s woon oy [lbome Phaticen

26.1 Detection of radioactivity
26.2 Characteristics of the three types of emission

26.3 Nuclear reactions
26.4 Half-life
26.5 Uses of radioactive isotopes including safety precautions

Learning outcomes
Candidates should be able to:

(a) describe the detection of alpha-particles, beta-particles and gamma rays by appropriate methods.

(b) state and explain the random emission of radioactivity in direction and time.

(c) state, for radioactive emissions, their nature, relative ionising effects and relative penetrating powers.
(d) describe the deflection of radioactive emissions in electric fields and magnetic fields.

(e) explain what is meant by radioactive decay.

(f) explain the processes of fusion and fission.

(g) describe, with the aid of a block diagram, one type of fission reactor for use in a power station.

(h) discuss theories of star formation and their energy production by fusion.

(i) explain what is meant by the term half-life.

(i) make calculations based on half-life which might involve information in tables or shown by decay curves.
(k) describe how radioactive materials are moved, used and stored in a safe way.

(I} discuss the way in which the type of radiation emitted and the half-life determine the use for the material.
(m) discuss the origins and effect of background radiation.

(n) discuss the dating of objects by the use of “C.

27. The Nuclear Atom

Content

27.1 Atomic model /
27.2 Nucleus /~

Learning outcomes
Candidates should be able to:
{a) describe the structure of the atom in terms of nucleus and electrons.

(b) describe how the Geiger-Marsden alpha-particle scattering experiment provides evidence for the nuclear
atom.

(c) describe the composition of the nucleus in terms of protons and neutrons.
(d) define the terms proton number (atomic number), Z and nucleon number (mass number), A.

(e) explain the term nuclide and use the nuclide notation X to construct equations where radioactive
decay leads to changes in the composition of the nucleus.

(f) define the term isotope.
(g) explain, using nuclide notation, how one element may have a number of isotopes.
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. 17 protons

35 . 17 protons
CI ° 18 neutrons o 20 neutrons
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a7 @ 17 electrons
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Oxygen Isotopes

37

Cl

17

8P
9N

o

8P
8N

oo o

%0 Isotope

70 Isotope

%0 Isotope

NATURAL ISOTOPES OF CARBON

6 Protons "

~f._ 7 Neutrons

6 Protons
& 6 Neutrons

 co—— {
6 Protons
O / 8 Neutrons

{

Carbon-14
(6P + 8N)
Atomic Weight = 14
Isotope Mass: 14.003241 u

Carbon-13
(6P + 7N)
Atomic Weight =13
Atomic Mass = 13.00335 u
Abundance: 1.109%

Carbon-12

(6P + 6N)
Atomic Weight = 12
Isotope Mass: 12 u
Abundance: 98.89%
Half-life: 5,730 £ 40 Years

234U

234.04094
172=246,000 yrs
0.0055%

235U

235.04392
t'4=704 million yrs
0.720%

238U

238.05078
t/2=447 billion yrs
99.2745%

Radioactive

Abundance: 1 Part Per Trillion

Radioactive

Radioactive
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Classified O-Level Physics Paper 1

Unit 26: The Nuclear Atom

26.1 Atomic model

1.

2.

4.

5.

~ the alpha-particles pass straight through the sheet without being deflected.

6.

 What does a neutral atom of helium contain?

394 ot A
Read & Write Publications

O/N 16/P11/Q40

Which number is always equal to the proton number of a radioactive Isotope?

tral atom
) el f nucleons in the atom

the number of electrons in the atom Cc the numbero :

the number of neutrons in the atom D the number of particles in the atom
O/N 15/P12/Q40 . .
In the Geliger-Marsden experiment, a beam of alpha-particles I fired at @ very thin sheet of gold foil, in a vag,
What is deduced from this experiment? (- atomic riticlel
A Alpha-particles are repelled by electrons. Cc Electrons are found in ato ]
B  Atoms contain air. @ Nuclei are much smaller than atoms.
O/N 14/P11/Q40

How manare in one neutral atom of the krypton isotope g‘; i

A 36 B 48 @84 s D 120

O/N 13/P11/Q40
The compositions of four nuclei are shown in the table.

hiiclsiis number of | number of number of
protons neutrons nucleons
P 88 141 229
Q 88 136 224
R 89 139 228
'S 92 136 228
Which two nuclei are isotopes of the same element? :
Pand Q B Pand$S 'C Qand$S D RandS

M/J 13/P12/Q40 : _
In the Geiger-Marsden experiment, a beam of alpha-particles is fired at a thin sheet of gold in a vacu

What does this show?

A The alpha-particle is uncharged. The nucleus is positively charged.
B The alpha-particle is very large. The nucleus is very small.

M/ 12/P12/Q38

The nucleus of a helium atom is represented as ;He.

electrons protons neutrons

? 2 2 2 QX@

2 4 2
4 2 2 G
4 4 2
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i Q38
12P i1/ del of an atom, X orbits around Y.

le MO
ma s‘mp o"“‘\( X

'\L v
L are X and
r/'?f" Y
electron nucleus
neutron electron :
ANRY
pucleus proton \ L
proton neutron ﬂ.&

qP1 1/Q3 .
J 5 dioactive isotope radium-226 may be shown as :8 Ra.
protons does an atom of radium contain?

B 88 138 D 226

rons, protons and electrons in a neutral atom of 257

mbers of neut
re the nu . .

' of | number of number of '
‘ F‘Ej’,g: protons electrons ; \2\1 S
92 143. 143 il C\L
92 235 - 235 _/3
dasd s B ol o L
235 92 92
, M/J 04/P1/Q39 :
beam of alpha-panicles is fired at a thin piece of gold foil.
s the final direction of the largest number of alpha-particles?
%7, " /

= gold foil
beam of 3
alpha-particles ?
D

1/Q40

Its of the Geiger-Marsden scatt ce ,f_af the presence of the nucleus within *

ering experiment provudec\i‘\c\evgden' ¢
/"/v"\ . "{‘:.",
p ,\\-_-" \’2;:

C gammarays D gold nuclei
(:\ ;___T‘ \"L
e

D

N/

scattered in this experiment?
rticles B beta-particles

N
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2. MU 06/P1/Q40, My
s ), MIJ 02/P1/Q38

14.

15.

16.

can be drawn from the
A A positive charge is spread throughout the atom.
B Electrons are arranged in orbits.
C_ Electrons are negatively charged.

@ There is a dense nudeus in the atom.

Which statement defines isotopes?

A two(or more) nuclides which have the same number of protons but ditferent numbers of electrong

B  two(or more) nuclides which have the same number of neutrons but different numbers of electrong
two (or more) nudlides which have the same number of neutrons but different numbers of protons
™o (or more) nuclides which have the same number of protons but different numbers of neutrons

M/J 05/P1/Q40

Between 1909 and 1911 Geiger and Marsden carried out experiments in which alpha particles
were fired at metal foil. Most of the alpha particles passed through the foil with small deflections, but some

through a large angle,
m“e'&wﬁssaugr;!?stmat

A atoms contain dlouds of electrons through which some alpha particles cannot pass.
atoms contain neutrons that alpha particles bounce off.
C  atoms have positive and negative charges spread throughout their volume.

396
Read & Write Publications

icle scattering experiment?
Geiger-Marsden alpha-part

atoms have positive charges concentrated in a small volume.

O/N 03/P1/Q40 ;
Three nuclei P, Q and R have proton numbers (atomic numbers) and nucleon numbers (mass numbers) a5 g
! . J proton number l nucleon number
! 1
e 53 ! o3
Q| 43 | o1
r R 44 { 94
]
Which nuclei are isotopes of the same element?
P and Q only B PandRonly C QandRonly D P,QandR
O/N 02/P1/Q40
Atoms P and Q are isotopes.
How does the composition of neutral atom P compare with neutral atom Q? PA
~Z
! number of | number of | number of , DR,

f protons | neutrons | electrons |
| difierent | different | different

1

} A

; B different same
i same different
©

i

!

1
i
i

same l
il
|

l i same | different
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M.wmo

m Jagrams represent the nuclel of three atoms

_ whichare isotopes of the same elament?
. a PandQonly P and R only
{ . st

i v’»'-'V\Nh*Ch statement about a nucleus of “;N I8 comect?
‘A Thenucleus contains 7 neutrons and 8 protons

B
@ The nucleus contains 7 protons and 8 neutrans.
. D ‘

o M 15/P12/Q38
o 15

 beta-particie.

VAU N Weite Publleatlons

C QandRonly

~ The nucleus contains 7 neutrons and 15 protons.

The nuclaus contains 7 protons and 15 neutrons.

26.2Nuclews

Key

. = proton
O = neutron

R

D P, QandR

Anupleus of? s PO decays by emitting an alpha-particle and the resulting nucleus then decays by emitting a

 Whatis the nucleon number and proton number of the final nucleus?

nucleon proton
number number
A 21 81
B 211 83
c 212 81
D L .
& y Oy ‘(‘;‘.x“
20. MM 15/P11/Q40 rotons and 240 nucleons. It emits an alpha-particle. ROW A
A nucleus contains and how many neutrons are in the nucleus produced? By ’\\fl‘
~ How many protons Vo i@\
& q@d
f >4
of | numbero Yo &7
number neutrons ~D @7
protons N
L 90 144 x\\ @ﬁ
f//v7 E &)
6 J 236 & 8
B 144 S ¢
92 CO
C 236 &\ i‘\«‘ , ’\\' :
[ o , © &
Py Q\'
N
L @5*
S
OF
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21. OIN 14/P12/Q40 _ . utral atom of argon-37.
A neutral atom of chiorine-37 is compared wnt!l)\e %: Q?neutrons in each of the atoms compare?

How do the number of electrons and the num

number of number of
electrons neutrons
@ different different
B different same
Cc same same
D same different

22. MN 14/P11/Q40 " ; :
1% C represents a nuclide of the element carbon and ;N a nuclide of nitrogen.

14
How does a neutral atom of " N differ from a neutral atom of '¢ C ?

®LA  The nitrogen atom has one electron less than the carbon atom.

OB  The nitrogen atom has one neutron more than the carbon atom.
The nitrogen atom has one proton less than the carbon atom.
The nitrogen atom has one proton more than the carbon atom.

23. O/N 13/P12/Q39
For which purpose is the radioactive isotope carbon-14 used?

C killing cancerous cells

dating of ancient bones
operating mobile telephones

B fuel for a nuclear power station D

24. OIN 13/P12/Q40
A nucleus of phosphorus ng emits a beta-particle to form a new nucleus.
What is the nucleon number and what is the proton number of the new nucleus?

nucleon number proton number
(mass number) (atomic number)
A 28 13
B 31 14
Cc 31 15
D 32 16 R
N g d"’\\\:
25. MW 13/P11/Q40 NI
Which nuclides have the same number of neutrons in a nucleus? O &YW
12 12 1 2 12 1 AR
A Band 'C B ,H and 1H @ (cand 7N 7\-\ 553"" N
NP &
26. OIN 12/P12/Q38 ;.\v& o
S O
How many protons are in the nucleus of an atom of radium, 2;: Ra? Qﬂ\\ ,?\:g?
\’2:;\ \g\j‘)b
@ 88 B 138 C 26 2\ 7D 314
’\l"‘\ ,if'\‘
oY &
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1:}911!040

cle

2IRA
o B 2Ra
92 227

¢ 88

.
o 11/P121038, ON 11/P11/Q39

”. v
. e isotope barium-140 has .
which QU antity halves durin Bu!\\alf:hfe of 13 days. A
g this time? . A sample of this isotope is kept f
ept for 13 days.

the number of atoms of barium-140 in
the number of electrons in an atom of Lhe.sample
the number of nucleons in an atom of barfum'“o
p the number of protons in a nucleus of b:::m-:m
m-140

. ON 44/P12/Q40, O/N 11/P11/Q38

isotope of carbon is 1:0.
w man neutro
Ho y ns and protons does each atom of this isotope contain?

U
D sV

e
number of number of
neutrons protons
S s —]
A 6 6
B 6

MAd 11]P12!Q39, M 11/P11/Q40
i s.One has @ nucleon number (mass number) of 35 and the other

Chlorine exists as .
e0 ber (mass numb of 37
bers o1 P ns in the isotopes?

has an
Which table shows the correc
number of

R S
isotope 1

el

5 '(5)

g
! /“gotope 1
B L_@L"ﬁ

31. ON 1op12/040 vl

"Nisa nuclide of ni

trogen:

reind®
many el g 8 S B
AL AL
N

| e
: @ 7 /-vf:;: SR
- O ¥

st
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Classified O-Level Physics Paper 1
e for mass number,

40
32. MU1 0/P12/Q39, M jo/P111Q
Proton number is another name fo

What are isotopes?

A nuclel with different proton numbers

B nuclei with different proton numbers &
@ nuclei with the same proton number and S

D nuclel with the same proton number and the

r atom!

contain?
33. O/N 09/P1/Q40 pol 29Sr - What does the nucleus
A nuclide of strontium is represented by the symbo! 38 L ond S0P SSions

c 38 neutron
A 38 electrons and 50 neutrons @ 38 protons and 50 neutrons
B 38 neutrons and 38 protons
. 08/P1/Q3 :
34. O/N 08/P1/Q39 mission ofa beta.parﬂc'e-

nucleus g;Rb decays with the &

The radioactive
eft in the nucleus?

How many protons and neutrons are I

protons neutrons———
A 37 49
B 37 50
Cc 38 49
D 38 87
35. M/ 08/P1/Q40
A nucleus of the element cobalt may be represented by the symbol :g C°.
What is the structure of this nucleus?
number of | number of
protons neutrons
A 20 32
B_ 27 59
(o 59 27 )
o |- 50 32 | : : @3;{
= &%
e, v
h : & N
ki ;1::1 ‘:, r:ml:scitopes of the same elemené con;aelst:gzss:m: number of @ @g@g \
B~ electrons and neutrons. D neutrons and .proton 3 @@ ®©

1Y #2
S 0"
Q@ ,}\@/

LY
() . (L
o (-}/ P
» e
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O/N 06/P1/Q37
A nucleus of sodium,

Na, ha
Which symbol represeng 11> |1 Protong
3 this nucieygy” 2™ 12 neutygng
A i Na B nm s s
A 11 Na 23
05/P1 "
O/N Q39 ®'\1"\' \ " ﬁ’“
A nuclide of the element Plutoniym, is 242 %Q'
What is the number of neutrons in, jig ngu‘cieu ' ﬁ/
s?
® s 1€
O/N 04/P1/Q39 sy S
A nucleus consists of 90 pretons ang 1 eutro
After emitting two beta-particles fol‘ow::br; an a?s' '
Pha-particle, this nucleus hag

A 86 protons and 140 neutrons.
B 86 protons and 142 neutrons, ﬁ C 90 protong and 140 neutrong.
D 90 protons and 142 newtrons.

he nucleus of a nitrogen atom can be i
The fépresented as - The nucleus of this atom consists of

:.&
7 protons and 7 electrons. C 14 protonsand? K
7 protons and 7 neutrons. D 14 protons and 7 neutrons.
# J02/P1 /Q39 B<
There is a dense nucleus in the atom. P
o) the Sun nuclear power stations =

fission fission |
fission fusion
fusion fission ol &
fusion fusion ol
, .
S

s

v
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Physics O-Level p-2 Workbook 622 ' Unit 27: The nugy
Read & Write Publications oar atgy,

: The Nuclear Atom

Section A
1. MU 15/P22/Q8

Two isotopes of hydrogen are written as IH and 2H.

(a) Complete Fig. 8.1 to show the number of protons and neutrons in one nucleus of each of
these ISOTOPes of hydrogen.

I number of protons number of neutrons
Mo | 0
M| oot |

Fig. 8.1 : 12
(b) Explain, using ideas about electrons, neutrons and protons, why atoms of 1H and 2H arg
[0nicharged.\ | R 1 1

e P

A Hae alome onli s e

OJ\A P (OX‘U’US) NENGE. Taen
’-\“\J. oc.\\wve ch R On 63

ARSI LRI ELTEEY B Ry Ry S veasman veee

00 etc_er cancel ouk)

eans .oon---o..-tnctt.--cunlnlnv.-o----vn-n--nu ------- “veasrupen Sresevaracsennsssafovonrennonsae

aves tan -nvos-c---'—-- "ssscasvane

OIN 14IP21IQ8 : : :
The nuclide notation for the radnoactlve lsotope boron-12 is 2 5B. :
(a) In the space below, draw a labelled diagram to illustrate the structure of a neutral @ m of this

ShPEPeaIvevLEIIVRCaONR NIRRT ran seesssrvsnae R

|sotope‘- Show aﬂ the partlcles in the atom.

N\
Ny
(@) \
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NUtesr e
| szv’“”w :
; 12 socays: it emits a beta-particle. A new atom is produced.
no
por? ic numb
*Gsate ine e qumber (atomic num er) of the new atom,
the
(U
proton number= ............... {1
ucleon number (mass number) of the newatom. T :
5 |
st NUEIEORIIUMDET = .......oonsesoceners oo 1]
p22/08
yw:: consls"s of electrons surrounding a nucleus made up of protons and neutrons.
102 Fich of these parti R
State whic ;

(,) have an equal and opposite charge,

1§C—> N+[3 %

2]
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Physics O-Leve| P-2 Workbook 624

Unit 27.
Read & Write Publications M27: The Nucleg, aton,
4. O/N 12/P22/Q8 : : ;
The  nuclei of four neutral atoms are represented using nuclide notation as:
4 15
(P S £

(a) Neutral atoms also contain electrons. State which of the four nuclei is surroundeq by th
greatest number of electrons. ¢

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

........... % S48 T Y i
(b) From these four nuclei, state the [ that have the same number of 1l
(i) protons, 5 :
Y, 9 |
.............. Corbon = C -~ LeC 6 !
@) nictoons, el R R TS e
3 0 .q l‘-'
....................................... S Nivoen = C 4y 2
(W), hettrons, - e G LY R [1]
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Yuy,
Section B
1. MU 15/P21/Q11
(8) A student makes a model of an atom. The model contains 24 elactrons, 25 Proto
' 26 neutrons. Some of these particles are Inside a nuclous At The cantre of the Modol a0
{%GS () Determine the nucleon number (mass number) of the atom.
{ .......... g\ shensgsengunnteratity (L EX AR LER SR AR b et L Jepnregasy Soneny
Lotk T, LN e SR T MR S S e iy, “]

(1) Explain why the model represents a charged atom.

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

|

]

|

|

-]

A |
........................................................................... |

50, (ko ose e excess.
(i) The student makes a new modeal of a different isotope of the same element,
Describe the nucleus of this new madel.
6. 2S Prolons bl ol
..... 1
....................................................................................................................................... 2]
{b) Americium-241 is radioactive. Its nuclide notation is 2‘9‘1Am. ‘
‘ (1) _ Determine the number of neutrons in a nucleus of americium-241,
2 i
s A
! AQ
— 5 . ) ﬂg,\;u
e 47 S
‘ \4 3 NUMDET = ...ooovcrvconriraerina, 7 AN [1
; _‘ : l : ; o : - : . (\'gsw)%\\\'n:;;\n\‘u\\ e
L () A nucleus of americium-241 emits an a-particle and decay§ 10 @rénl Qif\'"\-I237.
. Complete the nuclear equation for the decay of americium-22, & 4
' RT IR A 4
Vs G L A
94Am R ol 57 ?SQZ&E“}\)Q !S%%\ ;
= L Bk S S :
(c). Geiger and Marsden studied the structure of gol 2 _

")> .r.'&—- 2 E
: : : &d‘{%to,‘ $. Fig. n of thef
- @pparatus. Alpha-particles strike a thin gold fon. @~ g\gx Flg. 11.1 shows a versio 1

i)
&
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2. O/N 14/P22/Q11
Strontium-90 (ggSr) is a radioactive isotope. A nucleus of strontium-90 decays by the emisgio
beta-particle (B). Moty

(a) Define the term jsolope.
: | elzmw\* ot

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

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

(b) For a neutral atom of strontium-90, state
(i) the number of electrons,

38
0

2§ (i) the number of neutrons.

5

number of neutrons = =
(c) When a nucleus of strontium-90 decays, it becomes a nucleus of yttng?n(iym olY).
Complete the equation for this decay. & ; 74 55/

90: 5 W A =2
385 7 eeeeee T eeesene a <{§ >
(d) A sample initially contains 6.0 x 10 atoms of strontium-9 ~ \;%V

N R

(i) The half-life of strontium-90 is 29 years. S\ %gz
Calculate the number of strontium-90 atoms ,tb‘é’t’}re,gfé"l’n in the sample after 87 years.
& &
&y
&
NUMDET Of OMS = ...veeeereiiieieeiii e sessssansssiseess [
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WHAT 13
RADIACTINT W

W\e (ijnommom oFVQzG(‘ﬂWS’/‘on oF‘ fOOL'o ac,lﬂ/e
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25.1 Detection o

Classified O-Level Physics Paper 1 2
" Read & Write Pu

Unit 25: Radioactivity

.25.1 Detection of radioactivity

74 -
blications '%”W

1. OIN 14/P11/Q37
i clei and
Three types of radiation emitted by unstable nuclei are electrons: hefium n
electromagnetic radiation.
What are these types of radiation?
Y b
electrons | helium nuclei | electromagnetic radiation
A alpha beta gamma
B alpha gamma beta
@ beta alpha gamma
D beta gamma alpha
2. O/N 12/P12/Q39 : . . .
The diagram shows the radioactive emissions that pass through a piece of plastic and a piece of metal of the same
thickness.
alpha —————
beta detector
gamma = »
plastic
alpha ————
beta ————— detector
gamma - >
metal
Which types of radioactive emission can distinguish bgtween the plastic and the metal?
A alpha, beta and gamma beta only
B alphaonl D amma onl
pha only g y @
3. OIN 11/P12/Q39, O/N 11/P11/Q40 00 |
In a laboratory experiment, particles from a radioactive source are deviated by a magnetic ﬁeldgd reach a detectu'
radioactive source Q¥

------------------- e %@\\

.
magnetic field N
® into the paper \5)@ 7

or

¢ 2)
detector 4‘3\"’
Which particles are deviated and reach the detector? ’\ﬁs\\ 09
A alpha-particles and gamma-rays Cc beta-pamdes and gamma-rays
B alpha-particles only beta-partlscles
0 b
@/ (“f’/’
@Y
N &
Q
@.
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101P111038 i

421Q9% o a radioactive source that emits only alpha.nar: .

10P vesﬁgt?)tf <hows a low reading. Y &lpha-particles. Without any source
: 8 det:thi ok cardboard are placed near the detector, as shown

b Jrce an B

radioactive source J—thick cardboarg

detector

ne reading O the detector now, and why?
is the

what

feason

T getector reading
L background radiation is detected

low

Te o alpha-particles are all absorbed by the cardboard

' low
3? some alpha-particles pass through cardboard
B
c
D

2610 background radiation is all absorbed by the cardboard
o :

I RIS

W 09/P11Q38 ha-particles, beta-particles and gamma-rays: A Geiger-Muller tube and counter detect the

s its alp 3
' Aradioactive SOUTCE 8THES B2 T - cheet of paper and a strong magnetic field,
- amissions, whi ss through a thin sheet of pap

e e g Geiger-Miller

tube

=3
sheet of -

paper
/ \ magnet \:: .

- Whatis detected by the Geiger-Muller tube? _oarticles and gamma-rays ¥ A
L ".:?.ﬁpha : rticles C beta-p . | ; N
H ma'::';;:“ an:j batapaly @ beta-particles onYY
e es only

TR~ N
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5 25.1 Detection of rag
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Classified O-Level Physics Paper 1 Read & Write publications “%%'

6. O/N07/P1/Q38 cover whether a radioactive source is emtjn,

. 'r'
An experimenter sets up the following apparatus, in 8l
alpha-particles.

to dis

i /sheel of paper
radiation
radioactive 1 detector
source /
/] to counting
/ M device
<____.._——-———’

e i difference in
The experimenter moves the paper between the source and the detector. There is no the count-ratg,

Why is the?

A  Paper does not absorb alpha-particles. .

B The count-rate due to the background radiation is to0 high.
@ The radioactive source is too far from the detector.

D The source emits beta-particles and alpha-particles.

7. M/J 07/P1/Q39 '
The diagram shows one type of radiation passing betwee

source
<
detector
el |

n the poles of a strong magnet and being detected.

(2
AN |
: L A2 C)NVZ""
On
L)
31 5 Aﬂ&""’
Q :
Which type of radiation is being detected? /@ ~
A alpha-particles only gamma-rays only e }\,\ A
B beta-particles only alpha-particles and beta-particles /Q\{’y 445\
0> O
8. O/N 02/P1/Q36 i “ @/ K
Which of the following occurs in the decay of a radioactive nucleus? qr%
A The nucleus absorbs another nucleus. 5@ &’
B The nucleus absorbs at least one form of radiation. @ @V
C The nucleus always splits into two equal fragments. 9 @ "L e
D The nucleus emits at least one form of radiation. ;}%v @’3““’
NS
Y K
/ ,\v ’SS/<$
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ssion from an unknown radioactive source. The source i ' R
odpﬁaj‘:;ﬂgates tht?v ::: the source and the detector is then switched on. s 10 cm in front of a detector
&”wdan;g'naﬁc 9 eld be ‘ e
Ny m - R
___————_'—__—- "l" ~\\\
I' \‘
J 1' \‘
) \
i ' R
! ]
A !
_——-—-—[_“l ‘\ 'I
\ \\\~ -7 N detector
ioacti jead air region of
ra(:;:):ectlve shield magnetic field
SO
wn
B e average count per
minute
without magnetic field 4590
with magnetic field 2090
background radiaton | 50

rw:m emissions from source ’T
, A alpha-particles and gamma-rays only

. B beta-particles only

s@ beta-particies and gamma-rays only
L2 gamma-rays only
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Read & Write Publications

25.2 Characteristics of the three types of emission

10. OIN 16/P11/Q38

Which types of radiation may be emi radioactive nuclei?
@ Y heismilied By C radio waves and microwaves

beta and gamma
B microwaves and infra-red

1. MW 16/P12/Q38

Which states the three types of radiation emitted by radioactive isotopes in order of their ionizing effect from hig

lowest?

alpha-particles, beta-particles, gamma-rays
B alpha-particles, gamma-rays, beta-particles
C  beta-particles, gamma-rays, alpha-particles
D gamma-rays, beta-particles, alpha-particles

12. MIJ.161P11IQ38
Which type of radiation consists of electrons?
A alpha-particles’ beta-particles

13. OIN 15/P11/Q39

Which type of electromagnetic radiation is produced during radioactive decay?

A  alpha-particles
14. M/ 14/P12/Q39

B  beta-particles

Which row states the nature and range of beta-particles in air?

nature range in air
A electromagnetic radiation 1-10cm
B electromagnetic radiation 10-100cm
c electron 1-10cm
_@ electron 10-100cm

15. M/ 14/P11/Q39

Which row gives the range and electrical charge of an alpha-particie? -

range in air electrical charge
A | afew centimetres negative
‘ a few centimetres positive
C a few metres negative
D a few metres positive

16. OJIN 13/P11/Q37
What are the characteristics of an alpha-particle?

charge ionising effect
A negétive strong
B negative weak
E positive strong
D positive weak

C gamma-rays D X-rays
C gamma-rays D X-rays
ﬂ/‘w
LY B
- - {:\2}\"{- ;:-:\\’\_
'_},"'/
& oo
NN
o
\h

4

‘(j

378 25.2 Characteristics of the three typeg of

ultra-violet and X-rays
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n ;3P Of raduabon emitted by ungty table & My 'msoz%
0" 1)935 tic waves and electrong, lare hthm NUges
m three types of radlatlon? ©, Short Wavg
'4‘::: W —_—\\
. Hu /_ electromagnetic \
| petium nuciel waves electrong
/ \
alpha gamma beta
beta gamma alpha
gamma alpha beta
mma beta
[ e e |
- 43pi1/Q38
ﬁmﬁ"’des pass through an efeciric fild or 5 Magnetic figjy
+
alpha-parficles "~ N
R ) e [N
field % mﬁgen:ﬁc
S
tow s the path of the particles affecteq by these fields? AV
electric field | magnetic fielq | ‘Flcj\.ﬂ-“g&
1 ceflected deflected ' \LW (\'8
| deflected undeflected '
undefiected deflected
',uhdeﬂected undeflected
J08/P1/Q38
travels in a straight line across a magnetic field?
dpha'Pamcle B electron C | gamma-ray D proton

J07P1/Q38

statement is true for all three types of radioactive emission (alpha-particles, beta-particles and gamma-fays)’7
are completely absorbed by a thin aluminum sheet.

r.:‘\cr/,_: N
are deflected by electric fields. A &F
emit light. AN
IOI'IIse gases. N
- 0N 06[P1IQ39 . mclés and gamma radiation?
w"‘d\ *the comrect comparison of the penetrating power and ionising pover of alpha pa
//// /_;v‘/}
Ureater penetrating greater ionising _\\\:_;,. 1N
: er power LR 4
alpha alpha & :/ ﬁ;,;x.-
I75) N
alpha gamma oY
gamma alpha 5 f »
gamma gamma § &
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25.2 Characteristics of the three
Classified O-Level Physics Paper 1 types of

Read & Write Publications .
22. WS 0SP1Q38

A radioactive source is placed 3 cm from a Gelger-Mller tube in air. The ave
742 counts / minute,

rage count rate is

source Geiger-Mdller tube

\

Then, in three experiments, measurements are taken with sheets of different materials placed
between the source and the tube. The results are recorded in the table.

materia of sheet between soure and twbe | thincard | aluminumiod | thick lead

average count rate/ counts per mnute 273 215 68
Which types of radiation does the source emit?
A alpha and beta only C beta and gamma only
alpha and gamma only D alpha, beta and gamma

23. M/J o4/P1/Q38

Two types of emission from a radioactive source are separated by passing them through a
magnetic field. The deflections are shown in the diagram.

X X X X x x X

magnetic field
beamwmtwo x X x x X PX x mm"age
types of emission R ERAY
x X
x x
What are the emissions P and Q?
emission P emission Q
A | alpha-particles gamma-rays
B beta-particles gamma-rays
Cc gamma-rays alpha-particles
@ smen | o
24. OM 03P1/Q38 g
X, Y and Z are three types of radiation. ALY AC
completely absorbed by 5 cm lead but not by 5 mm aluminium, N G
Yisalnnstcmnpletelyabsabedbyﬁmaluminiumblnnotbywn@rd MG S
Z is absorbed by thin card. ¢ D &¥F
What are X, Y and Z? T, S
X 3 Y é
Al H beta | alpha :
10 . gamma alpha ‘
@ wm | e
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ozﬂ’ s the possible propertles of ragj
m“”"' |ssu:n could be @ beta-particler Ve OMisslory,
pich ©

an
Read & Wiitg Publiation, 252

@ j‘f‘i‘i agweaﬂgﬁ:ggg fild méﬁi”fémn

4&—- _n_O_ yes m:h*

e o yes none (L
yes you

/Q38
oIN
ates the penetrating power of ra
5 oupl ,,wesug gp diation from a radipactive sourcs,
|
Geiger-Miller fube |
to counter :
a lcm radioactive
‘ BOUrCH
|
|
|
absorber
The table shows her results.
background count 25 counts per minute ‘
count with source only 630 counts per minuté 1

count with source and paper absorber | 630 counts per minute [
1

count with source and aluminium

: absorber 3mm thick 180 counts per minute ,

Thﬂ source emits

A aipha and beta-particles. C beta-particles only.

b"a-parﬁc!es and gamma-rays. D gamma-ays only. 2
. ozmuoas P
 Atbich particle is positively charged? £
' utron 7=

(A ) alpha-particle B beta-particle C electron Bl TR g
lm AT 2 ',

do “\0 ionislng abilities of beta particles and gamma rays eorn

f’.'-%
be‘.i?lpam‘cles gamma rays N
less

more

less

more (7
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Question Type 1

A radioactive isotope has a half-life of 6000 years.
AP

How much time passes before the rate of emission from a sample of this isotope falls tf its
original value”

A 6000 years ‘_3\'3-\) Vk“) \/g—|,/6
B 18000 years ( ) | R \1

24000 years

D 96000 years é\,’ w ZAVGS—)

G000 X4 =D U000

Question Type 2

When a sample of a radioactive nuclide decays, the count rate falls from 1200 to 150 in three
min

What is the half-life of the radioactive nuclide?

A 0.75 minutes

1.0 minutes ‘loo \-') 600 - %OO
C 3.0 minutes 2 5> >

D 9.0 minutes

— \SO

2 hotF Lveg — ?:m‘\ml:ts
\\\afLUe — | ownabe




Question Type 3

The background count rate in a laboratory is 10 counts/min.

The measured count rate from a radioactive source is 410 counts/min, which includes the
background.

The half-life of the source is 5 days.

LlOO :‘D.O(l _5"\_09’_) o)

2 o N
A 10 counts/min S
B 50 counts/min ( L S

€ | 60 counts/min

What is the measured count rate after 15 days?

D 110 counts/min

Question type 4

A sample of wood contains 9.0 x 10'® nuclei of carbon-14. The nuclei undergo radioactive decay
with a half-life of 5600 years. ==

-4

S A
(\Ox \0\‘ -_ (“‘Sx \O0

How many carbon-14 nuclei remain in this sample after 16 800 years?
A 2

A 1.1x10° 1.1 < 10" C 3.0x10" D 45x10" | L
’ G-
\6400 Jo600 =3 Mol Lve < :ng; o'

="D-§x \O"
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|
/ fe 25.4 Half§if
i 9000 - 4000 _, 30 .,
{V‘ 2 R \06-5 100
| /0% N 16?,1;'[03?- \ 2 = JO00 N
X oﬂ“m’made samf etso :aar rlr?i?\ctlge material gives a count = 3 i
¢ fr95h“{e of 500 cour e —aterial? i L’
Fhatogerd e " () 504 NS e minte, A 2 gy 0
g dar® e C  20days T Thets
D 80 days

4
§ “JJ g5 r
: 9‘ AsaTnPIe Of P

A Q39 .
gP127" 4 apout the half-life of a radioactive isotope |
anges as the isotope decays. Pe is correct?

e
Ha'" . the time it takes for the nucleon number of the isot
Solope to halve

is half t‘he tl.me it takes for the number of nuclei of the i
he time it takes for the number of nuclei of e isotope to decrease to
zero.

. Ha e
] é altife 19 .o ,
| H e isotope to decrease by half

1/Q39 dioactive isotope prod
Q ~dioac uces a co
unt rate of 10 000 counts per minute. Th
€. The half-life of the isotope i
ope is one

e count rate of the sample two days ago?

G gwas e
inute
: 500 counts per minu C 200
P2 ' 00 counts per mi
i p 5000 counts Per minute 40 000 counts per :II:E::
oy q5P121039 :
it ,g’N gioactive isotope *C e:mft:fbeta-partides.
 ample of this isotoP® is left for a period of time that is equal to its half-l
CJhich ) quantities decrease to half of their initial value gugng)t:?sll?rg h;e'

he decay rate and the number of protons %

the mass of the sample and the number of 4C nuclei

ne number of 14¢ nuclei and the decay rate -

p the number of protons and the mass of the sample 7()-0 - 360 - \ &0

. —
g wrspI2e0 >\ / o /> .3
) half-life of a ra ioactive isotope is 24 hours. A sample of this isoto initi
~count rate of 720 counts per second. " iy s — g v
How long does it take for the count rate to fall to 90 counts per second? C'O
A 3hours 72 hours C 96 hours D 192 hours
% MU15P11/Q39 =
il s LR NGO 2ucd = 72

R

‘A 125 counts per minute
B 130 counts per minute

. ON14/P11/Q39
;?ezamme of wood contains 9.0 x 107 nuclei of carbo goradd
tars, How many carbon-14 nuclei remain in this sample after 16 tzOO years’ & N
c IS B 1

or records @ background count rate of 20 counts per mipute.
f 520 per minute |s,r>em ged.

Asource contains @ radio

Without the radioactive source present, detect

detector. Initially @ count rate 0

This source is placed in @ fixed position near the
f two half-lifes of the radioactive source? RPN
&y &Y

What count rate is recorded after a time O
135 counts per minute <o d
( f ) 145 counts per minute _,,\..4.5, o
with a half-life oﬂ_

A
o radioactive.decay
& Wy

n-14. The nuclei underg
] ’;.x 1016

"(‘;\;) ~

6 %

Vo 7
T W f'r',{/'
S

3oy (B) 1.1x10% L >
MV 13p12iqas  \OF - v, P
Q38 lcboo = o s A 2.
count rate from a radioactive source falls from 4000 counts er minute toﬁwﬁ-p-

Y
Jz
Gl o
min 3 ) I
Ute in 72 minutes. What is the half-life of the source B @ 24 minutes
c 18 m/lnyfes &
_’5/“

A S
Bmlnutes’ B 9 minutes DAY
q = \.‘

" 200 5 |00 -, 5007
\ 2 > ‘
P
P4 ‘7 Scanned with CamScanner
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59.  OIN 13/P12/Q38
Which graph shows how the count rate of a radioactive isotope varies with time?
count count r
rate C rate
0l 0.
0 time 0 time
count count
B rate D rate
0 0:
0 time 0 time
60. O/N 12/P12/Q40
The background count rate in a laboratory is 10 counts / min. The measured count rate from a radioactive soyre, is4gy
counts / min, which includes the background. |
The half-life of the source is 5 days. Y00/y ~20072=> V0L ~<0x (0 |
What is the measured count rate after 15 days? ;
A 10 counts/min B 50 counts/min @ 60 counts / min D 110 counts/min |
61. M/ 12/P12/Q40 .
The count rate from a radioactive material falls from 400 counts per second tgﬂ counts per second in 12 minyteg
What is its half-ife? = : oo
A 8 minutes B 6 minutes @ 4 minutes D 3 minutes
62. M/J 12/P11/Q40 .
An isotope X is radioactive and has a half-life of 4 years. A sample initlally contains 8000 atoms of X.
After how many years will the sample contain 1000 atoms of X? 802 - UQPOou 7, ~> 2800f3— 1000
A 4 B 8 @5 12 D 16
63. M/J 11/P12/Q40, M/J 11/P11/Q38 xl
Tritium s a radioactive isotope of hydrogen with a half-life of 12 years. .
If a sample starts with 40 million atoms of tritium, how many atoms of tritium will be left after 12 years?
A 40 million 20 million c 10 milion D 5 million
64. O/N 10/P12/Q38, O/N 10/P11/Q40
The table shows details of two samples of radioactive nuclides X and Y.
(v) (o) . number of radioactive )
1600 /2— — & nuclide atoms at time = 0 half-life E
p-35 D
) X 16 000 1da (P |
Mooq$ 1 oo 0 . y a 5 \K"—}P ?\:'\\\v)
¥ 2000 2 days N
) @)
@ D
ide Y?

65.

66.

he number of atoms of nuclide X be equal to the number of atp\r{\bs':b('f;i;l\;gl
ALY

After how many days will
A 2days ° 4days C 6days D B8days® ()
NS
M/J 10/P12/Q40, MiJ 10/P11/Q39 1200 G{gﬁ@?{;é%a /o
When a sample of a radioactive nuclide decays, the count rate falls from 1200 to 150 in three minutesx
What is the half-life of the radioactive nuclide? =@ (,50\
A  0.75 minutes 6 1.0 minutes C 3.0 minutes &\\\(E:%:b 1 70 miriiies
v J‘: “Zz

3w L"}&J,._s@\:g PO

y_&?’-’i—\ ) P—

O/N 09/P1/Q39
A radioactive isotope has a half-life of 6000 years. \ > \f(,z\

How much time passes before the rate of emission from a samg]'lé?éf tl}j'ﬁgbtope falls
G @

so

df its original value?

o~ S
A 6000 years B 18000 years \ : 00 years D 96 000 years
@,/:
1l - ‘/\‘—w 1)g > | (e
4 L
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/ 254 Halfste

41038 jioactive source is m
% e od of tme. The gra
P 1 b
activity of
source

Hh

P
' MVI‘!V/ WIV./W WAL

fime

. i the Curve not smooth?
why round radiation has not been subtracted.

@ d,oacuve decay is a random process.

the half-ife is not constant. Moo, 200/ —> 60/, 50
D The temperature is changing.

gy 09/P1/Q38
g W rate from a radioactive source falls from 400 to 50 in 3.0 minutes

%G?sume half-life?
4 075 minutes
3 ON 08/P1/Q38

What ocurs in the d dioactive nuc

A The nucleus absorbs another nucleus.

a The nucleus absorbs at least one form of radiation.

The nucleus always splits into two equal fragments.
0 The nucleus emits at least one form of radiation.

B8 | 1.0 minutes C 2.7 minutes D 8.0 minutes

t W 08!P1IQ39 7
s head is enclosed ina helmet containing a number of radioaétiVe sources. The

I the treatment of brain cancer, @ patient’

 radiation from each source is directed towards the cancer. o A
Wlidm nudlide is the most suitable for these sources? )
~ nuclide radiation half-life
@’ caesium-137 gamma 30 years
1B|  sodium-24 beta 15 hours
strontium-90 beta 29 years o
1 californium-246 alpha | 36hour o
2 & ‘~:/‘, ‘4/’—.‘ ‘@/
°M 074y D A2 e 2
o meq gfsa radioisotope is 2400 ye rs. The actvity of 8 i@p‘e_ is /7 e J
long wil it take for the activity to fall 10 90 oountsls'?,.-% 26’6 g ea}s : p 19200yea® I0
2400 years ©7E

3°°Y°a'3 S4B
IS |
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f a sample falls to a fraction of its initig value aftr

72. OIN 06/P1/Q3s 5
The half-iife of a radioactive material is 24 years. The activity 0

years.
What is the fraction? @ 1/8
A 13 B 14 c 1/6
73. O/N 06/P1/Q40 ; . .
238U emits an alpha-particle to become thorium, which then emits a beta-particle to become

The uranium nucleus 92
beta-particle

protactinium. alpha-particle
S /
AL i Pa

Zggu .10 Th

protactinium

uranium thorium
What is the proton number(atomic number) of protactinium?
A 95 91 c 9 D 89
74. M/J 06/P1/Q39 ) ; T
A detector is used to measure the count-rate near a radioactive source. The readl.ng is 4000 ; .
counts per minute. After 30 minutes the count-rate has fallen to 500 counts per minute.What is the half-life of the
radioactive source? You may ignore the effects of background radiation.
@ 10 minutes

A 3 minutes B 5 minutes C 6 minutes

75. M/J 03/P1/Q38 \Yo00—> 2000 = Jooo 2

A radioactive isotope has a haif-life of 2 minutes. ;
What can be deduced from this statement? So0

A After iL minute, % of the isotope remains.

2
B  After 1 minute, 21 of the isotope remains.
@ After 4 minutes, 21- of the isotope remains.

D  After 4 minutes, none of the isotope remains.

76. M/J 02/P1/Q40 '
Which variation would produce a graph of the shape shown?
A count rate agajasttme for radioactivedecs

B :
C  pressure agalyst volume for a gas at constant temperatire
D i

speed against titme_for a car moving at consta )
( /,
QR
” /'/T;"\" ﬁ"’( \nud
N0 &Y
Fooey .l",)\"/
N7
NG M
W L
O
3¢ @} s )
AT A
'\E\(’ N 2 r»,;.'
Y Pali
L ol
oot 4
X
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W/J 04/P1/Q40

Ra decays with a half-life of 1600 s,
Rrn decays with a half-life of 52s.
po decays With a half-life of 9.1 s.
pb decays with a half-life of 10.6 h.
The changing count rate for one of the

10

se radioactive nuclides is shown in the graph.
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25.5 Uses of radioactive isotopes Including safety precautiong

78. M/ 15/P11/Q38 ‘
oactive isotope and a detector are used to chieck the ”"-’«’Mess

A factory continuously pr. . A radi
th S. What Is the most suitable source to use?

A  an alpha source with ‘a half-life of a few minutes

B an alpha source with a half-life of several years

C abeta source with a half-life of a few minutes
@ a beta source with a half-life of several years

79. OIN 14/P12/Q38 :
People working with radioactive materials us covered in paper.
The badge is used toTMonftor e level of their exposure to radiation.
Which radiation is detected?
A  alpha-particles only V
B beta-particles only
gamma-rays and beta-particles

D gamma-rays only

80. M/ 13/P11/Q39

A school keeps radipactive sources for use in ramt&qﬂ"w
The background radiation is measured at the start of an experiment.
Which statement is correct?

A  The background radiation is caused by the school? 's radioactive sources in the laboratory.

The background radiation is present when there are no radioactive sources in the laboratory.
C  The background radiation is radiation that is not detected in radioactivity experiments.

D The background radiation is the same in laboratories in different countries.

81. M/ 12/P12/Q39
What is the safest way to dispose of a large quantity of highly radioactive waste?
e v

A burning it on a fire

burying it in dry rock underground
C  pouring it down the drain

D pumping it into a river

82. M/ 12/P11/Q39, O/N 04/P1/Q38

When dealing with radioactive materials there are possible dangers.
/Z\

Which statement is correct? 7
Beta-particles can pass through skin and damage body cells. ,_\/;3 o
. s , , ; D) 0T
B Materials that emit only alpha-particles must be kept in thick lead containers, g:{’j/ L5V
C Radioactive materials are safe to handle after two half-lives. ﬁ(é.;{;?’f@f/
D  Sources of gamma radiation are dangerous because they have long half-lives. "r(jfr ﬁ,\g\o\\l"
NN
S Q7
G PR
NG
N LY
L AN P
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vo
"
37 aratus used in an experiment in which barriers of various materials
o’“ ogﬂ’rgg showgetxegﬁpdlfferent radioactive sources and a detector,
/’_—\
c® radioactive
1“!P‘a source detector (G-M tube)
barrier
‘ the count rates recorded by the detector for four sources.
vﬂﬂtab'ej,ﬁifmitw
' 0
qnieh ®
th __—" countrate/counts per minute
: /ce /b;r‘r;;’} paper thin aluminium |  thick lead
| qour no e
90/ 200 200 200 30
j 200 30 30 30
1200 600 200 30
¢ 30 30
. 1200 1200
L

lMJ 021P1’°3? five identical houses in different parts of the same country. When a radioactivity count was carried out ir
LA : ' i rs. —_—
.;xconf;\l’a:J s’éme‘r' oy had a mu : r:ading? e Gilers,
Bt most likely to cause this higher b4
g : s - »
Whatﬂ:e sun's radioactivity . .
e time of year when the reading was taken oL
0! ,emdear power station ten miles away from the housPé
a

background radiation from rocks under the house

.
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25.3 Nuclear reactions

29. OIN 16/P12/Q40 1

A nucleus of uranium U decays to thorium by emitting an alpha-particle.
What is the resulting thoriur?\' nucleus? 239
234 236 238 D Th
oo™ B digg C. "M -
30. M/J 16/P12/Q8, M/J 16/P11/Q13, M/J 08/P1/Q12
Which process in the Sun produces ene 2
A  buming B  nuclear fission @nuc]ear fusion D radiation

31. MW 16/P12/Q37 ~ % Qé
L . particle?
Which nucleus is produced when americium-241 (295 Am) emits an alpha-particie’

2 : 245
@ B7\p B 2;;Bk ~ c zngpD&' D “g,Bk :

93

32. MM 15/P12/Q39, M/J 15/P11/Q37
A radioactive material decays by this process:
1o, 0M (D)= eledrog

Z- T
What is particle x? -
an electron B a helium nucleus C aneutron D aproton
33. O/N 15/P11/Q40
Which row states where nuclear fusion occurs and what nuclear fusion is?
nuclear fusion occurs in nuclear fusion is
A ﬁ' a power station the joining of small nuclei
B a power station the splitting of large nuclei
@ a star the joining of small nuclei
D a star the splitting of large nuclei
34. OIN 14/P11/Q38
The energy emitted by the Sun is released when the nuclei of an element fuse together.
Which nuclei, when fusing together, release most of the energy in the Sun? .
A carbon B helium hydrogen D uranium 9
35. O/N 13/P12/Q37, O/N 13/P11/Q39 : : ol oy P
uclear fission and for nuclear fusion? - XY o
Which row is correct for nuc! A ﬁQ
- Q@
fission fusion Q’n\%’ ﬁlzﬁ‘“}
: g ) u\/ DY
produces larger nuclei is the energy source of a star %,, @4 )
produces larger nuclei releases energy in a power station ~ @'w BN
TR AN
‘E produces smaller nuclei : is the energy source of a star }\?‘\ e ‘,;):(f '
) &
produces smaller nuclei releases energy in a power station 3 ’ &,’}\
36. MJ 11/P127Q11, MU 11/P11/Q13 7 AT
The centre of the Sun produces large amounts of energy. Whatis thesource of this energy?
nuclear fission “nuclear-fusion D radioactive decay

A chemical reaction B

&S

Scanned with CamScanner



classified O-Level Physics Paper 4

383
Read & Writo Publications 26.3 Nucloar reactions

3. MU 13/P11/Q10

Energy Is released in some pow

er slatlons a
Which type of nuclear reactio ndin the Sun b

olther nuc!
n applies In each case? y uclear fisslon or nucloar fusion,

powaer station Sun
A fission fission
B fission fusion
c fusion fission
D fusion fuslon

3. OIN 12/P11/Q39

In nuclear ...... s . hydrogen nuclel ...... & e, to form helium nuclel, releasing energy.
Which words correctly complete gaps 1.and 2?
1 2
A fisslon Join together
B fission split apart
@ fusion Join together
u) fusion split apart
V]
3. MM 11/P12/Q38, M 11IP11IQ39

%
- lcle,q
238 to thorlu by emitting an ulpha part

A radioactive nuclide 92U decaVS in

itting a beta-particle. 9
The thorium then decays lnto protactin num by emitting a beta-particle. -
What is the symbol for protactinium? 284, %

234 c 91 Pa
a g, 5 Zgre 0"

: Q38
i 37, M/J 10/P11 fuslon?
0. w;:l:: I:;:vz{sa correct for fission and for fuslon’_

e fusion

/
i a nucleus e
fssion of is the energy sourco of a star

produces larger nuclei

r nuclel
roduces large ol is the energy source of a star /
e
aller nuc

is used o release energy in a power station

pmdUCOs sm

is used to releaso energy in a power station R
it

lel ) S

smallor nuc S &R
pmducos \1 :‘-;.\‘ NS

g, Ml 10/P11 (Ra) gives rise to radon (Rn) as shown LY ¥ vy
12/Q38, mdlum Y :

41, ll\:IJ r;I(!I"d active decay: “\-258 Ra — 86 Rn R o
2 ,1_ (> &%
S0 mduced? )

dicle 188 C bothan a|pha~partlcle nnd a beta-particle
ﬂ‘ R Ip o-particle D no partlclo but only gamma-rays
/@11 oased by the fusion of hydrogen atoms to lonn’hellurfi?
42. ON 09’; onorgy '°‘:,e, station in the core of the Earth
whore claﬂ po
jnany jve isotope ln tho com of the Sun
rﬂd' Dct
na

N
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Unit 26: Radioactivity

Section A

. 8 ; . '

1 2 ls':;;ﬁ}lge radioactive isotope radon-222 _decgyg bydthe emission of alpha-partigleg.
(a) As alpha-particles travel through air, the air is lf)nlse :

() Describe the composition of an alpha-particle.

(iii) State how the relative ionising effect of alpha-particles compares with that of
1. beta-particles,

(b) The half-life of radon-222 is 3.3 x 105s. 1]
The number of radon-222 atoms in the sample is 4.8 x 104,

(i) Determine the time that it takes for the number of radon-222 atoms in thissa
decrease to 1.5 x 103, L mple to
= e ASY A

U"%Y\OL _,24«¢\0* BN

= =2 B0
2 Doy LD

time -— (;::‘ ........ (\Si\ [3]

e _ ‘ e s ———
iy 3:&22;?291 rseis? e Why, in practice, the timg“for. the number of radon-222 atoms 10
. may differ slightly fromthe value obtained i ;
o Y € obtained in (b)(i).

>

-----------
..
------------------------------------------------------
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F¢

fw" 8 isotopes, 'SiI and 131 tg in:
F @8 oice of tWOISOIOPES, ‘g3l and ‘g, to inject intg g pat
wﬂf"ﬁas the cmit radiation from dSEp side the body. The radiation ;
of oes €. tion to help the doctor fin Hat on.is detecte ide the
| ;\doag 150t0P ides informa d out what is wrong with the atient.

v ; i "
190 pres 17 decays into a stable isotope of xenon by emitting a beta-
53 S

particle (B) and @ gamma

z}:;;?wp;j;s meant by @ gamma ray.
=gk
""""" | ;:";ﬂe.quation to show th? {\a.dioactive de.ch of ‘g;L o
o Y 12:131 > aXe + B+ y 2
2 nucleus Of 1231 decays, only a gamma ray is emitted. .
0 :v/::f‘ﬁi hy itis betier forﬁ doctor to inject the isotope '231 into the patient.

.
-----
.......
.
YL
.

W 1GIP22’%7piece of metal P rests on an insulator. A positively charged rod is Placed cl:ose to P,
 inunchargez iton NP @ | o positively
metal P.
insulator \

Fig. 7.1
electrical insulator.

(a) Statea material thatis

b) OnFig.7.1, draw the distribution of charges on P.. ‘ _
) Pisthen connected to earth by a wire, as shown in Fig. 7.2.&@ ©

Jovstydly
/?‘Z)\\“\cngr‘é’ed rod

SV
++++++++ o
HEHRHRH y
&> G :
metal P R earth wire
N \ é\c‘\/ \c“%(\"‘"
sulator \ M
\ i
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arges on P with the earth wire connecteq

, : istribution of ch .
() On Fig: 7.2, show the clai P if the positively charged rod is removeq L

(i) State what happens to the charges on
1.  with the earth wire still connec

ted to P,

2.

4. M/ 14/P21/Q8 G gE f iodine, 1311
A hospital laboratory uses a small sample of a radioactive isotope of loding, 55l

(a) (i) Describe the structure of the nucleus of an atom of this isotope.

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

...................................................................................................................................... 2
(i) The sample is radioactive. Describe what happens in radioactive decay.
e o A TV L R
Fadiasssssassssssaissasinssaserassnnssnonnornsssusenosnssasibusseaees B v s sasas s H e R b na e nah e )

(b) The count in one minute from the source is measured several times. Fig. 8.1 shows the
readings obtained.

[ 2686 l 2759 ] 2847 | 2799

. Fig. 8.1
() Suggest why the readings are different.

............................... -
@.M """"""""""""""""" it T T BT, 4\;}9’) ..............
A oM CA N\ S/S (Oﬂ / 06551 t\’\\‘.\@/

........................................................................................... ORTTRUTIO N |

(i) The half-life of 31 is 8.0 d i POk
53 5 a S. H . .&/ '\‘\&

sample after 24 days; ¥, Estimate the count in one mlnut@“ obfained from the

9 &)

-@Q\.' \‘i.:;“

//}% ©
@\\\\g NG
I ey

T K
& &

N /\@]‘2-‘
NG 8
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6. O/N 13/P21/Q8
A radioactive sample €
(a) Describe, with the
does not emit alph
L

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

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

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

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

(b) State two safety precautions that

sample.
UNear oVl A SRR

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

must be taken when working with the radioactiye

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

A small piepe of metal taken from a nuclear reactor is radioactive.
(a) Describe a method to determine whether the piece wl emits gamma-rays.

sessessasssrsensssrsnsane sesssccscrsrsasnvstranrreee seesee ses
ersacssesssersasePRsEeEREIsePREaRERERRsRsRRTRORTRRSS . . . . saesssns
sesanae
LTINS
"o

P T T L T L L R T R RN L L LA R A L sesesessrsssEsEIRcETETRPRaRORTRRSRR LY assens see

. . . .

sessssesnes
saseanres

nene

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

..........

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

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

-------

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

................
--------------

(b) State two Safety recauﬁons t;;;;-;; ...................................... [3]
N g te (TE ) ‘rﬂ
..................................................................... /1\"/
Wear Gl L.
............................................... e O]
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; 8 TS )
21/@ ve isotope of iodine is ";31. As a nucleus of this i :
oﬂ*m’ dsoact'symbolz B) and it beco a nucleus of an ig s isolope deg It emits a

i &%W nuclide form, for this decay, otope of xenon (s);%?k?@r\'
GomP” 131 A3 22
| 530 7 suXe+ o8
ple i@ radioactive isotope emits .both betg-particles and gamma-rays. [2]
) Asag'1 shows these Mogpleﬁfof radiation entering a magnetic field.
Fg-> e e magnetic field
into the page
beta-particles | > Gamen a
and gamma-rays
Figl8.1 Qe_lm
The girection of the magnetic field is into the page. -
& ng_/gj, mark and label the path ta
) the beta-gartic!es, [1]
(i) the gamma-rays: (1]

Emission from & radioactive source is a random process.
i State two ways in which the process is random.
1ate.

e peind bl o sion is unpredickde

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

N W ARRY . SR — 2
. et esess 1SR4 AR RRE [2]

1/P22/Q8 .
: %;1 illustrates the process that occurs in the core of a nuclear reactor.

daughter
nucleus

uranium-235
nucleus

Fig. 8.1
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; in Fig. 8.1.
(@) State the name of the process illustrated in Fig. 8

sy
........
e
.
.~
.
~

.......

......
ey
""""""
-
.,
.
.~
.,

........

-----
.......
.,
.,
.

(c) Some of the waste from a nuclear reactor is radioactive with a long half.|; 1 ~y

Explain what is meant by
() radioactive,

LT TN “teseaae.
N ATy
b S AL L D A A Prr O P e Y Seseaa,

------------
-------------------------
.......................................
................................

LT
..........
.
>
A

.
-------------------------------------------

........
..................
ey
Saa,
e,

---------------------------------------
...................................................................................
-----
.

5. &.00gkgble. amont of koo cloas,

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

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

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

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

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

o
g

RS [
11. O/N 10/P22/Q8 > A%
Explain, in outline, how a low-density cloud of hydrogen in Space become!

~< &7 a9
N N3

N\

s

7

(n
~ 4 //

%

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

.
------------------------------------

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

---------------------------------------------------------------------------
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Section B

5/P2ﬂa11tor contains @ small radioactive sq
| J"bk ot urce of americium-241, The source emits _
& ) gff articles: ce below, draw a diagram of an 5

P spa :
W inthe P ipha-particles, ———— —RAlatus that can be used to show that the

0" source o R

» Clowd ambse

SR Lol @

[2]
(i) Wpar&tus is used.
.............................................................. 2]
4 -~ (iif) l;:-;p'alain how the results of the test show that the source emits alpha-particles.
................ Yt
................................................................................................................ £
f@o@f@ ..............
IR
3 .\Y/}é? ..................... 2]
B T reeenanasSUEERREE eSS e ae SRR SRR /’\{\)) . kc}i/ .
VTS 0 yyusesessessessnanesenss ‘ —'0 ‘ ,se the a|r.
(1] b) Th ke detector works because alpha-particles from the so:n\:\e /\&_} . "
i ti owerssof dlpha-particles, beta-particles
Compare the relative ionising effects and penetrating POWETS5 P
1 and gamma rays. ’ @\g@?}
P ST A
I0NISING EffECLS ..ucrreermsmsnsusassnsmsemesmemenses?™ /@ /é@
AR AN L
...... ipiesnariasvenes
...................................................................... A
@ \%S)/ ................................................
[2]  Penetration effECts ......eeersesssenessesrerser e
................................................................... =
[2] ...............................................
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' ears: icles. It has a half-|j
(c) Americium-241 has a half-life Of%_mits alpha-pamcles life of 38

i nt joactive solregy—ai_
(i) Radium-224 is ano.tr!er el::;eis more suitable_2 the radioactive source m a oy
Explain why am_erucnum- : )
de)\ectorthm 2. o cack B,

------------------------------------- : """“"""'""1.;"";;;;;;.“f ampripil"—vn._?d'l i ""o...‘..'h]
(i) A smoke detector contains 8.0.X 1 2 of atoms of amencnum-ﬂj%

Calculate the tim_a}_ken\ffrth/emﬂ/-
\| ;
130 €-0610" “UYx\O" _ V<104 21:0x0"

ot 2 3

time = wocceeeennene )QWOZC"’S

...................... {3]
(d) When we_qﬂu_tbe radioactive source in the smoke detector is less harmf the

background radiatio
() Stateone harmful effect of background radiation.

(i) A radioactive source is picked up using a long-handled tool. Explain why-this is safer
than using a short-handled tool.

..... A, o Sodufcc il be e by on(—

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

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

o C
B R e B o
One source of background radiation is cosmic rays, ]
!'he cosmic rays that enter the Earth's atmnsnhara mem 1o ... @ © .o Mt
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(i) Describe how a nucleus OF caizees =

essvescencsssasenss
-----------------
e seagemewneeeR et oERTT TR IR R e se gy
ensnue? Ses
...........
-----------
----------
R o L O I e iy DT R T T B
senscenssssssasssesssesasesscassvad

PP T T T T T LY TRy
saseossvone Cr—
sseenes S
soeaen® T

...a.-o.oo-----r--- .......

seees 1
esssscannes® .

secssssscssnsscntsenonasnensBenRle

......................................................................................................................... [21
""""""""" , clei of these isotopes _
(i) Describe one similarity in the structure of the nu 1
....................................................................................................................................... [1]
3. M/ 16/P22/Q11 ,
Fig. 11.1 represents a nuclear fusion reaction. .
particle B
e H
isotopes of hydrogen : 7
] £ N =
H Z
’ ‘ o particle A L0
N
Fig. 11.1 9" @ﬁ
O .
At very high temperatures, nuclei of the two isotopes 2H and 3H fuse ‘t@é\éih\g}.inergy is produced
and two new particles are formed, particle A and particle B. ~@D &

. : Q'§,ﬁ @)
(a) Weant by isotopes of hydrogen. R\g;@ WL
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of neutrons i
p g the numPer OF NELLIONS in & nucleus of e isotope 3y,

r) the nw \ L ........................................
(i

ber Of partic|e B ...............................
the proton_num '

P — e D b

w) e nuceon IUMber (mass number) of Particle B )‘1 .............

-------
..
-------------------------------------

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

.............................................................. 2
0 A star forms from a large cloud of gas ang dust in space, e

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

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

.
--------------------------------------------------------------------------------------------------------------------------------------------
-------

-------- (adioadive emissions o halC! o

suee
----------------------
------------------
-----------------
--------------
-------------

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

. NCAR Q)
() A sample contains 16000 atoms of 3H. \

(@2 , (\de

SN A
: 8lyearsd
Calculate the number of atoms of ?H present in the sam le after 48 y“
M

N\ S\
LNV oGr)
o

L)
9 N~ ™
{,':),)\_/ o
N

\

e 16000  £000
2 ek T2 \=
& = loow
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4. OIN 16/P21/Q8
Sodium-24 and sodium-23 are two of the isotopes of sodium. Sodium-24 Is a radioactiye isoy
that emits beta-particles and gamma-rays as it decays.

(@) The nuclide notation for the isotope sodium-24 is 33Na. -y
. ure of a neutral atom of sodium-24,
() Describe the composition and struct

........

e,
""""
s
.,
.

""""""

...........

-------------------------
----------------------------------------------------------------------------------------------------------
.

\ ; 3]
(i) State how the composition of a nucleus of sodium-24 differs from the com Osition
nucleus of sodium-23.

——2 ———00sition of 5 _
%(-3— &%(‘gfﬁg is. 1 He

(b) A nucleus of sodium-24 decays. It emits a beta-particle and pr

oduces a nucleus of an isotope
of magnesium (Mg).

(i) State the name of the particle that is identical to a beta-particle.

E 'ﬂ.CJTOh

....... SO OROR O |
(i) Complete the nuclide equation for the emission of a beta-particle (B) by sodium

-24,
(-] 24
24NIa ool , TS
7iINa = B+ 15 Mg
3
YT ...........7\.,’.’/'.:;.\ ...........
N
Q¥
0@7*/
......... a.c‘\.v..[Z]
: (\‘\\/,)‘3)" L 9‘5;-_0 .
(d) Fig. 8.1 shows a beam of beta-particles and a beam of gamma-rays’entefing the electric field
between two oppositely charged plates. <<S' ~ ',)‘“
] v 2D O+ 4
W oF
beam of . @\\Q\) & &
beta-particles @ ~
> P
“ 7
beam of @@v o
gamma-rays &
txg\:"

Fig. 8.1 (not to scale)
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,._AM Ribed & Wt Puinmong L B8 Mty
|
7 21 it o
" the proton Aumbaey e nutleon numie
g" :' 1 e ———————y S ——— of the nusle o five nenrg) @voms
$ tral neut Ty o e
¥ ?gm 1 amn?g 1 Nnral \ el | el
I W»Tm%i;a __ﬁ“ 3 L wlom 4 .1 o £ :
e . - . ~~---«Xw~-_»,w_,.m_ SR oo .
* MO“ - ‘ i 18 18 ‘l, 18 ts
o “*l e 4
: -f,/ 35 35 i 1 » :
ool 38 © | = |
| T " j
> Fig.111 20 2o
ihe two atoms in Fig. 11.1 that 290

@ ;‘)’m are different isotopes of the same element,

----------------------------------- ) l
aves
.....

----------
---------
........
------

) contain the same number of neutrons,

Y S 1
3.S

.......
-------- ombapRENARANSS S04 0L RO S NN 02000« 1004 V9 PR RS po,
...............

) contain the same number of electrons,

................................................... 1M
.................................. 3 ,:k'.n,. in
) e ucleus of atom 1 is radioactive and when it decays, it emits a beta-particle.
state, for the nucleus produced by this decay

@ te proton number,

35
\6

proton number = ........ ‘;

RR, | |
(i) the nucleon number.

i~ BS
nucleon number = ....... R il AR it ipens in

@ W

(c) Asample contains a large number of radioactive nucl’éfi;that emit beta-particies. The sample is

placed near to a radiation detector in a laboratory_égd @héj‘tbunt rate is recorded over a long
period of time. y

‘?\".‘_;/:"’;// PN l/ . . .
Fig. 11.2 shows the count rate recorded by tﬁg‘de}?ctor during this period.
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1
o
el e the structure of an atom of carbon-14.

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

.............
--------
.
o0
o

3 oL |eu5 of an atom of carbon-14 is represented as '4C.

(.).é-rgc;r'l‘has several isotopes. ‘M‘
pescribe, in terms of the particles within the nucleus, how lsot0pes s

4, different from one another,
OL%@”‘- W M"‘L’e..f .............. [1]

the same as one another. @&

2.
oame wrber of- Pootons | SED

6fo Lecfs%’by carbon
U(/

carbon-14 decays by beta emission to a stable isotope of nitrogen.

)
carbon-14 has a half-life of 5700 years and is used to find the age@)
K e |

dating.
) A pure sample of carbon-14 initially conta
Calculate the number of atoms of carbon and of nl gen present in the sample
after 11400 years. Q_b
| §0x\0 }} '0 SO 0>(\o
11400 o

5200
number of atoms of carbon — NE
\0

number of atoms of nitrogen = ... Ll
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(i) Explain why carbon-14 is not used to find the age of @ piece of coal thay has

in the ground for millions ofL years. 8
l’\adé ‘raj(—é)‘t

----------

............................................................................................................................ 1
(c) A teacher sets up the apparatus shown in Fig. 11.1. 1
= }aad 5
radioactive
source emitting_ |
beta-particles 7] l: detector counter 3
~ 6mm |
Fig. 11.1 | ‘
The teacher also has available a number of sheets of aluminium, each of which is 1mm
thick.
heets are used to demonstrate that beta-

s 5

(i) Describe how the apparatus and the S
parficles are stopped by Smm of aluminium.
In your mmammMund count is measured and used.

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

el Ialailraaisia

EETPE

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

---------------------------------------------------------------------------------------------------------------------------------
.

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

(i) Suggest why the le
the demonstration.

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

............................................................................................................................
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20
| 10 ioactive source emits alph
- og2f@ . g radioactive S alpha-particles, beta-particle 4
ﬁ" ﬂZu‘ Wh:cti "31 front of & radiation detector, as shown in Fig. 10.1? Al
e radioactive ...,
. source P 1
;e detector 1
- \
- e ;
o 1
- i
absorbing e
materials
Fig. 10.1 4
‘ psorbing materials are plqced between the source and the detector. The detector 31
wfa,entsathe “umber of counts per minute. e — g
re
1% o WhaL 1S 1 31
31

U ) a|2ha-garticlel‘€i I‘
Q

1€)..... A .............................................................................................................. 31
""" T conmit fgf 2 nuetoas ¢, 2 -

(i) a gamma-Tay. \\A P
........... L 40.?))’\ | &1
e | &

? radf .......... .Q.Q-f .................................................................................. sesee B1

o () ‘Suggest why, in this experiment,

" 4. the distance between the source and the detector is only a few centimetres, c1
. C1
J

\s_alpha_ Parkicl can be Shoged. by %
e OQ(‘Q = Fe—wcmh%,.a"[z] e
........................... . - @4@ N

2. the half-life of the radioactive source is longer th 050

> L
................. '\%\»)‘...\é.\% B1
----------------------------------------------------------------------------- @\ @% B1
...................... Q@“ (LA )
......................................................... e o
(i) State one precaution taken when using 0{5@ =
SO R UAE L

........................................................................... SRS -
L\) eo_(C O L. Ol [1] B1
........................................................ ' -
K ANCE / 2
& = ‘ B1
B1
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(¢) Fig. 10.2 shows the results obtained.

source present material between source | counts per minute
and detector o
no none 10 |
yes none 1200
yes thin paper 820
yes 5mm aluminium 820
Fig. 10.2

Using information from Fig. 10.2, state and expl;jgwhether the source emits
(i) alpha-particles,

(d) There is a count recorded even when no source is resen
radiation.

State two sources of background radiation.

t: This is caused by background |

dralicaiel

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

Ssessrssasssvassonnsorssst

RMIlanmmastaL .
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krypton
@R — nucleus
'/ bmnd
barium

nucleus

nucleus

Fig. 11.1
ts into a nucleus of barium (Ba) and a nucleus of krypton (K

935 nucleus SPI r) and

m
' n‘ec,urrf:autrons are released.
:,I;e we name of this process. 9]
' l ;SQOr\ :
Thisprocess may be represented by a nuclear equation. An incomplete versuon of ‘this
hown below. : ‘ ‘Z‘a

(4 —Q)_
=C w3

of uranium-235, }/

]
e

() Calculate

1. the number of neutrons in a nucleus

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

number of neutrons =

2. the proton number (atomic number) of Krypton, é
proton NUMDET = woeveenesasensess 3 ..................................... [1]
3. the nucleon number (mass number) of the barium nucleus. S
A
e AUCIEON NUMDET = ussrsssmsssisssesssss et \g&’@}) .......... [1]
(i) During this process, there is @ decrease in mass. Energy is rele_%zedb.nﬁ’{he decrease in
~ Massis 3.1 x 10-28kg and the speed of light is 3.0 X 108m/§) @(’ @{}V
N < @
- Calculate the energy released in this process. ‘%@ fﬁ@
n&,’/é/
& «‘53%
/() ‘S\»‘\
0 &
&
&
nnnrav e T {3]
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31
31

31
31
31

31
31

B1

B1
B1
B1

c1
Cc1
A1
c1

A1

B1
B1

B1
B1

B1
B1
B1
B1
B1
B1



(d) Some of the waste products from a nuclear power station aré ragioacuve aiu nave very \N\§

half-lives.

(i) SEtg the meaning of half-life.
ak s ﬁ T Gor Hoe ('aJ}°°d"W¢-¢"‘m"5" ....... ‘

'l:o \"014’3 e ———— @ 1

(ii) Describe one safety

e eanlechve claathing
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12. O/N 10/P21/Q10 :
An atom of phosphorus (chemical symbol P) is composed of 15 electrons, 17 neutrons ang
15 protons.
@) Fortiisatom, state I .
(i) the proton number (atomic NUMDET), weeresesseeers, 33_ .................... I

(ii) the nucleon number (mass number). ...
(b) This phosphorus atom is radioactive. AS |
symbol S), it emits a beta-particle (symbol B)-

() Write a nuclear equation for this decay.

n-
W HB— S

(ii) Explain what is meant bygtze{a-gafticle. -
£L i o Cost cnovirg ebchonl

t decays to an atom of sulfur (chemicy

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

(i) A sample of radioactive material contains many of thesg phosphorus at_oms,
Describe an experiment to investigate whether the sample emits only beta-particles,

A diagram may be included.

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

............................................................
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' o ener| :
1109 P wnkgofmmrwum“"‘ywmm gﬂﬂh"lm“m
. : 9x104y :
much energy would be released 3 D 9x -
:‘Oo‘“‘vmh.) . ox 1074 ¢ 4510 J
A 3Ix100%)
44. M/ OB/P1IQ12 p— o
:nvom into hellum and ""‘”,:::mzym energy.
A During fission, hydrogen  saughter products 8
During fission, uranium converts hydrogen and releases energy.
During fusion, helium oonvam‘":w daughter products and releases energy.
&,Duringhnbn.mnbmwm
45. O/N 05/P1/Q38 —\ : ey
; rticie and then on
30 7. 1t emits one alpha-pa
Amcbusisreprmmpdbyz
91—+
X?
What is the resulting nucleus o 226% b 230y
A 226 B 89x 6 89
88
48 W OSPI/Q1 ol
The speed of light is 3 x 10® m/s.
What is the energy equivalent of 2 kg of matter? :
A 2x3x10%) c 5x2x3x10°)2J
B 2000x3x10%J D (2x3x10%RJ
47. MJOS/P1/Q39 .
Which equation shows a nuclear fission reaction?
e 2y.2 e 463 46S + gamma ray oo
‘:u» A JH+ H- He oL C ,48c—,,Sc+g y
‘ - 239, . 95. . 141
B N+ neuron 15N oL @ 39, S50+ 16 43 neutrons
48. O/N 04/P1/Q40

Deuterium ?H and tn‘ﬁumil are two isotopes of hydrogen.

“Compared to a deuterium atom, how many protons and neutrons does a tritium atom have?

protons neutrons

A more o more

B more | same
‘@ same | more

D same same

49. M/J 04/P1/Q11

50. M/J 03/P1/Q37
In a fission reactor, which p

A alpha-particle B gamma ray
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