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Answer ALL questions. Write your answers in the spaces provided.

Some questions must be answered with a cross in a box [X].
If you change your mind about an answer, put a line through the box ¢ and then
mark your new answer with a cross [X.

1 (a) The work done to bring a car to rest is given by the equation
work done = braking force x braking distance

Which of these graphs is correct for the car if a constant braking force is applied?
(1)
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(b) Before the car brakes it has kinetic energy.
The kinetic energy decreases as it brakes.

State what happens to the kinetic energy during braking.
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(c) The graph in Figure 1 shows how the braking distance, d, of a car depends on the
velocity, v, of the car when the brakes are first applied.
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An equation relating braking distance, d, to velocity, v, is
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2 (a) Which colour of visible light has the longest wavelength?
(1)

[J A blue

[0 B green

[] C red
D yellow

(b) Some television remote controls use infrared radiation and other remote controls
use radio waves.

Explain why an infrared remote control may not switch on the television from
behind an armchair but a radio wave remote control always will.

QR
0%

5
0505
50

5
oo SRR
RRKE

XL RIS

e KRS,

S S

Jo S
> S TIRY o %05
NS SR
LIS LIS
SN N
ST AN
DoseTetonet 25k
Sy 055 SRS
SRR KL
Sl XS
Lt LTSS
KEHERS KGR
S RIS
DOoaT 1508 0% L8
KO LD
KogeeS 29398
SIS K S
VBB, Q5SS
SHELLRL KX x
SRS 09 e
g5 XS

2 b
£ 2

55 o=

55 5

KRS kS

S TR % %%

9% el 295 s0g%
SRy ST
SIS S mmas
KBRS KA
e 955 "

V%

s, <

‘b
PR
el

oo
RS

X423
KL
R
>
o
O
O

SRS
SR
SIS
000&%%%%%”"&@
%,

0395938
I

I8

IR
SONLLRKAS
o
2%
<8

29305
25

9000
SRS

KRS
R
SRS
PRI

%
XY
5

9%

X
ol
<
<

P 5 6 4 0 2 A 0 4 3 2



06
SN
<IN

%
fote;
N

R

QO
e
K A

0>
¥
I X

%
9
ot

oY
Se8

9900, 0.0
RN
)

J¢

¢
4 J
R TBILRRRI

2
J

D

|
b
KHLKL

R
K8
L5

%

5

o5
§
X5

o
5
K

oS
55
<

55

b
%

<Y
”‘V V.’V"'
X
@ .
<
>3

X}
QKRS
5
99
125
0395938
QAR

o0
5
XX
S
05
o%
0ot
S
o

(RO 000

0%

O
Sodododet
degodotetotodes
O
SSotetesels
Seotetelele
KSEREIES

%

%5

<R
RERRS
036%%6%%

<R
RERRS

5
58
<

K
25
555

X

9%
%
0
%
KEHRKLKS

(c) Figure 2 is a diagram of a water wave.

A cork is floating on the water.

- direction of travel of the wave

100 1M T T T
- cork
> u
height 0 / N .
in cm N\ N = distance in cm
\ 1Y)4 | X
_5 \_/ \ /
-10
Figure 2

(i) Use the scale on the diagram to measure the wavelength of the wave.

(2)

wavelength =

(ii) Describe the motion of the cork.

You should include how the cork moves relative to the direction of travel of the wave.

(2)

(d) A different water wave has a wavelength of 0.25m and a frequency of 1.5Hz.

Calculate the wave speed.
(2)

wave speed = . ... m/s

(Total for Question 2 = 9 marks)
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3 (a) Carbon-13 and carbon-14 are isotopes of carbon.

Nuclei of carbon-13 and carbon-14 can be represented by these symbols

12(: and 12C

Complete the table for an atom of carbon-13 and an atom of carbon-14.
(2)

number of neutrons in the number of electrons in
nucleus orbit around the nucleus

carbon-13

carbon-14
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(b) (i) State the name of an instrument that can be used to measure radioactivity.
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(i) State two sources of background radiation.

255
9
2%
2% 25
KRR
S 25y
> SO R
439} 9%
297 @ e * S
CRRE L
S AN
Kol R
SR e
Y o RS,
XS K588
008, ¢ 000 SIS
S RIS
o 2o e~
S o
SIS K S
SOGEES  SOEESS
bo%cew oS QO rivio%s
K S
J<s i
(XX XK
o=
o
K du
A% o
S TR % %%
9% a0 9% ety
ST ST
SIS L mmas
% PR
I KNS
AL 20
SRL =
SRR o
Sl ¢
A X
&S 0 %%
K5 RS
oS e
5 O=ated
215
B %
5% 2 8
LN S
: Y
03

XS
Sotosed
BES

o5
%

2%

ORSLERILER
SRRKEIAEKEL
QLLRIKIBLK

%
QR

SRS
%

0%

5K

X
ol
<
<

P 5 6 4 0 2 A 0 6 3 2



(c) Carbon-14 is radioactive and has a half-life of 5700 years.

The number of radioactive carbon-14 atoms in a very old piece of wood is found
to have decreased from 1000000 to 125 000.

, : Determine the age of the piece of wood.
- (2)

: ageof wood = ... years

(d) Carbon-14 decays into nitrogen-14.

g The symbol for nitrogen-14 is N

Explain what happens in a carbon-14 nucleus when it decays to a nitrogen-14 nucleus.
(2)
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(@) (i) Which lens is a converging lens with the greatest power?
(1)

LJA B 1 c LID

(ii) The equation that relates the power of a lens to the focal length of the lens is

1
focal length (in metres)

power (in dioptres) =

The power of a lens is 5 dioptres.

Use the equation to calculate the focal length of the lens in cm.
(2)
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(b) Figure 3 shows a semicircular glass block.

Figure 3

Describe how a student could use the semicircular glass block and other
apparatus to determine the critical angle for a glass-air boundary.

You should add to the diagram in Figure 3 to help with your answer.
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(c) (i) Along time ago, scientists believed that the Earth was at the centre of the
Solar System.

Evidence has since proved that the Sun is at the centre of the Solar System.

State one other idea about the Solar System that has changed over time.

(1)

)
SRR
ICHERR

SIS

%
<
\:
505

<
SHERLS

CELRXE

RIS

CORARK
SONELEK
SR
W%
R

% >
B

<
%%

<
b 299%
oSt anese
A

;

3
QREIXKY
SRR

QRIIKK
RERELS

OO
SRR,
4'€$#$’
P oK)
CHRREK
SLRRKKES,

oo
RS

X423
KL
R

R

X X

(9.0 %3%
SRR
RIS,

<
%

SRR
h9¢

55

0950

25

X

S
Soseseds

0%
X

<
293828
050200
RGEIRE,
KL

0’ :
KKK
S

000
2
REORKEIS

K

%
%%
X

RRRRS
o%

K
?&

e

<

10

P 5 6 4 0 2 A 0O 1 0 3 2



m.
ste
rSy
ola
S
he
of t
ets
lan
he pit
of Ju
e
m
o)
for's
data
s
W
sho
ure 14.
Fig
(ii) a
( 12.0
, T
%3 .0
.g::::: 10
:%,:tzzz !
t:"»::::: 0
90
g??fgzg w: | |
iig’:‘:fzg 0»:‘»:;}:‘: .0 rs 00
oo 'Ofn’» »0‘-.9»0 8 8
00.«». K »0‘: tf'. a
@@ ::;‘:::. M |
’ S 00
o - km )
: . . of 5 e
th 0 h 00 s ter, ¢
”"""“ rs 6 rt 6 n i o
23:&:«%: ng a | io p S
00.?.«0. a |I u
:::o;::z:: le e B 0 | ) .
\ thy 50 m d llio
”0’9‘:’0* . n i
osv.,»w e r - S T in a n.
:2:"< 323 y a 0 . m )
e 0 E 0 u 0 n rs Su n . s
00 /0000 . n -
»4"000» . 4 4 u a u ) k
o .9,. n e ) r
! v o es ed Fie o a -
0“"A‘ <
*’ 5 ury 30 th ur enof th . Tm
2% “’00» 0» L
J aast . m Fig e o 1
2"‘:::2" ::::::::: 0 e 00 fro et rb fr =
"'{"’ ::tzg::::: 2. M ) b o 4
»’0,«0» »00.000» e S
:‘::,::: :::::::::. | C n e re n
22‘3:3222 2333332223 00 an Su on e io
»0000» »0.«»»
33%3332 §2~I§§§?§§§ 1dist he ke o est
»00.000» &."_;‘0,
»0»«« 0».‘ ) 99 a 3 u
o ts th ce Q
:::::::::: ::‘;z:;;zz 0 bi o n = r
o ista un | fo
’3.«’35:: ::32-%:: tor di S
ha ea e e ta
t hy th th (To
"*“ id t o m
:‘:.z:::: z::z»z:z:: o a t
»‘,‘{?.0 ’ 0»‘ 'a,‘»,. r a ro
uv;'» »%v»".o, e E f
st 6 tim s
:‘3'.:::.:: ::2:;;:3:2’ a 4 s re
anes e Ce
=
an hto g. of
3::‘,5 :3::‘;“::’ S C in
0‘@ »0‘.5.:‘» e S P k| e
»0 LS »‘o,'.%o r a C
»0' 0%“,0000. e r r
. :::::::::: Ce k g o n
K %% «0.00.000 a ta
2 :tzg:::::: tt e w is
»0( »0.««»
0» w‘.&.«o
z:::::::z: Us y
% :::::::::: w
z:::::::z: ho
:::::::::: S
<
0» post 9%
X o =X
< <
i >~ i
3
00« <
.
1’
§§§§§:§§§
::3:;2—,:::
S 2:3:222222
B \
.v.:::::o ::g:::z:::
»%%w» 000.0
000.0
s
v

11

| 2
over
rn

Tu

|II| 1

i

2
I
|| ||I 0

|| I" 6

i



$50K

-
5 Figure 5 shows a way of projecting a small trolley up a sloping track.

button

track
trolley

Figure 5
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When the button is pressed, a spring is released in P that projects the trolley up the track.
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The trolley travels up the track, stops and then rolls back down.
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The spring in P always exerts the same force when projecting the trolley.

(@) A student investigates how the mass of the trolley affects the maximum vertical
height, h, reached by the trolley.

State the measurements the student should make to complete the investigation.

0
S
AL

You should make use of the equipment shown in Figure 5 and any other
equipment that is needed.

SR

CRIERICIICAR KX
OO OG0 P
SIS KA

RIS

%
%

CEXAAAN
SRS
R R
S A
IEATREL
b0

005

<
2R

|3 Vi [
KN
S K X

-

o
Q
28

]
pdeterered
botoes
SRRKKRS

11
%okl
RERRS

Q0
R
X
34 i
- oa
RN

QA
KIS
GRLS
IR

o
RS
0505956

5
20K
5

SRRRILLL
IR

Dot teatetotetotete%:

K

6
%5
K

LIRS

%
9%

s
"

X

00008

X
ol
<
<

12

P 5 6 4 0 2 A0 1 2 3 2



(b
)
Fi
gU
re
6
is
a
gr
a
ph
Of th
e
st
ud
e
n
t"
S
re
su
Its

0.4

%
%98
X
5 o
0.‘0‘ »0»
0.‘4- -«000
::3:"‘:::
&0‘ 2 o
000‘5 A
00{' f&w »0
0»&"«0 0» -
&;"zw» progs ﬁ?
3@ ‘;.‘
::::‘::::: s:.:zzz
::::3::::: o D
»o.%w& ::o.v’f‘,»
’2:332:222 .;:‘:z.z:
.««:: w,o’o,go
;
5 :.,:tzzzzz
S ».%«‘g;
§§§§§§§::
0
::::3:::: 22
::::3::::
:%:3:::::
&L 000000 \
3:3:::::.
:::::::*:: \
\
»."‘ 3300 0 \
0»"4‘ {05
».03':».0 2 \
::3‘;"?3:’ 0
o‘w.’%
“’\320 h
i ne Ig h A
7 .
8 3
I
\
0 3
.'I 6
\
\\
N\
N\
N\

0
( &
L6
ks
<X

014

0%
':f::»
«: 4’»

.0'4 5

:& 5
S

3

.

o%
<
9%
%
X
<

K
&

%%

00
&L
0::

%
9%

‘00
2]
o

05

<
0%

by
5
,."
RIT
9% X

S
=

%
5
:

0%
000
<

% "‘vA
>
250
0

0.10

R
‘00
KL
%%
L

oo o5
0.%0
0.%0
»»0

00»

09

X

000
00

55

9

0
6
0
0
70
m
a
sS 0
Oft.80
rolle
y.
in 0
k 9
g 0
1
0
0

0% o9
»&
0.00"

Fi
i
gure 6

Th
it _e
is Ztud
se e
d nt
. o
a
te
S
th
a
t
th
e
e
n
e
rg
y
tr
a
nsferr
ed
b
y
th
e
S
pr
in
gi
is
th
e
sa
m
e
e
a
ch
ti
m
e

&
0.0
& %
0.0
&
::o "
0.0*‘ 02
»o‘ o
«.0 y‘»
»&0'&,,0‘
0.0‘»‘0»’
».‘ = %%
«;f’w
0»‘,0',,‘
0.0*“0».0
po% i <5
w.* 19».0
».'-10»
‘& “Q‘ ‘:’. U
£ 0,0‘"’»
0 B &L s : S
».u ‘.0 - e
% .p’. .‘.t’v_ X .
K 1:0’ 0,0‘ .X..o d
i a
of}z:» 0‘.*:1"0’ t
::gztzzzzz ----- a
00,0’«0» »,o‘v"o.‘ ~~~~~ f
22:3:3322:’ 3:."5‘302 """"" r
»,o’«»o 0»‘>} "o " " (o)
»,0’«0» »&u 7 ” "
o,o’.o‘»& »,o“ 25 " - m
»,0’0«00 0,0’}".0 """
».o’«o« ».o’«::o : -
o,o’«o» »,o’«»o """ a
»,o‘».’ »,o’«o» - -
.o‘o» 0,0’,0’».0 - - n
«» ».o’«ow '''''
o »,o’«»o " -
) »,0’«0» - - t
»0,0‘».0
»,0’«000 W
00.0”0000
»,0’«0» (o]
“333:::‘
poo p
% (0]
<> M
L ints
on
t h
e
jra )
-
i
gur
eb6
su
)
or
is
sta
te
m
e
n
t.

13

'I°|||| [l
i |l
i Il
' Il
I
A Ill
I
i
i LIl
’ Il
2 ll
-
u
rn
ove
r
| 4



(c) Describe how the student could extend the investigation to determine the
average speed of the trolley as it rolls back down the track.

(3)

(Total for Question 5 = 10 marks)
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r

6 (a) The diagram in Figure 7 shows two students, P and Q, trying to measure the
speed of sound in air.

50m

Figure 7

P will clap his hands together.
When Q sees P clap his hands, she will start a timer.

When Q hears the clap, she will stop the timer.

Explain one way the students could improve their method.
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(b) Figure 8 shows a long metal rod and a hammer.
The rod is hit at one end by the hammer.
This causes a sound wave to travel along the inside of the metal rod.

metal rod

—/

hammer

Figure 8

Describe how hitting the rod causes a sound wave to travel along the inside of
the rod.
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(c) Sound travels slower in air than it does in water.

Figure 9 shows the direction of travel of a sound wave approaching a boundary
between air and water.

The sound wave refracts at the boundary between air and water.

air

water

direction of travel
of the sound wave

Figure 9
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Complete the diagram in Figure 9 to show the direction the sound wave travels in the air.
(2)

5
oo SRR
RRKE

XL RIS

e KRS,

S S

Jo S
> S TIRY o %05
NS SR
LIS LIS
SN N
ST AN
DoseTetonet 25k
Sy 055 SRS
SRR KL
Sl XS
Lt LTSS
KEHERS KGR
S RIS
DOoaT 1508 0% L8
KO LD
KogeeS 29398
SIS K S
VBB, Q5SS
SHELLRL KX x
SRS 09 e
g5 XS

2 b
£ 2

55 o=

55 5

KRS kS

S TR % %%

9% el 295 s0g%
SRy ST
SIS S mmas
KBRS KA
e 955 "

V%

s, <

‘b
PR
el

oo
RS

X423
KL
R
>
o
O
O

SRS
SR
SIS
000&%%%%%”"&@
%,

0395938
I

I8

IR
SONLLRKAS
o
2%
<8

29305
25

9000
SRS

KRS
R
SRS
PRI

%
XY
5

9%

X
ol
<
<

18

P 5 6 4 0 2 A 0O 1 8 3 2



$50K

999 9.3 '8¢

0831998
2
5
<5

&%
%

00, &
SRIZRR

(50 0-6 000
005 0

5
-
Py

>

L%

35
LK
GRS

e
SogsgaNess. 1 4
K3
0%

%5
2L
.:.
58K

<R
255

2050
e

o%

s
SRR
RRRGS

<
<

%
&
3K

<2
<g
2
<

e
<
%
%
%
%
%
9%
<
%
%
%
<
%
%
%
<
%
%
%
<
%
%

KINK <D
%

<
7

N
RN
XA XA

0000000000000000000000:0

ORI
R S e
OO oot Sttt et otetetetate et

IR LRRIIIIILLRKLSIK

R R IR RKIIIRLLERS

L

%%

5
%
s

S

8!
ooéy
255

X SEERRLEEILRRLELLLLILLELKL

<
byt
bt
<
rxs

9.9%
19e%%
000
A

%

(d) Sound travels slower in cold air than it does in warm air.

The equation relating the speed of sound in air to the density of the air is

speed of sound = N where Kis a constant.

(density)

The table in Figure 10 gives some data about the speed of sound in air and the
density of air.

speed of sound = density of air
inm/s inkg / m?

in cold air 331 1.29

in warm air 1.16

Figure 10

Use the equation and the data in the table in Figure 10 to calculate the speed of sound
in warm air.

Give your answer to an appropriate number of significant figures.

(3)

speed of sound in warm air = .

(Total for Question 6 = 9 marks)
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GRRAKXK GRRAKXK
GRRXK 888 M )

- | 7 (a) The force that keeps an object moving in a circular path is known as the
(1)

] A balancing force
[] B centripetal force
[J € reaction force

[] D resistance force

(b) Figure 11 shows an object moving in a circular path.

Figure 11

(i) Draw an arrow on Figure 11 to show the direction of the force that keeps the
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(c) Figure 12 shows a skier on a slope.
The skier travels down the slope with a constant acceleration.

The speed of the skier is measured at points P and Q.

Figure 12

The table in Figure 13 gives some data about the skier making one downbhill run.

acceleration 3.0 m/s?

QR
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5
0505
50

speed at P 7.6 m/s

speed at Q 24 m/s

Figure 13

(i) Calculate the distance from P to Q.

Use an equation selected from the list of equations at the end of this paper.
(3)
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(i) Calculate the time taken for the skier to travel from P to Q.
(3)

timefromPtoQ= . . S

(Total for Question 7 = 10 marks)
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8 (a) Energy from the nuclei of atoms can be used in medical diagnosis and treatment.
(i) Fluorine-18 is a radioactive isotope used in PET scanners for medical diagnosis.

Explain why fluorine-18 must be produced close to the hospital where it is used.
(2)

(ii) Some tumours inside the body can be treated by using either alpha radiation
or gamma radiation.

Explain why the source of alpha radiation is usually inside the body but the
source of gamma radiation can be outside the body.
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(b) (i) In a controlled chain reaction of uranium-235, which of these could cause a
uranium-235 nucleus to undergo fission?
(1)

an alpha particle
a beta particle

a neutron

O n w >

a proton

—
~

The kinetic energy of one of the particles released in a fission reaction is 1.2 x 107" J.
The mass of the particle is 1.4 x 10 kg.

Calculate the velocity of the particle.
(3)
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$50K

(

9 (a) Some sunglasses have photochromic lenses.

Photochromic lenses are clear when the lenses are indoors but they darken in
bright sunlight to reduce the effects of the sunlight.

Photochromic lenses react to ultraviolet light.

Suggest a benefit of making the lenses go dark with ultraviolet light.
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(b) Radio waves from Jupiter take 40 minutes to reach Earth.

<
poosseeses
9992

Light waves from the Sun take 8 minutes to reach Earth.
Calculate how many times further it is from Earth to Jupiter than from Earth to the Sun.

State the property of electromagnetic radiation that is used in your answer.

(2)
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(c) Ultraviolet waves cover a range of frequencies.
Scientists divide this range into three types, UVA, UVB and UVC.

The table in Figure 14 shows the frequency range for each type.

type frequency range in Hz

0831998
S
5
<5

UVA 7.5x10t09.4 x 10™

UVB 94 x10"to 10 x 10

uvcC 10x 10 to 30 x 10™

Figure 14

Figure 15 is a diagram about the effect that the Earth’s atmosphere has on three
types of ultraviolet radiation.

Earth’s
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Describe how the effects change with wavelength, using information from Figure 14
and Figure 15.

The width of the arrows drawn indicates the amount of radiation that is involved.

Calculations are not required.
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*(d) Radio waves and gamma radiation are at opposite ends of the electromagnetic spectrum.

Compare how these two electromagnetic radiations are produced.

(Total for Question 9 = 13 marks)
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e e N

| 10 (a) Stars may originate as a nebula.

999 . . .
S (i) Describe the process that then occurs to produce the conditions necessary for
nuclear fusion in a new star.

L8888 . . L . .

S (i) The energy, E, released in nuclear fusion is equivalent to loss in mass, m,
% . .

3 according to the equation.

%

E=mc?
where c is the velocity of light.
c=3.00x 108 m/s

In 1 second, the energy radiated by the Sun is 3.86 x 10% J.

Calculate the loss in mass of the Sun in 1 second.

(2)
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*(b) The Big Bang theory gives an explanation for the origin of the Universe.

Explain how evidence supports the ideas that
e the Universe is expanding

e the Universe began at a single point.
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(c) A star has evolved to become a neutron star.
The mass, M, of the neutron star, of radius R, is given by

x 1 xD %xR?
M=4 E3D R where D is a constant

M =4 x 10*° kg

D=6 x10" kg/m?

Use the equation to calculate the value for R.
(2)
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-
Equations
(final velocity)? — (initial velocity)? = 2 x acceleration x distance
V-ut=2xaxx
force = change in momentum =+ time
mv —mu
p_ lmy—mu)
t
energy transferred = current x potential difference x time
E=IxVxt
force on a conductor at right angles to a magnetic field carrying a current = magnetic flux density x
current x length
F=Bx1x1
voltage across primary coil ~ number of turns in primary coil
voltage across secondary coil number of turns in secondary coil
V. N
b __r
V. N
S S
potential difference across primary coil x current in primary coil = potential difference across
secondary coil x current in secondary coil
V xI =V x|
P P s s
change in thermal energy = mass x specific heat capacity x change in temperature
AQ=m x c x A8
thermal energy for a change of state = mass x specific latent heat
Q=m x L
P1 V1 = P2 V2
to calculate pressure or volume for gases of fixed mass at constant temperature
energy transferred in stretching = 0.5 x spring constant x (extension)?
E="% x k x x?
pressure due to a column of liquid = height of column x density of liquid x gravitational field
strength
P=hxpxg
\
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