mes (SLOs)
After studying this © rapter. students will be able to: _
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 g0 around in predictable
circular paths in the way that planets g0 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.

justify the findings of the alpha-particle scattering experiments, specifically that it
provides evidence for: (a) a very small nucleus surrounded b}fkgmstl Oty ppace.

(h)'a nucleus containing most of the rmass f the-o n&'rh,f @ U at is
positively charged. ﬂ% WY

define the terms proton n (Atomt +7'Z and nuclcon number (mass
number) A aw ] m&e number of neutrons in a nucleus.

Recall the te ¥ and use the nuclide notation X

explain what is meant by an isotope and state that an element may have more than
one isotope. ‘ .

describe the emission of radiation from a nucleus as Spontancous and random.
describe alpha-particles, beta-particles. and gamma-radiation.

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.

describe the deflection of alpha-particles, beta-particles, and gamma-radiation in
electric fields and magnetic fields.

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

amma-radiation. z R
gamma-radiation s _I‘Qﬁ“\@

A ,'“ e
(other types exist but are not recqui d atithi§’ eRh]\’_ﬁi\'l [ —}Ill'l‘lf:

. - cgé r\M\J‘fg“ el 2
use decay equationsUIDE THICIK \\not 3 ¥o Idhow the emission &
alpha-particles, beta-p \db;‘s y\g\;}tﬁ mma-radiation.
describe n}qi;ll:ﬁﬁﬂ Sittfbns (fission and fusion) with examples. (Fusion & =
formation o‘g a larger nucleus by combining two smaller nuclei with the relssss =




* which isotope is used for applications, including: (a) household fire (smoke) alarms, =

energy. and recognize fusion as the energy source for j:twl 0 a\k A

recognize that matter can be converted 1§ EH{:I:E}‘ fﬂﬂ\ﬁ eyorsa (in this way the law
of conservation of ener stlllhblds"ju i]":“ J

apply the equation; E%'g= Tm‘ t&icillhlé’ e ¢ cnergy released ih the process of nuclear
reactions. A o\ \i %A

dcscrilfefl'fﬁe‘ﬁmr *}{ty of a radioactive material in terms of counts per unit time,

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 lhls definition in calculations,
which may involve tables or decay curves.)

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

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

(b) irradiating food to kill bacteria, (c) sterilization of equipment using gamma rays,
(d) measuring and controlling thicknesses of materials using appropriate radiation,
(e) diagnosis and treatment of cancer using gamma rays.

state the effects of ionizing nuclear radiations on living things, including cell death,
mutations, and cancer.

y

Q.1:
Ans.

Long Questions prﬂpm#d in the "ghr of new Examination Technlques
tunmﬂrledge, '_Im:er* tam:.mg, nppilcatlun nnalytlcal & Conceptual)

Introduction ~

Write brief note on atomic and nuclear Physics.
Atomic and nuclear physics 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 power plagt&;ﬂesaarches in

these fields have led to important appllcatu}nqm mcdw_l" g

Q.2:

Ans.

én&e’r;gw{j and-technology.

: Atomic Str uﬁture
What is atom? Ex i rd's Alpha Particle Scattering Experiment and
write it, canclisi

Atom: AJIT -matter 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. =0
Rutherford's Alpha Particle Scattering Experiment:. [/ __j;'ffiij'jlﬁm-ﬂ

In the early 20th century, scicntists ’\‘3 \iciég*ji\ljgébmuss in which
unstable atoms release radiatior O 1?? At ey discovered was alpha (c)
particles. These particies wers ﬁ‘%ﬁxj} ed and have a small mass. similar to atoms
like helium. ﬂley-mﬁw& “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 mostly 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
cailed nucieus.

Sheet of thin Few alihe particles
Beamofaiha  Veryfewalpha  $010F strike he re
particles  particles str ke here : #JE

Radium (radic active W\

(E’QO@@I\N

Maost

apna

e pESCiES;

strine

rece

Few aipha particles

Lead block with a hole Mavabie dircular strike hers
screen coited
with 2n$
Fig 20.1: Rutherford's gold foil experiment: scattering of alpha particles
Findings of Rutherferd's Experiment:

i.  Atoms have a small, dense, and positively charged core called the nucieus.

2.  The nucleus contains most of the mass of atoms.

3. Electrons orbit the nucles at large distances, and the atom is mostly emp space.

4. The nucleus is extremely small, about IB,QD-U mes SWWN-*:‘? i tom.
Later studics revealed that electrons-do % ﬁqg qlPiH‘ﬁl’cc planets around

the Sun. Instead, they exist in@egj iﬁZQ\l . where their exact position

cannot be known. This "f ﬂeﬂd sents the probability of finding an electron ina

certain area arou ‘_ &Mﬁ he 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

.i_.lr

o
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20.2

Q.3: Write note on the mnﬁm \NF‘& )
(i) Atomic Nu rd;.f umber (iii) Mass Number.
Ans. (i) Atnw

Electron urhits

Atomic nucieus is thf: central part of an T
atom which holds most of its mass (Fig. 20.2). Praton
[t is made up of protons and neutrons. which <iligd

= El-&ﬂ Tons

together known as nucleons. Protons and
neutrons are held together by the strong nuclear
force. The size of the nutleus is very small in | - Fig. 20.2: Diagram of an atom showing the

comparison to the entire size of the atom. nucleus, protons, neutrons, and electron orbits

Charge Number and Mass Number:
(if) Charge Number:

Atoms are made up of protons, neutrons, and electrons. The charge numb:.r Z tells
us how many protons an atom has. which is unique for eact@ﬁ: ai'w called

atomic number. This number also de[ermmes el e periodic table
and its chemical properties, /ﬂm
(iii) Mass Number:

The mass number 4 lﬁé nt ﬂt protons and neutrons in an atom's nucleus,

Since electrons mass, they are not included in the mass number. Scientists
use the mass 0 understand an atom’s size, stability, and structure.

Representation: .
A nuclide 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 formula:
N=A-7
20.3 Isotopes

Q.4: Define Isotopes. Explain 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 clectrically neutral, meaning they ha\ﬁ f’ﬂiﬁ})ﬂgﬂbf protons
and electrons. If an atom gams or loses ,5{5 m‘\?} mn and carries an
electric charge. The numher ines an atom's chemical
properties, while the numbe {5 its nuclear properties. like stability md
radioactivity. \J\J o\

Example: A LMIJ}E example of Isotopes is hydrogen. which has three isotopes as
shown in Fig.20.3.




'H contains | proton and 0 J \J F o "

“H contains 1 proton and | neutron. 9/ é\ﬁ% f \ ) s

3 : N 3 Uty

‘H cont | proton. 2 El Q\L
contains | proton. 2 neu ri?;g &R AR pILa

Even though lhese h
Tpﬂsi\"“ behave = 1 Proton = 1 Protan + 1 Protan

have rdtﬂf:rc.nt m 0 Neutrons 1 Neutrons 2 Neutrons
chemically in the ﬁme way. Similarly, Fig. 20.3: Isotopes of hydrogen

1 Electron 1 Electran 1 Electron

I 11 = - Tel)
carbon has three isotopes oG, 4C . oC containing 6.7 and 8 neutrons. respectively

20.4 Radioactivity

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

Ans. Radioactivity:

Radioactivity is the process in which unstable atoms release energy 10 become
stable.

Explanation: This energy is given off as radiation, whlch can be in th Lwrm@gql lx.lu
or waves. Some elements are naturally radioactive, while ot oaclive
in laboratories. Henri Becquerel dtscﬂw:rf:d dmﬁ@; lﬁ, E g dfater. Marie Curic
and Ernest Rutherford studied I! ?j cleus made of protons and
neutrons. surrounded by elcctrnns

Radioactive decay: l o \

Some nuclei beg nstablc 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
1s 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, B and y Radiations:

Radioactive decay releases three types of radiation: Alpha (a). Beta (B). and
(amma () radiation, each with dlffcrem pruperucs
Alpha particles (o) :

Alpha particles () are helium nuclei, consisting of 2 protons and 2 neutrons e¢ach
(Fig. 20.4). They carry a +2e charge (e=1.6 x 10-19 C), and are relatively large and heavy
[4 atomic mass units, (u)]. Due to their size, | Nucieus A'Ph2 particle
alpha particles have low penetration power and :
can be stopped by a sheet of paper or a f;c b0 " DI
centimetre of air. However, !hc:s.r ave hi \;{ gl L ﬂlﬂfphﬂ particle) =;He
ionizing power. meaning thc\« s lﬁ\éﬁ'@iﬁ\ :
other atoms they come m{}a

Beta particles (B) :

Beta particles {B} are high-energy clcctruns (le) or positrons ( ‘e emitted from




the nucleus (Fig.20.5) They carry a—le charge (clectmns}
maoGera
paper but is stopped by a few I‘ﬂllﬁll]ﬂi‘l{ﬂlﬁf‘ -.

et

have a very small mass. Beta radiation h

aluminum. Their mmzmg[m'ig ud@i\al
meaning they .:aw\.ppmﬁm&at?dn than

alpha pnruc[:q‘?lﬁuf 0r€ than gamma rays.

| —

e "r"ﬁﬁbsrtrﬂna} and
G’rljaﬂ%r ‘It can pass through
3B ; ;T
Beta particle [ (Beta particie) e

(tast slectron)

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
rays have very high penetration power,
allowing them to pass through thick materials
like lead or concrete. However, they have low
ionizing power, meaning they cause much less
ionization compared to alpha and beta
_particles. .
0.6: Describe ionizing effects and penatr
radiation.

Ans. lonizing Effects an
lonizing Effects: lonizafi
them into iong/;

@At ’3 A
& a® @
e N\ i 9 ?3

Excited nudleus  Gamma photon — Stable nucleus
Fig. 20.6: Representing gamma radiation

_ ~TA0\

0 \ﬂ:fq]’phh;?&keﬁ” and gamma

ALY
M&J

hen radiation removes electrons from atoms, turning
i |l}' of radiation to ionize atoms depends on its energy and charge.

Alpha (o) p‘lrﬂnlel Strongest ionizing power due to their large size and charge.

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

particles.

Gamma (y) rays: Weakest ionizing power, as
they have no charge and no mass.

Penetrating Powers:

Penetration power refers to how far
radiation can travel through materials before
being absorbed. Penetration power of (), (P)
and (y) rays are shown in Fig. 20.7.

:s.-‘
PR LTS

Fig. 20.7: Pmemﬂngpowerofﬂ\mwpesﬂf
radiations

'i'*.fl_

Alpha (o) particles: Lowest pcnctranon—stnppqd b

W 7\(©
t" pass through a sheet of paper but stopped

of air.

Beta (B) particles:
by a few millimetres

Gamma (y) raml
lead or concrete slabs,

fmﬁfb‘

ﬂf’FﬁPt‘FQﬁE few contimetres
ey

eét penetration-can pass through paper, aluminum. and even thick




Table 20.1: Comparison of alpha, beta, and gamma radiation.

Property Alpha particles (o) | Beta p@rﬁc}p(ﬁ) [ (ﬁi AL
Composition H \b Electromagnetic
elium ro ¢} or
l a nucf?;l\(: Pﬁi t&dﬁ As:{ r waves (photons)
i '\I ‘r\ |£* pOSItI‘DﬂS (,1(:)
Charge 142e ~leor+le 0
Mass 4 atomic mass units | Very small 0
ionizing 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

0.7: Define Radioactive decay. Explain how radioactive decay help an unstable
atom to change in stable one?
Ans. Radioactive decay: -

Radioactive decay is the pmcess in whmh uqstablg ?%ﬁ@i@ n to
become stable. \T\ ”*\\. QAN oA
Explanation: This radiation can'l @j, et Y-radiation
particles (alpha and beta) cu: w‘a mw nn
Some atoms hav: cw ne:utrans m
their nucleus, ma &kfi‘rg 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 Fig. 20.8: Tmnsiommation of 2 parent
daughter isotope takes place through the emission of isotope into 2 daughter isotope

radiations. 2"
1. Alpha {«) Decay Equation: Nucleus L =
partiche
In alpha decav. an unstable nucleus emits an e L"
alpha particle (3He), reducing its atomic number
by 2 and mass number hy 4 (Fig. 20.9)

General Equation: 3X—> 75Y +3He . (20.1) ﬁ;m-mmw"' |

Example (Decay of Uraium-238): s U—> "5 Thit {He  Enery oy |
2. Beta (p) Decay Equatiun ; \;{r () E*\J,,S‘L"ﬂ W)

-
J-’ - -
)
| a
=

and emits a beta particle (electron).
+ Energy - (20.2)

In beta decay, a neutron CQR
General Equaﬂnni\gﬁ&r}l;wlr
Example (Decay of carlwn-1 4): '"C—>"IN + 1P +energy




b ++*_r-*-'= e X d_\l‘&—
J. bGamma (y) Decay Equation; PENE ?[ggg.;?\i
]I | J—

In gamma decay, the nucleus releases Taus e YV Gamma
€XCess energy as a gamma ray mw fit x'ﬁﬂﬁg ,I.J L& .
I . =1 4\ T Parent alement au
changing the number of pf’g | Wdﬁl B i LI :h:".::
20.10). ! 'ﬁ\; pisal Fig. 20.10: Representing gamma decay

General Equaﬂ@ﬂ]‘iﬁw—? *X+7

Example (dacay of Coball-60); Co" — ' Co+y

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

riI8  Nuclear 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 reactions are
different from chemical reactions, which only involve electro = fﬁf@j@

NS

Types: & e :‘ﬁ\le&
Wewiildiscussherenuurypcsnﬁpg riede Ll

1. Fission Reactiun%'\’s action

1. Fission Reaction: s
In fissio o, 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 gencration 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
neutron. This process also releases extra
neutrons, typically two or three per fission
event. with an average of 2.5 neutrons per
reaction. This chain reaction plays an
important role in nuclear power generation
and atomic bombs.

"

o G
s AT
i

o+ U+ ?\
o aftaN ) E}L i
In nuclear Eis m@:t_ H, the total mass of the products is slightly less than the
original heavy h@ﬁ{m is lost mass is converted into energy, releasing about 200 MeV
(1 eV = L.6x10-19]) per fission event, which is far greater than energy from chemical




reactions. Fur instance. burning 1 ton of coal releases 3. 6107 J, whul;[sqm véﬂﬁh\g ol
1)-235 produces around 6.7% 1013 J. During fission. r eaa rﬁruipd @g@ her
reactions, leading to a chain rcactmn if ause a rapid energ)

release, resulting in an c\iplchlun Eacmrs lh:s. reaction is carefully
controlled by ahﬂnrh'mg e ‘ing the energy to be used safely for power

generation. R J \U

Nuclear Fusion: Nuclear fusion is a process where | =

two or more light nuclei (like hydrogen isotopes) Cb O
combine to form a heavier nucleus. releasing huge & <

amount of energy (Fig. 20.12). This occurs al w— Energy
extremely high temperatures and speeds, where @ s -%
some mass is converted into energy. The final

nucleus is always lighter than the total mass of the H “

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.

'H+H> jHe+ \n + energy o (20.5)
The Sun and stars shine hecausc of s:ug r ‘ﬁ r\!r: @;—ﬂ% nucn nuclei

fuse into one hf:lium nucleut r@j energy. The Sun's core. &
ide on muns for fusion to occur

0.9: How Einstein explain 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
explained by Einstein's equation (E=mc?). This means that a small amount of mass can
trn 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, wii '

total energy. including mass

isolated system. The ability t n?r:érgy and "
vice versa is ke%%\éﬁﬁﬂﬂ g the universe, stars, and Fig, 2031 s
atomic particles fically a single gram of matter can be different enesgies

converted into enough energy to power a city for days.




Einstein's Equation and Energy Calculation: @ @\ «f
Einstein's equation £ = m¢? helps tuca re%ﬂed in nuclear
reactions like fission and f‘usmn It stat nt pf’ mass (m) converts into a
~ large amount of energy (E) %' Izs or MeV), m = Mass, ¢ = Speed of
light 3x10% ms™). In r e total mass of the products is slightly less than
the mass of thu:xf[d “This missing mass is called mass defect (Am). Using E=mc?,
we can find the ¢ energy rcieascd
If Am = 1x10-4 kg, then using E = mc2:
E=(1x104kg) » (3x108 m s-1)2 ; E'=9x]0 12}
Uniform Mass Scale (u):
 The term uniform mass scale (u) refers to atomic mass unit (u) hemg used as a
standardized unit to measure the mass of atoms and molecules.
lu = 1/12 the mass of carbon-12 atom = 1.66605 > 10-27 kg

0.10: How scientists predict how long a radioactive substance remains astive and
g ::; ::!:: so essential? Expiain. 0 {ﬁh
o ow’
The halif-life of a radmactwe iso \ﬁ@\\ﬁé} JL half of the radioactive
atoms in a sample to decay
Expianation:

The activi Qctwe maxerlal is the rate at which its atoms decay, releasing
radiation in the form of él!phm 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 [ Ci=3.7x10'? disintegration per
second (dps). The activity of a substance depends on the number of radicactive atoms
present and the decay constant (1), 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-hfe
decays slower and has lower activity. Scientists measure radioactivity using toois like
Geiger counters and scintillation detectors, which help in monitoring radiation levels,
ensuring safety, and studying radioactive decay in fields like medicine, archacology, and
nuclear physics.

Calculation and formuiation: This concept helps scientists predict how long a radioactive
substance remains active and is essential for its use in ?ue{c:&@a}ﬁﬁu medical
treatments. and radiocarbon dating (Tabl: 29. EI‘\W 2\ [ AL

The amount of radm?c Ve |s,m§|§m “glmfs%np{c decreases with time as
NE\%*L

shown in Fig. 20.14. The n nucleispresent at time t=0 is N=N, and the number
present at time t‘(; e number present at time =2T 2 is N=Ne¢/4 and so
on. In this exaple ke amount N of the radioactive substance left after sometime 1 is
given by




After 1 half-Life:: Ni= ‘]z‘Nn 5 i
. P T 2\ Tﬁa |
After 2 half-Life: ~ Na= % 5t Nes _@@ P .
F E-. .
9 AN & |
= o S 15
Aﬁeﬂhaif-uf@};l‘j -xiwu_[é_J No e |
_ © 4T 27 3T 4T Metem |
After 4 half-Life: Ni=3 % 5 «fxl No( %J‘ e ﬁ;"w:’“““"“ |
Number of half-lives (1) can be found by the following relation:
Number of half-lives = Ium}ié;:rfl??:sed
Therefore n= %L ceee (20.6)
Tabie 20.2: Half-life of isotopes
Isotope |Symbol|  Half-Life Appliutiou |
Carbon- i4 koo 15,730 years Radiocarbon danp ﬂ._-n ier@antithets and 1
, fossits\ (10N m') .
Uranium-238 | -1 |4.5 billan ye \J%ﬁ@x&feﬁs’ and’Earth's age; used in |
TR0 et eactons. i
Potassium-40 mﬁﬁiﬁ billion years | Dating rocks and geological formations. |
QIR _
Thorium-232.| “*K |14 billion years | Used in nuclear reactors and dating
Radon-222 | 22p, [3.8days Indoor air quality monitoring; health
' hazard.
lodine-131 B3 8 days Medical treatment for thyroid cancer and
imaging.
Cobalt-50 “Co 5.27 days |Cancer treatment (radiotherzpy) and
industrial radiography.
Tritium ‘H | 12.3 days "Used in luminous paints and as a tracer in
(Hydrogen-3) ' biological studies.
Polonium-210 | #1%pg | 138 days Used in static eliminators and as a heat l
source IHMEL‘GPF\ "*ﬁlﬁ‘?‘}l
Strontium-90 } *gy 28.8 days (Q ﬁi&ﬁi‘rént and as a
|

Q.11: What is Hali-Life of

applinaﬂnwk |0
Ans. Half-Life 0 clive Isotopes:

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

M@wm'ﬂput? Give uampia and write few




decay into a more stable form. Each isotope has a unique hal 1%?@@@&?@3@&5. no

matter how much of the substance is Pr“,%‘:“’_f\ﬂ.ﬁ af{mpl- be the surrounding

J
;
conditions. : =) -“’||"'1 I"._' U _..JII" "E' .'I_F-JI

Example: Carbon-14, used }aﬁ?ﬁb\f&d\;ﬁg’ "ﬁ'ga half-life of 5.730 vears. while
U-238 takes 4.5 billion rg *by half. Radioactive decay follows an exponential
pattern, meaniqﬁagm_ Fefch half-life, only half of the remaining material is left.
Applications:

The concept of half-life is important in many fields, including archacology (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: '

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 technique 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-| 2. H@@b@ﬁ i organism
* dies, it stops absorbing carbon, and the i " ?Gijcp a fixed rate, with a
half-life of about 5,730 years. By m 3 ing carbon-14 in a sample and
comparing it to its original estimate how long ago the organism
died. Carbon dating is S§¢ ool in archaeology, geology. and anthropology,
helping researc e the age of artifacts, fossils, and ancient remains, giving
important insights’into human history and environmental changes.

. Cosmic rays, passing the ugh atmasphers,
m:nm*"? produce fart newtrans

Q.13: Write effects and uses ¢
TN A

i il RN W
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




1

2

4.

impacl of radiation depends on the dose. exposure time, and typ b:ac,i ?Ptp‘@ﬁﬁ\'\
Effects of Nuclear Radiation: 0 fl\u\ w\. wj
\ m Wg;r;

High doses can kill cells hy radiation is used in
cancer treatment (radioth \L( ancer cells.

Radiation can ﬁ ions, breaking chemical bonds and altering genetic
codes, whncﬁ*ﬂﬂd\)r\tad to genetic disorders or hereditary 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:

The selection of a radioactive isotope depends on its type of radiation and half-life:

1. Medical Uses: Short-lived isotopes are used in radiotherapy and imaging to
minimize long-term radiation risks. :

2. Industrial Uses: [sotopes with long half-lives are used | um@atiun,
radiation detectors, and material testing. wherg\loj a ortant.

SRR - i
Nuclear radiation plays a major rn]élgr @ and scientific research.
but it must be handled ¢ iﬁwﬂﬁ'mm effects.

3. Cobalt-60 and C ood Preservation: Gamma rays from these
isotopes ki&@m&} food, increasing shelf life without affecting quality.
Cobalt-60, a moderate half-life (5.27 years), is commonly used in the food
industry.

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

Radiation Source:

1. Americium-241 (*¥'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, triggering the alarm. Its long half-life (432 years) makes it
ideal for long-term use.

2. Cobalt-60 and lodine-131 in Medicine: Gamma rays from Cobalt-60 are used in

DO YOU KNOW? \

Atom is 99.9999999% empty s?xEﬁeQ
IRV

radiotherapy to destroy cancer cells, while lodine-131, with a short half-life (8
days), is used +n thyroid diagnosis and treatment fo minimize Inng(lilv@dmmn

exposure. ® ]” ANE

A ﬁ\\’\g\m\

?@rﬂ“\‘w
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The number of protons in the nucleus is what defines an element. C_:hﬁlgq

we change the element Itself! ol TN [ (8S0~

Marie Sklodowska-Curie, a French Physicist afid cﬁm &\firse woman to receive a Nobel Prize
b -

and the only woman to receive mgww ing uranium's rays, she discovered new
elements and named them pclonium’ rQi:‘u -

Gamma rays are pure W&\é@ with no mass or charge. They are the most penetrating
and require thick iu@bﬁj ¢ to shield against.

Fusion vs fission
 Nulsar reactions that produce massive sucunts o energy,

but have different prodesses
FUSION » FISSION
Deuterium Helium - /ﬂ;utmn
: & ' Neutron ™
o SZ, eneroy o_..-@_i o + ENERGY
el - A ‘{:‘ =
Trithum Neutron | o

Joins 2 or more lighter ! Splits a larger atom into 2
atoms into 3 heavier one  or more smaller particles

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

+ avoid harming healthy cells. o L TRy
Even without nuclear power or medical scans, we are ﬂmsﬁd to radiay QSthi U]}"s‘u rocks, and
even bananas (which contain patagsitm-m}. LHNEY ,—E o\ (-\\_\ (\ \“} fl

s 3 KA
AR N

Electrons are nearly 1,836 kaﬁmmn& yet they move extremely fast-almost at the speed

of light in their orbitalg, [ 3 : .

Alpha particles are the'hieaviest and slowest of the three common radiation types. They can not penetrate

a sheet of but can cause severe damage if inhaled or in ed.

Nuciear 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.

Brain-Teaser

L. If protons repel cach other, how can so many of them stay packed in a tiny nucleus without
fying apart? What holds them together? '

Ans. 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. 3 P~

2. What happens when a uranium nucleus splits during nuclear ﬂ'fiﬂﬁ’l Pioes it just break
into two pieces, or is something else released? . "”‘Q\‘J ff,_i O~

Ans. When a Uranium nucleus undergoes nucl M@LM @Jn smaller nuclei and also
icleases free neutrons, a lar 44/ radiations,

If two fossils found in the ¥ar\ af cock’ Bave nearly the same amount of carbon 14

lef, but one belong to- fﬁq, \animal and the other to a slow-living one, which one is

older or are th‘?ﬁiﬁ&& ge?

Ans. The are the same'age, because carbon-14 dating depends on time since death. not on how fast or

siow the anirmal lived.




N @Q@S\
Find the number of protons and ney ‘d g eﬁned by =X.

Solution
From the symbol, w er Z = namber of protons =7
Mass numbeyr 4 f protons + number of neutrons = 15

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

decay of Uranium (U-238).
Solution:

Alpha decay nuclear reaction is given by: 3X— 7Y + a + Energy

bf protons are 7, so number of neutrons will be 8. So, the element 1s an

For Uranium—238, the nuclear reaction will come: ”‘:; U— q:.-z Y + iHe (o) + Energy
::g U— 3‘“\" +3 , He{a) + Energy
So, atomic number of thc reqmred nuclcus is 90 and mass number is 234
J@E\E llcment

Energy R
U+in— "4Ba+ 4 Kr+3.n + Energy -
Solution: 1
Consider the fission of uranium-235:

where, _
e Massof (F;U) =235.0439u

e  Mass of neutron (,n) =1.0087 u
e Massof ('iBa) =1409144 u

Mass of (3 Kr) =91.9262 u
Mass of 3 neutrons = 3 x 1.0087=3.0261u

ass defect will be: -ﬂm-@@
Mass defect will be @;‘ﬂ?@

Am = (Mass of reactants) — (Mass p
=(235.0439 + 1.00

Am

Am = 236.0526 - 235.
Energy lejﬁ
E=Am x S MeV/u

E=0.1859 x931.5 =173.2 MeV




We have a 50 mg sample of lead-212. It decays by Ijlqta ang gallmih emission
with a half-life of 10.6 hours. H{m mm‘:h mf rlu. ;mm mmlﬂt is left after 53

hours? b \\ u-..-.w,. 1
. '.| '._ \ je= !
1 o -.I \f 'l. WA e

Solution: O\Ac f‘;, VP

Given that; 1}1 RS
Initial qua\t[]gar Wk ‘pu't:l lexd-212 hr = 50 mg
Half-life of tead - 212 T - 10.6h

Total elapsed time At = 53 hours

To find; Quantity to be left N =7

Al
The number of half-lives n is given by n = T
i3
Substituting the val =
stitut t : 5. —
ubstituting the values n= o
Therefore n=3 Th
Origimal sample remaining after n number of half-lives: N = | = | Na
I A,
Substituting the values: N = :“ < 50 mg R
= ; S\ O
Therefore S6mg . . O\ T HJII -_-'"-':g,_'_. A= -
So. 1.56 mg of lead "1" mtl Eﬁméﬁ;ﬁ 33 e Of 5 half-lives

= Opjective YE;pe Nuestions

Y/ AdditioniMca's /4

- A am— — - —

/ Multiple Choice Questions prepared in the light of new Examinafion Techniques

lKnowledge, I.Inderstandmg, Applicatmn, Analytical & Conceptual)

201 Atomic Structure

1. Part of an atom is empty.

(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) Nuclcus
3.  Gold foil experiment was performer by: TR0

(a) Rutherford (b) Hans Geiger (g} ]I‘I‘IE’{TMB}M&@}‘I (f.& AIIuI lhu.L

4. Atomic Nudeus 15 maﬂﬁ L‘I’ ﬂk pi‘n‘mﬁa and neutrons, collectively called:

(a) ‘\u:.lf:unls [b] ’\ur.leua (¢) Neutral (d) None of these
Which one is nm mcluded in mass number?

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

Lh




| S——— —— — R e i — N —

6. A nuclide contain 7 pruiml and 8 nutron, It is generalh tﬂpﬂ&tt}wﬁw

(a) ;X (b) X (), f‘xh \ '*{d =
7. Ifanatom gam ‘JF\N?#‘“ on then it become:

(a) Cation de M) Ton (¢) Anion (d) Neutral
8. 'iC is a radioactive isotope and that contain neutron:

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

204 Radioactivity

9, Radioactive decay releases radiations:

(a) Alpha (b) Beta (c) Gamma (d) Al of these
10. Which one has weakest ionizing power? :

(2) Alpha particles (b) Beta particles

(¢) Gamma particles (d) None of these
11. Alpha particles have charge on it: .

(a) +2e (b) +I1 () —fe e ) 0. —~(an

A\

TGS

12. In gamma decay, nucielﬁlq
(a) Helium |::artu:l-.f:s,r bk P

13. In nuclear fission reaction, the lost mass is converted into:
(a) Alpha particles (b) Beta particles  (c) gamma particles (d) Enf:'rg}-
14. A Process where two or more light nuclei combine to form a heavier nucleas &

called.
(a) Nuclear fusion (b) Nuclear fission
(¢c) Radioactive process (d) Nuclear reaction
I 15. The reaction which is responsible for shining of Sun and Stars.
(a) Nuclear fission (b) Nuclear fusion
(¢) Nuclear addition (d) Radioactive decay e
oM
16. E=mec? is explained hy,. e \\/ { &
| (a) Dalton (b) h“nsle[i'\ \\ ﬂj ,[é} JJ Thomson . (d) Rutherfors
17. 1U=1/12 the Ina}!.“dfta 112 atom = :
(@) 1.66605410 25 kg (b) 1.66605 % 10-27 kg
(¢) 1.66605 = 10-2% g (d) 1.66605 x |0-27 g
[ |
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i%.  Halfiife of Uranium is: N2 hlt ﬂﬂ A0 ]
(a) 4.5 billion xcursﬂ;&)\\}ﬁﬁimﬂ}nw C) 3. ? bililun years (d) 4.8 biilion years

19. Which mdimqb;g ihd\tgumui'uwd in medical treatment?
(a) Cnhalt‘gfl' (b) Strontium-90 (¢) lodine-131 (d) All of these

209 Elfects and Uses of Nuclear Radiatian -

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

. e ey 3 (d) & .om % ib) 8. A~ T AD)
8 (o) TN ID (eY . UGy XL 6dy . 13 id) - A4 ()
15. (b) 16. (b) 17. (b) 18. (a) 19. (&) 20. (c)

.  Whatis BE{L% thmry of atomic model?
Ans. All ratter is made up of tiny particles called atoms, was first suggested by Daiton.
That is called Dalton theory of atomic model.
1. Write two findings of Rutherford's experiment.
Ans, (i) Atoms have a small, dense, and positively charged Core called nucleus.
t#) The nucleus contain most of the mass of atoms.
3. Define fuzzy Cloud.
ns. The fuzzy cloud is also known as electronic cloud. That iepresent the Probability of
finding an electron in a certain area around the nucleus. This cloud is denser where
the efectron is more and thinner where it is less likely.

Atomic Nucleus

1
RRLRR .- </ ou s 32 3 SRR Heal . _"I-I'.n._x .‘\.umlm
1. The atomic nunibr'm xﬂitﬁl . ~The mass number is total count of
count of pil*qwns p‘r‘cﬁenf in an protons and neutrons present in an
atora N tom.
12, Itis rmr-:wqrcd by "Z". 2. Itis represented by "A",

- -

———.




Ans.

Ans.

Ans.

Ans.

10.

Ans.

11.

Ans.

20.3 Isotopes

Define Isotopes. E r\ (—’})\R
[sotopes are atoms of an element m Q\\éﬁ f&rhumbcr of protons but
R

different numbers of neutr ﬂﬁ three isotopes: protium, Deutrium and

Tritium.
\VJ\JNNN
rUR B - Radicactivily

Why Marie Sklodowska-Curie got noble prize?
Marie sklodowska-Curie, a French Physicist and chemist. was the first women w0
recive a Nobel prize because she discoversd new slemenis and name them

polonium and radium.
Define Radioactive decay.

. Radioactive decay is the process in which unstable atoms release energy to become

stable. Radioactive decay releases three types of radiation: Alpha () Beta (P).
Gamma (y) radiation.
What are Alpha particles ().

Alpha particles () are helium nuclei, Consisting of \. d @@@&mm
Alpha particles are the heaviest and Vs \ % radiation [ypes
Alpha particles cannot pe rate 2 sH apen

What is beta deca o 8 biyh n.
In beta dec cnnwrts into proton and emits = beia particie (electron or

positron).

General equation: 2 X—> Y + B+ energy

Il  Nuclear Reactions

What do you know about Nuclear reactions?

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 reaction (ii) Fusion reaction

0
What is Einstein's equation? G 53 IO

Matter and energy can be conve 1;}37?@9:8 %\en concept explained by
Einstein this is cal]cd fiijﬁ g2yt hElpS calculate the energ}
released in nuc &%ssmn and fusion.

E =mc? \J\J

Here E = Energy {Jﬂules]




I = IvVidas — b ﬁn
¢ = Speed of light. e bt [ AU LRSS

12. What is mass defect (Am) in n leat'r éﬁqh&ﬁ:hf "-.U.

Ans. In nuclear reactions, %ﬁ{tg_gajﬁg:g\a’éf he product is slightly less than the mass of
the reactants. This Iosr{i‘;}n@g’ii‘@éﬂﬁédﬁ'&ss defect. It is represented by Am.

RN 208
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, Todine-131: It is used in medical treatment for thyroid cancer and imaging,
Tritium: It is represented by [H . It is (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 ofﬁapcl.jgpt organic
materials like wood, bones, and shells up to Sﬂ.ﬂ’ﬂyr{f;?r%ﬁh;Id{;:fi@ﬁsgté\t'hniqur: is
based on the radioactive decay of rqarhga-—f[@i" (ﬂ\ it ol

frra X
o "
| '\—'-

( 3tmpSphere.

KN . Efiects and Uses of Nuciear Radiation

16. Why ionizing radiati _@_g fengerous?
Ans, lonizing %Wﬂﬁiﬁubﬂ as alpha, beta and gamma rays can affect living organism
because it ‘ean alter or damage atoms and molecules, including DNA.

iiiiiiiiiiiiiiiiiii

W Tick () 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
(¢) Atoms are indivisible and indestructible AT

(d) The nucleus is small, dense, and positively charged ﬂ“';;.‘-. (CONLE

P RS

20.2 The atomic number of an element rem_'g;&r\q;; TN {3~
(a) number of neutrons in {he{p_pﬂ_khﬂfﬂ "-.E{ti:}_"-xu[h.hﬁiﬁ& of protons in the nucleus
(¢) total number of protets\aid feWfons{d) number of electrons and neutrons
20.3 Which type of tﬁqmqi_ﬂhjsfph\sit'i’vely charged and consists of two protons and
two H'EI.II'I'@N;‘;] N A S =

(a) Alpha (cr) e (b) Beta (B) (c) Gamma (y) (d) Neutron emission




— ——-C T =0 ?:.-!uﬁ

20.4 The process by which an uns:ab!e nucleus emits r

a more stable nucleus is called: ﬁ?\ A\

(a) nuclear fusion \ngsg Iear E‘ssmn

(c) radioactive decay (d) isotopic exchange
20.5 Nuclear

(a) combining light nuctei to form hesvier ones

(b) splitting heavy atomic nuclei into smaller 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 application of nucIﬂL{Cﬂi& wm
(a) Cooking food in microwave ovens I @@

(b) Medical imaging and cancer tr

(c) Solar energy generation Airplane navigztion svsiems
20.8 What are the W nizing nuclear radiation oa bielogical tisspes”?
(a) Increased 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) 206 (b) 20.7 (b)
20.8 (b)

l B. Short Answer Questions

20.1 Define the 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.
Two main Characteristics: % Qﬁ@

® It contains most of the atom’s mass. ] \\ RK ) q‘jnh

®  lIthas a positive charge due t&l‘, e

20.2 What is the structure of an & ing tﬁ Rutherfurd‘s model?

Ans. According to Ru Al cl, an atom consists of a small. positively charged
nucleus at the Eéh{t.r surrounded by negatively charged electrons that orbit the
nucleus. Most of the atom's volume is emply space.




20.3 How does alpha radiation differ from beta radiation? ., =(0))(\\\
Ans. Alpha Radiation(y) | U\ (\\Beta Radiations (8)
e Alpha radiation ¢ 'sgﬂqg?iﬁf{' %\Eﬂ‘;&l‘:ﬁd}ﬂaﬂi#ﬁnn consists of beta
particles, which a%hﬁ&b -
Wo

particles, which are high-speed

(two |:1r-::»tu;_}{fa.,~;I rons). " electrons or positrons.

@ Theﬁﬂj&ﬁﬂ‘ +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 ined by
Einstein's equation (E = mc?). It is stated that a sm 1 @ﬁmunvms
into large amount of energy (E), whereE= E] %;speed of light.

20.6 What is the principle behind car applications?

Ans. Principle of Carbon w ting is based on the decay of radioactive
carbon-14 pre 3\\91:: organism continuously exchange carbon with
environm Tf&gg%[@ a 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 nucle:r fusion with an example.

Ans. Nuclear Fusion® Nuclear fusion is a process where two or more light nuclei (like
hydrogen isotopes) combine to form a heavier nucleus, releasing huge amount of
energy.

Example:

2 3 1 1
 H+ H— He+ n + energy

20.8 Americium-Z-il(’:;Am) undergoes alpha decay a%yrqd%ﬂ% alpha
particle. Write down the chemica) equi tm : ‘i:'\ll Fﬁiﬂ"ﬁﬁe the nucleus

formed. , i‘\ﬁﬁj (AL L
Ans. In alpha decay, the nuc@:a; € %b&&pﬁ icle (3He)
oo I
Reaction: I;ﬂ%\ﬁﬁm Np'+¢He
o P R b :
Neucleus l}BfrxiJned: Neptunium =237 (‘i;NP}
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[C. Constructed Response Questions J (5 O
20.1 If an atom is mostly empty spa @@Qiﬁ&ﬁﬂ\mﬁugh solid objects or

pass through walls?

Ans. The electromagnetic tween electrons in atoms prevent them
from nverlaipm ﬁ auli Exclusion Principle restricts electrons from

occup}’mg e's 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 guantity 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 toda}. htm would tluu affect

the use of carbon dating in the future? ﬁ‘ 'Su
Ans. If carbon-14 stopped forming, the ato l“r carbon-12
would decrease, leading to an un e of Gldﬂ‘ samples and

eventually rendering
without significant

m% : Eﬂd unusable for very old samples

20.5 What is “between nuclear fission and nuclear fusion in terms of
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 smailer 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.

I D. Comprehensive Ouestmns

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 dr:t:rrmneclh thqmﬂﬂgment of
its electrons, especially the valence (outer-s ll) glx ré u‘~—~“’
5 [l

Protons: Protons decide the atom tﬁe element but they do
not directly take part m % \l : W=
€c

Neutrons: Add to atn t stability, not chemical behavior.
Electrons: E!pc;pﬁ‘ﬂ iﬂarly those in the outermost shell, control how an atom
reacts.

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




configuration. The number and arrangt:rncnt c-f thc e ( tenmm.,
Reactivity. valency and types of chem@al bo %ﬁa@m the structure of
an atom-mainly the eie imn ii‘l'{?q_ﬂ: a nucleus. determine its
chemical properties. B} S

20.2 Explain Einstei =mc’, and its significance. How does this
equatmu&i{@ﬂ: ear reactmns"
Ans. For Answer'See Q. # 9.

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

Ans. For Answer See Q. # 7.

20.4 Why do different isotopes of the same element have similar 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 # IE |12.

| E, Numerical Prohlem:

20.1 Find the number of protons and neutrons in the nuclid t{(@\
. QY S
number of protons = 9

number of neutrons = 2

20.2 A fossil is foun 3 >lhe E‘ﬂl"bﬂll-14 compared to a living sample.
- Howold i
Sol. The fossil has 25% of the 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 = | 1460 vears.
20.3 A sample initially contains 400 g of a radioactive isotope with a half-life of
10 years. How much remains after 30 vears?
Given: Initial mass =400g
Half life = 10 years
Required: Time =30 years (3 half-lives)
Remaining mass = ?
Solution: For 3 half-Life

" oy -I\- \ i )
Remaining mass = initial mass » [:.;J = ,J*-f'\fa.l'ﬁ\,-_f\':?“f’l

| Remaining mass = 50 g




20.4 A radisactive substance has a half-life of 64 months. In how much time,
one-exghth of the substance will be left”

Sol. One-cighsh of the substance remains. This means :hat @ A\has gone
through M: haif lives.

. %\X@‘QM

Towal =

J&Z months.

20.5 In a asclear reaction. 4 ug of mass is converted into energy. Find the energy.
Given: Masim)=4dug=4~x |[H"g=d » "}"ltg
Speed of Bghe (o= 3 ~ 108 mis
Required:

Energy (E) =7

Solution:

Using Emstemn’s equation. <
E=mc

E=(4=10"kg) (3*10%ms-1)?

E=36= 167~ 10

E=36=1001=360x106]) - [1x106=MJ

= 360 MJ
20.6 In 420 davs, one-eighth of polunium (Pe ; (05 o BRIV FAPER = icslate the
half-life of polonium?
Sol. One-eighth :-fpoi-omum @% hiS~means Ilnl three half-lives have passed
(I-—ll—;l
2

- The total ume is 420 days
Half life = Total time / Number of half-lwes
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

=0
] —}5 -7
The total time is 1 hour = 60 minutes. -

Half-life = Total time / Number cfhaien m@ @
60 rnmutes @

ﬁmmM el ""*H—
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