Nuclear
Physics

What is radioactive decay?
What is half-life?

How can the uranium decay series be
used to determine the age of rocks

?Mﬂimth;mdearﬁsﬁun t\ . : ; “i\

and nuclear fusion?

What is the relationship between
nuclear energy and mass defect?

Is it feasible to build a nuclear power
plant in Malaysia? *

MY Radioactive Decay
LEY Nuclear Energy
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Hydrogen nuchei fusions occur naturally in the core of the
Sun at aboart 15.6 million Kelvin and 250 billion times the
Earth’s atmospheric pressure, Over 560 million tons of
hydrogen fuse to become helium in an instant. The nuclear
enengy released in the fusion reaction is the source of light
and heat enengy for the Sun and stars in the outer space,

MNowadays, scientists have succeeded in designing
small-sized Tokamak fuslon reactors in the laboratory, The
heat produced by the nuclear reaction [nuclear fusion] is
used to generate electrical power. If such technology can be
commercialised, the dependence on the consumption of fuel
sources like petrodeum and coal o generate electrical power
can be overcome in the future,

impartancoor’| ALY

Knowledge of nuclear physics allows engineers and sclentists
to design safer nuclear power plants to generate electrical
energy. This knowledge can also be applied to manage

the nuclear plant waste carefully and efficiently to prevent
emvironmental pollution and 1o ensure the well-being of

the ecosystem of the earth, Such advancements will bring
about the sustainability of energy resources and improve the
productivity of our country,

Lans

Research on the construction of nuckear fusion reactors to
meet the increasing demand for electrical power generation
may be achieved in the future, Energy from nuclear fusion

Is an alternative energy that |s capable of reducing the
consumption of petroleum and coal. This alternative energy

is more efficient, has zero carbon footprint and has minimal
impact on our earth’s ecosystem if it is well coordinated,



Radioactive Decay
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Radioactive decay is a process in which an unstable nucleus A radicactive decay is random
becomes more stable by emitting radioactive radiation. This and spantanedus because it & not
process is random and spontaneous. There are three types of ::gf:‘fmm pressure

radipactive radiation, namely alpha particle (), beta particle ()
and gamma ray (7.

3 @ WP
LET'S RECALL
Radioactivity
Alpha particle (o) Beta particle () ~ Gamma ray (1) Ittt
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Figure 6.1 Three types of radioactive radiation

P Activity LT

.:\illl‘. To discuss radioactive decay equations

e
A
b
Instructions:
1. Carry out this activity in groups.
2, Gather information from various reading resources or websites on the changes in a nucleus after
a radioactive decay.

3. Discuss:
{a) examples of decay equations for c-decay, B-decay and pdecay
(b} the changes in the composition of the nucleus after each type of mdioactive decay

4. Present your findings.

Equation for Alpha (z) Decay

Alpha particle is a helium nucleus which consist of two protons and two neutrons, During alpha
decay, an unstable nucleus releases an alpha particle to become a more stable nucleus of a new
element. Figure 6.2 shows the process of alpha decay.

The general equation for an a-decay is

as follows:
A A-4 i "%
X—=, Y+ He

x
tr-particle

Q.E{}‘J e ;ﬁ) L Q
e - ey
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Parend Daughter Alpha
mucleus el etis panicle
Figure 6.2 Alpha decay

Parent nucleus has proton number, Z and
nucleon number, A. After a-decay, the
daughter nucleus has proton number, Z - 2
and nucleon number, A - 4.

Example of an a-decay:

10 ] 304 Ll
oo = _Fb + He
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Equation for Beta () Decay

Beta particle is a fast-moving electron. During beta decay, a neutron in an unstable nucleus
decomposes into one proton and one electron as shown belnw

The resulting protan remains in the nucleus while the electron is emitted with high kinetic
energy as fI-particle as shown in Figure 6.3,

‘The general equation for f-decay is

as follows:
X Y4 After f-decay, the proton number for the
fLparticle daughter nuclens becomes Z + 1 but the
nucleon number, A does not change.
- & F Example of a f-decay:
o 1Na — f:Mg e
Parent Daughter
nucheus muclous |'n|1|cIE
Figure 6.3 Bela decay

Equation for Gamma (¥) Decay

Gamma rays are high-frequency electromagnetic wave. During gamma decay, an unstable nucleus
releases ils excess energy to become more stable, as shown in Figure 6.4, Gamma rays have no
mass and are neutral (not charged).

The general equation for pdecay is as follows:

o SR '.F After y-decay, there are no changes in the proton
Y-ray number and nucleon number for the nucleus.
The nucleus is less energetic after gamma decay.

B Example of a pdecay:
& e ::Cuﬁ :Cu + ¥

Radioactive nucleus MNucheus with  Gamma ray
in am excited state less emergy
Figure 6.4 Gamoa decay

During a radicactive decay, some nuclei can emit more than one radiation. For example,
during the disintegration of uranium-234, its nuclews emits a-particle and yray, Examples of its
decay equation and a simpler decay equation are as follows:

Decay equation: Simpler decay equation:

p-L1 3 L] A
U= "_Th + .He +
Rt Boa Tl ? Syt I
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Half-life

When a sample of radicactive material decays, the mumber of parent nuclei which has not
decayed decreases with time while the number of daughter nuclei increases, Let us do the
following activities to get an idea about half-life.

& Tctivity 7

Adm:  Watch the animated video 1o get an idea about the half-life
and discuss the decay series of o mdicactive source
Instructions:
L. Carry out this activity in pairs.
2. Scan the QR code o watch the video on hall-life and browse
the Internet for more information on kalf-life.
3. Based om the video and the information obdmined (rom the website, discuss:
(a) What is half-life?
(b} What is mdioactive decay series?
(e} State the types of radision emitted, the clements produced and the time taken for the
uranium-238 decay series.
(dy Explain the importance of the urnium-238 decay serics in determining the age of rocks and
the age of the Earh,
4. Prepare a short multimedia presentition and present it in class.

Bt D D Povariory

The half-life, T, is the time taken for a sample of radioactive nuclei to decay to half of its
initial number. After one hali-life, the number of nuclei that are not decayed will be hall of its
initial value,

When an unstable radioactive nucleus decays, the new nucleus that is formed may also be
unstable. The new nucleus will experience a series of continuous decay until a stable nucleus
is formed. Figure 6.5 shows a complete decay series from uranium-238 to lead-206 and their
respective half-life.
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Uranium-238 is a radioactive dlement with a long half-life, m -
that is, about 5 000 million years, This element is trapped during
the formation of rocks. The trapped uranium-238 will decay and Radioactive material is usualy
eventually form a stable lead-206 as shown in Figure 6.6, This
decay process takes a long time because the decay rate is low.
By determining the ratio of lead-206 to uranium-238 in a rock 1_‘@ =
sample, the age of the rock can be estimated. The higher the
ratio, the older the rock. This geological method of measurement Radioisotopes 2 isalopss with

can also estimate the age of our Earth. Do you know the age of
our Earth?

Figure 8.6 Determining the age of granite rock

To Determine the Half-life of a Radioactive Substance from its Decay Curve

Radioactive substance will experience random and
spontaneous radioactive decay. The number of nuclei Coree 00 Y

which has not disintegrated decreases with time. Different Geolagisss s radicactive dating
radipactive substances decay at different rates. A decay rate tachniques to delermine tha age
can be determined from a decay curve. Let us carry out a of rocks.

radivactive decay simulation to draw a decay curve.,

Aim: To draw a decay curve
Apparatus: 10 plastic bags containing 60 dice per hag
Muterial: Graph paper

Instructions:

1. Divide the class inte 10 groups, Each group is provided with a plastic bag containing 60 pieces
of dice each.

2. Throw the 60 dice on top of the table.

3. Remowve all dice which display the number “37. Record the number of dice lefi.

4. Throw the remaining dice again on the table and remove the dice which display the number *37,
Recond the number of dice left.
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5. Repeat step 4 for 20 times.
6. Scan the QR code and print Table 6.1.
7. Record the results of all the 10 groups in Table 6.1.

Results:
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Daitn analysis:

Plot the graph of the number of dice left against the number of throws,

Discussion:

1. From your graph, determing the following:
() the number of throws when the number of dice left becomes 30, 15 and 7.5
(by the average time interval, for the numbser of dice Teft o be halved i esch throw represents o

time of one minute

2. Will the results of your class change if this activity is repeated with the dice displaying
number “1" for each throw?

3. What are the characteristics of the mdioactive decay in this activity?

In Activity 6.3, each dice represents one radisactive nucleus,
The dice displaying the number 3" represents a decayed nucleus,
The remaining dice are considered as nuclei that have not decayed.
The number of dice that displays the number “3" represents the
activity of the radioactive sample, Your class results will not change T A
if the activity is repeated with a dice displaying the number 1" for
a throw because the probability for all numbers is the same,

The aetivity of a radioactive
sampia Is drectly proporional o
the number of radioactve nuciel
present in the sampls af fhat
i The: activity of a radioactive
_| semole is B number of decays
per second, namely, the number
of radoactie paricks emitied
per sacond.




The concept of half-life can also be expressed in the form of a decay series as follow:
14
N, T! {T} l:'fln'] T! ['EF'} T! ']l"|I {'z,'} N,
Mumber of radioactive nuclei that 'has not decayed, N = {E] N

where N = the initial number of radioactive nuclei
n = number of half-life (limited to positive integers)
'i"i = half-life of radioactive substances

Table 6.2 shows the change in the number of radioactive nuclei in five hall-life,

Table 6.2 The change in the mmber of radioactive necked in five halflife
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‘The curved graph for a radioactive decay is as shown in Figure 6.7(a). The shorter the half-life
of a radieactive sample (T°) < T\ ), the higher the rate of decay as shown in Figure 6.7(h).
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Fgure 8.7 Curved gragh for a radioactive decay
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Solving Problems Involving Half-Life

A sample of radioactive material stored in the laboratory has an initial activity
of 480 s If its half-life is 6 minutes, how much is its activity after 30 minutes?

D Solutiony

Step 1z Step Step 3: Step 4:
Identify the Identify the Identify the formula | Solve the problem
prohlem information given that can be used numerically
@ Activity of © Number of half-life in 30 min, '@Tﬂm =
radioactive material, i Astivity
t = 3 minutes T_!
_ 30 min
@ Initial activity of ~ b min
radioactive material, = 5 hali-life
A, =480 5! ; £ .
Half-life. hnmplf r:clwuy after 30 minutes
TL = 6 min A= {T:I w 480 5!

=155"

€ Final activity,
Iy
A=(3)A,

Exampie )

A radicactive material stored in the laboratory has a half-life of 10 days. Calculate the
number of days taken for the activity of a sample of radioactive material to reduce to 25%
of its initial activity.

T, T,
100% - > 50% - > 25%
10 days 10 days
Mumber of days taken = 2 = 10
= 20 days

Therefore, after 20 days, the activity of the remaining radioactive material is 25% of its
initial activity.

[QQ B s
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The ratio of nuclel of argon-40 to potassium-40 in a sample of volcanic rocks is 3 : 1. In the
ecarly formation of the rocks, there was no argon element trapped in it. If potassium-40 decays
to argon-40 with a half-life of 1 250 million vears, estimate the age of the rocks,

Solution

Table 6.3
- -
Half-life Tnitial condition £} m |
Number of
potassium-40 nuchei N, %N. 'H'}N. =% &
that has not decayed
Number of argon-40 lpr o 1 I |

S e o N,- N, = =N, N, - N, = 3N,
Ratio of Argon-40:

: i - 1:1 3

Llﬂim |

Table 6.3 shows the method of estimating the age of rocks. The ratio of nuclei of argon-40 o
potassium-40 in the rock sample is 3 : 1 after two half-lives,

Thus, the age of the rock = 2 = | 250 million years
= 2 500 million years

1. Complete the radioactive decay equation. ldentify A, B and C.

(a) SRa— A+ e {b) T Po— L Pb+ B fc) [@ — p+ e

I
2. The decay series of a radioactive source is :’Lu -+ ":Pb. Determine the number of
a-particles and f-particles that are emitted. ¥

3. Table 6.4 shows the record of the activity of a radioactive sample stored in the laboratory,
Table 6.4

[ Drate 10 January 2020 20 January 2020 30 January 2020 ]
| Activity / 5 1 520 380 95 |

{a) Determine the half-life of the radioactive sample. 8
(b} Sketch a radioactive decay curve for the sample, ¥
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Nuclear Energy

The sun provides light and heat energy to
Earth since millions of years ago. Hydrogen
nuclear fusion occurs in the core of the Sun
under very high pressure, In this nuclear
reaction, two hydrogen nuclei fuse to form a
helium nucleus and release nuclear energy. This
energy is radiated to the surface of the Sun in
the form of light and heat energy as shown in
Photograph 6.1.

Nuclear energy is known as atomic
energy, released during nuclear reactions
such as radioactive decay, nuclear fission and
nuclear fusion.

The history of nuchear anengy in Malaysia Photograph 6.1 Light and leat energy
started with the establshment of the Tun raulinted to the surface of Sun

Ismail Atomic Resaarch Centre (PUSPATI)

under the Minisiry of Science, Technology

and Emvironment on 19 September, 1972,
Now, the cendre s inown as the Malaysian
Ruclear Agancy (ANM).

\ Activity 477 oE

Alm:  To compare nuclear fission and nuclear usion

Instructions:

1. Carry out a Table Talkers activity,

2. Study the keywords in the cards given.

3. Scan the QR code (o walch the videos on neclear fission and
nuclear fusion,

4. Each group needs to:
(o) explain the keywords in the cards with reference o

the videos

(b} compare the (wo rections

Discussion:

Create a mind map comparing the two reactions.

(208




Muclear fission and nuclear fusion are two nuclear reactions that produce nuclear energy.
There is a loss of mass (mass defect) occurs during these nuclear reactions, Figure 6.8 shows a
nuclear fission while Figure 6.9 shows a nuclear fusion.

Hucleargfission]

Muclear fission i= a nuclear reaction when a heavy nucleus splits into two or more
lighter nuclei while releasing a large amount of energy.

Example;
A bariam-141 nucleus, o Kiplon-92
micheis and thive nevlmons ane
A uranism-235 An unstable preduced. Energy is also redeased,
muchiins is bombarded uranium-236
by @ peiton. nuclous s produced. 2 »
P N — —— @ I:Kf
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e — aeEmmE 'iE r! i
' i T T = .’-"n
a ) gl o4 L
£} 1| =

- o - w

=

u |n“
sl

PU+m—SU—"Ba+ ] Kr+3n+m:rgy |

Figure 6,8 Nuclear fssion ineolving uoanium-235 bombarded by a single neutron
HucleardFusion|

MNuclear fusion is a nuclear reaction in which small and light nuclei fuse to form a heavier
nucleus while releasing a large amount of energy. This nuclear reaction happens under
extremely high temperature and pressure.

Example:

Nuclear fusion between deuterium and tritium occurs to form a heavier helium nucleus.
Energy and one neutron is also released.

Dculmumi;';{\“% /’l,Hﬂ

87 N

Trithum ([H) Neutron

e sy |

Figure 6.9 Nuclear fiston betreen descterin and tritin




The Relationship between Energy Released During Nuclear Reaction and
Mass Defect

Atomic mass unit (amu) is a measurement of the mass of an atom. The mass of an atom is too small
and difficult to measure using units such as grams or kilograms, Therefore, a relative comparison
between the mass of an atom with the mass of one carbon-12 atom is used, Isotope carbon-12 is
used as a reference because carbon can be found in many compounds found on Earth, Carry out
Activity 6.5 to discuss amu by using the mass of one carbon-12 atom and the Avogadro number,

Adm:  Discuss the atomic mass unit (amu) using the mass of
one carbon-12 atom and the Avogadro number

Instructions: ’ ch (Figure 6.10)
1. Carry out this activity in pairs,
2. Scan the QR code and print Figure 6.10. Bepeibittw3 I Bndy
3. Discuss with vour pariner and complete Figure 6.10

The Avogadro number is the number of atoms found in 1 mole of carbon-12, that is,
M=__  atom

l

The mass of one carbon-12 atom is 12 amu,

!

1 amu is defined as a mass equal o that of the mass of a
carbon-12 atom.

'

Mass of one mole of carbon-12= kg

1 ‘Therefore,

The mass of one carbon-12 atom is

l From the definition of atomic mass unit (amu):

I amu= *®

- kg
Figure 610 Definition of atomic mass unit (amu)
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In a nuclear reaction or radivactive decay, the total mass of the decay products is always
less than the total mass of the radioactive nucleus, This loss of mass is known as mass defect, m.
Figure 6.11 shows an example of a change in total before decay mass before and after a
nuclear fission.
L P,
o Qg-"{?; K (1.92601 amw)

o %:’ '\]A" -

% »
| p
{ 100867 umwi) A s
e ! S S B (14090441 amu)
(23504392 amu) mu S )
. i ) Unsinble L
mucleus X
Tonl mass afier fission
Toaal mans hefore lission = 9102611 + 3 1.O0SET) + 14091441
= LOORET + 23504392 = 735 80651 ammi
= 13605259 amu

Mass defect, m= 23605259 = 235 86653
= {18606 amu

Figure 8,11 Evample of mass defect in nuclear fission

The relationship between the energy released during

nuclear reaction and the mass defect can be summarised by HiSlﬂl",'
the following equation: Albert Einstein slated that mass
and energy are interchanpeabla.
E=mc The relationship between the two
where E = total energy released JUATE B ScaaRcin e

m = mass defect Sasn s

¢ = the speed of light in vacuum
1 amu = 166 x 107 kg

| T GALLERY

Based on knowledge of amu and the equation E = me, Nuclear anarg pressed
we can caleulate the nuclear energy produced from radioactive | 5 mam”mmm_m_
decay processes and nuclear reactions,




Solving problems involving Nuclear Energy due to Radioactive Decay and
Nuclear Reactions

Exampie K1
The equation below shows radium-226 decaying into radon-222
by emitting alpha particle.
s ax “
wha—> " _Rn+ He

Given that the mass of * Ra is 226.54 amu, " Rn is 222,018 amu and
Hn.- is 4,003 umu.,ca]culat: the nuclear energy released.

[] amu = 1.66 x 107" kg and speed of light in vacuum, ¢ = 3.00 = 10* m 57']

P Solutions

hlrp I: hl!l.'|1 2 :m,-p k 5 Mup d:
Identify the Identify the [dentify the formula  Sodve the problem
problem information given that can be used numerically
@ Nuclear energy that is released & Nuclear encrgy released, E = mc
8 Mass ":‘m = 226.54 amu a Muass defect, m = 226.54 - (222018 + 4.003)
= 0,519 amu
m
Mass * Rn = 221018 amu Mass defect, m (in kg) = 0.519 = 1.66 x 107
Mass |He = 4,003 amu e =813 % 10" kg
; T L = e
Speed of light in vacuum, = B6154 % 10  (3.00 10

e=300x% 10Pms"’

1 amu = 1.66 = 107" kg =775=10%]

The Sun is the source of energy to the Earth. This energy is produced by the nuclear fusion in
the core of the Sun as shown in the following equation:
1 L] a i
JH+ H——= He+ n+energy
Calculate the nuclear energy released in joules.
[Mass of *H = 2014 amu, mass of H = 3,016 amu, mass of {He = 4.003 amu,

mass of ln = 1.009 amu, 1 amu = 1.66 = 10 kg and
the speed of light in a vacuum, ¢ = 3.0 = 10* m 5|

P Solutiony

Mass defect, m Thus, m = (L018 % 1.66 x 10-7 kg
= (2.014 + 3.016) - (4.003 + 1.009) mo= 2998 % 1077 kg
= 503~ 5.012 E=md
= 0018 amu = 2988 x 107 x (3.0 = 10"}
m 269w 107H ]
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Generation of Electrical Energy in a Nuclear Reactor

Photograph 6.2 shows a nuclear reactor. What is the nuclear reaction that takes place in the
nuclear reactor to gencrate electrical energy?

@fo CIINESD -

Malaysia does nof have amy
nuckesr macions for ganarating
wlectrical enorgy. TRIGA PUSPATI
[RTP), & roclanr resasech reacior
located in Bangi was budl for
resseanch purposes netated o e
fikds of nuclear sciance

e deepedhin e
FIFTRIGA

Photograph 6.2 A snuclear reaclor

Adm:  To find information on the genceration of electrical energy in a nuclear reactor

Instructions:

L. Conduct an Envoys activity,

2. Scan the QR code given or reler to any reference mierials
on the genertion of electrical energy in a nuclear reactor,

3. Discuss the following:

(a} What nuchear reaction is tking place in the nuclear reactor? Intepedbin dyd
(b} What is the energy change in the nuchear reactor? 2FGKRFR

(e} Why is nuclear fusion not currently wsed in the electrical
energy peneration industry?
4. Present your lindings.

& o4 Lgl



Figure 6.12 shows the structure of a nuclear reactor and the
process of electrical energy generation at a nuclear power station.

Thick coscrete walls

Wuclear fission of Water is pumped The boiling of

uranium-235 and into the reactor water produces

its chain reaction core to absorb the high pressure

produce heat energy. heat energy that is steam, This steam
W eociiced iy the il be channelled

nuchear fission, tor the turbine.

The turbine is rotated by the The electrical energy

high pressure steam which in generated §s sent consumers

turn rotates the magnet or coil vin a power supply

in the generator, The steam will — transmission system,

condense inlo waler.

Fignre .12 The structnre of @ msclear reachor and the process of geneneiing electrical energy
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In a nuclear reactor, the fission of uranium-235 nucleus produces two daughter nucle, three
fast moving neutrons and releases a large amount of energy. These neutrons will bombard other
uranium nuclei and release more neatrons through continuous nuclear fission. These continuous
reactions is known as a chain reaction. Figure 6.13 shows the chain reaction of uranium-235,
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Figure 6.03 Chain reaction of wranien-235

‘The chain reaction that takes place in the reactor core needs to be controlled. The reactor needs
to have a structure which can prevent the leakage of radioactive radiation to the surroundings.
How can we control the energy produced during the chain reaction and ensure that a nuclear
reactor is safe for electricity generation?

Adm:  To discuss a chain reaction and ways to control the energy produced in a nuclear reactor

Instructions:
1. Carry out a Talk Partners activity,
2. Scan the QR code given or refer 1o the reading resources (o obtain information on chain
reactions and ways of controlling energy produced in o nuclear reactor cone,
3. Hused on the information obtained:
{a) write the equaion for the fission of a uranium-233 nucleus
when it is bombarded by a neutron
() discuss ways of controlling the encrgy produced during a
chain reaction in o nuclear reactor.
4. Present vour findings.

B 624




Figure 6.14 shows the control of rate of nuclear reaction and safety features in a nuclear reactor.

Control of rate of
nuclear reaction:

Control rod

» Controls the reaction
rale by absorbing excess

Prevent radioactive
radiations from leaking into

newtrons, the surroundings,
+ Made of boron or
cadmiwm. Water as a cooling agent
Moderator

Absorbs heat energy from the
chain reactions o generate
steam. This can control the
reactor ltl'l'l'Flle!.llL‘.

s Slows down the fast
moving neutrens released
s0 that nuclear fission can
aciur.

+ Made from materials such
as graphite or water.

Uranium rods

Used as fuels for producing
nuclear energy through
nuclear fission reaction.

Figure 6.14 Contrel af rate of muclear reaction ard safety features in a nuclear reactor

The Use of Nuclear Energy as an Alternative Source to Generate
Electrical Energy

In Malaysia, electricity is generated using
sources like coal, natural gas and water.

The hydro dam in Bakun, Sarawak as shown

in Photograph 6.3 is the second largest dam in
Asia that is used to generate electrical energy.
However, countries like the United States, Japan,
France, India and China have been using nuclear
energy to generate electrical energy. Let us

carry out the following activity to compare the
electrical energy generation from a power plant

using coal, hydropower and nuclear energy.

Phatograph 6.3 Hydro dam in
Bakun. Saraivak
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| -_Activity L2

Adm:  To fnd informaion o compare the geperation of electrical energy from power planis that
use coal, hydropower and neclear energy

Instructions:

1. Carry out this activity in groups,

2. Obtain information on electrical energy genertion from power plants that use coal,
hydropower and nuclear energy.

3. The aspects that need 1o be considered when searching for
information are as follows:
(a1} costs of construction, operation and maintenance
(b} location of power plant
() impact on ecosystems and carbon footpring
(e) safety and bealth issues P e e [
(e} technology and expertise
(M} waste management issues

4. Based on the information obtained, hold & fomum o discuss the feasibility of building a nuclear
power plant in Mulaysia.

Muclear energy is now the alternative source to generate electrical energy to meet the growing
energy demand and 1o replace the reliance on fossil fuel.

However, the use of this energy is still a highly debatable issue. In vour opinion, should
nuclear energy be used as an alternative source to generate electrical energy in Malaysia?

1. What is meant by nuclear fission and nuclear fusion?

2. Describe the chain reaction that occurs in a nuclear reactor.
3, Explain how a nuclear reactor generates electrical energy.

4. A nuclear reaction is represented by the following equation:

SU+ in—> 'Cs+ Rb 4 2n + energy

The mass defect is 019585 amu. Calculate the energy that is released by the reaction.
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@ JSelf-Reflection

1. Mew things that 1 have learnt from the chapter ‘Nuclear
Physics are & .

ettt e Sy Sl

2. The most interesting thing that | have learnt in this chapter

is 2 .
3. The things I still do not fully understand are = s
4. My performance in this chapter.

Poor lqﬁ; 1 2 I 4 & qs Very good

5. I need 1o 2 tos improve my performance in this chaper.

summative Practice NN | 5%
1. What is meant by: ..,
(a) radioactive decay W ZDIVEVT
(b} half-life
(¢} muclear energy

2, The following shows the equation for a radioactive decay:
4 m 4
wfi— _Rn+ X+Y

(a} Identify X and ¥ in the decay equation.
(b} How many ¢ and f-particles will be released when “SRn decays 1o [ Ph? &8

3. (a) Astatine-218 has a half-life of 1.6 5. How long will it take for 99% of the nucleus in one
sample of astatine-218 1o disintegrate? ¥
(b} Radium-226 has a half-life of 1 600 years. What percentage of the sample of
radium-226 will be left after & 000 years? &%



4. During the formation of rocks, radioisotope uranium-238 is trapped. The decay rate of
uranium-238 is low and the end result of the decay series is lead-206. Table | shows the
compasition of samples of rock A and rock B

Tulre 1
Sample A Sample B
Ratio of uraninm-238 1o

5:1 Tl
lead-206

{a) Between the samples of rock A and rock B, which one is older? Justify your answer, 8%

(1) The composition of the lead nucleus is unlilely to be greater than the uraniom neclens
in the rocks sample, Explain your answer, ¥

5. Carbon- 14 has a half-life of 5 730 years,
{a) What is the fraction of undecayed carbon in a fossil sample at the end of
1.719 x 10" years? 48

(b} Based on yvour answer (o 5(a), sketch a graph of the decay curve for carbon- 14 in the
fossil sample.

, Pl g
6. In a nuclear reaction as shown in Figure 1, the H

H
total mass of the particles that are produced is % @
less than the initial mass of the particles. The
nuclear reaction experiences a mass defect.

The lost mass is converted into energy.

{a) Name the nuclear reaction and write the
equation involved.

(b} Calculate the mass defect and the nuclear %
energy that is released, ¥ \.‘gm
[Mass 'H = 2.01410 amu, mass 'H = 301605 amu, He
mass {He = 4.00260 amu, mass 'n = 1.00866 amu, Figure |

1 amu = 1,66 % 107 kg and
speed of light in vacuum, ¢ = 3.00 = 10° ms™|
7. A radioactive decay series of a source of uranium-235 is

bL

i
g e P

{a) What is the number of a-particles and J-particles emitted? ¥

(b} Draw a graph of the nucleon number against atomic number that is possible for
the decay series, ¥

(o

KI'M



8. Figure 2 shows the conversion of energy that occurs from nuclear energy to electrical
encrgy in a nuclear reactor.

- & - B

Nuglear Thermal Kinete Ebectrical
EBETEY ENCrgy ENErgy energy

Figure 2
{a} How is nuclear energy produced in a reactor? @8

(b) How is heat energy converted to kinetic energy in the rotation of a turbine?
Explain your answer. ¥

{c) The kinetic energy from the wrbine rotation can produce electrical energy.
How does this process happen? Explain, #8%

{d} Usually, high cooling towers are built at nuclear power stations,
Explain the reason, &8

2Ist Century Challange

9. A nuclear agency plans 1o build a nuclear power plant in our country 1o meet the
growing demand for energy. However, nuclear fission requires very expensive uranium or
plutonium fuels. Furthermaore, the issue of radioactive waste management and the threat of
environmental pollution is worrying the public.

Imagine that you are a nuclear scientist assigned 1o construct the nuclear power station,
Discuss the considerations that need to be made based on the following aspects:
« location of the nuclear power plant

walls for the reactor core

walls for the reactor building

cooling agents

energy control methods

radioactive waste management

safety measures

Justify each of your suggestions,



