‘Chapter 4|
 NUCLEARPHYSICS

Learning Objectives
Atthe end of this chapter the students will be able to:
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Understand the qualitative treatment Ruﬂnﬁord‘smuemgaxpedmentandme
evidenceit s for the existence and small size of nucleus.

Distinguish between nucleon number (mass number) and atomic number.

Understand that an élement can exist in various isotopic forms each with a different
number of neutrons.:

Understand the use of mass to demonstrate the existence of isotopes
and to measure their Mmm?h %

Understand mass defect and calculate binding energy using Einstein's equation,
m&egmnmmdmmwnmmunm

Appreciate the spontaneous and random nature of nuclear decay.
Explain the meaning of half-life.

Recognize and use decay law.
Understand and describe the interaction of nuciear radiation with matter.

Understand the use of Wilson cloud chamber, Geiger Muller counter and solid state
deteclors lo detect the radiations.

Appreciate that alomic number and mass number conserve in nuclear process.
Describe energy and mass conservation in simple reactions and in radioactive
decay.

Understand and describe the phenomena of nuclear fission and nuclear fusion.
Explain the working principle of nuclear reactor.

Be aware of various types of nuclear reactors.

Show an awareness about nuclear radiation exposure and biological effects of

Describe in simple terms the use of radiations for medical diagnosis and therapy.
Understand qualitatively the importance of limiting exposure to ionizing radiation.
Qutline the use of tracer technique to obtain diagnostic information about intemnal

Describe examples of the use of radioactive tracers in diagnosis.
Describe basic forces of nature.

Deaenbememodemviewoﬂhebuildingblod(sdmauetbmdmhadmm.
leplons and quarks.
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Soon after the discovery of electron and proton in an atom,
the quest started to find the way in which these charged
particies are present in an atom. From his experiments
Emest Rutherford developed a nuclear model of the atom.
His model of the atom consisted of a small dense, positively
charged nucleus with negative electrons orbiting about it. In
1920 Rutherford suggested that there is probably another
particle within the nucleus, neutral one, to which he gave the
name neutron. James Chadwick discovered neutronin 1932,

l‘um u-mﬂdn scatteri
Lord Ruthorf urns

Mu%ﬂhwe
z:mh a very small region

At the centre of each and every alom there is an
infinitesimally small nucleus. The entire positive charge of
the atom and about 99.9 percent of its mass is concentrated
in the nucleus. The tininess of the nucleus can be imagined
by comparing that the radius of the atom is 10" times the
radius of the nucleus.

A nucleus consists of nucleons comprising of protons and
neutrons. A proton has a posilive charge equal to
1.6x 10™C and its mass is 1.673 x 10" kg. Aneutron has no
charge on it, but its mass is 1.675 x 10 kg. The mass of a
neutron is almost equal to mass of proton. To indicate the
mass of atomic particles, instead of kilogram, unified mass
scale (u) is generally used. Bv definition 1u is exactly one
twelveth the mass of carbon™ atom (1u = 1.6606 x 107 kg). In
this unit the mass of a proton is 1.007276 u and that of a
neutron is 1,008665 uwhile that of an electron is 0.00055 u.

The charge on a proton is equal in magnitude to the charge
on an electron. The charge on the proton Is positive while that
of an electron is negative. As an atom on the whole is
electrically neutral, therefore, we can conclude that the
number of protons inside the nucleus is aqual to the number
of electrons outside the nucleus. The number of protons
inside a nucleus is called the atomic number or the charge
number of an atom. It is denoted by Z. Thus the total charge
of any nucleus is Ze, here e indicates charge on one proton.

The combined number of all the protons and neutrons in
anucleus is known as its mass number and is denoted
by A.

The number of neutrons N presentin a nucleus is given by
L N=(ASZ) e o (21.1)

220



neutrons N is given by the equation N= A - Z = 235-'92 = 143,
In this way the number of protons and neutrons in atoms of all
the elements of the periodic table can be determined, it has
been observed that the number of neutrons and protons in the
initial light elements of the periodic table is almost equal but in
the later heavy elements the number of neutrons is greater
than the number of prolons in the nucleus.

Isotopes are such nuclei of an element that have the same
charge number Z, but have different mass number A, thatis
in the nucleus of such an element the number of protons is
the same. but the number of neutrons is different. Helium, for
example has two isolopes. These are symbolically
represented as JHe andjHe. As the charge number of helium
is 2, therefore, there are two protons in the helium nucleus.
The neutron number of the first isotope is, according to Eq.
21.1is3-2= 1 and thatin the second isotopa3 He, the number
of neutron is 4 - 2 = 2. Hydrogen has three isotopes
represented by [H, H, H. its first isotope-is called
hydrogen or protium. There is only one proton in its nucleus.
The second isotope of hydrogen is called deuterium. It has
one proton and one neutron in its nucleus. Its nucleus is
called deuteron. The third isotope of hydrogen has two
neutrons and one proton in its nucleus and it is called tritium.
The isotopes of hydrogen are shown in Figs. 21.1 (a.b.c).

The chemical properties of all the isotopes of an element are
alike, as the chemical properties of an element depend only

upon the number of electrons around the nucleus, that is g

upon the charge number Z, which for all the isotopes of an
element is the same. Itis, therefore, not possible to separate
the isotopes of an element by chemical methods. Physical
methods are_found to be successful for this purpose. A
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device with the help of which not only the isotopes of any
element can be separated from one another but their masses
can also be determined quite accurately is called mass
spectrograph.

Mass Spectrograph

Some atomic masses

- e A simple mass spectrograph is shown in Fig. 21.2 (a). The
n 1.008685 atoms or molecules of the element under investigation, in
w 1007278 vapour form, are ionized in the ions source S. As a result of
b } ionization, one electron is removed from the particle, leaving
M 2014102 with a net positive charge +e. The positive ions, escaping the
“ 301805 slit S,, are accelerated through a potential difference V
e 301600 applied betweenthetwoslits S, and S,. °
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The ions pass through the slit S, in the form of a narrow beam.
The K.E. of singly charged ion al the slit S, will be given by

_;.rrn?=Vo .......... (21.2)

The ions are then subjected to a perpendicular and uniform
magnetic field B in a vacuum chamber, where they are
deflected in semicircular paths towards a detector. The
detector records the number of ions arriving per second. The
centripetal force applied by the magnetic field is given by
2
B b (21.3)
r
or m= 8er
v
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The above equation shows that the mass of each
reaching the detector is proportional to 5’. By adjusting
value of B and keeping the term in the parentheses constant,
ions of different masses are allowed to enter the detector. A
graph of the detector output as a function of £ then gives an
indication of what masses are present and the abundance of
each mass.

Fig. 212(b)shwaamdobulnodlornmraﬂyooamng

.neon gas showing three isolopes whose atomic mass
numbers are 20, 21, and 22. The larger is the peak, the more
abundant is the isotope. Thus most abundant isotope of neon
is neon-20.
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Itis usually assumed that the whole is always equal to the sum
of its parts. This is not so in the nucleus. The results of
experiments on the masses of different nuclei show that the
mass of the nucleus is always less than the total mass of all the
protons and neutrons making up the nucieus. In the nucleus
Monmﬂwhualedmemdehamdmby

Astﬂanmub«oansthudmmm,blhe
mass of a proton, then Zm, is the total mass of all the protons.
A::hownth.21.1.(A-2’)isﬂ1&tohimunbordnm\s
and as m, is the mass of a single neutron, (A - Z) m, is the total
mass of all the neutrons. The term m,____ is the experimentally
measured mass of the entire nucleus. Hence, Eq. 21.5
represents the difference in mass between the sum of the
masses of its constituents and the mass of the nucleus itself.

The missing mass is converted to energy in the formation-of
the nucleus. This energy is found from Einstein's mass
energy relation

and is called the binding energy (8.E.) of the nucleus. From
equations 21.5 and 21.6, the binding energy of a nucleus is
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Let us consider the example of the deuteron nucleus to make
the concept of mass defect and binding energy more clear.

Example 21.1: mu\emmmmmd
the deuteron nucleus. mewmmddauhrmh

3.3435x107kg.
Solution:
Using equation 21.5, we get the mass defect of deuteron as
' mlfmq-m'.
-1 6726 x107kg+1.6749x 107 kg~ smasxw*"ka
=3.9754x10"kg
_ The B.E. of deuteron as found from Eq. 21.6is Am¢’
LSRN Amc'=3.9754x10"kg x (3x 10'ms ) =B.E. =3.5720x 10"
To express the result in eV units, divide the B.E. obtained in
o @ fo‘.mbywxw‘.l Thus :

SH-e 0 ° 3572910y
Nuctous o @ BE.= m—; 2-33*10.0V=_2.23MOV

(greater mass) Therefore, the bound constituents have less energy than
e aans - When they are free. Thatis the B.E. comes from the mass that
T aen s  onsimmee 1S lost in the process of formation. Conversely, the binding
potorsendnevioes. energy s the amount of energy that must be supplied to a
- nucleus if the nucleus is to be broken up into protons and

neutrons. Experiments have revealed that such mass

defects exist in other elements as well. Shownin Fig. 21.3isa

graph between the mass defect per nucleon and charge
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number Z is obtained by finding the difference of mass
between the total mass of all the protons and neutrons that
form the nucleus and the experimental mass of the nucleus
and dividing this difference by mass number A, i.e.,
Mass defect per nucleon
AN My = [Zm, + (A~ Z)m,)
A A
where Am is the mass defect. From the definition of mass
defect il is quite obvious that for hydrogen, mass defect is
zero, The mass defect is made clear with Einstein’s equation
E =Amc’. This equation shows that if for any reason a mass
Amis lost, them itis converted into energy.
Let us now calculate the BE of helium. For :He
Am=2m,+2m,-m,,
=201519u+2.01796u-4.00281u=0.03034 u
since 1u=1.66x10"kg
Am=0.03034ux 1.66x 10" kgu'=5.03x 107kg
Thus B.E.=Am¢’'=5.03x10"kgx9x 10" m’s”
45x1074)
1610 J(eV)"

This means that when two protons and two neutrons fuse
together to make hellum nucleus, if an amount of 28.2 MeV
energy is given to the helium nucleus then it breaks up into
two protons and two neutrons. From this, we conclude that
1u = 1.6606 x 10™ kg = 931 MeV
In this way we can calculate binding energy of every element.
Shown in Fig. 21.4 is a graph between binding energy per
nucleon and the mass number of different elements. This
graph shows that the binding energy per nucleon increases
w0

=45x10% = =2.82x10"eV= 282 MeV

MaV

N

Bndd@ng enargy per nuckeon,
£

Nucieon number, A

T 225

Fig. 214



with the mass number till it reaches a maximum value of 8.8
MeV at mass number 58 and then it gradually decreases toa
value of 7.6 MeV at mass number 238. The binding energy
per nucleon is maximum for iron. This shows that of all the
elements iron is the most stable element. Later in this chapter
it will be shown with the help of graph of Fig. 21.4 that when
heavy element breaks into lighter elements or the lighter
olemmsareh:sodto!omtwemebmemthenalarge
amountof energy can be obtained.

Ithas been observed that those elements whose charge
number Z is greater than 82 are unstable. Some
invisible radiations, that can affect the photographic
plates emanate out of these elements. Such elements
are called radioactive and the phenomenon is called
radioactivity. The radiations coming out of the
radioactive elements are called alpha (a), beta (B), and
gamma (y) radiation. Radioactivity was discovered by
Henri Becquerel in 1896. He found that an ore
containing uranium (Z = 92) emits an invisible radiation
that penetrates through a black paper wrapping a
photographic plate and affects the plate. After
Becquerel's discovery Marie Curie and Pierre Curie
discovered two new radioactive elements that they
called polonium and radium.

The analysis of the radiations emanating out of a radioactive
material can be carried out by a simple experiment. The
radioactive material is placed at the centre of a block of lead:
by drilling a hole in the block. Radioactive radiations enter a
vacuum chamber after emerging out of this hole. After
passing between the two paraliel plates the radiations strike
a photographic plate. These radiations, instead of impinging
at one point, fall at three different points due to the potential
difference between the plates (Fig. 21.5).

From this experiment it can be concluded that all radiations
from the radioactive material are not alike. The radiation that
bends towards the negalive plate is made up of positively
charged particles. These are called a-particles. Those
radiations that bend towards the positive plate are composed
of negatively charged particles. These are called fi-particles.
Those radiations that go straight without bending have no
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Further experiments reveal that a-particles are helium nuclei.
The charge on them is +2e while their mass is 4u (atomic
mass unit) that is every a-particle has two protons and two
neutrons in it. f-particles are in fact fast moving electrons
which come out of the nucieus of a radioactive element. y-rays
like X-rays, are electromagnetic waves which issue out of the
nucleus of a radioactive element. The wavelength of these
rays is much shorter, compared with the wavelength of X-rays.

Nuclear Transmutation

Radioactivity is purely a nuclear phenomenon. This is not
affected by any physical or chemical reaction. Whenever any
particle / radiation is emitted out of any radioactive element, it
is always accompanied by some changes in the nucleus of
the element. Therefore, this element changes into a new
element. This phenomenon is called radioactive decay. The
element formed due to this change is called daughter
element. The original element is called the parent element.
During the nuclear changes the laws of conservation of
mass, energy, momentum and charge remain applicable.

We know that three types of radiations a-particle, [i-particle
and y-rays are emitted by the naturally occurring radioactive
elements. When a-particle is emitted out of any nucleus then
due lo law of conservation of matter, the mass number of the
nucleus decreases by 4, and due to law of conservation of
charge, the charge of the nucleus decreases by a magnitude

of 2ei.e., the charge number of the nucleus decreases by 2. It [LIRE

is due to the fact that the mass number and charge number of g

the emilted particle « is 4 and 2 respectively. The emission of 8

the a-particle is represented by the following equation .
3)( — ;‘2\' + ;He

Here X represents the parent and Y the daughter element.

To explain the emission of a-particles we take the example of
radium“; Ra. The emission of an a-particle from radium 226,
results in the formation of radon gas%Rn. This change is
represented by the following equation

2Ra ——» ZRn+ jHe
It may be remembered that the sum of the mass numbers
and the charge numbers on both sides of the
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equation are equal. When a f-particle is emitted out of any
nucleus, then its mass number does not undergo any change
but its charge number increases by one. The emission of a
f-particle from any element X is represented by the following
equation

X —— AV 4 %o

Negative (-particle is an electron and its emission from the
nucleus becomes an incomprehensible enigma, as there is
no electron present in the nucleus. However, the emission of

' electron from the nucieus can be thought of as a neutron
on  emitting an electron and becoming a proton, aithough the
© modern explanation is not that simple.

This means thal the B-particle is formed at the time of
emission. That is why at the time of emission of a
j-particle the charge number of the nucleus increases by one
but no change in its mass number takes place as the mass of
electron is exceedingly small as compared to the mass of a
proton or a neutron, The transformation of an electron at the
moment of its emission is given below by an equation
on —— !H 4 ,8
ll has been obsarved that thorium Th is transformed

,nto protaclimum Pa after the emission of B-particle
A he following equatlon represems this reaction
BeTh-—— 'Pa+

Wmarmdmmssuesmtdmumsmmmm
number Z not the mass number A of the nucleus undergoes any
change. Itis due to the fact that a y-radiation is simply a photon
that has neither any charge nor any mass. Its emission from the
nucleus has some resemblance with the emission of a photon
of light from an atom. We know that when any electron of an
atom absorbs energy it jumps from the ground state to a higher
energy state and the atom becomes excited. YWhen the electron
of this excited atom retums to its ground state then it emits the
absorbed energy in the form of a photon. In much the same way
the nucleus is sometimes excited to a higher state following the
emission of « or -particle. This excited state of the nucleus is
unstable slate, in coming back to its ground state from the
excited state, y-radiation is emitted.

The emission of y-radiation from a nudeus is generally
represented by this equation
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24X —— 4X+y radiation

Here X represents an excited nucleus while 5 X shows
ground state of the nucieus,

We have seen that whenever an a or fi-particle is emitted
from a radioactive element, it is transformed into some other
element. This radioactive decay process is quite random and
is not subjected lo any symmetry. This means that we cannot
foretell about any particular atom as to when will it decay. It -
could decay immediately or it may remain unchanged for
millions of year. Thus we cannot say anything about the life of
any particular atom of a radioactive element.

Let us take the example of a city with a population of one
million and we know that on the average ten person die every
day. Even with this knowledge we cannol say with certainty
that which particular person will die on which particular day.
We can only say that on the whole ten person will die. The
greater the population of the city, the greater the accuracy of
such predictions. Like the population of a city, it is not
possible to talk about an atom of a radioactive element. For
more accurate result we always talk about large groups of
atoms and laws of statistics are applied upon them. Let us
suppose that we bring a group of 100,000 atoms under
consideration and wait till such time that half of these i.e.,
50,000 decay into their daughter element. This time is called
the halfdife T, of this element. If the half-life of the said
element be one day, then after one day only 25,000 atoms
will remain behind and after two days 12,500 atoms will
remain behind. That is with the passage of every one day, the
number of aloms remaining behind becomes half of the
number already present. This example provides us the
definmonofhalf Irfaofaradvoactmmtie

o B A

Besides getting the deﬁniuon of hatf-llfe we can deduce two
other conclusions from this example. These are, firstly no
radioactive element can completely decay. Il is due to the
reason that in any half-life period only half of the nuclel decay
and in this way an infinite time is required for all the atoms to
decay.
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Secondly, the number of atoms decaying in a particular
period is proportional to the number of atoms present in the
beginning of the period. If the number of atoms to start with is
large then a large number of atoms will decay in this period
and if the number of atoms present in the beginning is small
then less atoms will decay.

We can represent these results with an equation. If at any
particular time the number of radioactive atoms be N, then in
an interval Af, the number of decaying atom, AN is proportional
to the time interval Af and the number of atoms N, i.e.,

AN = -NAt

g R S AR
where & is the constant of proportionality and is called decay
constant. Eq. 21.8 shows that if the decay constant of any
element is large then in a particular interval more of its atoms
will decay and if the constant & is small then in that very
interval less number of atoms will decay. From Eq. 21.8 we
candefine decay constant 2 as given below

Al

o (218)

X k'

A=——LD
At
here AN / N is the fraction of the decaying atoms. Thus decay
constant of any element is equal to the fraction of the
decaying atoms per unit time. The unit of the decay constant
is s, The negative signin the Eq. 21.8 indicates the decrease
inthe number of atoms N.

The decay ability of any radioactive element can be shown by
agraphic method also.

We know that every radioactive element decay at a particular
rate with time. If we draw a graph between number of atoms in
the sample of the radioactive element present at different times
and the time then a curve as shown in Fig. 21.6 will be
obtained. This graph shows that in the beginning the number of
atoms present in the sample of the radioactive elementwas N,,
with the passage of time the number of these atoms decreased
due to their decay. This graph is called decay curve.

After a period of one half-life N, / 2 number of atoms of this
radioactive element are left behind. f wo wait further for
another half-period then half of the remaining N, / 2 atoms
decay,and 1/2xN,/2=(1/2) N, atoms remain behind. After
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the expiry of further period of a half-life, half of the remaining
{1172y N, atoms decay. The number of atoms that remain un-
decayedis 1/2x(1/2)°'N,=(1/2)'N,. We can conclude from
this example that if we have N, number of any radioactive
element then after a period of n half-ives the number of
atoms leftbehindis (1/2)'N,.

It has been found that the estimate of decay of every
radioactive element is according to the graph of Fig.21.6 but
the half-life of every radioactive element is different. For
example the half-life of uranium-238 is 4.5 x 10° years while
the half-life of radium-226 is 1620 years. The half-life of some
radio active elements is very small, for example, the half-life
of radon gas is 3.8 days and that of uranium-239 is 23.5
minutes.

From the above discussion itis found that the estimate of any
radioactive element can be made from its half-life or by
determining its decay constant 4. It can be proved with the
help of calculus that the following relations exist between the
decay constant A and the half-life T,

T AT=0888 e (219)

Eq 21. Qshowslhallfmedacayoonmmlolanymdaoacuvo
element is known, its half-life can be found.

Any slable element, besides the naturally occurring
radioactive element, can be made radioactive. For this very
high energy particles are bombarded on the stable element.
This bombardment excites the nuclei and the nuclei after
becoming unstable become radioactive element. Such
radioactive elements are called artificial mdioaclive
elements.

Example 21.2: lodine-131 is an artificial radioactive
isotope. It is used for the treatment of human thyroid gland.
Its half-life is 8 days. In the drug store of a hospital 20 mg of

iodine-131 is present. It was received from the laboratory 48 -

dlyt@.ﬂ\dﬂ\&Mdhﬂ'ﬂ-iS! Inmhuplllldlu
this period.

Solution” ;

Asumf-mumusdm mmnsmham
ummmmhmmhuma
iodine present after every 8 days.
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Intervalin | Quantity of | Intervalin | Quantity of
days lodine days lodine
0 20 mg 32 1.25 mg
8 ~ 10mg 40 . 0.625mg
16 5mg 48 0.3125mg
24 25mg

Thus 48 days after the receipt, the amount of iodine-131 feft
‘behindis only 0.3125 mg.

An a-particle travels a well defined 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. The ionization may be due to direct
elastic collisions or through electrostatic attraction. lonization
is the main interaction with matter to detect the particle or o
measure its energy. The range depends on the

i charge, mass and energy of the particle and
ii. the density of the medium and ionization potentials
of the atoms of the 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

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 halium atom.

-particles also lose energy by producing lonization, However,
its ionizing ability is about 100 times less than that of a-
particles. As a result its range is about 100 times more than a-
particies. [-particles are more easily defiected by collisions
than heavy a-particles. Thus the path of -particles in matteris
not straight but shows much straggling or scattering. The
range of f-parficles is measured by the effective depth of
penetration into the medium not by the length of erratic path.
The more dense the material through which the particle
moves, the shorter its range will be.
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a and fi-particles both radiate energy as X-ray photons when
they are slowed by the electric field of the charged particles in
a solid material.

Photons of y-rays, being uncharged, cause very little
ionization. Photons are removed from a beam by either
scattering or absorption in the medium, They interact with
matter in three distinct ways, depending mainly on their
energy.

0] At low energies (less than about 0.5 MeV), the
dominant process that removes photons from a beam
is the photoelectric effect.

- (i) Al intermediate energies, the dominant pmooss is
Compton scattering.

(iliy Al higher energies (more than 1.02 MeV), the
dominant process is pair production.

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

where u is the linear absorption coefficient of the medium.
This coefficient depends on the energy of the photon as well
as on the properties of the medium.

Charged particles a or § and y-radiation produce fluorescence
or glow on striking some substance like zinc sulphide, sodium
iodideorbamxnpla&m\ideeoatedm -

O A

..m mnyhunvhﬂo
mﬂ romagnetic

Neutrons, bemgneutralparﬁdes are extromory panelrating
particles. To be stopped or slowed, a neutron must undergo a
direct collision with a nucleus or some other particle that has
a mass comparable to that of the neutron. Materials such as
water or plastic, which contain more low-mass nuciel per unit
volume, are used to stop neutrons. Neutrons produce a little
indirect ionization when they interact with materials
containing hydrogen atoms and knock out protons.
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Nuclear radiations cannol be detected by our senses, hence,
we use some observable delecting methods employing the
interaction of radiation with matter. Most detectors of
radiation make use of the fact that ionization is produced
along the path of the particle. These detectors include Wilson
cloud chamber, Geiger counter and solid state detectors.

Wilson Cloud Chamber

It is a device which shows the visible path of an ionizing
particle. It makes use of the fact that supersaturated vapours
condense preferentially on ions. If an lonizing particle passes
through a region in which cloud droplets are about to form, the
droplets will form first along the particie’s path, showing the
path as a trail of droplets. The apparatus consists of a
cyfindrical glass chamber closed at the upper end by a

window and at the lower end by a movable piston (Fig. 21.7). A
black felt pad soaked in alcohol is placed on a metal plate
inside the chamber. The air soon becomes saturated with
alcohol vapours. A rapid expansion is produced by pulling
quickly the piston of the bicycle pump having the leather
washer reversed so that it removes air. The sudden cooling
resulled from adiabatic expansion helps to form
supersaturated vapours. As radiation passes through the
chamber, ions are produced along the path. The tiny droplets
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of moisture condense about these jons and form vapour tracks.
showing the path of the radiation. These are the atomic versions
of the ice crystals left in the sky by a jet plane when suitable
conditions exist. The fog tracks are illuminated with a lamp and
may be seen or pholographed through the glass window.

The u-particles leave thick, straight and continuous tracks
due to intense ionization produced by them as shown in
Fig. 21.8 (a), p-particles form thin and discontinuous tracks
extending in erratic manner showing frequent deflections
(Fig. 21.8 b) and y-rays leave no definite tracks along their
path (Fig. 21.8 c). The length of the cloud tracks has been
found to the energy of the incident particle. A
high potential difference of the order of 1 kV between the top
and bottom of the chamber provides an electric field which
clears away all the unwanted ions from the chamber to make
it ready for use. The tracks seen are, therefore, those of rays
that pass the chamber as the expansion occurs.

The chamber may be placed in a strong magnetic field
which will bend the paths providing information about the
charge, mass and energy of the radiating particle. In this
way, it has helped in the discovery of many new particles.

Geiger-Muller Counter

Geiger-Muller tube is a well-known radiation detector
(Fig. 21.9 a). The discharge in the tube results from the
ionization produced by the incident radiation. It consists
of a stiff central wire acting as an anode in a hollow metal
cylinder acling as a cathode filled with a suitable mixture

of gas at about 0.1 atmospheric pressure. One end of the s

tube has a thin mica window to allow the entry of a or ¢

f-particles and other end is sealed by non-conducting
material and carries the connecting pins for the two
electrodes. A high potential difference, (about 400 V for
neon - bromine filled tubeanbut slightly less than that

Radiason

Fig. 219 (a) Geiger ~ Muller Tube




{6) GM. Tube with scaler unt
Fig. 1.8

necessary to produce discharge through the gas is
maintained between the electrodes. When radiation
enters the tube, ionization is produced. The free
electrons are attracted towards the positively charged
central wire. As they are accelerated towards the wire
by a strong electric field, they collide with other
molecules of the gas and knock out more electrons
which in tum do the same and produce a cascade of
electrons that move towards the central wire. This
makes a short pulse of electric current to pass through
an external resistor. It is amplified and registered
electronically. The counter, which also provides the
power, is called a scaler.

The cascade of electrons produced by the entry of an
lonizing particle is counted as a single pulse of approximately
of the same size whatever the energy or path of the particle
maybe. It cannot, thus, discriminate between the energies of
the incident.-particle as output pulses are same. The entire
electron pulse takes less than 1u s. However, positive ions,
being very massive than the electrons, take several hundred
times as long to reach the outer cathode. During this time,
called the dead time ("10" s) of the counter, further incoming
particles cannot be counted. When positive ions sirike the
cathode, secondary electrons are emitted from the surface.
These electrons would be accelerated to give further
spurious counts. This is prevented by mixing a small amount
of quenching gas with the principal gas.

The quenching gas must have an ionization potential lower
than that of inert or principal gas. Thus, the ions of quenching
gas reach the cathode before principal gas ions. When they
reach near the cathode, they capture electrons and become
neutral molecules. Following neutralization, the excess
energy of the quenching molecules is dissipated in
dissociation of the molecules rather than in the release of
electrons from the cathode. For example, bromine gas is
added to neon gas. The bromine molecules absorb energy
from the ions or secondary electrons and dissociate into
bromine atoms, The atoms then readily recombine into
molecules again for the next pulse. The gas quenching is
called self quenching. Aithough all commercial Geiger tubes
are self quenched, it is common practice to use electronic
quenching in addition. For this purpose, a large negative
voltage is applied to the anode immediately after recording
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the output pulse. This reduces the electric field bleow the
critical value for ionization by collision. The negative
remains until all the positive ions are collected at

thus preventing pulses.

Geiger counter can be used to determine the or
penetration power of ionizing particles. The reduction in the
count rate by inserting metal plates of varying thickness

between the source and the tube helps lo estimate the

penetration power of the incident radiation.

Geiger counter is nol suitable for fast counting. It is because
of its relatively long "dead time" of the order of more than a
milisecondu‘ﬂchlmitslheoounﬁng rate to a few hundred
counts per second. If particies are incident on the tube at a
faster rate, not all of them will be counted since some will
arrive during the dead time. Solid state detectors are fast
enough, more efficient and accurate.

Solid State Detector

A solid state detector is a specially designed p-n Junction

external circuit. The combined thickness of
n-type and gold layer absorbs 5o less energy of the incident
particle that the junction may be assumed o be situated at

the front surface. This is known as the surface barrier type
detector. A reverse bias is applied through the two
conducling layers of gold. This free

.

region around the junction
no current flows through the
penetrates through the
electron-hole pairs. These i carriers
towards the respective sides due to applied electric
gives rise to a current in the external circuit due to which

1
i
i
|
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i
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pulse of vol is generated across the resistance R. This
pulse is amplified and registered by a scaler unit. The size of
the pulse is found proportional to the energy absorbed of the

incident particle. The energy needed to produce an electron-
hole pair is about 3 8V to 4 eV which makes the device useful
for delecting low energy particles. The collection time of
electrons and holes is much less than gas filled counters and
hence a solid state detector can muntvmfas‘l.ltismch
smaller in size than any other detector and operates at low
voltage. The above mentioned type detector is used for
datecting a or fi-particles but a specially designed device
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can be used for y-rays.

While studying radioactivity, we have seen that an a
particle is emitted from radium-226 and radon-222 is
obtained. This nuclear change is represented by the
following equation

”'“Ra —_— ’?;Rn + ;HG

Such an equation represents a nuclear reaction. Above
mentioned nuclear reaction takes place on its own accord.
However, it was Rutherford who, first of all, expressed his
opinion that besides natural radioactive decay processes,
other nuclear reactions can also occur. A particle x is
bombarded on any nucleus X and this process yield a
nucleus Y and a light object y as given below

X+x —» Yy

Rutherford performed an experiment on the nuclear reaction
in 1918. He bombarded a-particles on nitrogen. He observed
that as a result of this reaction, oxygen is obtained and a
proton is emitted. Thatis

"IN+ jHe — O + H

This reaction indicated that when a-particle enters the
mdemol‘;N,Mnanexdm&onisptmminiLMdass
result of @ 3O and a proton are produced. Since the
experiment of Rutherford, innumerable nuclear reactions
have been observed. For nuclear reactions to take place,the

fulfillment of certain conditions is a must.

' Before and after any nuclear reaction the number of protons

and neutrons must remain the same because protons and
neutrons can neither be destroyed nor can they be created.
We elaborate this point from the example of Rutherford's
nuclear reaction of ‘3N andiHe, here
YN+ 3He —— 1O+ |H

Numberofprotons =7+2=8+1
Numberofneutrons=7+2=9+0

A nudlear reaction can take place only when the total energy of
the reactants including the rest mass energy is equal to the



Massof ¥N =14.0031u
Massof ;He =4.0026 u
Total mass of the reactants = 18.0057 u
In the same way the mass of the products is
Massof ']O=16.9991u
Massof |H =1.0078u
Total mass of the products after the reaction = 18.0069 u

This shows that the total mass after the reaction is greater
than the total mass before the reaction by 0.0012 u. We know
that a 1u mass = 931 MeV energy, therefore,a mass
difference of 0.0012u is equivalent to an energy of
931 MeV x 0.0012 u = 1.13 MeV. Hence this reaction is
possible only when an additional mass of 0.0012 u is added
into the reactants or the minimum kinetic energy of the a-
particleis 1.13MeV suchas obtained from?}{Po.The energy
of these a-particles is equal to 7.7 MeV which is greater than
1.13 MeV. Had these a-particles been obtained from a
source that give out a-particles whose energy was less than
1.13 MeV then this reaction would not have taken place.

From the conditions described above we can tell whether any
nuclear reaction is possible or not. There is an interesting
aspect in a nuclear reaction that it can take piace in the
opposite direction also. We know that '; O is obtained by the
interaction';N with an a-particle of appropriate energy. If we
accelerate protons, with the help of a machine like cyclotron,
and increase their velocity and then bombard these high
velocity protons on ', O, Rutherford's nuclear reaction of ";N
and a-particle will proceed in the backward direction as
10+ H—— "N+ 3He

By bombarding different elements with a-particles, protons
and neutrons, many nuclear reactions have been produced.
Now we describe one such nuclear reaction with the help of
which James Chadwick discovered neutron in 1932. When
iBe was bombarded with a-particies emitted out of “3Po,
then as a result of a nuclear reaction,'2C and a neutron were
obtained. This reaction is shown below with an equation

iBe+ He—— "2C4 on
As neutron camies no charge, therefore, it presented
a oreal amount of difficulty for its identification. Anyhow

239



e

when neutrons were passed through a block of paraffin, fast
moving protons were ejected out and these were easily
identified. It may be remembered that a large amount of
hydrogen is present in paraffin and the nuclei of hydrogen
Prolons atoms are prolons. The emission of protons is the
O  consequence of elastic collisions between the neutrons and
the protons. This indicates that the mass of neutron is equal
O—* o the mass of the proton. It may be remembered that when
an object of certain mass collides with another object of equal
O—+ mass at rest, then as a result of elastic collision, the moving
- object comes to rest and the stationary object begins to move
Be Paraffin with the velocity of the colliding object. The discovery of
Fig. 2141 neutron has brought in a revolution in nuclear reactions, as
the neutrons carry no charge so they can easily enter the
nucleus. Fig. 21.11 shows the arrangement of Chadwick's
experiment for the discovery of neutron.

Otto Hahn and Fritz Strassmann of Germany while working
upon the nuclear reactions made a startling discovery. They
observed that when slow moving neutrons are bombarded
on’33U, then as a result of the nuclear reaction's/Ba, S Kr and
an average of three neutrons are obtained. It may be
remembered that the mass of both krypton and barium is less
than that of the mass of uranium. This nuclear reaction was
different from hither to studied other nuclear reactions, in two
ways. First as a result of the breakage of the uranium
nucleus, two nuclei of almost equal size are oblained,
whereas in the other nuclear reactions the difference
between the masses of the reactants and the products was
not large. Secondly a very large amount of energy is given
outin this reaction.

Fission reaction of “33U can be represented by the equation
RU+n —— 'UBa+ 3Kr+3;n+Q

here Q is the energy given out in this reaction. By

comparing the total energy on the left side of the

equation with total energy on the right side, we find that
in the fission of one uranium nucleus about 200 MeV
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energy is given out. It may be keptin mind that there is no
difference between the sum of the mass and the charge
numbers on both sides of the equation. Fission reaction I
is shown in Fig. 21.12 (a) and (b). Fission reaction can /
be easily explained with the help of graph of Fig. 21.4. &

This graph shows that the binding energy per nucleonis —o—*

greatest for the middle elements of the periodic table and %\o\

this binding energy per nucleon is a little less for the light
or very heavy elements i.e., the nucleons in the light or (a)
very heavy elements are not so rigidly bound. For
example the binding energy per nucleon for uranium is

n
®] Compound o
. nucleus

Fig. 2442 Process of Flssion reaction

about 7.7 MeV and the products of the fission reaction of
uranium, namely barium and krypton, have binding
energy of about 8.5 MeV per nucleon. Thus when a
uranium nucleus breaks up, as a result of fission reaction,
into barium and krypton, then an energy at the rate of
(8.5-7.6)=0.9 MeV per nucleon is given out. This means
that an energy 235 x 0.9 = 211.5 MeV is given out in the
fission of one uranium nucleus.

The fission process of uranium does nol always produce the
same fragments (Ba, Kr). In fact any of the two nuclei present
in the upper horizontal part of binding energy could be
produced. Two possible fission reactions of uranium are given
below as an example:

U+ In —— 'BSn+PMo+3 n+Q
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~ 2U+ dn — PXe+ USr+2 {0+ Q
- Hminmouranlumﬂwonmomseveralpmaummy

5 y/eé be produced. All of these products (fragments) are

radioactive. Fission reaction is not confined to uranium alone;
it is possible in many other heavy elements. However, it has
ﬁ. been observed that fission takes place very easily with the
Fig. 2113

slow neutrons in uranium-235 and plutonium-239, and mostly
these two are used for fission purposes.

Fission Chain Reaction

We have observed that during fission reaction, a nucleus of
uranium-235 absorbs a neutron and breaks into two nuclei of
almost equal masses besides emitting two or three neutrons.
By properly using these neutrons fission reaction can be
produced in more uranium atoms such that a fission reaction
can continuously maintain itseif. This process is called
ﬁss-nnchainremn Suppose thal we have a definite
amount of 35U and a slow neutron originating from any
source produces fission reaction in one atom of uranium. Out
of this reaction about three neutrons are emitted. If
conditions are appropriate these neutrons produce fission in
some more atoms of uranium. In this way this process
rapidly proceeds and in an infinitesimal small time a large
amount of energy along with huge explosion is produced.
Fig.21.13 s the representation of fission chain reaction.

It is possible to produce such conditions in which only one
neutron, out of all the neutrons created in one fission reaction,
becomes the cause of further fission reaction. The other
neutrons either escape out or are absorbed in any other
medium except uranium. In this case the fission chain
reaction proceeds with its initial speed. To understand these
conditions carefully look at Fig. 21. 14 In Fig. 21.14 (a) a
fission reaction in a thin sheet of 33U is shown to be in
progress. The resulting neutrons scatter in the air and so they
cannot produce any fission chain reaction. Fig. 21.14 (b)
shows some favourable conditions for chain reaction. Some
of the neutrons produced in the first fission reaction produce
“ uﬂymmmﬂssionreaeﬁonbtdhereahomdwhmadim
= is produced. In Fig. 21.14 (c) a sphere of 23U is shown. Ifthe
Fig 21.14 sphere is sufficiently big, menmolm%mmnspmducad

by the fission reaction get absorbed in “;U  before they
mpomnofmewhmandpmducod\ainreadhn Sucha
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mass of uranium in which one neutron, out of all the neutrons
produced in one fission reaction, produces further fission is
called critical mass. The volume of this mass of uranium is
called critical volume.

_If the mass of uranium is much greater than the critical
mass, then the chain reaction proceeds at a rapid speed
and a huge explosion is produced. Atom bomb works at
this principle. If the mass of uranium is less than the
critical mass, the chain reaction does not proceed. If
the mass of uranium is equal to the critical mass, the
chain reaction proceeds at its initial speed and in this
way we get a source of energy. Energy, in an atomic
reactor, is obtained according to this principle. The
chain reaction is not allowed to run wild, as in an atomic
bomb but is controlled by a series of rods, usually made
of cadmium, that are inserted into the reactor. Cadmium
is an element that is capable of absorbing a large
number of neutrons without becoming unstable or
radioactive. Hence, when the cadmium control rods are
inserted into the reactor, they absorb neutrcns to cut
down on the number of neutrons that are available for
the fission process. In this way the fission reaction is
controlied.

Nuclear Reactor

In a nuclear power station the reactor plays the same part
as does furnace in a thermal power station. In a furnace,
coal or oil is burnt to produce heat, while in a reactor fission
reaction produces heal. When fission takes place in the
atom of uranium or any other heavy atom, then an energy at
the rate of 200 MeV per nucleus is produced. This anergy
appears in the form of kinetic energy of the fission
fragments. These fast moving fragments besides colliding
with one another also collide with the uranium atoms. In this
way their kinetic energy gets transformed in heat energy.
This heat is used to produce steam which in tumn rotates the
turbine. Turbine rotates the generator which produces
electricity. A sketch of a nuclear power station is shown in
Fig.21.15.
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Fig. 21.15

Amadorusqallyhasfourimportantpads. These are:

1. * Themostimportant and vital part of a reactor is called
core. Here the fuel is kept in the shape of cylindrical
tubes. Reactor fuels are of various types. Uranium
was used as fuel in the elementary reactors. In this
fuel the quantity of “3U s increased from 2 to 4
ggmoru. It may be remembered that the quantity of

w2V in the naturally occurring uranium is only 0.7
percent. Now-a-days plutonium-239 and uranium-
233 are also being used as fuel.

2 The fuel rods are placed in a substance of small
atomic weight, such as water, heavy water, carbon or
hydrocarbon etc. These substances are called
moderators. The function of these moderators is to
slow down the speed of the neutrons produced
during the fission process and to direct them towards
the fuel. Heavy water, it may be remembered, is
made of 3H , a heavy isotope of hydrogen instead of
IH. The neutrons produced in the fission reaction are
very fast and energetic and are not suitable for
producing fission in reactor fuel like %3U or i Puelc.
For this purpose slow neutrons are more useful. To
achieve this, moderalors are used.

3 Besides moderator there is an arrangement for the
control of number of neutrons, so that of all the
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turbine which in turn rotates the generator to produce
electricity. The temperature of the steam coming out
of the turbine is about 300 °C. This is further cooled to

nuclear power plant (KANUP), heavy waeer is behg
used as a moderator and for the transportation of
heat also from the reaclor core to heat

heavy water is used. Toooolstaamoonﬂngunofmo
turbine, sea water is being used.

The nuclear fuel once used for charging the reactor can keep
on operation continuously for a few months. There after the
fissile material begins to decrease. Now the used fuel is
removed and fresh fuel Is fed instead. In the used up fuel
lntuualyradbawvosubﬂanmmnm The half-life of

these radioactive remnant materials is many thousand years.
The radiations and the particles emitted out of this nuclear
wasle s very injurious and harmful to the living things.
Unfortunately there is no proper arrangement of the disposal
of the nuclear waste. This cannot be dumped into oceans or
left in any place where they will contaminate the
environment, such as through the soil or the air. They must
not be allowed to get into the drinking water. The best place
so far found to store these wastes is in the bottom of old salt
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mines, which are very dry and are thousands of metres below
the surface of the Earth, Here they can remain and decay
without poliuting the environment.

“Typos of Reactors

Do You Know?

Com omy
50=0"
J2sma
':moo"o.n'_

,ﬂuam

An iﬁn nuclenr resction in
which U is transmuted into
the unuunlum elemant
phonium “ Pu.

used more effectively.

There are two main types of nuclear reactors. These are:
(1) Thermal reactors (i) Fastreaclors

The thermal reactors are called “thermal” because the
neutrons must be slowed down o “thermal energies® to
produce further fission. They use natural uranium or slightly
enriched uranium as fuel. Enriched uranium contains a
greater percentage of U-235 than natural uranium does.
There are several designs of thermal reactors. Pressurized
water reactors (PWR) are the most widely used reactors in
the worid. In this type of reactors, the water is prevented from
bolling, being kept under high pressure. This hot water is
used lo boll another circuit of water which produces steam for
turbine rotation of electricity generators.

Fast reactors are designed to make use of U-238, which is’
about 99% content of natural uranium. Each U-238 nucleus
absorbs a fast neutron and changes to plutonium-239.

Byain —— WNp+ P

WNp —— iPu + B
Plutonium can be fissioned 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 uranium-238.

Neutrons that escape from the core interact with uranium-
238 in the blanket, producing thereby plutonium-239. Thus
more plutonium fuel is bred in this way and natural uranium is

We know that the energy given out per nucleon per fission of
heavy element like that of uranium is 0.9 MeV. Itis due to the
fact that the binding energy per nucieon of the fission
fragments is greater than uranium. In fact energy is obtained
from any nuclear reaction in which the binding energy per
nucleon of the products increases. Is there any other reaction
besides the fission reaction from which energy could be
obtained? In order to answer this question we must ponder
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over Fig.21.4 again. This graph shows that the binding energy
per nucleon increases upto A = 50, Hence when two light
nuclei merge together to form a heavy nucleus whose mass
number A is less than 50, then energy is given out. In section
on "Mass Defect and Binding Energy” we have observed that
when two protons and two neutrons merge to form a helium
nucleus, menaboutzaMaVenetgyisgNonom.

mmammmmuwmmw
energy is given out. In a fusion reaction, more energy per
nucleon can be obtained as compared to the fission reaction.
But unfortunately it is comparatively more difficult to produce
fusion. Two positively charged light nuclei must be brought
very close to one another. To do so work has to be done
against the electrostatic force of repulsion between the
positively charged nuclei. Thus a very large amount of
energy is required to produce fusion reaction. Itis true thata
greater amount of energy can be oblained during a fusion
reaction compared to that produced during a fission reaction,
but in order to start this reaction a very large amount of
energy is spent. On the contrary no difficulty is faced to start
the fission reaction because neutron has no charge on it and
it has to face no repulsive force while reaching the nucleus.

Let us now take the example of a fusion reaction when two
deuterons are merged to form a helium nucleus, 24 MeV
energy is released during this processi.e.,

2H+ 2H—— $He+ 24 MeV
But there is a very little. chance of the formation of ;He

nucleus by the merger of two deuterons. The probability of
occurring such a reaction is great where one proton or one

neutron is produced as given below:
H+3H — 3H + H+4.0MeV
or iH+3H —— IHe+ Jn+3.3MeV

lnbotholthmmachonsabom10MOVenorgypermcloon
is produced wmch is equal to the energy produced during
fission. If Hand 3H are forced to fuse then 17.6 MeV energy
isobtmnedie

iH+ JH —— ZHe+ Jn+17.6MeV
We know that for fusion of two fight nuclei the work has to be
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Unra viclet radiations cause
(1) Sunbum, bilndness and slin

cancer

() Severe crop damage

() decay of micro-organisms
(iv) disrupt the ocean ecosysiem

done to overcome the repuisive force which exists between
them. For this the two nuclei are hurled lowards one another
at a very high speed. One method to do so is to give these
nuclel a very large velocity with the help of an accelerator.
This method has been used in the research study of nuclear
fusion of 24 and 3H . But this method of nuclear fusion for
getting energy cannot be used on a large scale.

There is another method to produce fusion reaction .It is
based upon the principle that the speed of atoms of a
substance increases with the increase in the temperature of
that substance. To start a fusion reaction the temperature at
which the required speed of the light nuclel can be obtained is
about 10 million degrees celsius. At such extraordinarily high
temperature the reaction that takes place is called thermo-
nuclear reaction. Ordinarily such a high temperature cannot
be achieved. However during the explosion of am atom
bomb this temperature can be had for a very short time.
Until now the fusion reaction is taking place only in a

bomb. That extraordinary high temperalure is
obtained during the explosion of an atom bomb, due to this
high temperature the fusion reaction between 3H and }H sets
in. In this way a very large amount of energy is given out with
the explosion.

A very large amount of energy can be had from a fusion
reaction, but till now this reaction has not been brought under
control like a fission reaction and so is not being used to
produce electricity. Efforts are in full swing in this field and itis
hoped that in near future some method would be found to
control this reaction as well.

Nuclear Reaction inthe Sun

The Sun'is composed primarily of hydrogen. It has a little
amount of helium and a slight amount of other heavy
elements. Atremendous amount of energy keeps issuing out
of it continuously at all times. The lemperature of its core is
about 20 million degrees celsius and its surface temperature
is about 8000 degrees celsius. Its energy is due to fusion
reaction called p-p reaction. During this process two
hydrogen nuclei or two protons fuse to from deuteron. This
reaction takes place as

H+ H » ?H+ 5%e +Energy

With the fusion reaction of deuteron with proton, 3ye an
isotope of helium is formed i.e.,
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’H+ H —— 3He+y+Energy

in the last stage the two nuclei of }Hereact in the followir\g
manner:

JHe+ 3He ——» 3He+ H+ JH+Energy

In this reaction six protons take part and finally a helium
nucieus and two protons are formed. That is, the result of
different stages of this reaction is that four prolons have
formed one helium nucleus, It has been estimated that in this
p-p chain reaction, 25.7 MeV energy is given outi.e., 6.4 MeV
per nucleon energy is obtained which is much greater than
the energy given out per nucleon (1 MeV) during a fission
reachion.

When a Geiger tube is used in any experiment, it records
radiation even when a radioactive source is nowhere near il.
This is caused by radiation called background radiation. It is
partly due to cosmic radiation which comes to us from outer
space and partly from naturally occuming radioactive
substance 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
these radiations as well as ultraviolet rays. In recent past, the
depletion of ozone layer in the upper almosphere 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 atmosphera such
as chloroflourocarbons (CFC) used in refrigeration, aeroscl
spray and plastic foam industry. Its use is now being replaced
by environmentally friendly chemicals. Many building
materials contain small amounts of radicactive isotopes.
Radioactive radon 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 food also contain a little radioactive substance. The
most common are potassium-40 and carbon-14 isolopes.
Some radiation in the environment is added by human
activities. Medical practices, mostly diagnostic X-ray
probably contribute the major portion to it. Itis an unfortunate
fact that many X-ray exposures such as routine chest X-ray
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and dental X-ray are made for no strong reason and may do

more harm than good. Every X-rays exposure should have a

definite justification that outweighs the risk. The other
Sources of natural radkation sources include radioactive waste from nuclear facilities,

hospitals, research and industrial establishments, colour
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
exposure to radiation. However, the best advice is to avoid
unnecessary exposure to any kind of ionizing radiation.

- To study the effects of radiation, we need to define some of
Ratadon

the units of radiation. The strength of the radiation source is

Xoupe. 1 oo o e pes indicated by its activity measured in becquerel (Bq). One
o - paricies. of kess fan 30 kaV becquerel is one disintegration per second. A larger unit is

curie (Ci) which equals 3.7 x 10" disintegrations per second.
The effect of radiation on a body absorbing it relates to a
quantity called absorbed dose D defined as the energy £
absorbed from lonizing radiation per unit mass m of the
absorbing body. E

D==
m

i
i
:
¥ si:i: |

(21.10)
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Its Sl unit is gray (Gy) defined as one joule per kilogram.

1Gy=1Jkg"
An old unit is rad, an acronym for radiation absorbed dose.
) 1rad = 0.01 Gy :
Equal doses of different radiations do not produce same : ,_: -
biological effect. For the same absorbed dose, a-particies ush
are 20 times more damaging than X-rays. The effect also | Wesdng a rsdcacsve keminces | 30
depends on the part of the body absorbing the radiation. For E{FW“W. :
example, neutrons are particularly more damaging to eyes Mo o chest Xeay Ta0
manothefpadsofﬂ\e body. To aliow this, the absorbed dose Radaton #om 3 trick house pac 7
is multiplied by a quality factor known as relative biological | yes i .
effectiveness or RBE (Table 21.2). The equivalent dose D, of ll—-;g-':ﬂh 1000
any absorbed radiation is defined as the product of absorbed | Eumesperyesr |
doseand RBEdm?kindofrgdiaﬁqn being absorbed. _ wg.ﬂn-ﬁ 000
o B DX RBE s (?1;11) Tovioeldoud mcaeaby® rey
The SI unit of equivalent dose is sievert (Sv). e !E.;:.""",_F""
1Sv=1GyxRBE mu_u.zuu '-nul
An old unit, the rem is equal to 0.01 Sv. e
frem = 0.01 Sv dosegh ko P
The background radiation to which we are exposed, on the ™= >t
average, is 2 mSy per year. Doses of 3 Sv will cause radiation ™
bums to the skin. For workers in the nuclear facilities or
mines, a weekly dose of 1 mSv is normally considered safe 4 020 000 2o s 0 P ned
(Table21.3). i
The damage from a-particles is small unless the source
enters the body. o and f-particles can cause redness and  3000000/—
sores on the skin. Some other low level radiation effects are
loss of hair, ulceration, stiffening of the lungs, and a drop in - w"’m two
the white blood cells which is followed by a sickness pattern
of diarrhea, vomiting and fever known as radiation sickness 2000 000f—
(Fig. 21.16). High levels of radiation may disrupt the blood
cells seriously leading to diseases such as anaemia and R MpEE Y S N
leukaamia. Chromosome abnormalities or mutation may .
cause delayed genetic effects such as cancer, eye cataracls - 1000 000— fdiaton sickness
and abnormalities in the future generations. These may
develop many years after exposure to harmful radiation. =
Example 21.3: How much energy is absorbed by a man of o-

mass 80 kg who receives a lethal whole body equivalent

dose of 400 rem in the form of low energy neutrons for which a’m?lﬂﬂ:mnu

RBE factoris 10?
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R L |
r D,=400rem=400x0.01 Sv=4Sv D=7

UsingEq.21.4

"L--'—--
D= Ree o

Since 1 Gy is 1 J kg', hence lotal energy absorbed by the
wholebody=mD=80x0.4Gy=32J

,.— == Ihsaverysmallamountoiﬂmmalenergy()bvmlyma

e " damage done by ionizing radiation has nothing to do with
" — thermal energy. The harmful effects arise due to disruption of
'Film badge dosimeter ave used 1o the normal functions of the tissues in which itis absorbed.
- moniicr

i

mmm
m I | : : _

Radioisolopes of many elements can be made easily by
bombardment with neutrons and other particles. As such

isotopes have bacome available and are inexpensive, their
m,-nu”m use in medicine, agriculture, scientific research and
mwu-n: lnlarhnl-w industries has expanded tremendously.

ground waler and land eovironmen: Radioisotopes are used to find out what happens in many
_ complex chemical reactions and how they proceed. Similarly
in biclogy, they have helped in investigating into chemical
reactions that take place in plants and animals. By mixing a
small amount of radicactive isotope with fertilizer, we can
easily measure how .much fertilizer is taken up by a plant
For Your Information using radiation detector. From such measurements, farmers
know the proper amount of fertilizer to use. Through the use of
radiation-induced mutations, improved varieties of certain
s crops such as rice, chickpea, wheat and cotton have been
mx% l.m developed. They have improved plant structure. The plants
dangercus for about 1,92,000yesrs.. - have shown more resistance to diseases and pest, and give
better yield and grain quality. Radiation is also used to treat
cancers. Radioactive tracers and imaging devices have

helped in the understanding and diagnosis of many diseases.

Tracer Techniques

A radioaclive isotope behaves in just the same way as the
normal isotope inside a living organism. But the location and
concentration of a radicactive isotope can be determined
easily by measuring the radiation it emits. Thus, a radioactive
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isotope acts as an indicator or tracer that makes it possible to

mhgnantnmusandhagduﬂmmtostudymeuphkeoia
fertilizer by a plant. Fofexamplo ifa plant s given radioactive

parts of the plant, the path taken by the carbon atoms can be

Atomic Energy Commission

Medical Diagnostics and Therapy

Tracers are widely used in medicine to study the process of
digestion and the way chemical substances move about in
the body.

Some chemicals such as hydrogen and sodium present in

can serve as tracers. Small quantity of low
radiolsotope mixed with stable isolope is administered by
mjecﬂonorodwmisetoapat!mandilslocaﬁonindiaemd

person's thyrood gland is working properly. A diseased or
hyperactive gland absorbs more than twice the amount of
normal thyroid gland. A similar method can be used to study
the circulation of blood using radioactive isotope sodium-24.

Radiotherapy with 1-rays from cobalt-60 is often used in the
treatment of cancer. The y-rays are carefully focussed on to
the malignant tissue. Strict safety precautions are necessary
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Fig 2117

for both patient and attendant medical staff. Radioactive
iodine-131 is used to combat cancer of the thyroid gland,
Since iodine tends to collect in the thyroid gland, radioactive
isolopes lodge where they can destroy the malignant cells. In
some cases encapsulaled “seeds” are implanted in the
malignant tissue for local and shon ranged treatment. For
skin cancers, phosphorus-32 or strontium-90 may be used
instead. These produce f-radiation. The dose of radiation
tlastobeeereﬁﬁﬂyomtroladotmm”ﬂnmdmwubdo
more damage than help. Patients undergoing radiation
treatment often feel ill, because the radiation also damages
the healthy cells.

Radiography

The y-rays radiographs are used in medical diagnosis such
as intemnal imaging of the brain to determine: precisely the
size and location of a tumor or other parts of the body. Cracks
or cavities in caslings or pipes can also be detected by
scanning. Any sudden increase in counl rate indicates a
cavity within the object.

The gamma camera is designed to delect y-radiations from
sites in the body where a y-emitting isotope is located. An
image as shown in Fig. 21.17, consisting of many dots of the
y-emitting sources in the patient body is formed. The camera
can also be used to obtain a sequence of images to observe
an organ such as a kidney in action.

The man has always desired to comprehend the complexity of
nature in lerms of as few elementary concepis as possible.
NWMWLnFewm‘smm.hubommmabr
“wheels within wheels”, the task of Natural Philosophy being to
discover the inner most wheels if any such exist. A second quest
has concentrated itself with the fundamental forces, which make
the wheels go round and enmesh with one another.

Although we have been familiar with the basic forces and
about some of the basic building blocks of the matter, but
here we are going to study the modern concepts about both
of these. We know that the basic forces are:

1. Gravitationalforce 2 Magnetic force

3. Electricforce 4. Weak nuclear force

5. Strong nuclear force
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For Your Information

repulsive force of very short mngo( "m)lllsusualry
masked nd electromagnetic

the
forces inside the nuclel, The gra vilauonallorce like the
electromagnetic force, is again long range, extending upto
and beyond the remotest stars and galaxies. it keeps you, the
; ammmwmwmmdmmu

10"~ 10"m

1. Photons 2. Leptons 3. Hadrons Less than 10" m



(b)

Charge
23-13-13=0
Fig. 21.18

Elementary particles are the basic building blocks of matter.
All photons and leptons are elementary particles. Hadrons
are not elementary particles but are composed of elementary
particles called quarks. Scientists now believe that all matter
belongs to either the quark group or the leplon group.

Hadrons are particles that expenence the strong nuciear force. |
In addition to protons, neutrons and mesons are hadrons. The
particles equal in mass or greater than protons are called
baryons and those lighter than protons are called mesons.

Leptons are particles that do not experience strong nuclear

. force. Electron, muons and neutrinos are leptons.

According to quark theory initiated by M. Gell-Mann and
G Zweig, the quarks are proposed as the basic building
blocks of the mesons and baryons. A pair of quark and
antiquark makes a meson and 3 quarks make a baryon. Itis
proposed that there are six quarks, the (1) up (2) down (3)
strange (4) charm (5) bottom and, (6) top. The charges on
these quarks are fractional as shown in Table 21.5.

Aproton is assumed to be made up of two up quarks and one
down quark as shown in Fig.21.18 a. The neutron is assumed
to be made of one up quark and two down quarks as shownin
Fig. 21.18 (b). Currently, the hundred of hadrons can be
accounted for in terms of six quarks and their antiquarks. Itis
believed that quarks cannol exist on their own, their
existence has been indirectly verified.

SUMMARY B

The combined number of all the protons and neutrons in a nucleus is known as mass
number and is denoted by A.
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The protons and neutrons presentin the nucleus are called nucleons,

The number of neutrons present in a nucleus is called its neurons number and is
denoted by N.

The number of protons inside a nudleus or the number of elecirons outside of the nudieus
is called the atomic number or the charge number of an alom and is denoted by Z.
lsolopcsammnucleldanobmamuwlhawltwsmchamnumbetz but
have different mass number A,

mmd_ummuwmmanMWMsdmepmm
neutron that make up the nucleus. The difference of the two masses is called mass
defect. The missing mass is converted lo energy in the formation of the nucleus and
is called the binding energy.

The emission of radiations (u, Bandy)ftomolemnishavingdwgonumwz
greater than 82 is called radioactivity,

mmdmmnmammmmmdmuonmm
radicactive decay. The original element is called parent element and the element
formed due to this decay is called daughter element.

Hailf-life of a radioactive element is that period in which half of the atoms of the parent
element decay into daughter element.

Such a reaction in which a heavy nucleus like uranium splils up into two nuclei of
equal size along with the emission of energy during reacﬁoniscaledﬁssion
reaction.
&m:mmmmnmdtmbghtmmimgntomahoaw nucleus
along with the emission of energy is called fusion reaction.

The strength of the radiation source is indicated by its activity measured in
becquerel. One becquerel (Bq) is one disintegration per second. Alarger unit is cune
(Ci) which equals 3.7 x 10" disintegrations per second.

Theeﬂeclo!radiauonmabodyabsubngntreiatesloaquamhycalledabsorbed
mommummmEa&Wﬁmmmmelmmd
lheabsotbingbody

The basic forces are:

i Gravitational force . Electromagnetic force

i Weak nuclear force  iv. The strong force

Subatomic particles are divided into following three groups:

i. Photons ik * Leptons il Hadrons

Elementary particles are the basic building blocks of matter.
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212
213

214
215

2186
21.7

218
219

21.10

211

21.12
21.13

21.14
21.15

21.16
2117
21.18
21.19

21.20

QUESTIONS

What are isolopes? Whal do they have in common and what are their differences?
Why are heavy nuclei unstable?
If a nucleus has a half-life of 1 year, does this mean that it will be completely

decayed after 2 years? Explain,
What fraction of a radioactive sample decays after two half-ives have elapsed?

The radioactive element “3Ra has a haif-life of 1.6 x 10’ years. Since the Earth is
abouswsonyemol:howcmrouexpunwhywewlmwm
elementin nature? ’ :

Describe a brief account of interaction of various types of radiations with matter.
Explain how a and p-particles may lonize an atom without directly hitting the
electrons? What is the difference in the action of the two particles for producing
ionization?

Aparticle which produces more ionization is less penelrating. Why?

Whmmmmemwmmmmdmrackso{animdem
particle in Wilson cloud chamber?

WhymstaGdgummbalordewcungu-putdashsveavofyMend
:;dmmdma%mmmmmmmmdamm

Describe the principle of operation of a solid state detector of ionizing radiation in
terms of generation and detection of charge carriers.
What do we mean by the term critical mass?

Discuss the advantages and disadvantages of nuclear power compared to the use
of fossil fuel generated power.

Whatfactors malr.a a fusion reaction difficult to achieve?

Discuss the advamagos and disadvantages of fis: power f i
safety, pollution and resources. = S SO0, pow o :
Whal ﬁg: you understand by "background radiation™? Stale two sources of this
Iisomeo;\eacddemymm a-source anda f-source
which would be the more dangerous to him? Explain why?

Which radiation dose would deposit more energy to the
hand, or (b) 1 mGy doseto the entire body. R S e

What s a radioactive tracer? Describe one application each in medicine, agriculture
and industry. -
How can radioactivity help in the treatment of cancer?

258



21.2
213

‘214
215

216
217

21.8
219

21.10

PROBLEMS

Find the mass defect and the binding energy for tritium, if the atomic mass of tritium
153.016049u. (Ans: 0.00857 u, 7.97 MeV)
The half-life of 3} Sris 9.70 hours. Find its decay constant. (Ans: 1.99x10%s)

The element™}iPa is unstable and decays by f-emission with a half-life 6.66 hours.
state monudoa(reacﬁon and the daughter nuclei. (Ans: 2'U)

Find the energy associated with the following reaction: (Mass of H=1.00784 u)

"IN+ jHe —— O+ H

What does negative sign indicate? (Ans: 1.12 MaV)
Determine the energy associated with the following reaction: (mass of “C=14.0077u)
%C — YN+ Se (Ans: 3.77 MeV)

If 33U decays twice by a-emission, whatis the resulting isotope?  (Ans: Z3Rn )
Calculate the energy (in MeV) released in the following fusion reaction,

IH+H — {He+/n (Ans: 17.6 MeV/event)
Asheet of lead 5.0 mm thick reduces the intensity of a beam of y-rays by a factor 0.4.

Find half value thickness of lead sheet which will reduce the intensiy to half of its
initial value. . - (Ans:3.79mm)
Radiation from a point source obeys the inverse square law. If the count rate at a
distance of 1.0 m from Geiger counter is 360 counts per minute, what will be its count

rate at 3.0 m from the source? (Ans: 40 counts per min.) -
A 75 kg person receives a whole body radiation dose of 24 m-rad, delivered by
a-particies for which RBE factor is 12. Calculate (a) the absorbed energy in joules,
and (b) the equivalentdose in rem. [Ans: (a)iBmJ(b)D 29 rem)

Note: Consultthe table on page 222, where required, for atomic masses.
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Amorphous
‘Amplifier

Atomic Number
» Binding Energy

Black Body
Bulk Modulus
Capacitor

» Cathode ray

Oscilloscope
Compton effect

» Crystalline Solids

Current
Generator
Digital System

Elastic limit

» Electric Current
» Electric Field

Intensity

GLOSSARY

Current produced by a voltage source whose polarity
keeps on reversing with time

Those solids in which arrangement of atoms or
molecules are nol regular

" Adevice that increases the output of electrical  signal

fed as input
The number of prolons in the nucleus
The work done on the nucleus 1o separate it into its

, constituent neutrons and prolons

A body that absorbs all the radiations incident upon it
Ratio of applied stress to volumetric strain

A device that can store charge

High speed graph plotting device

An increase in the wavelength of X-rays when
scattered by bound electrons.
Subslan'oeshwingregulararrango{mntolalmot
molecules

A device which converts mechanical energy inlo
eleclrical energy

It deals with only those quantiies which have only two
discrete values 3
The limit beyond which the sample becomes .
permanently deformed

Rate of flow of electric charge

Electric field force per unit charge at a point
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Electric Flux

Electric Potential

Electromotive
Force
Electron volt

Electroplating
Forward Blas

Frequency
Fusion

Inertial frame of

lonization Potential

Number of electric field lines passing through centain
surface element

Amount of work done in bringing a unil positive charge
from infinity to a point

Conductin of electricity due to chemical reaction in
liquids ;

Waves which do not require any medium for their
propagation

A measure of the energy supplied by a source of
electric current per unit charge

Unit of energy equals to 1.6x10™")

Electric' metallic coating

Bias volta ge which when applied to a p —n junction
produce large current flow

Number of cycles per unit time

Such nuclear reaction in which two light nuclei merge
to form a heavy nucleus with the emission of energy
Itis the period in which half of the radioactive element
atoms decay :
A method of recording three dimensional image
Combined effect of resistances and reactances in an
A.C. circuit

The phenomenon in which changing current in a coil
produces an emf in itsell

Coordinate system in which the law of inertia is valid

A material with a very high electrical resistivity 3
The energy needed o remove the electron from an
atom or molecule to infinite distance :
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Laser
Logic Gate

Magnetic Induction

Mass Defect

» Mass Number
» Modulation

3

Mutual Inductance
NAVASTAR
Nuclear Energy
Nuclear fission
Nuclear Reactor
Nucleons

Pair Production
Photo voltaic cell
Photodiode
Photoelectric

Effect
Plastic deformation

Light ampiification by stimulated emission of radiation
Electronic circuits which implements various logic
operations :
Magnetization of a substance by an external magnetic
field

It is the difference between the mass of the separated
nucleons and the combined mass of the nucleus

Total number of protons and neutrons in a nucleus
The process of combining the low frequency signal
with a high frequency radio wave

A phenomenon in which a changing current in one coil
produces emf in other coil

Navigation system based on Einstein theory of
relativity

Energy derived from nuclear reactions either by fission
or by fusion

Disintegration of atomic nucleus into two or more
fragments with the emission of huge amount of energy
A device in which controlled nuclear fission reaction
takes place '
Protons and neutron in the nucleus,

Production of electron-position pair from a pholon

A device that detecls or measures eleclromagnetic
radiation by generaling a potential al a junction

A device used lo detect light falling on it

Emission of electrons from metaliic surface when
exposed lo electromagnetic radiations

A permanent deformation of a solid object to an
applied stress
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Polymeric Solids
Rectification
Resistivity
Reverse Bias

Spectrograph

Spectroscopy

Strain

Stress

» Super Conductors

Thermistor
Time Period

Transformer
Tnmlsu;r

Ultimate tensile
stress

Young's Modulus

The solid materiats with a structure that is inlermediate
between ordered and disordered structure
Conversion of alternating current into direct current
Tendency of material to oppose the flow of current -
Bias voltage which when applied 1o a p — n junction
produces a very small or no current flow

An instrument for producing photographic record of
spectrum

The investigation of wavelength and intensities of
electromagnetic radiations emitted or absorbed by the
atoms - '

The change produced in the size or shape of the body
by applying a stress

Force per unit area

Those material whose resistivity becomes zero below
a critical temperature

Heat sensitive resistor

That interval during which the voltage source changes
its polarity once

A device which converts high A.C. voitage 1o low A. Q.
voltage or low A.C. voltage to high A. C. voltage
Semi conducting material to which at least three
electrical contacts are made

The maximum stress that a material can withstand

Ratio of the tensile stress applied to the material to the
resulting tensile strain
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A

A.C. generator
Absorbed dose
Alpha particles
Alternating current
Ammelter
Amorphous solid
Ampere's law
Amplitude madulation
AND gate

AND Operation
Annihilation of matter
Atomic nucleus
Alomic number
Avomeler

e

Balmer sarios
Baryons

Base

Basic forces
Becqueral

Beta particles
Binding energy
Black body

Black body radiation
Bohr's atomic model
Bohr's orbit
Boolean varniable
Brackett scries
Bragg's equation

Brittlo substances
Building block of matter
Bulk modulus

([

C.R.O.

97-99

111

74

136
61-62
131

168

168
192-193
220

76
203

159
254-255

68-70

Capacitance
Capacitor
CAT Scanar

* Charac teristic X-rays

Choke

Collecter

Compa rator
Compressional stress
Compressive strain
Compton effect
Complton shift
Compton wavelength
Conductance
Conducstion band
Conductors
Conventional current
Core

Coroshwity

Cosmic radiation
Coulomb’s law
Critical mass
Critical temperature
Crystalline solid-
Curie

Current gain

D

D.C. generain

D.C. motor
Daughter elerment
Dead beat galvanometer
de-Broglie relation
Decay constant
Depeletion region
Deuterium

Deutror

Diamagnetic ssubstances

22
22
2n
209-210
128
159
166-167
138
138
190-191
190-191
190-191
38
143
143144
32
244
150
249
2
242-243
146
138



Dielectric constant
Digital multimeter
Digital system
Domains

Ductile substances

E
e.m.l.

Einslein pholo elecinc equabion

Elastic deformation

Electric current

Electric field strongth

Electric flux

Eloctric intensity

Electric polarization

Electric potential

* Electromagneot

Electromagnetic spectrum

Electromagnetic waves

Electron microscope

Electron volt

Emitter

Energy band theory

Energy density

Energy-mass relation

. Equivalent dose

Excitaticn polential
rinsic semiconductor

F

Farad

Faracay’'s law

Fast reactor

Ferromagnetic materials

Fission chain reaction

Fluorescence

Forbidden er'ergy gap

Forward residtance

Frame of relerence

Frequency modulation

Full wave rectification

Fussion reaction

143-144

180-181
251

144
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G

Gain

Galvanometer
Gamma rays

Geiger Muller counter
General theory of relativity
Gray

Guass's law

H

Hadrons

Hall life

Hall wave rectiicalion
He-Ne laser

Henery

Holography

Hooke's law

Hydrogen emission spectrum

Hysteresis
Hysteresis loop
Hysteresis loss
I

1
Impedance
Induced current
Induced e.m.l.
Inertial frame of relerence

Kirchhoff’s first law
Kirchhotf's second law
L

Laser

Leakage current
Length contraction
Lenz's law

Leptons

Light emitting dicde

164-165
71-74

.226-227

235-237
178

251

12

92-94

213
185
179

256
157



Relatve biclogeeal effectivenoss 251

Relative motion

Rem

' Resistivity
Rescnance
Retantvity
Rheostat

Right hand rule
Rutherord alormic model

Rydberg constant
S

Saturanon

Sell inductance
Sell quenching
Semiconduclors
Sensors

Shear modulus
Shear strain

Shear sijess
Sievert

Solid state detector
Special theory of relatwvity
Spectral series |

Spectroscopy

Step down lransformer
Step up transiormer
Stephan Boltzmann's law
Stephan's constant
Stimulated absorplion
Stimulated emission
Stopping potential

Strain

Stress
Stress-sirain curve

Superconductor

177

251

38

125

150

41

57

220

203, 208

150
93

236
143
170-171
139
139

146-147

T
Tensile stran
Tensile stress
Tharmal reactor
Thermistor
Threshold frequency
Tima dilation

Tracer techniques
Translormer
Transisior

Tritum

u

Ultimate tensile strength

Uncertainty principlo
Unified mass

Uses of laser

v

Voltage gain
Voltmaoter
Volumelnc strain

w

Wave particle duasiy
Weber

Whealstone bridge
Wilson cloud chamber
Work function

X

Xerography

XNOR gale

XNOR operation
XOR gate

XOR operation
X-rays

¥

Young's modulus

26K

159
221

140
197-199
220
215216

101-162
75
138-139

195-196
60
50-51
234-235
188



Linear absorption co-efficient 233

Lyman senes 203

M

Magnelic dipole 148
Magnetic flux 60
Magnetic flux density 60-61
Mass delect 223
Mass spectrograph 222.223
Mass variation 180
Measurement of e/m 66-67
Mesons 256
Millikan's method 20-21
Moderalor 244
Modulation 131
Modulus of elasticity 139
Motional e.m.f. 84
Mutual inductance 90-91

u -

NAND gate 169
NAND operation 169
NAVASTAR Nawvigation system 180
NAVASTAR 180
Night switch 171
Non-intertial frame of relerence 178
NOR gate 169
NOR operation 169
NOT gate 169
NOT operation 169
n-p-n lransistor 159
Nuclear fission 240
Nuclear power station 243-245
Nuclear reaclion 238-239
Nuclear reaclor 243-246
Nuclear transmutation 227-228
Nucleon number 220

o)

Ohm 37

Ohm meter 76-77
Ohm'’s law 36
Open loop gain 163

‘Operational amplifier

OR gate

OR operation

P A

p = 0 junction

Pair production
Parent element
Paschen series
Plund series

Photo diode

Photo electron
Phote electron
Photo voltaic cell
Photocell
Photoelectric effect
Pholon

Plancks constant
Plastic deformation
Plasticity
Polymeric solids
Population inversion
Positron
Potentiometer
Principle quantum number
Proportional limit
Protium

Q Y
Quantized energy
Quantized radii
Quarks

R

Radkation absorbed dose
Radiation deteclor
Radiation exposure
Rad:ation sickness
Radioactive decay
Radioactive elements
Radioactivity

Radiography
Rectification

162-163
168
168

154
192
227

158

187

187

158

189
187-189
185

184

140

140
136-137
214

51-52

140
221

251
234-237
249-250
SO
227
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