Chapter 20
NUCLEAR PHYSIC

ATOMIC NUCLEUS

The nucleus is made up neutrons and protons, two particles which are about 1840
times more massive than electrons. They are collectively called as nucleons (figure
20.1).

A )

The number of protons in a nucleus is equal to its atomic number Z.
R

The total number of nucleons in a nucleus is called its mass

number,

Hence the number of neutrons is A-Z. For example the

nucleus of a sodium atom which has atomic number 11 and

mass number 23, contains 11 protons and 12 neutrons. )

In typical heavy nucleus e.g., 5,U%°, which contains 92

protons and 143 neutrons, the mass of the nucleus is very Figure 20.1

nearly equal to the mass of the atom. It is the atomic

weight divided by Avogadro's number.

A nuclide is a particular nucleus with a specified number of protons and neutrons.

Any nuclide can be represented by its chemical symbol together with mass number

A and atomic number Z. For any element X its niclide is written as X", For example

iH hasZ=1and A = 1.

RUTHERFORD’S NUCLEAR MODEL OF ATOM

The nucleus was first discovered in 1911 in experiment conducted by Rutherford and

his students Geiger and Marsden on scattering of alpha particles by atom. He found

that;

* The scattering pattern could be explained if atoms consist of a small nucleus

* The nuclear size is of the order of 10™ m which is 10,000 times smaller than the
diameter of atoms (10°m).

* The nucleus contains Ze charge, where Z is atomic number of the element and
“e” is the fundamental charge (1.60x10° C),

* The mass of nucleus is of the order of 107" kg.

Proten Electron

“Atoms of an element which have the same number of protons but have different
number of neutrons are called as isotopes.” OR

of each atom. The number of neutrons in each atom of an element may differ. For
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qrB (2)
= V=—
m
Squaring eq.2 and putting values of v’from eq.1, we get;
2qV, gq*r’B?
m  m?
q I‘ZBZ
m=
* 2V,

We can therefore, compute the mass m of the ions if r, B, g and V, are known.

Keeping V,, B and q constant, r depends upon the mass m of the ions.

ra\fﬁ

Thus ions of different masses will strike the photographic plate at different places.
Therefore, different isotopes can be separated from one another.

The mass of an atom or a nucleus is of the order of 10? kg. Since it is a small number,

therefore, atomic and nuclear masses are expressed in terms of unified (U) mass
scale.

UNIFIED MASS SCALE
Definition

“An atomic mass unit or a.m.u. is equal to 1/12 of the mass of the carbon atom ==

The unified mass scale is a scale based on assigning a mass exactly 12 to rest mass of
an atom of C'“. All other masses are then measured in this unit by comparison. The
relation of a.m.u. or u to the kilogram is found as follows:
Mass of 6.023 x 10° atoms of (€2 = 12 kg
12kg
6.023 x 1023
lu= é (Mass of 1 atom of ¢€'3)

1u=12kg/6.023 x 10%=1.66 x 10 kg

Mass of 1 atom of (C*? =

Energ

It is often convenient, in nuclear physics to express certain masses
According to Einstein mass-energy equivalence relation.
E=mc?

in energy unit,

Hence one energy unit u is;

1u=1.66x10""kg x (3 x 10°m / s)2
lu=1.49x10")

Since 1eV=1.6x10"J, so;
1u=(1.49%10"/1.6x 10" ey

1u=9.31x10%e V=931 MeV
Masses of electron, proton and neutron on unified mass scale are;

9109 x 1031
Me.=
* 1.66x10-27

=0.000548 u
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: Me=Q 000
similarly 000548 |, y g3
and Me = 1.673x10 % 1 MeV = 0,51 mey

kg =
Explain the term 1.00
i Mass d ‘009 u x 931 Mev -
= VA 91 YN
MASS DEFECT OR MASS DEF(; efect ang binding eneray, eV = 938 MeV

2 0
My = 1.675x1027 kg = 0078 u x 931 MeV =937 MeV
pefinition

“The difference between
B caled mass defef:té,‘ss of separated nucleons and combined mass of the
ot Am = mass defect,
mp = mass of proton,
Z = number of protons
my = mass of neutron,
N = number of neutrons = A7

-
M~ = I:Iucleus of mass M with Z protons & A-z (= N) neutrons
Then the relation for mass deficit in unit of a.m.u is given by;

Am = (Zm + Nmy) - :M* (1)

The mass of a nucleus is always less than the mass of the same number of separate
neutrons and protons. For example, the mass of a helium nucleus which consists of
two protons and two neutrons is 0.8% less than the mass of two protons and two
neutrons separated from each other. This difference is called the mass defect of the
nucleus and is due to binding of the protons and neutrons together when the nucleus

was formed. g g

BINDING ENERG
“The energy needed to separate 2 nucle

o of the nucleus.” OR _
referred to as the binding enerey deficit of a nucleus is called as its binding

enius Sexies

i

-

us into separate neutrons and protons is

“The energy corresponding t0 mass
energv.n
' ns in a nucleus are held together by a strong attractive

The protons and the neutro
force. To separate the protons
supplied to them to overcome th
the binding energy of the nuc
harder it is to separate the nét
Mathematical Form

The bin energy of the nucleu: can | 2 )
Einstein's famous equation E = r;i‘r:uiing energy = mass defect X¢

Ep,=0M ¢!

d neutrons from oné another, energy must be
N trong nuclear force. This work is referred to as
ey r the binding energy of a nucleus, the

te
leus. The 757 tons in the nucleus from each other.

trons and the pro

the mass defect using

be calculated from
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A} 2 127
From eq.1, we can write; Ey = (Z mp + N my)-:M !C . PP
Nuclear masses are usually expressed in atomic mass unit (u). 50 ??-931 e
as; Ex = Am x 931 MeV/u ("=

Binding fraction

“The ing energy per nucleon of a nucleus is called as packing fraction
e i tons
“The binding energy of a nucleus divided by the number of nucleons (i.e. proton
and neutrons) in the nucleus is termed as packing fraction.”
Symbol
Packing fraction is denoted by “f,”.
Packing fraction is a measure of the stability of a nucleus. It can be easily calculated
for any nucleus ;X* of known mass M by following the steps below:
1. Calculate the mass defect (a.m.u) of the nucleus by using equation;
Am = (Z mp + N my) - ;M*
2. Then calculate the binding energy by;
Ev = Am x 931 MeV/u
3. The packing fraction or binding energy per nucleon is
fu=Ey /A
A graph of binding energy per nucleon number A is shown in fig 20.3 Greater the

binding energy per nucleon of a nucleus, more stable is the nucleus. The graph shows
that;

The binding energy per nucleon
increases as "A" increases to a .
maximum at about "A" = 50 to 60 7
then decreases gradually. 8
The most stable nucleiare A=50
to 60 since this is where the binding
energy per nucleons in greatest.

The binding energy per nucleons |

binding energy/nucicon (Nev)

L

8.8' 8.5

Kr-92

. ; 2| fusion
increases when light nuclei are ‘
fused together. g1y
The decrease in binding energy 1T e - : T~
per nucleon when Z > 82 shows that nucieon no. (A)

there is decrease in the stability of

nucleus.

E Heavy nuclei undergo fission to gain stabhility.
The binding energy per nucleon increases when nuclear fission of a uranium-235

nucleus occurs. When a 5,U® nucleus undergoes fission, the two daughter nuclei

each consists of about half the number of nucleons. Therefore the binding energy

Figure 20.3 .M
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01SCOVERY OF RADIOACTIVT
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drawer. Aft?f several _daYs he developed the phosphorescent minerals in the
plate expecting a weak image but to his surprise
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uranium mineral itself. The radioactivity was | SARLESIECIRIRCLIE] R ﬁ"’t_er”" o _gbtain twe
Nobel prizes when she won the

discovered. prizes _for _the discovery of

Fu.rther tests showed that the substance em|Ts e Tt T
this radiation continuously even when stored in | =~

darkness for long period and that the radiation .
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‘radioactive" and the process as radioactivity. . ir
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Larger nuclei (Z >82) are unstable and hence in order to gain stability, three types of
radiations are usually emitted by them. These three types of radiations are known
3$ a-particles, - particles and y-rays. The elements which possess this property, are
called radioactive elements.
1. Alpha Particle ( , He *
The a-particles consists of two
protons and two neutrons i.e.,
these are positively charged
helium nuclei. An a-particle is

emitted by a very large unstable e
nucleus. : Figure 204

An Alpha particle;

a. Is easily stopped by cardboard or thin metal.

b. Has a range in air of no more than a few centimeters.

- lonizes air molecules much more strongly than the other two types of
radioactive radiations.

2. Beta Particle

B-particles are fast moving electrons emitted when nucleus with too many neutrons

disintegrates. A neutron in such a nucleus suddenly and unexpectedly changes to a

proton. In the process, an electron is created and instantly emitted from the nucleus.

A beta particle:

a. Is stopped by 5-10 mm of metal.
b. Has a range in air of about 1 m.
e lonizes air molecules less strongly than alpha particles.

. Gamma Radiation
y-rays consists of high energy photons. A photon is a packet of electromagnetic
waves. A ray gamma photon is emitted from a nucleus with surplus energy after it
has emitted an a-particle or B-particle.

a. Is stopped only by several cm of lead.
b. Has a maximum range in air.
G lonizes air molecules very weakly.

ALPHA EMISSION
Whenever an atom ;X" disintegrates by a-emission, its atomic number reduces by 2
and the mass number reduces by 4 units. The disintegration reaction is written as;
XA XM+ ,He'+ Q

Q is the disintegration energy. Which is always positive, as the process is
spontaneous. The decay product 2.X"*is called the daughter nucleus of the parent
nucleus ;X*. The daughter nucleus may also remain unstable and undergo further
disintegration till it attains stability.

WAr~~r~nAarmi ~
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::anses the atomic number z b, _,

I 3 . 5 Si UEB
onm v zx z+1x g | gr t| .

0 .
XA 5 axA '1BG+ antineutrino + Q,
gramples of B-emission B"+ neutring + Q,

Asan example of negative B-emj

S ho change in

mass nu
dy-% dependin mber A, However, it

g u!Jon whether the particle
“Particle (positron). Thus the B-

aturally occurring isotope of (¢
le of it -y fclq? N 4+ 1B°+ antineutrino : i,
pample of a positron emission is C'*, which decays by the reaction;

0 5cll $ 5811+ +1BO+ v
AMMA EMISSION

Most frequently the alpha or beta emission leaves the daughter nuclide in exited
state. Such a nuclide may go back to a moie stable configuration and eventually to
its ground state by emitting one or more y-rays. Since y-rays are massless photons,
their emission will cause no change eitherin A or Z of the parent nuclide. The y-decay
process is written as follows.

X (XA)* > XA +y
Where (;X*)* represents an excited state of the nucleus.

bpontaneous Nuclear Deca o i
We know that radioactive elements disintegrate and emit a, B and y

fadiations. This process is called transmutation by 5P0"ta“e°t‘)‘5b‘f|l'.5'"tigd’:::’"i‘n::
tis process each of the nuclei of a radioactive sample s prf al;ljl nlu'tt:re?is the :,ame
ddaughter nucleus. The per unit time P"°bat,"h.t ! Offdec::rzll However, the decay
ind has 3 fixed value, which is the r:haractens'uc];sti;)1 a:n;fanot'h i nucleu’s. o 4
P'Obabilitv of one nucleus is quite indefe:c::::o{;ctive material not all the atoms
"tural spontaneous disintegration

iSi“tegra'ce at the same time.

R
dom Nuclear Deca ol
fierent atoms decay at different ™ O-n +he averag ighinn
randnmlv- However, it is observed . | to the number g preSE':_- es but
L .' ; ortiona . ctivity continu
| ;"hi:h vty ms;a'?t'tzgpr;f: and other survive. 50 the a
0N, so lei disin P =T
. SVer decreasing rate.

&Y Define and explain the

rocess of Jisintegration takes place
ol e the actual number of atoms

adioactive elem
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HALF-LIFE AND RATE OF DECAY
Definition Ay
“The time taken by the atoms of a radioactive material to decay to half of the original
number of atoms is called as half-life.”

Explanation

Suppose 10000 atoms of a certain radioactive isotope "X" are present initially. The
number of atoms decreases.

o From 10000 to 5000 after one half-life
o From 5000 to 2500 after a further half-life
N From 2500 to 1250 after a 3" half-life etc.

The amount of the radioactive isotope therefore decreases with time as shown in
the curve of figure 20.5. Half-life values of radioactive materials range from a
fraction of second to billions of years. e
Examples

* Half-life of Radium = 1600 years

e Half-life of Radon = 4 days

e Half-life of Polonium = 8 mins
Radioactive disintegration is a random
process. For a large number of atoms of
a given radioactive sample, the
proportion that disintegrate per second
is constant. This follows because of the

atur f ioacti |
"f"_dom ‘nature, o radioactive O QT 3y 4 5y e 7y 8y
disintegration. —

Figure 20.5
Definition )
“The activity per single nucleus is called as decay constant.”

Symbol

It is denoted by “A”.

If a radioactive sample contains "N" radioactive nuclei at some instant, then the

number of nuclei AN that decay in a time At is proportional to N.
AN
—_ K sl
At N

n

number of particies remauning

2 AN
At

4

_1_ AN
N At (1)
Where A is a constant of proportionality which depends on the nature of the element
and is called decay constant and the negative sign signifies that N decreases with

WArN~ArmnAAamI A~
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time, that is, AN is Negative, T
which that isotope wil| decay.

asmall A value decay slowly.

Its unit is s,

RADIOACTIVE DECAY LAW
S — — — — ———————

N=N,e™

present at time t = 0, and e = 2 .718 is the base of the
natural logarithm. Eq.3 is known as decay law of
radioactive elements.

The unit of activity is the curie (Ci), defined as;

1 Ci = 3.7x10% decay/sec
This number of decay events per second wa.s s.?lec:E:
% the original activity unit because It IS

approximate activity of 1 g of radium.

The S.I. unit of the activity is the Becquerel
1Bg=1 decav/SEC

(Bq):

tBI:'SUbstituting N=%Noandt=
at;

5 No = N g™
%=et

9=

that én
ke Natural logaritin} pt P?th -

Ageneral decay curve for a radioactive sample is shown in figure (20.5). The number
of nuclei present varies with time according to the expression;

(3)

Where N is the number of radioactive nuclei present at time t, N, is the number

For Pre-Engineering]

Students onl
since |

AN/At=-AN
3
= HdN—-ldt

= fy ydN=- [ Adt
= In(N)I§, =- A (B
=InN-InNo=- 4 (t-0)
2In(N/No)=- At

Taking exponent W.B.S |
= (N/Noj=e™ ||

= N=N,e! ’/}
(e) =1.



= en(2) =en(e)* "=ATA T

= T/ =€n(2) /A 100g

- T%=0.693 /A PR VAT

This is the relation between the decay constantA | £ ':"}-.‘:{ )

and the half-life T%. £ = gl

The half-life for radioactive isotope C** is 5730 g 2

years, it means in 5730 years the 10 g of carbon < OF-- '\‘\‘ Y 1509
disintegrates to 5 g and 5 g remains in the given | % ‘8e) 1259
sample. As the time passes, the amount of | g % .\. ()
remaining substance decreases but never reaches J 125 - T
to zero because the rate gets slower as the time . 1 ; g
goes on. The value of half- life is constant for each Number of half-lives
radioactive element and it is possible to (1 hat* ide = 5730 years)
characterize the element by using its half-life | Figure 20.6

value.

INTERACTION OF RADIATION WITH MATTER

1. Interaction of A-Particles with Matte

* An a-particle travels a small distance in a medium before coming to rest. This
distance is called the range of the particle.

* As the particle passes through a solid, liquid or gas, it loses energy due to
excitation and ionization of atoms and molecules in the matter.

¢ |onization is the main interaction with matter to detect the particle or to
measure its energy. The range depends on the;

i. Charge, mass and energy of the particle and
ii. Density of the medium ionization potentials of the atoms of medium.

* Since a-particle is about 7000 times more massive than an electron, so it does
not suffer any appreciable deflection from its straight path, provided it does not
approach too closely to the nucleus of the atom.

* Thus a-particle continues producing intense ionization along its straight path till

it loses all its energy and comes almost to rest. It then captures two electrons
from the medium and becomes a neutral helium atom,

* B-particles also lose energy by producing ionization. However

* Ability is about 100 times less than that of a- ’
about 100 times more than a-particles.

* PB-particles are more easily deflected by collisions than heavy a-particles.
Thus the path of B-particles in matter is not straight but an erratic path.

* The range of B-particles is measured by the effective de
the medium not by the length of erratic path.

If the density of the material is more through which the

shorter will be,its range. n
'S rNrC NAaArmill ~S~Traarm

M

its ionizing
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pth of penetration into
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Y Photons

o and B-particles both radiate ¢
down by the electric field of

Charge

hen they are SIOWEd
d materia|,

all its energy to the

with an electron.

iil. If the energy possessed by
1.02MeV, then the photon

hence causes pair production

Y-ray photon is equal to or greater than
transforms into electron-positron pair and

v In air y-rays intensity falls off as the inverse square of the distance from the
source, in the same manner as light from a lamp.

v In solids, the intensity decreases exponentially with increasing depth of
penetration into the material.

+ The intensity |, of a beam after passing through a distance X in the medium is
reduced to intensity / given by the relation;

I=l,e™

Where p is the linear absorption coefficient of the medium.lThis co-efficient
depends on the energy of the photon as well as on the properties of matter. |

v All particles i.e, a or B and y-radiation pl’OdUCl? fILforescence_or glow on strlk!ng
some substances like zinc sulphide, sodium iodide or barium platinocyanide
toated screens. : '

' "Fluorescence is a process of absorbing radiant energy Of hlghfffelqufr“:; :":el?c

, in the visible region of elec B

emitting energy of low frequency |

spectrum.
I, Interaction of Neutrons with Matter
Neutrons, being neutral, are extremely ::; .
To be stopped or slowed, a neutron mass com
Nucleus or some other I!la""iCIe that ha.s h contain m
Materials such as water or plast'c s

Volume are used to stop "em,rons'- nization wh
Neutrons produce a little indirect 10

rotons: o king of GM
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The devices used for detecting and measuring radioactivity are called radiation

detectors. They are used for a variety of purposes including medical diagnosis,

radioactive dating measurement and the measurement of background radiations.
EIGER-MULLER COUNTER

Geiger-Muller counter ig 20.7) is the most cemmon device used to detect

Helium, Neon or Argon gas |
Positive electrode 1 1OW Pressure |

Figure 20.7

radiations.
It works on the phenomenon of production of ions in a gaseous medium by incident
photon.
It consists of a cylindrical metal tube filled with gas at low pressure and a long wire
along the axis of the tube. The wire (anode) is maintained at a high positive potential
(about 1000V) with respect to the cylindrical tube, acting as cathode.

4

When a high energy particle or photon enters the tube through a thin
window at one end, some of the atoms of the gas become ionized. The electrons
removed from the atoms are attracted towards the wire, and in moving towards
anode, they ionize other atoms in their path. This results in an avalanche of
electrons, which produces a current pulse at the output of the tube, After the pulse
is amplified, it can be either used to trigger an electronic counter or delivered to 3
loudspeaker, which clicks each time a particle enters the detector.
Its drawback is that it cannot distinguish between the energies or paths of incident
particles as output pulses are same. Also it cannot suitable for fast counting because
of its longer dead time.

SOLID STATE DETECTOR

Itis a device used for detection and fast counting of nuclear radiation.

WCArAm~rmnAAarmi
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m solid state detector

. : IS a speci
junction diode operateq g Pecially designeq

: €r rey 3
which electron hole pairs are pr crsed hias jp

oduc inei | —
radiation to cause a Cul'l'ent pu‘se toedl b‘l "“:ldent l l 1 l
external circuit. oW through

E_@_!lﬂﬂllg-tm Depletion Region .
.'t g from. " P-type Silicon h_m

germanium. An N-type thin layer is i~ or ype
doping the top source with dongy type impur':Ed by R
top and bottom surfaces are coateq with a th! Vi The ey
of gold to make good electrical OO S—
circuit. The combined thickness

r.

“'tVF‘ —

ontact with external Figure 20.8

of .N-type and gold layer absorbs so less energy of
nction may be assumed to be situated at the front

surface as shown in fig 20.8.
When a reverse bias is applied through the conducting layers of gold, it
enlarges the barrier region. But when incident particle enters the depletion region,
it produces electron hole pairs. These mobile charge carriers move towards
respective sides due to applied electric field. The arrival of these charges produces a
potential drop across the junction. This gives rise to a current pulse through external
trcuit. Which is amplified and registered by scalar unit.
Advantages of this detector are that it can detect low energy particles. Also it can
count very fast. It is smaller in size as compared to other detectors.

uestion: Define and expEin nuclear reactions.
NUCLEAR REACTION

|

“The collisions which change the identit
Nuclear Reactions.”

paanation by bombarding them with energetic

: iclei 3
tis possible to change the structure of "::d with some light particle "a", nuclear

uy” and a
"eaction take place, the pmduct nucleus

This will the equation-
e sented by _
repre x+a=2V* b tionin 1919 using naturally occurring

clear red d a-particles on
. Rutherford was the first to observe nu : los. He bm.nl:)arde p
& diﬁactiv for the bom i ction, oxvgen 1S
_' °EE‘n i':l ds::;ces:ed that as result Of this red
“Mitted, That is;

y or properties of the target nuclei, are called

btained and a proton

NV He' 22
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The energy equivalent of the difference between the rest masses of elf.tments on the

L.H.S and those on the R.H.S is called the nuclear reaction energy and is denoted by

Q.

:

* Basically, "Q" represents the energy absorbed or evolved in any feac'f'f’""-

* If"Q"is negative, energy is absorbed in the reaction (endothermic reaction) and
this energy is usually provided by K.E of incoming particle.

* If“Q”is positive, energy is evolved in the reaction (exothermic reaction).

CONSERVATION LAWS IN A NUCLEAR REACTION

In any nuclear reaction the following conservation laws must be obeyed.

These laws form the guiding principles in determining which isotopes are formed

during a nuclear reaction.

(i) CONSERVATION OF ATOMIC AND MASS NUMBER

Before and after any nuclear reaction the number of protons and neutrons must

remain the same because protons and neutrons can neither be created nor
destroyed.

TR Let N' + He® - 507+ 1H!+

_N_ur;be_r of n_Ut:I_eo_rls_on_Lj-i.S P W Number of nucleons onRHS }
Number of protons=7+2=9 ‘ Number of protons=8+1=9 |

—I\_Iurn_l:)e_ro_f hEchn_s =_14_+ 4_=_18_ ﬂluab_ér 6f;ucle;zns = 17_+ 1 = 1'8 WA

(i ) CONSERVATION OF MASS AND ENERG
The conservation of number of nucleons does not imply the conservation of
mass because the mass numbers differ from the atomic masses and the difference

provides the binding energy to nucleons in the nucleus. Further, from Einstein's

energy. Therefore, the princi ple of conservation of energy in
to the conservation of mass -energy in nuclear reactions. Th
energy difference due to changes of mass.
Based on the above conservation laws one can determine the following;
(i ) Energy absorbed or liberated in any nuclear reaction and
(i ) The product nucleus formed.
Let us calculate the reaction energy for the reaction given below;

N + ,He? 5 .07 4+ 1H+ @

mechanics is extended
is will also include the

He*= 4.00263 u |s07=16.990133y |

N*=14.003074 u [H=1o00%825
| Sum = 18.005704 u Sum = 18.006958 u

L - vll_‘ — g
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rence in Masses befor "

and
therefore the energy; after Meaction - -0.001254
J u
Q=.g
1254,
" . Q — 1 931 M vV
since "Q" is negative, the o L17m eV/y

. Partj
occur. If the particle has o icle mysy

note

mprehensiy = -
<o =N nuclear fission, | W

small mass number is called as ny|

ear fission.”

Knowin o

number by one,gF:riifaa::i t:?sactof?veo:(r:rlzslllo;?.;f * Srreriicls lncSasss the Womic

: attempted to produce the elements
beyond uranium (Z = 92) which at that time was the last element in the periodic
table. They bombarded uranium with neutrons and found that B-particles with
different half -lives were emitted. Therefore, they concluded that the elements with
1>92,i.e., the elements heavier than uranium, had been formed.

Hahn and Strassmann made similar experiments in 1939, After the chemical
analysis of the products they
concluded that neutron
bombardment can cause a
uranium nucleus to break apart,
producing two or more
fragments of moderate and
tomparable size. This process
was called nuclear fission. Figure 20.9
.F urther they found that read!on hermal neutron.
s much more pronounced with the = jum has
of fission though naturally occurfing ce in the

In this process, there 15
Energy is released. Since ﬂl"s Pr
tntrolled and the energy on s
®hserved that when one therma nemt:served by Hahn'

) ‘ e reaction © ritten as;
“el'hltted (ﬁE.ZO-g’- In th e reaction can be = Kr? + 3 on*+Q

Uranium-235 nucleus

Only U undergoes this process
99.3 % of U™* and 0.7% of e

mass of the system and hence
arted automatically, it can be
ood source of energy. It was
nium nuclei, three neutrons
hat the product nuclei were

“Ba'"! and ;,kr*. There A eV of energy i ofeased.
s2L 235 ynderg - ut 10 atoms of U™ undergoes
e, when one atom of um, which has ab0
’ . ranl '
of naturally occurring !
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fission the total energy released would be 200 x 10** MeV = 3.2 x 10°J. It is found
that 1.0 kg of uranium delivers as much energy as the combustion of about 3000 tons
The fission produces neutrons

This is the principle of the atom bomb.

uses of a typical nuclear reactor.

Construction & Working of Nuclear Reacto

of coal.
at ever increasing rate and in
Definition
(Fig 20.11) shows the schematic diagram of a nuclear reactor. It consists of five parts.

: .
When one uranium atom ":
undergoes fission, it releases & .
three  neutrons.  These . -4
neutrons will cause fission in W
other nuclei and number of n
neutrons would increase - :
rapidly. Thus a chain reaction | sesre . - o

r |
a very short time the whole 0f
Uranium would be
transformed with the release !
of alarge amount of energy. If Figure 20.10 | |
such a chain reaction is not )
controlled, the large energy can cause a violent explosion and destroy everything
“The minimum mass of fissionable material that is sufficient to sustain nuclear chain
reaction, is called critical mass.”
If the amount of uranium is too small, the chain reaction will stop. Therefore, if the
chain reaction is to start, it is necessary that the mass of uranium must be greater
than some minimum mass called the critical mass.
“A nuclear reactor is a device in which the fission chain reaction is used in a
controlled manner to produced heat”.
Nuclear reaction energy can be used for any of the several purposes to produce
power, to supply neutrons, to prepare radioisotopes, etc.”
Principl

can be set up (figure 20.10).

that comes in its way.

SUENILIE What is a nuclear reactor? Write the princim%mm)w
It acts on the principle of controlled chain reaction.
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i) Acore of nuclear fuel, w

i) A moderator for slowin
(if) control rods,

iv) coolant or heat exchanger o
v) Radiation shielding,

g downp NeUtrong

I Figure 20.11
alternatively. Nuclear fuel is a material that can be fissionable by thermal neutrons.
It can be either one or all of the following isotopes. U, U and plutonium Pu?®.
We shall see that when natural uranium is used, plutonium is produced in the
nuclear reactor. The core is surrounded by a cover called as reflector. It serves to
reflect neutrons produced in fission back and forth to increase the production of

neutrons and start chain reaction.

(i) Moderator

In reactors, small pieces of graphite

moderator, capable of slowing down't

The material of moderator;

(2] Should be light, and

b ons. e iumi

Ls)usal'll;.luld nol: abso;bhr;?:,;rwater (water containing deuterium instead of hydrogen)
Y, graphite an

e used as moderators.

i Control Rods topped control rods of boron ‘fr cadmium
Whenever this chain reaction is tobes d in the uranium container so that

Which are strong absorbers of neutro lowed down.
th

a
"¢ Neutrons are absorbed and ther f
V) Cop| . dto cool the
~ The coolant or heat exchanger 1* I:I;,sfnt f heat genera
' capable of carrying away are¢ B sealadithhestes

not €
e moderator, fuel rods, etc are
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are spread throughout the material, called
he neutrons to thermal energies.

ns are inserted!
te of reaction 15 s
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ted in the fission process.
nerated can melt them.
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i ich in turn

The heat carried by the coolant produces steam that can run a turbine wh
can run an electric generator as shown in (fig 20.10).
(v) Protective Shield } g

Since the neutrons and the fragments in a reactor undergo rad |o:.actn..'e d:Cji\;::g
produce radiations which are harmful to life, there must be stame. shielding de s
absorb those radiations. For this purpose a concrete wall which is a few feet thick is
used.

1. Scientific and industrial research

2. Production of plutonium which is used in atomic bombs as a fuel.

3. For obtaining useful energy.

4. For the production of atomic energy for peaceful purposes.

There are two main types of nuclear reactors. These are:

(i) Thermal reactors (i ) Fast reactors.

The thermal reactors are called "thermal" because the neutron must be slowed
down to “thermal energies" to produce further fission. They use natural uranium or
slightly enriched uranium as fuel. Enriched uranium contains a greater percentage of
U** than natural uranium does. There are several designs of thermal reactors.
Pressurized water reactor (PWR), are most widely used reactors in the world. In this
type of reactor, the water is prevented from boiling, being kept under high pressure.
This hot water is used to boil another circuit of water which produces steam for
turbine rotation of electricity generators.

Fast reactors are designed to make use of 5,U*, which is about 99% content of
natural uranium. Each 5,U** nucleus absorbs a fast neutron and changes into 44Pu?,
Plutonium can be fissionable by fast neutrons, hence, moderator is not needed in
fast reactors. The core of fast reactors consists of a mixture of plutonium and
uranium dioxide surrounded by a blanket of U, Neutrons that escape from the
core interact with U™ in the blanket, producing s:Pu?®, Thus more plutonium fuel is
bred in this way and natural uranium is used more effectively.

M What is meant by nuclear fusion? Discuss how can energy be released in
the fusion process? lllustrate with examples.
NUCLEAR FUSION

Definition

“The process in which lighter nuclei combine to form heavy nuclei with the release
of energy, is called Nuclear Fusion.”

The binding energy curve shows that the binding energy for light nuclei (those having
a mass number less than 20) is much smaller than the binding energy for heavier
nuclei. This suggests a possible process that is the reverse of fission.
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Since the mass of ;
there is @ loss of mass accompanie
reacﬁoli'l mhstars-, |ncluFiing our own syn a ;
energ‘; int ﬁ:nwerse s the fusion of bt nd hence the sourc
take place under stellar <onditions in tyq ium nucleus, Thi
1. PROTON-PROTON<CYC|E 0 different series of pr e
in one of them, the protgn “Proton cy|
formation of heavier nyc|g; wh e
The initial reaction in the prot

Nal nucleys is les

» direct
0se collisions intu

On-proton cycle is;

1H' + H'S K2
*= Posi 1H" +e* 4y
Where e" = Positron and y = Neutrino.

col!ﬁ:smns of protons result in the
N yield helium nuclei.

H + 42 Het+y

2He’ +:Hed 3 ,Hed+ 1 4
The total energy evolved is Amc? e ﬂrn2 e+ ,H +H

is the difference bet
g : ween the mass of
four p d the mass of an alpha particle plus two positrons, which turns out
to be 24.7 MeV. :

2. CARBON CYCLE

Car!:on cycle e Se”es_(’f steps in which carbon nuclei absorb a succession of protons
until they ultimately disgorge alpha particles to become carbon nuclei once more.
The carbon cycle proceeds in the following way.
H + 6C2 > ;N
INBES (Bietsy
1H1+5C13 9 7N14+ Y
1H1+?N14“'> B015+ v
g0 ;N¥+e"+v
1H1 +}'N15_) 6c12+1Hea
The net result again is the formation of an alpha partlclelzand two posutrtm;s ftrc;Fm f(::r
protons, with the evolution of 24.7 MeV, Carbon ¢C'* acts as a catalyst for the
i ' rs at the end. -~
S K o i ; ccur only under conditions of extreme
Self -sustaining fusion reactions can 0 i e :
tem d pressure to ensure that the participating nuciei av.e enoug
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: : rved on
temperature to fuse two nuclei. Hence this process has not yet been obse Sex
earth on large scale in a controlled environment. However at laboratory sca

possible.

RADIATION EXPOSURE

When a Geiger tube is used in any experiment, it records radiation even in
the absence of radioactive source near it. This is caused by the radiation, called
background radiation. It is partly due to cosmic radiation which comes to us from
outer space and partly from naturally occurring radioactive substances in the Earth's
crust. The cosmic radiation consists of high energy charged particles and
electromagnetic radiation. The atmosphere acts as a shield to absorb some of the;e
radiation as well as ultraviolet rays. In recent past, the depletion of ozone layer in
upper atmosphere has been detected which particularly filters ultraviolet rays
reaching us. This may result in increased eye and skin diseases. The depletion of
ozone layer is suspected to be caused due to excessive release of some chemicals in
the atmosphere such as chlorofluorocarbons (CFC) used in refrigeration, aerosol
spray and plastic foam industry. Its use is now being replaced by environment
friendly chemicals. Many building materials contain small amounts of radioactive
isotopes, (radon) radioactive carbon gas enters buildings from the ground. It gets
trapped inside the building which makes radiation levels much higher from radon
inside than outside. A good ventilation can reduce radon level inside the building.
All types of foods also contain a little radioactive substance. The most common are
K% and C** isotopes.

Some radiation in environment is added by human activities. Medical
practices, mostly diagnostic X-rays probably contribute the major portion to it. It is
an unfortunate fact that many X-rays exposures such as routine chest X-rays and
dental X-ray are made for no strong reason and may do more harm than good. The
other sources include radioactive waste from nuclear facilities, hospitals, research
and industrial establishments, color television, luminous watches and tobacco
leaves. A smoker not only inhales toxic smoke but also hazardous radiation. Low
level background radiation from natural sources is normally considered to be
harmless. However, higher levels of exposure are certainly damaging. We cannot
avoid unnecessary exposure to any kind of ionizing radiation.

Excessive exposure to radiation can cause damage to living tissues, cells or
organisms. The degree and kind of damage caused to a particular part of the body
depends upon the type, energy and dose of radiation received. There is no lower
limit below which radiation damage does not occur. A number of small doses
received over long period of time may lead to fatal consequences.

Radiation damage to living organism is primarily due to ionization effects in the cells.

The cell is the basic unit of life. Its normal metabolic function may be disrupted as a

result of interaction with the ionizing radiation. Fxcessive radiation may cause death
ﬁl’r‘lﬁr“l(‘lﬂﬁ\l EatYala s
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Discuss the technique s

b iman activities, use of radio isotopes in the different fields of
BIOLOGICAL AND MEDICAL USES oF RADIATION

Although, all the isotopes of an el
every isotope emits radiation dye to
characteristic due to which the is
(i) BIOLOGICAL USE

The chemical changes going on in an animal or a plant are very complex. The
tracer method has been applied to study these changes. For example, the process of
photosynthesis and the incorporation of carbon atoms in the €O, into giant and
complex protein or carbohydrate moiecules have been investigated by tracer
techniques. Similarly information about complex process of metabolism is obtained
by means of radioisotope tracers. The distribution of various elements such as
hydrogen, sodium, iodine, phosphorous, strontium and iron etc in the body can be
obtained by tracer technique. Genetic mutations are engineered by intense

radioactivity.

(i) RADIATION THERAPY ,
iriations penetrate deep into the body and can be used for

: . Radioisotope
intentional selective destruction of tissues such as ca.ncerous o e treatment
of Co® which emits B-particles and big 6% \Hav: 'E:ﬂﬁl‘lfﬁ:.ff :.::ere they are
ofvarious types of cancers. S0ME€ radioisotopes arem_e:a e e Sl W
5&|ectiue|y absorbed by certain organs and thus €0 s reated with odine 131
5 most needed, For example, t:an.z:erolusS ;::;?:iim <otopes are planted close to
radiOiSotope_ Sometimes pellets of capsule

atment.
tumor and can be removed after treé

fro eorml throughout the body
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body and their concentration in diseased tissues. The pattern of distribution of the
radioactive tracers in a body can give a clue about normality or abnormality of the
specific parts of the body.
iv) TRACING TECHNIQUES _ ‘
Radioactive particles can be used to trace chemicals participating in various
reactions one of the most valuable uses of radioactive tracers is in medicine. For
example, lodine 1 is an artificially produced isotope of iodine. lodine, which is a
necessary nutrient for our bodies, is obtained largely through the intake of iodized
salt and seafood. The thyroid gland plays a major role in the distribution of iodine
throughout the body in order to evaluate the performance of the thyroid; the patient
drinks a very small amount of radioactive sodium iodide. Two hours later, the
amount of iodine in the thyroid gland is determined by measuring the radiation
intensity at the neck area.

A second medical application is that a salt containing radioactive sodium is
injected into a vein in the leg. The time at which the radioisotope arrives at another
part of the body is detected with the radiation counter. The elapsed time is a good
indication of the presence or absence of constriction in the circulatory system.

The tracer technique is also useful in agricultural research. Suppose, one
wishes to determine the best method of fertilizing a plant. A certain material in the
fertilizer, such as nitrogen, can be tagged with one of its radioactive isotopes. The
fertilizer is then sprayed on one group of plants, sprinkled on the ground for second
group, and raked into soil for a third. A Geiger counter is then used to track the
nitrogen through the three types of plants.

The key to understand the properties of elementary particles is to be able to describe
the forces between them. All particles in nature are subjected to four fundamental
forces.
1. Strong Nuclear Force
2. Electromagnetic Force
3. Weak Nuclear Force
4. Gravitational Force
o This force is very short range and negligible for separation r > 10 m.
e Itis responsible for the binding of neutrons and protons into nuclei.
It is the strongest of all the fundamental forces.
This strong force is mediated by the field particle called gluons between two
quarks and by mesons between two nucleons.
e The electromagnetic force is about 100 times smaller in strength than strong
nuclear force.
e Itis responsible for the binding of atoms and molecules.
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o Itis along-range force that ¢
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o The electromagnetic force j
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¢ The weak force is 3 short range n
¢ . uclear
certain nuclei. force that tends to

The gravitational force js 3 lon
of strong force.

¢ it holds the plants, stars and galaxies together.
¢ |ts effect on elementary particles is negligible.

* The gravitational force s the weakest of all the fundamental forces,

* The gravitational force is mediated by quanta of the gravitational field called
gravitons.

BUILDING BLOCKS OF MATTER

The word "atom" is from Greek word atomas, which means indivisible. At
one time atoms were thought to be the indivisible constituents of matter, that is,
they were regarded to be elementary particles. Discoveries in the early part of the
20" century revealed that the atom is not elementary, but consists of protons,
Neutrons and electrons. Until 1960s, physicists were puzzled by the large number
and variety of elementary particles being discovered. In the Ias.;t two decades,
Physicists have made tremendous advance in our knowledge regarding the structure
of matter by recognizing that all particles (except electrons, photons etc)I are mada:
of smaller particles called quarks. Thus protons and neutrons, ;or SEAIPIS, Hre 10
truly elementary particles but are system of tightly bound El"a; L -
Question: Write a comprehensive note on hadrons, leptons and quarks.

CLASSIFICATION OF PARTICLES

E range force whose strength is about 10 times that

drons.
Particles that interact through the strong force are called hadr

ns and baryons.
oy B £ fmses of hadrons, knoﬂ: aiﬁ::;n and the mass of proton. All
of the
Meson has mass between the mass

i : neutrinos and
m k to be decay finally into electrons, positrons,
€sons are known

esons.
Photons, Pion is lightest of known m have mass equal to or greater

: class of hadrons, : ily. With
R which make the 5ﬂcr:::im:::e-utron.f. are included in the baryon family
rotons a

than ss , L -~
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: ay that the end
the exception of the proton, all baryons decay In such a way

products include a proton.

LEPTONS : :

¢ ptons are a group of particles that participate in the wteak mtel.'a;tior;. .

* Include in this group are electrons, muons, and neutrinos, which ar
massive than the lightest hadron.

* Since lepton has no internal structure, they appear to be truly elementary
particles.

* Scientists believe that there are only six leptons.

According to quark theory, the quarks are proposed as the basic building blcTCkS of

the mesons and baryons. The quark model is based on the following assumptions.

1. There are six different types of quarks, the up quark, the down quark, the
strange quark, the charmed quark, the bottom quark and the top quark referred
toasu,d,s,c,bandt.

2. For every type of quark, there is a corresponding antiquark.

3. Quarks combine in threes to form particles like the protons and the neutrons.
Antiguarks also combine in threes to form antiparticles like the antiproton and
the antineutron.

4. A meson consists of a quark and an antiquark.

In terms of the charge of the electron, the u, ¢ and t quarks each carry a charge of

+2/3 e and the other three quarks carry a charge of -1/3 e.

An antiquark carries an equal and opposite charge to its corresponding quark. The

symbol for antiquark is the same as for a quark but with a bar over the top. For

example, d represents the symbol for a down antiquark.

Thus

* Aproton is composed of two up quarks and a down quark.

* Aneutron consists of an up quark and two down quarks,

less
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