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(a) Fig. 10.1 represents an atom of carbon.

neutron

Fig. 10.1 (not to scale)

Complete the labels for the particles in Fig. 10.1.
On each dotted line, write the name of the particle.

(2024 2= 0625/32 4510/Fi(a))
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1. Which diagram represents the positions of the charged particles of an atom?
A B C D
® 0O
o ®

(2023 EZ= 0625/12 £534/51)



2. Which description of the structure of an atom is correct?
A anegatively charged nucleus with negatively charged electrons around it
B a negatively charged nucleus with positively charged electrons around it
C a positively charged nucleus with negatively charged electrons around it
D

a positively charged nucleus with positively charged electrons around it
(2025 475 0625/13 45355)

3. A simple model of the atom consists of small particles orbiting a central nucleus.

Which row is correct?

charge on charge on
nucleus orbiting particles
A negative negative
B negative positive
(o positive negative
D positive positive

(2024 H 7 0625/11 553248)
4. Which description of the structure of an atom is correct?
A negatively charged electrons surrounding an uncharged nucleus
B negatively charged electrons surrounding a positively charged nucleus
C positively charged electrons surrounding an uncharged nucleus

D positively charged electrons surrounding a negatively charged nucleus
(2025 47 0625/11 $53358)
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{5l 2 Which statement about an atom is correct?

A An atom has positive charge because there are only positive charges in the nucleus.
B An atom has negative charge because there are only negative charges in the nucleus.

C An atom has neutral charge because the positive charge in the nucleus equals the total
negative charge of the electrons.

D An atom has neutral charge because the negative charge in the nucleus equals the total
positive charge of the electrons.

(2024 25 0625/12 453055)
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5. Which diagram represents the structure of a neutral atom?
A B C D
key
S S O O neutron
% @ proton
@ 669 © electron
© © ©
(2024 47 0625/11 $5345%)
6. The diagrams represent the protons, neutrons and electrons in different atoms and ions.
Which diagram shows a negatively charged ion?
A B
Q Q
& key
o - @ = proton
O = neutron
O = electron
C D
Q Q
Q Q
(2023 47& 0625/12 553450)
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{5l @1 3 How are positive and negative ions formed from atoms?
positive ion negative ion
A add positive charge to the nucleus add an electron to the atom
B add positive charge to the nucleus remove positive charge from the nucleus
Cc remove an electron from the atom add an electron to the atom
D remove an electron from the atom remove positive charge from the nucleus

(2023 EZ= 0625/11 2534/8)
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7. An ion of the element oxygen is negatively charged.
Which change causes the ion to become a neutral oxygen atom?

A gain of electrons
B gain of protons
C loss of electrons

D loss of protons
(2025 B 2= 0625/12 4533550)

8. A rechargeable battery contains lithium.
The lithium exists as positive lithium ions.

How does an ion of lithium differ from an atom of lithium?

A The ion has fewer electrons orbiting the nucleus.
B The ion has more electrons orbiting the nucleus.
C The nucleus of the ion has less charge.

D The nucleus of the ion is more positively charged.
(2023 7 0625/12 553455)

9. A magnesium ion has a double positive charge and a chloride ion has a single negative charge.

Which statement is correct?

A A chlorine atom gains an electron to form the chloride ion.
B A chlorine atom loses a proton to form the chloride ion.
C A magnesium atom loses an electron to form the magnesium ion.

D A magnesium atom gains two electrons to form the magnesium ion.
(2023 47& 0625/22 5534150)

10. (a) (i) State how a neutral atom becomes a positive ion.

(ii) State the type of nuclear emission which is the most ionising.
(2024 478 0625/33 %5 108i(a))
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A scientist fires alpha-particles at a very thin sheet of gold and detects the particles that pass

RS

through.

Which statement about the results of the scattering experiment is correct?

A Alpha-particles are attracted to the nucleus of the atoms in the metal sheet.

B Half the mass of the atom is concentrated in the nucleus.

C Most of the alpha-particles are deflected, showing that the nucleus is very dense.
D

Only a small number of alpha-particles are deflected, but some of these are deflected
through large angles.

(2024 57 0625/21 453248)
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1.

The scattering of a-particles by a thin metal foil supports the nuclear model of an atom.

Why are a-particles used rather than neutrons?

A
B
Cc
D

because they always travel more slowly
because they are heavier
because they are larger in diameter

because they have a positive charge

(2023 #7F 0625/22 453350)

2, Which observation provides evidence for the nuclear atom?

A
B
Cc
D

attraction of opposite charges
emission of y-rays during the decay of a radioactive nuclide
scattering of a-particles by a thin metal foil

scattering of y-rays by a thin metal foil

(2025 F 2= 0625/23 #534/)

The scattering of particles by a thin gold foil provided scientists with evidence for the nuclear
atom.

Which particles were scattered by the gold nuclei in the thin foil?

A
B
C
D

o-particles
B-particles
neutrons

protons

(2024 F 2= 0625/22 #533/)
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In an alpha particle scattering experiment, a beam of alpha particles is fired at a very thin piece of
gold foil.

In which direction do most of the alpha particles travel after hitting the foil?

gold foil

beam of

alpha particles / \‘ A
c

D B

(2025 2= 0625/21 #E33/8)
B R NIRG R RE, MARZEL o BTl S ENLP Mk, T3 NS5 iz 3
Pz T 10 A Ae ik Ao
RS L)

4. In a-particle scattering, a-particles are incident on a thin metal foil.

Which row describes results from the experiment and a conclusion that the results lead to?

results conclusion

A most of the a-particles most of the atom is empty space
pass straight through the foil

B most of the a-particles the nucleus is very large
pass straight through the foil

C very few of the a-particles most of the atom is empty space
pass straight through the foil

D very few of the a-particles the nucleus is very large
pass straight through the foil

(2023 42% 0625/21 553410)
) particles are directed at a very thin sheet of gold foil.

5. (a) Alpha (a
The following observations provide evidence for the nuclear model of the atom.
State what conclusions may be made about the model of the atom from these observations.

(i) Observation: most of the particles pass straight through the foil.

(ii) Observation: a few particles bounce back or are deflected through large angles.
(2025 475 0625/43 458/i(a))
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When a thin gold foil is bombarded with alpha particles, some alpha particles are deflected
through large angles.

Which statement explains this deflection?
A Most of the atom consists of empty space.

B All of the positive charge and most of the mass of the gold atom are concentrated in a small
volume.

C Positive charge in the gold atom is spread evenly throughout the atom.
D All of the negative charge is concentrated at its centre.
(2025 E 7 0625/22 4534550)
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6. The scattering of a-particles by a thin gold foil provides evidence for the nuclear model of the
atom.

Two a-particles of the same energy are incident on a nucleus of gold.

Which diagram shows the correct paths followed by the a-particles as they pass close to the
nucleus?
A B

path of a-particle

—

gold nucleus

(2023 478 0625/23 453455)

9



The arrow shows the path of an a-particle travelling towards the centre of a gold nucleus.

—— O

Which description of the path of the a-particle after striking the gold nucleus is correct?

gold nucleus

A The a-particle is deflected through a very small angle towards the top of the page.
B The a-particle is deflected back along its initial path.

C The a-particle carries on in a straight line with no deflection.

D

The a-particle is captured by the nucleus and goes into orbit around it.
(2025 47 0625/22 4i3355)
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(a) An experiment directs alpha particles at a very thin sheet of gold foil.
(i) Most of the alpha particles pass through the thin foil in a straight line.
State the conclusion about atoms from this observation.

(ii) Some of the alpha particles are deflected through angles less than 90° and a few are
deflected through 180°.

State and explain two conclusions about the nuclei of atoms from this observation.
(2024 F7F 0625/42 45955i(a))
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8. The scattering of alpha-particles from a thin gold foil produces the following observations.

e Most of the alpha-particles pass through the foil.
e Most of the alpha-particles are virtually undeflected.
e A small fraction of the alpha-particles are deflected through large angles.

e A very small fraction of the alpha-particles bounce back from the foil.

Which conclusion does not follow from these observations?

A Most of the mass of the gold atom is in its nucleus.
B Most of the atom is empty space.
C The nucleus consists of protons and neutrons.

D The nucleus must be charged.
(2023 H 7 0625/23 4533/0)

9. a-particles are directed at a metal foil.
Most of the particles pass through the foil with little change in direction.
A small proportion of the particles are scattered back through large angles.

What does this evidence suggest about the structure of an atom?

A It consists of a charged centre much smaller than the size of the atom and with little of the
mass of the atom.

B It consists of a negative charge the size of the atom containing small positive charges
scattered through it.

C It consists of a charged centre much smaller than the size of the atom but with most of the
mass of the atom.

D It consists of a positive charge the size of the atom containing small negative charges
scattered through it.
(2024 475 0625/21 #534%0)
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(a) Table 11.1 gives information about the particles in an atom.
Table 11.1
name of particle relative charge location in the atom
proton +1 in the nucleus
neutron
electron orbiting the nucleus

Complete the table by writing the correct information in the three empty spaces.

(2025 %2 0625/32 #5111Hi(a))
i HP P TR TN B R, ARHARX A 0, AL EHEE A%
I 1R A% M3l B (o, 45 HAE X BAg o —1.
e HF—ATH O BTN BT 1T -1,

ARSE D)
1. What are the relative charges on a proton, a neutron and an electron?
proton neutron electron
A 0 —1 +1
B 0 -1 -1
Cc +1 0 -1
D +1 0 +1
(2023 425 0625/13 453440)



2, Which diagram shows the structure of a neutral atom?

(2024 H 2 0625/23 4i3345)
3.

nucleu

ogo D o O ogo o »

o

"4

B
key

&@ @ = neutral subatomic particles
@ = positive subatomic particles
@ = negative subatomic particles

D

l

Fig. 11.1 represents all the particles in an atom which is a radioactive isotope of carbon.

Fig. 11.1 (not to scale)

(a) Table 11.1 gives information about the particles shown in Fig. 11.1.

Using the information in Fig. 11.1, write in the empty boxes to complete Table 11.1.

(2023 2= 0625/31 #511/8i(a))

Table 11.1
name of number of position of relative charge of
particle particles particle particle
electron
neutron in the nucleus
6 +1 (plus one)




Fig. 9.1 represents an atom of beryllium. The labels A, B and C indicate three types of particle.

(@) (i) Complete Table 9.1.
Name each type of particle and state the sign of its charge.

One row is done for you.

Table 9.1
type of particle name sign of charge
A
B
C proton positive (+)

(ii) There are several different isotopes of beryllium.

State what is meant by the term isotope.

(2023 B2 0625/33 4595i(a))
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An iron nuclide is represented by the symbol shown.
56
sFe

Which statements about a nucleus of this iron nuclide are correct?

1 The nucleus contains 56 neutrons.
2 The nucleon number is 30.

3  The proton number is 26.

A 1and2 B 1and3 C 2and3 D 3only
(2023 2 0625/12 453550)
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5. Radium is a radioactive element with the chemical symbol Ra. The proton number for radium
is 88. Radium-223 is an isotope of radium that has a nucleon number of 223.

(b) Determine the number of neutrons in one nucleus of radium-223.
(2025 478 0625/31 4510i(b))

An isotope of hydrogen has the nuclide notation 12H.

How many neutrons are in the nucleus of this isotope and what is the relative charge on the

nucleus?
number of relative
neutrons charge
A 1 +1
B 1 +2
C 2 +1
D 2 +2

(2024 7= 0625/21 ’;1534%@)
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(b) An atom of lithium has the nuclide notation:

7g =
;LI
Draw a clearly labelled diagram to represent one atom of lithium.
(2024 75 0625/32 55108i(b))
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7.

Radium is a radioactive element with the chemical symbol Ra. The proton number for radium
is 88. Radium-223 is an isotope of radium that has a nucleon number of 223.

(a) Write the nuclide notation for radium-223.
(2025 425 0625/31 45104i(a))

8. A nucleus X has 17 protons and 18 neutrons.

Which notation is correct for this nucleus?
A X B %X c X D 77X

(2024 H 7% 0625/22 4534550)

9. (a) Fig. 10.1 represents all the particles in a lithium atom.

ht .- .

’ ’/ N S Ay
' ’ \\ ‘\
Lo o Lo Key
! ' ! ' e electron
[l " ..O ] ]

1 1

DN S ® proton

\ S e ’

AN Srele--T S O neutron

~ < -

Fig. 10.1 (not to scale)
(i) State the proton number (atomic number) of the lithium atom in Fig. 10.1.
(ii) Determine the nucleon number (mass number) of the lithium atom in Fig. 10.1.

(iii) Describe how a lithium atom changes to form a positive ion.

(2023 &75 0625/33 45 108i(a))



10. A nuclide of strontium is represented by ggSr.

Which row gives the number and location of the electrons in an atom of 50Sr?

number of .
location of electrons
electrons
A 38 in the nucleus
B 38 surrounding the nucleus
C 52 in the nucleus
D 52 surrounding the nucleus

(2024 F 2= 0625/13 #533/1)
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The table gives information about four nuclei.

proton nucleon
nucleus
number number
1 26 59
2 27 59
3 27 60
4 28 60

Which nuclei are isotopes of the same element?

A 1and2 B 1and4 C 2and3 D 3and4
(2024 7 0625/12 #31550)
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MN=A-Z1
N, =59 —27 =32
N; =60—27 =33
B EBARR o FEORE, R 2 5 3 &R—MITRFEA R . #iE Co
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1. A nucleus of element X is represented as gg X
Which is an isotope of element X?
26 54 56 54
A 5 X B 26X c 24X D X
(2023 H 2 0625/11 5355)
2, The table shows the composition of three different nuclei.
number of | number of
nucleus
protons neutrons
X 3 3
3 4
z 4 3

Which nuclei are isotopes of the same element?

A X, YandZ B XandYonly € XandZonly D YandZonly
(2023 H 7 0625/22 453450)

3. (b) Isotopes of copper (Cu) include: Cu - 63 and Cu - 65.
Explain what is meant by ‘isotopes of copper’.
(2024 475 0625/33 45 108i(b))
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An element has two isotopes.

Which row compares the nucleus of one atom of each isotope?

the charge the mass

on each nucleus of each nucleus
A different different
B different the same
Cc the same different
D the same the same

(2025 £Z= 0625/12 £536451)
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4. Carbon-14 (12C) is a radioactive isotope of carbon. Carbon-12 (1§C) is not radioactive.

(a) Explain how an atom of carbon-14 (120) differs from an atom of carbon-12 (120).

(2024 &75 0625/42 45 1085i(a))

Many household smoke alarms contain a sample of the radioactive isotope americium-241 (Am).

(@) Americium-241 is the isotope of the element americium that has the nucleon number (mass
number) 241.

(i) State how the composition of a nucleus of americium-241 differs from that of a nucleus
of americium-242.

(ii) An atom of a different element has a nucleon number of 241.

State two differences between the composition of a nucleus of this atom and a nucleus
of americium-241.

(2023 &2 0625/41 #5955i(a))

6. (a) U-235 and U-238 are isotopes of uranium.

Fig. 10.1 shows the nuclide notation for U-235 and for U-238.

235U 238U
92 92

Fig. 10.1

(i) Compare the number of protons in one nucleus of U-235 with the number of protons in
one nucleus of U-238.

(ii) Compare the number of neutrons in one nucleus of U-235 with the number of neutrons
in one nucleus of U-238.

(2024 EZ= 0625/32 £510/Fi(a))



7. Fig. 11.1 represents all the particles in a beryllium atom.

Key

« electrons / )

@ protons 5"’ ! ag
o L

Fig. 11.1 (not to scale)

(ii) The key for Fig. 11.1 gives the names of two types of particle. One label is missing.
Complete the key by adding the name of the third type of particle shown in Fig. 11.1. [1]

(b) Fig. 11.2 shows four different particle diagrams, A, B, C and D.

[} :CO} * ) ..8‘%‘3 ) [} o.O * ) ) :8533 ) )
A B C D
Fig. 11.2

(i) State which diagrams show an isotope of beryllium.

(ii) State which diagram shows a positive ion.
(2023 478 0625/32 %5 1115i(b))
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151l %51 1 What occurs during nuclear fusion?

A Two light atomic nuclei join together and emit energy.
B Two light atomic nuclei join together and absorb energy.
C A heavy atomic nucleus splits and emits energy.

D A heavy atomic nucleus splits and absorbs energy.
(2024 25 0625/22 453245)
R A RN R T 45 O O T R TP R AR 3
HE Ao
ABSESED|

1. Which particle is absorbed by a nucleus to cause nuclear fission?
A aneutron
B a proton
C an a-particle

D a B-particle
(2023 &7 0625/21 5537}4)

2, What happens in the process of nuclear fission?

Electrons are added to a nucleus.

A
B Electrons are removed from a nucleus.
C The nucleus of an atom splits.

D

Two atomic nuclei join together.
(2023 475 0625/22 553738

3. Which statement describes how nuclear energy is released by fission in a nuclear power station?
A Atoms join together to make molecules.
B Heavy nuclei split into lighter nuclei.
C Light nuclei join together to form heavier nuclei.
D Molecules break down into atoms.
(2023 475 0625/23 453740)
4. What is nuclear fission?

A the merging of two nuclei to create a heavier nucleus
B the process by which electrons are removed from an atom
C the process by which stars generate energy

D the splitting of a nucleus to create two smaller nuclei
(2024 H 7 0625/23 453480)
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(@) A nuclear power station has a reactor where controlled nuclear fission of uranium-235 takes
place.

(i) Explain what is meant by nuclear fission.

(ii) State one advantage and one disadvantage of generating electrical power in nuclear
power stations compared with electrical power generated using wind turbines.

(2023 #Z 0625/42 45915i(a))
i HERAANE L, BRHAFREN-235 JR S 2SN B/NE 1%, FFH kR R
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5. Fission and fusion are two types of nuclear process.

How does the total mass of the nuclides produced compare with the total mass of the original
nuclide or nuclides in these nuclear processes?

total mass of fission total mass of fusion

products compared products compared

to original nuclide to original nuclides
A same same
B more less
C less more
D less less

(2023 F 2= 0625/22 #533/1)
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6. The isotope uranium-235 is represented by
235
9oU.

(b) Uranium-235 is a fuel used in nuclear reactors.
(i) State the process by which energy is released from uranium-235 in a nuclear reactor.
(ii) A nuclide equation for this process is
ZSSU +on—> 1‘5‘2Xe + 38Sr +2 0n

Describe the mass and energy changes that take place during this process in a nuclear
reactor.

(2023 &2Z5 0625/42 55815i(b))

(E FEAEZEZAE )

CHIR ZEiE 5 X, ARSTH, Z2RTH, PP AL Z BRHAL.
BT PR o KP4 BB /E L pe § 0l da.
BT AR S R BAS FNS BIARSE

BRI T RO A BN PR R R AR A BN A% 45 6 R R+
AU EE
Bx: A—Z; BT A T8 Z

L E I S T BRI B A A% R, TR A B Z S B .

Bl# 3 (b) Deuterium is an isotope of hydrogen (H) with 1 proton and 1 neutron. Nuclear fusion occurs
when two nuclei of deuterium combine. An isotope of helium (He) and a neutron are formed.

Use nuclide notation to write down the nuclide equation for this reaction.
(2023 HZ& 0625/42 55945i(b))
i STAEA LABCFR LA, MOETFECR 2, BFH0h 1.
R FETHE, SR TFECh

24+2-1=3
iV S R ENE Y A )
1+1-0=2

2H+2H—-3He+)n
%: 2H+2H— 3 He+ | no
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7. A teacher writes the nuclide equation for a fusion reaction.
2 X 4 1

What is the missing number X and the missing element Q?

X Q
A 2 H
B 2 He
Cc 3 H
D 3 He
(2025 475 0625/22 453455
8. The nucleus of an isotope of nitrogen, N, absorbs a neutron. It then decays into an isotope of

carbon, C, and emits x.

1 14 14
on + 7N - 3C + x

What is x?

A a-particle
B p-particle
C y-radiation
D proton

(2025 #£Z= 0625/22 £538551)

9. #°Pu is an isotope of plutonium.

The nucleus can absorb a neutron and then split to form two other nuclei.

Two nuclei that form are gold, *; Au, and phosphorus, 3iP.

In this reaction, neutrons are also produced.

What is the number of neutrons produced when the nucleus splits?

A 1 B 2 C 4 D 5
(2025 47 0625/21 4533})

10. An isotope of boron is used in the treatment of cancer in the brain.

Boron sticks to cancer cells in the brain.

(@) The isotope of boron is bombarded with neutrons then undergoes fission to form lithium and
alpha-particles.

(i) Describe one difference between fission and fusion.

(ii) Anucleus of boron (B) contains 5 protons and 5 neutrons. Complete the nuclide equation
for this fission reaction.

(2024 475 0625/43 458%i(a))
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Which apparatus is used to measure background radiation?

A acounter, a detector and a source
B a counter and a detector only
C a counter and a source only

D a detector and a source only
(2024 25 0625/12 532/80)
i AR AR ORI O U8 I PR b AT 7 A P P B AR o
I B AR O IR s e s . AT I
Wk B
ARSE )

1. Which type of radiation is measured using a detector connected to a counter?

A visible light
B ionising nuclear
C microwave

D thermal
(2025 &7 0625/11 45355%)

2. (@) (i) State whatis meant by background radiation.

(ii) State one source that makes a significant contribution to background radiation.
(2025 H 7 0625/42 4i95Fi(a))

3. When measuring the emissions from a radioactive rock brought into the laboratory, a teacher
mentions that background radiation must be taken into account.

What is this background radiation?

A ionising radiation in the laboratory when the radioactive rock is not present
B ionising radiation from the radioactive rock brought into the laboratory

C infrared radiation from the Sun

D infrared radiation from warm objects in the laboratory
(2024 & 75 0625/13 5534550)

25



Leaks in underground water pipes are detected using radioactive tracers. Fig. 10.1 shows a
radiation detector above a water pipe.

counter

detector

/ )

pipe ground leak

Fig. 10.1

(a) Before the radioactive tracer is added to the water, the detector measures the background
radiation above the pipe. The average background radiation is 26 counts/minute.

(i) Define background radiation.

(ii) Suggest one source of radiation that may make a significant contribution to the
background count rate.

(iii) A-radioactive tracer is added to the water. The counter in Fig. 10.1 shows the count rate
in counts/minute above the leak in the water pipe.

Determine the count rate due to the tracer.
(2024 E 75 0625/43 4510Hi(a))

(= 3t EEE SRR AR

A RS FE PR IR A AT I FE AR s I TR RIS IR, RIS AT T g ik
4L
FEHRRFEARE . - BYRRE FEHNL B X HERET NERE.
FE, B A% S T PR TR R I s &, THE B A counts/s BY, counts/minute.
EF: mRPHEASRS ARMERY

26



I RO DA SRR S SR DR BRI, e MU 2R R BRI, AR AR 5 & TR

{51l 3% 2 What is an artificial source of background radiation?

A X-ray machines in hospitals
B radon gas from rocks
C cosmic rays from the Sun

D plants and other living things
(2023 £ 0625/12 453614
fiE: B X SRR A THEMER, J8 T NGRS SaPrias. RAKHFHRLE
P N R SRS VR BT 1ok B B AR AR -
ik Ao
£33

5. (c) Radon gas is one source of background radiation.

Name two other sources that make a significant contribution to background radiation.
(2025 B 2= 0625/32 45108i(c))

6. (c) State two different sources of background radiation.
(2023 425 0625/43 5915i(c))
7. A student suggests three sources of naturally occurring background radiation.
1 cosmic rays
2 medical X-rays
3 radioactive emissions from radon gas from the ground
Which suggestions are correct?
A 1and3 B 1only C 2and3 D 2only
(2024 475 0625/12 4534J50)
8. The table shows the contribution to background radiation from the four most common sources.
source percentage qf tptal
background radiation/ %
radon gas (in the air) 48
rocks and buildings 13
food and drink 10
cosmic rays 11

Which percentage of background radiation comes from all other sources?

A 14% B 18% C 21% D 82%
(2025 H 2 0625/11 5534/5)
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{51l %3 1 A student is investigating the count rate of a radioactive substance.
How must he adjust his reading for the background count?

A Add the background count to his reading.
B Ignore the background count as it will not affect his reading.
C Subtract the background count from his reading.

D Take repeat readings to eliminate the background count.
(2024 %7 0625/22 431550)
e PRI 2 A B R DM RS U A R TSR A ST
B IEBAEL = SRS 38 — AT
FC I DS o i 2 A R T . ik Co
X943

1. A detector near a radioactive source shows a reading of 2000 counts/minute.

How is the corrected count rate determined?

A by moving the detector closer to the source

B by placing an absorber between the detector and the source
C by repeating and averaging the measurements

D by taking away the background radiation count rate
(2025 B 7% 0625/22 55355

2, A radioactive source is placed near a detector connected to a counter.
210 counts are recorded by the counter in 3 minutes.
The background count rate is 20 counts per minute (cpm).

What is the corrected count rate for the radioactive source?

A 50cpm B 70cpm C 190cpm D 270cpm
(2023 B 7 0625/21 453500)
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The dashed line on the graph shows the decay curve recorded from a sample of a particular
radioactive isotope. The count rate includes background radiation.

80

count rate 70
counts/minute 60—
50 X
40 *
30 S
20 T
10 =1
0

012345678910
time/days

Which curve shows the corrected count rate for the decay?

A B
80 80
corrected 70 corrected 70
countrate  go-| countrate  go--
counts/minute 5 \ counts/minute 5Q \I
\\\ N
40 N 40 N
30 N 30 R
20 RN 20 <1
10 e 10 T
0 0
0123456728910 0123456728910
time/days time/days
Cc D
80 80
corrected 70 corrected 70
countrate gy countrate g\
counts/minute 5q \\ counts/minute 5q \\
\\\ N
40 AN 40 X
30 AN 30 N
20 5o 20 REN
10 RS 10 B
0 0
0123456728910 0123456728910
time/days time/days

(2024 B 2= 0625/22 %35“@()
i AR SR I EAE N BRI A, BIE RS Z1E
Ry = Ry — Ry
WAEIE AN IR N TRAE N, S BN EEREEAL BRERE, BIEEEEET 0. AB
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3.

Some students set up an experiment to measure the count rate for a radioactive source.

First, they measure the radioactive background count rate in the laboratory by taking three
measurements. Each measurement is taken over a 10-minute period.

The table shows their results.

number of counts in 10 minutes

first second third
measurement measurement measurement

170 164 185

Next, the students measure the counts near the radioactive source. This count rate is measured
as 949 counts per minute.

What is the corrected count rate for the source?

>

932 counts per minute
B 776 counts per minute
C 430 counts per minute

D 78 counts per minute
(2025 478 0625/23 453305)

A student is carrying out an experiment to measure the radiation from a radioactive source.

He uses a radiation detector and records the total counts in 5-minute intervals. He does this three
times with the source present and three times with the source absent. Here are his results.

total counts in total counts in
5 minutes 5 minutes
with source present | with source absent

68 25
73 28
69 22

What is the average corrected count rate for the source?
A 5 counts/minute

B 9 counts/minute

C 25 counts/minute

D 45 counts/minute
(2024 &7 0625/22 45365)
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Which row correctly identifies the nature of each radioactive emission?
alpha (o) beta (B) gamma (y)
A helium nucleus electromagnetic wave electron
B electron helium nucleus electromagnetic wave
Cc helium nucleus electron electromagnetic wave
D | electromagnetic wave electron helium nucleus

(2024 %28 0625/12 43338
B o KPR +2e HTMEAL, 67 BLF&H —e BATH R BT, v SRETRHY B g o
SO BARFFZ C 47
Gk Co
ARSEE|

1. A nucleus of strontium-90 is represented using nuclide notation as shown.
90
2 S
(b) Strontium-90 decays by emitting p-particles (beta-particles).

Describe the nature of p-particles.
(2024 B 7 0625/31 5105i(b))
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2, Unstable nuclei emit ionising radiation when they decay.

(a) Draw one line from each type of ionising radiation to its nature.

type of ionising radiation nature
alpha (c1) electromagnetic
wave
beta (B) helium nucleus
gamma (y) electron

(2025 &-Z= 0625/32 55978i(a))

3. (a) Table 9.1 shows some properties and values for a-particles, p-particles and y-radiation.
Complete Table 9.1.
Table 9.1
type of number of number of charge/C stopped by
radiation protons neutrons
a 2 +3.2x 10719 thin sheet of
paper
[§] 0 thin sheet of
aluminium
Y 0
(2023 E 7 0625/42 495Fi(a))
4. Strontium-89 is a radioactive beta-emitter used to treat bone cancers.

A solution of strontium chloride is injected into patients and accumulates in their bones.
Which statement about this treatment is not correct?

A Beta radiation is a form of electromagnetic radiation.
B Beta-particles are a form of ionising radiation.

C The strontium-89 atoms change to atoms of another element when they decay.

D Beta-particles are negatively charged.
(2025 475 0625/12 5536})
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{51l 3% 2 Which statement about alpha, beta and gamma emissions is correct?

A Alpha-particles are lighter than beta-particles.
B Beta-particles are not deflected by magnetic fields.
C Gamma rays are more penetrating than alpha-particles and beta-particles.

D Gamma rays are more ionising than alpha-particles and beta-particles.
(2025 7 0625/12 453841
i o KFRAR T, RRATIERETH BRT, A,
BRLFHH, WAL B 4o
FERSI A Y > B> a, Ch,
HEREI N a > B>, Dif.
#iizk Co
£33

5. (c) Compare the penetrating abilities of alpha particles, beta particles and gamma rays.
(2025 7 0625/32 551118i(c))

6. The diagram shows a radioactive source, a thick aluminium sheet and a radiation detector.

=

radioactive thick aluminium radiation detector
source sheet

The radiation detector shows a reading greater than the background reading.

Which type of radiation is being emitted by the source and detected by the detector?
A o-radiation

B p-radiation

C y-radiation

D infrared radiation
(2024 475 0625/11 45365%)

7. An isotope of boron is used in the treatment of cancer in the brain.

Boron sticks to cancer cells in the brain.

(b) The alpha-particles destroy the cancer cells. Suggest and explain one reason why alpha
particles are more suitable than gamma radiation for use in this treatment of brain cancer.

(2024 £&-7Z5 0625/43 £5815i(b))



8. Which statement about alpha, beta and gamma radiation is not correct?

A Alpha particles are deflected most in an electric field.
B Beta particles are deflected most in a magnetic field.
C Gamma radiation is not deflected by a magnetic field.

D Gamma radiation is least ionising.
(2025 H 25 0625/22 55364)

(=. ZEMRBEHRSD )

BSHERFAZ T 8 R BERLHI & 77 & o KL BB TRy 4R
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A radioactive source is placed near a detector.

The radiation arriving at the detector from the source is measured for 10 minutes with different
materials placed between the source and the detector.

materials
. placed here

radioactive
source

|: _detector

material between radiation detected
source and detector / counts
none 5626
sheet of paper 5629
thick sheet of aluminium 2226
thick sheet of lead 255

Which types of radiation are emitted by the source?
A a-particles and y-rays

B a-particles only

C B-particles and y-rays

D p-particles only
(2024 H % 0625/21 553515)
fi#: ARHTIE AL 5626 ~ 5629, 22 5ok H MU PR MBENUR R, BEITIRP T o K57
JEERAE T 5629 PR 2226, 1 BRIE A BERBILH B 1
JEEE AT 2226 2 255, d BT H A & HI 59 RY + ).
Hiltik Co
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9. The emissions from a radioactive source pass through a sheet of lead that is 10 mm thick.

Which type of radiation is emitted from the source and how is the radiation affected by an electric

field?
type of radiation effect of electric field on radiation
A o} radiation deflected
B o radiation not deflected
C Y radiation deflected
D Y radiation not deflected

(2024 F 2= 0625/12 #5355)

10. A radioactive source is placed 20 mm in front of a detector.
The count rate from the source is 2000 counts/minute.

With a thin sheet of paper between the source and the detector, the count rate is
2000 counts/minute.

With a sheet of aluminium 5mm thick between the source and the detector, the count rate is
1200 counts/minute.

Which radioactive emissions are coming from the source?

A alpha, beta and gamma
B alpha only
C Dbeta and gamma only

D betaonly
(2025 475 0625/11 #334/5)

11. (b) Fig. 9.1 represents three types of emission P, Q and R from a radioactive nucleus. The
diagram shows whether each emission can penetrate paper and aluminium.

R >
thin sheet 5mm of
of paper aluminium
Fig. 9.1

Identify the types of emission labelled P, Q and R.
(2025 47 0625/33 4395i(b))
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A beta-particle enters a uniform magnetic field directed into the page and deflects downwards, as
shown.

RO RO RO RO RO RN RN region of magnetic

X X XX field into page

Which direction of electric field would also deflect an electron downwards?
A into the page

B out of the page

C down the page

D up the page
(2024 %7 0625/22 #53350)
M W F=qFE, HRWRE, RS R AR .
B RS, SR I, BT .
Tk Do
ARSE )

1. a-particles, B-particles and y-rays are emitted by radioactive nuclei when they decay.
Which emissions can be deflected by an electric field?
A oa-particles, B-particles and y-rays
B «-particles and B-particles only
C B-particles and y-rays only

D «y-rays and a-particles only
(2023 475 0625/11 45354)
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2, Why are beta-particles deflected more strongly than alpha-particles when they enter an electric
field?

A Beta-particles have less mass than alpha-particles.

B Beta-particles are negatively charged.

C Beta-particles have lower velocities than alpha-particles.
D

Beta-particles have more ionising power than alpha-particles.
(2023 475 0625/23 4536}0)

3. (b) Fig. 8.1 shows three beams of ionising radiation, alpha, beta and gamma, passing between
two parallel plates. The plates are charged and there is a uniform electric field between them.

| charged plate

I——

DOT
\J

N

charged plate

Fig. 8.1

(i) State and explain which path P, Q or R shows a beam of alpha particles.

(ii) State and explain the direction of the electric field between the plates.
(2025 475 0625/43 £5815i(b))
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{31l 2 The diagram represents the paths of three types of ionising radiation, X, Y and Z, through a
magnetic field.

The three types of radiation are alpha, beta and gamma.
X > ____—magnetic field

Y
z

Which statement about the ionising radiation is correct?
A Xis positively charged.

B Y is negatively charged.

C Zis the most strongly ionising.

D Xhas a smaller mass thanY.
(2024 E 7 0625/23 453551)
i YUTHZATHE, WY hvimss.
X5Z5mMR, HXWHEEREUN, X hBRT, Zhaokif.
BT B B P B, Wik Co

RS |

4. The isotope thallium-208 (%33T1) is radioactive. It decays by p-decay.

(b) A sample of thallium-208 is placed in a thick lead container. Fig. 8.1 shows a narrow beam of
B-particles and y-radiation emerging from a small hole in one side of the container.

magnetic field

X
X
X
X
X
X
X

beam of
B-particles and X x %X x x x x
y-radiaton . ____ |
sample of
thallium-208
Fig. 8.1

The narrow beam enters a region where there is a magnetic field that is directed into the page.
On Fig. 8.1:

e draw a line labelled B to indicate the path of the p-particles in the magnetic field
e draw a line labelled y to indicate the path of the y-radiation in the magnetic field.

(2024 B 75 0625/41 45855i(b))
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A radioactive source emits a-particles, B-particles and y-rays into a vacuum where there is a
magnetic field.

The magnetic field acts perpendicularly into the plane of the paper.

The paths J, K and L of the three types of radiation through the magnetic field are shown.

K
J

X X X
magnetic field
into paper

X X X

X X X X
L

X X X X

radioactive
source

Which radiation follows path J, path K and path L?

J K L
A | a-particles B-particles y-rays
B a-particles y-rays B-particles
C B-particles a-particles y-rays
D B-particles y-rays a-particles

(2025 425 0625/23 £34/81)
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6. (a) Fig. 9.1 shows a beam of radiation in a vacuum. The beam contains a-particles, p-particles
and y-radiation.

region of uniform
magnetic field into the page

+

beam of X X X X X X X X X X
radiation

- X X X X X X X X X X
containing
a-part_lcleS, X X X X X X X X X X
B-particles

and y-radiation

Fig. 9.1

The beam enters a region where there is a strong, uniform magnetic field. The direction of the
magnetic field is into the page.

On Fig. 9.1 draw and label the paths within the magnetic field of:

(i) a-particles (label this path o)

(ii) p-particles (label this path f)

(iii) y-radiation (label this path y)

(2025 425 0625/42 45915i(a))
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A beta particle has less mass than an alpha particle, but the speed of a beta particle emitted
during radioactive decay is approximately 20 times greater than the speed of an alpha particle.

Which statement correctly compares properties of these two particles?

A
B

C
D

(2025

Alpha particles are less penetrating because they have less kinetic energy than
beta particles.

Alpha particles are more penetrating because they have less kinetic energy than
beta particles.

Alpha particles are less ionising because they have more kinetic energy than beta particles.

Alpha particles are more ionising because they have more kinetic energy than beta particles.

28 0625/23 553381)
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7. (c) Adifferent element decays by the emission of an alpha particle (a-particle).

Give two reasons why a-particles are more strongly ionising than p-particles.
(2025 H 7 0625/43 F1115i(c))

8. An a-particle and a B-particle have the same kinetic energy.
Why does the a-particle have a larger ionising effect than the B-particle as it passes through air?

A The a-particle has a larger charge and a larger velocity so is closer to an air particle for a
shorter time.

B The a-particle has a larger charge and a smaller velocity so is closer to an air particle for a
longer time.

C The a-particle has a smaller charge and a larger velocity so is closer to an air particle for a
shorter time.

D The a-particle has a smaller charge and a smaller velocity so is closer to an air particle for a
longer time.

(2024 &7 0625/22 #53550)

9. Three statements about alpha (a) particles and beta (B) particles are listed.

1 The magnitude of the charge on an a-particle is twice the charge on a B-particle.
2 The mass of an a-particle is large compared with the mass of a B-particle.

3 The kinetic energy of an a-particle is small compared to the kinetic energy of
a B-particle.

Which statements help to explain the different ionising effects of a-particles and B-particles?

A 1,2and3 B 1and2only € 1and3only D 2and3only
(2025 475 0625/21 453455)
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Which type of radioactive source is suitable for use in measuring and controlling the thickness of
paper in a paper-manufacturing factory?
type of emission half-life
A alpha long
B alpha short
C beta long
D beta short

(2024 7= 0625/22 553655)
f DIRACKIE RN, FRST R S AUk . R REATIK S RN 0 T AT £ A
o BLF- SRR . B AL T 22 RE 138 & R AROK IR L
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1. Leaks in underground water pipes are detected using radioactive tracers. Fig. 10.1 shows a
radiation detector above a water pipe.

@)

pipe ground leak

Fig. 10.1

(b) Suggest which radioactive emission, alpha, beta or gamma, is suitable for detecting the leak
in the water pipe.

Explain your answer.
(2024 H 2 0625/43 #510/4i(b))
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Which properties must a radioisotope have for its radiation to make it suitable to kill bacteria
in food?

half-life type of radiation emitted
A less than one minute y only
B several hours o only
C several hours y only
D several thousand years o only

(2025 £&Z5 0625/21 £536/81)

(b) Table 9.1 shows five radioactive sources, the main type of radiation emitted by each source
and the half-life of each source.

Table 9.1
radioactive type of radiation half-life
source emitted

P alpha 460 years
Q alpha 10 days
R beta 29 years
S beta 14 days
T gamma 30 years

(i) Define half-life of a radioactive isotope.

(ii) Fig. 9.2 shows a simplified diagram of a machine that produces thin sheets of aluminium
of constant thickness.

radioactive rollers

source
™ aluminium sheet >~

s ? radiation B

detector

machinery 1
to control

roller

Fig. 9.2

The radiation detector is used to measure the thickness of the aluminium sheets and
control the gap between the rollers.

State the most suitable radioactive source in Table 9.1 for the machine in Fig. 9.2.
Explain why this radioactive source is the most suitable and why the other sources are

unsuitable.
(2025 &7 0625/42 45955i(b))
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Which statement about the random decay of the nuclei in a sample of uranium-238 is correct?

A The probabilities of an alpha-particle, a beta-particle or a gamma ray being emitted from a
nucleus in the sample are equal.

B The probability of a nucleus in the sample decaying decreases as time passes.

The probability of a nucleus decaying in any ten minute interval is the same for all the nuclei
in the sample.

D The probability of a nucleus in the sample decaying increases as time passes.
(2023 7 0625/11 $368H)
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1. Isotope X is radioactive.

Which statement about X must be correct?
A Anucleus of X is unstable.

B X emits a-particles.

C X emits B-particles.

D X emits y-radiation.
(2025 F 7 0625/23 #5365)

2, The nuclei of the atoms in a substance are changing randomly and emitting radiation.
What is happening to the substance?
A Itis undergoing electromagnetic induction.
B Itis undergoing magnetisation.

C Itis undergoing solidification.

D Itis undergoing radioactive decay.
(2024 F 7 0625/13 #53550)
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(b) Lead-208 (228Pb) has the highest nucleon number of the stable isotopes of lead.
82

Explain why lead-214 (2}3Pb) is radioactive.

(2023 4725 0625/43 £59/5i(b))

4. Which row correctly describes an example of radioactive decay?
original . change or
emission
nucleus no change of element
A stable Y change of element
B unstable o} change of element
C unstable o no change of element
D unstable B no change of element
(2023 475 0625/12 4535580)
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A nucleus spontaneously emits radiation and becomes a nucleus of a different element.

What could the emitted radiation be?

A alpha or beta
B alpha or gamma
C Dbeta or neutron

D gamma or neutron
(2024 F£7E 0625/12 45347
i TTERMEHRBTFH Z i,
o A Z b 2, BT A Z Wi 1, —HEIMETRAE.
v RISRH T RSB Z, TR,
Ok Ao
RS E 22

5. Which statement about alpha decay is correct?
A The nucleus loses electrons.
B The nucleus changes to that of a different element.
C The nucleus does not decay until after one half-life.

D After two half-lives, alpha decay always stops.
(2024 47 0625/21 4536/5)
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6. An atomic nucleus decays by one or more radioactive decay processes.
What causes the proton number to decrease by 1?
A a-decay followed by B-decay
B a-decay only
C B-decay followed by y-decay

D p-decay only
(2024 475 0625/23 #355)

7. Which type of radioactive decay causes the nucleus of one element to change into the nucleus of
another element?
emission of an emission of a emission of a
alpha-particle beta-particle gamma ray
A v v X
B v X X
C X v v
D X v X
(2023 475 0625/13 #5368)
8. The unstable nucleus of an element undergoes radioactive decay. The proton number remains
unchanged.

Which description of this radioactive decay event is correct?

A The nucleus emits an a-particle.
B The nucleus emits a B-particle.
C The nucleus emits y-radiation.

D The nucleus emits an a-particle, a B-particle and y-radiation together.
(2025 B 7 0625/11 4535/5)
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Which row shows what happens when a nucleus decays by emitting a -particle?

change in the nucleus particle emitted

A a neutron changes to a electron
proton and an electron

B a neutron changes to a proton
proton and an electron

C a proton changes to a electron
neutron and an electron

D a proton changes to a neutron
neutron and an electron

(2025 £Z= 0625/22 55358)
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9. Which change occurs in the nucleus of a radioactive atom when a beta-particle is emitted?

A neutron — alpha-particle
B neutron — proton + electron
C proton — neutron

D proton — neutron + electron
(2025 478 0625/23 #5365)

10. (b) State how p-decay changes the nucleus of an atom.

(2023 F 7 0625/42 %:955i(b))
1. (a) During p-decay, one of the neutrons in the nucleus changes.
(i) State what happens to this neutron.

(ii) Explain how charge is conserved during this change.
(2023 B Z& 0625/43 55815i(a))

12. The nuclide notation for the radioactive isotope carbon-14 is 1%0.
(c) Carbon-14 decays by beta () emission.

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

(ii) Describe the change that takes place in carbon-14 as a beta-particle is emitted.
(2024 475 0625/41 558/i(c))
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The radioactive isotope radon, “22Rn, is an alpha (o) emitter.
During this radioactive decay, an isotope of polonium, Po, is produced.

How many neutrons does a nucleus of this isotope of polonium contain?

A 130 B 132 C 134 D 136
(2024 £Z= 0625/22 £534/81)
B o ABIE A MET 2ABTRIRLT . BT RO T T
A=222—4=218
Z=86—2=84

EMZH A

N=A—7=218—84=134

Wik Co
RS
1. (b) Complete the nuclide equation for the a-decay of radon-212 to form an isotope of polonium,

symbol Po.
212
86 Rn—
(2023 H 7 0625/43 88Hi(b))

2. A uranium nucleus Zggu decays to form thorium by emitting an a-particle. Thorium decays to

protactinium by emitting a B-particle.

Which row gives the atomic number and mass number of this isotope of protactinium?

atomic number mass number
A 89 234
B 90 235
Cc 91 234
D 95 235

(2025 £Z= 0625/22 £34/81)
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3. (b) Radioactive isotopes are used in some medical treatments.

Radium-223 (%23Ra) is an isotope of radium. Radium-223 decays by the emission of alpha (c.)
particles to an isotope of radon (Rn).

(i) Complete the nuclide equation for this decay.

zggRa ........ Rh+ o

(ii) Radium-223 is injected into the body to treat a specific organ.

Explain why the source must be inside the body.
(2025 HZ& 0625/42 5955i(b))

4. Many household smoke alarms contain a sample of the radioactive isotope americium-241 (Am).
(b) Americium-241 decays to an isotope of neptunium (Np) by alpha-particle (a-particle) emission.
(i) Complete the equation for this decay.
241,
Am N + o
..... 03 P
(ii) One reason for using an isotope that emits a-particles in a smoke detector is that
a-particles are more strongly ionising than beta-particles (B-particles).
Explain why a-particles are more strongly ionising than p-particles.
(iii) The isotope of neptunium produced by americium-241 is also radioactive.
The decay of this isotope of neptunium produces an isotope of protactinium which
decays by p-emission. p-particles are more penetrating than a-particles.
The half-life of neptunium is longer than two million years.
Using this information, explain the advantage of this long half-life for the use and safe
disposal of a household smoke alarm.
(2023 478 0625/41 #955i(b))
(Z=.BEAFETHZM1 ]
TE 6~ BA2Y, BN PR ARFIFBGRE T 4~ KFRmEsEch . B
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The isotope thallium-208 (33T1) is radioactive. It decays by p-decay.

(@) Thallium-208 decays to an isotope of lead (Pb).

(i) Complete the equation for this decay.

208
g1l —
(ii) The p-emission of thallium-208 is accompanied by y-emission from the nucleus.

Explain why this y-emission does not affect the numbers in the equation in (a)(i).

(iii) Suggest one reason why a nucleus of thallium-208 is unstable.

(2024 H 25 0625/41 581Hi(a))
¥ B RFE R B
HFCRACSFAE, 208 =208 +0: i FARELSFE, 81=82+(-1), fi#
28T 28 Pb+9,8
v ET%&% BREEFIRLAT , WA 2 IR AZ T e B S B R B4
FE-208 R FHTRES AL L2, BITARRE .
g0 25 TL— 28 Pb+ 0,5 v RIREA ARSI TAC $6-208 TR RS AL S T

RS k)

5. Sodium-24 is a radioactive isotope that emits beta radiation.

Which nuclear equation shows how sodium-24 decays?

fiNa — Mg + ¢

24 24 0
uNa — jNe + J

O W »

24 20 4
uNa — SF + 3B
24 20 4
D “iNa — JAL + 3B
(2025 E 2= 0625/21 #5365)

6. (b) Sodium-24 is an isotope of sodium (Na) that has a proton number of 11 and a nucleon number
of 24.

Sodium-24 decays by emission of a beta-particle to form an isotope of magnesium (Mg).
Use nuclide notation to write down the nuclide equation for this decay.
(2024 H 7% 0625/42 4955
7. Strontium-90 (ggSr) is a radioactive isotope that contains 38 protons and 52 neutrons. Strontium-90
decays to form an isotope of yttrium (Y) by emitting beta (p) particles.
(@) (i) Suggest how the nucleus of a stable isotope of strontium differs from a nucleus of
strontium-90. Explain your answer.

(ii) Complete the nuclide equation for the decay of strontium-90 to yttrium.

(iii) Explain why scientists limit the amount of time they are exposed to radioactive strontium.
(2025 HZ& 0625/41 #59/5i(a))
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8. (b) A protactinium (Pa) nucleus decays into a uranium (U) nucleus by the emission of a beta
particle (B-particle).

(i) Complete the nuclear equation for the decay.
234
g1ha =

(ii) State the change that occurs in the nucleus during the decay.
(2025 H 7 0625/43 4511/8i(b))
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f5il 51 1 (a) Define the half-life of a radioactive source.
(2025 F 7 0625/43 %5 11/5i(a))
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1. Which definition of half-life is not correct?

A the time it takes for the count rate from a radioactive sample to fall to half its original value
B the time it takes for half of the unstable nuclei in a radioactive sample to decay

C the time it takes for the mass of radioactive material in a sample to halve
D

the time it takes for half of the neutrons in a radioactive sample to decay
(2024 &7 0625/23 4536/50)
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2. Fig. 9.1 represents all the particles in a neutral atom of a radioactive isotope X1.

Fig. 9.1 (not to scale)

(c) The half-life of X1 is approximately 20 ms.
(i) Define the term half-life.

(ii) Suggest one reason why isotopes with very short half-lives are especially hazardous.
(2023 H 7 0625/41 #9/5i(c))
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The count rate due to a sample of a radioactive isotope is measured for 80 minutes.
time __countrate
/minutes counts/second
0 480
20 380
40 300
60 240
80 190

What is the half-life of the isotope?

A 20 minutes B 40 minutes C 60 minutes D 80 minutes
(2023 F 2 0625/11 453755)

i BUEPIEOR C) = 480 counts/s, H—FK
Gy = % = 240 counts/s.
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H#45 t;, = 0 min, ¢, = 60 min,
T, =ty —t; = 60 min,
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3. A student collects data for a new radioactive substance.

800000

700000 X

N\
count rate 600000
counts/s \

500000

rd

400000

V4
o

300000

200000

100000

0
0 500 1000 1500 2000 2500 3000 3500 4000

time/s
Using the graph, what is the approximate half-life of the substance?

A 1400s B 2000s C 100000s D 800000s
(2025 47 0625/13 45375)

4, A detector is used to monitor the emissions from a radioactive source over several days.

The table shows the count rate from the source at different times.

time/days count rate
counts/s

0 250

1 215

2 180

3 148

4 120

5 100

What is the half-life of the source?

A between 1 and 2 days
B between 2 and 3 days
C between 3 and 4 days

D between 4 and 5 days
(2023 475 0625/12 45365)



(c) Ateacher demonstrates radioactive decay by using a sample of protactinium-234m.
(i) The sample emits beta (p)-particles.
State the nature of a beta (B)-particle.

(ii) The teacher obtains data for a decay curve. Fig. 10.1 shows the decay curve for the
sample of protactinium-234m.

1000

900

count rate
count/s

800

700

600

500

>

400

300

pd

200

100 was

T——

0
0 50 100 150 200 250 300 350
time/s

Fig. 10.1

Calculate the half-life of protactinium-234m using the information in Fig. 10.1. Clearly
show your working on the graph or in the space provided.

(iii) Suggest a reason why the half-life of protactinium-234m makes it suitable for this
demonstration in a lesson.

(2024 E 2= 0625/33 £510/5i(c))
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6. Unstable nuclei emit ionising radiation when they decay.

(b) lodine-131 is an unstable isotope of iodine.

(i) State the meaning of the term isotope.

(ii) Fig. 9.1 shows the decay curve for a sample of iodine-131.

240
count rate

counts/s 210 \
180 +—\

150 \
120
90 N
60
30

~——

0 —=
0 4 8 1216 20 24 28 32 36 40

time/days

Fig. 9.1

Determine the half-life of iodine-131. Show your working clearly.
(2025 47 0625/32 4:955i(b))
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Americium-241 is a radioactive nuclide. The nuclide notation for a nucleus of americium-241 is

241
95Am

(b) Americium-241 has a half-life of 430 years.
A radioactive source contains 12mg of americium-241.
Calculate the mass of americium-241 that remains in the source after 860 years.

(2023 FEZ 0625/32 45 115i(b))

&z RN

__ 860 __
PN

m =12(3)" =3.0 mg
% FI4RHE-241 RESN 3.0 mg.
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1. (b) Plutonium-241 has a half-life of 14 years.

A sample of radioactive material contains 72 mg of plutonium-241.

Calculate the mass of plutonium-241 remaining in the sample after 42 years.
(2025 B2 0625/31 5510/8i(b))

2. The half-life of the radioactive isotope caesium '3, Cs is 30 years.

Starting with 30 g of the isotope, which mass of the isotope remains after 90 years?

A 10.0g B 7.50g C 3.75¢g D 1.25¢
(2024 425 0625/11 43755)

3. The half-life of carbon-14 is 5700 years.

An object containing carbon-14 has a count rate of 100 counts/minute when it is first formed. The
graph shows how the count rate decreases over time.

Which point on the graph corresponds to a time 11400 years after the formation of the object?
100

count rate
counts/minute -

0 time
(2023 &75 0625/13 £535/5)

4. (b) A source contains a radioactive isotope of strontium. This isotope decays by emission of
p-particles. The half-life of this isotope is 29 years.
(i) State the change in the nucleus which occurs when a f-particle is emitted.
(ii) The initial mass of this isotope of strontium in the source is 25 ug.
Calculate the mass of the strontium isotope that decays in 87 years.
(2024 7 0625/42 45915i(b))
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A sample of a radioactive isotope has an initial rate of emission of 128 counts per minute and a
half-life of 4 days.

How long will it take for the rate of emission to fall to 32 counts per minute?

A 2days B 4 days C 8days D 12days
(2023 7 0625/12 4375)
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5. (b) A sample contains another isotope of uranium. The half-life of this isotope is 24 minutes.

Calculate the time taken for the mass of this isotope in the sample to decay from 16.0mg to
4.0mg.

(2024 B2 0625/32 4510/8i(b))

6. Radium is a radioactive element with the chemical symbol Ra. The proton number for radium

is 88. Radium-223 is an isotope of radium that has a nucleon number of 223.

(c) The half-life of radium-223 is 11 days. A sample contains 32 mg of radium-223.

Calculate the time taken for the mass of radium-223 in the sample to decay from 32mg to 4 mg.
(2025 &7F 0625/31 45108i(c))

Carbon-14 (120) is a radioactive isotope of carbon. Carbon-12 (%C) is not radioactive.

(b) All living organisms contain both carbon-12 atoms and carbon-14 atoms. The ratio of
carbon-14 to carbon-12is 1:1 x 102,

Carbon-14 has a half-life of 5700 years.

(i) When an organism dies no new carbon is absorbed. The amount of carbon-12 in the
dead organism remains fixed.

Describe how the amount of carbon-14 in the dead organism decreases with time.

(i) A sample of wood contains carbon-14 to carbon-12 atoms in the ratio 1:4 x 1012,

Calculate how many years ago the tree died.
(2024 47 0625/42 5510/5i(b))
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18 3 A sample of a radioactive isotope emits 9600 a-particles per second.

After 40 hours the rate of emission has fallen to 600 a-particles per second.

What is the half-life of this isotope?

A 4.0 hours B 8.0 hours C 10 hours D 20 hours
(2023 E 2 0625/12 4536551)
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8. (b) A sample containing 60 mg of radon-222 decays to 7.5mg in 11.5 days.

Calculate the half-life of radon-222.
(2025 B 25 0625/32 £51055i(b))

9. (c) Curium-242 is a radioactive isotope. It emits alpha particles. It has a half-life of 160 days.
After 480 days, the mass of curium-242 in a sample is 2.4 x 103g.

Calculate the initial mass of curium-242 in the sample.
(2025 47 0625/43 45855i(c))

10. Fig. 11.1 represents all the particles in a beryllium atom.
Key
« electrons / )
e protons L e
o \ .

Fig. 11.1 (not to scale)

(c) A scientist uses a detector and counter to measure the count rate due to radiation emitted
from a radioactive source.

The first measurement is 400 counts/min.
The scientist takes another measurement 6 hours later. This measurement is 50 counts/min.

Calculate the half-life of the radioactive source.
(2023 &2 0625/32 45115i(c))

1. An explosion in a nuclear reactor spreads the isotope caesium-137, 12; Cs, across a large area.

After 90.0 years have passed, the quantity of caesium-137 present is 12.5% of its original level.

What is the half-life of caesium-137?

A 11.3 years B 22.5years C 30.0 years D 45.0 years
(2024 475 0625/21 4375)
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A detector is placed near a radioactive isotope and records a count rate of 700 counts/min.
The half-life of the isotope is 8 min.
The average background count rate is 60 counts/min.

What is the count rate measured by the detector after 16 min?

A 100 counts/min
B 160 counts/min
C 175 counts/min

D 220 counts/min

(2025 %7 0625/22 H53748)
& AR SETHECR S A RRST, WO IR IR R
Ryz o = 700 — 60 = 640 counts/min.
16 _ 9 g AR,
Ry; = 640(1)” = 160 counts/min.
TR &5 B I A RO A S A TR
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ik Do

RSk

1. The reading on a detector placed near a radioactive material is 536 counts per second.
The background count rate is 44 counts per second.
The half-life of the radioactive material is 34 hours.

What is the reading on the detector after 68 hours?

A 44 counts per second
B 123 counts per second
C 134 counts per second

D 167 counts per second
(2024 F 7 0625/21 #5368)
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(c) Aradiation detector used in a laboratory detects a background count rate of 30 counts/min.
A radioactive source is placed in front of the radiation detector. The initial reading on the
detector is 550 counts/min. The half-life of the source is 25 minutes.

Calculate the expected reading on the detector after 75 minutes.
(2023 F 7 0625/42 #:945i(c))

Strontium-90 (ggSr) is a radioactive isotope that contains 38 protons and 52 neutrons. Strontium-90
decays to form an isotope of yttrium (Y) by emitting beta () particles.

(b) Yttrium is also unstable. A scientist places a sample of yttrium near a radiation detector.
Table 9.1 shows the count rate recorded by the detector as the sample decays.

Table 9.1
time/h recorded couqt rate
counts/min

0 68
50 49
100 38
150 32
200 26
250 24
300 20
350 21
400 20
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Fig. 9.1 shows a graph of the count rate due to yttrium against time.
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Fig. 9.1

(i) Use Fig. 9.1 to determine the half-life of yttrium. Show your working.

(ii) Explain the difference between the count rate in Table 9.1 and the count rate due to
yttrium plotted on the graph in Fig. 9.1.
(2025 E 7 0625/41 43955i(b))

A radioactive isotope of sodium has a half-life of 15h.

The table gives data from an experiment to show how the rate of decay of the isotope varies with
time.

The background count rate has not been subtracted from these data.

time/h 0 10 20 30

count rate
counts/s

400 260 170 115

What is the background radiation count rate?

A 12 counts/s
B 15counts/s
C 20 counts/s

D 30 counts/s
(2023 &75 0625/22 55361)
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Which row correctly matches three radioactive sources to their uses?

emits alpha-particles emits beta-particles emits gamma radiation
and has a long half-life and has a long half-life and has a short half-life
A monitoring the thickness smoke alarm tracer to be injected
of aluminium foil to detect cancer
B monitoring the thickness tracer to be injected smoke alarm
of aluminium foil to detect cancer
Cc smoke alarm monitoring the thickness tracer to be injected
of aluminium foil to detect cancer
D smoke alarm tracer to be injected monitoring the thickness
to detect cancer of aluminium foil

(2024 E 2= 0625/23 2536;81)
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1. (c) An isotope of technetium is injected into the body to detect cancer in one of the organs. The
half-life of this isotope is 6 hours and it decays by emitting gamma (y) radiation. The radiation
is detected outside the body.

(i) Explain why a source of gamma radiation is used.

(ii) Explain why a source with a short half-life must be used.
(2025 H 2= 0625/42 591i(c))

Carbon-14 (130) is a radioactive isotope of carbon. Carbon-12 (%C) is not radioactive.
(c) Other radioactive isotopes have different half-lives.
Suggest a use of a radioactive isotope with a half-life of one hour.

Explain why a short half-life is suitable for this use.
(2024 475 0625/42 5 108i(c))
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3. (a) For each application of radioactive isotopes, state and explain which type of radioactive
emission is suitable and suggest an appropriate half-life for the isotope.

(i) household smoke alarm

(ii) measuring the thickness of aluminium strips produced in a factory
(2023 475 0625/43 5955i(a))

4, Strontium-90 is a radioactive isotope of strontium. The nuclide notation for strontium-90 is:
90
3851

(b) Strontium-90 is used to measure the thickness of metal sheets in industry.
Strontium-90 decays by emitting beta () particles which pass through a metal sheet to a
detector.

(i) One metal sheet is 0.75mm thick. Suggest why strontium-90 is a suitable radioactive
source to measure the thickness of the metal sheets.

(ii) The half-life of strontium-90 is approximately 27 years. Fig. 9.1 shows the shape of a

decay curve.
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Fig. 9.1

The strontium-90 source is replaced with a new source after 15 years. Using Fig. 9.1,
suggest why a strontium-90 source that is more than 15 years old needs to be replaced
with a new source.

(2025 £ ZE 0625/42 #915i(b))
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What is an effect of ionising nuclear radiation on living things?

A cell mutation
B electric shock
C internal cooling of body cells

D broken bones
(2025 75 0625/12 4539551)
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1. Which effect on living things is not caused by ionising radiation?
A cancer
B cell death
C infection

D mutation
(2025 H 7 0625/23 #53550)

2, Which row states a harmful effect and a beneficial effect of ionising radiation on living things?
harmful effect beneficial effect
A kills cancer cells kills cancer cells
B kills cancer cells mutates living cells
C mutates living cells kills cancer cells
D mutates living cells mutates living cells

(2023 7 0625/12 453750)
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Several scientists are working in a laboratory. The scientists are experimenting with sources
which emit ionising radiation. Each scientist is given a list of safety rules.

Three of the rules are shown.

1 Keep at least 2m away from other people.
2 Do not stay longer than 4 hours per day in the laboratory.

3 Stay behind the lead-lined screen.

Which safety rules are for protection against the effects of ionising radiation?

A 1,2and3 B 1and2only € 1and3only D 2and3only
(2023 £ 0625/22 4536}
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1. Which safety precautions must be taken when using a source of gamma radiation?

1 Reduce the distance between the source and the person.
2 Reduce the time of exposure to the radiation.

3 Use a suitable shielding material between the source and the person.

A 1,2and3 B 1and2only C 1and3only D 2and3only
(2025 E 7 0625/21 #375)

2, What is the most effective precaution to reduce the risk when handling, storing or using a
radioactive source that emits y-rays?

A Handle the source for the least possible time.
B Have a fire extinguisher nearby when using the source.
C Store the source at a low temperature.

D Wear plastic safety goggles when handling the source.
(2023 475 0625/12 4537/

3. An isotope of boron is used in the treatment of cancer in the brain.

Boron sticks to cancer cells in the brain.

(c) Other cancers are treated with gamma radiation. Describe one safety precaution a nurse or
radiologist takes during this treatment.
(2024 475 0625/43 4585Fi(c))

4. (a) Radioactive isotopes that emit ionising radiation are used in hospitals.

(i) State and explain two safety precautions necessary for the use of these isotopes in
medical procedures.

(ii) Give two reasons why alpha-emitters are not used as radioactive tracers inside the body.
(2024 B 7 0625/42 559/%i(a))
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The diagram shows a lead-lined box used for storing a radioactive source.

Why is the inside of the box lined with lead?

A It helps the source to stay radioactive for longer.
B It makes the box heavier.
C It makes the radioactive source more stable.

D It reduces the amount of radiation that can escape from the box.
(2024 7 0625/12 #53550)
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5. A box is used for storing radioactive sources.

What is the best material to use for lining the box to prevent radiation from escaping?

A aluminium

B lead
C paper
D plastic
(2024 E 7 0625/11 43655)
6. A r?Qioactive source that emits a-particles, B-particles and y-radiation is stored safely in a
container.

From which material should the container be made?

A alumimium

B copper
C paper
D lead

(2025 &7 0625/23 #53750)

7. (c) State two precautions for storing radioactive materials safely.
(2025 475 0625/33 459/4i(c))
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What is the safest way to store a radioactive source?

A

O O W

in a lead-lined box in a metal cabinet
on a shelf away from other radioactive materials
in a glass bottle containing oil

in a fume cupboard

(2024 2= 0625/13 £536/81)
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