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Data

speed of light in free space,
permeability of free space,
permittivity of free space,
elementary charge,

the Planck constant,
unified atomic mass constant,
rest mass of electron,

rest mass of proton,

molar gas constant,

the Avogadro constant,
gravitational constant,

acceleration of free fall,

c =3.00x108 ms™!
By =47 x 107 Hm™!
€ =8.85x10712Fm™

e =160x10""°C
h =6.63x107%Js

U =1.66 x 10727 kg
m, =9.11x 1073 kg

e

m, =1.67 x 10727 kg
AR =8.31 JK ' mol™

N, =6.02 x 10%3 mol-"
G = 6.67x10""" Nm2kg—2

g =981 ms?
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Formulae

uniformly accelerated motion,

refractive index,

capacitors in series,

capacitors in parallel,

capacitor discharge,

pressure of an ideal gas,

radicactive decay,

critical density of matter in the Universe,

relativity factor,

current,
nuclear radius,

sound intensity level,

s = ut+zat?
v2 = u2 4+ 2as

o}
t

sin C
1_1.,1
cC~C G
C=C, +C,+
x = x.a-!/CR
p=itipct
X = X e~
; - 0603
]
3H,:,2
Po = BrG
2
v
=v(1- Ez)
I = nAve
r= rOA”3
I
I,
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Answer all the questions.

Two adjacent protons, situated inside a certain nucieus, are acted upon by three forces.
These are electrostatic, gravitational and strong interaction (i.e. strong force).

(a) State whether each of these forces is attractive or repulsive.

T BIECHTOSTALIC ... ettt e e s as
2 gravitatioNal .......c..ooiiiiiie e e e
3 SHONG IMEIACON ..ee e e s
(1l
(b) The average separation of the nucleons in this nucleus is 0.80 x 107'®m,
Calculate, giving an appropriate unit in each case, the magnitude of
(i) the electrostatic force
fOrce = i e
(ii) the gravitational force.
fOrCE = (o s
[6]

(c) Use your answers to (b} to comment on the relative importance of electrostatic and
gravitational forces inside the nucleus.

..........................................................................................................................................
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(d) Fig.1.1 shows the variation with nucleon-nucleon separation of the strong interaction Use

between two nucleons.

Fig. 1.1

When both nucleons are neutrons, the equilibrium separation is x,. Explain whether the
equilibrium separation between two protons will be greater, less than or equal to x;,.

..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

[Total : 12]
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Fig. 2.1 shows the variation with nucleon number (mass number) of the binding energy per
nucieon for various nuclides.
10 o
9 1
8 A 3
| ; ‘
binding  ’ +
energy !
per 6 1
nucleon/MeV ‘
5 =
4 l
3
2
1
0 . i
0 50 100 150 200 250 300

Fig.2.1

(a) State the number of nucleons in the nucleus of

2825/04 S02

mass number

(2]
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(b) Use Fig.2.1 to calculate the energy released when a 235U nucleus undergoes fission,

producing nuclei of $3Rb and 1#2Cs.

(c) (i) On Fig.2.2, sketch a graph which shows the variation with nucleon number of the
relative yield of fission products for a fissile material such as Uranium-235. {2]

ENETGY = eeivieceenreerererrreeseereeenaene MeV [6]

fission
yield
-
nucleon number
Fig.2.2
(i) Mark possible positions for 32Rb and #2Cs on your graph and label them. [2]
[Total : 12]
282504 S02 [Turn over
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(a) ()

(i)

(b) (@

(i)

Explain what is meant by a plasma.

...................................................................................................................................

...................................................................................................................................

Explain how the high temperature inside the Sun aids the process of nuclear
fusion.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

2825/04 562
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I u
(c) Fig.3.1is a flow diagram illustrating the stages in the carbon cycle, which occurs inside ¥

the Sun.

1
1H
12
» ¢C @
1 4
,He
15
;N °N
Q)
B gy
15 13
ao GC
14 1H
7 N 1
"M
1
Fig. 3.1

(i} For the stages labelled ‘1’ and ‘2’, write a nuciear equation for the reaction and
state in words what change is taking place.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

(ii) Write an equation which summarises the overall reaction of the carbon cycle.
Describe in words the process which this equation represents.

-----------------------------------------------------------------------------------------------------------------------------------

...................................................................................................................................

(Total : 12]
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4  This question is about particle accelerators.

(a) Explain why particle accelerators are used for research in physics.

..........................................................................................................................................

..........................................................................................................................................

(b) A cyclotron has two hollow dees A and B, and a source of protons, P. Fig.4.1 is a
simplified diagram showing the path of a proton.

A B

path of
proton

'U:T

magnetic field upwards out of
the page within shaded region

~
alternéting power supply

Fig. 4.1
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Explain why

(i) this proton, when reieased, enters dee B rather than dee A

...................................................................................................................................

............................................................................................................................... [1]
(i) the proton inside each dee follows a circular path with constant speed
............................................................................................................................... (4]
(iii) the frequency of the potential difference between A and B must be constant.
............................................................................................................................... i1l
(¢) (i) Explain why the cyclotron is not suitabie for obtaining very high energy protons.
............................................................................................................................... [2]
(ii) Explain how the synchrotron overcomes this problem.
............................................................................................................................... [2]
[Total : 12]
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(a) State the names of the classes of particles (one in each case) which include Use

() POSItrons and NEULHNOS .........ccovvueereiererre ettt er s
(1)  ProtoNs AN NBULTONS. ....c.cciririei ittt s s e ee s et

(b) An unstable nucleus may decay by emitting a positron and a neutrino. This can be due
to a proton decaying to a neutron. Write an equation to represent this proton decay.

2]
(¢) (i) State the composition of the proton and neutron in terms of their constituent
quarks.

PPOTON <ottt ere v e e e s e s s e sber s s e emee s eeseaeeeeeaeaaeeeeerneeeersaeaesans

MBUITON L.ttt sat e st s e e et ae e sne s as st s sree e rresanne e eese e seeeansnesensseaesnns

(2]

(i) Hence write an equation for the process described in (b), in terms of changes in
quark composition.

[1]

2B25/04 502
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(iii) State the baryon number and charge of each particle in the equation of (c)(ii). vee

Hence show that baryon number and charge are conserved.

...................................................................................................................................
...............----------.-...--::::::::::::::::::::::::::::::::::::::::::::::::-:::::::::::::::::::::::::::::::::::::::::::::::::
...................................................................................................................................
:...........--.--..-........-------........::::::::::::.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
:...........-.-.........-------...........:.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

...................................................................................................................................

(Total : 12]
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6 Strontium-90 is one of the radioactive by-products of the fission of uranium. Values of the
activity of a sample of Strontium-90 at various times after its formation are recorded in
Fig.6.1.

Activity /108 Bq 795 | 62.1 485 | 378 | 295 | 231 18.0

Time/year 5.0 15.0 25.0 35.0 45.0 55.0 65.0

Fig. 6.1

2825/04 502
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(a) On Fig.6.2 below, plot a graph to show the variation with time of the activity of this

sample.

(3]
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40

Fig.6.2
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(b) Activity A is related to time t by the equation

- -1
A= AjeM
Use your graph to find values of

(i} A, (give an appropriate unit for your answer)

(il) the half-life, ty, of the isotope.

half-life = ..o year

(3]

(c) Use your answer to (b)(ii) to show that the value of A for this material is
25x 1072 year™!.

(1]

(d) This sample, in a suitable containment, is considered safe when its activity has fallen to
1% of its initial value. Calculate the time t when this occurs.

HIME = covvverernerrecererener e e years [3]

[Total : 10]
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u
The following passage is based on a scientific article. ¥

Power stations are normally most efficient when running under full load. The variation in
demand over a day means that there must be capacity to meet peak demand, but much of
this will be out of use for most of the day. This is wasteful of capital equipment when it is
standing idle and of the fuel needed to run the station up to full demand and down at times of
minimum demand.

The demand shown for January in Fig. 7.1 below is met for most of the day by power stations
which are called base load stations. It has been suggested that during periods of peak
demand, hydroelectric stations may be used to top-up the supply. The water for the
hydroelectric stations is pumped into reservoirs at times when the base load stations’ output
is greater than demand. This is called a ‘pumped storage’ system.

80

75

system _,
demand/
GWwW 60

55

50 f January

40 ,

35

u August
30 S

T

00.00 04.00 08.00 12.00 16.00 20.00 00.00

time of day / h

Fig. 7.1

Fig.7.1 shows the average variation in demand for electrical energy from the electricity
companies in the UK with time of day for January and August.

2625/04 S02 [Turn over
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Answer the following questions about this passage.

(a) State four major features of the graphs of Fig. 7.1 for January and August and suggest
reasons for these features.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

(b) Suggest two reasons why a base load coal-fired power station cannot simply be
switched on or off when the demand suddenly changes.

..........................................................................................................................................

..........................................................................................................................................

(c) (i) Use Fig.7.1 to estimate the base load power for January, that would allow the
system to meet the demand for 18 hours out of a 24 hour period.
Show this as a horizontal line labelled BL. on Fig. 7.1. {1]

(i) Estimate the maximum power output of the hydroelectric power stations needed to
meet the extra demand.

POWET = ..coieiiiiiienreererecenes GwW
(1]

2825/04 502
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(d) Water in one of the hydroelectric power stations falls through a vertical distance of
100 m.

0

(i)

(iif)

(iv)

Show that the minimum volume of water required per second to flow through the
turbines to produce an output of 1.0 GW from the generator is about 1 x 103m3.
{The density of water = 1000kgm=3.)

[4]

Calculate the iength of one side of a square reservoir of depth 35 m which would
just supply water at a rate of 1.0 x 10°m3s~' for a continuous period of 4 hours.

length = .....covnemrnennnee m [4]

Comment on the feasibility of a number of such power stations to meet the extra
requirements during periods of peak demand.

...................................................................................................................................

Give two reasons why the actual volume of water required per second to produce
an output of 1.0 GW is greater than that calculated in (d)(i).

...................................................................................................................................

-----------------------------------------------------------------------------------------------------------------------------------

[Total : 20]
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