what sapp: +92 323 509 4443, enmnil: negal ecture@mail . con

o0
MEGA LECTURE
1

The radiation from a radioactive source is detected using the apparatus illustrated in
Fig. 9.1.
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Fig. 9.1

Different thicknesses of aluminium are placed between t rce and the detector. The
count rate is obtained for each thickness. Fig. 9.2 s m ariation with thickness x of
aluminium of the count rate.
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Examiners
(a) Suggest why it is not possible to detect the presence of the emission of c-particles from N
the source.
.[1]
(b) State the evidence provided on Fig. 9.2 for the emission from the source of 6

(i) P-particles,

(ii) ~-radiation.

Q7022 WL N2
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‘ » : 231
Fig. 8.1 shows the position of Neptunium-231 (<34

number (mass number) A is plotted against proton number (atomic number) Z

250
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Fig. 8.1

(a) Neptunium-231 decays by the emission of an a-particle to form protactinium.

On Fig. 8.1, mark with the symbol Pa the position of the isotope of protactinium

produced in this decay.

(b) Plutonium-243 (?g3Pu) decays by the emission of a B-particle (an electron).

[1]

On Fig. 8.1, show this decay by labelling the position of Plutonium-243 as Pu and the

position of the daughter product as D.
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3 The radioactive decay of nuclei is both spontaneous and random.

Explain what is meant by

(a) radioactive decay of a nucleus,

__________________________________________________________________________________________________________________________________________ O

(b) spontaneous decay, Q
.......................................................................................................... %‘
.................................................................................................... itymm_mmmmmim

(c) random decay. &'
..................................................................................................................................... [2]
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4 The radioactive decay of a strontium (Sr) nucleus is represented in Fig. 7.1. -
92
nucleon 91
number qr
90 -—#—-—
89 b
88
36 37 38 39 40
proton number ?S '
Fig. 7.1
*
(a) State whether Fig. 7.1 represents a-decay, 3-decay or y-decay. %
< A .
(b) One type of radioactive decay cannot be represented on¥ig®
|dentify this decay and explain why it cannot be re;&@.
..[2]
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Uranium-236 (238U) and Uranium-237 (%35U) are both radioactive. -

Uranium-236 is an a-emitter and Uranium-237 is a -emitter. Examiner’s
Use

O

(a) Distinguish between an a-particle and a B-particle.

(b) The grid of Fig. 7.1 shows some proton numbers Z on the x-axiqa e number N of
neutrons in the nucleus on the y-axis. b

149 | :@
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Fig. 7.1
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The a-decay of Uranium-236 (%38U) is represented on the grid. This decay produces a g

nucleus of thorium (Th). Examiner’s
Use

(i) Write down the nuclear equation for this a-decay.

..[2]
(ii) On Fig. 7.1, mark the position for a nucleus of 6

1. Uranium-237 (mark this position with the letter U),

2. Neptunium, the nucleus produced by the B-decay of Uranium-237 (mar

position with the letters Np).
\2\‘
NS

VAL

"‘
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6 The spontaneous and random decay of a radioactive substance involves the emission of For

either a-radiation or B-radiation and/or y-radiation. Examiner's
Use

O

(a) Explain what is meant by sponianeous decay.

[2
(b) State the type of emission, one in each case, that
(i) is not affected by electric and magnetic fields, ?\Q
(ii) produces the greatest density of ionisation in a medium, %
@b ....................... [1]
(iii) does not directly result in a change in the protonn ervof the nucleus,
Q ................................................ [1]
(iv) has a range of energies, rather than discrete values.
............................................................................................................................ [1]
© UCLES 2009 a7n2/99/MA1 1iNa
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7 (a) One isotope of gold is represented as d

197
—g AU
State the number of neutrons in one nucleus of this isotope.

DUIMDEE = 2oy reimans s du g [1]

(b) In an o-particle scattering experiment, an o-particle approaches an isolated gold

nucleus, as illustrated in Fig. 8.1.

=
path of c-particle %0

Fig. 8.1

Complete Fig. 8.1 to show the path of the &-particle as it passes by, and moves away
from, the gold nucleus. 2]

(c) The o-particle in (b) is replaced bvone having greater initial kinetic energy.

State what change, if any, wiitdecur in the final deviation of the ¢t-particle.

87022 OVNO1

WWW.MEGALECTURE.COM Page 9 of 36
WWW. Vout ube. conml negal ect ure



what sapp: +92 323 509 4443, enmail: negal ecture@muil . com

o0
MEGA LECTURE )
10 or

Examiner's
Use

8 A nucleus of an atom of francium (Fr) contains 87 protons and 133 neutrons.

(a) Write down the notation for this nuclide.

............ i} 6

............ [2

(b) The nucleus decays by the emission of an o-particle to become a nucle
astatine (At). %

Write down a nuclear equation to represent this decay. ; [2]
\2\‘

AF0R/2/0MI02
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9 The w-particle scattering experiment provided evidence for the existence of a nuclear atom.

For
Examiner's

(a) State what could be deduced from the fact that Use

(i) most a-particles were deviated through angles of less than 10°,

B o

(ii) a very small proportion of the wo-particles was deviated through angles@
than 90°.

© UCLES 2004 9702/02/0/N/04
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(b) Fig. 7.1 shows the path AB of an w-particle as it approaches and passes by a stationary -

gold nucleus. Examiner's
Use

O

Fig. 7.1

On Fig. 7.1, draw lines (one in each case) to complete the paths of the a-particles
passing by the gold nucleus when the initial direction of approach is

(i) along line CD,

(ii) along line EF.
3]

© UCLES 2004 9702/02/0/MN/04
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10 (a) Evidence for the nuclear atom was provided by the a-particle scattering experiment.
State the results of this experiment.

O

L2

(b) Give estimates for the diameter of

(i) an atom, ?\:
(ii) a nucleus.

© UCLES 2007 S702/02/0/N/O7
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11 Thoron is a radioactive gas. The variation with time t of the detected count rate C from a
sample of the gas is shown in Fig. 8.1.

o
\2\.
&
| AN

v
0 t

Fig. 8.1

Radioactive decay is said to be a random and spontaneous process.

(a) Explain, by reference to radioactive decay, what is meant by a random process.

..................................................................................................................................... [2]
(b) State the feature of Fig. 8.1 which indicates that the process is
(i) a decay process,
=[]
(ii) random.
- [1]

© UCLES 2008 a7 N OIS
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(c) A second similar sample of thoron is prepared but it is at a much higher temperature.
The variation with time of the count rate for this second sample is determined.
State the feature of the decay curves for the two samples that suggests that radioactive Use

15

For
Examiners

decay is a spontaneous process.

- [1] 6

© UCLES 2008 a7 N OIS
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12 An a-particle A approaches and passes by a stationary gold nucleus N. The path is illustrated For

in FIQ Tl Examiner’s
Use

O

o-particle B @ -

a-particle A @ e Q
.
&
N

@O

Fig. 7.1 \Q
(a) On Fig. 7.1, mark the angle of deviation D of tth%le as a result of passing the

nucleus N. [1]

(b) A second a-particle B has the same initial direction and energy as a-particle A.
On Fig. 7.1, complete the path of a-particle B as it approaches and passes by the
nucleus N. [2]

(c) State what can be inferred about atoms from the observation that very few a-particles
experience large deviations.

(d) The nucleus N could be one of several different isotopes of gold.

Suggest, with an explanation, whether different isotopes of gold would give rise to
different deviations of a particular a-particle.

. [2]

© UCLES 2009 Q7N 94 /MNING
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13 Tungsten-184 {123'1.!\.-') and tungsten-185 {1151 W) are two isotopes of tungsten. For

Examiner's
Use

O

Tungsten-184 is stable but tungsten-185 undergoes [3-decay to form rhenium (Re).

(a) Explain what is meant by isotopes.

(b) The [(-decay of nuclei of tungsten-185 is spontaneous and random. v
State what is meant by %’
(i) spontaneous decay, 6

(ii) random decay. “

o A —— oy 2]

© UCLES 2009 Q7N 99 INING
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7  One of the isotopes of uranium is uranium-238 {EggU]. For
Examiner’s
(a) State what is meant by isofopes. e

e
(b) For a nucleus of uranium-238, state

(i) the number of protons, vc '

number =

.
(ii) the number of neutrons. %
number= .............. % é ....................... [1]

(c) A uranium-238 nucleus has a radius of 8.9 x 10~ 15m. Q
Calculate, for a uranium-238 nucleus, @t

(i) its mass, Q

MASS = .eoeeeceeieeeeeeee e eeeeeeeenneeeenne.. KQ [2]

(ii) its mean density.

deNSitY = ..o e KQMTS [2]

© UCLES 2010 a7 A 1N
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(d) The density of a lump of uranium is 1.9 x 10*kgm™. i
Using your answer to (c)(ii), suggest what can be inferred about the structure of the |examiers
atom. Uss

o O

19
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7 (a) The radioactive decay of some nuclei gives rise to the emission of a-particles. For
State Examiner’s
Use
(i) what is meant by an a-particle,
[1]
(ii) two properties of a-particles. 6

3

(2]

(b) One possible nuclear reaction involves the bombardment of a@iﬂnaw nitrogen-14
nucleus by an a-particle to form oxygen-17 and another partj

(i) Complete the nuclear equation for this reaction. EQ
14 17
>N+ 777 a—> 0 +Q (2]

(ii) The total mass-energy of the nitrogen-14 nucleus and the a-particle is less than

that of the particles resulting from the reaction. This mass-energy difference
is 1.1 MeV.

1. Suggest how it is possible for mass-energy to be conserved in this reaction.

2. Calculate the speed of an a-particle having kinetic energy of 1.1 MeV.

© UCLES 2010 a7 MAL 114N
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7 One property of a-particles is that they produce a high density of ionisation of air at For
atmospheric pressure. In this ionisation process, a neutral atom becomes an ion pair. The |Examiners
ion pair is a positively-charged particle and an electron. Use

21

(a) State

(i) what is meant by an a-particle, E
(ii) an approximate value for the range of a-particles in air at atmospheric pies@

FENGE = o mnaiassmi vy .cm [1]

(b) The energy required to produce an ion pair in air at atmospheric pr%ym eV.
An a-particle has an initial kinetic energy of 8.5 x 10-13J. E

(i) Show that 8.5 x 107134 is equivalent to 5.3 MeV. ®'

GO

"‘

[1]

(ii) Calculate, to two sigtificant figures, the number of ion pairs produced as the
a-particle is stopped In air at atmospheric pressure.

MUMBBEE s s o]
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(iii) Using your answer in (a)(ii), estimate the average number of ion pairs produced For

per unit length of the track of the a-particle as it is brought to rest in air. Examiner's
Use

O

22

number per unit length = ?\92]
\2\.

@O

«®
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7 (a) Uranium (U) has at least fourteen isotopes. For
Explain what is meant by isofopes. Examiner's
Use
(2]

(b) One possible nuclear reaction involving uranium is

235 1 141 92 1
god + g — 'cBa + “SKr + x5n + energy. Q

(i) State three quantities that are conserved in a nuclear reaction.

| M.
e
£ [
[3]
(ii) For this reaction, determine the vaiue of

j [

¥ [1]
2. X

B S [1]
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7 The resulis of the a-particle scattering experiment provided evidence for the existence and For
small size of the nucleus. Examiner's
Use
(a) State the result that provided evidence for
(i) the small size of the nucleus, compared with the atom,
(ii) the nucleus being charged and containing the majority of the mass of th
(b) The w-particles in this experiment originated from the d@ a radioactive nuclide.
Suggest two reasons why [}-particles from a radi ti@urce would be inappropriate
for this type of scattering experiment. Q
j A
2
(2]
© UCLES 2010 Q7N IDDNA N
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(a) Explain what is meant by radioactive decay.

[2]

(b) (i) State how the random nature of radioactive decay may be inferred from observations

of the count rate.
:[ﬂ

(ii) A radioactive source has a long half-life so that, over a period ofNgveral days, its

rate of decay remains constant. 4
State the effect, if any, of a rise in temperature on this decaywate.

s RN < s N [1]
4

Suggest why some radioactive sources are found N in traces of helium gas.

p—
-
—
—

e al

For
Examiner's
Use
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7 (a) Two isotopes of the element uranium are 233U and 3U. i

Examiner's
Use

o O
(b) (i) In a nuclear reaction, proton number and neutron number are conserved. Ot
than proton number and neutron number, state a quantity that is cnnser%

nuclear reaction.
E [1]

(ii) When a nucleus of uranium-235 absorbs a neutron, the fnllnm@mn may take

Explain the term isotope.

place E
23U+ dn— "M Ba+ YKr+3 4n ®'
State the values of a, b, x and y. EQ

N

(c) When the nucleus of ESEU absorbs a neutron, the nucleus decays, emitting an a-particle.
State the proton number and nucleon number of the nucleus that is formed as a result
of the emission of the a-particle.

PIOLOLT UMD =i isnar e e

NUCIEON NUMBEBE = e oo e e eeee e e e
(2]

© UCLES 2011 Q7D 1N 4
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7 (a) State the experimental observations that show radioactive decay is For
Examiner's
(i) spontaneous, Use
-[1]
(ii) random.

(b) On Fig. 7.1, complete the charge and mass of a-particles, [}-particles and yXadiation.
Give example speeds of a-particles and y-radiation emitted by a labordQry source.

a-particle p-particle yadiatton
charge %' 0
mass 4u \(l\
speed up tn@@’
Fig. 7.1 “
(3]
(c) Explain the process by which a-particles iase energy when they pass through air.
LR, .[2]
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6 Two horizontal metal plates are separated by distance d in a vacuum. A potential difference V
is applied across the plates, as shown in Fig. 6.1.
+V
metal plate
é _____
radioactive [<3 I |
source % I | \-" d
: metal plate
beam of a-particles
oV \2\,
Fig. 6.1 b
A horizontal beam of a-particles from a radioactive source is r@tn pass between the
plates. Q
(a) State and explain the effect on the deflection of @T{:Ies for each of the following
changes:
(i) The magnitude of V is increased.
..[1]
(ii) The separation d of the plates is decreased.
.............................................................................................................................. [1]
@ UCLES 2011 Q7N IDWOINA A

WWW.MEGALECTURE.COM Page 28 of 36

WWW. Vout ube. conl negal ect ure

For
Examiner's
Use

O




what sapp: +92 323 509 4443, enmnil: negal ecture@mail . con

o0
MEGA LECTURE
29

(b) The source of a-particles is replaced with a source of B-particles. For
Compare, with a reason in each case, the effect of each of the following properties on |examiner's

the deflections of u- and [-particles in a uniform electric field: Use

O

(i) charge

(ii) mass Q
(iii) speed \(@'

[1]

(c) The electric field gives rise to an acceleration of the u-particles and the [-particles.
Determine the ratio

acceleration of the a-particles
acceieration of the B-particles

Pl [ [T R TPRPISP PRSP TERESSRN . |
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7 (a) The spontaneous decay of polonium is shown by the nuclear equation For
Examiner's
2P0 =20 Pb + X. e

(i) State the composition of the nucleus of X.

O

[1]

(ii) The nuclei X are emitted as radiation. State two properties of this radiation.

'"ﬁffffffffffﬁffﬁéﬁﬁ_fffﬁffffffff

(2]
(b) The mass of the polonium (Po) nucleus is greater thar@ﬁ'nbined mass of the nuclei
|

of lead (Pb) and X. Use a conservation law to g&p, ualitatively how this decay is
possible.

© UCLES 2012 a7 A 11D
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7 (a) A nuclear reaction occurs when a uranium-235 nucleus absorbs a neutron. The reaction For

may be represented by the equation: Examiner's
Use

235 W 93 141 W
E!EU + YN = 3?.HI::- + ECS "'Yx”

State the number represented by the letter

(b) The sum of the masses on the lefi-hand side of the equation in (aJ\ Re same as
the sum of the masses on the right-hand side.

Explain why mass seems not to be conserved. ®'

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every
reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the

publisher will be pleased to make amends at the earliest possible opportunity.

University of Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of
Cambridge Local Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.

© UCLES 2012 a7 NAL 14D

WWW.MEGALECTURE.COM Page 31 of 36

WWW. Vout ube. conl negal ect ure



what sapp: +92 323 509 4443, enmail: negal ecture@muil . com

o0
MEGA LECTURE
32

7 A radioactive source emits a-radiation and y-radiation.

For
Examiner's

Explain how it may be shown that the source does not emit 3-radiation using Use

O

(a) the absorption properties of the radiation,

(b) the effects of a magnetic field on the radiation.

-[2]
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(a) p-radiation is emitted during the spontaneous radioactive decay of an unstable nucleus.

(i) State the nature of a p-particle.

[1]

(ii) State two properties of f}-radiation.

(iii) Explain the meaning of spontaneous radioactive decay.

(b) The following equation represents the decay of a nucleus of

of a p-particle. \(\

Complete the equation. O(/}\

SH—  He+ B 2]

(c) The p-particle is emitted with an eneray.of 5.7 x 103eV.

Calculate the speed of the p-particie.

(d) A different isotope of hydrogen is hydrogen-2 (deuterium). Describe the similarities and
differences between the atoms of hydrogen-2 and hydrogen-3.

2]
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A nuclear reaction between two helium nuclei produces a second isotope of helium, two
protons and 13.8 MeV of energy. The reaction is represented by the following equation.

gHe + gHe—)* He + 2 p + 13.8MeV

(a) Complete the nuclear equation. [2]

(b) By reference to this reaction, explain the meaning of the term isotope.

(c) State the quantities that are conserved in this nuclear reaction.

...................................................................................................................................... [2]
(d) Radiation is produced in this nuclear reaction.
State
(i) a possible type of radiation that may be produced,
.............................................................................................................................. [1]
(ii) why the energy of this radiation is less than the 13.8MeV given in the equation.
.............................................................................................................................. [1]

(e) Calculate the minimum number of these reactions needed per second to produce power
of 60W.
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6 (a) Describe the structure of an atom of the nuclide %33U.

For
Examiner's
Use

o QO
(b) The deflection of a-particles by a thin metal foil is investigated with the arrangem

shown in Fig. 6.1. All the apparatus is enclosed in a vacuum. Q
detector of r@aﬁ

path of d ed
c-parj

. source

Fig. 6.1

The detector of a-particles, D, is movet around the path labelled WXY.

(i) Explain why the apparatus is‘=nciosed in a vacuum.

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

............................................................................................................................. [1]
(ii) State and explain the readings detected by D when it is moved along WXY.
.. [3]
Question 6 continues on page 16.
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(c) A beam of a-particles produces a current of 1.5pA. Calculate the number of a-particles For

per second passing a point in the beam. Examiner's
Use
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