
1.
Answer questions l-20 oa

Which of the fbl lou-ing contains one scalar
quanti t_v and one vector quanti t-y?

A accclerat ion;  d isplacement

B kinetic energr' ;  speed

C' momentum: r ' t ' lot ' i t r '

D potential energr.;  rvork

E power; r,veight

A golfer strikes a golf ball u'hich then moves off
at an angle to the ground. The ball follou.s the
Dath sho\'vn.

2.

The graphs belou, shor.r
vertical components of
varv u'ith time.

holr,  the horizontal and
the velocitv of the bal l

hori  zontal
relocity,f rns

t,e rt ical
relocitn-f ms

tirne f s

What is thc speed of the ball just before it hits
the ground?

A 10ms 1

B 30msl

C '10 m s-l

D 50ms-l

E 70ms-l

timef s
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SECTION A

the answer sheet.

3. An object starts from rest and accelerates
straight l ine.

The graph shorvs hou. the accelerat ion of
objet ' t  var ics ui th t imc.

accel.erationf rn s-2

lna

the

4.

ttmels

The object 's speed at -5 seconds is

A 2ms-l

B 8ms1

C 12msl

D 16msl

E 20 n-r s-l .

A person stands on bathroom scales in a l i f t .
' I 'he scales shorv a reading greater than the
person's r,eight.

The l i f t  is moving

A upu,ards at constant velocitv

B dorvnw,ards at constant velocit-v

C dorvnrvards and accelerat ing

D donnr.vards and decelerat ing

E upr.vards and decelerat ing.



Tu,o trol lel 's travel to$-ards
straight l ine as shou'n.

2 '0ms-l  -> +--

each other in a

1'0 m s-1

The trollevs coll ide.
trolle-vs mo\re as shou'n

1'0ms l ->

After the coll ision
belou'.

t ' *

What is the speed r ,  of  the 2.0kg trol lev af ter
the col l is ion?

A 1'25msr

B 1'75 ms-r

C 2'0 m s-r

D 4'0 m s-]

E 5 '0msr

6. A student carr ies out an exper iment to
determine the densit-v of a l iquid.
The results are shor,l'n.

volume of  l iquid in beaker = 2.00 x 10- ' im3
mass of  empt-v beaker = 3.00 x 10 2kg
mass of  f i l led beaker = ,1.50 x 10-2kg
'fhe density of the l iquid is

A 1.11 x 10-+kg m-3

B 1'33 x 10-3kgm-3

C 7.50 x 102 kgm 3

D 2-25 x 103 kgm-l

E 3.75 x 10r kgm-3.

the

[x06e/301] Page fiz,te

p re ssu re

n \\rhich pair ci f  graphs shou's hon- the pressl lre
produced br.a l iquid depends on the depth and
densit-v of the l iquid?

densitt,

depth

depth tle tt si t t,

deptlt density

depth

[Turn over

L

p re ssu re

pressure pt(ssurc

p ressul'e pressu re

p ressure p ressure

p ressu.re pressu re



8. Three resistors arc connected as shorvn.

6Q

The total resistance betr.r,een X and Y is

A2f)

B4Q

C6Q

D9c2
E 18c2.

A bzrtterl '  of e.m.1. 12 \, '  and internal resistance
3'0O is connected in a c i rcui t  as sholvn.

9.

When srvitch S is closed
changes from

A 2'0A to 1 '0A

B 2'0A to 2 '4A

C 2'0A to 10A

I)  4 '0 A to 1 '3 A

E , t '0A to 6 '0A.

the ammeter reading

6.0 Q
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10. The circui t  d iagram
Wheatstone bridge.

shows a balanced

-r

11.

The resistance of resistor R is
A 0'5()
B 2.OO
C 5OQ
D 100f2
E 800 o.

A student carr ies out three experiments to
investigate the charging of a capacitor using a
d.c. suppll ' .

' l 'he graphs obtained from the experiments are
shou'n.

The axes of the graphs have not been labelled.

Which ror,v in the table shou,s the labels fbr the
axes of the graphs?

Graph I

l , -t /V
0

Graph 2 Graph 3

l , l\  t /l \

A

B

C

D

E

Graph I Graph 2 Graph 3
voltage and

tlme
current and

time
charge and

voltage
current and

trme
voltage and

tlme
charge and

voltage
current and

tlme
charge and

voltage
voltage and

tlme
charge and

voltage
current and

t lme
voltage and

time
voltage and

time
charge and

voltage
current and

time



The follorving circuit
a.c. supply connected
in parallel.

Which pair of graphs
currents 1* and 1a vary
supply is increased?

shows a constant voltage
to a resistor and capacitor

shou,s how the r.m.s.
as the frequency/of the

t2.

l ,zV
f

Il , /
l,/

J

L-
f

1r.

A

B

Iof

"l ,/t
oJ

1. l_L-
0f

1R

1RC

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

Which of the fol lowing statements is/are true?

I The circuit  is connected in the invert ing
mode.

I I  The circui t  ampl i f ies the di f ference
between V2 and V1 .

I I I  The maximum possible output voltage
Vo=Vr+Vr.

A I only

B I I  only

C I  and I I  only

D I I  and I I I  only

E I ,  I I  and I I I

14. A microwave source at point O produces
of wavelength 28 mm.

A metal ref lector is olaced as shorvn.

An interference pattern is produced.
Constructive interference occurs at point X.
The distance OX is 400 mm.
The total path length OYX is

A 414mm

B 421, rnrn

C 442rnn;'

D 456 mm

E 463 mm.

Metal reflector



15. The diagram represents a ray of l ight passing
from air into l iquid.

normal
I

air I

The refractir.e index
air, is

s in 20o

of this l iquid, relat ive to

A
sin 40"

sin,l0"

C

sin 70"

sin 50"
sin 20"

sln / ( r -
s in,10o

sin 90"
sin 40" .

16. Light travels from air into glass.

Which rorv in the table describes what happens
to the speed, frequencl' and n'avelength of the
l ight?

C

Speed Frequency Watelength

lncreases stays constant lncreases

lncreases decreases stays constant

sta-vs constant decreases decreases

decreases decreases staYS constant

decreases stays constant decreases

D

E

D
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17. When l ight of frequencv / is shone on to a
certain metal,  photoelectrons are ejected with a
maximum velocit .v t ,and kinetic energy E'4.

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

Which of  the fo l lorv ing statements is/are
correct ?

I Trvice as many electrons are ejected per
second.

II  The speed of the fastest electron is 2 2,.

I I I  ' fhe kinetic enersv of the fastest electron
is nou, 2 EA.

I onl-v

II onl1.

I I I  only

I  and I I  only

I ,  I I  and I I I

The diagram shows some
for the hydrogen atom.

of the energv levels

A
B
L

D

E

18.

E1

E1
E2

The highest frequency of
to a transition between
levels is

A 1.59 x 1.01+ H"

B 2.46 x 10ts Hz

C 3'08 x 1Ors Hz

D 1.63 x 1.02(: t  H"

E 2'04 x 7020 Hz.

-1 '360 x 10-t"J
-2 '+16 x 10-r"J

-5 '+24 x 10 re;

-21.76 x 10-1'r1

radiat ion emitted due
two of these energ--l'

Eo



19. A series of radioactive decavs starts from the
isotope Uranium 238.

Tlvo alpha part icles and tu, 'o beta part icles are
emitted during the deca,vs.

Which rou' in the table gives the mass number
and the atomic number of  the resul t ins
nucleus?

Mass n.umber Atomic number

232 88

230 86

230 90

246 94

2+6 9fl

20. The table shorvs the radiation *'eighting factor
wpf<>r a number of different radiations.

Type oJ radiation Radiation weighting
factor w^

alpha part ic les 20

beta part icles I
I

neutrons 3

gamma rays 1

X-rays 0.1

Which of the following gives the greatest
equivalent dose?

A 8 pG-r" of alpha particles

B 170pGv of  beta part ic les

C 56pGy of  neutrons

D 160 pGy of gamma rays

E 1500pG-v of  X-ra1's

A

B

C

D
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SECTION B

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

A van of mass 2600 kg moves dou.n a slope which is incl ined at 1,2o to the
horizontal as shou,n.

to scale

Marks
21.

Calculate the component of the van's weight paral lel

A constant fr ict ional force of 1400N acts on the van
slope.

Calculate the accelerat ion of the van.

(r)  The speed of  the van as i t  passes point  A is 5 '0ms I

Point B is 75 m further dou'n the slope.

Calculate the kinet ic enersy of the van at B.

to

AS

\a)

(b)

the slope.

it moves dou'n the

[Turn over

a
J

(7)
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22. A force sensor is used to invest igate the impact of a
horizontal  surface. The bal l  has a mass of 0.050ks
from rest,  through a height of  1 '6 m as shou,n.

Marks
ball as it bounces on a flat
and is dropped vertically.,

computer

force sensor

(a) The graph shou.s hor.v the
impact.

force on the ball varies u,ith t ime during the

forcelN
/\)

l0 t imelms

(i)  Show by calculat ion that the magnitude of the impulse on the bal l  is
0 '35 N s.

( i i )  What is the magnitude and direct ion of the change in momentum of
the bal l?

( i i i )  The bal l  is  t ravel l ing at  5 '6ms r just  before i t  h i ts the force sensor.
Calculate the speed of the bal l  just as i t  leaves the force sensor.

(b) Another bal l  of  ident ical  s ize and mass, but made of a harder mater ial ,  is
dropped from rest and from the same height onto the same force sensor.
Sketch the force-t ime graph shown above and, on the same axes, sketch
another graph to shorv how the force on the harder ball varies rvith time.

Numerical  values are not required but you must label the graphs clear ly. 2
(6)
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23. A refr igerated cool box
countr),-. The internal

is being prepared to
dimensions of the box

Marks
carry medical  suppl ies in a hot
are 0 '30m x 0.20m x 0.50m.

Not to scale release valve

0'50 m

The l id is placed on the cool box with the release valve closed. An air t ight seal
is formed. When the l id is c losed the air  inside the cool box is at a temperature
of 33oC and a pressure of  1 '01 x 10sPa.

The refr igerat ing system then reduces the temperature of the air  inside the cool
box until it reaches its r.vorking temperature.

At this temperature the air  inside is at a pressure of 9 '05 x 10+Pa.

(")  ( i )  Calculate the temperature of the air  inside the cool box u, 'hen i t  is at
i ts working temperature.

( i i )  Describe, using the kinet ic model,  how the decrease in temperature
affects the air  pressure inside the cool box.

(b) ( i) Atmospher ic pressure is 1 '01 x 105Pa.
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 l id is 1 '50ke.( i i)
Calculate the minimum force required to lift off the lid when the cool
box is at its working temperature.

( i i i )  ' fhe release valve al lolr 's air  to pass into or out of  the cool box.
Explain why this valve should be opened before lifting the lid.

(c) The refr igerat ing svstem requires an average current of 0 '80 A at 12Y.

Each solar panel has a power output of 3 '4W at 12V.

Calculate the minimum number of solar panels needed to operate the
refrigerating system. 2

(10)

cool box

refrigerating
l€

0.20 m system
solar panels
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Marks
24. The diagram below shows the basic

enclosed in an evacuated container.
features of a proton accelerator. It is

proton source

0v -200kv

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

(") What is meant by the terrn potential di.fference of 200 kV?

(b) Explain why protons released at P are accelerated towards Q.
(c) Calculate:

( i )  the work done on a proton as i t  accelerates from P to Q;
( i i )  the speed of a proton as i t  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

(8)

accelerator tube
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25. The 9'0V batterv in the circuit shown below has
Marks

negligible internal resistance.

x

Y

(a) Switch S is closed.
Calculate the potential difference betln'een X and Y.

(b) Switch S is opened.

An uncharged 33 pF capacitor is connected between X and Y as shou'n.

33 pF

Switch S is then closed.

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

(ii) State the value of the maximum potential difference across the
capacitor in this circui t .

(ii i) Calculate the maximum energy stored in the capacitor.

( iv)  Switch S is now opened.

Sketch a graph to show how the current through the 220 C) resistor
varies with time from the moment the switch is opened.

Numerical values are required only on the current axis.

2

2
(8)
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Marks
26. A double beam osci l loscope has trvo inputs which al lows two signals to be

viewed on the screen at the same t ime.
A double beam osci l loscope is connected to the input terminals P and Q and the
output terminals R and S of a box containing an operat ional ampl i f ier c ircui t .
The operat ional ampl i f ier is operat ing in the invert ing mode.

P_
operational amplifier

circui t\/ )v,
J

(

(")  The osci l loscope control  sett ings and the two traces displayed on i ts screen
are shown in the diasram.

div
e

-A
-l
vl

Y

t imebase

s/div

Y inputs
21oz\5

o5qfF10
V/div

2

V/div

( i)  Calculate the frequency of the a.c.  supply ' .

( i i )  Calculate the vol tage gain of the ampl i f ier c ircui t .

( i i i )  Calculate the r .m.s. value of the output vol tage of the ampl i f ier
circui t .

V,,

Sa
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26.
Marks

(continued)

(b) A student is given the task of al ter ing the operat ional ampl i f ier c ircui t
inside the box to give a voltage gain of -4.7.

The fol lowinc l ist  shows resistor values avai lable to the student.

Resistor value/kf)

3 '9
4.7
5.6
6.8
8.2

10
27
+7
56

(i)  Select sui table resistor values to produce

(ii) Copy the diagram shor.vn below.

a voltage gain of -4.7.

Complete the diagram,
connected inside the box

showing how- your chosen
to complete the circui t .

resistors should be

[Turn over

I
(8)
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27. \a)

Marks
junction of a l ightLight of frequency 6'7

emitt ing diode (LED).
x 101+Hz is produced at the

\\

( i )  Describe how the movement of charges in a forward-biased LED
produces l ight.  \bur descr ipt ion should include the terms: electrons'
holes; photons and junction.

( i i )  (A) Calculate the wavelength of the l ight emit ted from the LED.

(B) Use information from the data sheet on Page tzuo to deduce the
colour of this l isht.

(ii i) The table below gives the values of the work function for three metals.

Metal Work functionll
caeslum 3'4 x 10 lu

strontlum 4'1 x 10-1e
magnesrum 5'9 x 10-1e

I

2

Light from the LED is now incident on these metals

Show by calculat ion which of these metals,  i f
photoelectrons with this l ight.

(b) Light from a different LED is passed through a grating as

Not to scale grat ing
second order maximum

in turn.

any, release(s)

shown belou'.

3

Irgnt l rom LLU 

-

first order maximum
central maximum

first order maximum
second order maximum

Light from this LED has a wavelength of 6 '35 x 10-7m. The spacing
between l ines in the grat ing is 5 '0 x 10-6m.

Calculate the angle between the central maximum and the second order
maximum. 2

(e)

[x06e/301] Page eighteen



Marks
28. A student carries out an experiment to investigate how irradiance on a surface

varies with distance from a small lamp.
Irradiance is measured with a l ight meter.
The distance between the small lamp and the light meter is measured with a
metre st ick.
The apparatus is set up as shor,vn in a darkened laboratory.

l ight metersmal l  lamp

0 0'1 0.2 0.3 0 '4 0.5 0.6 0.7 0.8 0.9 1.0m

The fol lowing results are obtained.

bench top

Distance from sourcef m 0.20 0.30 0.40 0.50

Irradiance/ units 675 302 170 108

What is meant by the terrn irradiance?

Use all the data to find the relationship between irradiance I and distance
d frorn the source.

What is the purpose of the black cloth on top of the bench?

The smal l  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 is 0 '50 m.

\a)

(b)

lc)

(d)

2

1

The distance is now increased

State how the new reading on
at 0 '50 m.

Justify your answer.

to 1 '00 m.

the light meter compares with the one taken

[Turn over

2
(6)

black cloth
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Marks
29, (") About one hundred years ago Rutherford designed an experiment to

investigate the structure of the atom. He used a radioactive source to fire
alpha part ic les at a thin gold foi l  target.

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

?-----

(microscope fitted with
zinc sulphide screen)

alpha part ic le

( i )  Hor,v did the number of alpha part ic les detected at X compare with
the number detected at Y?

(ii) State one conclusion Rutherford deduced from the results.

\racuum
tafget
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Morks
29. (continued)

(b) A nuclear fission reaction is represented by the follor,r'ing statement.

' j ;U + ,1. -+ ' ' lcr + , ' rT + 4,1t

(i)  Is this a spontaneous or an induced react ion? You must iust i fv vour
answer.

( i i )  Determine the numbers represented by the let ters r  and s in the above
react ion.

( i i i )  Use the data booklet to ident i fy the element represented by T.
(i") The masses of the nuclei and particles in the reaction are given belor,r,'.

Masslkg

'1,1,t 390.219 x 10-2?

t '1c. 227'292x 10-27

tlrT 157'562 x 10-27

1
tt t r 1 '675x1027

Calculate the energy released in the react ion.

lEt{D oF QUESTTO|{ PAPERI

3
(8)
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