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3.11 CONSTITUTION OF NUCLEUS AND NUCLEAR SHELL MODEI.

The atomic nucleus is composed from two elementary particles protons and neutrons that
interacting through the strong nucleon-nucleon forces. The atomic nucleus is a typical example
of a complex system that exhibits on one side very simple modes of motion such as vibrations,
rotations etc. next to very complex excitations. .

A basic approach to study the atomic nucleus is to make use of quantum mechanical
Hartree-Fock technique that introduces a field of average potential in which the nucleons can
move independent particles like that of electrons move in average coulomb field of atom. This
picture allows us to bring a structure of nuclear shell model in order to describe and explore a

multitude of nuclear properties.

Most nucleus are considered to be spherical which can be judged from the electric
quadrupole moment of the nucleus. The nucleons i.e. protons and neutrons
have their nuclear spin and nuclear magnetic moment. If the quadrupole

Moment is zero the nucleus is spherically symmetrical. On the other hand '
Positive and negative values of the moment indicates non-spherical nature such as prolate or an

Shape of the
nucleus

Mentary particles such as electrons, protons, neutrons, neutrino etc. have parity factor which
denotes the sign of the wave function as related to symmetry properties.



o 14
L oted that even number of protoy,
nﬂ,m spin and nuclear Magnetjq mq Ve
. wuclear stability compared tq thag offhent_
Odd
agnetic

oblate (Fig. 9.9) type ellipsoidal shal-’]"'l}: ol
. N ¢ oue
number of neutrons form the nt ter nuc :
. ¢ ) rea e , ave v
Therefore paired number of nucleons h‘w,c g-ons or vice-versa which have non zer
number of protons and even number of neu

moment,

I

u#0
#0 n#0
e% =0 eQ>0 eQ<0
Spherical  Ellipsoidal Ellipsoidal
spinning (prolate) : : (oplafe)
nucleus spinning spinning
‘ nucleus nucleus

rerw. F - P e ———
‘Figure 9.9 : Shape of the nucleus. U = magnetic moment, eQ = electric quadrupole moment.

——

In order to explain certain fundamental questions about the composition of the nucleus sy

the nucleons (b) how q, B and y-rays are emitted fr
tons and neutrons (c) why some nuclides are stablea

£

proposes different nuclear shell model to explain different properties of the nucleus to fiiwit
the experimental data. The proposed models are—

(1) Early closed shell mode] developed in 1932-36.

(2) Niels Bohr and Frenkel liqui
nucleus is a homogeneous entj

neighbour nucleons similar to that of a liquid drop.

- (3) Independent particle model of M.G,. Mayer (1948-50)

- (4) Statistical Fermi gas mode] which treats the nucl

concept of nuclear potentia] g

€ons statistically as a whole and ¥
eveloped,

Far
and B.R, _53). This 1
e nucleus as 4 v Mottelson (1951-53)

ole as 3« ; he unp?
_nucleons. S also the movement of th |

We shall discuss here one or twg models for the sake of clarity
' larity.
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‘ g.11.1 closed shell model and magic numbers

This nuclear shell 'moclel deals with the nucleus in the ground state, Here nucleons are
distributed in some C“ffcl‘el'e quantum mechanical energy levels like that of electrons, The
| capacity O.f each level is I‘Clql'ed to certain numbers, viz. 2, 10, 18, 36, 54 and 86 electron

- pumbers like that of electronic energy levels, These numbers form the closed shell electronic

- configuration (He, Ne, Ar, Kr, Xe and Rn) of each period and thus this model is called closed
el model.

1t is well known that periodic propertics are intimately trelated to those numbers which
forms the basis of periodic classification of elements. In a similar fashion the nuclear properties,
viz. stabiity, binding energy* etc. are also related to vary in each period
. i lear i T , Magic number and
in which the nuc periods end with the number of protons or neutrons A
denoted by 2, 8, 20, 50, 82 or 126. The numbers 114, 164 and 184 may also (Slimpottance
pe included in the list. These fiumbers are commonly called magic numbers and these nuclides
nave exceptional stability. The importance of these numbers are-:

(a) Isotopic species having magic number of protons and neutrons will show exceptional

crse x4 40 16~ 88 138
stability i.e. ,He,, ,,Ca,, 8Os 355Ts; 2Bag, etc.

(b) It has been stated that heaviest non radioactive nuclide in nature is 2g§Bi having 126

neutrons. It is also evident that all the end products of three naturally occuring

disintegration series is the isotopes of lead i.e. 2gng, Zg;Pb and zgng . Possibly after

gsBi why gPb having magic number protons (82) is the end product of all
disintegration series. : .

(c) It is to be noted that mean binding energy per nucleon is maximum for the nuclides

2 ; 4rc 16~ 40 2
with both magic number neutrons and protons are ;He,, 3O, 50Cay, and gnglzs h

(d) Relative abundance of elements in earth’s crust can also be denoted by the magic

16~ 88 89y, 90 20 :
numbers e.g. 5O, 355Ts0, 30 Y 462 500 Sngm etc. Magic number of protons and

neutrons composing nuclides are considered as of terrestrial or cosmic origin.

(e) Alpha emission means the decrease of atomic number by two units i.e. mechanistically
emission of helium nucleus having two protons and two neutrons. Thus the nuclide
having 128 neutrons would favour alpha decay and thus converted to the magic

number nuclides e.g.

212 208 213 2095 4

841 0128 > “goP’b1oe + §He2 g5ty — ggBll% + ,He,
" (long (long

range) range)

These alpha particles are of high energy and short-lived (t, ,Z'is smaller) in accordance .
with the Geiger-Nuttall rule (Sec, 9.10.2). On the other hand the nucleus having magic
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(7) Beta emission an also be assodiated with the convers
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These beta particles are of high energy and short lived.

(<) Nuclear cross section® for nuclear transmutatio

ion of the nuclide ha‘*’ing m
=1

a reactions” with neutrons as

&

oS

Projece:.

- -~ - iy - . v - Pe3
has mporiance with magic numbers. The cross section 1$ lowered for nuclides hay.
- _— s T ey - T s e 4 - L4
23, 30, 2 and 126 number neutrons compared to that of neighbouring nuclide havis,
one neutron less than that of macic number. A high value of nuclear cross 5%;
e . o S A 3]
marcates greater emaency of nuclear reactions.

2.31.1.1 Explanation of magic numbers in terms of nucleon pairing like that of electropg

We

e have sizted that nudeons ie. protons and neutrons will assume some quantised energy

stztes like that of elecirons. Like electrons periodicity of nuclear properties may exist at ma&zc
number of neuirons and protons where shell closure occurs. Electrons tend to pair to fory .
szble chemical bond so also nudeons do so to form the nuclear stability. Like electrons the

* will be discussed later

1 5 E A T
] Table 8.7 : Filling of energy levels by nucleons *
i Stzte I | s j=Iss Total number | Total number of | Alternative state |
i=l-s of nucleons | nucleons including like that of |
(2j+1) the former levels electronic state
) )
- 1Is 0 2 |
1/ 1/2 2 2 S
ip 1| 1/2 3/2 4 2
= 1/2 2 S s
. : P12
id 2 1/2 5/2 6 3
2 O iled Balisadya 2 ' Jora
1d 2 | 1/2 3/2 4 20 S
F4 odS/Z
if 3 1/2 7(2 S
2p 1 1/2 3/2 4 R
if 3 | 172 5/2 6 “P3s2
2p ¥ s 1/2 1/2 2 s/
g 4 1/2 9/2 10 50 3Pl/z
T, %8o/2

B

Table contd. next page
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a homogeneous entity of the neutrons and protong like

idered as . »
cons olecules or atorms exdigt,

| drop of pure liquid or solution where m
tai - of isati ich is similar to that of Bindiy
(b) Each liquid has a certain latent heat of vaporisation Wh)Ch'IS si ind i g

energy of the nucleons to form the nucleus. |
a nucleus behaves in the same way as that of the molecules in 4 liquid
acts strongly with the neighbours and the interaction energy

(a) The nucleus is
that of a liquic

(c) Each nucleon in )
drop. Each nucleon inter
is proporotional to mass number (A).

(d) Both the liquid drop and the nucleus is .incompress'ible. ¥n a homoganeous ﬁquid drqp
and nucleus, the density, charge and other properties will be the same thro'uggy(,ut the
liquid drop and the nucleus except at the surface.

(e)In a liquid drop and in nucleus the molecules or atoms and the nucleong interacy
themselves respectively. The interacting forces in the nucleus are p-p, p-n gnd i
These nuclear forces are short range force and of saturation type operated withi, the
nuclear dimension of the order of ~1071% cm. If all the nucleons interact in the 4,
way the binding energy of the nucleus per nucleon ‘will be very high. It haq beol
suggested that for an effective formation of a liquid drop or a nucleus the molecyle
and the nucleons interact in the same way. In a stable nucleus the attractive force -

predominates over the repulsive force and all the exchange attractive forces betweer
p-p, p-n and n-n are of same type and independent of charge.

) Like that of a liquid drop the spherical nucleus also exhibits surface tension force, The
- surface tension force is proportional to the surface area of the nucleus.

(g) Similar to a liquid drop a nucleus may capture high energ'y particle or projectile to
form an' excited ‘compound nucleus. The excess energy of the projectile is equally
distributed among the nucleons of the nucleus or the liquid drop.

(h) The compound nucleus or the excited liquid drop may be deexcited by the following
processes : .

(1) By emission of radiation similar to cooling or by removing heat from the excited
liquid drop.

(2) Emission of one or more particles from the compound nucleus like that‘d:
evaporation of some molecules from the liquid drop. :

+(3) By nuclear fission into two fragments like that of the excited liquid drop breaks into
two parts. ' ' ‘

(i) The common feature of the union of the two smaller liquid droplets to form a bigger
liquid drop and the reverse that is the breaking of a larger liquid drop into two smaller
units similarly may be followed in case of two lighter nuclei imdergoing nuclear

fusion while one heavier nuclei disintegrated by high energy projectile into two or
more smaller nuclei in the case of nuclear fission.

The %m}.)ortant aspect of this shell model is that it provides satisfactory eXplémaﬁon of
uclear fission by tbe formation .of excited compound nucleus (other shell model deals with
round state nuclei). It also provide some method of calculating binding energy of the
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m good agreement with that of

(cleons: The values obtained are
ﬂt
e 3 j :
xperimental evidence in favour of

orimental data and this provide
ﬁqui 4 drop model.

The limitation of this model is {that it do
¢ nuclides with closed shell effe
dent motion of nucleons

Morits and demerits
of liquld drop model

ot jfjs.xxot' provide explanation of extra stability of magic
R : s also inadequate to explain nuclear forces for the
+ 45 4280 their spin, parity and magnetic property.

| qpumbe
1‘ indepen

{ .12 The nuclear radius
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f 9114 Nuclear forces and meson

As stated previously (Sec. 9.11 and 9.11.2) that nuclear forces are mainly proton-proton
(pp), proton-neutron (p-n) and neutron-neutron (r-) forces operated within small nuclear

radius (~10-15m). Characteristic of these forces are :
(a) Different from gravitational or electrostatic forces : It is evident that if it is a mere

s



~
: i g ive. But comparing ¢t S
ic force then the p-p force will be repulsive. B .p g he}.’ s,
clectrostatic force the lides it is established that all the forces ie. p-p, p.y ing %
snergies of various nuclices 8 of e i dporaie d
?nfc.l ﬁl\l\]-o of equal magnitude and these forces are muc g 19Ctrz.c b
'orces are
itational altractive forces.
ravitational attractive e 1
: or el ;
gl t range type : These forces are not of long range grav:tatxic?na ; et;trostahc 5
t rar : se | ' ‘ e
(b) LS ‘:“ ¢ noiit angc type as stated before. Outside the nuclear dimension thse fOrcesh}’
yut or 8 < LR -
no real existance.

i : the nuclea .
. 4 he nuc orces contribute equally to T stab;:
(¢) Charge independent : All the nuclear f orces iHod on the fact that bl Wiy
irrespective of the p-p repulsive force. This is verifi : i g Criery,
er nucleon is more or less constant as also nuclear density (p). (;:'eover in cage
1t?nirror nuclei* the replacement of a p-p force by a n-n force does not change the ,,

dlezy
force. Thus we conclude nuclear forces are charge independent.

(d) Saturation type : As like valency saturatiop ng]cear forces are of lszaturahsoim tYpe. Thy
is indicated by the constancy of nuclear binding energy per nucleon (~8.5 Mev),

Thus it is evident that nature of the nuclear forces are very complex: The next quesg,,
arises how neutron and proton bind to form stable nucleus. Moreover there is a formidabje fore
of attraction between neutron and proton and repulsion between proton and proton. As States
above nuclear forces are of saturation type like that of the chemical forces. So from quantyy
mechanical calculation Heisenberg proposed that strong force operated between the nuci
due to the exchange phenomena operated between the nucleons because exchange operatios ;
well established in quantum mechanics. Since the forces are of short range’type so the ex s
particle should have finite mass and thereby Heisenberg proposed that electronvis the exchangis
particle between the nucleons. Thus a neutron exchanging to proton by emission of elecir
while a proton converted to neutron by the capture of electron or emission of posiiron ie.

n == p + electron

" p +electron ==1n or p =— n + positron
Rejection of exchanging

However this proposition has serious objection. Calctilations revsZ
particle as electron

that if electron is taken as the exchanging material then the na

o

‘of the nuclear forces will be of more longer range as also the fors
will be weaker. ‘

| (1935), a Japanese physicist propossd 2
new exchanging particle which is responsible for the strong short range forces operated betwen
the nucleons and named the particle as meson**. He proposed three types of pi(x) mesons viz

*

will be discussed later,

** During 1937-1938, confirmation was obtained from vari
than a proton but some 200 times heavier th
ray radiation. Such particles were found a positive or a negative charge. Anders®
proposed to call them mesotrons, from the Greek meso, meaning intermediate, since their mass B
between that of an electron and a proton. Later, the abbreviated n 4 Indi®
g . ' ame meson; suggested by the In
physicist H.]. Bhabha in 1939, was adopted, : wos ;

One of the characteristic of the particle now called meson is that they have a spin quantum number elth
34 . P -\2
. zero or integral. The mu-meson (p), however, has a half unit of Spin and so it is not a meson in the W™
. sense of the term. The nparticles has a SPin of zero and so is a meson, it is commonly referred 0¥
. TW-meson or pion. . g

to carry either

3
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[:hﬁpwrxu :
negative pi-meson (17) and neutral pi-meson (n%). The ° have a mass
e colectron and the n*, w° have masses 200 times greater than

j-meson ("),
ly. Yukawa proposed

ositiV of the mass of th

¢ that ; it ; o
24 time? { possess single unit of positive and negative charges respective |
. A PeseEs "y i icl y AS
plect ) mmq interconversions between proton and neutron in which charged mesons agtmg
- U v .
follO¥ rial to develop binding energy between the aucleons. Similarly 7° aching

the sy mate
wehand! 8 - rat utrons.

an ‘C\,Changmg

- an v

a8

erial for similar nucleons i.e. between protons and ne
n(1) == n(l) + n°, p(T) == p(ly + n°

sions are in dynamic
arises why the heavy
all the exchange forces
s the nuclear radius

A o 4
"_z.:_—_p-{-n, ’7'—&—“—”*'7!:,

sosed in his meson theory that all the interconver
m the stable nucleus. Consequently a question

wkawa P
are unstable? It has been suggested that

ui pirum O for

per elements

¢ num A i .

somi€ within the small nuclear dimension, but for heavy nuclide
2]

~*§""muq thereby the above nuclear exchange forces become weaker. In these cases the
T g :
inere tatic repulsive forces predominate over the exchange forces and thus the nuclides
Jectros , :
¢ stable.

b{\.ame un

another typPe e
4 these have ma :
ol tive charge. Outside the nucleus.the ® mesons

A nega

positive or . ‘ )
ey exchange energy in the folowing way :
ey &/ !

ot —— Ut + v+ hy T— W+ V+hY
(energy) a *(energy)

f meson was detected in cosmic rays which is known as p-meson or muons

ss = 206 m, where n, = masss of electron and charge equal to either unif
are converted to p-meson and

forl-— % or Je +V+ V+hv
p o u +1 -1 i
(energy)
ns other type of mesons viz. k-meson or kaons, p-meson, Tj-meson, -

Apart from T and { meso :
meson and o-meson have been discovered. The k-meson has mass =966 m,. ®-meson involve in

e repulsion between the nucleons. However these mesons play no principal role in nuclear
foxces like that of m-mesons. All mesons are of short lived. They are produced artificially in

adotrons and characterised by scattering experiments.

.Other particles characterised by the interaction of matter with high energy projectiles are—
alielectron, antiproton, antineutron, hyperon etc. i e

112 MASS DEFECT AND NUCLEAR BINDING ENERGY

The next L . :
“‘damm:; p‘g;s?onl.m the problem of nuclear forces is how the packed combination of
dp Sranucleay Caef Il’k? nel.lfron, proton, electron etc. strongly bind to form stable nucleus as
< the proge inI:hr - Primarily a tremendous force of attraction operated between the neutron
E 00pic mage , Aj) l'tcvjtcleus.1 The well established theory for the stability of the nucleus is that

- an i . :
: ho?sfaSalso s T}? ement is always less than the combined masses (M’) of protons,
- Lhus the difference between the expected mass and the actual mass

Sotope §
S knOWn as
. mass d
Magg defect efect. Thus,

the masse :
S s ?f protons (m,), neutrons (m,) and electrons (m,) i.e.
55 (M’) - actual mass of an isotope (M)

.



so that AM = M’ -« M

A 1w paas fumbe
Mass defect of an isotope X having mass
determined in the following way :

¢+ A and atomic number 7

Can b&

: . of olectrons (¢)
As Z = number of protons (p) = numbel of clects (

= - anc (S - 7
A=zn4+pandn = A 7 electrons and (A-Z) Neltrgy,

2 " , % g 7 protons,
Therefore the isotope of the atom X contains Z p 7 number of electrons and (A«'/j
Tl

) . of protons
Then the calculated mass (M’) for the Z numbet of protons,
number of neutrons will be,

M = Zmy, + Zm, + (A-Z)m, I
t utron respectively. Now,
where m,, m, and m, are the masses of proton, electron and ne P Y-
, = + (A=Z)m
M = Z(m, + m,) + (A=Z)m, = Zny + (A Z)m,,

because m, + nt, = mass of one hydrogen atom (my)

" Therefore AM = Zmy + (A-Z)m, - M -+(9.26)
Generally mass of the electron is very small so that mass defect can be represented a5
AM = (A-Z)m, + Zm, - M ---(9.27)

This mass (AM) is converted to energy according to Einstein’s mass-energy rela.tionship E=ma
whre E and m are the energy and mass respectively and c is the velocity of light.

Now let us consider the formation of helium hucleus from the two protons and two neutrors.
mass of two protons = 2x1.007277 amu = 2.014554 amu '
- mass of two neutrons = 2x1.008665 amu = 2.017330 amu

Total mass = 4.031884 amu
Actual mass of ;He = 4.0026 amu

Therefore AM = 4.031884 — 4.0026 = 0.029284 amu

This amount of mass defect (0,029284 amu) is converted to energy to bind two protons and two
neutrons to form the stable ,He. Therefore nuclear binding energy (NBE) is defined as th

amount of energy released to bind neutrons and protons to form the nucleus and the nuclear
rinding energy per nucleon (B) is defined as :

o NBE , :
B = Total number of nucleons o .(9.28)

Now we have to deduce the conversion factor for atomic m

ass unit (amu) to energy.

_ 1 _ mass of 1 mole of *C atom
Lamvor Lordim, =0 Avogadro’s number

1 12
12 6.003% 105 8 = 166 x 10 ¢ = 1,66 x 10 kg

"According to E = mc? the energy equivalent to 1 amu ‘is

E = mc? = 1.66 x 10% kg (2,998 x 10° ms™1)2 £ 14,92 x 10-1 |




14.92x10°1
1.602x 101

= 03133 x 10" ev = 931,33 Mov [ 1 Mey = 10 av]
~ 931 Mev.

 that ll amu = 931 Mev,
s( ey

i o
in case of yHe, B =

ev [ 1 av = 1,602 = 10417 |]

0.029284 x 931,33

4

Themf()l‘ﬁ = 6,82 Maovy,
lot of l§ against‘ mass number of clements (l"“j, 9,1 ()) reveals the {(_',l’()wln” ‘“)()ii”lt‘fl ‘

The P "
) The medium nuclides having A = 30-90 reglstered highest B, In this range the

a L ; o T
: transition metals viz, iron, cobalt, nickel ete, having mass number 50-60 exist, These
nuclides register highest stability and the highest stability zone is recorded by B =

8.5+0.2 Mev.

(b) For light elements (A<30) B rises steeply. These nuclides e.g. ;I-Ic, liC, 120, 7,’,‘,51 etc, are
stable according to Oddo-Harkins rule (S¢c.9.10). Exception ‘,’,Bc which splits into two
o-particles i.e §Be — 2,He. However the lighter nuclides having odd number of
nucleons e.g. 1H, 1H etc. undergo neuclear fusion* with liberation of energy to form
stable ;He nuclide. These lighter nuclides are susceptible to nuclear fusion.
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" -om the highest stabj;

(©) The heavy nuclides (A»90) the B gradually fa,‘i,g‘zg are very unstable eltlrlm o
decreases from 8.7 to 7.5 Mev, Aft‘f?!“ " 2]10, th? " and these elements algo Top
to disintegrate naturally (natural mdma;twity). and n this process heay “nd§rgq
nuclear fission* which results in the reloase of _ener'g};) the stability zone Zf?d' Y
splitted into the smaller fragments thereby enter 'm’ stafble uclide. The stabl-nding
energy. In fact “gBi is the heaviest nqﬁ:-m(.j.iaa‘g:hve e @f ’lead i ‘le 4
pmdimt of all natyral radioactive nuclide is the isotop Infy

i

- fhe

4 o W7pl has the B =8.5£0.2 Me,
via 7t Mes iere e <My,
stability zone e.g. U has B = 7.6 Mev whereas g, Y
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g.13.2 Particle Acclerators

As ment%ox:ted earlier projectiles should have required kinetic energy to carry out nuclear
reactions. This is done by particle acclerators, First ingenious device was developed by Cockr ofit
Walton (1931) to acclerate proton. The device was nothing but a voltage multiplier. Later most
widely used particle acclerator was developed by E.O. Lawrence in 1932 in the University of
California which is known as cyclotron. E.O. Lawrence received Nobel Prize for his ingenious
device. Different types of modem particle acclerators such as betatron, proton synchrotron,
clectron synchrotron, synchrocyclotron etc. are now available. '

9.13.2.1 The Cyclotron

In this machine charged particles such as
protons, deuterons, a-particles etc. are acclerated
by simultaneous application of electric and
magnetic field. It consists of two semicircular
hollow boxes (D; and D,) known as ‘dees’ (Fig.
9.12). The two ‘dees’ are separated by few
centimeter apart and enclosed in a large chamber.
These ‘dees’ are connected to a source of high
voltage alternating current and are placed over a
powerful electromagnet. At the centre of the two
‘dees’ there is an electrically heated filament (S)
which emits thermoionic emission.

Initially the apparatus is evacuated and
appropriate gases such as hydrogen, helium or
deutarium etc. are introduced at low' pressure.
Thermoionic emission at S will produce electron
eam and this on bombardment to the apropriate - A. C. High voltage
as produces proton, o-particle etc. as the case __
nay be. The positive ions then acclerated into the Figure 9.12 : Schematic diagram of a cyclotron.
dees’ D] and Dz. ; i
~hif}?§f§se at firslt'D2 is negative, thcfn Posi.tive ions at S will‘n.wvc.e to D;. But; the 'maa.gngtic field

perpendicular to the electric field and thus the positive ions move in the circular path-

f D;. As the ions come at S, the oscillating high voltage changes its sign thereby D becop
}utl}fkly negative and D, becomes positive so that positive ions will move from D, tc)1 D 'I?z:
% € process is gradually repeated, the positive ions will.acquire high kinetic energy’ (~ 410 MeV
&-particles) and ultimately the ions emersed from the periphery of one of the ‘dees’ aid

"ade to strike on a target. The basic condition to do this is that to use high frequ ency alter
: R : ernating
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ement of positive

Workin {
N . ine ()V i g pﬂn f
Let the magnetic field strength H causes tlf amdius * with constant oy
ons in semicircular ‘dees’ in a circular path of r 4

velocity v, so that, ’

"o ¢ v that ALt ...(9.40)
D) o e, 3 — e (Y 1a =
Hev =05 de, m o Hr G

. . This equation (9.4¢ inds.
Where m = mass of the positive fons and ¢ is the electronic cth zﬁ’:ﬁc enercéy of the poiiltli‘v &
that r o« v when other factors are constant. This means fha National Laboratory ] Un (%
increases with increasing radius of the machine. Brookhav?r‘; g
of California has the largest and most shopisticated particle ,

; rioid (f) to traye..
One of the inlpor{“ant feature of Cyclotrqn is that' the t{?l:esaﬁzmasg )and Cha:geése%
semicircular ‘dees’ js independent of both r and v for all ions wi ‘

‘{i
Very;

"
1

- Siy
the Semicircular trajectories are half circle, so that
T

= —
=

o Where o is the angular velocity and v = or

- E—E_E ont. _ mm v iy ,,,(9.41)
2 v v eH TeH i eedaibing P :
=

Hence the ions wi traverse-all the semicircular
same time. The. grater velocity of the ions comp

According to €quation (9.40) the velocity i.e. kinetic energy increases with the increase ofr
Therefore a question arises what wil] happen when the velocity is comparable to the velocity 4

e light. In that case the relativistic correction (Sec. 1.7.1) of the mass of tt

leltathn of ‘Particle and the rest mass (n1,) will not be equal to moving mass (m). Ast

4 clotron{ locit ' mass -of the particle increases, there will be the

variation of time period i i of linear velocity, the angular velocity decreass

i | able to move faster from D, to D, or vice-versa. Thy

this machine is not suit: : ery high kinetic energy of projectiles. This difficulty
] rator known as synchrocyclotron. .

‘dees’, whatever be their radius, in exactly g,
ensate for the longer path to be traverseq, .

9.13.3 The Nuclear Cross Section for a Nuclear Reaction
This is an important term used in nuclear reactions. The nucléar‘cross sééﬁoﬁ (o) denots
the probability of the reaction under consideratiqn. G also denotes the yield of the reactin
which is defined as.the ratio of the number of emitted particles to the number of inciden
particles in a reaction. i :
Let I = total nUmbgr' of incident pa;_ticlgs which Penetrate COmpletely 4 Unit-area of o hi
i target in a given timAe.'; ki : : ; L ) of 2
't = thickness of the target in cm.

N = number of particles per $q. cm of the target which wip int wi of
incident particles perpendicularly to thekta,rget. R o itiedsboan
as i L e s nuclei reacting effectively ' . .- v »
.m = the number of the target nucler react o oY In a giyen ed
“reaction considered which is also the number of collisons per cr:gn ;éﬁo:eca:ox?cf

P



1
' o volume per “J oo , IX.Er.
e averag per nucleus in the target = N cm?,

i ) LTI = ' A cross
gince cach projectile particle will interact with target nuclei having cylindrical volume ofof i
; glcti(’" and length equal to its depth of penetration i.e. t cm, so that offective volume

‘ :aiﬁet interact with I number of incident particler in traversing the targat s 10REm™

; y 53

- the number of collisons (m) = Iotem” _ 1no

E Thus % ol 3

cm
2 N |
..(942)

4 m
] = —=Ccm
<0 that 0 = N

_ y -eall
nge of o for various nuclear reactions is in between 10-%0 to 10732 cm? O gener y

e 1a '
erfessed in the units of barn (). 1b = 10-% em? = 10-28 m? = 107 fm? where fm = fernt:
A high value of ¢ indicates greater efficiency of a nuclear reaction. The value of G depends

particles. It has been

on the type of reaction but also on the energy of the incident P ;
- stablished that in case of charged particles the nuclear cross section increases with mgreasmg
- energy of the projectile. For neutron the ¢ is comparatively greater than that of a charge :

_ article. This is due to the fact that for neutron there is no potential barrier. Thus thf: vah;g o

¢ lies in the range 102 to 10¥ cm? for proton while that for neutron the value is 107 fo
10 cm® In case of neutron o generally decreses as the energy of the particle increases: Thus

-~ glow neutrons are Very good projectile for carrying out nuclear fission than fast neufrons. (?ne
 important aspect of the energy of the projectile is that an incident.particle having energy p.fsf

- qufficient to excite the compound nucleus:to any of the excited level, is a very good projectile :

for carrying out effective nuclear reaction. This is known as resonance capture.

lide as also of the incident particle.
d this indicates the difficulty in

. pot only

The o also depends on the atomic numbers of target nuc
The value decreases as the atomic number increases an
gansmutation of heavy nuclides with o-particles, deuterons etc.

8.13.4 Artificial Radioactivity

In some artificial transmutation reactions if the product nuclides show radioactivity like that
of natural radioactive elements, then the phenomenon is known as artificial radioactivity. Thus
al artificial radioactivity are termed artificial transmutation reaction but the reverse is not

dways true. ; -
In. 1934 Irene Curie (daughter of Madam Curie) and her husband Frederick Joliot was
Z;:‘d}’mg artificial transmutation reactions with some light nuclides. With much curiosity the
nuS:rved that when boron, aluminium, magnesium etc. were bombarded with o-particles tw); :
tlear paths were observed. Thus when aluminium target was bombarded with o, particle i
, : , \ 5 in

on ' ,
® Path protons were the ejecticle. In the second path an isotope of phosphorous i.e (3013)
. ‘ b . sSesr N5 )

were : : [} . ) 3

f’-'partli?duced along with neutron was ejectile. It was noticed that as soon as th

‘ € was withdrawn, the proton and neutron emissi e source of
: ; ang, emission were ceased. But th A

: . the emission of

POSitrOn conti :
: ntinued for a while although the rate of emissi
B s it } gh the rate of emission decreases with # 3
er kinetics in accordance with that of natural radioactive ‘decz\;ﬂ; Hme Wthh follow
- : : . : it S Process. . From theg
: e



