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m = method mark
s = substitution mark
| = alternative and acceptable answers for the same marking point
' = separates marking points
NOT = answers which are not worthy of credit
( ) = words which are not essential to gain credit

= (underlining) key words which must be used to gain credit
ecf = eror canied fonrard
AW = alternative wording
ora = or reverse argument

Qn Erpected Answers Marks Addit ional Guidance
1 ( a )

1 ( b )

A

o 1
2 B 1
3 c 1
4(a)

4(b)

Amplitude = 1.5 mm /

Frequency = 1/0.02 / = 50 Hz /

1

2 lf 20 s is used as period
the answer wi l l  be 0.05 Hz
This is worth one mark

5(a)

5(b)

s =  5 0 0 x  3  x  1 0 ' / 2  t  = 7 . 5 x  1 0 ' '  m

take two distance measurements at known time
intervalt /
average velocity = sll,/
(OR doppler eftecl ,/ arguments leading to v/c =
LAJ^{ |

1

2 The first mark rs for
statement of a measured
time interval.

6 C = Q N = 2 . 0 x  1 0 - / 4 . 5  {  = 4 . 4 x 1 0 ' F t 2 uF ok
7 C=QA/ units of Cap = coulombs/volts /: 1V = 1

Jlc,/
Leading to C2 J-t
OR Capacitiance = Q2 / 2E c2 J'1

z

8(a)

8(b)

-€tKT = - 3 x 1o-2o/1.38 x 10'23 x 3OO / = -7.2
factor = e'r'z = 7.1 x 101 /

ioules (J) OR eV /

z

1

I pVff = constant / (OR pV = nRT t) 1.0 ilOt i
5.0/298 = P x 10.81257 t P = 4 x 101 Pa { J

1 0
(axi)
(aXii)

(bxi)
(b)( i i )
(bxii i)

(cXi)

(cxii)
(cXi i i )

2 . 0 , 1 . 0 . /  0 . 5 , 0 . 2 5 . /  ( x  1 O 1 o )
points / line /

1t( x lO'12) ,( = 2.5 x 1011
(65/600) x  2.5 x 1011 = 2.7 x 1010 /
from graph, 3000 t 500 years (ecf from (ii) poss) /

relevant comment (eg no living organism, no
calibration, NO carbon etc)/
relevant comment (eg low count rate)/ no carbon-14
too little ditference (in count rate) /

z

2

1

1
1

1
1
I



1 1
(a )

( b )

(cXi )

(c) ( i i )

enerqv required = 420Q J / no. of neutrons = 4200/3.5
x 1o ' r5  /  =  1.2x1ote

One interaction would cause only a small temp rise /
beyond resolution of instruments or heat loss
considerations of calculation showing increase in T
due to one particle or length of time to reach a
measurable femp. /

ae  =  Q /mc  =  3 .5  x ' t o -16 /E .0  x  10 -6x  7  0  x  10 {  /  6 .3  =
1o-{ K
a particle will be trapped very rarely because of the
small mass of detector OWTTE / many detectors /

z

2

2

1

Method must be clear

Both ooints needed

(dxi)

(dxii)

1 2
(a)

(b )

(c)

A p = 11.0 x  (75 -0.0 x  75) , /  =  825 kg m s- '  /

F = Ap/At = 82510.14 = 5890 N ./ 5E90/750 = 7 I times
body weight /
can use F = ma. possible ecf from (a)

longer time / distance (ie deceleration less) /
therefore force less /
head will not bounce /

graph shows that max force is lower / statement to
this effect /
graph shows same area under line / statement to this
ellect {

2

z

2

z

2

Correct calculation of F or
acceleration /
Comparison with weight /

Any2 f rom3fo r2marks

(c)

(d )

(e )

1 3
(a)

(bxi)
(bxi i )

Y and Z at same potential / therefore energy required
is independent of route in moving from X (OWTTE -

sensible statements)/

change in energy = 2.8 x 106 /  x 28 x 10'3 /  TEOOO J
energy per molecule = 78000/(6.0 x 1023) = 1.3 x 10'1e

1 3 x 1Q-'e = / ,  mf ='A 4.7 x 10-26 . /  v2 = mz s' '  /
v=2352 m s ' '
(OR %mvz = mAVg 1 v2=(2x2.8xt061 . /
u=15.5  x  106; t '2m s ' t  / ;

n  R T= 1 /3  Nm c '  /  lo rone mole  n  =  1 ,  N =  Ne So Nm
=  M ^ /
R T = 1 / 3 M ^ c 2 /

V, . ,  =  (3  x  8 .31  x290 /0 .028) t /2  {  =  510 m s ' '  /  12
or 3 SF)

although mean speed lower than escape velocity /
molecules will gradually escape because distribution of
speeds around mean / lunar temperature goes higher
than 290K / EolEmann Faclor /

z

2

J

3

2

z

2352 or similar only
1 mark

ecf incorrect mean speed>
V.r. 1 mark

1 4
( a )

(b )

Correct test carned out /
supporting statement /

Equating app?rent brtghtness /
1 5 0 0 / ( i x  1 0 2 ' ) 2 =  2 0 i l  s 2 . /  s =  3  7  x 1 O 2 o  m J

1
4
I

?
lf distances are not
squared 1 mark max
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l

?

1(a)
1(b)
1(c)

Wb
T
V

1
1
1

2 V^ n^
P _ J

Yr ns
20

1

1

3 c 1

4
i  : l i"t t  5 ,. 6.0'101a = 3.2"1010 Bq

1
1

5 neutron 1

6 E =  m c  a
E = 1 .2r10u i 1 .6" 10'te .1 t .s2x't0't3 .,1
ect'. m = Elc- = 1.92x10 /9x10 = 2.1x10

'30
kg

1
1
1
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7

-- alpha particle

,a\
t? 

--nucleus

further away from nucleus on closest approach
more overalldeflection

1
1

8 total dose = 0.01 x 30 = 0.3Sv
r isk = 5 x 0.3 = 1.5o/o

1
1

I B 1

10(a)

10 (b )

DF

correct units conversion
ecf incorrect units: substitution and calculation
F = B l l  - 3
f = 500'1Qj x 420x10'3 x 8x10-2
F  =  1 .7x10  N

1

1
I
I
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11(a) | any of the following, maximum [2]
. has a very high permeability
. easily magnetised (owtte)
o offers low reluctance path for flux
r Sffi?ll flux in coil gives much larger flux in iron
r iron atoms have a magnetic moment

11(b) | any of the following, maximum [3]
. iron is a conductor
. so emf induced as il moves through magnetic field of stator
. (eddy) cunents in solid iron
. heat up the rotor
o ehd provide a braking force on the rotor (wtte)
o large resistance between iron sheets
. so (eddy) currents are small
. minimising waste heat and braking force

decrease gap between rotor and stator
to increase flux density / reduce permeability of magnetic circuit

increase turns of wire on rotor
to increase lorcn lcouple on rotor

increase turns of wire on stator
to increase magnetic field on rotor coils

increase thickness of wire in coils
to reduce resistance / increase conductance

11(c) | any pair of the following suggestions and explanations 4

9
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12(aXi)

12(aXii)

12(bXi)

12(bXii)

V = kQlr ,.
r  = 7.4jr10' t5 + 1.9*10' ts = 9.3"10-ts . .
ecf incorrect r. V =g.'OrtOt-*-t.5-"tO'tt / 9.3x10'tt = 1.45x107 V

Ep= QV
"& incon"ct V: Ep=3.2t10-1e " 1'45x107 = 4'64x10't2 J

4.6x1 o'" I 1.6r10'1e = 2.9x107 eV = 29 MeV

any of the following reasons:

strong force between hadrons (wtte)
provides attraction of alpha particle to nucleus

(charge distribution) nucleus is not spherical (wtte)
because of electrostatic interaction with alpha particle

model is too simple to give correct answer (wtte)
quantum ideas should be used

alpha particle loses energy as it leaves the atom (wtte)
because of attraction to / collisions with electrons around nucleus

?
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)

I

13(a)

13(b)

13(c)

13(dXi)

13(d)(i i)

13(e)

P{rwcr

five vertical lines between plates
equally spaced (by eye)
with downwards anow on each

ACCEPT correct edge effects

negative
attraction to top plate / repulsion from bottom plate / force in field
opposite to gravity / weight

n = Qle = 4.8x10' ta /  1.6110'10 = 300 000 (3.0x105)

F = o E
F = mg = 7.4x10'e x 9.8 = 7.25x10] N
ec'f incorrect F: E= Ftq =7.25110-u /4.gxlO'tt = 1.5x105 V m't

E = Vld Gorl
V  =  Ed =  1 .5 r10u x  1 .0x10-2  =  1 .5x10a V

any of the following, maximum [3J
beta particles are electrons / charged particles
which cause ionisation (of air)
ions attracled to (charged) sphere
transferring charge to it on contact

1
1
1

1

1
1
1

a
I

1

3

1 5
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1a(a) /  =  50x10  A
ecf inconect l: I =.rpelt .1e . _B
n = l t l e  = 5 0 x 1 0  

-  
1 1 . 6 x 1 0  = 3 . 1 3 x 1 0

E o = m c '  - 3 1  E z
EO =  9 .11x1Q0 x  (3 .0x10  )
EO = 8.2*10 J
ecf incorrect Eg: Eo = 8'2'1O'tt / 1'6"10'1s = 5'12*10s ev

(<< 8.00x10 eV)

6  - 1 9  .  - ' 1 0
E=800x10-  x  1 .6;J0 = 1. f8x10__ J  -
p = Etc= 1 .28x 10 / 3.0x 10- = 4:27 r10't *r-l, - . --15
ecf incor;ect p: 2', = fi/p =-S.63x10 

- 
I 4'27x10 

- = 1'6x10 m
(800x10- J gives 2.5x10 m for [1])

proton can be modelled as a sphere / plate
diffraction minimum (at 25")
EITHER tr  =bsin0 OR.l . -D .1r
proton diameter .ppiotit.tely 1.6x10't' m (ecO

any of the following, maximum [41
proton contains quarks
two up (+213e], and one down G1/3e)
held together by gluons
which come in three colours
which electrons can hit if they have short enough wavelength
electron energy must be enough to create mesons
which are made from quark Pairs

1
1

14(bxi)

14(bxii) 1
1

14(bxii i) 1
1
1
I

14(c)

1 5
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