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Student's Learning Outcomes (SLOs)
After studying Nﬁ]‘»{“’ﬂf sr- students will be able to: _

e describe the structure of the atom [in terms of a positively charged nucleus and
negatively charged electrons that go around the nucleus. This should include an

~ understanding of the big ideas: These electrons do not go around in predictable

circular paths in the way that planets go around the sun. The electrons behave as
'quantum particles' and their location and momentum at any point in time is
governed by probability; one cannot predict the motion of an electron. The 'shells' in
which electrons 'orbit' refer to the level of kinetic energy the electrons possess: the
further the shell is from the nucleus, the more energy the electron has. If one were -
to 'look’' at an atom, one would see a fuzzy 'cloud' of electrons with a very small -
nucleus in the centre. :

e  justify the findings of the alpha-particle scattering experiments, specifically that it

toml_c and Nu clea ' hysic

provides evidence for: (a) a very small nucleus surrounded by mostl pace.

(b) a nucleus containing most of the mass of t %ﬁ@ that is

positively charged. ; : m

e define the terms proton W —her) Z and nucleon number (mass
number) A and g ¢ number of neutrons in 2 nucleus.

e Recall the te ¥ and use the nuclide notation v .

explain what is meant by an isotope and state that an element may have more than
one isotope. L ;
describe the emission of radiation from a nucleus as spontancous and random.
- describe alpha-particles, beta-particles, and gamma-radiation.
o justify qualitatively the order of strength for alpha-particles. beta-particles, and
gamma-radiation in terms of their (a) relative ionizing effects and (b) relative
penetrating powers.
e describe the deflection of alpha-particles, beta-particles, and gamma-radiation in
electric fields and magnetic fields. : :
e  explain that radioactive decay is a change in an unstable nucleus that can result
~ most commonly, in the emission of alpha-particles or beta-particles and/'or

gamma-radiation. W@ O@@m
o tsh

- (other types exist but are not recquired abthis le a“
e use decay equations OU¥l d% a ow the emission &f

a-radiation.
fons (fission and fusion) with examples. (Fusion &5 &

b ]

alpha-particles, beta-
e describe
" formation of a larger nucleus by combining two smaller nuclei with the relesss &




e energy, and recognize fusion as the energy source for @ -
e recognize that matter can be conve @ - ; fs (in this way the law

of conservation of energy stil ,
e apply the equation; w e energy released in the process of nuclear
reactions. 5 $i |
e  descri ivity of a radioactive material in terms of counts per unit time,

e define and infer the half-life of materials. (Half-life is the time taken for half the
nuclei of an isotope in any sample to decay. Use this definition in calculations,
which may involve tables or decay curves.)

e explain and apply the concept of Carbon dating to solve problems

e explain how the type of radiation emitted and the half-life of the isotope determine

* which isotope is used for applications, including: (a) household fire (smoke) alarms,”
(b) irradiating food to kill bacteria, (c) sterilization of equipment using gamma rays,
(d) measuring and controliing thicknesses of materials using appropriate radiation,
(e) diagnosis and treatment of cancer using gamma rays. '

e  state the effects of ionizing nuclear radiations on living things, including cell death,
mutations, and cancer. '
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" Long Questiors prapared in the light of new Examination Techmques’
/, g P g

(Knovllledge, Understanding, Application, Analytlcal & Conceptual)

““';""‘" r "‘c R Y R £ R ) S L S (e R ) (O [ M ) S [

Introduction =

Q.1: Write brlel note on alomlc and nuclear Physics.

Ans. Atomic and nuclear phy51cs are branches of science that help us to understand the
smallest building blocks of matter.

Atomic physics: Atomic physics deals with the study of the structure of atoms, their
“constituents (electrons, protons, and neutrons), and how they interact with light and
energy. Scientists have developed different models of the atom over time, from simple
~ ideas to more advanced ones like the quantum model.

Nuclear physics: Nuclear physics, on the other hand, focuses on the nucleus of the atom,
which contains protons and neutrons. It explains important concepts like radioactivity, -
nuclear reactions, and how energy is released in nuclear D searches in

0
these fields have led to 1mportant appllcatlons @Oﬁ@echnology

Q.2: What is atom? Ex \ erford: Alpha Partcle Scattering Experiment and
- write iW Ol i 4
Ans. Atom: atter is made up of tiny particles called atoms, was first suggested by

Dalton. In 1897, J. J. Thomson proposed that atoms contain positively charged matter




and negatively charged eiectrons.
Rutherford's Alpha Particle Scattering Experimen

, In the early 20th century, scientists Were (i d
unstable atoms release radiatiorD'Onet R

o (U

O

O
; , a process in which

ey discovered was alpha (a)

like helium. They g@\'@]b high velocities. In 1911, Rutherford, along with Hans
Geiger and Ernest Marsden, conducted another experiment using a thin sheet of gold foil
as shown in Fig.20.1.

They directed a beam of alpha particles at the foil and noticed that most particles
passed through without any deflection, suggesting that the atom is mostiy empty space.
Some particles were slightly deflected, indicating the presence of a small, positively
charged region. A few particles bounced back at large angles, meaning that all the
positive charge and most of the mass of atoms was concentrated in a tiny central part
called nucleus.

Sheet of thin
gold foil ‘ Few alpha paiticles

Beamof alpha  Veryfew alpha
particles  particles str ke here

Radium {radic active ' ‘
substance)

Lead plate
Lead block - with a hole - Mavabie circular
screen co:ted
with ZnS

Fig. 20.1: Rutherford's gold foil experiment: scattering of alpha particles
Findings of Rutherford's Experiment: |

1. Atoms have a small, dense, and positively charged core called the nucleus.
3. The nucleus contains most of the mass of atoms.

3. Electrons orbit the nucleus at large distances, and the atom is‘mostly emp ace.

The nucleus is extremely small, about 10,000 times smaliel h m.
Later studics revealed that electron @ﬁ% s tike planets around
- uds,

do
the Sun. instead, they exist in @egipn :‘ where their exact position

cannot be known. This "fu i"\\epresents the probability of finding an electron ina
certain area around\fie f 8 The cloud is denser where the electron is more likely to
be and thinner where it is less likely. This model refiects the quantum nature of electrons
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where they bt,have as both part.c%es an d waves, and their moi

ke i“'a
20.2 A")mlc Nu\r'“)us oty

Q.3: Write note on the follawing

(i) Atomic Nucﬁpﬁ@ umber (m) Mass Number. L S
Ans. (i) Ato s : ’ : o sl laty ety Electron orbits

Atomic nucleus is the central part of an
atom which holds most of its mass (Fig. 20. 2).
It is made up of protons and neutrons. which
together known as nucleons. Protons and |
neutrons are held together by the strong nuclear
force. The size of the nucleus is very small in | - Frg 20.2: Dlagram of an atom showing the
comparison to the entire size of the atom. nucleus, protons, neutrons, and electron orbits
Charge Number and Mass Number:

(ii) Charge Number:
: Atoms are made up of protons, neutrons, and electrons. The charge number Ztells
us how many protons an atom has. which is unique for each -%/lem alqo called

- atomic number. This number also determmes e periodic table
and its chemical properties. - . &m
(iii) Mass Number: \(

~ The mass number 4 I,ﬁ%\ otnt of protons and neutrons in an atom's nucleus.
Since electrons h mass, they are not included in the mass number. Scientists
use the mass n 0 understand an atom'’s size, stability, and structure.

Representation: -
' A nucllde is represented by X, where X is its chemical symbol, the superscript is’

mass number A and subscript is charge number Z.
To determine the number of neutrons in the nucleus of an atom, we use the tormuia
- N=A-Z
20.3 Isotopes

Q.4: Define Isotopes. Explam isotopes of hydrogen.
Ans. Isotopes: Isotopes are atoms of an element that have the same number of protons
but different numbers of neutrons.

Explanation: Atoms are electrically neutral, meaning they av @‘6@& protons
and electrons. If an atom gains or loses @!e IOI‘I and carries an
electric charge. The numb ' protons trons—determines an atom's chemical
properties, while the numbe mk

rad:oactlwty

Example: A ¢ example of i :sotopes is -hydrogen. which has three isotopes as
shown in hig 203, |

- R AT Proton
""""""" Neutron

- -~ Eiectrons

ects its nuclear propemes like stability and




'H contains | proton and 0

‘H contains 1 proton and | neutfd# % gou @@@W@O@C@w

‘H contains 1 proton. 2 neu

rotium Deuterium : Tritium
E\Cﬂ though thSC h - '1Electron 1 Electron 1 Electron
+ 1 Proton + 1 Proton + 1 Proton
have dl”erent e §)“ ] behave 0 Neutrons 1 Neutrons 2 Neutrons
chcmlgall) in the ‘same way Slmllarly Fig. 20.3: Isotopes of hydrogen

carbon has three lsompes ne iC ‘C comammE 6.7 and 8 neutrons. reschmLI\

204 Radloactlwty

Q.5: Explain radioactivity. How radioactivity decay leads to emission of Alpha, Beta
and gamma radiations?

Ans. Radioactivity:
Radioactivity is the process in which unstablc atoms release energy to become
stable.
Explanatlon This energy is given off as radiation, whlch can be in th @@1 icles
oac

or waves. Some elements are naturally radioactive, w'le ot : ctive

in laboratories. Henri Becquerel discovered radi ‘; !5 ater. Marie Curie
and Ernest Rutherford studied lt ﬁ m%% :

cleus made of protons and
neutrons, surrounded by electrons.
Radioactive decay:

Some nuclei b nstable due to an imbalance of protons and neutrons or
excess energy inside. To become stable, the nucleus breaks down and gives off radiation
m a process called radioactive decay. This happens naturally and cannot be controlled. It
is spontaneous and random. While we cannot predict when a single atom will decay. but
in a large group of atoms, the decay follows a pattern.

Emission of a,  and y Radiations:

Radioactive decay releases three types of radiation: Alpha (a). Beta (B). and
Gamma (y) radiation, each W|th dlfferent properties. |
Alpha particles (o) : :

- Alpha particles (o) are helium nuclei, consisting of 2 protons and 2 neutrons each
(Fig. 20.4). They carry a +2¢ charge (e=1.6 x 10-19 C), and are relatively large and heavy
[4 atomic mass units, (u)]. Due to their size, [ nocieus AIPPa particie
alpha particles have low penetration power and :

can be stopped by.a sheet of paper or a f%g

centimetre of air. However, th ave
lonizing power, meaning they stw
other atoms they comewinIW]\g :

Beta particles (B) : ‘

Beta particles ([3) are high-energy electrons (_(,’e) or positrons ( f,’e‘) emitted from




the nucleus (Fig.20.5) They carry a —le éilargc (electrons)
have a very small mass. Beta radiation hzg maderate PENRICAION oW
‘paper but is stopped by a few mil &

pap pped oy S im y 3B @

aluminum. Their ionizing S %ﬁ A B (Beta particie) = e

meaning they camﬁ !F onization than | \ {fast electron) ‘
s SHATS e g Fig. 20.5: Representing beta particles

Gamma radiation (y):

Gamma radiation (y) consists of high-energy electromagnetic waves (photons),
making them massless and neutral (0 charge). Gamma rays are emitted out due to

de-excitation of nucleus (Fig. 20.6). Gmma <~'*‘«:‘~"~-3’ A* & @ A
rays have very high penetration power, S B
allowing them to pass through thick materials p B P 7 %

like lead or concrete. However, they have low | e
ionizing power, meaning they cause much less | Excited nucdeus  Gamma photon  Stable nucleus

ionization compared to alpha and beta ﬁg’w'e:geprese"ﬁ"ggamma'adiaﬁon
_particles. .. | TR
Q.6: Describe ionizing effects and penetrating @g&:ﬁ&h’éfa and gamma
radiation. e |

Ans. lonizing Effects and wers:

lonizing Effects: Ionizati 1 oecl en radiation removes electrons from atoms, tuming
them into io ility of radiation to ionize atoms depends on its energy and charge.
Alpha () particles: Strongest ionizing power due to their large size and charge.

Beta (B) particles: Moderate ionizing power, ‘as they are smaller and faster than alpha
particles. i : Radioactive f

Gamma (y) rays: Weakest ionizing power, as
they have no charge and no mass. s
Penetrating Powers: ‘ bk
Penetration power refers to how far
radiation can travel through materials before | i i T S L S
 being absorbed. Penetration power of (a), (B)| "% 207 Pm"atr::,giapg;e; e e of
and (y) rays are shown in Fig. 20.7. R
Alpha (o) particles: Lowest penetration—stoppe

d by @&5%?\%%:\; centimetres
of air. _ & @W '
Beta (B) particles: Mode %“G‘W s through a sheet of paper but stopped
o | |

by a few millimetres

{5\
= ¢ P2 '\ \

,’,%.‘. - Paper Aluminum Concrete \

— r

Gamma (y) r est penetration-can pass through paper, aluminum, and even thick
lead or concrete slabs. ' |




Table 20.1: Companson of alpha, beta, and gamma radiation. __ -1\
 Property Alpha particles () Beta pgmqmm\f @ﬁ;@&%ﬁ’ )

Composition Helium nudle (4§§? '\\{{g @M\Q)ﬁ(w ﬁ:::;czg;‘zgtg:gc

o

4 WO positrons ( e)
Charge - U2 —leor+le 0
Mass 4 atomic mass units | Very small 0
fonizing power High : Moderate Low
Penetrating power | Low - | Moderate High
Deflection in | Slight both in electric Significant in electric | No deflection
fields , and magnetic fields | and magnetic fields

20.5 | Radioactive Decay

Q.7: Define Radioactive decay. Explain how radioactive decay help an unstable '
atom to change in stable one?
Ans. Radioactive decay:

Radioactive decay is the prc;cess in whlch unstable W’c n to

become stable

Y-rad‘on‘

particles (alpha and beta) o ys) Porent lsctope nn

Some atoms have , oo few neutrons in

their nucleus, makin them unstable. To become @

stable, they release energy in the. form of radiation. Radioactive Daughter
Figure. 20.8 demonstrates a radioactive process isotope isotope

in which transformation of parent isotope into 20.8: Transformation of 2 parent

daughter isotope takes place through the emission of isotope into a daughter isotope

~radiations. S ne

1. Alpha (o) Decay Equation: ’ Nucleus T
In alpha decav. an unstable nucleus emits an S LL s

alpha particie ( He), reducing its atomic number - € roo

by 2 and mass number by 4 (Fig. 20.9) - | '
General Equation: 3X— A4Y +;He .. (20.1) n;zo 9'“#;%““8 alpha decay

2. Beta (p) Decay Equatmn&
In beta decay, a neutron «% et

o
Example (Decay of Uraium-238): RU 234Th5 @ @U“
- and emits a

beta particle (electron).

General Equatlon NIAO
Example (Decay of Carbon-14): 'cC ~>‘§N + °B + energy




‘neutron. This process also releases extra

reaction. This chain reaction plays an

J. bamma (y) Decay Equation: : ey
In gamma decay, the nucleus r@le W@O +++‘:¢~ AN Gamma
€xcess energy as a gamma ray @E\;\g e :
Fig.

’ Parent element - Daughter
Changlng the number of P% A {nucleus in excited state)  element
O

2010). Fig. 20.10: Representing gamma decay
General Equai(ﬁﬁ;w'\\{gﬂ AX ¢y S |

60

Example (dacay of Cobalt-60): 5;Co” ->_§’3C0+Y

These equations represent the fundamental processes of radioactive decay, helping
us to understand how unstable atoms transform into stable ones.

. | 20.6 ETTHEED Reactions
Q.8: What is Nuclear reactions. Write its types.

Ans. Nuclear Reactions:
Nuclear reactions involve changes in the nucleus of an atom, leading to the
transformation of elements and the release or absorption of energy. These'rﬁactions are

different from chemical reactions, which only involve electmﬁ@.@@
(@)

Types:
- We will discuss here two types o
1.  Fission Reaction©

1. Fission Reaction: OQ

In fissio . a heavy nucleus (like Uranium-235) splits into two smaller
nuclei when bombarded by a neutron. This process releases a large amount of energy and
additional neutrons, which can cause a chain reaction. The fission reaction is the
foundation of both nuclear power generation and atamic weapons. In fission. a tiny
fraction of mass transforms into an enormous amount of energy. Nuclear fission was first’
discovered in 1939 by Otto Hahn and Fritz Strassman. : ;
Explanation: They observed that a uranium nucleus splits into two nearly equal
fragments after -absorbing a slow-moving :

neutrons, typically two or three per fission | - R,
. 1 '..O
event. with an average of 2.5 neutrons per -L.::,.:E..‘: R ?e ©:

8
2

:r'.o : " : a
: . . 3517 X
important role in nuclear power generation k
and atomic bombs. Q i e
- : % QO -20.1:Nuclear fission reaction

gn+23§LJ—>+@‘% ; _16k{:3(',n+Energy....(20.4)
. In nuclear fissj t;%\, the total mass of the products is slightly less than the
original heavy ~This lost mass is converted into energy, releasing about 200 MeV

(1 eV = 1.6x10-19J) per fission event, which is far greater than energy from chemical




__._r——-f

reactions. For instance. burning 1 ton of coal releases 3.6x10° J. whil ﬁssé@@g ol
U-235 produces around 6. 7x1013 J. During fission. rgeas i urther

reactions, leading to a chain reaction. if t ause a rapid energy
release, resulting in an expiosion. .\ Weve eactors. this reaction is carefully

controlled by absorbing ex 1(1) g, ) aHowing the energy to be used safely for power
generation.
Nuclear Fusion: Nuclear fusion is a process where | n

two or more light nuclei (like hydrogen lsotopes) , Cb O

combine to form a heavier nucleus. releasing huge 5 3

amount of energy (Fig. 20.12). This occurs at ) Energy
Fusio=

some _mass is converted into energy. The final %

- nucleus is always lighter than the total mass of the | - M

original nuclei, and the lost mass turns into energy: Fig. 20.12: Nuclear fusion reaction
Example: For example, when deuterium and tritium fuse, they form helium (alpha
particle) and release energy.

extremely high temperatures and speeds, where %}
H

¢ H4+IH> {He# on + energy o (20.5)
The Sun and stars shine because of 5101') r m@gﬂ@ﬂ@rogen nuclei
fuse into one helium nucleus. rej¢as The Sun's core, al

nearly 20 mllhon kelvm provn 3 ' ondmons for fusion to occur.

0.9: How Einstein explam the concept of interconversion matter and energy?
Explain in detail.
'Ans. Interconversion of matter and energy
~ Matter and energy can be converted into each other (Fig. 20.13). a concept
explamed by Einstein's equation ( F -mc2). ‘This means that a small amount of mass can
turn into a huge amount of energy, as seen in nuclear fission and fusion. which power

‘nuclear reactors and the Sun.
Law of conservation of energy: Energy can also transform
into matter under extreme conditions, such as in particle
accelerators, where high- energy photons create
particle-antiparticle pairs (pair production). This process |
follows the law of conservation of energy, wlich-sig
total energy, including mass- NG emaing

isolated system. The ability to attes
vice versa is ke g the universe, stars, and Fig, 20.13: Int 5
atomic particles. oretlcally a single gram of matter can be different enesgies

" converted into enough energy to power a city for days.




Einstein's Equation and Energy Galculation: '

Einstein's equation E = mc2 helps to caiculate ﬁ @ed in nuclear -
reactions like fission and fusion. It states\thaf @ u‘ mass () converts into a
~ large amount of energy (E), sules or MeV), m = Mass, ¢ = Speed of
light 3x10* ms™). In . the total mass of the products is slightly less than
the mass of th his missing mass is called mass defect (Am) Using E=mc2,
we can find the energy releascd

If Am = 1x10-4 kg, then using E = mc2:

E=(1x10-4 kg) » (3x108 m s-1)2 ; £~ 9x10 12] "
Uniform Mass Scale (u): |

~ The term uniform mass scale (u) refers to atomic mass unit (u) bemg used as a

standardized unit to measure the mass of atoms and molecules.

lu = 1/12 the mass of carbon 12 atom = 1.66605 x 10-27 kg

_Half- Llfe

Q.10: How scientists predmt how long a radioactive substance remains astive and
why it is so essential? Expiain.
@@@

Ans. Half life: | |
The haif-life of a radioactive isotope js A or haif of the radioactive

“atoms in a sample to decay iak

Expianation

The activwm&twe material is the rate at which its atoms decay, releasing
radiation in the form of alpha, beta, or gamma particles. It tells us how many atoms break
down in a given period and is measured in Becquereis (Bq), where | Bq =
disintegratoin per second, or in Curies (Ci), where 1 Ci=3.7x 1019 disintegration per
second (dps). The activity of a substance depends on the number of radicactive atoms
present and the decay constant (A), which is linked to its half-life. A material with a
shorter half-life decays faster and has higher activity, while one with a longer half-life
. decays slower and has lower activity. Scientists measure radioactivity using tools like
Geiger counters and scintillation detectors, which help in monitoring radiation levels,
ensuring safety, and studying radioactive decay in fields hke medicine, archaeology, and
nuclear physics.
Calculation and formuiation: This concept helps scientists predict how long a radioactive
substance remams active and is esscntla! for its use in_pue @@ medical

shown in F:g 20.14. The nu

present at time t=T; ~The number present at time =2T1n is N=No/4 and so
on. In this ex e amoum: N of the radmactwe substance geft aﬂcr sometime ! is

given by -




After | half-Life:.

After 2 half-Life:

Newly 'ormed i m
Hogn atom
1% u Daughter atcm

: No o 10
1 ° 10

i
i
4 .
|

I

!

2 Moo s
i ek 2t W YRS
E NS Mo o |
After 3 ha*f-LifWW Bl 3 1 ; é
. : gt g e 1
¢ | R R ;1 it o E
5 B L L B iy Fig. 20.14: Conversion of “*Tcto ¥Ry |
After 4 half-Life: Ny= 2 K% 2““‘"(5} No e |
Number of half-lives (n) can be found by the following relation:
: Toial time passed ;
£ hves =
Number of half-lives TTalf —life
At
Therclons s = ... (20.6)
Table 20.2: Half-life of lsotopes ;
Isotope Symbol Half-Life . Apphcatson
Carbon-i4 l;C 5,730 years Radiocarbon dat ts and
5 3 | f@f*s',g\r\ﬂm
Uranium-238 | ‘32U {4.5 billian ye \j kook's an&JEarth s age; used in |
UL e esctors |
Potassium-40 m 1\ b‘imﬁ:\f years Dating rocks and geologicai formations.
{Thorium-232.] K |14 billion years {Used in nuclear reactors and dating.
Radon-222 2pn 3.8 days Indoor air quality monitoring: healih
' S | hazard.
lodine-131 piy 18 days Medical treatment for thyroid cancer and
b 5 imaging.
Cobalt-60 “Co |5.27 days |Cancer treatment (radiotherapy) and
| i , industrial radiography.
. | Tritium 3H {12.3 days "Used in luminous paints and as a - tracer in
(Hydrogen-3) | biological studies.
Polonium-210 | 1pg | 138 days tUsed in static eliminators and as a heat
source in space prop@ =)
Strontium-90 _?25,- 28.8 days (dm @Aﬁ}font and as a |

Q. 11 Whai is Half-Life of

apphcatmw
Ans. Half-Life 0 clive Isotopes:

The haif-life of a radioactive isotope is the time it takes for half of its atoms to

W\ﬁtopes? Give example and write few




et

decay into a more stable form. Each isotope has a unique half- @ hanges, no
%f; b

“matter how much of the substance isrpreéen or the surrounding
conditions, w _

Example: Carbon-14, used adi has a half-life of 5,730 years, while

U-238 takes 4.5 billion y rﬁ 1y by half. Radioactive decay follows an exponential
pattern, meaniww@& half-life, only half of the remaining material is left. |
Applications: . ' S
The concept of half-life is important in many fields, including archaeology (dating
ancient artifacts), medicine (using radioactive isotopes for diagnosis and treatment), and
nuclear energy (handling radioactive waste). By knowing the half-life of a substance.
scientists can predict how long it will stay radioactive and how fast it will decay.
(.12:What is carbon dating? Discuse its reliability and influence of Carbon-14's half life.
Ans. Carbon dating: : e , ‘ ‘
Carbon dating is a scientific method used to determine the age of ancient organic
materials like wood, bones, and shells up to 50,000 years old.
Explanations: This technigue is based on the radioactive decay of carbon-14, a type of
carbon found in the atmosphere. Living organisms constantly absorb ¢ 14 while
they are alive, maintaining a steady balance with carbon-12. Hawey rb@@ organism
" dies, it stops absorbing carbon, and the artyon- 14\ starts it a fixed rate, with a
half-life of about 5,730 years. y measuring
comparing it to its original a % niists-can estimate how long ago the organism
died. Carbon dating is %@ ool in archaeology, geology. and anthropology,
helping researcMe the age of artifacts, fossils, and ancient remains, giving

important insight¥ intc human history and environmental changes.

AN Cosmic rays, passing thre ugh atmosphere,
Neutrons “m‘:\f produce fast neutrons
nitrogen in the g
atmosphere, 4¥—, %
producing carbon-18 - | 8 - ; - Vegetation absorbs
and hydrc gen \ 3 - radioactive carbon
LT g T
% dioxide
Carbon-14 mixes with
oxygen to form radioactive

tarbon dioxide

Animals, feeding on
vegetatian, absorh
- catbon-14

Q.13: Write eﬂe'cts and uses: Bar_ra¢ . Also write about some radiation

~ sources. W\{IQ | o
Ans.lonizing radiation (such as alpha, beta, and gamma rays) can affect living

‘organisms because it can alter or damage atoms and molecules, including DNA. The




2

4.

\,lmpact of radiation depends on the dose, exposure time, and ty ’ m
Effects of Nuclear Radiation: _ : %Z

1.

hy radiation is used in

ancer cells

High doses can kill cells
cancer treatment ( radlothe

Radiation can ¢ ions, breaking chemical bonds and altering genetic
~codes, whic ad to genet:c disorders or heredltary diseases if reproductive

cells are affected. :

Long-term exposure to low doses increases the risk of cancer by mutating normal
body cells. For example, too much UV radiation from the Sun can lead to skin
cancer. : : ‘

Severe exposure over a short time can cause radiation sickness, leading to nausea.
vomiting, organ failure, and even death in extreme cases

Uses of Nuclear Radiation:

4.

The selection of a radioactive isotope depends on its type of radiation and half-life:
Medical Uses: Short-lived isotopes are used in radiotherapy and imaging to

minimize long-term radiation risks. e :
Industrial Uses: [sotopes with long half-lives are used. i o@@ration;
radiation detectors, and material testing, Bh €\long ‘ yas-frportant.
Nuclear radiation plays a major role dioine,indus and scientific research,
but it must be handled ca : af

Cobalt-60 and C ood Preservatlon Gamma rays from these
lsotopes le food, increasing shelf life without affecting quality.
Cobalt-60, with a moderate half-life (5.27 years), is commonly used in the food
industry.

Cobalt-60 in Sterilization: Gamma radiation is used to sterilize medical
equipments, killing bacteria and viruses without damaging the materials.

- Radiation Source:

9

Americium-241 (24'Am) in Smoke Detectors: Used in fire alarms, where alpha
particles ionize air molecules, creating an electric current. When smoke enters, the
current is disrupted, tnggermg the alarm. Its long half-life (432 years) makes it
ideal for long-term use. .

Cobalt-60 and Iodine-131 in Medicine: Gamma rays from Cobalt-60 are used in
radiotherapy to destroy cancer ceils, while lodine-131, with a short half-life (8
days), is used 4n thyroid diagnosis and treatment to minimize lorg&@ diation

exposure
00 Y00 0w oo m@%ﬁ

Atom is 99 9999999% empty sﬁ@e%\x : b e
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The number of protons in the nucleus is what defines an element. Ch @M\é}%tons. and
we change the element Itself! A b r\mfj ( OO0~

Marie Sklodowska-Curie, a French Physicist a

1d che @ \firs® woman to receive a Nobel Prize
and the only woman to receive ahe «“ - ying uranium's rays, she discovered new
iuim

elements and named them pcloniurh

and require thick | te to shield against. -

Gamma rays are W@d&&é@ with no mass or charge. They are the most penetrating

Fusion vs fission

i Nuclear reactions that produce massive anounts of energy, -

: but have different processes
i
Fg::toe::um Helium : ?‘SSiON Noeutron
" iy LS ,v@ ' Neutron . 4 &P :
g );@:\:—’ ENERGY 0—0’@?@ "‘ENERGY,_ 5
Tritium C Neiton : E \. C}®

loins 2 or more lighter ! Spilits a larger atom into 2
atoms into a heavier one - or more smalier particles

High-energy gamma rays are used to target and destroy cancer cells in radiotherapy. Precision is key to

* avoid harming healthy cells, : L ety
'Even without nuclear power or medical scans, we are exposed to radiatj Wﬁfs rocks, and
gven bananas (which contain potassium-40), £ /ﬁf\ Y\ ‘ (\ |

TR

Electrons are nearly 1,836 ti ' rotons, yet they move extremely fast-almost at the speed
of light in their orbital 2

(@)

Alpha particles are the'heaviest and slowest of the three common radiation types. They can not penetrate -
a sheet of paper but can cause severe damage if inhaled or ingested. '

Nuclear power plants use fission, where heavy nuclei like uranium split into smailer parts, releasing
energy. Fusion is safer and cleaner, but hard to control. - :

Carbon-14 is constantly created In the upper atmosphere when cosmic rays hit nitrogen atoms-meaning
the clock "starts ticking" the moment an organism dies.

j Brain Teaser iy

e

If protons repel each other, how can so many of them staj packed in a tiny nucleus without
fiying apart? What holds them together? ' el

Protons are held together in the nucleus by strong nuclear force. While protons have a positive
charge and repel edch other due to electrostatic force, the strong nuclear force is much. more

powerful at very short distances. ) =

Ans.

What happens when a uranium nucleus splits during nuclear fissi

into two pieces, or is something else released? :
When a Uranium nucleus undergoes nuclear fissi &ﬁ o two smaller nuciei and also
: ‘:m A radiations.

i¢leases free neutrons, a large amount o

¥

Ans.

if two fossils found in the san w&g\:&? ave nearly the same amount of carbon-14
left, but one belong to ﬂzgfl xnimal and the other to a slow-living one, which one is

Glder or are t ge? :
The are the same“age, because carbon-14 dating depends on time since death. not on how fast or
siow the anirmal lived. : : '




Find the number of protons and Heutsons defined by 5 X.
Solution: O

From the symbol, w % i ber Z = namber of protons = 7
Mass num ¢ of protons + number of neutrons = 15
But number 0f protons are 7, so number of neutrens will be 8. So. the element is an

isotope of nitrogen-7, and is written as SN,
Find the atomic mass and atomic number of the nuclei that come after alpha

decay of Uranium (U-238).
Solution:

BEU X3 233-4

Alpha decay nuclear reaction is given by: 2X— 7Y + o + Energy
For Uranium-238, the nuclear reaction will come: or-y Y- '

,He (a) + Energy

or 2;§U=—) 23:6Y+ , He(a) + Energy

So, atomic number of the required nucleus is 90 and mass number is 234
Every element has a unique atom:c number. From ﬁ lcment

is to be Therium (Th) with Z = 90..

The finalized nuciear react %
! M m+ He((l) + Energy

HIE Energy Re

uciear Fission Reaction:
| U+ in—>"UBa+ RKr+3,n +E.,e;-gy 5
Solution: : g : :
Consider the fission of uranium--235:
where,

o  Massof (JU) =235.0439u
e  Mass of neutron (,n) =1.0087u °

141

e  Massof ('5;Ba) =1409144u

o  Massof (5Kr) =91.9262u
» Mass of 3 neutrons = 3 x 1.0087=3. 0261 u

Mass defect will be:
A

‘Am = (Mass of reactants) — (Mass @
Am = (235.0439 + 1.60

Am =236.0526 - 235.86
Energy rele 0
E = Am X S MeV/u

E=0.1859 x 931.5 = 173.2 MeV




We have a 50 mg sample of lead- 212 [t decaw bv @f@ﬁ\i emission

with a half-life of 10. 6 hours. How @ is left after 53
hours? (l { j
Solution: @}V\qu
- Given that; g :
~ Initial quw 4212 No = 50 mg
Half-life 212 T - 10.6h

Total elapsed time At = 53 hours
To find; Quantity to be left N=7? .

A
The number of half-lives n is given by n = T
bid
S : SN
Substituting the values: U 8
Therefore n=5 Fo
Original sample remaining after n number of half-lives: N = | = | N,

Substituting the values: N = l_?} x 50 mg

—

Therefore Ej
So, 1.56 mg of lead -2 1'2 w:ll be @u QU
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Multiple Choice Questions prepared in the hght of new Examingfion Techniques
(Knowledge, Understandmg, Application, Analytical & Conceptual)

gemmmy el =) Jessw) e Juss) Jesses) Feem)

20.1 _ Atomic Structure

1. Partofan atom is empty. S ,
(a) 90% (b) 95% (¢) 99.9% : (d) 100%

2.  All matter is made up of tiny particles called '
(a) Molecule (b) Proton (c) Atom (d) Nucleus

3.  Gold foil experiment was performer by:
(a) Rutherford  (b) Hans Geiger v

6@@“ of these .

4. Atomic Nucleus is made t D\ ) s s. collectively called:
: (a) Nucle NN[L:) Nucleus (c) Neutral (d) None of these
5.  Which ON\S not included in mass number? l

(a) Proton (b) Electron {¢) Neutron (d) Nucleon




6.

10.

1l

12.

13.

14.

15.

16.

17.

(a) +2e
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(a) fX

If an atom

(a) Cation (c) Anion (d) Neutral
"C is a radioactive isotope and that contain neutron:

(a) 6 (b) 7 ' (c) 8 (d) 9

204 Radioactivity

Radioactive decay releases radiations:

(a) Alpha (b) Beta (¢) Gamma (d) All of these
Which one has weakest ionizing power? ;

(a) Alpha particles (b) Beta particles

(c) Gamma particles (d) None of these

Alpha particles have charge on it:

(b) +1

In nuclear fission reaction, the lost mass is converted into:

(a) Alpha particles (b) Beta particles (c) gamma particles ( d) Energy

A Process where two or more light nuclei combine to form a heavier nucleus is
called.

(a) Nuclear fusion | (b) Nuclear fission

(c) Radioactive process (d) Nuclear reaction

The reaction which is responsible for shining of Sun and Stars.

(a) Nuclear fission ] ~ (b) Nuclear fusion

(¢) Nuclear addition ' (d) Radioactive decay @ m
| . — C

E=mc? is explamed by:

(a) Dalton (b) % ~(d) Rutherforg
1U = 1/12 th a on—l2 atom ~

(a) 1.66605%10-25 kg : (b) 1.66605 x 10-27 kg

(c) 1.66605 x 10-25 g (d) 1.66603 x 10-27 ¢
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Half- L:feﬁ _

Half life of Uranium is:

4 7 billion years (d) 4.8 biilion years
ueed in medical treatment? R _ :

(b} Strontium-90  (¢) lodine-i31 (d) All of these

{a) 4.5 billion xears(
Whiech :ad‘m
(a) Cob

Effects and‘-Uses of Nuclea’r-v"Radiaiidn :

-~——— rays are used to destroy cancer celis in radiotherapy.
(2) Alpha (b) beta : {¢) gamma (d)y All of these

@ S @y ) e W D

- All matter is made up of tiny particles called atoms, was first suggested by Dalton.

by e i) B ) 8l e 1 @
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,_ Shott Answer Questions prepnred in the hth of new Exemingtion fechmqaes i /4
(Knowledge, Understanqu, Apphcahm Analyucal & Conceptual)

R
What is on theory of atomic model?

That is called Dalton theory of atomic model.

Write two findings of Rutherford's experiment.

5. (f) Atoms have a small, dense, and positively charged Core cal'cd nuclieus.
(i) The nucleus contain most of the mass of atoms. :
Define fuzzy Cloud.

.- The fuzzy cloud is also known as electronh, cloud. That represent the Probabz!at;, of

finding an electron in‘a certain area arourid the nucleus. This cloud is denser where
the electron is more and thmncr whe re l[ IS let‘.s likely.

o M: 288 Number
1 ‘he mass number is total count of |
i ecunt of | S pry protons and neutrons present in an | -
| atorqy N[\ tom.
12, Itis represented by "Z". 2. Itis representéd by "A".




20.3 Isotopes

5.  Define Isotopes. o©@
Ans. Isotopes are atoms of an ment { ber of protons but
different numbers of neu;r ee 1sotopes protium, Deutrium and
: Tritium. W
\N 20.4 - Radioactivily

6. - Why Marie Sklodowska-Curie got noble prize?
‘Ans. Marie sklodowska-Curie, a French Physicist and chemist. was the first women ©
recive a Nobel prize because she discovered new clements and name them

polonium and radium.

7.  Define Radioactive decay.

Ans. Radioactive decay is the process in which unstable atoms release energy to become
stable. Radioactive decay releases three types of radiation: Alpha (o) Beta (P),
Gamma (y) radiation.

8. "What are Alpha particles ().

Ans. Alpha particles () are helium nuclei, Con51st1ng of 2p -r,a @Mtrons
slo ﬁw § radiation types

| Alpha particles are the heaviest and

. Alpha particles cannot pe ‘\Y‘\' :

9.  What is beta decay?, s equation.

Ans. In beta dec on converts into proton and emits a beta particle (elecuron or
positron).

. General equatmn X~ 7_+,Y +B+ energy

| 206 Nuclear Reactions

10. What do you know about Nuclear reactions?
Ans. Nuclear reations involve charges in the nucleus of an atom, leading to the
transformation of elements and the release or absorption of energy. These reactions
are different from chemical reactions, which only involve electrons. Nuclear
reaction have two types (i) Fission reactton (ii) Fusion reaction

11. What is Einstein's equation?

Ans. Matter and energy can be, conver{e¢
Einstein this is called ﬁ& :

_released in nucli

L E S
Here E = Energy (Joules)




Ans. In nuclear reactions, 6

- l A;U'ﬁple oic_e

L = 1VidSsS ‘

¢ = Speed of light, %r @@@W@o@@m

12. What is mass defect (Am) in nue
' uct is slightly less than the mass of

the reactants. This los ass defect. It is represented by Am.

? ; N L)

NN

13. Define half-life. \ : :

Ans. The half-life of a radioactive isotopes is the time if takes for half of the radioactive

* atoms in a sample to decay into a more stable form. For example_ half life of C-14 is

5730 years. :

14. Write few applications of radioactive isotopes.

Ans. lodine-131: It is used in medical treatment for thyroid cancer and imaging.
Tritium: It is represented by *H.Itis (Hydrogen-3) used in luminous paints and as
a tracer in biological studies.

IS. Define Carbon dating. '

Ans. Carbon dating is a scientific method used to determine the age of ancient organic

materials like wood, bones, and shells up to 50,000 @c{@@ hnique is
D e. :

based on th ioacti / -14\fe :
ased on the radioactive dcay of arb ‘ ‘-m
RN  Efiects and Uses of Nuciear Radiation

16. Why ionizing radiati “\“u‘ 0us? ‘
Ans. lonizing @’@@mﬁ as alpha, beta and gamma rays can affect living organism

because it ean alter or damage atoms and molecules, including DNA.

, Questions
% Tick (v) the correct answer.
20.1 What did Rutherford's alpha particle scattering experiment reveal about the
structure of the atom?
(a) Electrons are distributed evenly throughout the atom
(b) Protons and electrons are located in the nucleus
(c) Atoms are indivisible and indestructible

(d) The nucleus is small, dense, and positively cha@ @ @@SS
O

20.2 The atomic number of an element represe .
of protons in the nucleus

(a) number of neutrons in_the nucl :
(¢) total number of pro number of electrons and neutrons

20.3 Which type of radi ol itively charged and consists of two protons and
two neutrw - |
(a) Alpha ( ~ (b)Beta (B) (c) Gamma (y) (d) Neutron emission




720.‘5 Nuclear fissi

D — famT oW P T8

20 4 The process by which an unstable nucleus emits rW@@@g}&'ms into

a more stable nucleus is called
(a) nuclear fusion Q N lear fission
(c) radioactive decay (dl ISOIOpiC exchange
O
(a) combining light nuclei to form heavier ones
(b) splitting heavy atomic nuclei into smalier ones
(c) absorbing gamma radiation to increase stability
(d) none of the above
20.6 What does Einstein's equation E=mc? explain?
(a) The energy released in chemical reactions
(b) The equivalence of mass and energy
(¢) The rate of radioactiVe decay
(d) The conversion of mass intc momentum
20.7 Which of the following is a practical appllcanon of nuclea
(a) Cooking food in microwave ovens W

(b) Medical imaging and cancer tre

(¢) Solar energy generatlon& Mrpiam BaVIZ2Non Sysiems
20.8 What are the pote nizing nuclear radiation on biological tsues?

(a) Increased I regeneration (b) DNA damage and cancer

(¢) Enhanced immune system response (d) Improved metabolic activity

Answers)

20.1 (d) 20.2 (b)  20.3(a) 204(c) 205 (b) 20.6 (b) 20.7 (b)
20.8 (b)

l B. Short Answer Questions
20.1 Define tl;e atomic nucleus. What are its two main characteristics?
Ans. Atomic Nucleus : The atomic nucleus is the small, dense region at the center of an

atom compose of protons and neutrons. m

- Two main Characteristics:

® [t contains most of the atom's mass. ' @W

® Ithasa positive charge due to the prese k

20.2 What is the structure of an & : ding to Rutherford s model?

Ans. According to Rutherfofdis\neode » an atom consists of a small, positively charged
nucleus at the ¢ er, surrounded by negatively charged electrons that orbit the
nucleus. Most of the atom's volume is empty space.




20.3 How does alpha radiation differ from beta radiation? ﬁ’ﬁm .
Ans.[” Alpha Radiation (7) (|, |\ Beta Radiations (B)

® Alpha radiation 0%51' %QWHd)a%on consists of beta

particles, which are particles, which are high-speed
~ (two proton -\:'.‘J peutrons). " electrons or positrons. - |
® The g8 2 charge and a|e They have a —1 or +1 charge (for
- relatively large mass. _ positron) and a much smaller mass

| | . than alpha particles.

® They have low penetrating power|® They have greater penetrating power|

and can be stopped by a sheet of that alpha particles and can be stopped
paper . “. by a thin sheet of aluminum. :

.20.4 What is the primary energy source of the Sun and other stars?

Ans. The primary energy sauce of the sun and other stars is nuclear fusion reactions,
where four hydrogen nuclei fuse into helium nuclei, releasing about 25.7 Mev of
energy.

20.5 Name the equation proposed by Einstein that relates energy and mass.

Ans. Matter and energy can be converted into each other, a conce ained by

' Einstein's equation (E = mc?). It is stated that a s ) Converts

- into large amount of energy (E), where E=Eng @1 c—speed of light.

20.6 What is the principle behind %. '. ‘ llcatlons" j

Ans. Principle of Carbon hd tmg is based on the decay of radloactlve
carbon-14 pre organism continuously exchange carbon with
environm@w Constant level of C—14. After death intake stops and C-14
begins to decay. By measuring the remaining C—14 in a sample, the age of the
-object can be estimated. :
Applications: Carbon dating is an essential tool in archaeology, geology, and .
-anthropology, helping researchers to determine the age of artifacts, fossils and
ancient remaining.

20.7 Define nucles: fusion with an example

Ans. Nuclear Fusior: Nuclear fusion is a process where two or more light nuclei (like

hydrogen isotopes) combme to form a'heavier nucleus, releasing huge amount of
energy. |

Example:
{H+ H—3He+:n + energy

20.8 Americium- 241 (2;;Am undergoes alpha decar@@n alpha
A

particle. Write down the chemlca @ the nucleus

formed.

Ans. In alpha decay, the nucﬁﬁ o rtlcle 4He
Reactlon WW
Neucleus formed: Neptumum —237 237




| C. Constructed Respoestlons @@@

-20.1 If an atom is mostly empty smﬁ @Mrough solid objects or

pass through walls?
Ans. The electromagnetlc r tween electrons in atoms prevent them
from overla ¢ Pauli Exclusion Principle restricts electrons from

' occupying € quantum state, thus preventing us from falling through solid
objects.

20.2 Imagine a new radioactive element is discovered. How could scientists estimate

~ its half-life without waiting thousands of years?

- Ans. Scientists can measure the activity of a known quantity of the radioactive element,

- calculate the decay constant, and then determine the half-life.

20.3 If gamma rays do not change the number of protons or neutrons in a nucleus,
why are they still considered dangerous?

Ans. Gamma rays are dangerous because their high energy can cause ionization in
matter, damaging DNA and other biological molecules, leading to cell damage,
mutations, and potentially cancer.

20.4 If carbon-14 stopped forming in the atmosphere today, how woul t affect
the use of carbon dating in the future? ﬁ
! gﬁ o carbon-1|
e of older samples and
ate and dnuﬁble for very old samples

Ans. If carbon-14 stopped forming, the atonao:
would decrease, leadmg to an un '

process and energy release?

Ans. Nuclear fission Nuclear fusion
¢ Nuclear fission is the splitting of a |* Nuclear fusion is the combining of]
heavy nucleus into smaller nuclei. light nuclei into a heavier nucjeus.
* Fission is initiated by neutron |* Fusion releases more energy per unit
bombardment. : ‘ mass and requires extremely high
- | | temperatures and pressures. ‘

20. 1 How does the structure of an atom determine its chemical properties? Explam
‘with reference to the arrangement of protons, neutrons, and electrons?

Ans. The chemical properties of an atom are mainly determme th ment of
its electrons, especially the valence (outer-s ll) e @
Protons: Protons decide the atom the element but they do

ect stablllty, not chemleal behavnor

Atoms tend to lose, gain or share valence electrons to achleve a stable electronic




€ OWe & determine:
_

évefore. the structure of
¢ nucleus. determine its

configuration. The number and arrangement of thes

- Reactivity, valency and types of cheml@al ‘
an atom-mainly the electron ar %
chemical properties. %

20.2 Explain Einstei —mc‘ and its significance. How does this
equation ‘55?@&'5&& ear reactlons" ,
" Ans. For Answer'See Q. # 9 ' i

20.3 Describe the process of radioactive decay and how it leads to the emlssmn of
alpha, beta, and gamma radlatlon"

Ans. For Answer See Q. # 7. ;

20.4 Why do different isotopes of the same element have s1m|lar chemical
properties but different physical properties? Explain.

Ans. For Answer See Q. # 4.

20.5 Explain how carbon dating uses carbon- 14 to estimate the age of artifacts.
Discuss its reliability, considering the influence of carbon-14's half-life?

Ans. For Answer See Q. # 1 1, 12

[E,

Numerical Problems
20.1 Find the number of protons and neutrons in the nuclldeﬁ @

Sol. X ' @
number of protons = “@@

number of neutrons = 2p
20.2 A fossil is found 0 of the carbon-14 compared to a hvmg sample
.~ Howold i -
Sol. The fossil has 45% ofthe Carbon-14 compared to a living sample.

This means that two half-lives have passed. i.e (100% — 50% — 25%)

The half life of carbon-14 is approximately 5730 years.

The age of the fossil is 2x5730 years = 11460 years.
20.3 A sample initially contains 400 g of a radioactive isotope with a half-life of

10 years. How much remains after 30 years?
Given: Initial mass =400g
Half life = 10 years
Required: Time = 30 years (3 half-lives)

Remaining mass = ?

Solution: For 3 half-Life

Remaining mass = initial mass » 1 i /g\—\w

=400 X%
4()0

lRemammg mass = 50 gl 5

2\ @O




‘20.4 A radieactive substance has a half-life of 64 months. In how much time,
0 one-cighth of the substance will be left? —
Sol. Onec-cighth of the substancc remains. This means Ihat Sl@@@as gone

- i ol @@@

- 20.5 In a nuclear reaction. 4 ug of mass is converted into energy. Find the energy.
: Given: Mass | *i-4u0-4x10—6g 4 x 10-%kg
Speed of eght (c= 3 <108 m/s
Required:
~ Energy (E) =7
Solution:
Using Emmstein’s eguation. ke : eer
E=mc*
E=(4=10—"kg) (3x108ms-1)?
E=36= 10-° = 1016
E=36=10°J=360x106] - [1x]106=MJ
{E = 360 MJ |
20.6 In 420 davs, one-eighth of polomum (P,

- half-life of polonium? u

Sol.  One-cighth of polomum reﬁ) i@& ¢ans that three half-lives have passed
| (| _,l_,l
2

. The total time is 420 days =
“Half life = Total time / Number of half-hvcs
420 day
3
= 140 days.
20.7 Three-fourth of the initial mass of a certain radioactive isotope decay after one
: hour. Find half-life of isotope in minutes?
- Sol. Three-fourth of the initial mass decays. which means one-fourth remains.
One-fourth remaining implies two half-lives have passed
= |

e 5 :
L4 :
The total time is 1 hour = 60 minutes. - @ m
Half-life = Total time / Number of halfJi @W@
‘ _ 60 mmutes @

% Atz b2 abs




