed on the screen. vee

separation = .......oeeiieiieeieen mm [3]

(c) The intensity of the light incident on the double slit is increased. State the effect, if any,
on the separation and on the appearance of the fringes.

8702/2 O/NO1
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12

(a) In order that interference between waves from two sources may be observed, the waves

must be coherent.
Explain what is meant by

(i) interference,

(b) Red light of wavelength 644 nm is incident normally on a diffraction grating having 550
lines per millimetre, as illustrated in Fig. 4.1.

diffraction
grating

incident light

|

wavelengths 644 nm
and 4

Fig. 4.1

. 1t order, wavelength 24

1t order, wavelength 644 nm

zero order

15t order, wavelength 644 nm

" 18t order, wavelength 1

Red light of wavelength A is also incident normally on the grating. The first order
diffracted light of both wavelengths is illustrated in Fig. 4.1.

© UCLES 2006
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(i) Calculate the number of orders of diffracted light of wavelength 644 nm that are For

visible on each side of the zero order. Examiner's
Use

number = ..., [4]
(ii) State and explain

1. whether A is greater or smaller than 644 nm,

.............................................................................................................................. [1]
2. in which order of diffracted light there is the greatest separation of the two
wavelengths.
.............................................................................................................................. [2]
© UCLES 2006 9702/02/0/N/06
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(a) Fig. 5.1 shows the variation with time t of the displacement y of a wave W as it passes a

8
point P. The wave has intensity 1.
y k
/ 7 \\\ / d \\\

0 sl
t

\

A\ \

\C ~ wave W
\\ /,

Fig. 5.1

A second wave X of the same frequency as wave W also passes point P.
This wave has intensity 3 . The phase difference between the two waves is 60°.
On Fig. 5.1, sketch the variation with time t of the displacement y of wave X. [3]

(b) In a double-slit interference experiment using light of wavelength 540 nm, the separation
of the slits is 0.700 mm. The fringes are viewed on a screen at a distance of 2.75m from

the double slit, as illustrated in Fig. 5.2 (not to scale).

coherent light

0.700 mm
wavelength 540 nm
575 m screen
Fig. 5.2
© UCLES 2007 9702/02/0/N/07
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u
Calculate the separation of the fringes observed on the screen. *

separation = .....cccooviiiiiniiieeee mm [3]

(c) State the effect, if any, on the appearance of the fringes observed on the screen when
the following changes are made, separately, to the double-slit arrangement in (b).

(i) The width of each slit is increased but the separation remains constant.

© UCLES 2007 9702/02/0/N/07
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9 (a) Explain what is meant by the diffraction of a wave. For

Examiner’s
Use

(b) (i) Outline briefly an experiment that may be used to demonstrate diffraction of a
transverse wave.

(i) Suggest how your experiment in (i) may be changed to demonstrate the diffraction
of a longitudinal wave.

© UCLES 2008 9702/02/0/N/08
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10 (a) State what is meant by a progressive wave.

(b) The variation with distance x along a progressive wave of a quantity y, at a particular
time, is shown in Fig. 5.1.

YA

N
NV

Fig. 5.1

(i) State what the quantity y could represent.

............................................................................................................................ 1]
(ii) Distinguish between the quantity y for

1. a transverse wave,

............................................................................................................................. 1]

2. alongitudinal wave.

............................................................................................................................ 1]

© UCLES 2009 9702/21/0/N/09
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(c) The wave nature of light may be demonstrated using the phenomena of diffraction and For
interference. Examiner’s
Use
Outline how diffraction and how interference may be demonstrated using light.
In each case, draw a fully labelled diagram of the apparatus that is used and describe
what is observed.
diffraction
interference
[6]
© UCLES 2009 9702/21/0/N/09
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4 (a) State whatis meant by the diffraction of a wave. For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
...................................................................................................................................... [2]
(b) A laser produces a narrow beam of coherent light of wavelength 632nm. The beam is
incident normally on a diffraction grating, as shown in Fig. 4.1.
diffraction
grating X“
laser light ]
wavelength 632nm || e P |76cm
-ly---Y.
' 165¢cm screen
Fig. 4.1
Spots of light are observed on a screen placed parallel to the grating. The distance
between the grating and the screen is 165cm.
The brightest spot is P. The spots formed closest to P and on each side of P are X
and.
X andY are separated by a distance of 76cm.
Calculate the number of lines per metre on the grating.
number per Mmetre = ... [4]
© UCLES 2010 9702/21/M/J/10 [Turn over
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(c) The grating in (b) is now rotated about an axis parallel to the incident laser beam, as For
shown in Fig. 4.2. Examiner's
Use
diffraction diffraction
\1 grating \( grating
\
laser HHM laser N §
light light B
§
before rotation after rotation
Fig. 4.2
State what effect, if any, this rotation will have on the positions of the spots P, X and Y.
...................................................................................................................................... 2]

(d) In another experiment using the apparatus in (b), a student notices that the distances
XP and PY, as shown in Fig. 4.1, are not equal.
Suggest a reason for this difference.

© UCLES 2010 9702/21/M/J/10
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5 (a) State whatis meant by the diffraction of a wave. For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
.................................................................................................................................... [2]
(b) Plane wavefronts are incident on a slit, as shown in Fig. 5.1.
slit
>
Fig. 5.1
Complete Fig. 5.1 to show four wavefronts that have emerged from the slit. 2]
© UCLES 2010 9702/21/0/N/10
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(c) Monochromatic light is incident normally on a diffraction grating having 650 lines per For
millimetre, as shown in Fig. 5.2. Examiner's
Use
third order
second order
first order
r_nonochromatlc - 7610 order
light
first order
grating
second order
third order
Fig. 5.2
An image (the zero order) is observed for light that has an angle of diffraction equal to
zero.
For incident light of wavelength 590nm, determine the number of orders of diffracted
light that can be observed on each side of the zero order.
NUMDEI = ..o [3]
(d) The images in Fig. 5.2 are viewed, starting with the zero order and then with increasing
order number.
State how the appearance of the images changes as the order number increases.
.................................................................................................................................... [1]
© UCLES 2010 9702/21/0/N/10 [Turn over
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6 (a) State the principle of superposition. For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use

(b) Coherent light of wavelength 590nm is incident normally on a double slit, as shown in
Fig. 6.1.

double
slit screen

—_—

coherent light 14
—_—

wavelength 590 nm mm

- -1

B

A

Y

2.6m

Fig. 6.1 (not to scale)
The separation of the slits A and B is 1.4 mm.
Interference fringes are observed on a screen placed parallel to the plane of the double slit.
The distance between the screen and the double slit is 2.6 m.

At point P on the screen, the path difference is zero for light arriving at P from the slits A
and B.

(i) Determine the separation of bright fringes on the screen near to point P.

separation = ... mm [3]

© UCLES 2010 9702/23/0/N/10
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(ii) The variation with time of the displacement x of the light wave arriving at point P on the For
screen from slit A and from slit B is shown in Fig. 6.2a and Fig. 6.2b respectively. Examiner's
Use
x/ 3
arbitrary
units o
A TN 2TN
/ N / N
1 1A N / \\
/ \ / \ /
/ \ / \ /
0 - -
0 \ / \ / time 11
\ /! \ /|
-1 7 7/
\\ / \\ /
N d \\
-2
wave from slit A
3 A
Fig. 6.2a
x/ 2
arbitrary
units 4 7 N 7 N
0 _ -
0 \ / \ / tlme 11
-1
5 wave from slit B
Fig. 6.2b
1. State the phase difference between waves forming the dark fringe on the
screen that is next to point P.
phase difference = ... ° 1]
2. Determine the ratio
intensity of light at a bright fringe
intensity of light at a dark fringe -
ratio = .o, [3]
© UCLES 2010 9702/23/0/N/10 [Turn over
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6 (a) Apparatus used to produce interference fringes is shown in Fig. 6.1. The apparatus is For
not drawn to scale. Examiner's
Use
two slits
\ B bright fringe
— P dark fringe
LASER C bright f 'g
————————————— right fringe
I
screen

Fig. 6.1 (not to scale)
Laser light is incident on two slits. The laser provides light of a single wavelength.
The light from the two slits produces a fringe pattern on the screen. A bright fringe is
produced at C and the next bright fringe is at B. A dark fringe is produced at P.

(i) Explain why one laser and two slits are used, instead of two lasers, to produce a
visible fringe pattern on the screen.

............................................................................................................................. [1]
(ii) State the phase difference between the waves that meet at
1. B, [1]
2. P o [1]
(iii) 1. State the principle of superposition.
............................................................................................................................. [2]
2. Use the principle of superposition to explain the dark fringe at P.
............................................................................................................................. [1]
© UCLES 2011 9702/22/M/J/11
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(b) In Fig. 6.1 the distance from the two slits to the screen is 1.8 m. The distance CP is For
2.3mm and the distance between the slits is 0.25 mm. Examiner’s
Calculate the wavelength of the light provided by the laser. Use
wavelength = ... nm [3]

© UCLES 2011 9702/22/M/J/11
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7 (a) Explain the term interference. For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
..................................................................................................................................... [1]
(b) A ripple tank is used to demonstrate interference between water waves.
Describe
(i) the apparatus used to produce two sources of coherent waves that have circular
wavefronts,
............................................................................................................................. [2]
(ii) how the pattern of interfering waves may be observed.
............................................................................................................................. [2]
© UCLES 2011 9702/21/M/J/11 [Turn over
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(c) A wave pattern produced in (b) is shown in Fig. 7.1. For
Examiner’s
Use

Fig. 7.1
Solid lines on Fig. 7.1 represent crests.

On Fig. 7.1,

(i) draw two lines to show where maxima would be seen (label each of these lines
with the letter X), (1]

(ii) draw one line to show where minima would be seen (label this line with the letter N).

[1]

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the
publisher will be pleased to make amends at the earliest possible opportunity.

University of Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of
Cambridge Local Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.
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6 (a) State the principle of superposition. For

Examiner’s
Use

...................................................................................................................................... 2]
(b) An arrangement that can be used to determine the speed of sound in air is shown in
Fig. 6.1.
N
S
L 0< ——————————————————— al
microphone
loudspeaker
c.r.o. N

Fig. 6.1
Sound waves of constant frequency are emitted from the loudspeaker L and are
reflected from a point S on a hard surface.
The loudspeaker is moved away from S until a stationary wave is produced.

Explain how sound waves from L give rise to a stationary wave between L and S.

(c) A microphone connected to a cathode ray oscilloscope (c.r.0.) is positioned between L
and S as shown in Fig. 6.1. The trace obtained on the c.r.o. is shown in Fig. 6.2.

11 cm

1cm
Fig. 6.2

The time-base setting on the c.r.o.is 0.10mscm™".

© UCLES 2011 9702/22/0/N/11
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(i) Calculate the frequency of the sound wave.

(ii)

© UCLES 2011

For
Examiner’s
Use
frequenCy = ... Hz [2]
The microphone is now moved towards S along the line LS. When the microphone
is moved 6.7 cm, the trace seen on the c.r.o. varies from a maximum amplitude to a
minimum and then back to a maximum.
1. Use the properties of stationary waves to explain these changes in amplitude.
.............................................................................................................................. 1]
2. Calculate the speed of sound.
speed of SOUNd = .....cooeeeeeeiieceeeeeeee e, ms~1[3]
Please turn over for Question 7.
9702/22/0/N/11 [Turn over
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6 (a) A laseris used to produce an interference pattern on a screen, as shown in Fig. 6.1.

For
Examiner’s
Use
q P2
| ¢ P1
laser light
wavelength 630 nm 0.450mm
[ screen
double slit 1.50m
Fig. 6.1 (not to scale)
The laser emits light of wavelength 630 nm. The slit separation is 0.450 mm. The distance
between the slits and the screen is 1.50m. A maximum is formed at P, and a minimum
is formed at P,,.
Interference fringes are observed only when the light from the slits is coherent.
(i) Explain what is meant by coherence.
.............................................................................................................................. [2]
(ii) Explain how an interference maximum is formed at P,.
.............................................................................................................................. 1]
(iii) Explain how an interference minimum is formed at P,,.
.............................................................................................................................. 1]
(iv) Calculate the fringe separation.
fringe separation = .........ccccciiiii m [3]
© UCLES 2012 9702/21/M/J/12 [Turn over
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(b) State the effects, if any, on the fringes when the amplitude of the waves incident on the For

double slits is increased. Examiner’s
Use

© UCLES 2012 9702/21/M/J/12
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6 (a) Use the principle of superposition to explain the formation of a stationary wave. For

Examiner’s
Use

(b) Describe an experiment to determine the wavelength of sound in air using stationary
waves. Include a diagram of the apparatus in your answer.

© UCLES 2012 9702/22/M/J/12
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(c) The variation with distance x of the intensity | of a stationary sound wave is shown in

; For
Fig.6.1. Examiner’s
Use
1.0 - p -
J N J N
I /arbitrary / \ / \
units
0.5 + . / \
/ \ / \
/ \ / \
/ \ / \
4 AN V4 AN
4 N / N
// N // \\
0
0 20 40 60
x/cm
Fig. 6.1
(i) On the x-axis of Fig. 6.1, indicate the positions of all the nodes and antinodes of the
stationary wave. Label the nodes N and the antinodes A. 1]
(i) The speed of sound in air is 340ms™".
Use Fig. 6.1 to determine the frequency of the sound wave.
freqUENCY = e Hz [3]
Please turn over for Question 7.
© UCLES 2012 9702/22/M/J/12 [Turn over
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6 (a) Monochromatic light is diffracted by a diffraction grating. By reference to this, explain
what is meant by

(i) diffraction,

.............................................................................................................................. [2]
(i) coherence,

.............................................................................................................................. [1]
(iii) superposition

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

(b) A parallel beam of red light of wavelength 630 nm is incident normally on a diffraction
grating of 450 lines per millimetre.

Calculate the number of diffraction orders produced.

number of orders = ... [3]

(c) The red light in (b) is replaced with blue light. State and explain the effect on the
diffraction pattern.

© UCLES 2012 9702/23/M/J/12
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4 Fig. 4.1 shows an arrangement for producing stationary waves in a tube that is closed at one

end.
signal ge\nerator
Q
loudspeaker tube
Fig. 4.1
(@) Explain how waves from the loudspeaker produce stationary waves in the tube.
...................................................................................................................................... [3]
(b) One of the stationary waves that may be formed in the tube is represented in Fig. 4.2.
[ ]
P S
Fig. 4.2
(i) Describe the motion of the air particles in the tube at
1. point P,
.............................................................................................................................. [1]
2. point S.
.............................................................................................................................. [1]
(i) The speed of sound in the tube is 330ms™" and the frequency of the waves from
the loudspeaker is 880 Hz. Calculate the length of the tube.
length = .o m [3]
© UCLES 2012 9702/22/0/N/12
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4 (a) Describe the diffraction of monochromatic light as it passes through a diffraction grating.

(b) White light is incident on a diffraction grating, as shown in Fig. 4.1.

spectrum (first order) —

white light
N I white (zero order) -
diffraction spectrum (first order) -
grating

screen

Fig. 4.1 (not to scale)

The diffraction pattern formed on the screen has white light, called zero order, and
coloured spectra in other orders.

(i) Describe how the principle of superposition is used to explain

1. white light at the zero order,

© UCLES 2012 9702/21/0/N/12
Superposition

For
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(ii) Light of wavelength 625 nm produces a second-order maximum at an angle of 61.0°

For
to the incident direction. Examiner’s
Determine the number of lines per metre of the diffraction grating. Use
number of lINeS = ......coveeeeeeeeeeee e m~' [2]
(iii) Calculate the wavelength of another part of the visible spectrum that gives a
maximum for a different order at the same angle as in (ii).
wavelength = ..., nm [2]
© UCLES 2012 9702/21/0/N/12 [Turn over
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5 (a) Explain the principle of superposition.

For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
...................................................................................................................................... 2]
(b) Sound waves travel from a source S to a point X along two paths SX and SPX, as
shown in Fig. 5.1.
Fig. 5.1
(i) State the phase difference between these waves at X for this to be the position of
1. a minimum,
phase difference = ..........ccir unit e [1]
2. amaximum.
phase difference = ...............cccc unit ..., [1]
(ii) The frequency of the sound from S is 400Hz and the speed of sound is 320ms™.
Calculate the wavelength of the sound waves.
wavelength = ... m [2]
(iii) The distance SP is 3.0m and the distance PX is 4.0m. The angle SPX is 90°.
Suggest whether a maximum or a minimum is detected at point X. Explain your
answer.
.............................................................................................................................. 2]
© UCLES 2013 9702/23/M/J/13 [Turn over
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5 Fig. 5.1 shows a string stretched between two fixed points P and Q.

string

'U
=
O

\

vibrator wall

Fig. 5.1
A vibrator is attached near end P of the string. End Q is fixed to a wall. The vibrator has a
frequency of 50Hz and causes a transverse wave to travel along the string at a speed of
40ms.

(@) (i) Calculate the wavelength of the transverse wave on the string.

wavelength = ... m [2]

(i) Explain how this arrangement may produce a stationary wave on the string.

(b) The stationary wave produced on PQ at one instant of time tis shown on Fig. 5.2.
Each point on the string is at its maximum displacement.

Fig. 5.2 (not to scale)

(i) On Fig. 5.2, label all the nodes with the letter N and all the antinodes with the
letter A. (2]

© UCLES 2013 9702/22/M/J/13
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(ii) Use your answer in (a)(i) to calculate the length of string PQ.

For
Examiner’s
Use
length = ..o m [1]
(iii) On Fig. 5.2, draw the stationary wave at time (t + 5.0ms). Explain your answer.
.............................................................................................................................. [3]
© UCLES 2013 9702/22/M/J/13 [Turn over
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5 (a) State three conditions required for maxima to be formed in an interference pattern

For
produced by two sources of microwaves. Examiner’s
Use
L PP P PP PUPPPPRPTRI
72 PR
PRSPPI

(b) A microwave source M emits microwaves of frequency 12 GHz. Show that the wavelength
of the microwaves is 0.025m.

[3]

(c) Two slits S, and S, are placed in front of the microwave source M described in (b), as
shown in Fig 5.1.

microwave
detector

Fig. 5.1 (not to scale)

The distances S,0 and S,O are equal. A microwave detector is moved from O to P. The
distance S,P is 0.75m and the distance S,P is 0.90m.

© UCLES 2013 9702/21/M/J/13
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The microwave detector gives a maximum reading at O.

For
Examiner’s
State the variation in the readings on the microwave detector as it is moved slowly along Use
the line from O to P.
..................................................................................................................................... [3]
(d) The microwave source M is replaced by a source of coherent light.
State two changes that must be made to the slits in Fig. 5.1 in order to observe an
interference pattern.
L PO PP PP PP PPPR PP
2SSO PP PP PPP TP
[2]
© UCLES 2013 9702/21/M/J/13 [Turn over
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7 Alaseris placed in front of a double slit, as shown in Fig. 7.1.

q
q
Pg----; -
q
q
double slit q
q 12mm
laser q
q
<
q
Qq---- -
§>bright fringes
2.8m screen

Fig. 7.1 (not to scale)
The laser emits light of frequency 670THz. Interference fringes are observed on the screen.

(a) Explain how the interference fringes are formed.

(b) Show that the wavelength of the light is 450 nm.

(2]

© UCLES 2014 9702/22/M/J/14
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(c) The separation of the maxima P and Q observed on the screen is 12mm. The distance
between the double slit and the screen is 2.8 m.

Calculate the separation of the two slits.

Separation = .....cccciiiiii e —————— m [3]

(d) The laser is replaced by a laser emitting red light. State and explain the effect on the
interference fringes seen on the screen.

© UCLES 2014 9702/22/M/J/14
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6 A hollow tube is used to investigate stationary waves. The tube is closed at one end and open at
the other end. A loudspeaker connected to a signal generator is placed near the open end of the
tube, as shown in Fig. 6.1.

1 L 1

loudspeaker - >

| 1
signal /
generator \

hollow tube

Fig. 6.1

The tube has length L. The frequency of the signal generator is adjusted so that the loudspeaker
produces a progressive wave of frequency 440Hz. A stationary wave is formed in the tube. A
representation of this stationary wave is shown in Fig. 6.1.

Two points P and Q on the stationary wave are labelled.

(@) (i) Describe, in terms of energy transfer, the difference between a progressive wave and a
stationary wave.

....................................................................................................................................... [1]
(ii) Explain how the stationary wave is formed in the tube.
....................................................................................................................................... [3]
(iii) State the direction of the oscillations of an air particle at point P.
....................................................................................................................................... [1]
(b) On Fig. 6.1 label, with the letter N, the nodes of the stationary wave. [1]
(c) State the phase difference between points P and Q on the stationary wave.
phase difference = ..o [1]

© UCLES 2014 9702/23/M/J/14
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(d) The speed of sound in the tube is 330ms™.

Calculate

(i) the wavelength of the sound wave,

wavelength = ... m [2]
(i) the length L of the tube.
1eNgth = oo m [2]
© UCLES 2014 9702/23/M/J/14
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8 (a) Explain how stationary waves are formed.

(b) The arrangement of apparatus used to determine the wavelength of a sound wave is shown
in Fig. 8.1.

microphone
loudspeaker :j
metal plate
signal :
generator c.r.o.
Fig. 8.1

The loudspeaker emits sound of one frequency. The microphone is connected to a cathode-ray
oscilloscope (c.r.0.).
The waveform obtained on the c.r.o. for one position of the microphone is shown in Fig. 8.2.

/ \ V. \ S
\
/ \ / /
/ \ ] \ ]
] \ I \ I
1 \ | \ |
I \ I \ I

]

1 \ 1 \ I
1 \ 1 \ 1

I \ I \ I
i
/ \ / \ /
\ / /
/ \ \
4 N\ 4 N\ 4 o
I 1.0cm
1.0cm
Fig. 8.2
© UCLES 2014 9702/21/0/N/14
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The time-base setting of the c.r.0. is 0.20mscm~.

(i) Use Fig. 8.2 to show that the frequency of the sound is approximately 1300 Hz.

(2]
(ii) Explain how the apparatus is used to determine the wavelength of the sound.
...................................................................................................................................... [2]
(iii) The wavelength of the sound wave is 0.26m. Calculate the speed of sound in this
experiment.
SPEEA = .o ms~! [2]
© UCLES 2014 9702/21/0/N/14
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6 (a) State one difference and one similarity between longitudinal and transverse waves.

(6 [ {=1 (=) g o7 U T TR

(b) A laser is placed in front of two slits as shown in Fig. 6.1.

slits

laser 0.35mm

2.5m screen

Fig. 6.1 (not to scale)
The laser emits light of wavelength 6.3 x 10~/ m.
The distance from the slits to the screen is 2.5m. The separation of the slits is 0.35mm.
An interference pattern of maxima and minima is observed on the screen.

(i) Explain why an interference pattern is observed on the screen.

(ii) Calculate the distance between adjacent maxima.

AIStANCE = ..ooveiiiiiii m [2]

(c) State and explain the effect, if any, on the distance between adjacent maxima when the laser
is replaced by another laser emitting ultra-violet radiation.

© UCLES 2014 9702/22/0/N/14
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6 (a) Two overlapping waves of the same type travel in the same direction. The variation with
distance x of the displacement y of each wave is shown in Fig. 6.1.

3.0

y/cm

20T

y 4
\
\
/
/

S\

>
>

A

N
P
LA
P

NN
1

™.
™

P
P

NN
NG

Pl

~N

-1.0 X

AN

\

Fig. 6.1

The speed of the waves is 240ms~!. The waves are coherent and produce an interference
pattern.

(i) Explain the meaning of coherence and interference.

(0T a1=T (=1 010 T

(ii) Use Fig. 6.1 to determine the frequency of the waves.

freQUENCY = oo Hz [2]
© UCLES 2015 9702/23/M/J/15
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(iii) State the phase difference between the waves.
phase difference = .......cccccociiiiiei ° 1]
(iv) Use the principle of superposition to sketch, on Fig. 6.1, the resultant wave. [2]

(b) An interference pattern is produced with the arrangement shown in Fig. 6.2.

*B
81 " s A
laser 82|___§0.13mm
B 85cm | screen

Fig. 6.2 (not to scale)

Laser light of wavelength 4 of 546 nm is incident on the slits S, and S,,. The slits are a distance
0.13mm apart. The distance between the slits and the screen is 85cm.

Two points on the screen are labelled A and B. The path difference between S;A and S,A is
zero. The path difference between S,B and S,B is 2.5 4. Maxima and minima of intensity of
light are produced on the screen.

(i) Calculate the distance AB.

AIStANCE = ..oeniei s m [3]

(ii) The laser is replaced by a laser emitting blue light. State and explain the change in the
distance between the maxima observed on the screen.

© UCLES 2015 9702/23/M/J/15 [Turn over
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6 (a) State two differences between progressive waves and stationary waves.

8 PRSP
2 e et eeeeeeeeeeeeeeeeeeeeeeeeeasseeeeeeeeeeeeaassteteeeeeeeeaaa_———eeeeeeeeeaaa__teeeteeeeeaaaantteeeeeeeeaaaannnereeaeaean
(2]
(b) A source S of microwaves is placed in front of a metal reflector R, as shown in Fig. 6.1.
. metal reflector R
microwave detector D
microwave i]
source
} ) meter
Fig. 6.1
A microwave detector D is placed between R and S.
Describe
(i) how stationary waves are formed between R and S,
...................................................................................................................................... [3]
(ii) how D is used to show that stationary waves are formed between R and S,
...................................................................................................................................... [2]
(iii) how the wavelength of the microwaves may be determined using the apparatus in
Fig. 6.1.
...................................................................................................................................... [2]
© UCLES 2015 9702/22/M/J/15
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(c) The wavelength of the microwaves in (b) is 2.8cm. Calculate the frequency, in GHz, of the

microwaves.
freqUeNCY = ..o GHz [3]
Please turn over for Question 7.
© UCLES 2015 9702/22/M/J/15 [Turn over
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6 (a) State whatis meant by diffraction and by interference.

Lo 111 £=To1 0] o HRNTUTT TR

3]
(b) Light from a source S, is incident on a diffraction grating, as illustrated in Fig. 6.1.
diffraction
light grating
S, —m—F-—-=-=- - - - — zero order

Fig. 6.1 (not to scale)

The light has a single frequency of 7.06 x 10'*Hz. The diffraction grating has 650 lines per
millimetre.

Calculate the number of orders of diffracted light produced by the grating. Do not include the

zero order.
Show your working.

NUMDEE = L. [3]

(c) A second source S, is used in place of S,. The light from S, has a single frequency lower
than that of the light from S,.

State and explain whether more orders are seen with the light from S,,.

© UCLES 2015 9702/21/M/J/15
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1 The radiation from a radioactive source is detected using the apparatus illustrated in *

Fig. 9.1.

i,

detector

/aluminium

6cm L i
radioactive 7

source ——— | | —shielding
iy

Fig. 9.1

Different thicknesses of aluminium are placed between the source and the detector. The
count rate is obtained for each thickness. Fig. 9.2 shows the variation with thickness x of
aluminium of the count rate.

k/s—1

~count rate
i
!

y 4
/

>
3
3

Fig. 9.2
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(a) Suggest why it is not possible to detect the presence of the emission of a-particles from
the source.

...................................................................................................................................... [1]
(b) State the evidence provided on Fig. 9.2 for the emission from the source of
(i) PB-particles,
(i) y-radiation.
[4]
9702/2 M/J02
Nuclear Physics

For
2 | Examiner’s
Use

595



3

Fig. 8.1 shows the position of Neptunium-231 (231Np) on a diagram in which nucleon For

number (mass number) A is plotted against proton number (atomic number) Z. Exazvfnef's
se

250

248

246

244

242

240

238

236

234

232

e Np
230

228

226

224
86 87 88 89 90 91 92 93 94 95 96 97 98 99 100

Fig. 8.1

(@) Neptunium-231 decays by the emission of an a-particle to form protactinium.
On Fig. 8.1, mark with the symbol Pa the position of the isotope of protactinium
produced in this decay. [1]

(b) Plutonium-243 (233Pu) decays by the emission of a -particle (an electron).
On Fig. 8.1, show this decay by labelling the position of Plutonium-243 as Pu and the
position of the daughter product as D. 2]

© UCLES 2005 9702/02/M/J/05
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4 |Examiner’s

. . - Us
3 The radioactive decay of nuclei is both spontaneous and random. ¥

Explain what is meant by

(a) radioactive decay of a nucleus,

..................................................................................................................................... [2]
(b) spontaneous decay,

..................................................................................................................................... [2]
(c) random decay.

..................................................................................................................................... [2]

© UCLES 2006 9702/02/M/J/06
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5 |Examiner’s
Ui

4 The radioactive decay of a strontium (Sr) nucleus is represented in Fig. 7.1. ¥

92

nucleon 91

number
umbe gy

90 —)

89

88
36 37 38 39 40

proton number

Fig. 7.1

(a) State whether Fig. 7.1 represents o-decay, B-decay or y-decay.

(b) One type of radioactive decay cannot be represented on Fig. 7.1.
Identify this decay and explain why it cannot be represented.

© UCLES 2007 9702/02/M/J/07
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Uranium-236 (238U) and Uranium-237 (23]U) are both radioactive.
Uranium-236 is an a-emitter and Uranium-237 is a B-emitter.

(a) Distinguish between an a-particle and a B-particle.

(b) The grid of Fig. 7.1 shows some proton numbers Z on the x-axis and the number N of
neutrons in the nucleus on the y-axis.

149

number of 148

neutrons N
147

146

145

236U
144 %

143

142

141

140
88 89 90 91 92 93 94 095 96 97

proton number Z

Fig. 7.1
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7
The a-decay of Uranium-236 (235U) is represented on the grid. This decay produces a

nucleus of thorium (Th). Exag%er’s
se

(i) Write down the nuclear equation for this o-decay.
.............................................................................................................................. [2]

(ii) On Fig. 7.1, mark the position for a nucleus of
1. Uranium-237 (mark this position with the letter U),
2. Neptunium, the nucleus produced by the B-decay of Uranium-237 (mark this

position with the letters Np). 2]
© UCLES 2008 9702/02/M/J/08
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6 The spontaneous and random decay of a radioactive substance involves the emission of For

either a-radiation or -radiation and/or y-radiation. Examiner's
Use

(@) Explain what is meant by spontaneous decay.

.................................................................................................................................... [2]
(b) State the type of emission, one in each case, that
(i) is not affected by electric and magnetic fields,
............................................................................................................................ [1]
(ii) produces the greatest density of ionisation in a medium,
............................................................................................................................ [1]
(iii) does not directly result in a change in the proton number of the nucleus,
............................................................................................................................ [1]
(iv) has arange of energies, rather than discrete values.
............................................................................................................................ [1]

© UCLES 2009 9702/22/M/J/09
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7 (a) One isotope of gold is represented as vee

197
ZoAu.
State the number of neutrons in one nucleus of this isotope.
NUMDEr = ......vvviiiiiiiiiieiieeeeeeeeeeee [1]

(b) In an o-particle scattering experiment, an o-particle approaches an isolated gold
nucleus, as illustrated in Fig. 8.1.

path of a-particle

O

nucleus

Fig. 8.1

Complete Fig. 8.1 to show the path of the o-particle as it passes by, and moves away
from, the gold nucleus. [2]

(c) The o-particle in (b) is replaced by one having greater initial kinetic energy.

State what change, if any, will occur in the final deviation of the o-particle.

8702/2 O/NO1
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10

A nucleus of an atom of francium (Fr) contains 87 protons and 133 neutrons.

(@) Write down the notation for this nuclide.

............ 2]

(b) The nucleus decays by the emission of an o-particle to become a nucleus of
astatine (At).

Write down a nuclear equation to represent this decay. [2]

9702/2/0/N/02
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9 The a-particle scattering experiment provided evidence for the existence of a nuclear atom.

For
Examiner’s
(a) State what could be deduced from the fact that Use
(i) most a-particles were deviated through angles of less than 10°,
............................................................................................................................. [2]
(ii) a very small proportion of the o-particles was deviated through angles greater
than 90°.
............................................................................................................................. [2]
© UCLES 2004 9702/02/0/N/04
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(b) Fig. 7.1 shows the path AB of an a-particle as it approaches and passes by a stationary For

gold nucleus. Examiner's
Use

Fig. 7.1

On Fig. 7.1, draw lines (one in each case) to complete the paths of the o-particles
passing by the gold nucleus when the initial direction of approach is

(i) along line CD,

(i) along line EF.
[3]

© UCLES 2004 9702/02/0/N/04
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13
(a) Evidence for the nuclear atom was provided by the a-particle scattering experiment.
State the results of this experiment.
..................................................................................................................................... [2]
(b) Give estimates for the diameter of
(i) an atom,
.............................................................................................................................. [1]
(i) anucleus.
.............................................................................................................................. [1]

© UCLES 2007 9702/02/0/N/07
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11 Thoron is a radioactive gas. The variation with time t of the detected count rate C from a
sample of the gas is shown in Fig. 8.1.

Fig. 8.1

Radioactive decay is said to be a random and spontaneous process.

(a) Explain, by reference to radioactive decay, what is meant by a random process.

..................................................................................................................................... [2]
(b) State the feature of Fig. 8.1 which indicates that the process is
(i) adecay process,
............................................................................................................................. [1]
(ii) random.
............................................................................................................................. (1]

© UCLES 2008 9702/02/0O/N/08
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(c) A second similar sample of thoron is prepared but it is at a much higher temperature. For
The variation with time of the count rate for this second sample is determined. Examiner’s
State the feature of the decay curves for the two samples that suggests that radioactive Use
decay is a spontaneous process.

© UCLES 2008 9702/02/0/N/08
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12 An a-particle A approaches and passes by a stationary gold nucleus N. The path is illustrated For

in Fig. 7.1. Examiner's
Use

o-particle B @—»—

a-particle A @ -

Fig. 7.1

(@) On Fig. 7.1, mark the angle of deviation D of this a-particle as a result of passing the
nucleus N. 1]

(b) A second a-particle B has the same initial direction and energy as a-particle A.
On Fig. 7.1, complete the path of a-particle B as it approaches and passes by the
nucleus N. 2]

(c) State what can be inferred about atoms from the observation that very few a-particles
experience large deviations.

(d) The nucleus N could be one of several different isotopes of gold.

Suggest, with an explanation, whether different isotopes of gold would give rise to
different deviations of a particular a-particle.

© UCLES 2009 9702/21/0/N/09
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13 Tungsten-184 (1§2W) and tungsten-185 (1§2W) are two isotopes of tungsten.

Tungsten-184 is stable but tungsten-185 undergoes [-decay to form rhenium (Re).

(a) Explain what is meant by isotopes.

.................................................................................................................................... [2]
(b) The B-decay of nuclei of tungsten-185 is spontaneous and random.
State what is meant by
(i) spontaneous decay,
............................................................................................................................ [1]
(ii) random decay.
............................................................................................................................ [1]
(c) Complete the nuclear equation for the -decay of a tungsten-185 nucleus.
185
2aW —> F o 2]

© UCLES 2009 9702/22/0/N/09
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18
7 One of the isotopes of uranium is uranium-238 (23 U). For
Examiner's
(a) State what is meant by isotopes. Use
...................................................................................................................................... [2]
(b) For a nucleus of uranium-238, state
(i) the number of protons,
NUMDET = ..oeeiiii e 1]
(ii) the number of neutrons.
NUMDEE = ..o [1]

(¢) A uranium-238 nucleus has a radius of 8.9 x 1071°m.
Calculate, for a uranium-238 nucleus,

(i) its mass,

MASS = .eieeeeeeeeeeeiiee e ee e s kg [2]
(i) its mean density.
density = .....ccooeeeeeiieieeeeee kgm=3[2]
© UCLES 2010 9702/21/M/J/10
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19
(d) The density of a lump of uranium is 1.9 x 10*kgm3. For
Using your answer to (c)(ii), suggest what can be inferred about the structure of the |Examiners
atom. Use
...................................................................................................................................... [2]
© UCLES 2010 9702/21/M/J/10
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20
7 (a) The radioactive decay of some nuclei gives rise to the emission of a-particles. For
State Examiner’s
Use
(i) what is meant by an a-particle,
.............................................................................................................................. [1]
(ii) two properties of a-particles.
1L PSSP
2 ettt —eeeeeeieeeeeeeaeeeeeeeseeeesiesteeeeeesseeeesaaaseteesiaireteeeiateeeeeaarreeeeaaarareeeaarneeeaans
(2]

(b) One possible nuclear reaction involves the bombardment of a stationary nitrogen-14
nucleus by an a-particle to form oxygen-17 and another particle.

(i) Complete the nuclear equation for this reaction.

a2 o0+ e 2]

(ii) The total mass-energy of the nitrogen-14 nucleus and the a-particle is less than
that of the particles resulting from the reaction. This mass-energy difference
is 1.1 MeV.

1. Suggest how it is possible for mass-energy to be conserved in this reaction.

2. Calculate the speed of an a-particle having kinetic energy of 1.1 MeV.

© UCLES 2010 9702/22/M/J/10
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7 One property of a-particles is that they produce a high density of ionisation of air at

For
atmospheric pressure. In this ionisation process, a neutral atom becomes an ion pair. The |Examiners
ion pair is a positively-charged particle and an electron. Use

(a) State

(i) what is meant by an a-particle,

(b) The energy required to produce an ion pair in air at atmospheric pressure is 31eV.
An a-particle has an initial kinetic energy of 8.5 x 10713J.

(i) Show that 8.5 x 10~'3J is equivalent to 5.3 MeV.

[1]

(i) Calculate, to two significant figures, the number of ion pairs produced as the
a-particle is stopped in air at atmospheric pressure.

© UCLES 2010 9702/23/M/J/10 [Turn over
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22
(iii) Using your answer in (a)(ii), estimate the average number of ion pairs produced For
per unit length of the track of the a-particle as it is brought to rest in air. Examiner’s
Use
number perunitlength = ... [2]
© UCLES 2010 9702/23/M/J/10
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23
7 (a) Uranium (U) has at least fourteen isotopes. For
Explain what is meant by isotopes. Examiner's
Use
.................................................................................................................................... [2]

(b) One possible nuclear reaction involving uranium is
235 1 141 92 1
wU + on = ggBa + YKr + xgn + energy.

(i) State three quantities that are conserved in a nuclear reaction.

(ii) For this reaction, determine the value of

1. Z
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24
7 The results of the a-particle scattering experiment provided evidence for the existence and For
small size of the nucleus. Examiner's
Use
(a) State the result that provided evidence for
(i) the small size of the nucleus, compared with the atom,
.............................................................................................................................. 2]
(ii) the nucleus being charged and containing the majority of the mass of the atom.
.............................................................................................................................. 2]
(b) The a-particles in this experiment originated from the decay of a radioactive nuclide.
Suggest two reasons why B-particles from a radioactive source would be inappropriate
for this type of scattering experiment.
3 SO REERR
2 PP PRRPRR
[2]
© UCLES 2010
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25
9 (a) Explain what is meant by radioactive decay. For
Examiner’s
.......................................................................................................................................... Use
.................................................................................................................................... [2]

(b) (i) State how the random nature of radioactive decay may be inferred from observations
of the count rate.

(ii) A radioactive source has a long half-life so that, over a period of several days, its
rate of decay remains constant.
State the effect, if any, of a rise in temperature on this decay rate.
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i i 235 238
7 (a) Two isotopes of the element uranium are 53U and “55U. For

Examiner’s
Explain the term isotope. Use

(b) (i) In a nuclear reaction, proton number and neutron number are conserved. Other
than proton number and neutron number, state a quantity that is conserved in a
nuclear reaction.

(ii) When a nucleus of uranium-235 absorbs a neutron, the following reaction may take
place.

235 a 141 a
92U+ n—> wBa+ 3é’Kr+3 an

State the values of a, b, xand y.

(c) When the nucleus of 2ggu absorbs a neutron, the nucleus decays, emitting an a-particle.
State the proton number and nucleon number of the nucleus that is formed as a result
of the emission of the a-particle.

Proton NUMDbDEr = ...

NUCIEON NUMDBEE = .o

© UCLES 2011 9702/21/0/N/11
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27

(a) State the experimental observations that show radioactive decay is

(i) spontaneous,

(ii) random.

(b) On Fig. 7.1, complete the charge and mass of a-particles, p-particles and y-radiation.
Give example speeds of a-particles and y-radiation emitted by a laboratory source.

a-particle B-particle y-radiation

charge 0

mass 4u

speed up to 0.99¢

Fig. 7.1
3]
(c) Explain the process by which a-particles lose energy when they pass through air.

...................................................................................................................................... 2]

For
Examiner’s
Use
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6  Two horizontal metal plates are separated by distance d in a vacuum. A potential difference V

For
is applied across the plates, as shown in Fig. 6.1. Examiner’s
Use
+V
metal plate
radioactive [ - d

source |\ I |

beam of a-particles metal plate

ov

Fig. 6.1

A horizontal beam of a-particles from a radioactive source is made to pass between the
plates.

(a) State and explain the effect on the deflection of the a-particles for each of the following
changes:

(i) The magnitude of V is increased.

(ii) The separation d of the plates is decreased.

© UCLES 2011 9702/23/0/N/11
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(b) The source of a-particles is replaced with a source of B-particles. For

Compare, with a reason in each case, the effect of each of the following properties on |Examiner’s
the deflections of a- and B-particles in a uniform electric field: Use
(i) charge

.............................................................................................................................. [2]
(ii) mass

.............................................................................................................................. 2]
(iii) speed

.............................................................................................................................. 1]

(c) The electric field gives rise to an acceleration of the a-particles and the B-particles.
Determine the ratio

acceleration of the a-particles
acceleration of the B-particles

© UCLES 2011 9702/23/0/N/11
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7 (a) The spontaneous decay of polonium is shown by the nuclear equation For

Examiner’s
219 Po =238 Pb + X, Uee

(i) State the composition of the nucleus of X.

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

(ii) The nuclei X are emitted as radiation. State two properties of this radiation.
1 PSSR
ettt e e heee et eeeeateeeateeeeaseeeabeeeaaAeeeabeee ettt eabeeeateeeaneeeeateeeaneaans
(2]

(b) The mass of the polonium (Po) nucleus is greater than the combined mass of the nuclei
of lead (Pb) and X. Use a conservation law to explain qualitatively how this decay is
possible.

© UCLES 2012 9702/21/M/J/12
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7 (a) Anuclear reaction occurs when a uranium-235 nucleus absorbs a neutron. The reaction | [
may be represented by the equation: Examiner's

Use

235 w 93 141 w
»U + xn —  3ZRb + ;Cs + Yin

State the number represented by the letter

[3]

(b) The sum of the masses on the left-hand side of the equation in (a) is not the same as
the sum of the masses on the right-hand side.

Explain why mass seems not to be conserved.
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7  Aradioactive source emits a-radiation and y-radiation. For

Examiner’s
Explain how it may be shown that the source does not emit $-radiation using Use

(@) the absorption properties of the radiation,

© UCLES 2012 9702/23/M/J/12
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6 (a) p-radiation is emitted during the spontaneous radioactive decay of an unstable nucleus. For

Examiner's
(i) State the nature of a p-particle. Use
............................................................................................................................ (1]
(ii) State two properties of p-radiation.
L S
2SSOSR
(2]
(ili) Explain the meaning of spontaneous radioactive decay.
............................................................................................................................ (1]

(b) The following equation represents the decay of a nucleus of hydrogen-3 by the emission
of a p-particle.

Complete the equation.

3H—  He+ B [2]

(c) The p-particle is emitted with an energy of 5.7 x 103eV.

Calculate the speed of the p-particle.

(d) A different isotope of hydrogen is hydrogen-2 (deuterium). Describe the similarities and
differences between the atoms of hydrogen-2 and hydrogen-3.
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7 A nuclear reaction between two helium nuclei produces a second isotope of helium, two

F
protons and 13.8 MeV of energy. The reaction is represented by the following equation. Exam‘;rrwer’s
Use
SHe + sHe— He + 2 p + 13.8MeV
(@) Complete the nuclear equation. [2]

(b) By reference to this reaction, explain the meaning of the term isotope.

...................................................................................................................................... [2]
(c) State the quantities that are conserved in this nuclear reaction.
...................................................................................................................................... [2]
(d) Radiation is produced in this nuclear reaction.
State
(i) apossible type of radiation that may be produced,
.............................................................................................................................. [1]
(ii) why the energy of this radiation is less than the 13.8 MeV given in the equation.
.............................................................................................................................. [1]

(e) Calculate the minimum number of these reactions needed per second to produce power
of 60W.

NUMDEr = .o s71[2]
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6 (a) Describe the structure of an atom of the nuclide 233U.

For
Examiner’s
------------------------------------------------------------------------------------------------------------------------------------------ Use
..................................................................................................................................... [2]
(b) The deflection of a-particles by a thin metal foil is investigated with the arrangement
shown in Fig. 6.1. All the apparatus is enclosed in a vacuum.
detector of a-particles
o source
path of deflected
a-particles
Fig. 6.1
The detector of a-particles, D, is moved around the path labelled WXY.
(i) Explain why the apparatus is enclosed in a vacuum.
............................................................................................................................. [1]
(ii) State and explain the readings detected by D when it is moved along WXY.
............................................................................................................................. [3]
Question 6 continues on page 16.
© UCLES 2012 9702/21/0/N/12 [Turn over
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(c) A beam of a-particles produces a current of 1.5pA. Calculate the number of a-particles For

per second passing a point in the beam. Examiner's
Use

(01010010 T=Y s [3]
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7 (a) Two isotopes of uranium are uranium-235 (233U) and uranium-238 (235U).
(i) Describe in detail an atom of uranium-235.
.............................................................................................................................. [4]
(ii) With reference to the two forms of uranium, explain the term isotopes.
.............................................................................................................................. [2]
(b) When a uranium-235 nucleus absorbs a neutron, the following reaction may occur:
28U + Wn — "BLa + {Q + 3%¥n
(i) Determine the values of Yand Z
Y =
Z= i
[2]
(ii) Explain why the sum of the masses of the uranium nucleus and of the neutron does
not equal the total mass of the products of the reaction.
............................................................................................................................. [2]
© UCLES 2013 9702/23/M/J/13
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7 (a) Describe the two main results of the a-particle scattering experiment. For

Examiner’s
(=110 1| A ST Use

(b) Relate each of the results in (a) with the conclusions that were made about the nature of
atoms.

(=101 P
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A polonium nucleus ZE;SPO is radioactive and decays with the emission of an a-particle. The

nuclear reaction for this decay is given by

210 w Y
84P0 % XQ + Z(X.

(@) (i) Statethevaluesof W...............
) U
)
A
[2]
(ii) Explain why mass seems not to be conserved in the reaction.
.............................................................................................................................. [2]
(b) The reaction is spontaneous. Explain the meaning of spontaneous.
[1]

9702/22/M/J/13
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7 (a) An electric field is set up between two parallel metal plates in a vacuum. The deflection
of a-particles as they pass between the plates is shown in Fig. 7.1.

metal plate

path of
o-particles
;e N
//
electric field metal plate

Fig. 7.1

The electric field strength between the plates is reduced. The a-particles are replaced
by B-particles. The deflection of B-particles is shown in Fig. 7.2.

metal plate

path of
B-particles ——

I\

electric field metal plate

Fig. 7.2

(i) State one similarity of the electric fields shown in Fig. 7.1 and Fig. 7.2.

(ii) The electric field strength in Fig. 7.2 is less than that in Fig. 7.1. State two methods
of reducing this electric field strength.

© UCLES 2013 9702/21/0/N/13
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(iii) By reference to the properties of a-particles and p-particles, suggest three reasons

For
for the differences in the deflections shown in Fig. 7.1 and Fig. 7.2. Examiner's
Use
8 PP
2 e —eeeeeeeeeeeeeeeeeeeeeeeeeeaaasae—eeeeeeeaaaaata——eeeeeeeeaana—ereteeeeeaaannrrreeeeeeeaaanns
R OSSPSR

(b) A source of a-particles is uranium-238. The nuclear reaction for the emission of
a-particles is represented by

238 W, Y
pU = Q + so

State the values of W...............

[2]

(c) A source of B-particles is phosphorus-32. The nuclear reaction for the emission of
B-particles is represented by

32 A C
15P - R + B.

State the values of A ...............
B
(O
D........
[1]
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7 (a) State whatis meant by

L0 oY= U 103 =S
S 0= U (o =

AT = 16 [ =10 o OO PPPPP S TPPP

(2]

(b) Describe the changes to the proton number and the nucleon number of a nucleus when
emission occurs of

(i) an a-particle,
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7 Inthe decay of a nucleus of 2;2 Po, an a-particle is emitted with energy 5.3MeV.

The emission is represented by the nuclear equation

210 A
gaPo — X+ a + energy

(@) (i) On Fig. 7.1, complete the number and name of the particle, or particles, represented by
A and B in the nuclear equation.

number name of particle or particles
A
B
Fig. 7.1
(1]
(i) State the form of energy given to the a-particle in the decay of 2,132 Po.
....................................................................................................................................... 1]
(b) A sample of polonium 2;2 Po emits 7.1 x 10'8 a-particles in one day.
Calculate the mean power output from the energy of the a-particles.
L0111 W [2]
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7 The equation represents the spontaneous radioactive decay of a nucleus of bismuth-212.

22Bi — X+ 25Tl + 6.2MeV

(@) (i) Explain the meaning of spontaneous radioactive decay.

(ii) State the constituent particles of X.

(b) (i) Use the conservation of mass-energy to explain the release of 6.2 MeV of energy in this
reaction.

(ii) Calculate the energy, in joules, released in this reaction.

BNEIOY = ceiirieiiiirieerie e J[1]
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7 A uranium-235 nucleus absorbs a neutron and then splits into two nuclei. A possible nuclear
reaction is given by

235 a 93 c a
U + pn = FRb + X + 2¢pn + energy.

(@) State the constituent particles of the uranium-235 nucleus.

.............................................................................................................................................. (1]

(b) Complete Fig. 7.1 for this reaction.

value

a

b

c

d
(3]

Fig. 7.1
(c) Suggest a possible form of energy released in this reaction.

.............................................................................................................................................. (1]
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