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SECTION A

You should spend a maximum of 40 minutes on this section.

Write your answer for each question in the box provided.

Answer all the questions.

Which is the correct unit for electrical conductivity?

A

B

Cc

D

Your answer C

AV
cv!
Sm!

Qm

Areal image is formed by a lens of power 20D.
Which statement is correct?

A All wavefronts passing through the lens have a final curvature of 20D.
B The focal length of the lens is 0.5m.

C The focal length of the lens is 5.0m.

D The lens adds 20D of curvature to all wavefronts passing through it.
Youranswer | D

© OCR 2020
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The following information is for use in questions 3 and 4.

The diagram shows how the digitisation of a sampled signal can lead to quantisation errors.

digital value
111 L
nearest digital \
110 value chosen quantisation
error
sample
101
100 ./
011 +——original /
signal/
010
001
000 1
0 1 2 3 4 5 6 8 10
3 Quantisation errors can best be reduced by
A decreasing the bits per sample.
B decreasing the sampling frequency.
C increasing the sampling frequency.
D increasing the bits per sample.
Youranswer | D
4  The bit rate (bits s™) of the digitised sample is:
A 3
B 30
CcC 1110
D 3000
Youranswer | D

© OCR 2020
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The following information is for use in questions 5 and 6.

S —L
S S — |
T
A B C D

Three identical conductors of conductance 0.1 S are connected in arrangements A, B, C and D.

Which of the arrangements has:

5 the highest conductance?

Your answer | B 1]

6 a conductance of 0.15S?

Youranswer | D [1]

© OCR 2020
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The diagram is for use in questions 7 and 8.

The diagram shows a comet in elliptical orbit around a sun.

Four vectors A, B, C and D are also shown for one point in the orbit.

The vectors are:

» the instantaneous velocity of the comet

»  the force of gravity

»  the component of the force of gravity in line with the velocity

»  the component of the force of gravity perpendicular to the velocity

7  Which vector alters only the magnitude of the velocity?

Your answer C [1]

8  Which vector alters only the direction of the velocity?

Your answer | A [1]

© OCR 2020 Turn over

stemup.co.uk


https://stemup.co.uk

6

9 The diagram shows a log dragged horizontally by a rope at 30° to the horizontal.

T=1000N

The tension T in the rope is 1000N, and the log is dragged a horizontal distance s of 20m.

s=20m

How much work is done?

A

Your answer | B

10 Which statement about the relativistic factor y =

Youranswer | D

1.0 x 10%J
1.7 x 104J
2.0 x 104J

1.7 x 10°J

L is correct?
[~
c2
asvtendstoc, ytendstoO
asvtendsto 0, ytendsto
y can be used to predict the energy of gamma ray photons

when v ="c, y=1.15

© OCR 2020
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11  The diagram shows a trap-door method to measure the acceleration due to gravity g of a steel

ball.

It uses a millisecond timer to measure the time t of fall h.

steel ball

000452

break-to-start © millisecond timer©

contacts o o

height of fall = h

_T—A_
trap-door

Which statement about this method is correct?

A

B

Cc

D

Your

© OCR 2020

A graph of h plotted against t2 has gradient g.

A graph of h plotted against t2 has gradient 2g.

A millisecond timer is very accurate and does not need calibration.

A millisecond timer is very precise but may need calibration.

answer | D

stemup.co.uk
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The diagram is for use in questions 12 and 13.

energy

displacement

The diagram shows four possible graphs A, B, C and D of how energy changes with displacement X
for a simple harmonic oscillator.

12 Which graph shows the variation of kinetic energy with displacement?

Your answer | A [1]

13 Which graph shows the variation of total energy with displacement?

Youranswer | D 1]

© OCR 2020
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14 Which statement about the kinetic theory of ideal gases is correct?

A Particles have a significant volume compared to the gas volume.

9

B Particles have average energy of exactly kT.

C Particles have inelastic collisions with each other and the container.

D Particles have negligible forces between them except during collision.

Your answer

15 An outdoor swimming pool contains 100 m3 of water and must be heated by 12°C.

D

specific heat capacity for water = 4200Jkg™ "K'

Which is the best estimate of the energy needed?

A 10%J
B 5x10%J
Cc 108J
D 5x10%J

Your answer

© OCR 2020
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The following information is for use in questions 16, 17 and 18.

y
N [l )
2 \ ; ] / &
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The diagram represents the gravitational field and potential for a planet — moon system.
A, B, C and D are four points on the planet — moon line.
The equipotentials are separated by equal potential differences.

16 At which point is the gravitational field strongest?

Your answer | A [1]

17 Which point is the gravitational neutral point (g, = 0)?

Your answer C [1]

© OCR 2020
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planet

18 From evidence on the diagram, which is the best estimate for mo ?
A 3
5 3
c 1
D 5
Youranswer | D [1]

19 There are similarities and differences between electric charges, fields and potentials and
gravitational masses, fields and potentials.

Which one of the following statements is correct?

A Both electrical and gravitational fields show attraction and repulsion.

B Charges make potential energy hills for like charges, but potential energy wells for opposite
charges, whereas only potential energy wells occur in gravity.

C Electric field lines start and finish on charges, gravitational field lines start and finish on
masses.

D Neutral points of zero resultant field occur in gravitational fields but not electric fields.

Your answer | B [1]

© OCR 2020 Turn over
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The following information is for use in questions 20 and 21.

0
0

R

12

0
0

/
/

/

Two graphs are shown, the gravitational potential Vg (R) and the gravitational field g (R) for a spherical

planet at the origin.

Four features are highlighted on the graphs, gradient A, area B, gradient C, and area D.

20 Which feature represents a change of gravitational potential AVg between two points?

Your answer

D

21 Which feature represents the magnitude of the gravitational field g at a point?

Your answer

© OCR 2020
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22 The speed of an alpha particle is 8 times the speed of a beta particle. They both travel through a
0.3 T uniform magnetic field perpendicular to their path.

force on the alpha particle
force on the beta particle -

What is the magnitude of the ratio

A 2

B 4

C 6

D 16

Youranswer | D [1]
© OCR 2020 Turn over
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The following information is for use in questions 23 and 24.

The diagram shows a potential divider containing three resistors, two fixed and one variable.

+12V
100Q
200Q
Vout
100Q
o 1_ o
oV

23 Which answer gives the correct output voltage range?

Voltage range V_ ./V

out

0—> 12
2 = 10
39
48

OO0 W >

Your answer C [1]

24 The potential divider is set to its mid-point with V_ , = 6.0V.

A 200 Q resistance is connected across the output.

Which statement about V_ , is correct?

A ltfallsto4.0V.

B Itremains at6.0V.

C ltrisesto 8.0V.

D Itrisesto 10.0V.

Your answer | A [1]

© OCR 2020
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25 The input current I to a simple transformer varies with time t as shown in the graph.

I/A

c D t/'s

At which point in time A, B, C or D shown on the graph will the magnitude of the output voltage in
the secondary coil be greatest?

Your answer

¢

[1]

26 Alight ray is incident on a water-glass boundary at angle i = 60°.

What is the angle of refraction r within the glass?

Refractive index

water 1.33
glass 1.50
A 50°
B 54°
C 63
D 88

Your answer

© OCR 2020

[1]

Turn over

stemup.co.uk


https://stemup.co.uk

16

The following information is for use in questions 27 and 28.

"4

A
C

The graph shows how the vertical velocity v of a firework rocket changes with time t.

27 At which point A, B, C or D does the rocket run out of fuel?

Your answer C

28 At which point A, B, C or D does the rocket experience the greatest force of air resistance?

Your answer C

© OCR 2020
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The following information is for use in questions 29 and 30.

An aircraft with a wingspan of 60 m flies horizontally at a velocity of 200ms™.

/ / Eaéh B fie{d / / 4 Brertical
/ / ~ -——angle of dip

horizontal

velocity = 200ms™!

The Earth’s magnetic flux density is 58 uT and the angle of dip is 70°.

The magnetic flux density can be considered as two perpendicular components B, .., and B
as shown.

horizontal

29 Which is the best estimate of the e.m.f. induced across the plane’s wingtips?

A 240mV

B 650mV

C 740mV

D 2030mV

Your answer | B [1]

30 For horizontal flight at the position shown, in which direction should the plane fly to experience
maximum induced e.m.f. from the Earth’s magnetic field?

A All directions give same induced e.m.f.
B Plane should fly from East to West.
C Plane should fly from North to South.

D Plane should fly from South to North.

Your answer | A [1]

© OCR 2020 Turn over
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31 AzggPu nucleus absorbs a neutron and undergoes fission as shown in the equation below:

1 239 134

Answer all the questions.

(@) Complete the equation.

(b) The masses of the nuclides (in atomic mass units) are:

Nuclide Mass/u
239p 239.00055
134xe 133.87575
1037 102.90345
n 1.00867

Calculate the binding energy (in MeV) released during this fission.
1u=931MeV

Am = (239.00055 + 1.00867) — (133.87575 + 102.90345 + 3 x 1.00867)
Am = 240.00922 — 239.30521 = 0.20401 u

18
SECTION B

103
40

E =0.20401 x 931 MeV = 1¥9.9 MeV
energy = 190 MeV

© OCR 2020

energy = ...190.......cccooiiiiee MeV [3]
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32 Each tyre of this truck has a volume of 4.0m3.

The air pressure in the tyres is 450 kPa when inflated at 15°C.

(a) Calculate the number of moles of air in one tyre.

pv = nRT, T =15 + 273 = 288 K
n=pV/RT =450 x 10> x 4.0 / (3.31 x 288)

n =752 mol

number of moles = ...752.......cccccooiieieeeeeeeeeee e, [2]
(b) During driving, the tyres warm to 47 °C and the volume remains constant.
Using ideas from kinetic theory, explain what happens to the air pressure in the tyres.
T..rises..so..molecules . have. .more. kinetic..energy..and.move. faster. . They. hit.the........

walls.more. frequently. and. harder. (greater. momentum. change. per. collision),..so....

© OCR 2020 Turn over
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33 The figure shows two possible paths of alpha particles of the same initial kinetic energy near a
massive atomic nucleus.

velocity

\
’

Y
A

‘ nucleus
o,

(a) State one effect of the repulsive force F on the motion of the alpha particle at position «.

It slows. the. alpha. particle. down..and..changes. its. direction.. Ccurves. its. path)........

.............................................................................................................................................. [1]
(b) At the position «, the alpha particle is as close as it can get to the nucleus.

State what has happened to the original kinetic energy of the alpha particle.

At has..been..converted..into. electrical . potential..energy. (k.Q1Qa.L.Ru......oceoa......

.............................................................................................................................................. [1]

(c) (i) What combination of alpha particle kinetic energy and proton number Z of the target
nucleus will result in the closest possible approach?

Place a tick in the correct box for closest possible approach.

Low proton number Z High proton number Z
of target nucleus of target nucleus
Low alpha
kinetic energy
High alpha
kinetic energy \/

[1]

© OCR 2020
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(ii) A7.7MeV alpha particle makes a head-on collision with an aluminium nucleus %QAZ.

Calculate the distance of closest approach between the centres of the alpha particle and
the aluminium nucleus.

at closest approach: KE = electrical PE = kQq /[ r
r=kQg / KE = 9.0 x 10% x (13 x 1.6 x 1071%) x (2 x 1.6 x 107*%)

/ (7.7 x 10° x 1.6 x 107%)

r=190x10"x 26 x 1.6 x 1071 / 7.7 x 10°
r=49x10"%% m
distance of closest approach = ...4.9.X. 107 ..o m [2]

Turn over
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34 The graph shows the stress against strain relationship for a spider silk up to breaking stress.

The line AB is an extension of the linear part of the spider silk curve.

Stress/GPa
1.6

““““ B Spider Silk
L

|
1.2
1.0
0.8+
0.6

0.4+

0.2+

04A :

0.0 10 20 30 Strain %

(a) Calculate the Young modulus for the elastic region of this spider silk.
gradient of linear part AB: at B stress = 1.5 GPa, strain = 10 % = 0.10
E = stress / strain = 1.5 x 107 / 0.10

E =15 x 10" Pa

© OCR 2020
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(b) This table compares some mechanical properties of spider silk and high tensile steel.

Breaking stress o z/GPa Density p/kgm™
Spider silk 1.4 1.2 x 108
High tensile 28 7.8 x 103
steel

Steel is twice as strong as spider silk.

strength
Show that for fibres of equal dimensions the spider silk has about three times the —g
. weight
ratio of steel.
weight W = mg = pAlg, so for equal dimensions (same A, L) W « p
strength « breaking stress og, so strength [/ weight « og / p
silke 1.4 /1.2 x 10* = 1.17 x 1073
steel: 2.8 / 7.8 x 10° = 359 x 10™*
silk / steel = 117 x 102 / 359 x 107* = 33 ~ 3
[2]
Turn over
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35 Fig. 35a shows an arrangement of microwave transmitter T, receiver R and a metal mirror M.

I 2.0m |

Fig. 35a Fig. 35b
Fig. 35b shows the arrangement from above. The distance TR = 2.0m is kept constant.
The intensity at the receiver rises and falls as the distance h is increased.

(a) Explain why the intensity varies as it does.

(b) The first two maxima in signal occur at h = 0.123m and 0.213m.

Use the data to calculate the wavelength A of the microwaves.
path TMR = 2/(1° + h?); consecutive maxima: A(path difference) = A

A =212 +0213%) - 2(1% + 0.123%)
A = 2.04487 — 2.01507
A =298 x 1072 m

wavelength A= ..2.98.%.2072 .o, m [3]

© OCR 2020
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SECTION C

Answer all the questions.

36 This question considers two methods for digitising sound signals: CD sampling and internet music
streaming.

(@) For CD quality, sound is sampled at 44kHz using 16 bit samples for each of the stereo
channels.

(i) Show that the information rate needed for this digitisation during playback is greater than
1 Mbit s71.

44 x 10% x 16 x 2 = 1.41 x 10° bit s, which is > 1 Mbit s

[1]
(ii) A CD typically stores 840 MBytes.
Show that the total playback time is about 80 minutes for such a CD.
bits = 840 x 10° x 8 = 6.72 x 10 bits
t=672x10°/141 x10° = 4770 s
t =4770 / 60 = 79.4 min = 30 minutes
time= .79 .....ccoooiieen minutes [2]

(b) Fig. 36.1 shows 10 ms of electrical output from a microphone. This waveform is to be digitised
for internet streaming.

80
p.d./mV . amuEn
404 i i | .
i H l' ] 11| Il il I | | H Il H H H |, -
0- | “l' Zi N ]

i AT/ T ,:*, I 01 1 R I li'i
_40- i i | Ll ! || % L ¥I !l [ [ |
-80

0 1 2 3 4 5 6 7 8 9 10

time/ms
Fig. 36.1
(i) State the evidence from Fig. 36.1 that there is more than one frequency present in the
waveform.
There. is..a.high. frequency..wave..whase. amplitude. varies.reqularly.at.a...............
JOWEE FHOGUEIICY.. ...t eeneen [1]
© OCR 2020 Turn over
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A sound spectrum displays the different frequencies present in a short sample of a sound. It
can be shown as a graph of signal amplitude as a function of frequency.

Fig. 36.2 shows the sound spectrum of the 10 ms sample of the waveform in Fig. 36.1.

100
signal
amplitude
/mV 80
60
40
20
U n NN R
0 Lt W J\ AW\
0 500 1000 1500 2000
fIHz
Fig. 36.2

(ii) Suggest why it is possible to ignore signals of under about 5mV.
.Signals.under..about.. 5. m\. are. noise. present.. with. the.signal, so..they..can.......
D IGIQNOAL. ... [1]
(ili) Some humans have perfect pitch judgement for sound, accurate to +1 Hz.

Calculate the minimum number of bits needed to code for this precision for the frequency
of the 1600 Hz peak in Fig. 36.2.

need to code 1600 Hz to + 1 Hz: at least 1600 levels
210 = 1024 (too few), 211 = 2048 > 1600

so 11 bits

minimum number of bits = ...11.........ccccooiiii [1]

© OCR 2020
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(iv) To digitise this 10ms sample of the sound wave each of the four peaks in the sound
spectrum of Fig. 36.2 can be coded by 24 bits.

Show that the minimum rate of data transfer that the music streaming site must use to
transmit this information is about 1/100 that of CD information rate in (a)(i).

96 bits per 10 ms sample

\\

4 peaks x 24 bits
4 x 24 x 100 = 9.6 x 10° bit s

\

rate = 96 / 0.010
fraction = 9.6 x 103 / 1.41 x 10° = 0.006%8

= 1/147, which is about 1/100 of the CD rate

[2]

© OCR 2020 Turn over
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37 Fig. 37.1 shows how an approximation to a parabolic trajectory (x - y graph) can be built in steps
for a projectile launched at 45°, undergoing constant downward acceleration at g = 10ms™2.
The trajectory is built by drawing scaled velocity vector triangles on the trajectory every 2 seconds

to represent the displacement during that interval.

-

height, y
P cesgiit T At=20s
A 0 ground level
‘0 distance, x
v = initial velocity
o :>

Fig. 37.1

(@) (i) Complete Fig. 37.1 to show the complete trajectory back to ground level.

(i) The initial horizontal and vertical components of the velocity are both 100ms™".
Show that the size of the initial projection velocity v is about 140ms™".

J(100% + 100%) = 10042

<
\

141 m s = 140 m s71

<
\

© OCR 2020
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(iii) The time intervals of the steps in the approximation are At = 2.0s.
The change in vertical velocity over each time interval of 2.0s is 20ms™~! downwards.

1 Calculate the horizontal distance travelled by the projectile during a 2.0s time
interval.

horizontal velocity constant = 100 m s71

distance = 100 x 2.0 = 200 m (one large square)

horizontal distance during 2.0s = ...200.............c.ccoceovevveeeereene. m [1]

2  Calculate the horizontal range R of the projectile in this model.

trajectory reaches ground after 9 steps (9 large squares)

R =9x200=1800m

range R= ..1800...........cccccevviveeeenannnnn. m [1]

(iv) The horizontal range R of a projectile launched at initial velocity v at angle 6 to the
horizontal is given by

V2 sin260
g

Use the equation to calculate the range R of the projectile motion modelled in Fig. 37.1.

R =

R =V sin 28 /g = 141° x sin 90° / 10

R = 1990 m = 2000 m

range R= ..1990......cc.ccooeoviciiiiiiecnen. m [1]

© OCR 2020 Turn over
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(b) In a demonstration, a projectile is fired from a gun as shown in Fig. 37.2.

Fig. 37.2 (not to scale)

The projectile leaves the gun at a velocity of 140ms™" at an angle to the horizontal of 75°.
A second projectile is fired from a gun at the same position and speed but at an angle of 15°
to the horizontal.

Calculate how much later in time the second gun should be fired for both projectiles to land at
the same point on the ground at the same time. Ignore the effects of air resistance.

time of flight t = 2vsin 6 / g
75%t =2 x 140 x sin 75° /10 = 27.0 s

15% t =2 x 140 x sin 15°/ 10 = 7.2 s

\

(both have the same range, as sin 150° = sin 30°)

delay = 27.0 — 7.2 = 19.8 s

timedelay = ..19& ..o s [3]

© OCR 2020 Turn over
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(c)* Fig. 37.3 shows the effect of air resistance on the horizontal and vertical components of
velocity for the projectile launched at 75° in (b). Air resistance will affect the path of the
projectile through the air.

vertical velocity
component

horizontal velocity
component

V -

V4

\
\

Fig. 37.3

time

air resistance
no resistance

no resistance

air resistance

time

Describe and explain the effect of air resistance on the motion of the projectile.

Describe how air resistance affects the shape of the trajectory, the maximum height and

range.

Explain how air resistance occurs and why the size of the effect on the vertical component
and the horizontal component of the motion is different.
You may find it useful to include labelled diagrams in your answer.

© OCR 2020
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.Qrigin..the. projectile..collides..with. air. molecules. and. pushes. them. out..of Jts...........

.backwards. drag. force..on. the. projectile,.appasing. its. velocity.. Mass.of air.................
.moved. per..secand..«.phv..and..each. gains. momentum..«..x,..s0. F.=. DOmv) IOt ...
.. AV drag. increases. rapidly..with.. speed. (surface. Friction. alse..adds. viscous........
PGt
Hoarizantal:. the. horizontal. .component.. of .v.is. no. longer. constant. . It. decreases,......
.most. quickly..at..the..start..when..v.is. Jargest,. then. more. slowly..as. the..speed.........

S CFIGu.37.3 )

.component..is..much. larger.. Rrag...\2,. so..the.vertical .motion..is..affected. .much......
Additional answer space if required

more. than. the. Norizontal IMOTIAN.................c...c...o.oeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e,
Trajectory:. the. path.is.no. longer.a.parabola.and.is. not. symmetric..about the.........
-maximum.. The. maximum. height..Js..lower. (less..area..under. the v =t. graph, Jess......
than. .. x.10.x.13.52.=..910..m,)..and..is. reached . sooner.. The. descent..is.................
_steeper,.cavers.a..shorter. horizontal..distance. .and. takes.. langer. than. the.ascent........

The. range. is. smMaller . than. QB0 Ma.........cooovooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e

© OCR 2020 Turn over
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38 The diagram shows hydrogen spectrum lines in the lab and from a supernova in a distant galaxy
that is receding (moving away) from Earth.

B G Y O R
hydrogen spectrum
in lab

434 486 656

A/nm

B G Y O R (linear scale)
hydrogen spectrum from
receding galaxy

456 510 689

(a) Explain why the spectrum from the receding galaxy is described as red-shifted.

SSPEELIUM, ...ttt et e e ae e eaeeara e [1]

(b) Choose any two lines in the spectrum to show that the shift in wavelength A is proportional
to the wavelength in the lab A.

AN « A if AN/ N = constant:
434 nm line: AN/ N = (456 — 434) | 434 = 22 / 434 = 0.051
656 nm line: AN/ A = (639 — 656) / 656 = 33 / 656 = 0.050

AN / A is (sensibly) constant, so AN = A

[2]
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(c) For non-relativistic recession velocities v, the red-shift is given by the equation:
AL _v

A C

Use this formula to show that the recession velocity of the galaxy is greater than 10’ ms™.
v=cxAA/ A= 0050 x 3.0 x 10%

v =15 x 10" m s, which is > 10" m s}

[1]
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39* The age of atoms in terrestrial rocks can be estimated by considering the ratio of numbers of
atoms of radioactive isotopes.

Today the number ratio for the isotopes 235U /238U = 0.00725 in terrestrial rocks.
This table shows the half-lives of the two isotopes.

Isotope Half-life/10° years
235y 0.71
238y 4.50

Assume that when the Uranium atoms were produced they were in equal abundance, i.e.
235U/238U =1.

Estimate the age of these atoms in terrestrial rocks.

Explain why the isotope ratio changes with time. Justify the assumption above and state any other
assumptions that you make to calculate your estimate. [6]

2250 has..a.much. shorter half-life (0.71.x.10° y). than 2220..(4.50.x.107 y), so........

fell below. 1..and. keeps. Aecreasing. With. LIMe. ..o
Each. decays..exponentially:..N.=.No. exp(CAE), N.=..1n.2. [ ty...As. the. ratio was. 1.........
.at.the. start, No.cancels: 2220 /. 2331 = exp(=\it). [ exp(hot). = expl=C\y.=...........
AZEL Z 0000725 oottt e e r e r e
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A1.=.0.693./.0.71.=.0.976.per.10% y. and A;.=.0.693./.4.50..0.154. per. 100 y,.......
50N A2 Z 0822 P L0 Yo
.2.71n.0.00725./.0.822..2.4.93./.0.822..6.0.%. 107 years.........ccoooooioioen!
Assumptions:. the.early.universe..had..only..H.and. He atoms,. uranium. was..formed.........
later, .after. star. formation,..in..supernava. explosions...The. prohability. of.. forming..a. U......

Jucleys..is..small but. about..equal. for. both..isotopes, . as..they. have. similar..mass..and......
. nuclel formed,..not. since..the. rocks. formed.. All..the. Earth's. V. came. fram..ane............
short.epoch:..na.new. V. from. later. supernovae. was..added to. re-enrich.the. ratio,...........

Additional answer space if required
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38

This question is about the Boltzmann factor and cooking créme brdlée (egg custard topped with

htly burnt sugar).

At room temperature weak hydrogen bonds keep the shape of protein molecules in egg yolks.
A typical hydrogen bond energy for proteins is 40 kJmol™'.

(@) (i) Show that the energy per hydrogen bond is about 7 x 10720,

© OCR 2020

energy per bond = energy per mole / Ny
E =40 x10°/6.02 x 10*

E=66x102°7%7x10%7

[2]

To set the custard, the hydrogen bonds have to be broken by baking it in an oven at 70°C.
(ii) Calculate the typical thermal energy of molecules at 70°C (343 K).

kT = 1.38 x 10723 x 343

kT = 4.7 x 10721 7

thermal energy = ...4.2.%. 10721 oo, J[1]

(iii) Breaking hydrogen bonds alters the protein molecules and thickens the custard.

Calculate the fraction of water molecules at 70°C that have sufficient thermal energy to
break the hydrogen bonds.

E/KT =66 x102°/47x10 ~ 14

fraction = e E/T = o714

\

fraction = 8.3 x 10~/

fraction of molecules = ...5.3..x..1077 [2]
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(iv) Only a low fraction of molecules has enough energy to break hydrogen bonds.
Explain how the cooking reaction can still proceed at a reasonable rate at 70°C.

The.molecules. make.very..many.. collisions. per. second.. Cabout.10X), so

there. are. lots. of .opportunities. to. break. hydrogen. bonds...........ccoovvcoeceeoveene,

(b) To lightly burn the sugar on top of the custard, much stronger covalent bonds must be broken.

The graph shows how the Boltzmann factor changes with temperature for the weak hydrogen

bonds in egg protein and for the stronger covalent bonds in sugar, (both scales are
logarithmic).

Boltzmann 1 [ hydrogen bond
factor 10" —_

> — covalent bond

. / /
o / /

/ /

100 200 300 400 500 1000 2000 300040005000 10000

Temperature /K

Use the data in the graphs to estimate the energy required to break the covalent bonds in
sugar.

hydrogen bond: Boltzmann factor = 1077 at about 300 K
covalent bond: same factor 1077 at about 3000 K, 10 x the temperature
same E/kT, so covalent bond energy is 10 x greater

E=10x67x102% =6.7x1017

energy = ...6.2.%. L0720 o, J[1]
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41 This question is about the irradiation of food with y-rays to reduce the risk of bacterial infection.
The food is stacked on a conveyor system and moves slowly past the source.

The food is irradiated with a dose of 500 Gy from exposure to a cobalt-60 gamma ray source.
(@) (i) Suggest why a y-ray source is chosen for this purpose rather than o or f.

.Y=rays..are.the..only. radiation. penetrating. enough.. to. get. deep..inside..the.........

food..and..irmadiate. the. Whole . SEACK. ..o,

0ot irradiate. the. Whole. SAMPIE.............cooeoeeeeeeeeeeeeeeeeeeeeeeeeeeee e [2]

(ii) The food is irradiated for 5 minutes to give a dose of 500 Gy.
Calculate the dose in Gy that would be received by a worker exposed to the gamma

source for one second.

dose rate = 500 6y / (5 x 60 s) = 500 / 300

dose in 1 s = 1.7 Gy

dose received = ... 1.Z...c.ccoooiiiiiiieeee e Gy [2]
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(b) The source can be modelled as a point source of activity A, = 1.2 x 10'®photonss™.
For safety the source can be lowered into water of depth R.

The equation for the intensity 7 of photonss™'m™2 at the surface of the water is:
A, e HR

0

47R?

Where u is the linear absorption coefficient in m™".

1=

(i) Explain why this equation:
* has an exponential term

Each equal thickness of water absorbs the same fixed fraction of the y-rays

(u = probability of absorption per metre), so absorption gives an exponential decay.
* has an inverse square law.

y-rays spread out equally in all directions from a point source, over the

surface of a sphere of area 4TR?, so intensity is diluted « 1/R’

(doubling R guadruples the area).

[2]
(ii) The y-ray photons from 89Co have mean energy 1.3 MeV.

A worker near the surface of the water storage pool will absorb about three-quarters of
the photons entering his body per second.

Calculate the effective dose of radiation by a worker spending 20 minutes near the
surface of the storage pool when the source is R = 2.0 m deep.

The linear absorption coefficient for water ¢ =6.3m™".
Cross-sectional area of worker (to flux) = 0.5m?.

The quality factor for y-rays = 1.
The mass of the worker is 60kg.

| = Age™™R / ATTR? = 1.2 x 10% x ¢63*20 ) (47w x 2.0°)
e126 =34 x 107 so | = 8.0 x 10% photons st m™?
photons absorbed = % x 8.0 x 10% x 0.5 x (20 x 60) = 3.6 x 10!

energy = 3.6 x 10** x 1.3 x 10° x 1.6 x 107*" = 0.075 J

\

absorbed dose = 0.075 / 60 = 1.3 x 1073 Gy

\

effective dose = 1.3 x 103 x1 =13 x 103 Sv
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42 Fig. 42.1 shows the uniform field between parallel plates (ignore end effects).

+ + + + + o+ o+ o+ o+ O+ O+ +12V

A
el el e B e e e e e e s e +3.0V
B
H I B
= 0V Earth
Fig. 42.1
(@) (i) Draw on Fig. 42.1 above the equipotential line at + 8.0V. [1]
potential/V
A
124
0 —
A B displacement
Fig. 42.2

(ii) Draw on Fig. 42.2 a line which shows how the potential varies along the field line AB.

[1]
(iii) The distance AB is 5.0mm.

Calculate the electric field between the plates.

E=V/d=12/5.0 x 1073

E=2400V m?

electric field = ...2400............c.ccocooeeenn... vm™[1]
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(b) Fig. 42.3 shows the circuit for an experiment that gives evidence that mercury atoms have a
discrete energy level. Electrons are emitted from the heated filament and accelerate towards
the anode grid through low pressure mercury gas.

cathode anode grid  collector

electron bounces off

heated ,_%
filament

mercury atoms

collector current 6#)

V anode grid V pack off
- + + =
TS '=

| |
Fig. 42.3

The electrons collide many times with mercury atoms on their way.

They pass through the open anode grid and, if they have sufficient kinetic energy, can climb
the small potential hill provided by V,_ ., .« ( = 0.2V) to reach the collector.

This flow of electrons registers as the collector current.

Fig. 42.4 shows how the electron current arriving at the collector varies with the voltage of the
anode grid.

collector current/nA

6

0 10 20 30 40 50 60
anode grid potential /V
Fig. 42.4
The graph has a series of equally spaced peaks in current at anode voltages: V,, 2V,

3Va .... etc.
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Use data from Fig. 42.4 to show that the value of the velocity of the electron when
accelerated through the potential difference V, is greater than 1 x 108ms.

10 V, = 49 V (from the graph), so V, = 4.9 V
Yomv? = eV, so v = (2eV, / m)

V2 x 1.6 x10Y x 49 /911 x 10731)

\

v

1.3 x 10° m s, which is > 1 x 10° m s7*

<
\

[2]

When an electron of mass m collides elastically with a mercury atom of much greater
mass M, the fraction of kinetic energy it transfers is given by the equation:

AE _ 4Mm

£ =W where M=3.7 x 10°m.

o . AE
Show that in this case the fraction E ~107°.

AE/E=4x37x10"m?/ (3.7 x10°m + m)?
=1.48 x 10¢ / (3.70001 x 10°)?

=1.08 x 10 ~ 10

[1]

Even after hundreds of collisions the electron will have lost negligible energy by elastic
collisions.

Explain how the dips in the graph Fig. 42.4 suggest that the difference in energy between
two energy levels in mercury is about 5eV.

The.dips..must. be.due.to.inelastic. collisions:. an. electron. with.about. 4.9..........
.eV.of KE. gives.up.its. energy. to..a. mercury..atom, . so.it..can..na. longer...............
Climb. the..small.back-off potential. hill.and..the.current. falls.............................
The. dips.are.equally. spaced. every.4.9.V,.s0. the.mercury.atom.has.an..............

.internal . Cquantised) . energy.level 4.9.eV. %.5. eV .abave. the. ground. state..... [2]
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If additional space is required, you should use the following lined page(s). The question number(s)
must be clearly shown in the margin(s).
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