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Fig.16.9 Schematic diagram of a reactor

elements of a reactor — All types of reactors contain the following essential basic

Juel, a material that fissions and supplies b
Ithe moderator for slowing down the speed of fast neu
fast reactors);

! "€ neutron reflector;

neutrons for further fissions;
(this, however, is not nec-

.; w cooling system; and
' Control and safety aﬂ'aﬂge"“"_t"
‘ fissionable




the first is achieved by pushy
cross-section (e.g. boron, cad
the reactor with massive
| coolant circuits.
dessn ‘“.NM the reactor shuts down. Rods are ¢
trons are for the reactor to start toward supercritical
¥ r M“ the reactor operates at a constant power

classified according to the type of fuel, moderator and i
%0 the arrangements of the fuel and the moderator, the reactors

‘ and (i) heterogeneous. In homogeneous reactors, the fusl )
' are finely divided and uniformly mixed together,

: while in heterogeneous ™
" pBubStances are in separate elements as blocks 3

on the energy of neutrons. the reactors may be thermal, intermed
reactors, the fission-neutrons are directly used and as such the me
with.

d division of the reactors is
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:.”’ w mducing react

: or etc. In a power reactor, the energy
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mber of different testin h as @
2 > - » = T i g purp(w suc
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ed and in an isotope Pde“m
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weutrons which are cap
ys into fissile Py-239
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"he scheme for the breeder reactor is shown in Fig.16.10. Note that two neutrons in excess
se captured and lost by other processes must be produced to maintain the reaction and
50 designed that more fissile materials are produced than consumed for fission.

'“nt'her fertile material that can be used in breeders to produce fissile fuel is Th-232,
ble in plenty. It captures low €nergy neutrons to finally result in U-233, a stable a-emitter

can be fissioned with thermal neutrons.
- Within a few years, breeder can make available double the original quantity of fuel.

3 Power reactor : Nuclear power plant

~ The basic principle of one type of power reactor is illustrated in Fig.16.11.

A quantity of enriched U-235 in the form of a pure metal or in the form of a solution of
uble zalt in Xvater forms the core of the power plant. The energy released by fission produces

" quantities of heat and the rising temperature is regulated to a certain pre-determined
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s withstand high temperatm:ea, not abs
: d” yot transfer heat efﬁciently.m both m
s with low melting points appear highly prom i

onium bomb (also called fission bomb), an uncontrolled nug '
device is designed to be as supercritical as POSSl_blev the chain p
e grows as high a rate as possu.ble and maxim I
‘ ordinary explosive  ergy is released in minimum time - within a T
N4 g9  of a second. The explosive nature is due to
ey 9! U-235 or Pu-2 lease of huge energy all on a sudden. A fission
> | %NJ Ra-Be neutron (and =~reactor) has a critical size. If the dim ‘
i 5o . aioad are too small, too many neutrons escape from# 3
f?  / face without fission. The secret of detonating a fis
m Y / bomb lies in keeping it divided into suberitie
. % tions until the moment of explosion, (for otherwise
: - Passing cosmic radiation inay trigger the bomb) wh
12 Sub-critical sections they are to be brought together rapidly to form s
»a bomb exceeding the critica] size (Fig.16.12).

f effects of explosion of 5 fission bomb are the

tens Mforming therma] : :
80 a8 high as 5 x 7 * ;waves that Propagate with the speed of light

following :

chan ” shock waye consisting of a blast of air pressure, and
Actanty of the fissiop Products,

heat generat -
”Tmﬁhczuie:llfatal burns and serious damage to lives and P "

the entire enviror?men}t, niocT0US and causes death and devastation®

emitting deadly 7-radiation and other rays.




/ ght nuclei on the steep portion of
ate mas

to produce a relatively heavier J umbers. So if two light nuclei combine or

; nucleus, there wo e
uent decrease in nuclear mass, T ) uld be a greater binding energy

his would therefore result in a positive Q-value
se of energy. This type of nuclear reaction . -

s is known as nuclear fusion, a rocess
that of nuclear fission. Y

lon reactions are now readily observed in experiments with high energy beam of protons
deuterons, energised by accelerators.
H+1H — 3H +%+v; Q=042 MeV
H+3H — 3He+n; Q=33 MeV
ompanied release of energy as shown.

on depends for its action on the collisions of two very energetic nuclei, a subsquent
ment-of nucleons and the release of energy as kinetic energy of the product particles
] exciﬁé,ti‘qn energy. The primary nuclei are positively charged and repel each other

fostatically. For fusion, therefore, the kinetic energy of the‘wlhgmgtga{tglgz ;nngﬂ?je}izgol}

gh to overcome the electrostatic coulomb repulsion. And in or tir al R
ractical value as an alternative source of energy RrOd“Ctlon’ 4 e rezc ';(,) She .rea.ctkion
e t be released than what is consumed 1n mlgd Lamae t

;te e enicxelrlgiensl 1;s high temperature such that fusion energy should be sufficien
3 ic energy e

ions. Unfortunately, the so-
On reactions.are als‘o. knownNaSlOtgl féri:gg ‘:f l;%:e:;(:tr:;?;ly 'with ato‘rlnic !}ulebe;s.
s} 'tempex.‘a‘ture'is :rsi.mh;gn};;‘isn the field have been carried out with the three isotop
a~g;2;?$£%i;x§euteﬁum: ible store of deuterium fuel (in ‘watefr :xH : 113 &
e e plrax:ticallz'iozr; lilrc‘;ﬁhamgl:fte;t promise for a permanent solution of the problem
monuclear reac

|

ot to be fully successful to contro.

chemica], mineral and fossil fuels. V}fﬂ??;’:c }t,ors. A
mical, *

L i . First,
reactions so as to produce th""ﬁ';nof advantages over the ﬁs:ilfenc;:;tl?cr:ted and
tic, they would have nul;lhe Jimited amount of ores lslzvater which is almost
‘ : ion of fission fuel from iy obt ainable from natux‘;a_ 6“ Bt
fuel like 2D is rather eas izn fusion is clean for lwwil | ‘
re , unlike ﬁsfm,'nﬂ , the fusion reactor

run




7 +he first to suggest in 1928
ﬁoﬂ:,gr?df;hd: an a-particle could release e,

e ’ enersy by the sun for so long a time. They prof

, he stellar energy is produced by the
e Fugffﬁ?n:ga:ntd iransfotm,ed into helium nuclei. Thig ;3
cycle apﬁ?cable for relatively low stellar temperature. The cycle

(6) H +1H - 24 "+ + v +0.42 MeV z
(b) 2H +iH — 3He+7%¥ 5.5 MeV f
(C) gHe oY gHe Ay gHe +2 %H +12.8 MeV b t!
‘ cfee 2 . 3 : 1
In this cycle of reactions, fusion reaction (a) anq;‘(b) must occur twice to yield wo if, ;
* nuclei in (c). The net result of these reactions is that four protons are fused to Produce f1
_a-particle, two positrons, two neutrinos and two 7:photons. 1 .
iy » 41H — jHe + 2%e + 2v + 2v. - a
The energy released in the cycle is 24.6 MeV, for the mass difference is (4 x 1.0078~400 3
or 0.0286 u. Since the neutrinos escape, the energy left is about 24.3 MeV after the fusion ofd I
gfw%tc;{xs ingo '}dhelium nucleus. The protons thus get gradually depleted and the concen c

elium builds up.

The protoh-proton cycle is an important source of energy i ;
: ; gy in the sun and in stars of e ;

Pparatively low temperatures (red dwarfs). A conclusion that f ;

that the older stars are expectedly richer in lhum commery sorows Eror ]

helium compared to the younger ones. : ]
: her temperatures, Bethe suggested an alternati®
nitrogen cycle. The cycle is (* means radioactivel
19 4 12 : >
(&) 1H+1C — BN 1 4 1.05 Mev
13 10.1 min
(b) ;{N‘ 57 120 -+
(c 1H+ 12(3 —

For the main sequence stars having hi
g hi
to the proton-proton cycle - the carbon- 7

) : e+ v + 2.22 MeV
N
. i K ‘+v+7.54 MeV
( ! ;5 80" + v + 7.35 MeV
e) lgo. <05 min 15
‘ (h iy ;K’JN +fe+ v+ 2.7 Mev
Adding up, the pet result is ™ 7 6C+3He + 4.96 MeV

4R ~ ¢
1H - 4He 4 2%e +9p 4 3Y + 26.72 MeV
as in Proton-
| e Yo Proton cycle.
TR —
%%mtzphtely used. For sun, both the cyele
Complete conversion of all



atter at a certa;

j n poin space. A the &
: When it regcheg the value of aboyt 2,00,000°C, the

oton cycle, are completely

- At a temperature of about

eryllium, lithium and boron

and is called a red giant. When

place and the temperature

this stage and supplies the

f a star. When the protons are all exhausted,

the star releases a large amount of energy and

ch may be one of the three end states : the white
he white dwarf is usually the common end state of

paratively a recent discovery through radio-astronomy.
ulsars, identified since 1967, are regarded as pulsating, that is, rotating neutron stars. The

ack hole is believed to be formed by the gravitational collapse of a neutron star. It is too
e for even photons (light) to escape from its pull.

Note. Stars with masses between 0.4-2.5 solar mass produce energy mainly by carbon-
nitrogen cycle rather than the proton-proton cycle. Stars having masses of 0.4 solar mass or
Jlower, which constitute the bulk of stellar population in our galaxy, mainly derive energy from

- Proton-proton cycle.

rg : f the radiating life o
r contraction takes place at a rapid rate;

attains the last phase of itg life whi
) the neutron star or the black hole. T
evolution. The neutron staris com

8 Uncontrolled fusion ;: H-bomb

do on July 16, 1945, it was
i i b (A-bomb) exploded at Alamogor ;
:ﬁ ih-i tnallgtg?lco::iﬁlle x(low to make fusion-energy the way the sunaldoes. Vthen an
at it wou E 2351) r Pu-239 explodes, the temperature at the central core ecp;.nes,
e acz:r:;a;?léliec(;n d ;mparable to that at the heart of the sun. And there are millions

inds of pressure also.

The exact materials used, their proportion, the physical size, the shape of the device
€xact mater ?

: ‘ - hidden i
mechanical and electrical systems used in hydrogen bomb (H-bomb) are all hidden in
an

i i deVice in 1 ﬁ3 “0”‘
8ecrec y Neverthe ess, an H be )lllb in nnCiple consls.ts of a which si

i i al part of f deuterium and tritium. The
Tocess is applied. The centra an atmosphere o . _
f Pu-239 and this is ‘surr?utfliifi ?{}:bomb, providing an extre;nfely high temper\ature
e e s o T i
A 2y _yOH + H+4.04MeV
I+ {H i

\%
. _ 4He + 1n+17.6 Me
?H“"?H —tgHe.O




| m”m.‘bb as there is no necessity for

ontrolled fusion : Possibility of fusion reactor

- g in a hydrogen bomb, the phys;
alisation of the fusion prc}ce§(s) xllnreac{ or & pee Whg{e ..
rolled fusion reaction for making fusl Pariin,
discovered before any successful power source based on fusion is agchj
from the various study projects in the field.
the main difficulties involved in reproducing in the' laboratf)ry the condiri-
able to thermonuclear reactions is that the te{nperature‘ requnje;lnent 1 extremej b
of degrees - and fusion cannot be effected in a container with materia) walls f
v once vaporise at such high tem{)leratlures. Tth(te prcfle?swzsi;oaanixf:t lexte
Ly ; converting the fusion fuel into the plasma state. plasm ral asse|
’matoms, mnflecules and electrons and could be prqduced ina nur_nber of ways, 4|
eurrent arc constitutes a good source of plasma. Plasma is usually held in suspension in g
. by the lines of force of an electromagnet, the so-called magnetic bottle. The basic principlef
this magnetic confinement of plasma is this : Moving charged particles get deflected from thei
straight paths by magnetic field. A high pressure hot plasma, under appropriate conditions
develops a magnetic field of its own. This field may be strong enough to exclude the exter
applied field. Particles would move in such a plasma in straight lines except at the boundary
whence they would be deflected back. So the strong magnetic field will confine the plasmalié
a gas in a bottle — the magnetic bottle,

I:‘irst, a ‘cool’ dilute plasma, is formed by an electric discharge. The plasma is next imparted
sufficient kinetic energy by Passing a heavy induced current through it so that the nueleiini
overcome the coulomb repulsion. In terms of the kinetic energies of the nuclei, the temperati®

100 'million Kelvin. The chances of fusion in such a hot plasma at¥

L icles a i time.
Lawson criterion, particles and their confinement

densxti)f X confinement time ~. T e R (DD-fusion)

.

N 101 ¢y -3 RO s s 8 (DT-fusion)

RO 000000 000 0000T L An interesting feature of a magnetie
18 that a fusion reaction sustained init ¢aa#
- Tun away’, unlike the chain reaction of#
Process. Whenever the plasma pressul'?

“the magnetic field, the plasma moves’

" fthe chamber wa]] causing rupture >

280 Lo Telo o o]0 o TeTaTaTe .net'ic walls and this immediately qué

El:{-:; : fusion reaction. A fusion reaction,

¥
~~~~~~

o - Character, can pever explode.
»d schematic diagram of a pi
¢ diagram of 5 -} magnetic hottle js shown I8
netic botgle 5 @ hollow solenoiq into the ce
, is injected a stream




