
ADVANCING PHYSICS 'CLOCKI/I'ORK UNIVERSE' MARK SCHEME
JUNE 20ol coDE 2863 (77331

1) (a) sample A has more nuclei P by a factor of eight P '' 
tOi 1t2a x 1600 P = 100 counts per second P . I4l

2 )  ( a )  1 . 0  x 1 0 s  x 2 . O = 0 . 5 x p  P p = 4 . 0 x l O s . P a '' 
iOi constant temperature. P (or other sensible) t3l

3 ) ( a ) L a r g e r a n g e o f . v a l u e s - - d i f f i c u | $ t o f i t o n p a p e r i f l i n e a r P .'  
ioi rat io = 1o4l lo3 P = 1o-s P. t3l

4 )  R e c a l l o f F = m v z / r P F = 2 5 x 1 . 9 2 n - 2  P = 7 5 N P .  t 3 l

-2  x  1o6J kg- tP .  t1 l
Point X is where field strengths 'cancel' OWTTE P .Moon is less massive so
for equal field strength point X needs to be further from Earth.P l2l

c  = (3 oV/Nm)tP = (3 x  1.5 x  10 '1ox 2.5x10-311 x 108 x6x1o'2711n P'
= t ) a a m s - t i  t i o x l o 3 m s ' 1 )  t 2 l
It would increase P by a taclor of 21t2 P. I2l

= 20 marks

5) (a)
(b)

6) (a)

(b)

Section A total

7)  (a) ( i )  1 .5 -  1 .6 Hz P .' 
i"i tii) approx same frequency P smaller amplitude P broader peak P I4l

(b) (i) when nat. frq. of molecule matches frq. of lR radiation resonance occurs P
irieigy from lR transferred to vibrationalenergy of molecule.P (response in terms of

10-14 s P
t51

photon and energy lev-els acceptable)
b ( i i )  T  =2 rc  (m /B) ' "  =2n  (1 .7  x10 ' ' ' 1510 ) " 'P  =  1 '1 (5 )  x

f  =  8.7 x '1013 Hz

Question total= 9 marks

8) (a) (i)

(  i i )
(  i i i )

(b) Boltzmann factor proportional to rate of evaporation P. Rate of evaporation
greater for ethanol than for water P . Rate of energy loss from body greater
(accept'cools it quicked for last point.) P . I3l

Question total = 10 marks

g) (a) using square counting: each 1 cmt square has value 0.13 Ns P approximately
15 squares P so change of momentum = 1.9 kg ms'' P. (can be done by
triangles: correct use of trianglesP m P e P .) lf simple multiplication only, 1 mark.

t3l

(b) impulse = change of momentum.
1 .9=0 .045vPv=1 .9 /o .O45P=42ms-1  P (ec f )  t 31

(c) larger change of momentum P increased initialvelocity Pincreased range!P (or
sensible physics alternative) t31

numberof molecules in 1kg = (1000 x6..02x1O237t^4p.0 P= 1'31 x 1o2s P.
average energy per molecile = 8.4 x 1o5t 1.31x io" 16.42x 10-20 P
enerqv = kT (approx) = 1.38 x 1O-23 x 310 ! = 4.3 x 1O'21 J P.
" t - e r r f 1 '= " to .4x ld^ -zo l4 .3x1o^ -21 )p=3x10 -7p .  lT )



Questiontotal=9marks

10)  (a )  ( i )  3= -gs / l  = -9 'px0 'O5O/3 '0=4 '16  ms ' 'P '  ^
(ii) .= u"'"il %;;i i: v:\9!6xO'22 = 3'2 x 1o'mP '

iiii) o.oso - 3.2 x 1o'' = o'047m P '

(b )  pe r iod=4x0 '84=3 '36s  P ' (3 '34s )

(cXi) acceleration always too largeP ' --..-:-- .
(ii) smatieriime increments P Jo error in assuming uniform deceleration

minimisedP

Questaontotal =Smarks

1 1) (a) (i) RC = 530 x 47p x 10-6 P = 0'25 s'
' 

tiij cl. F = v A'1 ' cvlP = c'ls' cP = s

(b) ( i) 2O'0 x 0'37 P =7 '4Y' 
(ii) 2.7 v, 1.0 v (both)P'
(iii) Points PlineP '
(iv) from graPh 0'13 s P '

(c) change value R or C P direction of change P

Question total = 10 marks

section B total = 46 + 4 QoG = 50 marks

Paper total 70 marks

t4l

I1 l

t3l

t3l

l5l

tzl
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(c)

Mark Scheme

0

(+)2e

(+)2e13
(accept correct calculated answer in coulombs)

m =  2x  9 .11  x  10{1  =  1 .82x  10s  kg
ecf wrono mass:
E = mCJ t.az x 10's x (3.00 x 100)2 = 1.6(4) x 10'13 J
(so 8.2 x 10'14 J worth [1])

Bq

llnc ol lhx

complete loop (accept right angle bends)
threading electric circuit

five arrows pointing away from sphere

about halflray along field lines,
at right angles to each (by eye)
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6 . A = Aoe'il (not N instead of A)
= 7.5 x  19s *  "ot r  x20 = 4.50 x  10 'Bq
(accept llp2= ln2l7u = 4.98 yt, A = Ad2' = 4.69
(accept alternative method using A = l.N and

x 10'for 1 mark)
N = Noe'u for 2 marks)
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7. (a)

(b)

e. (a)

(b)

10. (a )

(b)

(c)

60

Mark Scheme

any of the following, maximum [3]
. Cunent in primary coilgenerates a magnetic field / flux
. Which is changing / altemating
. Directed through secondary coil (by iron core)
r Resulting in a changing flux linkage in secondary coil
(resulting in an induced emfl

sine curve with same period as cunent (by eye)
in phase (or I out of phase) with cunent, any amplitude

ecf inconect flux curve
sine curye (i.e. rate of change of flux curve)
rl2 out of phase wrt flux curve (ahead or behind)

T = 1lf = 1/50 = 0.02 s
EITHER
peak emf nr pe?k flux linkage + I/4
peak flux linkage = 400 x 0.005 = 2.0 Wb
OR
Vo= Zrf x peak flux linkage
Peak flux linkage = 400 + 100lr = 1.2T Wb
(accept 8 Wb for 2 marks ecf)

9cf 10 (d) (i): r$^= Z.O so Q = 2.0 + 600 = 3.33 x 10€ Wb (= 64;
4 = ) 3.33 x 10'3 + 1.6 = 2.1 x 103 n]
(8 Wb gives 8.4 x 10€ nf , j.2Z Wb gives 1.4 x 1O-3 m2)

2fleu -+'flU + lHe
completely conect = [2]
inconect but balanced [1] j

any of the following points, maximum [4]. nucleus loses mass / binding energy (when it decays)
. resulting in kinetic energy
o carried away by alpha particle
. which ionises / collides with other plutonium atoms / nuclei (wtte)
' transferring (kinetic)energy at random to the metal (wwte)
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(cXi)

12.(aXi)

( i i)

(bxi)

(i i  )

(i i i)

(c)

Mark Scheme

energy per second = 100/0.15-= 667 W

ecf: decay rate = 667/8.8x10-13
(decay rate = 7.58x1014 Bq, accept reverse argument)

A = I N
I= 0,69/fr , r= 0.69+ (86 x 3600 x 24 x 365) =2'54x10'10s' l

ecf incorrect value for decay constant:
N = 1 x1015 + 2.54x10'10 = 3.92*102n
ecf incorrect value of N:
m = 238 x 1.66x10'27 x 3.92x102a = 1'6 kg

June 2001

1
1

( i i )

at least three parallel, equally spaced straight lines between plates
arrows on lines pointing down (accept correct edge effects)

parabolic path bending downwards (by eye)

each proton subject to magnetic and electriclre
which can be equal and opposite / balanced / cancel each other out

F = B q v = q E
cancellation of g and manipulation of v = E/B

E = 1 5 0 x 1 0 3 V m - l
ect'. v= FJB= 150 x 103/3 x 10'2 = 5 x 100 m s'1

any of the following, maximum [4]

o the beam has two different velocities
o all of the particles in the beam have the same energy
. they are accelerated through same pd
. sample contains two different particles
. of different masses
. smaller peak has larger mass
. with one particle twice as massive as the other
r so S?rnple contains deuterium (wtte)/ helium
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Mark Scheme

(-)5.45 x 10'1e J and (-)2.42 x 10'1e J conectly calculated
ecf: and placed on diagram correctly (by eye)

[1] for each correct transition drawn
deduct [1J for arrows not pointing down

June 2001
7734

13. (a )

(bxi)

1
I

cncrgy l t  O-19.1 n = 3
n = 2

n = l

(i i)

(c)

ecf inconectly calculated en-ergy levels:
photon "nttgy = 5,45 x 10'1e lz.qzx 10-1e= 3'03 x 1o{e J
ecf incorrect photon energy:
E = hf so f = flh = 3.Q2x1'0'tt + 6.63 x 10e = 4.57 x 1014 Hz
c = f),so I = df= 3.OOx 10s + 4.56 x 101a = 6.56 x 10'7 m
(accept 6,6 x 10'7 m)

For an inelastic collision electron must raise atom from n = 1 state to n = 2

state (wtte)
requiring an energy of at least 21.8 x 10'1e - 5.45 x 10{0 = 16.4 x 1O'le J

which lJ to.a x 10-te + 1.6 x 10'1e = 10'2 eV (units conversion)
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