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mber of neutrons.
use of mass spectrograph fo demonstrate the existence of

s unified mass s-..dlr:. mass defect amj talcutaisbmdmg

in’s equation. il




muc{eax fission and fusion.

»f Geiger Muller counter and solid state detectors to
ns.
isic forces of nature.
. iﬁy features and components of the standard model of matter
g hadrons, leptons and quirks. '
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£t us begin by reviewing a few fundamental facts that are
y familiar. The nucleus is made up neutrons and protons, two.
h are about 1840 times more massive than electrons. m;rm
ively as nucleons Fig 20.1(a). i

| number of nucleons A |
ger closest o 1ts mass
p¢ the number of

number 11 and mus.«:l

‘contains 11 protons and .
NUCLEUS  ELECTRONS

vﬁ?}r hght Im_cteus:' 3 Figupe 20.1(a): atomic nucleus
nuclens U™, which
tains 92 protons and 143 neutrons. The mass of the nucleus is
the mass of the ator; in kilograms it is the atomic weight




of the isotopes .U and a small py
s of atoms are uranium atoms,

e, U™ . Others examples are C'; ¢%; c"; and 7
. lI-P‘..,,lll*ﬂmzl H* are three isotopes of hydmgenq;_







o f& mass m of the ion.
, 1ans of different masses
~will strike the photographic
‘plate at different places, so,
. I*Mum. different isotopes

‘can be separated from one

_.'? m

inss Spectrometry
e Drug Discovsry

_‘ N -> anlear Masses I

It is known that a kilogram- mole of any element should
adro _s numher of atoms: 6. {32%{10"’ dmrnt:f I-:g mole. Thus the mass

-and nuclear masses are expressed in term of unified (U]
lified mass scale is a scale based on assigning a massexmlh'lg-
of €. On this scale one, mass unit, called an Wﬁ

W ¥ of the mass of the carbon atom ,C'2. All other

hﬂ’ﬁ“ﬂitb’! Comparison. The relation of & ,,n;




1u=(1.660 Mﬁw,{;&;tmw
C =149x107)
Sineg leV =160x10"j
1.49x107"

108 1“=W eV=931x10"V

Tu=931x10°eV =931 MeV

el ectron, proton and neutron on u —scale are
m, =9.109x10" kg=5485x10"*u=0.51 MeV
m, =1.673x107" kg = 1.007u=937 MeV
m, =1.675x10 kg =1.008u=938 MeV

ass defect and binding energy '

Why should a large unstable nucleus release energy when it
oactive change takes place? The potential energy of a system
position of the particles in the system, relative to each other. A
| is one in which the potential energy of the system is at its lowest.
le system becomes more stable, it changes to a state of lower
;:u:r.btnnsand theneutronsi:aanuclem amh:ldtogaﬂ'ﬂ'bya




...(31:.-5;,
.;m*sesqm-usua]ty ﬂ;praf;a&d in alomic mass unit (u).

Regaon ol greatss)

'.-fw"_tiﬁ 180 200 muw |




binding energy £, (in MeV) = 931 x Am

hmdmg energy per nucleon = %’L

(Packing fraction)

of protons in the nucleus,
1
A = The number of neutrons and protons,

S0 A—Z is the number of neutrons in nucleus.

5l nucleus is 234993330 The mass of a proton = 1.00728'
cutron = 1.00867u. Calculate the binding energy per nucleons of a.




~ Whena o U™ nucleus undergoes fission, the WO fragmen;
each comprise about half the number of nucleons. Therefors the
per nucleon increases from about 7.5 MeV per nucleon foy
about 8.8 MeV per nucleon for the fragments.

~ Thus the binding energy per nucleon increases by about | MeV for every
" nucleon which-means that the enerey released from the fission of a single
¥ fissionable- nucleus is about 200 MeV. The mass of a U nucleus is

~ about 4x10°kg.

‘ mtﬁq{y wais discovered
g L ._ in Paris by Henry Becquerel
when he was conducting research
effects of x-rays on uranium
He had discovered that
substances  exposed o
ow and continved to glow when




con _ eV

that the radiation passes through g
ed with energy to make it emit radiations and was therefore emittir
Achive :F_'.' i :
C ed his research on X —rays and passed the investigation of radio
/his research student. Marie Curie. Within two years, Marie curie and
pand Pierre had discovered other substances which are radioactive, .
bg two new elements, radium and polonium. Becquerel and the curies were |
i the :]b'pﬁzc in physics for their discoveries 1903.
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o than a few centimetres,
les much more strongly than the other
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ﬂﬂ atﬁm X dismlf;ﬁﬂm by o

ng tﬂaemass number reduces by 4 umla m
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~life of a radioactive isotope is the time taken for half the number
of the isotope to disintegrate., Suppose 10000 atoms of a certain
1sotope “X" are present initially. The number of atoms decreases.
~ From 10000 to 5000 after first half life, then
~ Frgm 5000 to 2500 second a further halflife, then

i Frqn:l 2500 to 1250 third a further half life, etc.
' of the

1.5::{::-;;:.




n equation 20.7 the decay rate is

. -ﬁﬂ vy ++(20,8)
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‘between the decay constant A and the ha]f-—hfe'f%; ) 51 :




8™ is 1.6x10" years. Dete

the activity of a 1 g sample of 5" whose half life against

| a
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leraction of «— particles with matter .
b |

ticle travels & small distance in a medium before coming 1o
distance is called the runge of the particle. As the particle
ough 4 solid, liquid or gas, it loses energy due to excitation and

of atoms and molecules in the mater, The mmm{m may dne




el
e -_rru”—-.-l - 1
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ility is about 100 times less than
A & w"jﬁ range is about 100 times more thay
cles are more easily deflected by collisions thag

'ﬂma the path of - particles in matter is nntm
we :._magglmg or scattering. The range of f—particles is
the effective depth of penetration into the medium not by
erratic path. 1f the density of the material is more through f
icle moves, the shorter will be its range. o and - particles

m:gy as X -rays photons when they are slow down by the

eld of the charged particles in a solid material.

of gamma rays with matter I

Photons of y-rays. being uncharged, cause very liitle

fﬂim,:ms are removed from a beam by either scattering of

m:mdium They interact with matter in three distinct
& matinly on their energy.

s (less than about 0.5 MeV), the dominant process

s from ahcarn is the photoelectric cﬁ%ct.




rope Y of absorbing radignt energy of ﬁ;g]; 1
J of low frequency in the visible région of elec

‘neutrons with matter I

g neutral particles, are extremely penetrating pamchs To
slowed, a neutron must undergo a direct collision mth a
me other particles that has mass comparable to lht of
ials such as water or plastic, which contain more Iow ma#a
t volume are used to stop neutrons. Neutrons prodi :
ization when they interact with materials containin ;
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Particles




possible to change the structure of nuclei by bombarding them
icles. Such collisions, which change the identity or pmpenﬁsm
are called nuclear reactions.

anucleus “X” is bombarded with some light pamclu

: ldae, the product nucleus “¥” and a light pmnc!c “B” 1
9€ represented by the equation.

X+n——=¥Y+b
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[ M _1.14.__ _|

#’ CF i
;l ..m ir ﬁ‘.-‘r :
’ . ‘
1 g T : il o | !1

e

= -o.om 23_1 u
Q=-0.001281x931
Q=-1.192 MeV

w'mg the fact that the emission of a [ particle increases the
) ""..':nue Fermi and hiv. co- '.t.urkl.rr.{lgm} attcmptedmmuchmﬁn




'-alculatmn 15 given below
.1 . lfllhll Mmasses
Ba" =140.9139 4
At = 91.8973y
-‘ A




of neutrons wﬂl increase rapldl}r Thus, n chs ‘
7(b). The fission would pmduce at an ever -

"_' th"e Whnle of U wnu]d be transfnrmn& vith

1f thf: ch:;un reaction is to start, it 18 necessar]f ﬂﬁt !;bﬁ
. be greater than some minimum mass called the cnhml-




.-ﬁssmn chain reaction is a o controlled ope.
for any of the several purposes | mm
mmmdlmm topes, etc. Tha ﬁ,rstreamr

dnwu the neutrons to thermal energies, so that they
clei. When a thermal neutron strikes a uranium atom,

which results in the splitting of the uranium atom and

ﬁst Jmi:tmns These fast neutrons strike the materials and
ed collision with the nuclei of the material and get

se thermalized neutrons strike another piece of uranium and

I'B;us a chain reaction is set up. Whenever this chain reaction

01! mﬂ which is a strong absorber of neutrons is inserted

ainer so that the nentrons are absorbed and the rate of reaction

0.8) shows the schematic diagram of a nuclear reactor.

Sl tarbine

Seandiey loop ard elevtrke peneriton

= ———

Fandenser (venm frim tutbaige
fs contensed by cold water ¥




num 13 used, pIutumum s producad in thﬁ nncleur
i md&ffemnt aluminium cans in cylmdncalmds 4

e chain reaction, once started, can liberate an enormous amount of
_nut nf hand and this can even blow up the macmr-'l‘a'amiﬂ

LT ' rodscaube inserted into urdrawnnut efthe maﬂtnrﬁwiml
1l that absorbs neutrons, e. g. cadmium, boron. nrhntn;un
"mdsare:used Ifrhe.serndsamdrawn out, tbaammtyﬁf'




‘#ﬁﬂﬁermctﬂr (I’WRJ are mnst mdely useﬁmgm
reactor, the water is prevented from boiling, bmngw
L water is used to hoil another cireuit of water whwﬁ
rotation of electricity generators,

ctor are designed to make use of U™ which is abaut
uranium. Each ., U** nucleus absor bed a fast neutron atﬂ

ae L' "i':a”j_'*sﬁa”p +.1ﬂ'u
mf@i&l-—} prﬂ‘;_l_ 1ﬁn

B},’ fast peutrons, hencc‘ moderator is nul-lm;ﬂﬁd-,ii

§ "hﬁ? a blanket of U"'“ Neutrons that escape fromﬂl{
h the blanket pmducmg l;h:re by “Pm Thus more




I g:gompmedhy arelaﬁseaf nergy. It is tant

fusion power plant have not get been dwelopad,a sreat

, unde: way to harness the energy from fusion reactions :irrﬂm

¢ exothermic reaction in stars, including our own sun = ~ and

“nearly all of the energy in the universe — is the fusion of

) helium nucleus. This can take place under stellar conditions

uf processes. In one of them, the proton —proton cycle,

srotons result in the formation of heavier nuclei whose

| hﬁhum nuclei. The other, the carbon cycle, in a series of

sn nuclei absorbed a succession of protons until they
pha particles to become carbon nuclel once more.
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losses of energy to the surrous




ad un The atmosphere acts as a shiéid to abmbsmrﬁ "
1l as ultraviolet rays. In recent past, the depletion of ozone
yhere has been df:tccied which paﬂiculm'ly fill&r Ulh'a".i'lu?&

} higher from radon inside than outside. A good ventilation
mmdc the building. AII twes of fmﬂ also contain a little




*pnﬂally of two types. Somatic and genetic. 3
d‘na.l directly. Skin burns, loss of hair, dmph‘ﬁw whita-

ior uf cancer are ::mmple of somatic cft‘a:ts T.Thegmgir




Fig 20. 10 :the Co™ source of y-radiation is
rotated around the patient.

s 1thym[d is treated with /""" radioisotope. Some
dioisotopes are planted close to the ummr and can h




y s dmecmd with the r&d:mnﬁ-wmﬁ% :

, -'ﬁt the presence or absence af constriction in the

er technique is also useful in agricultural rasm
25 to determine the best method of fertilizing a plant. A /
ilizer. such as nitrogen, can be tagged with one of its
The fertilizer is then sprayed on one group of plants,
il fﬂrmnd sroup, and raked into soil for a third. &ﬁm

the nitrogen through the three types of planis..
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}mts. smrs, and g Ealames tngather its effect on elemm '
ole. Thus the gravitational force is the weakest of all the

c m':tmn l.hf.‘ feld ]]"ll'tlL‘l{‘S are phﬂtm:ls In the language ﬂf
ne ﬂan say thal the elmtmmagmahc f{}I‘DE is medlated bji‘

l TR

'S fmm Greek word atnmﬂs.wﬁlﬁhm







g%niposad of two up quarks and aﬂaﬁtn- quark.
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o for nucleus A is 7.7 MeV and that for nucleus Bl
sleus has the larger mass?
b, Nucleus B
leus _ d. None of these
there in the nuclide Zn™ 7

b. 30




d. Excitation of nucleus

b.m

ds’
forces is able to provide an attraction

 of e following Dasic

Somatic and pucicar b. Electrostatic and gravitational
d. Only nuclear force

yitational and strong nuclear




)urago whyr is there any radmm left nﬂw‘?

i y'{ants use nuclear fission reactions (o generate steam to run
e generator. How does the nuclear reaction produce heat?

ke a fusion reaction difficult to achieve?

s is time constant CR similar to and different from
7&5611}! constant, A(b) radioactive half-life?

iclei unstab le?

_ number and mass number of a nucleus ﬂmt
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comprehensive note on hadrons, leptons and quarks.

e harmful effects of radiations? What measures can be adopted 10
Lus fmm the nuclear hazards.
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in the following fission reaction.

FPEE §I87¥079R04

E 2 3

gleased in the fusion reaction. H + H —HM"‘&
) ra 2 1I-:' '1'.'1:

gL N+, He' = H 2 e

’ 1 e g 48

o H = ll."'.‘ +3 A

L

3

. T B .
' d B 0. F
Li+?>ge+n (O5HE

EHL




pereventto be Q=208MeV,
released in the following fission reaction. "
AU S KT b Ba Al 40

[174 Mev|
sriy released in the fusion reaction, |H:T ‘HE -rzHB‘+n;_vrT
[17.6 MeV]

>
N+, He* = H'+ 9

' B4 H - C 42

i

;'n 3 Be: i & e
o T SR {40"‘1_!1*5' 1

Ampe
Alter?

Cereb
Cond
atom |
Convi
| 5

Curre
Direc
Dysfu
Dyna
Disgo
Dyna
Dyna

Extra
Sourc
Elecn
Elect;



{ mthc Eluq:trﬂna to flow cnntmuuualy
ity in the function of‘ an organ or part,




current cycle.
\cies absorbed or emitted by u subst

side the limits of the earth.
verlapping AC cycles offset by
up) o lower (step down) a volt
s Blood from an atrium and i
nbers that dre connected by heart

veniricles. )




i¢s (electric dipale) v ,
id=D4nrQDzqljkC&p: m_
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using internal potential barrier of diff

' i of mercury W'l'l'.h difﬁ'aﬂﬁ'ﬂﬂ grﬂﬁﬂg and
mine the wavelength of several diff
onclusion about the width of visible s ‘
dice, simulate the radioactive decay of
the sitnulated half life of the nuclei. -HNE.
s curve of a Geiger Muller tube-

f background radi ation in your surround
€ SOUrces. Fiy
and sho
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