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.~ ATOM

Atoms are the basic units of matter and the dehning structure of
elements. i
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WI'UI Y AT Structure of Atom

The atom consists of electrons, protons and neutrons permanently and
temporary particles such as positrons, neutrinos, antinutrins and
mesons.
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(8 electrons)
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Nucleus

The entire positive charge and nearly the entire mass of atom 1s
concentrated 1 a very small space called the nucleus of an atom.
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The nucleus consists of protons and neutrons. . ;z{eWE
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They are called nucleons. )/
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Terms Related to Nucleus

(1) Atomic Number: The number of protons in the nucleus of an atom of
the element is called atomic number (Z) of the element.
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(i) Mass Number:
The total number of protons and neutrons present inside the nucleus of an atom
of the element is called mass number (A) of the element.
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11) Atomic Mass Unit Y
( ) I{Jmu |Q C L_Eﬂ_}

e
It 1s defined as 1 / 12th the mass of carbon nucleus.

V

It 15 abbreviated asfamu]and often denoted by (@

Thus ami
] amu =1.992678 * 10-26/ 12 kg
—— =1.6 " 10-27 kg =931 Me V
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Isotopes ¢ M aq®) % caxbon poding

The atoms of an element having same atomic number but different mass numbers.
are called 1sotopes.
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e.g., IHI, 1HZ2, IH3 are 1sotopes of hydrogen. @
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Isobars (14i)

The atoms of different elements having same mass numbers but ditferent atomic
numbers, are Called 1sobars.
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Isotones ([ >4y %
The atoms of different ele ments having different atomic numbers and different
mass numbers but having same number of neutrons, are called isotones.
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Isomers

Atoms having the same mass number and the same atomic number but
different radioactive properties are called isomers, HHId GcdHIA HET]
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Nuclear Force Hv O Gravitehonod  © Elechomgng
The force acting inside the nucleus or acting between nucleons is call€d nuclear

force. (D) ek foyce, ) S%\mn& .\[d‘(
L. Nuclear forces are the strongest forces in nature. |~ —=
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It is a very short range attractive forcen/- "/ "7 pa Py
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It is non-central. non-conservative force. - ° ~
] = Nuclea~
It is neither gravitational nor electrostatic force. Foxce
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It isindependent of charge. b Xh m-u Fexmj
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It is 100 times that of electrostatic force and 1038 times that of gravitational

force. ’\_/f al 1038 :7
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Nuclear Blndmg Energy @/7 /7 (MD ¢ M¥
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'The mmimmum energy requlred to separate the nucleons up to
an infinite distance from the nucleus, 1s called nuclear binding
energy.

AT F 3eTd gl deh & &ATfAS &l e[l e & v

HaeTeh gdH Foll I AMADTT T Sl gl SAlcl

Bindin ng energy, EEb mp + (H ) mn - Hﬂﬂ 2



Packing Fraction (P)

p = (Exact nuclear mass) — (Mass number) / Mass number
=M-A[M B ' )

The larger the value of packing friction. greater is the stability of the nucleus.

—

[The nuclei containing even number of protons and even number of neutrons are
most stable.

The nuclei containing odd number of protons and odd number of neutrons are
most instable.]



Radioactivity

() ) — Borir

‘The phenomena of disintegration of heavy elements into
comparatively lighter elements by the emission of radiations 1s
called radioactvity. This phenomena was discovered by Henry

Becquerel in 1896.
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Radiations Emitted by a Radioactive Element

Three types of radiations emitted by radioactive el ts
a-rays | SR C =Y
(i) B-rays B - ’B’U\\fg e

(iii)y—rays\/ ‘%\C - ~ay.e
a-rays consists of a-particles, which are doublyﬁo'nised helium ion)
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B-rays are consist of fast movin =
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y —rays are electromagnetic rays.
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ALPHA , BETA & GAMMA

There exist three major types of radiations emitted by
the radioactive particles namely:

Alpha
e

Beta

\/

Gamma



https://byjus.com/physics/radioactive-decay/

Alpha Rays (= -vovsa < rarhige — OM@V

Alpha rays are the positively charged particles. 7~ @

D ——

Alpha-particle js highly active and energetic helium atom that contains two
‘neutrons and protons.

-

gz ¥ N g
These particles have the minimum penetration power and hlghest ionization
power. = 0

—

They can cause serious damage if get into the body due to their hlgh
ionization power. g

They are capable of ionizing numerous atoms by a short distan%
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The speed of alpha partlcles is of the order of 207 m/s.
lo ! f“\/g v
oha particles strongly ionises the gas through which it passes.

—

pha particles rapidly loses its energy as it moves through a medium and

therefore its penetrating power is quite small.

Alpha particles are positively charged.

Alpha particles affect a ph?)-fo/g;l'apha)late.

————

Alpha particles cause fluorescence on striking a fluorescent material.
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Beta Rays

Beta particles are extremely energetic electrons that are liberated from the

innernucleus. =~ — — —
. ‘\// : -\q
They bear negligible mass and carry the negative charge. - 1.6 ®\e 'C
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A neutron in the nucleus splits into a proton\/and an electron on the emission
of a beta particle.” . v )

o (YL P (PP | B3P L X (17)
Beta particles have a higher penetration power when compared to alpha
particles and can travel throughtheskin withease.

Beta particles can be dangerous and any contact with the body must be
avoided, though their ionization power is Iow./ *
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1. Beta particles are the fast moving electrons emitted from the nucleus of an
atom.

2. Although beta-particle and the cathode rays both are the fast moving
electrons, but they differ in their origin. Beta-particles are given out from the
nucleus of the atom while cathode rays are given out from its orbital

electrons. o
a | |

3. The speed of Beta particles is of the order of 208 m/s. wf
ot

4. Beta particles ionise the gas through which they pass. J |

5. Penetrating power of Beta-particles is more than that of alpha particles.
6. Beta particles affect a photographic plate.
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Gamma Rays X

——

The waves arising from the high-frequency end of the electromagnetic
spectrum that has no mass are known as gamma rays. i

(L) Y

They hold the highest power of penetration. ( p lo) ~ Y T\
They are the most penetrating but least ionizing and very difficult to resist

them from entering the body.

The Gamma rays carry a large amount of energy and can also travel via thick

concrete and thin lead. \/ =
wE = %

~—




fdegd TFah I TeeA & 3T A dlel BR F 3ol glel aTell
T A RIS GSTHATT 17 & o AT Ao & §9 & ST STar 2

3 Yo I gal=g afea @a gl

d geq 3k AAA §, odfohad dH T A MIAATRIOT 3T 3og W H
qa*%raﬂﬁﬁﬂa#rasﬁvaﬁﬂf\w%l

IMAT TRIOT 987 AT H Foll of Sl & 3T AT shehle 3R gdelr I
o ATETH O T IET AT Thal ¢




1. Gamma radiations are the electromagnetic waves like X-rays and light, but
Z]they differ from X-rays and lightin wavelength. ——

2. The speed ofG&ma-radiations is the same as the'speed of ligh

3. Theionising power of Gamma-radiations is very low.
o oy o i
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4. Gamma radiations affect a photographic plate.

—
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5. Gamma radiations cause fluorescence when they strike a fluorescent
material. B
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Alpha, Beta and Gamma Radiations

Negatively charged plate

substance

Positively charged plate
+ + + + + +




Nuclear Fission ( ~\tohg 528074

The process of the spllttlng of a heavy nucleus into two or more lighter nuclei

S Hoble ~ conton AR iy

When a slow moving neutron strikes with a uranium nucleus (92U235), it
splits into 56Ba141 and 36Krg2 along with three neutrons and a lot of energy.

is called nuclear fission.




(1) Fuel : Fissionable matenials like 92U28%\ 920238, 94U289 are used as fuel.
Ve I A7 A — I
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_Au) Moderator : Heavy water, oraphite and berylllum oxide are used to slower down
fast moving neutrons =

ey OCI

\Aiii) Coolant: The cold water, liquid oxygen, etc. are used to remove heat generated

in the fission process.
= e

\§

L. , |
(tv) Controlrods : Cadmium or boron rods are good absorber of %utironﬁs and
theréfore uséd to control the fission reaction. \y v

@m b@orklng 1s based on uncontrolled chain reaction.




Nuclear Fusion ™3™ gz

=0 == @

The process of combining of two lighter nuclei to form one heavy nucleus, is
called nuclear fusion. \/

Three deuteron nuclmfuse, 21.6 MeV is energy released and nucleus of
helium (2He4) is formed.

H*+ H*+ H* — ,He'+ H'+ ;n' +21.6 MeV
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Classification of solids on the basis of

conductivity ot > Vatowee £ = L
Coﬁdgg&onductors are those substances th?ough which electricity can
pass easily, e.qg., all metals are conductors.

s

\)j/i') Insulator Insulators are those substances through which electricity cannot
pass, e.g., W6od, rubber, mica etc. _ _
. A 8 5\/alance c 7 he
o Hgn@d 1, ' y
MSemlconductO{/Semmonductors are those substances whose conductivity
lies between conductors and insulators. e.g., germanium, silicon, carbon etc.
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SEMICONDUCTOR (3T¢<Telh)







ELECTROMAGNETIC RADIATION
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Photoelectric Effect ., . )

4
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The phenomena of emission of electrons from a metal surface, when
radiations of suitable frequency is incident on it, is called photoelectric effect.




Terms Related to Photoelectric Effect

(i) Work Function(®) The minimum amount of energy required to eject one
electron from a metal surface, is called its work function.

(i) Threshold Frequency (vo) The minimum frequency of light which can eject
A photo electron from a metal surface is called threshold frequency of that

metal. \\// Nj%

(iii) Threshold Wavelength (Amax) The maximum wavelength rJ light which
can eject photo electron from a metal surface is called threshold wavelength

of that metal.

Relation between work function, threshold frequency and threshold
wavelength ¢ =hvo = hc [/ Amax



Einstein’s Photoelectric Equation

The maximum kinetic energy of photoelectrons

(Ek)max =hv—¢ = h(v-vo)

where v is frequency of incident light and vo is threshold frequency.



Davisson-Germer Experiment

The wave nature of the material particles as predicted by de-Broglie was
confirmed by Davisson and Germer (1927) in united states and by GP
Thomson (1928) in scotland.

This experiment verified@e wave nature of electron using Ni crystal. I
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When cathode rays strike on a heavy metal of high melting point. thén a
very small fraction of its energy converts in to a new type of waves, called
X-rays.
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Properties of X-rays

(i) X-rays are electromagnetic waves of wavelengths ranging from 0.1 A to 100 A
and frequencies ranging from 1016 Hz to 1018 Hz.

(ii) Soft X-rays have greater wavelength and lower frequency.
_ (i) Hard X-rays have lower wavelength and higher frequency.

V) X-rays are produced by coolidge tube.

(v) Molybdenum and tungsten provide suitable targets. These elements have
large atomic number and high melting point for the purpose.
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(vi) The intensity of X — rays depends on the heating voltage or filament current.

(vii) The kinetic energy of X-ray photons depends upon the voltage applied
across the ends of coolidge tube.

(viii) Energy of X-ray photon is given by E=hv=hc /A

(ix) If total energy of fast moving electron transfer to X-ray photon, then its
energy, eV =hv=hc/A

(x) Wavelength of emitted X-rays is given by A = hc / eV
where, h = Planck’s constant, ¢ = speed of light, e = electronic charge and

V = potential difference applied across the ends of the tube.
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X-Rays Uses

Medical Use: They are used for medical purposes to detect the breakage in
human bones.

Security: They are used as a scanner to scan the luggage of passengers in
airports, rail terminals, and other places.

Astronomy: It is emitted by celestial objects and are studied to understand
the environment.

Industrial Purpose: It is widely used to detect the defects in the welds.

Restoration: They are used to restoring old paintings.
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