SECTION A

Answer questions 1-20 on the answer sheet.

1. Which of the following contains one scalar 3. An object starts from rest and accelerates in a
quantity and one vector quantity? straight line.
A acceleration; displacement The graph shows how the acceleration of the

object varies with time.

B kinetic energy; speed i >
accelevation/m s
C momentum; velocity
. 4
D potential energy; work
E power; weight |
2. A golfer strikes a golf ball which then moves off 2

at an angle to the ground. The ball follows the

path shown.

/ ............................... ol

The graphs below show how the horizontal and
vertical components of the velocity of the ball
vary with time.

40

horizontal
zelocity/ m s !

0
. 30
vertical
velocity/ m s
0

=30

What is the speed of the ball just before it hits

the ground?

A 10ms

30ms
C 40ms"
D 50ms”
E 70ms”

[X069/301]

time/s

S

The object’s speed at 5 seconds is
A 2ms”’
8ms |
. C 12ms "
time/s .
D 16ms

E 20ms™".

4. A person stands on bathroom scales in a lift.
The scales show a reading greater than the

time/s person’s weight.

The lift is moving

A upwards at constant velocity
B downwards at constant velocity
C downwards and accelerating

T

downwards and decelerating
1

™

upwards and decelerating.
1

l

1
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5. Two trolleys travel towards each other in a

straight line as shown.

20ms | —p

%T
=

The trolleys collide. After the collision the
trolleys move as shown below.

1-0ms ! —

What is the speed @ of the 2-0kg trolley after
the collision?

A 125ms’
B
C
D 40ms’
E

A student carries out an experiment to
determine the density of a liquid.
The results are shown.

volume of liquid in beaker = 2-:00x 107 m’

mass of empty beaker = 3-00 x 10ffkg
mass of filled beaker =450 x 10 "kg

The density of the liquid is
A 444x10kgm™
133 % 10 kgm*

C  750x10° kgm®

D 225x10° kgm™

E  375%x10° kgm™.
[X069/301]

7. Which pair of graphs shows how the pressure

produced by a liquid depends on the depth and

Page five

density of the liquid?

pressure pressure
A
0 depth 0 density
Dressure pressure
B
0 depth 0 density
pressure pressure
C
0 depth 0 density
pressure pressure
D
0 depth 0 density
pressure pressure
E
0 depth 0 density
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8. Three resistors are connected as shown.

a OX

6Q 6Q

Y
6Q

The total resistance between X and Y is

A 2Q

4Q
C 6Q
D 9Q
E 18Q.

A battery of e.m.f. 12V and internal resistance
3-0Q is connected in a circuit as shown.

!  —
3-:0Q

s
1 (
| I
6-0Q

When switch 8 is closed the ammeter reading
changes from

A 20Ato1-0A

B 20Ato24A
C 20Ato10A
D 40Ato13A
E 40Ato60A.
[X069/301]

10.

11.

The circuit diagram shows a balanced
Wheatstone bridge.
— +
—_—O O__—
10Q 40 Q
< 3
R 200Q

The resistance of resistor R is

A 035Q
B 20Q
C 50Q
D 100Q
E 800Q.

A student carries out three experiments to
investigate the charging of a capacitor using a
d.c. supply.

T'he graphs obtained from the experiments are
shown.
Graph 1

Graph 2 Graph 3

0 0

The axes of the graphs have not been labelled.

Which row in the table shows the labels for the
axes of the graphs?

Graph 1 Graph 2 Graph 3
A voltage and current and charge and
time time voltage
B current and voltage and charge and
time time voltage
C current and charge and voltage and
time voltage time
D charge and current and voltage and
voltage time time
E voltage and charge and current and

time

voltage

tirme
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12. The following circuit shows a constant voltage
a.c. supply connected to a resistor and capacitor

in parallel.

———O/\_/O-——

I [:]R
‘
C
e

Which pair of graphs shows how the rm.s.
currents I, and I vary as the frequency f of the
supply is increased?

A I
0
B I
0
C I
0
D Iy
0
E I
0
[X069/301]

I

13. An op-amp circuit is set up as shown.

14.

f

Page seven

Which of the following statements is/are true?

I

IT

m o O W

The circuit is connected in the inverting

mode.

The circuit amplifies
between V, and V;.

the

difference

The maximum possible output voltage

I only

11 only

I and II only
I and I1I only
I, IT and 11

A microwave source at point O produces waves

of wavelength 28 mm.

A metal reflector is placed as shown.

Metal reflector

An interference pattern is produced.
Constructive interference occurs at point X.

The distance OX is 400 mm.
The total path length OYX 1s

A

=g Q0w

414 mm
421 mm
442 mm
456 mm
463 mm.
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15. The diagram represents a ray of light passing
from air into liquid.

16.

light?
Speed Frequency Wazvelength
increases stays constant increases
increases decreases stays constant
stays constant decreases decreases
decreases decreases stays constant
decreases stavs constant decreases
[X069/301] Page eight

air

20

normal
i
1

I
70°:

liquid

The refractive index of this liquid, relative to

air, is

A sin20°
sin40°

B sin40°
sin70°

C sin50°
sin20°

D sin 70°
sin 40°

E sin 90°
sin40°.

Light travels from air into glass.

Which row in the table describes what happens
to the speed, frequency and wavelength of the

17.

18.

When light of frequency f is shone on to a
certain metal, photoelectrons are ejected with a
maximum velocity v and kinetic energy .

Light of the same frequency but twice the
irradiance is shone on to the same surface.

Which of the following statements is/are
correct?

I Twice as many electrons are ejected per
second.

Il 'The speed of the fastest electron is 2 7.
IIT The kinetic energy of the fastest electron
is now 2 Ep,.

I only

IT only

ITI only

I and II only
I, IT and III

m g Q=% »

The diagram shows some of the energy levels
for the hydrogen atom.

—19

E; —1:360 x 1077
E, 2416 x 107"]
E, -5424 x 10°"]
E, 2176 x 107"

The highest frequency of radiation emitted due
to a transition between two of these energy

levels is

A 159 x 10" Hz
B 246 x 10" Hz
C 308x10" Hz
D 1-63x10* Hz
E 204 x10* Hz.



19. A series of radioactive decays starts from the
1sotope Uranium 238.
Two alpha particles and two beta particles are
emitted during the decays.

Which row in the table gives the mass number
and the atomic number of the resulting

nucleus?
Mass number Atomic number
A 232 88
B 230 86
C 230 90
D 246 94
E 246 98

20. The table shows the radiation weighting factor
wp for a number of different radiations.

Tvpe of radiation Radl.%l:t'; :U;ighting
alpha particles 20
beta particles 1
neutrons 3
gamma rays 1
X-rays 01

Which of the following gives the greatest
equivalent dose?

A 8uGy of alpha particles
170 uGy of beta particles
56 UGy of neutrons

160 uGy of gamma rays
1500 uGy of X-rays

m g QO w

[X069/301] Page nine [Turn over



SECTION B

Write your answers to questions 21 to 29 in the answer book.

Mavrks
21. A van of mass 2600kg moves down a slope which is inclined at 12° to the
horizontal as shown.
Not to scale
(a) Calculate the component of the van’s weight parallel to the slope. 2
(b) A constant frictional force of 1400 N acts on the van as it moves down the
slope.
Calculate the acceleration of the van. 2
(c) The speed of the van as it passes point A is 5-0ms .
Point B is 75 m further down the slope.
Calculate the kinetic energy of the van at B. 3
(7)

[Turn over
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22. A force sensor is used to investigate the impact of a ball as it bounces on a flat
horizontal surface. The ball has a mass of 0-050kg and is dropped vertically,
from rest, through a height of 1-6 m as shown.

16 m

computer

force sensor

(a) The graph shows how the force on the ball varies with time during the
impact.

force/N
TFOp---mmmm e

10 time/ms
(1) Show by calculation that the magnitude of the impulse on the ball is
0-35N's.

(11) What is the magnitude and direction of the change in momentum of
the ball?

(iii) The ball is travelling at 5-6 ms™' just before it hits the force sensor.

Calculate the speed of the ball just as it leaves the force sensor.

() Another ball of identical size and mass, but made of a harder material, is
dropped from rest and from the same height onto the same force sensor.
Sketch the force-time graph shown above and, on the same axes, sketch
another graph to show how the force on the harder ball varies with time.

Numerical values are not required but you must label the graphs clearly.
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23. A refrigerated cool box is being prepared to carry medical supplies in a hot
country. The internal dimensions of the box are 0-:30m X 0:20m X 0-50 m.

Not to scale release valve

OO0 [OOO

0-50m OO0l OO0

cool box OOO OOO
OOOHOOO

: Vrefrigerating solar panels

020 m system

The lid 1s placed on the cool box with the release valve closed. An airtight seal
is formed. When the lid is closed the air inside the cool box is at a temperature
of 33°C and a pressure of 1-01 x 10°Pa.

The refrigerating system then reduces the temperature of the air inside the cool
box until it reaches its working temperature.

At this temperature the air inside is at a pressure of 9-05 X 10*Pa.

(a)

(b)

(c)

(1)

(i)

(1)

(i1)

(i)

Calculate the temperature of the air inside the cool box when it is at
its working temperature.

Describe, using the kinetic model, how the decrease in temperature
affects the air pressure inside the cool box.

Atmospheric pressure is 1-:01 x 10°Pa.

Show that the magnitude of the force on the lid due to the difference
in air pressure between the inside and outside of the cool box is now

630 N.
The mass of the lid 1s 1-50 kg.

Calculate the minimum force required to lift off the lid when the cool
box is at its working temperature.

The release valve allows air to pass into or out of the cool box.

Explain why this valve should be opened before lifting the hid.

The refrigerating system requires an average current of 0-80 A at 12V.

Each solar panel has a power output of 34 W at 12V,

Calculate the minimum number of solar panels needed to operate the
refrigerating system.

[X069/301]
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24. The diagram below shows the basic features of a proton accelerator. It is
enclosed in an evacuated container.

proton source accelerator tube

* }
___________ - e >
proton beam

0V  =200kV

Protons released from the proton source start from rest at P.
A potential difference of 200kV is maintained between P and Q.

(a) What is meant by the term potential difference of 200kV? 1
(b) Explain why protons released at P are accelerated towards Q. 1

(¢) Calculate:

(1) the work done on a proton as it accelerates from P to Q;

(11) the speed of a proton as it reaches Q.

(d) The distance between P and Q is now halved.

What effect, if any, does this change have on the speed of a proton as it
reaches Q? Justify your answer. 2

®)
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25. The 9-0V battery in the circuit shown below has negligible internal resistance.

1

680 Q

L o

220Q

1 oy

(a) Switch S is closed.
Calculate the potential difference between X and Y. 2

(b) Switch S is opened.

An uncharged 33 UF capacitor is connected between X and Y as shown.

Switch S is then closed.

(i) Explain why work is done in charging the capacitor. 1

(i) State the value of the maximum potential difference across the
capacitor in this circuit.

(111) Calculate the maximum energy stored in the capacitor. 2

(iv) Switch S is now opened.

Sketch a graph to show how the current through the 220 Q resistor
varies with time from the moment the switch 1s opened.

Numerical values are required only on the current axis. 2

®)

[Turn over
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26. A double beam oscilloscope has two inputs which allows two signals to be
viewed on the screen at the same time.
A double beam oscilloscope is connected to the input terminals P and Q and the
output terminals R and S of a box containing an operational amplifier circuit.

The operational amplifier is operating in the inverting mode.

P_ R
 operational amplifier
v, circuit V.
D al
Q S

(a) The oscilloscope control settings and the two traces displayed on its screen
are shown in the diagram.

div

——

2 imeb

5 : % timebase

0-01 0-001
A Y 01 0-0001

=
-

y f r I s/div

Y inputs
2

. 10 5
i 1
1 1 1 1 05 10

|
e

e

P

Y

@
a

-
-

(1) Calculate the frequency of the a.c. supply.
(11) Calculate the voltage gain of the amplifier circuit.

(1) Calculate the r.m.s. value of the output voltage of the amplifier

circuit. 2
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26. (continued)

(b) A student is given the task of altering the operational amplifier circuit
inside the box to give a voltage gain of —4-7.

The following list shows resistor values available to the student.

Resistor value/k€

39
4-7
5-6
6-8
82
10
27
47
56

(1) Select suitable resistor values to produce a voltage gain of —4-7. 1

(11) Copy the diagram shown below.

b
Ll

QL]

Complete the diagram, showing how your chosen resistors should be
connected inside the box to complete the circuit. 1

®

[Turn over
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27. (a) Light of frequency 6:7 x 10'"*Hz is produced at the junction of a light
emitting diode (LED).

—1 | »
NN

(1) Describe how the movement of charges in a forward-biased LED
produces light. Your description should include the terms: electrons;

holes; photons and junction. 1
(11) (A) Calculate the wavelength of the light emitted from the LED. 2
(B) Use information from the data sheet on Page two to deduce the
colour of this light. 1
(111) 'The table below gives the values of the work function for three metals.
Metal Work function/ ]
caesium 3-4x107"
strontium 41x10™"
magnesium 59x 107"
Light from the LED is now incident on these metals in turn,
Show by calculation which of these metals, if any, release(s)
photoelectrons with this light. 3
(6) Light from a different LED is passed through a grating as shown below.
Not to scale grating
second order maximum
first order maximum
light from LED _:_E central maximum
first order maximum
second order maximum
Light from this LED has a wavelength of 6:35 x 10"m. The spacing
between lines in the grating is 5-0 X 10°m.
Calculate the angle between the central maximum and the second order
maximum. 2
9)
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28. A student carries out an experiment to investigate how irradiance on a surface
varies with distance from a small lamp.

Irradiance 1s measured with a light meter.

The distance between the small lamp and the light meter is measured with a
metre stick.

The apparatus 1s set up as shown in a darkened laboratory.

small lamp light meter

I@I ﬂ black cloth
! I I [ I I [ | I J

bench top
0 0102030405060708091-0m
The following results are obtained.
Distance from source/m| 0-20 | 0-30 | 0-40 | 0-50
Irradiance/ units 675 302 170 108
(a) What is meant by the term rradiance? 1

(b) Use all the data to find the relationship between irradiance I and distance
d from the source. 2

(¢) What is the purpose of the black cloth on top of the bench? 1

(d) The small lamp is replaced by a laser.
Light from the laser is shone on to the light meter.

A reading is taken from the light meter when the distance between it and
the laser 1s 0-50 m.

The distance is now increased to 1-00 m.

State how the new reading on the light meter compares with the one taken

at 0-50 m.
Justify your answer. 2

(6)

[Turn over
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29. (a) About one hundred years ago Rutherford designed an experiment to
investigate the structure of the atom. He used a radioactive source to fire
alpha particles at a thin gold foil target.

His two assistants, Geiger and Marsden, spent many hours taking readings
from the detector as it was moved to different positions between X and Y.

Metector
(microscope fitted with
\ zinc sulphide screen)

alpha particle source gold foil target

(1) How did the number of alpha particles detected at X compare with
the number detected at Y?

(11) State one conclusion Rutherford deduced from the results.
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29. (continued)

(b) A nuclear fission reaction is represented by the following statement.
235 1 137 s 1

(1) Is this a spontaneous or an induced reaction? You must justify your
answer. 1

(11) Determine the numbers represented by the letters # and s in the above
reaction. 1

(111) Use the data booklet to identify the element represented by T. 1

(1iv) 'The masses of the nuclei and particles in the reaction are given below.

Mass/kg
ZS‘SU 390-219 x 107
13ZCS 227-292x 107
s < 27
37 157-562 x 10
(1)11 1:675x 1077
Calculate the energy released in the reaction. 3

®

[END OF QUESTION PAPER)]
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