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Soote%

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?
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5>
8
%%
%
<
?v
oL
25

0000,
SRS
SRS
< QQ

X

oo

QR

5

X

work work
done done

383
o0
~

X

RS

ool
%
020

5>

%

25
35
Bo%ess

5>
8885

Petede!
Seteleds
poteses
SSK5

0%
%%
L

bt
bt

REBE

SRR
0>
%

<

9%

0%
SRR
00

0 0e 0. %%
S
A
R

o~
R
AR

YK
S

o
o
oo’
<
2%,
B~

9

braking distance braking distance

LI A 1 B

6
%ol
R

9005 %
2085
1 89%
o
otect
QLY

0900 19088
LS
KAPKK

0O
20%%

work work
done done

QO
RS
SO
-
o,
KEERS

SR

SRRKRKKE

SRR
ISR

RRLARKLASS
NI ¥
doled

braking distance braking distance

b c 1 D

(b) Before the car brakes it has kinetic energy.
The kinetic energy decreases as it brakes.
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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)

] 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
29
0%
5 <5
S5 R0
o R
NG A
SRS L
IKITERKS KA
SRS X
SRBERRs K
Lo TR 050 0
NS 5,
XL G
DO 208 SIS
Dososvar OSo TR ¥ 0 0%
DOoaT 1508 0% L8
S S
LXK e
S b2 19308
SIS K s
BB, Q5SS
SEIIS  SELLSS
G 9% e g%
SRS SRR
g5 SSBRA
I Kl
L O
TR . 0%
s s
X% GBS
205 b
25 QTS
OSSR %! %%
9% el 295 s0g%
SRy ST
S PBS Sommas
KIS AR
N7 2%
SRS v
<SG o
S RRES o
RS 55
¥ 200 &
o< 200
&% e S
5% e
29 <
oS v
2 0
15
% %
K< K
RS @
S SRS
2 Fo%el % 9%
3 LI,
KRR
KLRREE,
KR
pasesetede
SRR
KLRREE,
LERRRK
8
RIS
KERRE,
Dogaesesst
SIRHERS

P 5 6 4 0 2 A 0 4 3 2



T
M
P

.
e
V
a
W
the
| of ork
ave C cm
r T in
ft HH i e
(o) [ — nc
n N ] a
€. io T . ist
av ect in \ dis
w i =
r di m )
te ] (2
a m /
fa Wter' N >
0 a
11 ye e.
ram he w. - \\_ Y av
lag t = 5 : ew
ad on = 1 f th ave
is ing / 0 w
2i atin 10 10/ gth the(z) ‘‘‘‘‘
re lo \ y n — o
Figu kis f 5 >\ 2 ele th= o
r re av ng o
(C) co 0 iau WwW. le o
A ig he e -
F Vi -
ht t a o
. re W .0
- helgm _5 asu cti
o in e ire
’%‘:0.» | m d
«:tztzzzzz 10 c
tz“‘@;:: - t
::%» m to
::3::::332 ra e
»QA.},’: . .
diag o
‘&,,m' la
<4 i
W?th: he re
:"}'5,";2‘ % t S )
:ozgﬁz : e n e 2
00’0;@: &5 < k. V Z. (
*‘o'o*;« £ o r 0 H
2233::;:. < 5 le o 5
::3;:‘_; <& % :: a C k m 1'
” @" sc he r f
’s‘-w '3-‘*»
.."‘ ”»-. the of e co oo
‘.{«o 4",»
iﬁ%*%zsg se ion th en
:% 103» :::trgb»% U 10 W u
z 5 ot 0 q
5 = i
” ..é ( m eh fre
"’” he d a
ow:’t: 3‘&,.‘«2" t lu
" "’ ibe inc an /s
%%::t&: t‘tzg::z fl d m m
.. sc ul 25
&.:w »,. »
::::gzzz: De ho 0.
:‘::,::: ::323::::' i) s o Y,
Eg?:::: Eg?::::: (ii u o
::::gzzsg ::ézzssz Yo o )
ii%::::: i%???fi: o ks
.....::::. le s r
::::.«0» :::{0!‘;:» e - a
::::§§§§§§ o m
’%««» & ".-‘.0» a B 9
"‘090:’» "‘a&‘» W -
22*';&30% :3::%2»% =
0,«;;,:: »o.;::.t a -
s 2
»*.‘,-».. O%w«» ha = n
e 5 & o d
oogv-‘ »., 00%0,«.. -0
0‘0,%» "0(04“0. I
”0\!’3":: ”’( 3o € € t
= av d. be =
::.::'%gisi rw ee S u
EE?E;A:EE: :§§:§§, .. te s p ve r Q
»:;; »o‘.t ~ a
o«ez.:: m.;::. a e w fo
z;i,z::r: tw av I
:’w"zkt‘. ....... n ta
35: 3%‘;‘7:3“ ------- re ew o
», »,«01‘»‘: ...... h (T
»,A w,(,‘ ‘‘‘‘‘‘ iffe t
o o di e
28 |- A lat
§:‘ §§.~’ .... ) u
< 5 ' d alc
223: 3 C
000 000
»0,. 2
000 000
000 000
& &
5% oSt
000 000
000 000
5 &5
5% oSt
000 000
000 000
K ol
5 3 o
K 0»».’ &
& 322,,:3::
% 333:;&?‘
K »0.9,
22‘.,, 23:;
000,’0 ::.
i“z.::‘ 5 %
223;& % =
4 22;;",
22",.-’
000‘ ..
e 2
§§§{f::
0‘0‘. £
& % 5
§§.§z~;::
""fw"’o
::::";z»
»*.;'z;::
oo "0420»0,
.., 00*««0»
= "’o%w»
ol “‘0’.«»
> ::::::0«0,
3 »0.0.3222
:3::3:::::
0.,030323’ “‘o««»‘ \.
223:2::::: ::tzt:::::
“00’&»0, ”0”&0&.
»0.«»» "‘00««
"’0‘«0» “’0‘&
“‘0’«»0 "’0’
“00’.0«0, £
00*.««» s
»00.00»
“‘3’»»0
"00%0000,
00*.««0
233:2“
X

5

—
| 2
r
e
v
)
m
Tu
Hjil
Il
I
N
i
|| ||| 4
|| I“ 6
i
||||| P



PMT

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.
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(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)

QR
0%

5
0505
50

focallength = ..

0
oo

; ‘6 B
SRR
SHRKHLRKS,

ZRIERS
KKK

f
0)
SVave
0
LR

046
detolete%
r

oo

9,69

L0
58

O
S
K
% b
XK
K

e
%
S

S5
K g
LSS
SN

}~ -
S

o
S
PO

9%

%
<

SO
K
KL

QK
%
QG
LS5
‘\‘ -
2%

IR
IRRERS

25
DSt i

ST
LR )
KN

0.0
N
‘Q
%
K
o

<
<

%
%
%
4:%?’
SoSotezeds
pototeres
SRK

]

2%e%e%
<&

¥
%
RS

ook
RS

X423
KL
R
>
o
O
O

SRS
SR
SIS
000&%%%%%”"&@
%,

0395938
I

I8

IR
SONLLRKAS
o
2%
<8

©00
o
6262 %%
55

Sodeseds
3
SR
255
<

0%

XX
<
IR
X

S5
%

K

258

P 5 6 4 0 2 A0 8 3 2



PMT

(b) Figure 3 shows a semicircular glass block.

K

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.

(4)

J
X

o
RSKE S

% &
N AMKK
SARKEGAERRS

Y

3

OO
:?m %ﬁ$&§g Rotele
J

NS
SXARRERS | ettt ettt bttt bbbtk b et etk b et £k b et E ke et e Aok e Rt et ke b et A A ke b et A ke R et A ke Rt AE Aok oot A e A eb et Ak eb e e Aok e Rt e Aok e et A e ke b et S ke b et Ao ke b et A ke e et Aok e et E kb et et ke b et etk ebe etk ene e aen
LKL
IEEK,
o Setetee!
SR
SRR
KL
90 KRR
S, SCSEES,
Ooesetese? pasesesete!
KRRKLK LRRKKS
590K KK
SIS, SRS,
Aot S5
KRR KRR
590K KR
SSEES, SSEREES,
IRRIBBL SRIIIEE | ettt bbb bbb R h e ke b bbb b4 RS R R Rk R Rk b b ek b E oS E e SR SRR Rk R bbb bbb d e eSO R R bRk b ke b bk eneben s s bt
KRR KRR
59K KKK
SRS, SSEREES,
oSt paseseseses
SRR SRR
50K, KK
LK, KKK,
SO RIS,
UL LRRKER
R0, KRR
LR SR,
S R0
e SRS
9% 05 000 0%~ 0!
SRR KRR
SEOXX SSARES
oot =23 S OO OO OROROO
P
KX A
ALK
SEESKK,
SIS
pooge-stute
%
%
ot
%!
&5
bosst
3558
botel
&
&
K
%!
%ot
8
%!
%!
Pt
&3
3
0o
K
K S
s S
1 KL
LTI e
REPRRS REPR
52 SN
- \
KEBLL KL
KL IR
Setoteel IREES,
RIS RIS
SRR KNS
SRR SRR
HECORK KNS
SR ERIESK,
LR LR
RIS SRUELES,
dSetotole? dSetotole?
SRR IS
R R
SRR SR
LIERXK LIIRXK
LI QBEEKK
KRS KRS
SRR SIS
SRR SRR
KHRKHK KRR
Sotee%e! GELSK,
A J
SRRLLRS IKLES

9

L
R 0 O A 00 Turn over »
P 5 6 4 0 2 A 0 9 3 2



PMT

(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.
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$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.

QOO
SIS
CRILELE
205954, b«

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.

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

K
speed of sound = we—m where Kis a constant.

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

999 9.3 '8¢

0831998
2
5
<5

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)
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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
object moving in a circular path.
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(ii) The objectin Figure 11 is moving at constant speed.
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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
0%

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)

<

o6
o
S
K
5 et
55
5%s, 5P
SN
XL %,
I KK
0t S
0 1% SIS
bots v 08 Rateraretes
SR RS
bog-rntes b0 @ 398
SPPESS KNS
UM S
ST be% 170 938
CRELXS RoStmarets
XSRS XSRS
5550695 Batoseeness
K SIBL
boteses

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.
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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.
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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
atmosphere
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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.
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( )

10 (a) Stars may originate as a nebula.

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

K

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.
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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

4x71xDxR? .
M= 3 where D is a constant

M =4 x 10*° kg

D=6 x10" kg/m?

e

<

s Use the equation to calculate the value for R.
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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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