
RADIOACTIVITY AND 
LEAR TRANSFORMATION 

3.1 .RADIOACTIVITY 
Radioactivity is a process in. which n.uclei of certain. elements 
un.dergo spontaneous disin.tegration without excitation by 
an.yextern.al means. 

All heavy elements from bismuth through uranium and a few 
of lighter elements have naturally occurring isotopes which 

. possess the property of radioactivity. These isotopes have 
. unstable nuclei and attain stability through the phenomenon of 

radioactivity.· The activity results in the emission of a complex 
type of powerful radiations. known as alpha, beta and gamma 
rays. All those substances which have the tenden.cy to emit 
these radiations are termed radioactive materials. The 
property of disintegration of a radioactive material is independent 
of temperature,· pressure and other external conditions. 
R~oactivity is a nuclear phenomen.on, i. e., the kind' of 
intensity of the radiation emitted' by any radioactive substance is 
abSolutely the same whether the element·is present as such or in 
ailyone of its compounds. 2~~Ra isotope is radioactive. When 
this isotope is dissolved in. sulphuric acid, it is converted into 
radiwn sulphate (RaSO<t). The property of radioactivity in radium 
sUIphate·anci·free radiUm isotope is.thesame,no doubt that the 
radin.rn ion. in radium sulphate bas different number of electrons 
than free neutral radium isotope. 
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This example clearly shows that the phenomenon of 
radioactivity does not depend on the orbital electrons but depends 
only on the composition of nucleus. 

In the universe, there are only 81 stable elements having one 
or more non-radioactive isotopes. No stable isotope exists for the 
elements above . 2~~ Bi. Thus, bismuth is the heaviest stable 
nuclide. Two earlier elem~nts technetium and promethium exist 
only as radioactive isotopes (see table at the bottom) . 

3.2 CHARACTERISTICS OF RADIOACTIVE 
RADIATIONS 

The following are the main characteristics of radiations emitted 
by radioactive materials: " 

(i) Photographic effect: Radiations affect the 
photographic plate in a similar manner to that oflight. The effect 
is even observed in dark. The portions of the photographic plate 
where radiations fall, become blackened after treatment with a 
developer. 

This property is used for the detecthn of radioactivity. 
(ii) Scintillations: When radiations fall on the zjnc 

sulphide (ZnS) screen, flashes of light are produced. This is 
known as scintillations. The number of particles emitted iit unit 
time can be counted by noting the scintillations produced in the 
apparatus having a zinc sulphide screen. 

The apparatus is called spinthariscope. 
(iii) Emission of heat: Radioactive materials continuously 

emit energy in the form of kinetic energy. Heat energy is 
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produced when the radiation particles collide with matter. 
Radium produces 134.7 cals of heat per gram per hour. 

(iv) Physiological effect: Radioactive radiations have 
serious physiological effects, which may be cumulative over a 
period of time. Even a short exposure to intense source of 
radiations is sufficient to cause painful inflammation. Gamma 
rays are most effective. In general, abnormal cells are more 
affected than the healthy cells. On account of this property 
radiations are used to destroy cancerous tumours. 

(v) Ionisation of gases: This is the most important effect 
observed . in the case of radioactive radiations. Radiations 
produce ionisation in the gases through which they are passed. 
This effect is used for quantitative measurement of 
radioactivity. The radiations cause a number of molecules of the 
gas to lose electrons"'and pass into positive ions. The electrons 
immediately become attached to the neutral molecules, thus 
making them negative ions. The total ions of one sign are equal 
to the total ions of the other type. The rate of production of 
these ions is proportional to the intensity of radiation. The 
extent, to which a definite .quantity of a gas is rendered a 
conductor by a radioactive substance, is a measure of. the 
radioactive power of a radioactive substance. The apparatus used 
for this purpose is called electroscope (Fig. 3.1). 

Geiger-Muller counter is based on this effect. The ionisation 
chamber consists of 90% argon and 10% ethyl alcohol vapour at 
10 mm pressure. Due to ionisation, a flow of current occurs, 
which is measured after amplification. 

3.3 HISTORY OF THE DISCOVERY OF 
RADIOACTIVITY 

In 1895, Henri Becquerelwasstudying the effect of sunlight on 
various phosphorescent minerals, among them a uranium ore. 
During a period of several cloudy days, he left the uranium 
sample in a drawer along with some photographic paper wrapped 
in black paper. Much to his surprise, he discovered that the 
photographic paper had been fogged by exposure to some 
invisible radiation .1fom uranium. He called this mysterious 
property of the ore 'radioactivity'. Radioactivity means 
ray-emitting activity. He further observed that the radioactive 
mineral emitted these mysterious radiations day after day and 
month after month and the emission seemed to be endless. The 
emission was completely unaffected by physical and chemical 
conditions. A year later, in 1896, Marie Curie found that besides 
uranium and its compounds, thorium was another element which 
possessed tbe property of radioactiviry. In 1898, Marie Curie. 
and her husband P. Curie observed that the. uranium ore 
'pitchblende', contained more activity than was expected from 
the uranium which it contained. It must be obviously due to the . 
presence of some other radioactive elements which were far more 
radioactive than uranium. Finally, they isolated two new 
radioactive elements polonium andradium. 

Almost in the same period, G. C. Schmidt reported that 

thorium compounds possessed radioactivity. In 1901, A~ 
Debieme and F.S. Giesel discovered another new radioactive 
element actinium in uranium minerals. Further systematic 
researches led to the. discovery of many more radioactive 

elements. At present over forty such materials are known' to exist 
in nature. 
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Fig. 3.1 Electroscope for measurement of radioactivity 

3.4 ANALYSIS OF RADIOACTIVE 
RADIATIONS 

In 1904, Rutherford and his co-workers observed that when 
radioactive radiations were subjected to a magnetic field or a 
strong electric field, these were split into three types, as shown in 
Fig. 3.2. The rays which are attracted towards the negative plate 
are positively charged and are called alpha (a.) rays. The rays 
which are deflected towards the positive plate are negatively 
charged and are called beta (P) rays. The third type of rays which 
are not deflected on any side but move straight are known as 
gamma (y) rays. The important properties of these .radiations are 
tabulated on next page: 
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Fig. 3.2 . (a) Deflection of radioactive rays in electric field 
and (b) Emission of radioactive rays and their 
deflection in a magnetic field. 

I 



··152. I G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 

···Prop~rty . ... 
1. Nature 

2. Velocity 

3. Penetrating' 
power 

a-rays ~rays :v-rays 

These consist of These consist of y-rays are simi­
small. positively negatively char- lar to X-rays. 
charged particles ged particles These are neu­
which are merely which have the tral in nature .. 
nuclei of helium s.ame elm value They have very 
atoms, each con- as the cathode small wave­
sisting of 2 pro- rays. ~rays are lengths of the 
tons . and • 2 merely elect- order of 10-10 to 
neutrons. These rons. The ~rays 1O- l3 m .. 
are represented as are represented 
iHe aL?flor _?e. 
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velocities ranging a-rays.' They light 
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. . ties sometimes 
The v. eloclty of bin th 

d ·· d approac. g e 
a-rays ~pen s velocity of light 
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Fig; 3.2 (c) Comparison of penetrating power 
of a, fl and y-rays 

4. ;Ionising 
power 

a-particles pro- Due to low y-rays produce 
duce intense ion- value of kinetic minimum ion­
isation in gases. energy ionising isatton or no 
Ionising power is power is less ionisation. 
100 times greater than a-particles 
than fl-rays and but 100 times 
10,000 times greater than 
greater than. . y-rays. 
y-rays. This IS 

due to high 
kinetic energy. 

" 

Property .a-rays ~rays y-rays 

5. Photographic a-particles affect !3-rays effect on y"rays have little 
effect . the photographic a photographic effect on photo-

plate. plate is greater graphic plate. 
than a-particles. 
Like cathode 
rays, !3-rays pro-
duce X-rays. 

6. Effect on a-particles p..particles have y-rays have very 
zinc sulphide produce. little effect on little effect on 
screen luminosity on ZnS ZnS screen due ZnS screen. 

screen due to high to low kinetic 
kjnetic' energy. energy. 

Note: 
0) The quantum energy ofy-rays emitted by a radioactive substance 

can have unique and discrete values. '. 
(ii) The energy of f;X.-particles emitted by a radioactive substance 

(a-emitter) has unique value. 
(iii) The energy of p..particles emitted by a radioactive substance, 

$-emitter) can have any value between zero and end point 
energy. 

3.5 CAUSE OF RADIOACTIVITY 
Except in the case of ordinary hydrogen, all other nuclei contain 
both neutrons and protons. A look at the stable nuclei shows that 
the ratio nl p (neutrons/protons) in them i$ either equal to I or 
more than 1. The ratio is "" lin all the light-stable nuclei up to 
calcium (ig Ca) and thereafter the ratio is greater than 1 and 
increases up to 1.6 for heavy stable nuclei as shown in the 
following table: . 

Neutron-proton ratio in some stable nuclei 

. . l1C 14N Isotope 6' 7 
16 20 40 64 
sO loNe 20Ca 30Zn ':::Zr l~Sn l::Nd ,~Hg 

n 6 1 8 10 20 . 34 50 70 90 122 

p 6 7 8 10 20 30 40 50 60 80 

nip . I 1.13 1.25 1.40 1.50 1.53 

The variation of n versus p for some nuclei is shown in 
Fig. 3.3. 

The stable nuclei lie within the shaded area which is called the 
region or zone of stability. All the nuclei falling outside this 
zone are invariably radioactive and unstable in nature. Nuclei 
that faU above the stability zone have an excess of neutrons 
wbile those lying below have more protons. Both of these cause 
instability. These nuclei attain stability by making adjustment in 
the nIp ratio. 

Two cases'thus arise: 
(i) nl p ratio is higher than required for stability. Such 

nuclei have a tendency to emit t}-rays, i. e. , transfonning a neutron 
into proton. 

~n ~ 1 p + _~e (f3-particle) 

Thus, in f}--emission nip ratio decreases. For example, in the 
change 00f I~C to liN, nl p ratio decreases from 1.33 to 1. 
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'!C--t !~N+ _~e 

Similarly, in the following examples, the nIp ratio decreases 
during /3-emission: :> 
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Fig. 3.3 VatjaUon of number of neutrons with number of 
protcjns in:stable non-radioactive.nuclei '. 

(ii) nIp ratio is lower than requ~red for stability. Such 

nuclei can increase nIp ratio by adopting anyone of the 
following three ways: 

(a) By emISsIOn of an alpha particle (Natural 
radioactivity): 

. 2~~ U --t 2~ciTh + iHe (a-particle) 

nip ratio 146/92 = 1..58 144/90 1.60 

(b) By emission of a positron (Artificial emission): 
13 N --t I~C + 

O· 
7 +l e 

nip ratio '6/7 7/6 

(c) By K-electron capture: 

194 Au + 0 e 
79 -J --t 194 Pt 78 

nip ratio 115179 116/78 

Alpha emission is usually observed in natural radioactive 
isotopes while emission of positron or K-electron capture is 
observed in artificial radioactive isotopes. The unstable nuclei 
continue to emit alpha or beta particles until a stable nucleus 
comes into existence. 

Conclusion: (i) For the elements (mass number A::;; 40), 

nature prefers the number of protons and neutrons in the nucleus 
to be sameor perhaps one more neutron than protons. 

7 L· 12 16 0 32 
e.g., 3 I, 6C' 8 '16S' etc. 

(ii) For the elements (mass number A;::;: 40), there is· 
preference for the number of neutrons· to be greater than the 
number of protons (n > Z \ e.g., I; B is stable but '~C is not. 

There are two stable elements : H and ~ He, in which numbci- of 

neutrons i~ less than that of protons. 
(iii) Beyond Bi (Z =83~ all isotopes are unstable and 

radioactive. Th~i1 elements do not have a strong nuclear 
"superglue" toifold nucleons together. . 

Illustration : 

,.. 
Nuclide ~Ratio Nature of Emission p 

358 
19 

= 1.2 
l3-emission 

16. 16 358--t 35Cl+ °e 16 . 17 -I 

I~p ~(~ <1) Positron emission 

9 p. 17 p--t17 0 + °e 9 .8 +1 

Lies below stability belt, it has a heavy . 

ISfAg 
n 58 

1.23 
nucleus and it decays by K-electron 

=- capture. p 47 

12iAg+ _?e--t I~Pd + hv 

n 146 
It is a neutron rich species. It undergoes 

2~~U -=: =1~9 decay by a-emission. 
p 92 

21~ U --t . 239iJrh + iHe 
. . 

Some other examples : ~ Cu (positron emission), I~~ Xe (0; 

or /3-decay), 2:~N p (a-decay), n p (/3-decay), l;~ I (K-electron 

capture). 

3.6 THEORY OF RADIOACTIVE 
DISINTEGRATION 

Rutherford and Soddy, in 1903, postulated that radioactivity is a 
nuclear phenomenon and all the radioactive changes are taking 

.. place in thf nucleus of the atom. They presented an interpretation .. 
"rbf the radioactive processes and the origin of radiations in the 

. fonn of a theory known as theory of radioactive disintegration. 
the main points of the theory are: 

(i) The atomic nuclei of the radioactive elements are unstable 
and liable to disintegrate any moment. 

(ii) The disintegration is spontaneous, i. e. , constantly 
breaking. The rate of breaking is not affected by external factors 
like temperature, pressure, chemical combination, etc. 

(iii) During disintegration, atoms of new elements called 
daughter elements having different physical and chemical 
properties than the parent element come into existence. 

(iv) During disintegration, either alpha or beta particles are 
emjtted from the nucleus. 

Tht: disintegration process may proceed in one of the 
following two ways: 

(a) a-particle emission: When an a-particle [iHe] is 

emitted from the nucleus of an atom of the parent element, the 
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nucleus of the new element, called daughter element, possesses 
atomic mass' or atomic mass number less by four units and 
nllclearcharg~ of.atomic number less by 2 units because 
(£·particle has mass of 4 units and nuclear charge of two units. 

The daughter element' after a-emission is called 'an 
isodiaphere of parent ~Ienient. 

-IX . 
Parent element ~ Daugh~er element 

Atomic mass W W - 4 
Atomic number Z Z - 2 

For example, in'the followiJ:lg transformations, each a-particle, 
. emission is accompanied by decrease of atomic mass by 4 and of 
atomic number by 2. . 

2~~Ra ~ 2ilRn + iHe 
(Radium) (Radon). 

2J~U ~ 2JciTh + iHe 
(Uranium) ,(ThQ!ium) 

2~jBi ~ 2~TI + iHe 
(Bismuth) (Thallium) 

.~~ - 2Jl Po ~ 2ifpb + iHe 
(Polonium) (Lead) 

(b) p-particle emission: jj-particle is merely an electron 

which has negligible mass. Whenever a beta particle is emitted 
from the nucleus of a radioactive atom, the nucleus of the new 
element formed possesses the same atomic mass but nuclear 
charge or atomic number is increased by 1 unit over the parent 
element. Beta particle emission is due to the result of decay of 
neutron into proton and electron. 

. I I 0 
on ~ IP+ _Ie 

The electron produced escapes as a beta particle leaving 
proton in the nucleus. 

-Jl 
Parent element ~ Daughter element 

Atomic mass W W 
Atomic number Z Z + I 

For example, in the following transformations, beta particle 
emission results in increase of atomic number by one without any . 
change in atomic mass, i. e. , daughter element is an' isobar of 

parent element. (See table 3.1) 

Table 3.1 Isotopes, Isobars, Isotones, Isomers, lsoters 
and'lsodiapberes 

Isotopes 

Isobars -

Isotones 

Isomers 

Chancterittks' " 
Z = at. ao..,A = mau ao.., 
N.= neatrous" P = prGtoDl 

Z == same, A == different 

Z different, A == same 

N == same, nucleons == . 
different, Z different 

N same, P = same, 
Z == same, A == same 
Nuclear energy levels == 
different 

Eumple.s 

:H, iH, ~H, 23~2U, 239~U . 

228; Ra, 2~~c, 22~ th 

i~Ar, ~K 

Isoters No. of atoms'" same, CO2 , N2 0 
No. of electrons same, 
physical properties same. 

Isodiapheres I ~otopicexcessmass(N-P) 92 U235 , 90Th231 
.- same. 

214Pb 
82 ~ 

214Bi 
83 + °e -I 

(Lead) (Bismuth) 

234 Th 
90 ~ 

234 Pa 91 + °e -I 
(Thorium) (Protoactinium) 

2~j Bi ~ 213 Po 
84 + °e -1 . 

(Bismuth) (Polonium) 

SpeCial clIse: If in a radioactive transformation, 1 alpha and 
2 beta particles are emitted, the resulting nucleus possesses the 
same atomic number but atomic mass is less by 4 units. A 
radioactive transformation of this type always produces an 
isotope of the parent element. 

w
A 

-IX W-4
B 

-13 W~4C -Jl W-4
D Z ~ Z-2 ~ Z-l ~ Z 

A and D are isotopes. 
(v) Gamma rays are emitted due to secondary effects; After 

the emission of an alpha particle or a beta particle, the nucleus is 
left behind in excited state due to recoil. The excess of energy is 
released in the torm of gamma rays. Thus, y-rays arise from 
energy rearrangements in the nucleus. As y-rays are short 
waveltmgth electromagnetic radiations with no charge and no 
mass, their emission from a radioactive element does not 
produce a new element. 

On passing through an absorbing material, the intensity of 
y-radiation decreases exponentially with the thickness traversed 
and is given by : 

I Ioe-/iX 
where j.l = Absorption coefficient, 

x = Thickness 
10 = Initial intensity 
I == Transmitted intensity 

All radioactive nuclei have the same probability of 
disintegration. However, a radioactive nucleus may undergo 
dec1.\y' next moment while some other may have to wait for 
billiqns of years to decay one cannot predict, when a particular 
atom will decay. 

(vi) Internal conversion: An excited nucleus, in some 
cases, may return to its ground state by giving up its excitation 
energy to one of the orbital electrons around it. The emitted 
electron' has a kinetic energy equal to the lost nuclear excitation 
energy minus the binding energy ofthe electron in the atom. 

Kinetic energy of the ejected electron 

= Available excitation energy 

~ Binding energy of the ejected electron 

This process is called internal conversion and emitted electron 
is called conversion electron. 

(vii) Brems strahlung (German word meaning 'Breaking 
Radiation'): Continuous- y-radiations emitted when jj-particles 
are slowed down by interaction with atomic nucleus. 
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Note: Counting of the number of a and I}-particles in a radioactive 
transformation: 

Parent element -----l> Daughter element 

N b f ' 1 Change in mass number 
urn er 0 a-partIc es = 4 ' 

=M1 M2 
4 

Let 'x' aand 'y' I}-partic\es be emitted, 

Atomic number of parent element 2x + y 
= Atomic number of daughter element 

3.7 .GROUP DISPLACEMENT LAW 
This law was presented by Fajan, Soddy and Russel in 1913 to 
explain the changes which occur when an alpha particle or a beta 
particle is emitted from a radioactive element. According to this 
law, ''when an a-particle is emitted, the daughter element has 
atomic number 2 units less than that of the parent element. It 
is consequently displaced two places (groups) to the left in the 
periodic table. When a ~particle is emitted, the daughter 
element has an atomic number 1 nnit higher than that of the 
parent element. It is consequently displaced one place (group) . 
to the right iii tbe periodic table." /.; . 

Examples 
(i) Polonium eJ1 Po) belongs to group 16 (VIA) of the 

periodic table. On losing an alpha particle, it is transformed into 
lead (2 ~g Pb) which belongs to group 14 (IVA), i. e., two places to 

the left ofthe parent element, polonium. 

2i1Po ---7 2~gPb 
16 14 

(VIA) (IV A) 

(ii) Bismuth eJi Bi) belongs to group 15 (VA) of the periodic 

table. It emits all alpha particle resulting in the formation of 
thallium which belongs to group 13 (IlIA), i. e. , two places to the 
left of the parent element, bismuth. 

213B'! 
83 
15 

(VA) 

209TI 
81 
13 

(III A) 

(iii) Carbon e:C) belongs to group 14 (IV A) and emits a 

i3-particle forming nitrogen ejN) which belongs to group 15 

(V A), i, e" one place to the right of the parent element. 

I:C ---7 liN + _~e 
'(IV A) (V A) 

(iv) Phosphorus (?~ P) belongs to group 15 (VA) and emits a 

i3-particle forming sulphur (?i S) which belongs to group 16 
(VIA), i. e., one place right to the parent element. 

f~ P ---7 iJ S + _~ e 
(V A) (VIA) 

The above examples follow group. displacement law rigidly in . 
accordance with· the statement. Howev~r, there are a nUlnber of 
examples where confusion arises regarding the position of the 
element in the periodic table if the above statement is followed 
rigidly. 

ti Mg is /3-radioactive, It belongs to· group 2 (IlA) of the 

periodic table. On losing a beta particle, it is transfonIlt;d to 
aluminium mAl) which belongs to group 13 (IlIA), i. e., II 

places right to the parent element. 

ti Mg ---7 tjAl + _~ e 

, 2~t Th is a member of actinide series. All the fourteen 

members of the actinide series have been placed along with 
actinium in the III B group, i. e., group 3. It emits a beta particle 
and is transformed to protactinium (2~i Pal which also belongs 'to 

actinide series, i. e. , group 3 of the periodic table, . 

2;riTh ~ 2~Pa + _~e 

Hence, group displacement law should be applied with great 
care especially in the case of elements of lanthanide series (57 to 
71), actinide series (89 to 103), VIII group (26 to 28; 44 to 46; 76 
to 78), IA and IIA groups. It is always beneficial to keep in mind 
the setup and skeleton of the extended form of periodic table. 

: : : :::I_SOME SOLVED EXAMPLES\.I:::: : : 

Example 1. Calculate the number of neutrons in the 
remaining atom after emission of an alpha particle from 2t~ U 

atom. 
Solution: On account of emission of an alpha particle, the 

atomic mass is decreased by 4 units and atomic number by 2 
units. 

So, . Atomic mass of daughter element 234 

Atomic number ,of daughter element 90 

Number of neutrons atomic mass ~ atomic number 

= 234 90?= 144 

Example 2. Radioactive diSintegration of 2i~Ra takes 

place in the following manner into RaC, 
-a -a -a -~ 

Ra ---7 Rn ---7 RaA ---7 RaB ---7 RaC 

Determine mass number and atomic number of Rae. 

Solution: Parent element is 2~~Ra. 

. Atomic mass = 226 

Atomic number = 88 
._/ 

RaC is formed after the emission of 3 alpha particles: Mass of 
3 alpha particles = 3 x 4 := 12' 

So, Atomic mass ofRaC (226 - 12) = 214 
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With emission of one <x-particle, atomic number is decreased 
by 2 and with the emission of one I)-particle, atomic number is 
increased by 1. 

So, Atomic number ofRaC == 88- (3 x 2) + 1 == 83 

Example 3. A radioactive element A disinte.grates in the 
following manner, 

a -~ -~ 

'A ~B----?C----?D 

which ones of the elements A, B, Cand D are isotopes and 
which ones are isobars? 

Solution: Let the mass number and atomic number of 
element A be M and Z, respectively. The followins changes shall 
occur during disintegration: 

-a -~ -p 
fA ----? ~=iB~ ~=ic~ MZ4D 

A and D are isotopes as both have same value ofZ. 
B, C and D are isobars as these have same values of atomic 

mass. 

Example 4. 2~t Th disintegrates to give 2~~Pb as the final 

product. How many alpha and beta particles are emitted in this, 
process? 

Solution: 2~6 Th -:-----t 2~~ Pb 

So, 

Parent Endpr09uct 

Decrease in mass = (234 - 206) 28 
Mass of a-particle 4 

Number of a-particles emitted = 28 = 7 
4 

No. ofl)-particlesemitted =2 x No. of a-particles-{At. N.o. 
of parent - At. No. of end product) 

= 2'x 7- (90- 82)= 6 

Example 5. The atomic mass of thorium is 232 and its 
atomic number is 90. During the course of its radioactive 
disintegration 6a and 41)-particles are emitted. What is the 
atomic mass and atomic number of the final atom? 

Solution: Decrease in mass due to emission of 6o:-particles 
6x 4= 24. 

So, Atomic mass of the product atom = (232 - 24) = 208 

No. ofl)-particles emitted = 2 x No. of a-particles 

(ZThnrium ZFinal atom) 

4 = 2x 6- (90- ZFinalatorn) 

or ", ZFinal,atom = 82 

Example 6, An atom has atomic mass.. 232 and atomic 
number 90. During the course of disintegration, it emits 
21)-particles and few a-particles. The resultant atom has atomic 
mass 212 and 'atomic number 82 . How many a-particles are 
emitted during this process? 

Solution: 1]le decrease u.;.~tomic mass 

'" 
. = (232- 212)= 20 

Decrease in· mass occurs due to emission of a-particles. Let x 
be the number of alpha particles emitted. 

Mass of' x' a-particles = 4x 

So, 

or 

4x=20 
20 

x=- 5 
4 

Alternative method: This can also be determined by the 
application of the following equation: 

or 

No. of[3-particles emitted = 2 x No. of a-particles emitted 

- ( Z Parent Z End product ) 

2 2xx-(90- 82) 

x 5 

Example 7. How many moles of helium are produced 
when one mole of 2~~ U disintegrates into 2~~Pb? 

Solution: Radioactive change is 
238 U ----? 206 Pb 

92 82 

Decrease in mass = (238 - 206) = 32 

Let the number of a-particles emitted be x. 
4x 32 

x=8 

Thus, 8 moles of helium are produced when one mole of 
2~~ U disintegrates into 2~~Pb. 

Example 8. How' many 'a' and '[3'-particles will be 
emitted when 90Th234 changes into 84P0218? 

Solution: The change is; 
90 Th 234 ----? Po 218 

Parent 84 Endproouct 

Decrease in mass =(234- 218) =16 amu 

Mass of 1 a-particle = 4 amu 

Therefore, number of a-particles emitted = 16 = 4, 
4 

Number ofl)-particles emitted 

2 x No. of a-particles emitted (At. No. of parent - At. 
No. of end product) 

;::: 2 x 4 - (90 84) = (8 - 6) = 2 

Hence, number of a-particles emitted = 4 

and number ofl)-particles emitted = 2 

Example 9. 2~~U isa natural an a-emitter. After 
. ~ 

a-emission, the residual nucleus.u XI in turns emits a I)-particle 
to prod.uce another nucleus U X 2' Find out the atomic number and 

, mass number ofU X I and U x 2' Also if uranium belongs to IIIrd 
group to which groupU XI andU Xl belong. 

Solution' 238U 4He----? 234 U • 92 - 2 90 XI 

234 U (0), 234U 
,90 Xl - _Ie ----? 91 X2 

Both U X land U X 2 will belong to IIIrd group because both lie 
in actinideseries. ' 

1. During the tr!lns{ormation of ~ X to ~ Y, thenu.mber of 
I)-particles emitted are: [PET (KeraJa) 2006, 081 
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(a)~ 
4 

a-b 
(b) d + -- + c 

2 . 

(c) d+(~1 c 
. 2 j 

(d) 2c - d + a 

[Arts. (c)] 

[Hint: No. of a-particles =:: ( a 4 b) 
Zj - 2a+ ~ Z2 

~= -Z[ + 2a 
(a - b) 

=d c+ 2---
4 

(a - b) 
=d+----c] 

2 

b 

2. A radioactive nuclide emits y-rays due to: 

(a) K -electron capture 
(b) nuclear transition from higher to lower energy state 
(c) presence of greater number of neutrons than protons 
(d) presence of greater number of protons thari neutrons 
[Ans. (b)] 
[Hint: After a, J3-emission, nucleus goes to excited state; 
when it returns to normal state, emission of y-radiations takes 

. place.] 

3. In which of the following transformations, the ~-particles are 

emitted? 
(a) Proton to neutron 
(c) Proton to proton 
[Ans. (b)] • 

(b) Neutron to proton 
(d) Neutron to n~utron 

[Hint: ~n ---7 :H + _~ e + antineutrino] 

4. In the radioactive decay: 
AX A Y A - 4z A - 4Z * Z --7 Z+I --7 Z-l --7 z-i 

the sequence of emission is: 
(a) a,~,y (b) ~,a,y (c) y,a,~ (d) ~,y,a 
[Ans. (b)] 

[Hint: 1x - _~e ---7 z+ ~y; z+ lAy - iRe ---71=iz; 
A 4z _y ---7 A-4Z* ] 
Z-l Z-l 

5. Which of the following elements is an isodiaphere of 2~i U? 

6. 

'ta) 2~3Bi (b) 2~2Pb (c) 23.kTh (d) 2t\Pa 

[ADS. (c)] 
[Hint: Is.odiapheres are formed by a-emission. 

niz U - iHe ---7 239~ Th (Isodiaphere)] 

A certain radioactive material i X starts emitting a and ~ 

particles successively such that the end product is : _ ~ y, The 

number of a and ~ particles emitted are : (VITEEE 2(68) 
(a) 4 and 3 respectively (b) 2 and 1 respectively 
(c) 3 and 4 respectively (d) 3 and 8 respectively 
[Ans. (b)] 

[Hint: 1x ---7 t.-;r 
Number of a-particles = in mass number ! 2 

44 
Z 2 x Number of a-particles + Number of~-particles Z - 3 

Z - 2 x 2 + Number of ~-particles =:: Z - 3 

Number of ~- particles 1] 

3.8 RADIOACTIVE DISINTEGRATION SERIES 

Elements beyond bismuth are all radioactive in nature. Most of 
them have several radioactive isotopes. These radioactive 
elements . disintegrate to give new elements which again 

. disintegrate to form other elements and so on. The process 
continues till a non-radioactive end product is reached. 

"The whole chain of such elements starting from the parent 
element (radioactive) to the end element (non-radioactive) is 
called a radioactive series or a family". 

All the naturally occurring radioactive elements above atomic 
number 82 belong to one of the three radioactive series. These are 
known as: . 

(i) Thorium series . (ii) Uranium series 

(iii) Actinium series 

Uranium and thorium series have been named on the basis of 
long lived isotopes of 238 U and 232 Th. The parent element of 

actinium series is 235U but originally it was thought to be an 
isotope of actinium, 227 Ac. The three series are also referred to 4n 
(thorium), 4n + 2 (uranium) and 4n + 3 (actinium) series as when 
the mass numbers of various members belonging to these series 
when divioed by four, either there is no remainder (as in thorium 
\series) or the remainder is 2 (as in uranium series) or 3 (as in 
" actinium series). The end product in all the three series is an 
,.isotope of lead which is stable and non-radioactive in nature. The 

following table shows the main characteristics of three 
fadioactiveseries: . 

Atomic. - masses 
'-,'" 

First. Halflife. 
Last when No.ofa.- No. of (3-

of first 
Series mem-

member 
mem- divided partieles particles 

her 
in years 

her by 4, the emitted emitted 
remain-

~ der 

Thorium 2~~Th 1.4 x 1010 2~~Pb 0 6 4 

(4n) 

Uranium 2~~U 4.51 x 109 2~~Pb 2 8 6 

(4n + 2) 

Actinium 2~~U 7.07 x 108 z~~Pb 3 7 4 
(4n + 3) 

(i)''Thorium series(4n series): 
-u -13 -13 -(1. -a; -(1. 

232Th -t 228Ra -t 228 Ac -t 228Th -t 224Ra -'" 220Rn ->. 216 pO 
~ U ~ ~ u ~ ~ ~ M 

208 Tl 216 At~ 81 . 85 
-~ -0: -0: -[3 

208 Pb/ ~212B·7 
82 "'- / 83 1 "'-

-~ ~[3 -[3~ -0: 
212 Po 212 Pb 

84 82 . 
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(ii) Uranium s.eries [(4n +2) series}: 
-a -I} -I} a -a -a 

2t~U -t 2t<iTh -t 2tiPa -t 2tiu -t 2igTh -t 2~;Ra -t 2~lRn 

210Tl' " 214 Pb I 
'~~Pb(" ') 'klBi (' 82 "('~po~ 

-0 /-13 ' -~ ~' . 
, 2~! P02~~ At 

.', '7~~TI~ 
'~ 2~~'Bi~'/2~~Pb 

. -13 210 p' -IX 
, J 84 0 

(iii) Actinium series [(4n + 3) series]: 

2~~-Fr 

-a' ':'J:l 'a/ ~13, a 
235U-t 23lTh _-", 231 Pa -t 227 Ac ~223Ra -t 219Rn, 
92 90 -cr 91 ' 89 ~ / 88 ,86 

-13 227 Th -IX 
90 

207 Tl 
13 81. ' 

. 2~; Pb/ 22k\Bi ~ 'k\Pb ." '~Po -" 
~21l -13 

84 PO , 
Only 18radioactive isotopes with atomic number 82 or less, 

are found in nature. 14 C is the exception because it < is 
, continuously synthesized in our atmosphere. All these natural 
radioactive elements have half-life longer than I 09yrs (age of 
earth). Another 45 ,radioactive isotopes having atomic number 
greater than 82 are also found innatuni and fall in above three 
natural decay series. 

Similarities between Radioactive Series 
(i) In' all the series, there is an element of zero group with 

atomic number 86. This element comes in the gaseous state and is 
called emanation. Different names are given to three isotopes. 
These are radon in uranium series, thoron in thorium series and 
actinon in actinium series. 

(ii) In all,the series, the last product is an isotope of lead 
(atomic number 82), 206Pb in uranium series, 207 Pb in actinium 
series while 208 Pb in thorium series. Due to this reason, lead is 
found in nature as a mixture of these three isotopes. 

(iii) In all the series, there are certain elements which 
disintegrate in a branching process by emitting either ex or 
B-particles. The species thus formed are then disintegrated in 
such a way as to give a common product. 

Neptunium series [(4n +1) series]: For many years 

scientists speculated upon the failure to find a disintegration 

series in nature whose isotopic masses carry a numerical 
relationship of 4n + 1 The most reasonable explanation for the 
absence of this series in nature was that no member of this series 
was sufficiently long lived to have survived over the years since 
the series might have been formed. Except the last member, all 
other members of this series have been obtained by artificial 
means. The name of this series is given on the long lived isotope 

, of neptunium (Hal( life' 2~~ Np 2.25 X 106 years). This family 

differs from the other three naturally occurring series in the 
following respects: 

(a) The last member of this series is an isotope of bismuth 
(2~j Bi) and not an isotope of lead., 

(b) The only member ofthis series which is found in nature is 
tlie last member. 

(c) The series does not contain gaseous emanation. 
- a -Il - a a -J:l 

2~~ Np -t 2~~ Pa -t 2~~U -t 2~~ Th -t 2~~Ra -t 2~Ac 

213 Po ' 84 ' 

-~ 7 ~ -~ -a a! 
2~~Bi ('-2~~Pb~' /. 2~~Bi ('- 2~~At ('- 2~~Fr 

-13 2~ TI -IX 

In this series, seven alpha and four beta particles are emitted. 

3.9 RATE OF DISINTEGRATION AND HALF 
LIFE PERIOD 

The radioactive decay of the different radioactive substances 
, differ widely. The rate of disintegration of a given substance 
depends upon the nature of disintegrating substance and its 
total amount. The law of radioactive disintegration may be 
defined' as "the quantity of ra(}ioactive substance which 
disappears in unit time is directly proportional to the 
amount* of radioactive substance present or yet not decayed." 
The quantity of the radioactive substance which disintegrates or 
disappears in unit time is called rate of disintegration. 

Tbe rate of disintegration decreases with time as the 
amount of radioactive substance decreases with time. One of 
the most important characteristics of the radioactive 
disintegration is that a certain definite fraction of a radioactive 
sample undergoes disintegration in a definite period of time. This 
time period does not depend upon the initial amount of the 
radioactive substance. 

For example, whatever be the amount (initial) of 131 I taken, it 
becomes half within 8 days. This has been shown in Fig. 3.4 (a). 
Initial amount of 131 I The amount of 131 I after 8 days 

20 grams 1 0 grams 
10 grams 5 grams 
5 grams 2.5 grams, etc. 

Rutherford mtroduced a constant known as half life period. It 
is defined "as the time during which half the amount of a 
given sample of the radioactive substance disintegrates". 

Amount of a radioactive substance can be taken in terms of number of atoms or moles or grams, milligrams, etc. 
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Fig. 3.4 (b) 

Every radioactive element is characterised by a definite constant 
value of half life period, Half life period of an element is also a 
measure of its radioactivity, since shorter the half life period, .the 
greater is the number of disintegrations and hence greater its 
radioactivity. Half life periods vary from billions of years fQr 
some radioisotopes to a fraction of a second. 

Halflife period is represented as t 112' 

Let the initial amount of a radioactive substance be No. 

After onehalflife period (t1l21 it becomes = No 12 

After two half life periods (2t 112)' it becomes = N 0/4 

After three half life periods (3t 112)' it becomes = N 0/8 

and Arter n half life periods (nt 1l2 )', it shall become = Gr No 

Thus, for the total disintegration of a radioactive 
substance an infinite time will be required. 

Time 
Amount of 

(1) 
radioactive 

substance (N) 

0 

t~12 1 . er 2. N o= 2. No 

2t1l2 1 er -No - No 
4 2 

3tll2 ~No=GrNo 
4t112 I· cr -No= - No 

16 2/ 

nt1l2 . (Ir - No 
.\2 

Amount of radioactive 
substance decomposed 

N) 

o 

~ No =[l~JNo 
. 3 
-No 
4 

7N 
gO 

[1- ±JNo 

[1- ~]No 
IS [ 1 ] . No=I-- No 
.16 16 

[I nr]No 

Amount of radioactive substance left after n half life periods 

. N=GrNo 

and . total time T n x t 112 
where, n is a whole number. 

: : : ~:::.SOME SOLVED EXAMPLES\ ::::.:: : 

Example 10. The half life period of radium is 1.580 years. 
How do you interpret this statement? 

Solution: Whatever quantity of radium is taken, it shall 
become half after the expiry of 1580 years. The following table 
explains the statement: 

Quantity of radium 
at present 

100 atoms' 

50 gram 
5 mole 

Quantity of radium 
after 1580 years 

50 atoms 

25 gram 
2.5 mole 

Example 11. The radioactive isotope 137 Cs has a half life 
period of30 years'fjStarting with I mg of J37 Cs, how much would 
remain after 120years? 

Solution: At this time, we have 1.0 mg of 137 Cs; after 30 
years, we shall have Qne half of the original, or 0.50 mg; after 60 
.years, we shall have 0.25 mg; after 90 years, we shall have 0.125 
mg and, finally, after 120 years, we shall have 0.0625 mg. 

After 30 years 0.50 mg 
60 years 0.25 mg 
90 years 0.125 mg 

120 years 0.0625 mg 
Alternative solution: 
We know that, 
So, 

Total time I 20 years 
. total time = n x t 112 

120' nx30 
n4 

Thus, the quantity of the isotope left after· . 
(1)4 (1\4 

four halflife periods = l'2 No = '2). xl 

1 
-= 0.0625mg 
16 
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. " Example 12.' A radioactive element has half life period of 
30 days. How much ~fit ~ill be left after 90 days? 

Solution: Total time = 90 days 

Half life (tI12 ) 30 days 

We know that, total time = n x tll2 , 

So, 90= n x 30 

n==3 
Thus, quantity left after three half life periods, 

1 3 
::= (z) No [N 0 original amount] 

, I I 
== xNo==-No 

8 8, 

Example 13. The half life period of 2~~PO is 140 days, In 

how many days 19 of this isotope is reduced to 0.25 g? 

Solution: Original quantity of the isotope (N 0) I g 

, Final quantity of the isotope NO. 25 g 

We know !hat, 

So, 1 (1)11 == - xl 
4 .. 2 

I" 
or 

m n=2 
Time taken T == n X tl12 == 2 x 140 280 days 

Example14. The half life period oj. 234 U is 2.5 X 105 

years. In how much time is the quantity of an isotope redJlced to 
25% of the original amount? 

or 

or 

or 

or 

Solution: Initial amount of this isotope No == 100 
Final amount of the isotope N == 25 

We know that, N = (~r No 

So, ' 25=Gf x 100 

1~0 =Gr 

I P)11 
4 \2 

P)2 =(ll" 
\2 . 2; 

n==2 
Time taken T nxtll2 

= 2x 2.5x 105 = 5x 105 years 

Example 15. A radioisotope has tll2 5 years. After a 
given amount decays for 15 years, what fraction o/the original 
isotope remains? 

Solution: Half life (t 112 ) == 5 years 
Time for decay (T )::= 15 years 

We know that, T = n x tl12 

So, 15 = n x 5 
or n=3 

. Let the original amouI¢ be = No 
, Let the amount left after three half life periods be N 

fraction N / No 

or 

We know that, 
r 1)11 ' 

N = lz No 

N _(1)11 _((\3 

No - \Z -lzj == 8 

Thus, after 15 years lth of the original amount remains. 
8 

Exampl.e 16.' if in 3160 years, a radioactive substance 
becomes onejourth of the original amount, find its half life 
period. 

Solution: 
N 1 ---

No 4 

So, 
1 UY' 4 2) 

or 'If lz (~r 
or n=2 

We know that, total time' T' = n xt 112 

So, 3160' 2xtJl2 
3160 

or tll2 = = 1580 years 
2 

The halflife period of the radioactive substance is 1580 years. 

7. Hltlf life of a radioactive sample is 2x years. What fraction of 
this sample will remain undecayed after x years? 

(a) .!. (b) 1 (c) I, (d) 2 
2fi Jj 

[Ans. (b)] 
[Hint: A=. 

t 

(N ) '100 l_o 
'" N 

0.693 _ 2.303 1 (N 0) --- oglO -
tl/2 t N 

0.693 2.303 1 (No) -- -- oglO -
2x x N 

1 (N \ 
2 loglo 2 = log NO) 
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N I 
-=-No .J2 

Fraction undecayed = _1_ ] 
.J2 

8. Half1ife of a radioactive element is 10 days. What percentage 
of the element will remain undecayed after 100 days? 
(a) 10% (b) 0.1% 
(c) 0% (d) 99% 
[Ans. (b)] 
[Hint: In ten times ofhalflife 99.9%, the element undergoes 
decay; then percentage of undecayed radioactive element will 
be 0.1%.] .;'. 

9. Which among the fOllowVtg relations is correct? 
(a) t1l2 = 2t3/4 . (b) t1l2 = 3t3/4 

(c) t3/4 = 2t1l2 (d) t3/ 4 '= 3t1l2 

[Ans. (c)] 

[ . 0.693 2.303 1 (No) Hmt: --=-- og -
. til 2 t . N 

. 0.693 =2.303 log 100 
til 2 t3/4 75 

. . t3/4 = 2t1l2 ] 

10. Select the correct statement: 
(a) Same amount will decay in every half life 
(b) Amount decayed in first half life is maximum 
(c) Amount decayed in first half life is minimum 
(d) Amount decayed in a half life depends on the nature of 
element 
[Ans. (b)] 
[Hi~t! :>Amount decayed in first half life is maximum. Half of 
the initial amount is decayed in first half life.] 

11. The half life period of a radioactive mineral is 15 min. What 
percent of radioactivity of that mineral will remain after 45 
min? [UGET (Manipal Medical) 2006] 
(a) 17.5% (b) 15% (c) 12.5% (d) 10% 
[Ans. (c)] 

[Hint: n = 45 = 3 = No. of half lives 
15 

N =NoGr =Ioox(~r =12.5%] 

12. Half life of a radioactive element is 16 hrs. What time will it 
take for 75% disintegration? (DeE 2006) 
(a) 32 days (b) 32 hrs (c) 48 hrs (d) 16 hrs 
fAns. (b)] 
[Hint: 75% decay takes place in t3/4 (3/ 4th life) 

t3/4 = 2t1l2 = 2 x 16 = 32 hrs] 

Disintegration constant: A chemical reaction whose rate of 
reaction varies directly as the concentration of one molecular 
species only, is termed it first order reaction. Radioactive 
disintegration is similar to. such a chemical reaction· as one 
radioactive species changes into other. This change can be 
represented by the equation: 

A'~B 

. Suppose the number .of atoms of a radioactive substance 
present at the start of observation, i. e. , when t = 0, is No and after. 
time t; the number of atoms remaining unchanged is N. At this 
instant a 'very small number of atoms dN disintegrate in a small 

time dt; the rate of chang~ of A into B is given by - dN . The 
dt 

negative sign indicates that number of atoms decreases as time 
increases. Since, rate of disintegration or change is proportional 
to the total number of atoms present at that time, the relation 
becomes . 

dN 
--=A·N 

dt 
... (i) 

, A' is called the disintegration constant or decay constant. 
dN 

Evidently - - = A' dt ." (ii) 
N 

If dt = I second, A = - dN ... (iii) 
N 

Thus, A may be defmed as the fraction of the total number 
of atoms' which disintegrate per second at any time. This is 
constant for a given radioa~tive isotope. 

Integrating ~q. (ii), - J ~ = A J dt 

-log N = At + C .. : (iv) 
C is the integration constant. 

When t = 0, N = No 
putting the values in eq. (iv), 

-logNo=C ... (v) 
Putting the value ofC in eq. (iv) 

-log N = At - log No or log No - log N = At 

r 
N 
No 

I 

--Time--

Fig. 3.5 Fraction of radiOisotope remaining versus time 

r 
. "-
Slope = - 2.303 

IOg( ~o) 

I 

-- Time ---::::--
-

Fig. 3.6 Log of fraction remaining versus time 
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or 

or 

log No At 
N 

or 2.303 log 10 :;::: At 
N 

1 2.3.03
1 

No 
1\,=-- oglO-

t N 
... (vi) 

This equation is called kinetic equation and is obeyed by first 
order reactions. 

Relationship between !talC life period and radioactive" 
disintegration constant. . 

When N t:;::: t 1/2 , 
2 

Putting the values in eq. (vi) 
1 2.303 1 No 2.303 1 2 
I\, oglo ~-=-'- ogIO 

tl/2 . No/2 tll2 

The value oflog 10 2 is 0.3010, 

S
· 1 0.693 . 0.693 
0, 1\,=-- or t1l2 = 

t1l2 A 
Thus, half life period of a given radioactive substance does not 

depend on the initial amount of a radioactive substance but depends 
only on the disintegration constant of the radioactive element. 

3.10 AVERAGE,LIFE' 

It is the sum of the periods of ~xistence of aU the atoms 
divided by the total number' of atoms of the radioactive 

SUbstance. I'~' f II h ' AI'" Tota Ihe tIme 0 ate atoms 
verage he =, , 

Total nun1ber of atoms 

fo= t dN I 
==---

No A 
Thus, average iife of a radioactive element is the inverse of its 

disintegration'or decay constant. 
I t 1 '2 

Average life = -'- = 1.44t1l2 
A 0.693 

The average life of a radioactive substance is 1.44 times of its 
half life period. . 

Alternatively: 

We know that, A~ 2.303 I ( N 0 I ~,-- oglO -
t N j 

or . iN J 
At = loge l; 
AI NO e =-

N 

, or N -At --:::!e 
No 

N = e-1 

No e 

i 
.Let t 

1 
; then 

A 

N I 
0.3679 .I --

No 2.718 

% remaining amount = N x 100= 36.79 
No 

% decayed amount 100 ~ 36.79:;::: 63.21 
Time during which 63.21 % substance undergoes decay is 

called average life. , 
Relation between rate of decay and mass of given element 

Rate(-~)=AXN . 

A x No. of atoms of element undergoing decay 
0.69-3 . mass = x . x Avogadro's number 
t1l2 atormc mass 

Parallel Path Decay 

Let a radioactive element 'A' decays to 'B' and 'c' in two 
parallel paths: ' 

A<B 
C 

Decay constant of 
'A' Decay constant of' B' + Decay constant of' C' 
AA AB + AC ' ." (i) 

Here, A B = [fractional yield of B] x A A 

AC :;::: [fractional yield of C ] x A A ' 

Maximum Yield of Daughter Element 

Let a radioactive element' A' decays to daughter element' B' . 
A )B . 

AA and AB are decay constants of 'A' and 'B'. Maximum 
activity time of daughter element can be calculated as: 

t = 2.303 10 [AS] 
max (AB AA) glO AA i 

3.11 RADIOAC11VE EQUILIBRIUM 

Let us consider thafa radioactive element A disintegrates to give 
B which is also radioactive and disintegrates into C. 

A ----t B ----t C 
The element B is said to be in radioactive equilibrium with A if 

its rate of formation from A is equal to its rate of decay into C. If 
A 1 and A 2 are the disintegration constants of A and B, N 1 and N z 
are the number of atoms of each radioactive element present at 
equilibrium, then we have 

Rate of formation of B = Rate of decay of A = A IN 1 

and Rate of decay of B :;::: AzN 2 

At radioactive equilibrium, 

AINI =A2N2 

A2 11 Al Average life of A 
or =- --

N2 'AI 11 A2 Average life ofB ZB 

Thus, the number of atoms of A and B are in: the ratio of 
their average life peri9~s. 

Nl A2 _0.6931 (t1l2 h 
N 2 ~ - 0.693'/ (t1l2)1 

!!L= 
, N 2 (t1l2 h 
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When A A of parent element is less than A B of daughter 

element, but both are not very small then a transient equilibrium 
is reached, when 

NA AB -AA 
in fact it is steady state. 

·3.12 UNITS OF RADIOACTIVITY 
In radioactivity, the number of atoms which disintegrate in uriit 
time is .of real importance rather than the total amount of the. 
radioactive substance expressed by mass or number of atoms, 
i. e. , the activity of a radioactive substance is the rate of decay or 
number of disintegrations per second. 

The unit of radioactivity called Curie (Ci) is defined as that 
quantity of any radioactive substance which has a decay rate 
of3.7 x 10111 disintegrations per second. 

This unit is a large one and hence smaller units like milli­
curie (mCi) and microcurie (!.lCi) are used. 

1 millicurie = 3.7 x 107 disintegrations per sec 

I microcurie 3.7 x 104 disintegrations per sec . 

There is another unit Rutherford (Rd) which is also used these . 
days. It is defined as the amount of a radioactive substance 
which undergoes 106 disintegrations per second. Smaller units 
like mill i-Rutherford and micro-Rutherford are also used. 

1 milli-Rutherford·= 103 disintegrations per sec (dps) 

I micro-Rutherford = I disintegration per sec 
The SI unit of radioactivity is proposed as Becquerel which 

refers to one dps. 

1 curie = 3.7 x 104 Rutherford = 3.7 x 1010 Becquerel 

I curie 37 GBq 

Here, G stands for 109
, i. e. , giga 

Gray (Gy) =1 kg tissue receiving 1 J of energy 
Sievert (Sv) gray x quality number of radiation 

Quality number of la-particle = 20 
Quality number of l~particle = 1 

Specific activity of a radionuclide is its activity per kilogram 
(or dm3

) of the radioactive material. 
. (In some cases, specific activity is taken as the activity pel: 

gram.) 
Radiation counter: There. are two main radiation counters 

in practice. 
1. Geiger-Muller counter: It is used to count charged 

particles, e. g. ,a and ~particles, emitted by a raru.oactive nucleus. 
This counter is simply a metal tube filled with a gas like argon. 

In order to count and detect neutrons, boron trifluoride (BF3) 
is added along with a gas in the G.M. counter. Neutron strikes 
105 B nuclei 10 produce a-particle, which is then detected and 

counted in Geiger counter. 

I~B + ~n~ ~Li + iHe 
2. Scintillation counter: y-radiationsare detected by 

Scintillation counter. A phosphor is used in this counter which 

produces flash of light when it is struck by electromagnetic 
radiation like v-rays, for detection ofy-rays.Sodium iodide (NaI) 
and thallium iodide (Til) are used as phosphor. Rutherford first of 
all· used zinc sulphide (ZnS) as phosphor in detection of 
a-particles. 

: :~:::a.SOME SoLVED EXAMPLES\ I::::: : 
.ExampleI7.· Theha/fiije period of radium is 1600years. 

Calculate the disintegration constant of radium. Mention its unit. 

or 

S I · D' .. ~ 0.693 
.0 uhon: IsmtegratlOn constant 1\ = --

Since, 

So, 

. t1l2 

t 112 1600 years 
'A = 0.693 

'1600 
A = 4.33 X 10-4 year-I 

. Example 18. The disintegration constant of 238 U ;. 
1.54 X 10-10 year-t. CalCulate the halflife periodof 238 U. 

S I · H Ifl'''''od 0.693 o ution: a be pen ,t1l2 =--
A 

Since, A = 1.54 X 10-10 yw-I 

SQ, 0.693 4·5 109 
tl/2 = = . x years 

1.54x 10-10 

Example 19. The halflifo period of radon is 3.8days. After 
how many days will only one-twentieth of radon sample be left 
over? 

S . W kn th 1 0.693 0:693 0182d -I olutlOn: e ow at, 1\ = -- = --=. ay 
tl/2 3.8 

Let the initial amount of radon be No and the amount left after 

t days be N which is equal to N o .· 
20 

Applying the equa~ion, 

t 2.303 I No 
oglO 7i 

2.303 1 No _ 2.303 I 20 
0.182 oglO No 120 - 0.182 oglO 

= 16.54. days 

Example 20. A counter rate meter is used to measure 
the activity of a radioactive sample. At a certain instant, the 
count rate was recorded as 475 counters per minute. Five minutes 
later, the count rate recorded was 270 counts per minute. 
Calculate the decay constant and halflife period of the sample. 

Solution: Let No and N be the number of atoms of the 
radioactive substance present at the start and after 5 minutes 
respectively. 

Rate of disintegration at the start =AN 0 = 475 

and rate of disintegration after 5 minutes = AN= 270 

Div.iding both, AN 0 = 475 
AN 270 

or .176 
N 
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We know tha.t, A 2.303 log 10 N o 
t N. 

~ 2.303 I" 1'7'6 0113' -I ""= oglo, =. mmute 
5 

H If J'f' . d 0.693 0.693 6 1 . a I epeno = =-- = . mmutes 
A 0.113 

Example 21. You have O.lg atom of a radioactive isotope 
1 X (half life 5 days)~ How many atoms will decay during the 

11th day? 
Solution: Amount of radioactive substance = 0.1 g atom 
So,· ' No 0.1 x Avogadro's number 

0.1 x 6.02 xl 023 

= 6.02 x 1022 atoms 

6.02 x 1022 

Number of atoms after 5 days = '= 3.01 X 1022 

2 
, , ,3nIxIOn , 'n' 

Number of atoms after 10 days = = 1.505 x 10 
2 

, Let the number of atoms left after 11 days beN. 

or 

We know that, 

Given, t 

So, 

So, 

11, A 

2.303
1 

No 
t A oglO N 
0.693 

, No = 6.02 x 1022 

5 

11 ,2.303 x5 10 6.02 x 10
22 

0.693 glo N 

log 10 6.02 x 10
22 

11 x 0.693 = 0.6620 
N 2.303 x 5 

n 
6.02 x 10 = Antilog 0.6620 = 4.592 

N 

N 6.02 X 1022 1.3109 X 1022 

4.592 

Atoms decayed during 11 th day 
, [1.5050 x 1022 

- 1.3109 x 1022 
] 

0.1941 x 1022 

1.941 x 1021 

Example 22. 109 atoms of an a-active radioisotope are 
disintegrating in a sealed container. In one hour, the helium gas 
c;Uected atSfP is 11.2 cm3

. Calculate the half life of the radio 
1 I 

isotope. 
Solution: Amount of radioactive isotope = 109 atoms, ' 

or No tOx 6.023 X 1023 atoms 

6.oi3 x 1024 atoms 

22400 'cm3 of helium contains == 6.023 x lOr atoms 

6 02~ x 1023 
11.2 cm 3 of helium will contain = _._-1 ..... __ x 11.2 atoms 

22400 

= 3.01 x 1020 atoms 

As one helium atom is obtained by disintegration of one atom 
of radioisotope, the total number of atoms of the radioactive 
isotope which have disintegrated in one hour 

= 3.01 x 1020 or 0.0003 x 1024 

The number of atoms of the radioactive isotope left after one 
'hour, 

, Using, 

N = (6.023 X 1024 
- 0.000301 X 1024 

) 

6.0227 X 1024 

1 2.303
1 

No 
"" -- og-

t N 
, 24 

1 2.303 1 6.023 x 10 
"" -- og ------0:-:-

t 6.0227 X 1024 

= 2.303 x 2.1632x 10-5 =4.982xlO-5 hr-I 

t 112 = 0.693/ (4.982 x 10-5 x 24 x 365) 1.58 years' 

Example 23. Calculate the average life of a radioactive 
substance whose halflife period is 1650 years. 

Solution: Average life = 1. 44 x t 112 

= 1.44 x 1650= 2376 years 

Example 24. 90 Sr shows ~activity and its half life period 

is 28 years. What is the activity of a sample containing 1 g of 
90 Sr? 

Solution: Activity = No. of atoms disintegrating per second 
:::: A x total number of atoms 

0.693 A=-------
28 x 365 x 24 x 60 x 60 

6 0?3 X 10
23 

Total number of atoms in 1 g of 90Sr = -' -----
, 90 

A 
. . 0.693 6.023 x 1023 

ctlvlty = x ----
28x 365x 24x 60x 60 90 

= 5.25 X 1012 disintegrations per second 

5.25x 1012 

141.89 curie 
3.7 x 1010 

. Example 25. A chemist prepares 1.00 g of pure IJ C. This 

, isotope has halflife of21 minutes, decaying by the equation: 

UC~lIB+Oe 
6 5 1 

(a) What is the rate of disintegrationper second (dps) at start? 

c'b) What a~e the activity and specific activity of IJ C at start? 

(c) How much of this isotope (1 ~ C) is left after 24 hours of its 

prep~ration ? 

Solution: (a) Applying, - a; = ANO ' 

0.693 1 x 6.02 X 1023 

x------
21 x 60 11 

= 3x 1019 dps 



RADIOACTIVITY AND NUCLEAR TRANSFORMATION 165 

. 3 X 1019 
(b) Activity = . 10 (1 curie = 3.7x 1010 dps) 

3.7 x 10 

= 8.108x lOs curie 

Sp. activity = 3 x 1019 
X 103 = 3 X 1022 dis/ kg s 

=8.108xWII curie 

. ( 1 J n [ . t 24 x 60 1 (c) Applymg,N=No - •. n=-= = 68.S7
J . 2 . tll2 21 

. N = 1 x GJ 6S.57 = 2.29 X 10-21 ~ 

rUUSTRATfdNf Of OBlECflVE-QU£STiONS 

13. The time of decay for the nuclear reaction is given by 
t = 5t1l2 . The relation between mean life 1: and time of decay 
't' is given by: 

(a) 21: In 2 (b) 51: In 2 
. 1 

(c) 21:4 In 2 (d) 4 In 2 
1: 

[Ans. (b)] 

[Hint: t = 5t ll2 
In 2 

t=5x-
A 

t=51:ln2r 
14. The activity of a sample of radioactive element 100 A is 6.02 

curie. Its decay constant is 3.7 x 104 
S-I. The initial mass of 

the sample will be: 
(a) 10-14 g (b) 10-6 g (c) 10-15 g . (d) 10-3 g 
[Ans. (c)] 

[Hint: Activity = A x_w_ x 6.023 X 1023 
At. wt. 

6.02 x 3.7 x 1010 = 3.7 X 104 x ~ x 6.023 X 1023 
100 

W=IO- 15 g] 

15. A fr<;:shly prepared radio medicine has half life 2 hours. Its 
activity is 64 times the permissible safe value. The minimum 
time after which it would be possible to treat the patients with 
the medicine is: 
(a) 3hrs (b) 9 hrs (c) 24 hrs (d) 12 hrs 
[Ans. (d)] 

Hint: N =No(~r 

n = 6 half lives 

.. time=2x6=12hrs] 
16. . .One gram of 226 Ra has an activity of nearly 1 Ci. The half life 

of 226 Ra is: -

(a) 1582 yrs (b) 12.5 hrs 

(c) 140 days (d) 4.5 x 109 yrs 

fAns. (a)] 
fRint: Use the following relation for calculation of activity: 

, 

.. 0.693 W 6023 1023 ActiVity = -- x --x. X 
tll2 ·At. wt. 

3.7x 1010 = 0.693 x _1_. x 6.023 x 1023 
{112 226 

It will give the half life in seconds.] 
17. Assuming that 226 Ra (til 2 == 1.6 X 103 yrs) is in secular 

equilibrium with 238 U (t1l2 == 4.5 X 109 yrs) in a certain 

mineral, how many grams of radium will be present in for 
every gram of 238 U in this mineral? 

(a) 3.Tx 10-7 (b) 3.4 x 107 

(c) 3.4 X 10-7 (d) 3.7 x 107 

[Ans. (c)] 

[Hint: 
NI 22~a _ tll2 226Ra 

N 238U - t 238 U 2 112 

w/226 1.6xHi3 

1/ 238 4.5 x 109 ' 
~ = 3.4 x 10-7 g] 

18. A certain radioactive isotope decay has a-emission, 
AIX~ A I -4 y 
ZI .. ZI-2 

half life of X is 10' days. If 1 mol of X is taken initially in a 
sealed container, then what volume of helium will be 
collected at STP after 20 days? 
(a) 22.4 L (b) 11.2 L (c) 16.8 L (d) 33.6 L 
[Ans. (c)] 
[Hint: After 20 days 0.75 mol helium. will be formed. 
:. Volume of helium at STP = 0.75 x 22.4 . 

==16.8L] 

3.13 ARTIFICIAL TRANSMUTATION 
Transmutation is defined as the conversion of one element 
into another or one type of atom into another. When this 
conversion is achieved by artificial means, it is termed ··as 
artificial transmutation. . 

The conversion of elements into one. another has been -the 
dream of the human race for many centuries. In the middle ages, 
it was popular under the name of ' Alchemy'. Alchemists were 
unsuccessful in this attempt as they were having .very little 
knowledge about the structure of atom. With the background of 
the clear picture of the structure of the atom, modem scientists 
have realised that to convert one element into another, the 
nucleus should be attacked and altered. 

The first indication that a stable nucleus could be disrupted 
was given by Rutherford in 1.919: He observed that when 
nitrogen was bombarded with high speed a.-particles from 214 Po, 
protons were emitted. Thus, nitrogen was changed into an isotope 
of oxygen . 

Later on, Rutherford .and Chadwick showed that many other 
elements from boron to potassium with the excepticlr of carbon 
and oxygen - could be transmuted by bombardment with 
a-particles. However with heavier elements, there was only 
scattering of a-particles as these suffered a force of repulsion. It 
was, thus, concluded that to bring transmutation in heavier 

I 
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elements, the projectiles must have higher, energies than 
a-particles obtained from natural sources. It was suggested by 
.Gatnow in 1928 that a proton <l H) would be a much more 

effective projectile than an a-particle, but it was not available as a 
high speed particle. , 

The charged particles, like alpha particles, protons, deuterorts 
can be made much more effective projectiles if they have high 
velocity. Out of all the instruments which have been devised for 
accelerating projectiles, the one. which has attracted the widest 
interest is the cyclotron ofE.O. Lawrence. The projectile can be 

, . accelerated to the speed of25,000 miles per second. 
The discovery of neutron by Chadwick, in 1932, added 

another projectile for transmutation. The neutron being 
electrically, neutral can penetrate easily into the atomic nucleus. 
Although neutrons; are the most effective and versatile of 
projectiles, yet they suffer the objection that they inust be 
produced, by transmutation at the time (If use. High speed 
neutrons are obtained when berylliiim-9 is bombarded with 

, a-particles, 

~ Be + iHe ---? I~C + ~n 

and slow neutrons are obtained by bombarding lithium-7 with 
protons. 

~Li+'lH ---? lBe+ ~n 
In general, for the transmutation of lighter elements, charged 

particles like alpha particles, protons, deuterons are used while 
for heavier elements, neutrons are used. 

Nuclear Reactions 
The reactions in whicb nuclei of atoms interact witb other 

nuclei or elementary partiCiessucb as alpba particle, proton, 
, deuteron, neutron,etc., resulting in ttie formation of a new 

nucleus and one or more elementary_ particles are called 
nuclear reactions. Nuclear reactio~ are expre&sed in the same 
fashion as chemical reactions, i. e. ,react~ts on left hand side and 
the products on right hand side of the sign of (= ) or (~ ). In all 

nuclear reactions, tbe total number of protons and neutrons 
are conserved as in cbemical reactions, the number of atoms 
of eacb element are conserved. The s~bols ~ n, : H, i He, t H, 

:-? e, +~ e and yare used to represent neutron, proton, a-particle, 

deuteron, electron, po&itron, v-rays respectively. A short hand 
notation is often used for the representation of nuclear reactions. 
As for eXlPllple, the nuclear reaction 

, 14N + 4He ---? 17 0+ IH 
7, 2' 8 I 

is represented as IjN(a, p) l~o. Some of the characteristics that 

differentiate between nuclear reactions and ordinary chemical 
reactions are summarised below: 

1. Elements may be converted from No new element can be pro-
one to another. . duced; 

2. Particles within the nucleus are Only outermost electrons partici-
involved. pate. 

, 3. Often accompanied by release or Accompanied by release or ab- . 
.absorption of tremendous sorption of, relatively small 
amount of energy. amount of energy. 

4.' Rate of reaction is independent Rate of reaction is influenced by 
of external factors such' as tem- external factors. 
perature, pressure and catalyst. 

Example 26. Calculate the energy in the reaction 

2 : H + 2 ~n ~ iHe 

Given, H 1.00813 amu, n 1.00897 amu and 
He 4.00388amu 

Solution: Loss of mass in the given nuclear reaction 

::: 2(1.00813+ 1.00897)- 4.00388 

= 0.03032 amu 

E'lergy released::: 0.03032x 931 = 28.3 MeV 

Types of Nuclear Reactions 
(a) Projectile capture reactions: The bombarding particle 

is absorbed with or without the emission ofy-radiations. 
2~U + ~n ---? 2~iu + y 

tI Al + ~n ---? r~Al + y 
(b) Particle-particle reactions: Majority of nuclear 

reactions come under this category. In addition to the product 
nucleu&;.an elementary particle is also emitted. 

23N IH 23M' I II a + I ,---? 12 g + on 

23Na + 2H ---? 24Na'+ IH 
11 1 11 I 

. tfNa + iHe"'~ t~Mg + :H 

14 N + I n ---? 14c + I H 
7 0 6 I 

(c) Spallation reactions: High speed projectiles with 
energies approximately 40 MeV may chip fragmentS from a 
heavy nucleus, leaving a smaller nucleus. 

~~Cu + iHe +400 MeV -----4 iicI+14 :H+16 bn 
~~As+ tH ---?~~Mn +9 IH+12 ~n 

. 2t~ U + iHe ---? 18.74 W + 20 :H+.35 ~n 

(d) Fission reactions: A reaction in which a heavy nucleus 
is broken down into two or more medium heavy fragments. The 
process is usually accompanied. with emission of neutrons and 
large amount of energy. 

235U I ,141 92 3' I M V 92 + on -----4 56Ba + ?6Kr + on + 200 e 

(e) Fusion reactions: Light nuclei fuse together to 
reproduce comparatively heavier nuclei. 

tH+ fH ---? iHe+ ~n+17.6MeV 

A fusion reaction is the source of tremendous amount of 
energy. 

P.air production : Pair production is the most striking 
example of mass-energy .equivalence. 
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We can write pair production symbolically as : 

Photon + Photon ~ Particle + Antiparticle 

Particle + Antiparticle ~ Photon + phQton 
A particle and' antiparticle can collide and annihilate each 

other, producing two high-energy gamma ray photons. Pair 
production must obey the law of conservation of energy and 
momentum. 

The follo~ing are the important contributions of artificial 
transmutation: 

(i) Discovery of neutron 
(ii) Artificial radioactivity 

(iii) Nuclear fission 
(iv) Nuclear fusion 

3.14 ARTIFICIAL.RADIOACTIVITY 
In 1934, Irene Curie and F. Joliot observed that when boron and 
alUIl)inium were bombarded by Cl-particles, neutrons, protons and 
positrons were emitted. When bombardffient was stopped, the' 
emission of protons and neutrons ceased but that of positrons did 
not. The emission of positrons continued with ti:Q1e but decreased 
exponentially in a manner similar to natural radioactivity. Curie 
and Joliot explained this observation by saying that during 
bombardment, a metastable isotope is formed which behaves as a 
radioactive element. This process was termed as artificial 
radioactivity •. 

"The process in which a stable isotope is converted into a 
radioactive element by artificial transmutation is called 
artificial radioactivity." 

When ~i Al is bombarded by a-particles, radioactive isotope 

~~ Pis formed. 

C 

~gSi + ~ H(95% of total conversion) 

~~P + ~n (5% of total conversion) 

I 30S' 0 ~ 14 1+ +Ie 

Positron 
In a similar manner, the artificial radioactivity was observed 

when I~ B was bombarded by a-particles. 

I~B+ iHeC I~C+)H 
13N*+1 7 . on 

.L I~~+ +~e. 
The following. are some of the nuclear reactions in which 

radioactive isotopes are formed. 

nNa + ~H ~ ~iNa* +)H [~iNa-l3radioactive] 

2~~U + ~n ~ 2~iu* +y [2~iU-l3radioactive] 

I~C+:H ~ I~N*+y[I~N-positronradiciactive] 

25 Mg + 4He ~ 28 Al * + 1 H [2138 Al- A radioactive] 12 2 . 13 1 ]J 

* Half1ife period of i~p is 3.2 minutes. 

3.15 NUCLEAR FISSION 
. "The process of artificial transmutation in which heavy 
nucleus is broken down into two lighter nuclei of nearly 
comparable masses with release of large amount of energy is 
termed nuclear fission." The word fission is derived from its 
resemblance to the biological process called fission in which a 
living cell breaks up into two cells of roughly same size. 

After the discovery of neutron, Fermi, in 1934, made an 
attempt to synthesise transuranic elements from uranium by 
bombarding with neutrons. This experiment was repeated in 
Germany by Hahn and Strassmann. In one ofthe chemical tests, 
they found that one of the products was an isotope of barium 
along with the formation of an isotope ofthe element with atomic' 
number 93 (neptunium). In 1939, they proposed that uranium 
after capturing neutron undergoes two types of reactions-one 
with 238 U isotope and the other with 235 U isotope. 

(a) 2~~Uis converted into 2JjNpand 2J~Pu. 

238 U .:_ 1 , 239 U -13 ,239Np -13 ,239pu 92 'on ~ 92 ~ 93 ~ 94 
(Plutonium) 

(b) 2~i U captures slow neutron and splits up into fragments. 

2Ji U + ~n ~ 2J~U ~ I~Ba +~~Kr + 2 ~n 

It has been observed that. during fission of "gi U not only 

isotopes of Ba and K.r are formed but isotopes of v2.riollS other 
elements come into existence. These isotopes fall under two 
groups. First type-isotopes having atomic masses from 80 to 
110 and atomic numbers from 35 to 43 and second 
type-isotopes having atomic masses from 120 to 150 and 
atomic numbers 51 to 57. It is believed that only ~wo isotopes are 
first formed as primary fission products which then give rise to 
secondary products by successive disintegration. 

235 I· 141 92 I 1 92 U + on ~ 56 Ba + 36K.r + 3 on 

~ 1~~Xe + ~~Sr + 2 ~n Primary products 
~ 140Xe+ 95Sr+ In 54 38 0 

140 Xe ~ 140 Cs ~ 140 Ba ~ 140 La ~ 140 Ce 54 55 56 57 58 
Secondary products 

. During fission, there is always loss of mass which is converted 
into energy according' to Einstein' equation E = me2

. There is a 

loss of about 0.215 amu mass during one fission. Thus, energy 
released in one fission is equal to 0.215 x 93 L i. e., 200 MeV. 

Chain reaction: Whatever are the primary products of 
fission of uranium, it is certain that neutrons are always set free. 
If the conditions are so arranged that each of these neutrons can, 
in turn, bring about the fission, the number of neutrons will 
increase at a continuously accelerating rate until wh;)le of the 
material is exhausted. Such type of reaCtion is t:alled. chain 
reaction. Ittakes very ~mall time and is uncontrolled. It ends in u. 

I 
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terrible explosion due to release of enonnous amount of energy. 
The chain reaction is shown in Fig. 3.7. 

f-----n 

.......,....,.",-energy 

Fig.3.7 Chain reaction in uranium-235 

The chain reaction is seif-propagating if theva.lue of 
multiplication factor is more than I. 

Multiplication factor, ~ 

No. of neutrons produced in one step 
K;::-------------

No. of neutrons produced in preceding step 

The value of K is 2.5 for 235 U and 0.5 for 238 U. This shows 
that if all other factors ate ignored, natural uranium which is a, 
mixture of three isotopes CZ38 U = 99.29%, 235 U = 0.7%, 

234 U = 0.0006%) is not suitable for a chain reaction. The 

following two factors hinder the self-propagation of a chain 
reaction: 

(i) Leakage of neutrons from the system. 
(ii) Presence of non-fissionable material. 
"lithe system IS such that loss of neutrons is more than theIr 

production, it is a subcritical stage. When the loss of neutrons is 
equal to their production, it is said to be'the critical stage and 
when loss of neutrons is less than their production, it is the 
over-critical stage. Over-critical stage is required for 
self-propagation of chain reaction. The leakage of neutrons from 
the system can be reduced by suitable choice of size and shape of 
the fissionable material. The second source of loss of neutrons is 
due to absorption of neutrons by non-fissionable material. It may 
be reduced by careful purification of natural uranium, i. e.,natural 
uranium is submitted to the process of enrichment by which the 

percentage of 235 U in the sample is increased. The chain reaction 
, can be carried out under two conditions: (a) uncontrolled' (atom, 
bomb) and (b) controlled (nuclear reactors). 

Nuclear fuels: Nuclear fuels are of two types: 
(i) Fissile materials: These, on bombardment with slow 

neutrons, directly produce a chain reaction leading to release of 
energy. Three fissile materials are in use at present. These are 
235 U, 239 Pu and 233 U. 235 U is obtained from natural sources 
while 239 Pu and 233 U are obtained by artificial transmutation. 

(ii) Fertile materials: A fertile material is one which by 
itself is non-fissile in nature, can be converted into a fissile 
material by reaction with neutrons. 238 U and 232 Th are fertile 
materials. 238 U is converted into 239 Pu by the following nuclear 
reaction: 

238 U + In --t 239U*~ 239Np*~ 239Pu 
92 0 92 (23 min) 93 (2.3 days) 94 

Similarly, 232 Th is converted into-~33 U. 

232Th + In --t 233Th * ~ 233Pa * 233U 
90 0 90, (23 min) 91 (21 days) 92 

Applications of nuclear fission: Three practical 
applications of nuclear fission are: 

(a) Atomic bomb, (b) Nuclear reactor and (c) Power plant. 

Fissile material 

l 

(a) 

Subcritical 
' 235U' 

" ~I 235U 00
· I' .J...--" SUDcritioal 

~/-' -1-TNT explosive 

(b) 

Rssile material 

Subcritical 
235U 

(0) 

Before 
explosion 

At the time 
of explosion 

Fig. 3.8 (a), (b) a'nd (c) various designs used in the assembly 
of atom bomb. (The atom bomb is made in two or more 

pieces of the fissile material each smaller than the critical 
size. The moment these pieces are forced together, the 

bomb explodes with terrific violence). 



RADIOACTIVITY AND NUCLEAR TRANSFORMATION 169 

(a) Atomic bomb: It is based on uncontrolled chain 
reaction. The shape and size of the fissionable material is so 
adjusted at the time of explosion that it reaches the over-critical 
sta~e. In the atom bomb, a few pounds of fissionable material e3 U or 239,pU) is taken in the form of a number of separate 

pieces; each piece is in subcritical stage (surface area is very 
large, i. e., loss of neutrons is high.) At the time of explosion, 
these pieces are driven together rapidly by using explosives like 
TNT (trinitro toluene) lying behind each of 235U pieces as to 
make one large piece of fissionable material. At this instant, the 
over-critical stage is achieved and a fast chain reaction is set- up. 
This results in a violent explosion with the release of tremendous 
amount of enefg'Y. Fig. 3.8 shows some of the designs of atomic· 
bomb. 

On account of explosion, the fragments fly apart with 
tremendous speeds. These collide with each other and kinetic 
energy is changed to heat energy. The amount of energy liberated 
in an atomic. explosion is of the order of the detonation of about 
20,000 or 30,000 tons of TNT raising the temperature to about 
107oC. Air expands suddenly and a shock w~ve of great 
destructive impulse travels across. The explosion also produces a 
violent and intense blast of highly penetrating y-rays which are 
exceedingly dangerous. The radioactive dust (fallout) scatters 
over wide areas causing contamination. 

The first atomic bOmb dropped over Hiroshima city during the 
second World War in 1945 utilised 235 U and the second atomic 
bomb dropped on Nagasaki made use of 239 Pu. India exploded 
their first atomic bomb at Pokhran in Rajasthan in May 1974, 
and used 239 Pu as the fissionable material. 

Nuclear Power and India (Recent Developments) 
Indian scientists recently repeated the history of II th May 

1974. Our great scientists successfully conducted five 
underground nuclear tests at Pokhran range in Rajasthan, 24 
years after the nation had conducted the first such test. Three tests 
were conducted at 3.45 p.m. on 11th May 1998 and the two tests 
were made later on 13th May. These tests were up to the mark and 
as per our expectations. 

(b) Nuclear reactor or atomic reactor or atomic 
pile: The reactor is the furnace of the atomic age, the place 
where fissionable material is burnt for useful purposes. It is 
essentially an instrument designed to allow a nuclear chain to 
develop, under control. All the neutrons produced are not 
allowed to carry out the chain reaction. A fission reactor has five 
main components: (i) fuel, (ii) moderator, (iii) control rods, 
(iv) cooling system and (v) shielding. 

(i) Fuel: Either imrlched uramum or natural uranium is 
u:sually used as fueL Heterogeneous reactors employ the fuel in 
the form of rods, plates or hollow cylinders. Homogeneous 
reactors employ solution of the fuel prepared in the moderator. 

(ii)- Moderator: The most efficient fission reactions occur. 
with slow neutrons. Thus, the fast neutrons ejected during fission 
must be slowed down by collisions with atoms of comparable 
mass that do not absorb them. Such materials are called 

. moderators. The most commonly used moderators are ordinary 
water and graphite. The most efficient moderator is helium. The 

I 
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Fig. 3.9 Nuclear fission ii" '111C!$ar reactor using enriched 
... uranium 

next most efficient one is heavy water (D20) but this is so 
expensive that it has been used only in research reactors. 

(iii) Control rods: . Boron or cadmium steel rods are used as 
control rods. These rods absorb neutrons and thereby control the 
rate of fission, e.g., . 

B 10 + n 1 ~ Li 7 + He 4 
5 0 3· 2 

(iv) Cooling system: Liquid alloy of sodium and potassium 
is used as coolant; it takes away the heat to the exchanger. Heavy 
water, polyphenyls and carbon dioxide have also been used as 
coolants. 

(v) Shielding: The reactor is enclosed in a steel 
containment vessel, which is housed in a thick-walled concrete 
building. Operating people are protected by a shield of 
compressed wood fibres. 

Nuclear reactors are used: 

L To produce 239 pu and 233U: It is predicted that our 
limited supply of 235 U will last only another 50 years. However, 
non-fissionable 238U and 232Th are plentiful and can be 

• converted into 239pu and 233 U. This conversion can be done in 
special type of reactors called breeder reactors. These reactors 
not only produce large quantities of heat from fissiou but also 
generate more fuel than they use because neutrons are absorbed 
in a thorium or uranium blanket to form 233U and 23~PU. This 
type of reactor requires the use of fast neutrons; no moderator is 
needed, but control is more difficult. Heat must be transferred 
veryeff'rciently because 239Pu melts at a relatively low 
temperature of 640°C. The process in which non fissile Nuclei 
2~~ U and 2~t Th are converted to fissile nuclei in breeder reactors 

is given below: 

2~~U+ ~n ~ 2~U~ 2~~Np 

232 Th +'1 n ~ 232 Th 
90 0 90 2~Pa~ 2~U 

• 



170 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 

2. To produce a strong beam of neutrons: These neutrons 
are used lor making various isotopes which do not occur in 
nature. For example; i~p and ~~Co are produced from the 

following nuclear reactiops: 

130 Te + In 52 0 --1 131 1+ °e 53 -I 

31 P , 
15 + on --1 32p 

15 

32S+ 'n 16 0 --1 32p+ IH 
15 I 

59Co+'n 27 0 --1 ~Co 

The non-radioactive isotope is taken iil aluminium capsule 
which is placed inside the aluminium balL The ball is rolled into 
the reactor'where it is bombarded by neutrons slowed down by 
paraffin wax. The bombardment is continued for required period, 
which varies from element to dement. 

(c) Power plant (to generate electricity): The heat produced 
is utilised in generating steam which runs the steam turbines. The 
electric generator is connected to the turbirie. The electric power 
is obtainedfrorri the generatpr. The atomic reactor when used for 

. production of electricity is termed power plant. 
The first nuclear reactor was assembled by Fermi and his 

co-workers at the University of Chicago in the United States of 
America, in 1942. In India, the first nuclear reactor was put into 
operation at Trombay (Mumbai), in 1956. 

Condenser 

Fig. 3.10 Power plant : Application of nuclear fission for the 
.. production of electricity 

3.16 NUCLEAR FUSION 
A nuclear reaction in which- two lighter nuclei are fused 
together to form a heavier nuclei is called nuclear fusion. In 
such a process, more stable-nuclei come into existence as binding 
energy per nucleon increases (see sec. 2.23). A fusion reactian is 
difficult to occur because positively charged nuclei repel each 
other. At very high temperatures of the order of 106 to 107 K, the 
nuclei may have sufficient energy to overcome the repulsive 
forces and fuse. It is for this reason, fusion reactions are also 

called thermonuclear reactions. Fusion reactions are highly 
.exothermic'in nature because loss of mass occurs when heavier 
nuclei is formed from the two lighter nuclei. To initiate a fusion 
reaction is difficult, but once it is started, its continuity is 
maintained due to huge release of energy. Some examples of the 
fusion reactions are given below: . 

tH+ tH--1 iHe+24.9MeV 

iH+ ?H--1 iHe + 2 hn + 11.0 MeV 

l H+ fH--1 iHe + 20.0 MeV 

tH+ iH--> iHe+ hn + 17.8 MeV 

jLi + ~H--1 2 iHe + 17.7 MeV 

Hydrogen bomb is based on fusion reactions. Energy released 
is so enormous that it is about 1000 times that of anatomic bomb. 
In hydrogen bomb, a mixture of deuterium oxide (D20) and 
tritium oxide (T20) is enclosed in a space surrounding an 

. ordinary atomic bomb. The temperature produced by the . 
explosion of theatomiCoomb iriitiafestherusionreactlon-­
between f Hand t H releasing huge amount of energy. The first 

hydrogen bomb was exploded in 1952. So far, it has not been 
possible to bring about fusion under controlled conditions. 

It is believed that the high temperature of stars including the 
sun is due to fusion reactions. Bethe and Weizsaeker, in 1939, 
proposed that a carbon-nitrogen cycle. is responsible for the 
production of solar energy in which hydrogen is converted into 
helium. The cycle is: 

or 

I~C+ lH-->I~N+y 

13 N--1 13 C + 0 e 
7 6 +1 

I~C+ lH-->ljN+y 

I~N+ ~H-->I~O+y 

I50--> 15 N + De 
8 7 +1 

15 N + IH --1 12C+ 4He+y 
7 I. 6 2 

1 4 0 . 
4 IH--> 2He+2+le+24.7MeV 

I~ C acts as a kind of nuclear catalyst. 
E. Saltpeter, in 1953, proposed· a proton-proton chain 

reaCtion: 
IH IH 2H 0 
1 + 1 -->1 + +Ie+y 

~H+ ~H--> ~He + y 

~He+ lH--> iHe+ +~e+y 

As a potential source of commercial electrical power; the 
fusion process has several advantages over the fission reaction. 
(i) The quantity of energy liberated in the fusion is much greater 
than in fission. (ii) The products of fusion are non-radioactive. 
Fission produces many unstable radioactive products. Fission 
reactors, therefore, pose a waste-disposal problem. 
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Difference between Nuclear Fission and Nuclear Fusion 

Nuclear Fission 
, . 

Nuclear Fusion ' 

(i) This process oCcurs' in This process occurs' in lighter 
heavy nuclei. nuclei. 

Oi) The heavy nucleus splits The lighter nuclei fuse together to 
into lighter nuclei of form a heavy nucleus. 
comparable masses, 

(iii) The binding energy per The binding energy per nucleon 
nucleon increases. increases. 

(iv) This reaction occurs at This occurs at a very high' 
, ordinary temperature, temperature. 

(v) The energy liberated in one The energy liberated in one fusion is 
fission is about 200 MeV. about 24 MeV. 

(vi) This can be controlled. This cannot be controlled. 

(vii) Products of fission are Products of fusion are usually 
usually unstable stable and non-radioactive in 
radioactive in nature. nature. 

(viii) Percentage efficiency is Percentage efficiency is high. 
less. % efficiency 

% efficiency =~x 100=0.38 
= 200 x 100= 0.09 5x 931 

236x 931 [rH + ~ -t iHe + ~n 
+ 17.8 MeV} 

(ix) The links of fission The links of fusion reactions are, 
reactions are neutrons. protons. 

3.17 SYNTHETIC ELEMENTS INCLUDING 
TRANSACTINIOES 

Elements 43 (technetium), 61 (promethium), 85 (astatine) and all 
elements with Z> 92 do not exist naturally on the earth, because 
no isotopes of these elements are stable. The elements coming­
after uranium (Z 92) are named transuranic or transuranium 
elements. The actinide series which starts with the element 
thorium (Z = 90) is complete at the element lawrencium 
(Z = 103} The elements with Z 104 -112 have been reported 
recently and are transition (d-block-fourth series) elements. 
These are called transactinides or super heavy elements. After 
the discovery of nuclear reactions early in the twentieth century, 
scientists between 1937 and 1945, set out to make the missing 
elements, i. e., technetium, promethium and astatine and three 
members of the actinide series, neptunium (Z = 93~ plutonium 
(Z = 94) and americium (Z = 95} The missing elements and all 
the elements above atomic number 92 are called synthetic 
elements as ,these have been synthesised by artificial 
transmutation, i. e., by nuclear reactions. The credit for the 
discovery of most of the transuranic elements goes to Seaborg. 

Much less is known about synthetic elements as these are 
radioactive and short-lived. This is also due to their limited 
availability. The production of synthetic elements requires 
binuclear reactions between two positive nuclei that must be 
fused together against the force of electrical repulsion. Nuclear 
accelerators were used for this purpose. High energy deuterons 
were used to increase the atomic number of target nuclei by one 
unit. 

98 "'2' 99 1 
42Mo+ IH~ 43Tc + on 

238 U+ 2H~ 238Np+i n 92 I 93 0 , 

Elements 93 and 94 were produced using neutrons (obtained 
during fission) instead of accelerated positive nuclei. Neutron 
capture by 238U followed by f)-emission gives isotopes with mass 
number 239. 

~~U+ ~n~ 2~U~ 23~Np~ 23~pu 
2~Pu kana-emitter with half life of2.4 x 104 years. 

Americium is formed in a similar way. 

/- 239 P (n, y) 240 P (n, y) 241 Pu -II 241 Am 
94 U ~ 94 U ~ 94' ~ 95 

As Z increases, the efficiency of nuclear reactions with 
neutron bombardment falls sharply. Instead, nuclides in the 
Z = 95 to 99 range are bombarded with beams of helium nuclei 
accelerated in the cyclotron to form nuclides with atomt_~'_c,~ __ ~~ 
numbers 96 to 10 1. 

239 Pu + 4He~ 242Cm+ 1 n 94 2 96 0 

2~~Am + iHe ~ 2~~Bk + 2~n 

2~~ Cm + iHe ~ 2~Cf + ~n 

2~Cf+ iHe~ fgciFm+2~n 

2~tEs+ iHe~ rgfMd+~n 

Beyond element with Z I 0 ~ increasingly heavier nuclei are 
used as projectiles. These projectiles are accelerated by linear 
rather'than circular accelerators. Examples of nuclear reactions of 
this type are the following: 

246 12 . 254 N 41 
96 Cm + 6C~ 102 0+ on 

2~~Cf + IJB ~ rgjLr+ 6~n 

2~~ U + liN ~ 2~Es+ 3~n 

238 U+ 160~ 250Fm+41 n 92 8 100 0 

The superheavy elements have been discovered by 
bombardment with medium weight nuclei. For example, the 
elements with Z:::: 107 and Z = 109 have been obtained by 
bombardment of 2~';Bi with accelerated ~Cr and ~~Fe 
respectively. 

209 • 54C 261 U 21 83 B1 + 24 r~ 107 ns+ on 

2% Bi + ~~Fe ~ rMUne + ~n 

The elements with Z = 104, 105, I 06 and 108 have also been 
reported by the applications of the following reactions: 

24/sCf+ I~C~ ~JJUnq +4~n 

249 Cf + 15N ~ 260Unp + 41 n 98 7 105 0 

I 
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249 Cf 18 0 263 . I . 
98 + 8 ----;I06Unh+40n 

208 Pb 58F 265 I 
82 + 26 e ----; 108 Uno + on 

The elements up to 100 (fermium) undergo radioactive decay 
mainly by emitting a.-particles or ~-particles. The elements 
become increasingly unstable as the atomjc number increases and 
nobelium has a half life of only t:hTee seconds. With these heavy 
elements, spontaneous nuclear fission becomes the most 
important method of decay. 252Cf could become a valuable 
neutron source. 

The IUPAC names for the elements Z> 100 have been 

given below: 

10 1 Unnilunium Unu 107 Unnilseptium Uns 

102 Unnilbium Unb 108 Unniloctium Uno 

103 Unniltrium Unt 109 Unnilennium Une 
104 Unnilquadium Unq 110 Ununnilium Uun 

105 Unnilpentium Unp III Unuriunium . Uuu'--

106 Unnilhexium Unh 112 Ununbium Uub 

Elements with an even number of protons in the nucleus are 
usually more stable than their neighbours with odd atomic 
numbers, i. e., they are less likely to decay. Also nuclei with both 
an even number of protons and an evyn number of neutrons are 
more likely to be stable. A nucleus is more stable than average if 
the numbers of neutrons or protons are 2, 8, 20, 28, 50, 82 or 126. 
These are called 'magic numbers'and can be explained by the 
~hell ~tructure of the nucleus. This theory also requires the 
mclUSIOn of numbers 114, 164 and 184 in the series of magic 
numbers. The stability is particularly high if number of Rrotons 
and the number of neutrons are magic numbers. Thus, 2 8~ Pb is 
very stable with 82 protons and (208 82) 126 neutrons. This 
suggests that nuc1idesas Uuq (Z = 114, A = 278), Uuq (Z = 114, 
A ~ 298) ~d Ubh (Z = 126, A 310) might be stable enough to 
eXist. ConSiderable efforts are being made to produce elements 
114 and 126 but the present techniques have so far only 
succeeded in producing unstable isotopes. The elements up to 
Z 112 have been reported so far. 

~'OF OBJECTIVE QUESTIONS 

19. The radioactive isotope ~~Co which is used in the treatment of 
cancer can be made by (n, p) reaction. For this reaction, the 
target l1J.lcleus is: 
(a) ~Ni~ (b) i~Co (c) ~Ni (d) ~~Co 

IManipal (Med.) 2007j . 
[Ans. (c)] 

[Hint: ~Ni + ~n ---+ ~~Co + :H] 
14 N · k 20. 7 IS attac ed by doubly ~harged. helium ion, it emits a 

proton and: 
(a) I~F (b) I~O (c) I~O (d) I~F 

iJEE (Orissa) 2007j 
[Ans. (b)l 

21. A nuclear.reaction of 2t~ U with a neutron produces ~~Kr and 

two neutrons. Other element produced in this reaction is: 
(a) l~iTe (b) l~CS .(c) l~~Ba . (d) l~Ba 

(VITEEE 2007) 
[Ans. (d)] 

[ 
. 235 U I 90 144 Hint: 92 + on ---+ 36Kr + 56Ba + 2 ~n] 

22. The product P of the nuclear. reaction 
235U I P 92 1· 92 + on ~ + 36Kr + 3(on)lS; 

(a) I~JSr (b) I~JLa (c) l~~Ba (d) I~JCS 

[Ans. (c)] 
[Hint: Let symbol of element is 1£ P. 

92=Z+ 36 
Z=56 

235 + 1 M + 92 + 3 
M= 141 

Thus, the element P will be IfJ Sa] 

[JEE (WB) 2008J 

3.18· APPLICATIONS OF RADIOACTIVITY 

(8) Use ofy-rays: y-rays are used for dhiinfecting food grains 
and for preserving foodstuffs. Onions, potatoes, fruits and fish, 
etc., when irradiated with y-rays, can be preserved for long, 
periods. High yielding disease resistant varieties of wheat, rice, 
groundnut, jute, etc., can be developed by the application of 
nuclear radiations. The y-radiations are used in the treatment of 
cancer. The y-radiations emitted by cobalt-60 can burn cancerous 
cells. y-radiations are used to sterilize medical instruments like 
syringes, blood transfusion sets, etc. These radiations make the 
rubber and plastics objects heat resistant. 

(b) The age of the earth: The age of the earth has been 
esti.mat.ed by uranium dating technique. The uranium ore (rock) 
which IS found in nature is associated with non-radioactive lead 
which is believed to be the end product of radioactive 
disintegration of uranium. A sample of uranium rock is analysed 

. for 238 U and·)06 Pb contents. From this analysis, let the quantities 
in mole-be N = 238U mole, No 238U mole + 206 Pb mole. 

. Applying disintegration equ~tion, 

if' 2)03 log 10 -; 

238U + 206 Pb 
2.303 log 10 ---::----

U 

[ 

206Pb] 
== 2.303 log 10 1 + --

238U 

The value of 't' can be calculated by putting the value of)" 

h· h' 0.693 . w IC IS equal to -- . 
tll2 

'So, 2.303 x [206 Pb] 
t= logJ01+--

0.693 238U 

Here 't' corresponds to the age of earth which has been found to 
be 4.5 billion years. 
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Example 27. A sample of uranium mineral was found to 
contain 206 Pb and 238 U in the ratio of 0.008 : 1. Estimate the age 

of the mineral. (Halflife ~f238 U is 4.51 X 109 years) 

2 303t [206 Pb] Solution: We know that, t ==' 1!2 log 1 + ~ 
0.693 . U 

Given, tl/2 == 4.51 X 109 years 

Ratio by mass of 206 Pb: 238U 0.008: 1 

Ratio by moles of 206 Pb: 238U = 0.008 : _1_ = 0.0092 
206 238 

So, t == 2.303 x 4.51 x 10
9 

log [1 + 0.0092] 
0.693 

9 " 
2.303 x 4.51 x 10 x 0.00397 

0.693 

0.0412 x 109 0.05945 X 109 years 
0.693 

Hence, age of the mineral is 5.945 x 107 years. 

(c) Radio carbon dating: By using the halflife period of 
14C, it is possible to determine the age of various objects. In 
living material the ratio of 14 C to 12 C remains relatively constant. 
When a tissue in an animal or plant dies, 14 C decreases because 
the intake and utilization of 14C do not occur. Therefore, in the 
dead tissue the ratio of 14C to 12C would decrease, depending on 
the age of the tissue. The age of the dead tissue is determined in 
the following way. A sample of dead tissue is burnt to carbon 
dioxide and the carbon dioxide is analysed for the ratio of 14C to 
12c. From this data, the age of the dead tissue can be determined. 
Thus: 

~ 2.303 I l/ N o J 
fI. oglO -

t N 

0.693 2.303 I (N 0 \) -- oglo -
tll2 of C 14 t N 

No = Ratio ofC 14 I C 12 in green plant or atmosphere 

N Ratio of C 14 I C 12 in wood 

or 

No Activity ~f green plant per unit mass 

N == Activity of wood per unit mass 

Although, the met\1od is suitable to a variety of organic 
materials, accuracy depends on the half life to be used, variations 
in levels of atmospheric carbon-14 and contamination. (The half 
life raaio cathi)n was redefined from 5570 ± 30years to 5730 ± 40 
years by IUPA.C). The rapid disintegration of carbon-14 
generally limits the dating period to approximately 50,000 years. 

Example 28. The m;,Junt of "I: C isotope in a piece of 

wood is found to be one-fifth of that present in a 'fresh piece !Jf 
" 14 

wood. Calculate the age of wood. (Halflife of" C 5577 years) 

or 

" 2.303 x rN ) Solution: We know that, t = log \ NO 
0.693 

Given, 

So, 

N 
5 

2.303 x 5577 I 5 t = og 
0.693 

t == 2.303 x 5577 x 0.6989= 12953 years 
0.693 

Example 29. A piece of wood was found to have 14 cP C 
ratio 0.6 times that in a living plant. Calculate the period when 
the plant died. (Half life of 14 C. ~ 5760 years) 

Solution: We know that, t = log _0 I 2.303 x (N '\ 
0.693 N ) 

So, . 2.303 x 5760 1 (lJ t= og -
0.693 " 0.6 

= 2.303 x 5760 x 0.2201 
0.693 

4213 years 

(d) Potassium-Argon method: The decay of radioactive 
potassium isotope to argon is widely used for dating rocks. The 
geologists" are able to date entire rock samples in this way, 
because potassium-40 is abundant in micas, feldspars and 
hornblendes. Leakage of Argon is however problem if the rock 
has been exposed to temperature above 125" c." 

(e) Rubidium-Strontium method: This method of dating 
is used to date ancient igneous and metamorphic terrestrial rocks 
as well as lunar samples. It is based on disintegration by beta 
decay of 87 Rb to 87 Sr. This method is frequently used to check 
potassium-argon dates, because the strontium daughter element is 

" not diffused by mild heating like argon. 

IUJ.IS'reATIDNS OF OBJECTIVE OUIESTltONS 

23. A wooden artifact sample gave activity of 32 I)-particles per 
second while the freshly cut wood gave activity of 64 
I)-particles per second in G. M. counter. Calculate the age of 
the wooden artifact (t1/2 of 14C 5760 yrs) : 

(a) 11520 yrs (b) 5760 yrs 
(c) 2880 yrs (d) 1440 yrs 
[Ans. (b)] 

[Hint: 0.693 == 2.303 l~glO (No) 
tl/2 . \N 

0.693 == 2.303 10 . (64) 
5760 glo 32 

tage 5760 yrs 1 . " 
24. The analysis of a rock shows thatthe relative number of 206 Pb 

and 238 U atoms is Pb/U == 0.25. If tl/2 of 238 U is 4.5 X}09 

yrs, then the age of the rock will be: . 

(a) 2.303 (4.5 x 109 ) log (~) 
0.693 4 
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(b) 2.303 (4~5X 109 ) 10 (.!. \J 
0.693 ,g 4 

(c) 2.303 (4.5x 109 ) log (4) 
, 0.693 , 

(d) 2.303 (4.5 x 109 ) 10 (~J 
0.693 g 5 

[Ans.(a)] 
Pb Pb 

[Hint: 0.25;· :. 1 + 1.25 
U 'U 

U + Pb = 1.25 
U 

No 5 
-=L25=­
N 4 

0,693 _ 2.303 1 (No) ----- og-
til 2 t N 

0.693 _ 2.303 1 (5) --- og -
4.5 X 109 t.ge 4 

. 2.303· 9 (5) 
tage= (4.5xlO ) log -] 

0.693 4 

25. Assuming that about 200 MeV of energy is released per 
fission of 23';2 U nuclei, then the mass of 235 U consumed per 

day in a fission reactor of 'power I megawatt will be 
. approximately: 
(a) 10-2 g (b) I g (c) 100 g (d) 1000 g 
[Ans. (b)] 
[Hint: I MW = I d' x 24 x 60 x 60 J 

. 24x6x6x108 

Number of fissions = = 2.7 x 1021 

200 x 

Mass of uranium = 2.7 x 1021 x 235 x 1.66 x 10-24 == 1.05 g] 

26. What is the binding energy of the hydrogen nucleus? 
(a) Zero (b) 13.6 eV 
(c) More than 13.6 eV (d) Infinite 
[Ans. (a)] 
[Hint: Nucleus of hydrogen has only one proton; hence its 
binding energy will be zero.] 

27. Which of the following is not the inverse square law force? 
(a). Electric force (b) Gravitational force 
(c) Nuclear force 
(d) Magnetic force betWeen two poles 
[Ans~ (c)] 
[Hint: Nuclear forces are short range forces which do not 
obey inverse square law.] . 

28. Lead is the final product formed by a series of changes in 
whicb the rate determining stage is the radioactive decay of 
uranium-238. This radioactive decay is first order with balf 
life of 4.5 x 109 years. What would be the age of a rock 
sample originally leadfree, in which the molar proportion of 

. uranium to lead is now I: 3? IPET (Kel'aia) 20061 
(a) 1.5 x 109 years , (b) 2.25 X 109 years 

(c) 4.5 x 109 years (d) 9 x 109 years 

(e) 13.5 X 109 years 

[Ans. (d)] 

[H' t· 0.693 _ 2.303 I (N 0) 
In. ---m--- og -

t l/2U tage N 

0.693 

4.5 x 109 
2.303 (4) -.-loglO -

tage ' I 

, t.ge = 9 x 109 years] 

(t) Use of radioisotopes (tracers): Tracers hav,? been used 
in the following fields: 

(i) In medicine: Radioisotopes are used to diagnose many 
diseases. For example, arsenic-74 tracer is used to detect the 
presence of tumours; sodium-24 tracer is used to detect the 
presence of blood clots and iodine-131 tracer is used to study the 
activity of the thyroid gland. It should be noted that the radioactive 
isotopes used in medicine have very short half life periods. 

9Q Y: This isotope is used in the treatment of joint effusion 

and arthritis. 
59 Fe: Used in the detection of anaemia. 

32 P: This isotope is used in the treatment of polycythaemia, 

thrombocythaemia, skeletal metastasis, prostate SR 
and breast SR. 

Nuclear Medicine Scan: It is an advanced nuclear 
technology used in diagnosis of diseases. Magnetic Resonance 
Imaging (MRl), a diagnostic medical imaging technique utilizes 
the principle of nuclear magnetic resonance. The first images 
using magnetic reso;nance were published in early 1970s, and 
medical applications have accelerated in the world during the 
decade of 1983 to 1993. MRI is now a most. versatile, powerful 
and sensitive diagnostic imaging modality available. Its medical 
importance can be summarised briefly as having, the ability to 
non-invasively generate thin· section, functional images of any 
part of the body at any angle and direction in a relatively short 
period of time. MRI a1so visualizes the heart with exquisite 
anatomical detail at any angle and direction. 

The principle of MRI is applicable in human body because we 
are all filled with small biological magnets, the most abundant and 
responsive of which is the nucleus of hydrogen atom, the proton. 

Computerized Axial Tomography: . Computerized Axial 
,Tomography (CT or CAT),non-invasive diagnostic technique 
uses a· type of X-ray device that provides a clear view of soft 
internal organ tissues in'the body. CT is used to diagnose various 
conditions, in particular cancer. A CT scan. is the' computer 
analysis of a sharply limited, thin X-ray beam paSsed 
circumferentially through an area of the body, producing a 
cross-sectional image, or slice. 

The mod~rn CT scanner comprises five major parts. A 
. high-speed X-ray tube cooled by oil, air and water forms the 

X-ray source. Its X-ray detector, normally a bank of about 1,000 
solid state-crystal microprocessors coated with caesium iodide, 
receives the attenuated X-ray signal as it passes through the 
various tissues and bones of the patient being examined. The 
signal is electronically converted to binary data, which is read by 
the computer-the heart of the CT imaging system. The CT has a 
gantry, a framework that is mounted in such a way that it 
surrounds the patient ina vertical plane, and contains a rotating 

. sub-frame onto which the' X-ray source and detectors are 
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mounted. A patient table (or couch) is positioned perpendicular 
and axial to the gantry so that it is able to travel along that axis. 

Topographic images are produced by using an X-ray source 
and a detector moving in a coupled way relative to the patient. In 
CT a thin fan beam of radiation rotates in a circular or spiral 
motion "around the patient. Thousands of projected X-ray signals 
are reconstructed by computer algorithms to produce digital CT 

. images, displayed by a high-resolution monitor. In this way the 
whole body can· be imaged from head to toe. 

Radiation Dosage in the Radiotherapy of Cancer 
Radiations and the particles emitted by radioactive nuclei are 

harmful for living organisms. These radiations cause genetic 
disorders by affecting DNA. 

Effect of biological radiations can be measured in terms of the 
unit called RAD. 

RAD = Radiation absorbed dose 

I RAD = The radiation which deposits I x 10-2 J of 

energy per kilogram of tissue. 
In order to measure biological destruction by radiation, an 

other unit REM was introduced. 
REM = RAD x RBE 
RBE = Relative biological effectiveness 

RBE for a-particle = 10 unit 
RBE for ~ and y radiation = 1 unit 
RBE for neutron = 5 unit 

(ii) In agriculture: The use of radioactive phosphorus 32 p" 
in fertilizers has revealed how phosphorus is absorbed by plants. 
This s"tudy has led to an improvement in the preparation of 
fertilizers. 14C is used to study the kinetics of photosynthesis. 

(iii) In industry: Radioisotopes are used in industry to 
detect the leakage in underground oil pipelines, gas pipelines and 
water pipes. Radioactive isotopes are used to measure the 

thickness of materials, to test the wear and tear inside a car engine 
and the effectiveness of various lubricants. Radioactive carbon 
has been used as a tracer in studying mechanisms involved in 
many reactions "of industrial importance such as alkylation, 
polymerisation, catalytic synthesis, etc. 

(iv) Analytical studies: Several analytical procedures can 
be used employing radioisotopes as tracers. 

1. Adsorption and occlusion studies: A small amount of 
radioactive isotope is mixed with" an inactive substance and the 
activity is studied before and after adsorption. Fall in activity 
gives the amount of substance adsorbed. 

2. Solubility of sparingly soluble salts: The solubility of 
lead sulphate in water may be estimated by mixing a known" 
amount of radioactive lead with ordinary lead. This is dissolved" 
in nitric acid and precipitated as lead sulphate by adding 
sulphuric acid. Insoluble lead sulphate is filtered and the activity 
of the water.is measured. From this, the amount of PbS04 still 
present in water can be estimated. 

3. Ion-exchange technique: Ion exchange process __ oL 
separation is readily followed by measuring" activity of 
successive fractions eluted from the column. 

4. Reaction mechanism: By labelling oxygen of the water, 
mechanism of ester hydrolysis has been studied. 

·#0 * ~O 
R-C( +HOH ~ R-~ * +R'OH 

OR' OH 

5. Study of efficiency of analytical separations: The 
efficiency of analytical procedures may be measured by adding a 
known amount of radioisotope to the sample before analysis 
begins. After the completion, the activity is again determin~d. 
The comparison of activity tells about the efficiency of 
separation. 

MISCELLANEOUS NUMERICAL EXAMPLES~"d// 
Example 1. One mole of A present in a closed vessel 

undergoes decay as: 
m A ~ m-8B + 2(4He) z Z - 4 2 

What will be the volume of helium gas colz"ected at STP after 20 
days (t1l2 of A = 10days)? 

Solution: We know that, 

(
lJn .. N = No "2 where, N = remammg mOI~ of A 

N=l(~r 4 
." 1 "fd" d 1 1 1 3 N UllU:,;:,r 0 ecaye mo es = - - = -

4 4 
Number ofrnoks of helium formed 

,; 2 x number of c;:>cll'''::d moles of A = 2 x 2 = 2 
" - "4 2 

Volume of helium at STP = 2 x 22.4= 33.6 litre 
2 

Example 2. 131 1 has half life period 13.3 hour. After 79.8 

hour, what fraction of 131 I will remain? leBSE' (PMT) 211051 

Solution: N =. No Gr 
:0 =Gf 6~ 

"'\ 
Example 3. A sample of 14 CO2 was to be mixed with. 

ordinary CO2 for a biological tracer experiment. "Ii order that 
103 cm 3 of the diluted gas at NTP should have 104 dis/min, how 

many !-lCi of radiocarbon-14 are needed to prepare 60 L of the" 
diluted gas? 

Solution: 10 cm3 of the diluted gas at NTP 

= 1 04 dis/~in = ~ dps 
60 

:.60 L (60,000 Z~3)ofthe dilute gas atNTP 
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104 
X 60,000 d 

60x 10 ps 

Thus, no. of jlCi of 14 CO2 needed 

10
4 

x 60,000 (ljlCi 3.7x104 dps) 
60xlOx3.7xl04 

::: 27.03 jlCi 

Example 4. A radioactive nuclide is produced at a, 
constant rate of 'a. 'per second. Its decay constant,is A. IfN 0 be 
the number of nuclei at time t::: O,theriwhat will be the:, 
maximum number of possible nuclei? 

, a. a. 
(a) A (b) N 0 + i (c) No 

A 
(d) -+No 

a. 
Solution: Maximum number of nuclei w.ill be present when 

Rate of decay::: Rate of formation 
AN a. 

"or, 
a. 

N=-
A 

Example 5. The half life of 212 Pb is 10.6 hour. It under­
goes decay to its daughter (unstable) element 212 Bi of half life 
60.5 minute: Calculate the time at which the daughter element 
will have maximum activity. 

Solution: Apb 0.693 = 1.0896 x 10-3 min-1 
10.6 x 60 

0.693 11.45 x 10-3 min-I 
60.5 

2.303 1 ABi t = - og-
max ABi - Apb Apb 

2.303 1 11.45 x 10-3 

, X og----~ 
(11.45 X 10-3 

- 1.0896 X 10-3
) 1.0896 X 10-3 

227.1 min 

Example 6. A radioactive isotope is being produced at a 
constant rate x. Halflife of the radioactive substance is y'. After 
sometime, the number of radioactive nuclei becomes constant, 
the value of this constant is ..... . 

Solution': At the stage of radioactive equilibrium, 
Rate of formation of nuclide = Rate of decay of nuclide 

x=AN 
x xy 

= 
(In 2)/ y In 2 

• Example 7. 2~~ U by successive radioactive decay 

changes to 2~~ Pb. A sample of uranium ore was analysed and 

found to contain 1.0 g of 238 U a~d 0.1 g of 206 Pb. Assuming that 
, all 206 Pb has ac~mulated due to decay of 238 U, find the age of 

the ore (half life of 238 U 4.5 x 109 yrs). ' 

~ Solution: Number of moles of 238 U = I 
238 

Number of moles of 206 Pb 
0.1 

206 

Applying the relationship, 

--log 1+--2.303 [ 206 Pb ] 
A 238U 

r 
0.1] 2.303 " -

=--x 4.5x 109~log 1+ 206 
0.693 " . 1 

.238 

= 7.098 x 108 years 

, Example 8., Calculate the mass of C 14 (half life 5720 
years) atoms which:give 3.7 x 107 disintegrations per second. 

Solution: Let the mass of 14C atoms be mg. 

, Number of atoms in mg of 14C = m x 6.02 x 1023 
14 

A = 0.693 == 0.693 = 3.84 X 10-12 sec-I 
5720 x 365 x 24 x 60 x 60 half life 

We know that, 
dN ' 

- =A·N 
dt 

i. e. , Rate of disintegration A x no. of atoms 

3.7x 107 = 0.693 x m x 6.02 x 1023 

5720x 365.::<44x'~Q.}( 60~.~4'" 
= 3.84 X 1O-12

X'l1fi
i
(j:02 ~;r023> '. 

14 
So, m= 2.24 x 10-4 g 

Example 9. Prove that time required for 99.9% decay of a 
radioactive species is almost ten times its half life period. 

2.303 No 
Solution: ' We know that, t = --log -

A N 

So, 

So, 

No 100, N'; (100 - 99t9) = 0.1 

T· : ' de 9990 / d ,2.303 1 100 1me reqUIre lor . /0 ecay, t = -- og-
A 0.1 

::: 2.303 x 3 
A' 

Half lif 
'. d _ 0.693 

epeno --A-

Time required for 99.9% decay 

Ha1flife period 

2.303 x 3 A ---x--
A 0.693 

Example 10. Half life of a radioactive substance A is two 
times the half life of another radioactive substance B. Initially the 
number of nuclei of A and Bare N A and' NB respectively. After 
three half lives of 'A', number of nuclei of both become equal. 

N 
The ratio of ~ will be: 

NB 
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1 
(a) -

2 

. 1 
(c) -

3 
Solution: We know that, the amount remaining after n half 

lives can be calculated as: 

N=No Gr 
Remaining amount of A = NAG r 

r1)6 
Remaining amount of B = N B 1-

\2 

NA (~r =NB Gf 
• 

Exarfiple1l. 1.0 g of 19;9 Au (t 112 = 65 hours) decays by 

t).-emzSsion to produce mercury. 
(a) Write the nuclear reaction for the process. 
(b) How much mercury will be present after 260 hours? 

Solution' (a) 198 Au ----) 198 Hg + 0 e , 79 80-1 

(b) No. of half lives in 260 hours = 260 = 4 
65 

(1)4 1 Amount of gold left after 4 half lives = - = - g 
2 16 

Amount of gold disintegrated = 1 _ ~ = 15 g 
16 16 

15 
Amount of mercury formed = - = 0.9375 g 

16 

Example 12. Calculate the probability (P) of survival of a 
radioactive nucleus for one mean life. 

Solution: Probability for survival = ..!!....- = e -.1.1 
. No 

t = mean life =-.!.. 
A 

Pr b b'l'ty -AxIiA 1 oaII =e =-
e 

Example 13. 1 milligram radium has 2.68 x 1018 ato~. 
Its half life period is 1620 years. How many radium atoms will 
disintegratetrom 1 milligram of pure radium in 3240years? 

Solution: No. ofhalflives in 3240 years = 3240 = 2 
1620 

Amount of radium left after two half lives = 1 x (~) 
2 

= 0.25 mg 

Amount ofradium disintegrated = (1- 02~\~.· aR5 mg • 

No. of atoms which have disintegrated = 0.75 x 2.68 x 1018 

= 2.01 X 1018 

Example 14. A certain radioisotope ~ X (Half life = 10 

days) de~ays to; i Y. Ifl g atom of i X is kept in sealed vessel, 

how much helium will accumulate in 20days? 

Solution: , . ~ X 1-iY + iHe 

In two half lives, 3 of the isotope : X has disintegrated, i. e., 
4 

2 g atom of helium has been formed from 2 g atom of 1 X. 
4 4 

Volume of 1 g atom of helium 22400 mL 

So, Volume of 3 g atom of helium 3 x 22400 rnL 
4 4 

16800mL 

Example 15. Binding energy per nucleon of t Hand ilie 
are 1.1 MeV and 7 MeV respectively. Calculate the amount of 
energy relegsed in the follOWing process: 

tH+ 1iHe 

Solution: Amount of energy released 

= k Binding energy of products 

k Binding energy of reactants 

[4x7] [4 x l.1] 

= 23.6 MeV 

Example 16. Calculate the 
following nuclear reaction: 

energy assoCiated with the 

?I Al + ; H fiMg + iHe 
26.9815 amu 20141 amu 24.9858amu 4.0026amu 

Solution: Mass defect (26.9815+ 2.0141) 

(24.9858 + 4.0026) 

O.OOnamu 

Energy of the reaction noon x 931 MeV 
6.70 MeV 

Example 17. A radioactive isotope zA m (t1l2 = 10 days) 

decays to give Z 6B m 12 stable atom alongwith a-particles. If 
m g of 'A' are taken and kept in a sealed tube, how much 'He 'will 
accumulate in 20days at STP? 

Solution: zA In 
----) Z-6 B m 12 + 3[zHe4

] 

Mole of A 
m 

m 

Number of half lives = 20/10 2 
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= 1Gf =i 
Decayed moles = 1-114 = 3/4 

Moles of 'He' fonned 3 x 3/4 = 9/4 
9 

Volume of , He' at STP 22.4 x 
4 

= 50.4litre 

Example 18. A sample of pitchblende is found to contain 
50% uranium and 2.425% of lead. Of this . lead only 93% was' 
Pb 206 isotope. If the disintegration constant is 1.52 x 10-10 yr- I 

, 

how old could be the pitchblende deposits? 
. 50 

Solution: Moles ofU238 = = 2.1 X 10-3 

100x 238 

Moles of Pb 206 ..", 2.425 x 93 = 0.109 x 10-3 
100 100 x 206 

- - -" ~'. -

N o = (x+ y)= 2.1x 10-3 +. 0.I09x 10-3 = 2.209 x 10-3 

N X 2.1 X 10-3 

. ~ - 2.303 1 (N 0 J 
I'v--

t
- og ~ 

1.52 X 10-10 = 2.303 log 2.209 xl 0-
3 

t 2,1 X 10-3 

t = 3.3 X 108 years 

. Exan . 19. Oll7nalysis, a sample of uranium are was 
found to contain 0.277 g of 82 Pb 206 and 1. 667 g of 92 u 238. The 

half life period of U 238 is 4.51 X 109 yrs. If all the lead were 

assume.,.d to have come from decay of 92 U 238, what is the age of . 

the earth? 

. M 1 fU238 1.667 Solution: 0 es 0 = --
238 

. 'M I . f Pb 206 0.277 oeso. = 
206 

No = 1.667 + 0.277 
238 206 

and N 1.667 

1 t.= 2.303 log No 
lv' N 

.238 

2.303 x 4.51 x 109 1 
0.693 oglO 

L143 X 109 ye¥s 

1.667 0.277 +--
238 2Q6 

1.667 

238 

Example 20. 19K 40 consists of 0.012% potassium in 

nature, The human body contains 0.35% potassium by weight. 
Calculate the total radioactivity resulting from 19 K 40 decay in a 

75 kg human body. Halflife'of 19K 40 is qx 109 years. 

Solution: 

W 'gh f d" . 75000 x 0.012 . 0.35 el t 0 ra lOactlve potasslUm = x-
. 100 100 

= 0.0315 g 

A .. 0.693 Weight A' d' ber cttVlty = X x yoga ro s num 
t1/2 Atomic weight 

Activity ;;:; . 0.693 x 0.0315 x 6.023 x 1023 

1.3 x x 365x 24x 60 40 

= 4.81 X 105 dpm 

Example 21. The sun radiates energy at the rate of 
4 X 1026 Jsec-l

. If the energy of fusion process is 27 MeV, 

calculate the amount of hydrogen that would be consumed per 
day for the given process. 

4 IH ~ iHe+2 ~e. 

Solution: 27 MeV = 27x 106 x 1.6 x 10-:19 

= 43.2 X 10-13 J 

Energy radiated by the sun per day 

= 4 x 1026 x 3600 x 24 J day-I 

34.56x 1030 Jday-l 

43.2 x 10-13 J of energy is obtained from 

4 arnu of H 

== 4 x 1.66 X 10-24 g of H 

54.56 x 1030 J of energy is obtained from 

4 x 1.66 X 10-
24 

x 34.56 x 1030 
43.2x 

= 5.31x 1019 g 

", Example 22. A radioactive isotope X with half life of 
1.37 x 109 years decays to Y, which is stable. A sample of rock 

from moon was found to contain both the elements X and Y in the 
ratio 1: 7. What is the age of the rock? 

Solution: We know that, 
0.693 _ 2.303 1 (No) 
--- og -
tl/2 tage . N 

0.693 . _ 2.303 1 (1 + 7) 
, 9 --- oglo --

1.37 x 10' t age 1 

tage = 4.11 X 109 years 

Example 23. A sample of radioactive substance shows an 
intensity of2.3 millicurie at a time 't' and an intensity of 1.62 
millicurie, 600 seconds later. What is the half life period of the 
radioactive material? 

Solution: 
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0.693 :::; 2.303 log ( 2.3) 
11/2 600 1.62 

11/2 :::; 1187 seconds 

Example 24. Wha1 mass of 226 Ra, whose tl/2 :::; 1620 yrs 

will give the activity ofl millicurie? 

Solution: 

Activity:::; 0.693 x _w_ x 6.023 X 1023 

11/2 At. wt. 

3.7 x 107 :::; 0.693 x ~ x' 6.023 X 1023 
1620 x 365 x 24 x 3600 226 

so w:::;I0-3 g 

SUMMARY AND IMPORTANT POINTS TO REMEMBER 
~_ .... up, •• -.; ~.. .. •• up ,_ •• 'tIt 

1. Radius of nucleus is calculated as: (xi) Potassium uranyl sulphate K(U02)(S04h was the 
R :::; Ro -A 1/3, first compound found to be radioactive. 

where, Ro :::; 1.1 x 10-15 m, A :::; Mass number of nucleus (xii) Tritium i H is the lightest radioactive element. 

Area of cross-section of a nucleus is expressed in barns 
(1 barn:::; 10-24 cm 2). 

. 3xMass 
2. Nucleus denSIty p :::; ---

41tRg 

3. 

Density of all nuclei is constant, nuclear density is very large 
(= 1017 kg/m3 

) compared to atomic density (= 103 kg/m3
). 

1 amu :::; 1.66 x 10-27 kg 

. In terms of energy, 1 amu = 931.5 MeV 
4. Rate of radioactive decay is given as: 

Rate:::; A. x Mass x 6.023 x 1023 
Atomic mass 

~- 0.693 x ~ x 6.023 x 1023 
. 1112 At. wt. 

(i) Radioactivity is the phenomenon of spontaneous 
emission of certain radiations. It was discovered by 
Henri Becquerel in 1895. 

(ii) Marie Curie and her husband Piere Curie isolated 
tWo radioactive elements polonium and radium. 
Radium is 2 million times more reactive than 
uranium, it is the most radioactive element. 

(iii) Radium and polonium were isolated from 
pitchblende (U30 g). 

(iv) Francium is a liquid radioactive element in natural 
state. 

(v) Radon is a gaseous'radioactive element in natural state. 
(vi) 2t~ U is ~he heaviest known natural element and it is 

radioactive. 
(vii) a-particles evolved from radioactive elements 

possess energy up to about 10 MeV. They can 
penetrate an aluminium sheet of 0.02 cm thickness. ' 

(viii) ~rays can 12enetrate an aluminium sheet up to 0.2 cm 
thickness. 

(ix) y-rays are high energy electromagnetic radiations of 
. short wavelength of the _ order of 10 pm. These are 

highly penetrating rays; they can penetrate up to 100 
... cm thick aluminium sheet. -

(x) After y-decay, the daughter nuclide is the nuclear 
isomer of parent nuclide which differs in half-life. 

", "'. 

5. Units of rate of decay: 

6 . 

7. 

1 curie (Ci) :::; 3.7 x 1010 dis sec- I 

1 millicurie (mCi):::; 3.7 x 107 dis sec- I 

1 microcurie ijJ.Ci) :::; 3.7 x 104 dis sec -I 

1 rutherf~rd (Rd) ~ 106 dis sec- I 

1 millicw;ie (mCi) :::; 37rutherford 
1 becquerel (Bq) :::; 1 dis sec -I 

Kinetic equation of radioactive decay: 

N -N -')../. - oe 

1 _ 2.303 1 . (No) 
11.--. - oglO -

1 N 

A, :::; Decay constant 

(Exponential form) 

(logarithmic form) 

N <> :::; Initial amount of radioactive element 
N :::; Amount remaining after time' t' 

H Ifl 'fi 0.693 a I e tl/2 :::; -A,-

Average life 't :::; l :::; ~ 
A, 0.693 

't :::; 1.44 x 11/2 

8. Amount re';TIaining after 'n' halflives can be calculated as: 

Total time 
n:::; 

Halflift< 
(i) A radioactive element undergoes 50% decay in one 

half life. 
(ii) The time in which 63.2% radioactive element • 

undergoes decay is called average life't. 
(iii) The radio~ctive' element undergoes 99.9% decay in 

10 times ofhalflife. 
(iv) An element undergoes 75% decay in twice of the 

half life . 
(v) Total life span of a radioactive element is infinite. 

,~ . \ 
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9. Some radioactive elements undergo a and ~-decay in parallel 

path. 

C. 
223Fr+4He 

87 2 KJ 

227 Ac 
89 . 

K, 
- 227 Th + 0 e 

90 _I 

Overall decay constant K = K 1 + K 2 

K 
Fractional yield of Fr = _, _I 

K 

Fractional yield of Th 
K 

10. At equilibrium, 
A----tB~C ... 

Amountof'A' AA 
----'---=-= 
Amount of' B' As tl12A 

11. If an element undergo~s simultaneous a and ~-decay, then 

't a'tl) 
,A = Aa + AI); 't = --­

't a + 'tf\ 

12. a-particles and y-rays have line spectra, but ~-particles have 

a continuous spectrum. 
13. Geiger-Muller counter is used for detecting a, and 

~-particles, cloud chamber is used for detecting radioactive 

radiations and for determining their paths, range and 
energy. In scintillation counter, the particles of radiations 
are detected by the flashes of light produced in the 
scintillator. 

14. In every nuclear reaction representing transformation of one 
nucleus to other, the conservation' of charge number, 
nucleons, energy c.nd linear momentum is followed. ' 

15. a-emission takes place when nl p ratio is lower than required 

for nuclear stability. 
, 4 :H----t iHe + 2[+~ e] + energy 

a-particle emission shifts the daughter element two positions 
left in the periodic table. 

M 4 M 4B z A 2He ----t z _ 2 • 

(Here, A and Bare isodlapheres to each other.) 
16. ~-emission takes place when nIp ratio is higher than the 

required value for nuclear stability. 
~ n ~ : H + _~ e + antineutrino + energy 

, Emission of I1-particles increases the atomic number by one 
hence, the daughter element occupies one position right to 
the parent element. . 

;/ 
f'A L~e)----tz+~B 

Here, A andi B are isobars; thus ~-emission is isobaric 

transformation. 
17. In artificial radioactive elements, positrons are evolved 

'when nIp ratio is lower than the required value for nuclear 
stability. 

I H ----t ~n + +~ e + neutrino + energy 

Positron emission and K -electron capture are similar 
, 'because both processes lower the number of proton by one 

unit. 

18. 

N umber of a-particles' x' = --''---:::'' 
4 

... (i) 

Number of~-particles can be calculated using the following 
relation: ' 

Z, - 2x + Y Z2 ... (ii) 
19. There are three natural and one artificial decay series: 

20. 

21. 

Uranium series (4n + 2) 
238 U ) 2~~Pb 

92 . (ga, 6jl) 

Thorium series (~n) 
232 Th ) 208 Pb 

90 (6a, 4/1) .82 

Actinium series (4n + 3) 
235 U 207 Pb 92 82 

Artificial series is also called neptunium series: 
(4n+ I) 

237 Np ___ ~ 2~Bi 
93 (7a, 

If both parent and daughter elements belong to actinide 
series (89-103) then they will belong to same group, i. e. , 
third group. 

a<f\<y 

238 U 
92 

3rdgroup 

4He ----t 234 Th 
2 90 

3rdgroup 

----7) Increasing penetrating power 
a>f\>y 

----7) Decreasing ionising power 
a>f\>y 

----7) Decreasing luminosity on ZnS screen 
22. Emission of one 'a' and two 'W particles form an isotope of 

the parent element : 

f'A- iHe-2 °e]----t M ;A 

23. There are only 81 stable elements having one or more 
non-radioactive isotopes. , 

24. No stable isotope exists for the elements above 2~~ Bi. Thus, 
bismuth is the heaviest stable element. 

25. Two elements earlier than bismuth (Tc and Pm) are 
radioactive. 

26. Isotop~ 

60 Co 
Use 

Cancerous tumour detection and treatment. 

Detection and treatment of thyroid 
disorders. 

59 Fe Anaemia. 

32 P Leucaemia and agriculture research. 

24Na 'Location of blood clots and circulatory 
disorders. 

74 As Detection of presence of tumours. 

90 Y Treatment of joint effusion and arthritis. 
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27. 

28. 

29. 

30. 

18 0 Used in the study of mechanism of 
photosynthesis. 

Radioactive Brain scan. 
technetium 

Note: Radioactive isotopes of carbon, chlorine and nitrogen 
ate also used in the study of various reactions. 

Radiocarbon dating: This method is used to detennine 
age of wood. 

1 2.303 I (No.1 
F\, -- oglO -I 

t N .I 

0.693 _ 2.303 I (N 0 ) ---- oglO -
tl/ 2

14C tage· N 

No = 14a 12C in freshly cut wood or in the atmosphere 
or activity of freshly cut wood. 

N 14 C ;12 C in the given sample of wood or activity 
of given sample of wood. 

Uranium dating or t'ock dating: It is used to calculate the 
age of a sample of rock and mineral, i. e. , before how many 
years it was separated from the fire ball of earth. 

1 _ 2.303 I (N 0 \J 
F\,--- oglO I-

t \. N 

0.693 2.303 I (N 0 ) -- oglo -
tl/2 238 U t age N 

No =(2~8 + 2;6) 

N W 
238 

where, W amount of uranium in the sample 
w = amount of 206Pb in the sample 

.. 

The force which binds the nucleons together in the nucleus is 
called nuclear force. These forces are short range forces 
operating over very small distances (l fermi, 10-15 rri). 
Nuclear forces are 1021 times stronger than electrostatic 
forces. 
Hideki Yukawa of Japan discovered mesons in 1935. 
Protons and neutrons are held together by their fast mutual 
exchange. 

IH+ 01l:----?ln 
1 _I 0 

1 0 IH on + +111: ----? 1 

:H+ g1l:----?:H 
1 0 . 1 
on+ 0!J,----? on 

31. Artificial nuclear transmutation: Conversion of one 
element to other by bombardment of a stable element with 
high speed subatomic particles. The first artificial 
transmutation was achieved by Rutherford in 1915 when he 
bombarded Ij N with a-particles emitted by 2~~ Po. 

IjN+ iHe----? I~O+:H 
27A1 127M IH 
13 + on ----? 12 g + 1 

32. 

33. 

34. 

35 . 

36. 

The nucleus bombarded is called target; the particles used 
for bombarding are called projectiles and the particles 
emitted are called subsidiary particles. 
Particle accelerator: Various particle accelerators are 
used to give projectiles like protons, deuterons, a-particles 
and other cationic projectiles having sufficiently high kinetic 
energy to overcome the electrostatic repulsions of the target 
nuclei. Commonly used particle accelerators are linear 
accelerators, cyclotron and synchrotron. Synchrotron is used 
as proton accelerator. 
Reactions of nuclear transfonnation are represented as: 

~ Be + iHe ----? l~C + ~n or ~Be (an) I~C 

~rNa + :H----? ~~Mg·+ ~n or nNa(pn) ~~Mg 

~i Al + ~n ----? riNa + iHe or ~iAI (na) ?iNa 

Artificial radioactivity was first studied by Irene Curie. In 
this process, a stable nucleus is converted to radioactive 
isotope on bombardment ors1.litableparl~Cle:· R8:dioactive­
isotope produced undergoes artificial decay. 
. 27 Al + 4He ----? 30 P + I n 

13 2 15 0 
. Stab Ie Unstab Ie 

30 p 30S' 0 ( 2 55 .) 15 ----? 14 1 + +1 e t1l2 = . mm 

Nuclear fission is the process in which a heavy nucleus 
breaks up into two smaller nuclei on bombardment with 
neutrons. Energy is released in the process of fission along 
with freshly prepared neutrons. 

2~U+ ~n~~~u~ :~:::::::~: 
144C 90 Rb 21 

. 55 S + 37 + on 

Mass defect of the reaction is converted to huge amount of 
energy. 

Am (Mass defect) = L Masses of reactants L Masses 
of products 

Energy released = Amc2 
. 

If mass defect is I amu then 931.5 MeV energy is released. 
Critical mass: It is the minimum mass of fissionable 
material required that will lead to a self~sust<l.ining chain 
fission reaction. For 2t~ U, the critical mass is between 1 to 

100 kg. 
37. The material which directly undergoes fission is tenned as 

fissile material such as 235 U, 239 pU and 233 U. The material 

which can be converted to fissile material is tenned fertile 
material such as 2t~ U and 2~t Th. 

38. Breeder reactors not only involve the fission of 2~~ Ubut also· 

converts fertile material into fissile material, e. g., 238 U is 

converted to 239 Pu: 

_~e _~ 
2~~ U + ~n ----? 2~ U ----? 2~ Np ----? 2~ Pu 
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39. Nuclear fission is a chain reaction. If it is uncontrolled, 
explosion occurs as in the atom bomb. Two or more pieces of 

. fissile material (235 l) or 239 Pu ) having subcritical mass are 
brought. together rapidly by . means of conventional 
explosion. The subcritical masses combine to be 
supercritical and then chain fission starts,. releasing large 
amount of energy. 

40. The controlled chain fission reaction takes place.in nuclear . 
. reactors., In the~ reactors the energy is used for peaceful 
purposes. The heat energy produced in the nuclear reactors 

. can be used to generate electricity. A ~ctor consists of: 
(i) enriched fuel 2~ U (2-3%). -
(ii) heavy water (D20) or graphite moderator. It slows 

down the speed of fast moving neutrons. 
(iii) control rods made of boron and cadmium. These 

rods absorb some neutrons and thereby control the 
rate of nuclear fission. 

(iv) liquid alloy of sodium and potassium is used as a 
coolant. 

41. Nuclear fusion is the process in which two nuclei of light 
atoms fuse to fonn heavy nuclei with the liberation large . 
-amount of energy. -

rH+ rH----+ ~He + 23x 108 kJ/mol 

rH+ iH----+ ~He+ ~n + 17.2x 108 kJ/mol 

42. Fusion reactions are thennonuclear reactions which require 
very high temperature (106 K or more). 

43. Hydrogen bomb involves nuclear fusion. 

44. Energy ofa star (sun) is due to nuclear fusion; this energy is 
called stellar energy. . 

45. Hydrogen bomb is much more powerful than atom bomb and 
there is no restriction of critical mass in this bomb. 

46. Neutron activation analysis is a teclmique of fmding . the 
trace amount of an ;~lement present with the other. The trace 
element is activated by bombarding with neutrons. It is a 
non-destructive method, e. g. , traces of silver present in lead 
paintings can be detected by neutron activation analysis. 

47. Spallation reactions: It is similar to fission but differ in 
the fact that they are brought about by high energy. 
bombarding particles or photons. A number of smaller 
particles are released along with the product, e.g., 

2~~ U + ~He ----+6 }H+ 13 ~n + ~iRa 

48 •. The isotope ~ H has nIp = 0 and i H has nIp = 2 which is 

maximum. 
.49. Only l~ C haS zero packing fraction. Packing fraction is 

maximum for hydrogen and minimum for iron. 

- - .. Isotopic mass':'" Mass number 
Packing fraction = x 104 

- . Mass number 

Elements with negative packing fraction are stable because 
sOme of their mass is converted to binding energy. 

. 50. I! C is produced in upper atmosphere due to bombardment of 

cosmic ray neutrons on atmospheric nitrogen. 
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Questions 
1.. Match the List-I and List-II and pick the correct answer from 

the codes given below: [PMT (Kerala) 20061 

List-I List-II 
( AtomiclMolecular (Corresponding pairs) 
.~ . species) 

(A). fSotopes I. 2~~ Ra and 2~~Ac 

(BtlSobars 
II ".,:'.-~~/ 
.~(y:) lsotones 

2. t~Ar and igK 
3. ;Hand tH 

(D) Isoster-s. 4. ~~Uand z~Th 

(E) lsodiapheres 5. COz and NzO 
. (a) A-2, B-1, C-4, D-5, E-3 

(b) A-2, B-5, C-l, 0--4,E-3 
(c) A-3,~lX--':2, D-5, E-4 
(d) A-5, B-4, C-l, D-2, E-3 
(e) A-5, B-3, C-l, D-2, E-4 

2. Matrix Matching Problems (For lIT aspirants): 
[A] Match the Column-I with Column-II: ,. 

Column-I 

(a) StabUity of nucleus 

(b) Density of nucleus 

.,. 
Column-II 

(P) Depends on mass 
number 

(q) Packing fraction 

(c) Spin angular momentum (r) Binding energy per 
of proton nucleon 

(d) Dimensionless quantity (s) Independent of mass 
number 

[B] Match the Column-I with Column-II: 

Column-I 

(a) 21 3rd life 

(b) Average life 

(c) 11 A 
(d) Ten times of halflife 

Column-II 

(p) 63.2% decay 

(q) 75% decay 

(r) 2 x tl/2 

(8) 99.9% decay 

[Cl Match the nuclear transformations of Column-I with the 
particles emitted of Column-II: 

Column-I Column-II 
( ) 209 . 4H 21 [A a 83B1 + 2 e ~ 85 t + ... (P) :H 

(b) :Be+ iHe~ I~C+ ... (q) iHe 

(c) ~Mg(~n ... ) tiNa (r) 2H I 

(d) f~Na (fH ... ) r6Ne (s) ~n 

(1)] Match the Column-i with Column-II: 

Column-I 

(a) Binding energy per 
nucleon increases 

Column-II 

(P) \3-decay 

(b) Mass number is conserved (q) a-decay 

(c) Charge number is (r) Nuclear fusion 
conserved 

(d) Mass of products formed (s) Nuclear fissiori 
is less than the mass of 
reactants 

[E] Match the Column-I with Column-II: . 

Column-II . Column-I 

(a) a-rays (P) Radiations, undeviated 
in electric field . 

(b) Il-rays (q) Produced when 
electrons strike metal 
surface 

(c) y-rays (r) Highest deflection in 
electromagnetic field~~.~ 

(d) X-rays (s) Nucleus of helium 

[F] Match the Column-I with Column-II: 

Column-ll Column-I 

(a) a-emission 

(b) Il-emission 

(P) Mass number changes 

(q) Atomic number and mass 
number are affected 

(c) y-emission 

(d) \3+ -emission 

(r) Atomic number decreases 

(s) Atomic number increases 

3. Write th~ complete nuclear"reactions: 

(a) ~Be+ iHe ~ I~C + ............. . 

(b) f H ~ ~He + ............ .. 

(c) IjN + iHe~ I~O+ ............. . 

(d) 2~iu + ~n ~ ~~Sr + Xe + 3 bn 
( ) 7L' I 2 4H· " e 3 I+on~ 2 e+ ............ .. 

.(f) 2~~ U + .............. ~ 2~iu ~ 2~jNp + ............ .. 

(g) [jN + ~n ~ fH + ............ .. 

(h) ~ Li + .............. ~ ~Be + y - radiations 

(i) rH+ .............. ~ iHe+ ~n 

(j) 27Al I 24N 13 + on ~ II a + ............ .. 

(k) rjAI + iHe~ .............. + IH 
(I) 235 U 1 . 137T 97Z 

" 92 + on ~ .............. + 52 e + 40 r (fIT 2005) . 

(m) ~~Se~ .............. +2}e (HT 2005) 
4. Write the particles "emitted from each nuclide in the following 

reactions: 
(a) 231Th ~ 23l pa 2

8
2JAc 

90 (i) 91 

(b) 217 At ~ 113Bi ~ 209T1 85 (i) 83 (ii) 81 

(c) 239 U ~ 239Np 2~gpu 
92 (i) 93. 

(d) 30p~ 30Si 
15 (i) 14 
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5. Find the atomic number and mass number of the last member 
in the following series: 

226Ra 
(a) 188 

-ct -ct 

Rn 
-ct 

RaA RaE 
ct -'f:\ - fl - ct .• 

(b) fA B----+C~D~E 
6. Complete the following: 

- ct -f:\ 
(a) 238 X ~ Y ~ 91Z 

214 13. -fl 
(b) A~B~84C 

RaC 

7. Write the equations forthe following transformations: 

(a) :gK (p, d) (b) 'iN(n, p) (e) ~rNa (a, p) 

(d) ~Be (a, n). 

8. . To which radioactive families do the following nuclides 
belong? 
222Rn, 228Ra, 207Pb, 209Bi, 233Pa. 

[A~ 
1. (c) A-3, B-1, C-2, D-5, E-4 
2. [A] (a-p, q, r);(b s);(c s):(d ql 

[Bl (a - q, r); (b p); (c p); (d - :;) 
[C] (a s);(b s);(c-p);(d-q) 
[D] (a-p, q, r, s);(b-p, q, r, s);(c-p,q, r, s);(d-p, q, r, s) 
[E](a-s);(b-r);(c p);(d p,q) 
[F] (a - p, r)(b - s)(e - q)(d q) 

3. (a) ~Be +iHe ~ I~C + ~n; 
(b) ?H~ ~He+ _~e; 
(c) )4N+4He~ 170+ IR 

7 2 8 l' 

(d) 22iu + ~n ~ ~~Sr + 1~!Xe + 3 ~n; 
( ) 7L' I 2 4H o. e 3 l+on~ 2 e+_le, 

(f) 2g~U + ~n ~ 2~U ~ 2gjNp + je; 

(g) liN + ~n ~ I~C + ~H; 

(h) jLi + :H ~Be + y-radiations; 

(i) [H+ iH~ iHe + ~n; 

(j) fIAI + ~n ~ tiNa + iHe; 

(k) gAl + iHe ~ f~Si + ~H; 

(I) 2~U + ~n ~ 2 ~n + 1~~Te + ~6Zr; ;; 

(m) ~~Se ~ ~~Kr + 2 _?e 

9. To which group of the periodic table does the last member of 
the following series belong? 

-f:\ -f:\ 
(a) 2~ U 23~Np ~ 2~Pu 

III Group 
-fl -f:\ 

(b) 140 Cs ~ 140 Ba ~ 140 La 
55 56 57 

I Group 
ct ct 

(e) 2~1Ra 2~~Rn ~ 2~PO 

II Group 
10. Name the process represented below: 

4. 
5. 

6. 

(a) 23i2 U + ~n 1~~Ba + ~Kr + 3 ~n + 200 MeV 

(b) fH + tH iHe + ~n + 17.6 MeV 

(c) ~~Cu + iHe + 400 MeV ~ rJCl + 14 iH + 16 ~n 
(d) I~B + iHe ~ 137N + ~n 

~136c++re. 

(a) (i) J3 (ii) a (b) (i) a (ii) a (c) (i) J3 (ii) J3 (d) (i) +~ e 
(a) Atomic mass 214, Atomic number 83 
(b) Atomic mass M - 8, Atomic number == Z 2 

-ct -13 
(a) 238 X· ~ 234y ~ 234Z 92 90 91 

(b)2~i A 2~jB 
-f:\ 

2i1c 

7. (a) igK + iH~ ?gK+ ~H (b) IjN + ~n ~ l:C + iH 

(e) [iNa + iHe ~ f~Mg + iH(d) ~Be + iHe --,) I~C + ~n 

8. 222Rn belongs to (4n + 2) family, i.e" uranium family. 
228 Ra belongs to (4n) family, i.e., thorium family. 
207 Pb belongs to (4n + 3) family, i.e., actinium family. 
209 Bi belongs to (4n + 1) family, i. e., neptunium series. 
233 Pa belongs to (4n + 1) family, i.e., neptunium series. 

9. (a) 2~Pubelongs to actinide series, hence it is present in III 

group. 

(b) 14~8Ce belongs to lanthanide series, hence it is present in III 

group. 

(c) 21~Po belongs to VI group. 

10. (a) Nuclear fission (b) nuclear fusion (c) spallation reaction 
(d) artificial radioactivity. 
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• RACTICE PROBLEMS.' 
1. Half life of 24Na is 14.8 hours. In what period of time will a 

sample of this element lose 90% of its ~t:tivity? 
[ADs. 49.17 hour] 

2. A ~-particle emitter has. a half life of 60.6 min. At any instant 

of time, a sample of this element registers 2408 counts per 
second. Calculate the counting rate after 1.5 hours. 
[ADs. 860 counts per sec] 

3. A radio-isotope l~Phas halflife of 15 days. Calculate the time 

in which the radioactivity of 1 mg quantity will fall to 10% of 
the initial value. 
[ADs. 49.85 days] 

4. Consider an a-particle just in contact with 2~~ U nucleus. 

Calculate the coulombic repulsion energy assuming that the 
distance between them is equal to the sum of their radii. 
[ADs. 24.2 MeV) 

5. The activity of a certain sample of radioactive element 'A' 
decreases to 1/ f2 of its value in 4 days. What is its half life? 
Assuming that, 

fA 
what mass of the sample will be left over after 24 days if we 
start with one gram of' A'? Calculate this in terms of M. 

[ADS. tl/2 = 8 days; mass of sample left over (1- 3 ~ 5) g] 

[HiDt: , 2.303 1 (No) 
A -- oglO -I 

t N / 

0.693 = 2.303 loglo (..fi) 
tllZ 4 

N 

tll2 = 8 days 

(1)" . Use N = No 2: for next part.] 

6. The half life of 2t~ U is 4.5 x 109 years. Uranium emits an 

a-particle to give thorium. Calculate the time required to get 
the product which contains equal masses of thorium and 
uranium. 

[ADS. 4.55 x 109 yrs] 
, I 

[HiDt: No = 238 + 234 N = I 
238 

U 0.693 2.303, (No)) se, -- -- oglO -I 
tl/2 t N } 

7. 32 mg of pure 2~PU02 has an activity of 6.4 x 107 sec-I. 

(i) What will be the halflife of 2~Pu in years? 

(ii) What amount ofPu0z will remain if 100 mg Pu02 is kept 
for 5000 years? 

[ADS. (i) 2.45 x 104 years (ii) 86.7 mg] 

[HiDt: (i) Mass of 238pU = 238 x 32 = 28.207 mg 
270 

R 
0.693 W N 

ate = x--x 
tl/2 At. wt. 

6.4 x 107 = 0.693 x 28.207 x 10-
3 

X 6.023 X 1023 

tll2 238 

tll2 = 7.729 X lOll sec 2.45 X 104 years 

(ii) Use, 0.693 = 2.303 loglO (N 0 I 
tll2 t N ) 

0.693 = 2.303 10 r100) 
2.45 x 5000 glo \ N 

N 86.7 mg] 

8. A radioactive isotope decays as: 

~A. z -:B~~=~C 

The half lives of A and B are 6 and 10 months respectively. 
Assuming that initially only A was present, will it be possible 
to achieve the radioactive equilibrium for B? If so, what would 
be the ratio of A and B at equilibrium? What would happen if 
the half lives of A and B were 10 and 6 months respectively? 
[HiDt: At equilibrium, ratio of amounts of A and B will be 

N A _ tll2 A _ 6 0 6 
NB - tllzB -10 . 

Ifthe halflives of A and B are to and 6 months respectively, then 
B will decay faster than 'A', hence equilibrium will not be 
achieved.) 

9. Lowest level of 14C activity for experimental detection is 0.03 
dis per min per gram. What is the maximum age of an object 
that can be determined by 14C method? The activity of 14C in 
the atmosphere is 15 dis per min per gram of 14C 
(tl!Z for 14C 5730yrs). 

[Ans. 51379.28 yrs] 

10. An a~alysis of a rock shows that relative number of 87 Sr and 
87Rb atoms is 0.052, i.e.,(87 Sr /87 Rb = 0.052). Determine the 

age of the rock. Given that halflife period for~-decay ofRb to 
Sr is 4.7 x 1010 years. 

[ADS. 3.43 x 109 years] 

[Hint: 
87Rb x 

y 0.052 

x 
x + y 1.052 

0.693 

4.7x 

N 1 

No 1.052 

A 2.303 J 
-t- oglo N 

2.303 I 1052 -- oglo . 
t 

t = 3.43 X 109 years] 
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n. Hydrolysis.of ester was studied by isotopic .Iabelling method. 
Write down the structures of products 4 and B in the given 
Teaytion: (lIT 2000) 

o 
, II 18 

CH3-C-O-:c-H+ HOH~ A +B 

o 
II 18 

[ADs. (A) CH3 - C- OH; (B)CzHs - 0- H] 

12. Arrange the following species in decreasing order of chemical 
reactivity and radioactivity: 

lH, tH, fH 
[Ans.Reactivity : H > fH > tH . 

Radi .. 3H 2H IH] , oactiVltyi",?j >1 . 

13. The half life of 212Pb is 10.6 hours and that of its daughter 
element 212 Biis60.5 minutes. Afterhow .. much time will th~ 
daughter element have maximum activity? 
[Ans. 3.78 hours] 

[Hint: A = '{).693 . Ad 0:693 = 0.01145 min- I 

P 10.6 x60 ' 60.5 ' 

= 0.QQI089 min-1 

2.303 I Ad 
(A - A ) oglo T: 

.d P P 

tmax 

- 2.303 10 [0.01145 ] 
- 0.01145- 0.001089, glO 0.001089 

222.275810 0.01145 
. glo 0.001089 

= 227.1 min 

= 3.785 hours] 

14. Radioactive element is spread over a room, its half life is 30 
days. Its activity is 50 times the permissible value. After how 
many days will it be safe? 
[Ans. 169.30 days] 

[Hint: No 50N 

0.693 2.303 I (No) -- oglO -
t N 

0.693 = 2.303 loglo (50N\J 
30 t N 

t = 169.3 days] 

15. Calculate the energy released in joules and MeV in the 
following nuclear reaction: 

tH+ tH~ ~He + ~n 
Assume that the masses of tH, ~He and neutron respectively 

are 2.0141, 3.0160 and 1.0087 amu. 
[Ans. 5.223 x 10-13 J; 3.260 MeV] 

16. A radioactive element due to an ~cident in research 
laboratory gets embedded in its floor and walls. The initial rate 
of decay is 64 times the safe limit. The half life of the element 

is 32 days. Calculate the time after which the laboratory will 
be safe for use; . 
[Ans. 192 days] . 

[Iifnt:, No =64N . 

0.693' 2.303 I No 
t 

oglO -N' 
tl/2 

0.693 ,;,,2.303 log 10 [ 64N ] 
32. ,t N 

. ,', t = 192 days] c' , 

17. Radium lIas, a half life 1600 years and its daughter elemi;lnl , 
radon has a half life 3.82 days. In an enclosure,tbe volume of.' 
'radon was found constant for a week. Explain and calculat~ 
the ratio of the number of radium and radon nucIe.i..Will the 
ratio be constant after 400 years? 

[Ans. 1528):< 105
] 

·}"t~ooi~t; ";~~;;~+~"N'i(Ra)-;,;t1l2(Rn) 
N 2(Rn) tdRa) 

NI 1600 x 365 
N z 3.82 

= 1.528 x lOs] 

18. Calculate the raciius and den~ity of 2:;;2 u. 
[ADs. R = 6.8 X 10-13 cm; d = 2.979 X 1014 g I ecl 

[Hint: R = Ro A 113 = 1.1 X 1O- IS (235)113 = 6.788 X 1O-IS m 

= 6.788 x 10-13 cm 

d = W IV = 235 x 1.66 x 10-
24 

g I cc 
! x 1t x (6.788 x 10- l3i 
3 

= 2.979 X 1014 glee] 

19. 2~U decays with emission of a and (3-particles to form 

ultimately 2~iPb. How many a and (3-particles are emitted per 

atom of Pb produced? 

[Ans. 7 a and 4 131 

20. The half life of radium is 1600 years. After how rnuch time, 

..!..th part of radium will remain undisintegrated in a sample? 
16 . 

[Ans. 6400 years] 
21. The halflife of polonium is 140 days. In whattimewilll5 g of 

polonium be disintegrated out of its initial mass of 16 g? 
[Ans. 560 days] 

[Hint: Polonium left is ..!..th of the initial, i. e., 4 half lives.] 
16 

22. The activity of a radioactive isotope falls to 12.5% in 90 days. 
Calculate the half life and decay constaut of the radioactive 
isotope. 
[Ans. 30 days, 0.0231 day-I] 

23. The radioactivity of an element was found to be one millicurie. 
What will be its radioactivity after 42 days if it has half life of 
14 days? 
[Ans. 0.125 millicurie] 
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24. There are 106 radioactive nuclei in a given radioactive 
element.· Its half life is 20 seconds. How many nuclei will 
remain after 10 seconds? (Given,.J2 = 1.41) 

[Ans. 7 x 1O~(approximately)] 

[Hint: N =NO(.!.)" =Htx(1)1i2 asn= 10 =.!.=~] 
. . 2 2· 20 2 1.41 

25. A radioactive element decays at such a rate that after 68 
minutes only one-fourth of its original amount remains. 
Calculate its decay constant and half life period. 
[Ans. A= 0.0204 min-t , tl/2 = 34 min.] 

26. One gram of a radioactive element decays·by J3-emission to 

0.125 in 200 hours. How much more time will elapse until 
only 0.10 g of it is left? 

[Ans. 21.46 hours] 

27. A wooden article found in a cave has only 40% as much 14 C 
activity as a·ftesh piece J)fwood. How old is the article? 
(t l / 2 for 14C 5760 years) 
[Ans. 7<517 years] 

28. A sample of carbon derived from one of dead sea scrolls is 
found to be decaying at the rate of 12.0 disintegrations per 
minute per gram of carbon. Estimate the age of dead sea scrolls 
When carbon from living plants disintegrates at the rate of 15.3 
disintegrations per minute per gram. (t l / 2 for 14C= 5760 years) 

[Ans. 2020 years] 
29. One).lg of a radioactive iodine contained in thyroxine is 

injected into the blood of a patient. How long will it take for 
radioactivity to fall to 50%, 25% and 10% of the initial value? 
(t1/ 2 for t~~I = 8.05 days) 
[Ans. 8.05 days, 16.1 days, 26.75 days] 

30. 1 g radium is reduced by 2.1 mg in 5 years by alpha decay, 
calculate the half life period. 
[Ans. Halflife = 1672 years] 

[Hint: Mass of radium left after 5 years = (1.0 - O.OOil)g 

=0.9979 g 

2.303 No 2.303 I 
Apply A = -- 10glO - = -- 10gIO -- ] 

t N 5 0.9979· 

31. The activity of a radioactive substance falls to 87.5% of the 
initial value in 5 years. What is the half life of the element? 
Calculate the time in which the activity will fall by 87.5%. 
[Ans. Half life = 9.52 years, t = 28.58 years] 

32. Starting with 1.0 g of a radioactive sample, 0.25 g of it is left 
after 5 days. Calculate the amount which was left after one 
day .. 
[Ans. 0.758 g] 

33. A sample of wooden artifact is found to undergo 9 
disintegrations per minute per gram of carbon. What is the 
approximate age of the artifact? The half life of t:C is 5730 
years and radioactivity of wood recently cut is 15 
disintegrations per minute per gram of carbon. 

34. Xenon-127 has a halflife of36.4 days. How much of a sample 
of xenon that originally weighed 1.0 g remains after 20 days? 

(Dhanl)ad 1992) 

[Ans. 0.6835 g] 

. N 
35. Calculate the ratio of - after an hour has passed for a 

No 
radioactive material of half life 47.2 seconds. 

[Ans. ~ = 1.12 x 10-23
] 

No . 

[Hint: At = 2.30310gIO No 
N 

0.693 x 60 x 60 = 10 No] 
47.2. 2.303 glO N 

~6. The activity of the hair of an Egyptian mummy is 7 
disintegrations minute-I OfI4C. Find the age of the mummy. 
Given, tl/2 of 14C is 5770 years and disintegration rate of fresh 

sample of 14C is 14 disintegrations minute -I. 
[Ans. 5770 years] 

37. On analysis a sample of 238U ore was found to contain 20.6 g 
oCZ~~Pb and 23.8 g of 21; u. The half life period of 238U is 

4.50 X 109 years. If all the lead were assumed to have come 

from decay of 2~;U, what is the age of the ore? (lIT 1996) 

[Ans .. 4.49 x 109 years] 

38. It is known that 1 g of 226Ra emits 11.6 x HP atoms ofa. per 

. year. Given. the half life of 226Ra to be 1600 years, compute 
the value of Avogadro's number. 
[Ans. 6.052 x ItY3

] 

[Hint: Rate = A x number of atoms in one gram 

A x Avogadro's number ] 
226 

39. A uranium mineral contains 238U imd 206Pb in the ratio of 4 : 1 
by weight.. Calculate the age of the mineral tl/2 238U 
= 4.5 X 109 years. Assume that all the lead present in the 
mineral is formed from disintegration of 238u. 

[Ans~ l. 648 x 109 years] 

40. In a sample of pitchblende, the atomic ratio of 206Pb : 238U is· 
0.23 : I. Calculate the age of the mineral ifhalflife of uranium 

• is 4.5 x 109 years. Assume that all lead has originated from 
uranium. 
[Ans. 1.34 x 109 years] 

41. The ratio of the atoms of two elements A and B at radioactive 
equilibrium is 5.0 x lOS: I respectively. Calculate balflife of B 
ifhalf life of A is 245 days. 
[Ans. 4.9 x 10-4 days] 

42. Calculate the energy released in MeV during the reaction ~Li 

+~H -7 2[iHe] if the masses of ~Li, :H and iHe are 7.018, 

1.008 and 4.004 amu respectively. 
[Ans. 16.76 MeV] 

43. 1.0 g of 2~~ Ra is placed in a sealed vessel. How much helium 

will be collected in the vessel in 100 days? (tl/2 of radium = 

1600 years) 
[Ans. 2.12 x 10-6 g) 
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44. The half life period of l~~Ce is 13.11 days. It is a ~-particle 

emitter and the average energy of the ~-particle emitted is 
0.442 MeV. What is the total energy emitted per second in 
watts by to mg of l~JCe? 

[Ans. 1.84 watt] 

[Hint: Rate of disintegrations per sec A x No. of atoms 

0.693 x 6.023 x 10
23 x om 

13.11 x 24 x 60 x 60 141 

Total [')-particles emitted = 2.61 x 1013 

Total energy emitted = 2.61 x 1013 x 0.442 1.1536 x 1013 MeV 

Energy in erg = (1.1536 x 1013)(1.6 x 10-6
) 

E . 1.1536 X 1013 x 1.6 X 10-6 1 84 ] 
nergy m watt = 7 . watt 

10 

45. A sample of ~gSr has an activity of 0.5 mq; What is its 

specific activity? (t112 of ~gSr = 19.9 years) . 

[Ans. 7.4 x 1012 dis. 8-1] 

[Hint: Rate of disintegrations A x No. of atoms 

So, No. of atoms 

0.5 x 3.7X 10
7 

x 19.9 x 365 x 24 x 60 x 60 
0.693 

1.675 x 1016 

Mass = 90 x 1.675 X 10
16 

= 2.50 X 10-6 
6.023 X lOz3 g 

S 'fi .. 0.5 x 3.7 x 10
7 

74 1012 . -I 
peel IC actiVIty = 6 .=. X dIS g 

2.5 x 10-

46. Calculate the Q-value of the reaction; 

~Li + ~n ---7 iHe + ~H 

Given, ~Li 6.015126 amu, iHe = 4.002604 amu 

fH 3.016049 amu, bn = L008665amu 

[Ans. +4.7835 MeV] 

47. The disintegration rate of a certain radioactive sample at any 
instant is 4750 dpm. Five minutes later, the rate becomes 2700 
dpm. Calculate half life of sample. 

48. 

[Ans. tliZ = 6.13 minute] 

One of the hazards of nuclear explosion is the generation of 
90Sr and its subsequent incorporation in bones. This nuclide 
has a half life of 28.1 years. Suppose one microgram was 
absorbed by a new-born child, how much 90Sr will remain in 
his bones after 20 years? (ffr'1995) 
[Ails. 0.61 J.l.g] 

2.303 1 initial 
-- og 

A remaining 
[Hint: 

o . 2.303 -I 20 ... I I . . 
II. = 28.1 Y t = y, ImtJa = J.l.g, remammg =x J.l.g 

20 = 2.303 x 28.1 log 1 
0.693 x 

x 0.61j.Lg] . 
49. It has been estimated that the carbon-14 in the atmosphere is 

responsible for producing 60 atoms of nitrogen-14 and 60 
electrons every hour for each gram of carbon. We can quote 
this disintegration rate as 60 counts hour-1 g-l. A sample of 
sea shell found near a sea shore was found to have a count of 4 
counts hour- I g-I. Estimate the age of the shell. 

14 . 
(tIl2 for C = 5730 years). 

[Ans. 21000 years (approximately)] 
50. Upon irradiating. californium with neutrons, a scientist 

discovered a new nuclide having mass number of 250 and half 
life of 0.5 hours. Three hours after the irradiation, the 
observed radioactivity due to the nuclide was 10 dis/min. How 
many atoms of the nuclide were prepared initially? 

[Ans. 2.8 x 104
] 
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=~ OBJECTIVE QUESTioNS 

Set-1 : Questions with single correct answer 

1. Natural radioactivity was discovered by: 
(a) Rutherford (b) Becquerel 
(c) Curie (d) Schmidt 

2. Radioactivity is due to: 
(a) stable electronic configuration 
(b) unstable electronic configuration 
( c) stable nucleus 
(d) unstable nucleus 

3. Radioactivity is essentially: 
(a) a chemical activity (b) a physical property 
(c) a nuclear property . (d) a property of non-metals 

4. Radioactivity is. generally found in: 
(a) light nuclei (b) stable nuclei 
(c) heavy nuclei (d) nuclei ofintermeilim\;'rinx;y.r· 

5. The activity of radioisotope changes with: 
(a) temperature (b) pressure 
(c) chemical environment (d) none of these 

6. The rays are given offby a radioactive element from: 
(a) nucleus (b) valence electrons 
(c) all the orbits (d) outer orbit 

7. The alpha particles are: 
(a) high energy electrons 
(b) positively charged hydrogen ions 
(c) high energy X-ray radiations 
(d) double positively charged helium nuclei 

8. The emission of beta particles is from: (CSSE 1999) 
(a) the valence shell of an atom 
(b) the inner shell of an atom 
(c) the nucleus due to the . nuclear conversion 

proton --'i' neutron + electron 
(d) the nucleus due to the nuclear conversion 

neutron --'i' proton + electron 
9. Identify the nuclear reaction that differs from the rest: 

(a) Positron emission (b) K-capture 
(c) ~-decay (d) a-decay 
(e) y-decay [PET{Kcrala) 20081 
[Hint: Only y-emission does not change the nip 

. (NeutronlProton, ratio) of the parent element.] 
10. Gamma rays are: (MLNR 1990) 

(a) high energy electrons 
(b) low energy electrons 
(c) high energy electromagnetic waves 
(d) high energy positrons 

1 t . Radium:;; a radioactive substance. It dissolves in dilute H2 SO 4 

and form!> _ ,;,,'rnpound radium sulphate. The compound is: 
(a) no longer radiuactive 
(b) half as radioactive .:.s [he radium content 
(c) as radioactive as the radium content 
(d) twice as radioactive as the radium content 

12. The velocity of a-rays is approximately: 
(a) equal to that of the velocity oflight 

(b) ~th of the velocity of light 
10 

(c) 10 times more than the velocity of light 
(d) uncomparable to the velocity oflight 

13. a-rays have ionisation power because they possess: 
(a) lesser kinetic energy 
(b) higher kinetic energy 
(c) lesser penetration power 
(d) higher penetration power 

14. The radiations from a naturally occurring radioactive 
substance as seen after deflection by a magnetic field in one 
direction are: 
(a) definitely a-rays 

- '\ e}-both a and ~-rays 
15. Which of the following 

wrong? 

(b) definitely ~-rays 
(d) eithera or ~-rays 

statements about radioactivity is 

(a) It involves outer electrons activity 
(b) It is not affected by temperature or pressure 
(c) It is an exothermic process 
(d) The radioactivity· of an element is not affected by any 

other element compounded by it 
16. The radioactivity of uranium minerals is usually more in 

comparison to pure uranium, This is due to presence of, .. in 
the mineral. 
(a) actinium (b) thorium 
(c) radium (d) plutonium 

17. Radioactive disintegration differs from a chemical change in 
being: (MLNR 1991) 
(a) an exothermic change 

, (b) a spontaneous process 
(c) a nuclear process 
(d) an unimolecular first order reaction 

18. The ionising power of a, ~ and y-rays is in the decreasing 
order: 
(a) a > ~ > y 
(c) y > a > ~ 

(b) ~ >a > y 
(d) ~ > y >a 

19. Which of the following radiations have least effect on both the 
photographic plate and zinc sulphide screen? 
(a) a-rays (b) ~-rays 
(c) y-rays (d) All have equal effect 

20. y-rays are emitted from a nucleus due to: 
(a) high nip ratio 
(b) excess energy possessed by nucleus after emission of a or 

~-particles 

(c) fission reaction 
(d) fusion reaction 

2 i. If a radioactive substance is placed in vacuum at IOcr C, its 
rate of disintegration in comparison to one atmospheric 
pressure: 
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(a) is not affected 
(b) increases .. '" 
(c) decreases 
(d) increases when the product is gas 

22. Ina-decay, nlp·ratio: 
(a) may increase or decrease 
(b) remains constant 
(c) decreases 
(d) increases 

23. In ~-decay, nip ratio: 
(a) remains unchanged (b) may increase or decrease 
(c) increases (d) decreases 

24. A device used for the measurement of radioactivity is: 
(a) mass spectrometer (b) cyclotron 
(c) nuclear reactor (d) G.M. counter 

25. Which of the following does not contain material particles? 
[CET (Pb.) 19911 

. "-.-
(a) a-rays (b) ~-rays (c) y-rays (d) Anode rays 

26. If by mistake some radioactive substance gets into human 
body, then from the point of view of radiation damage, the 
most harmful will be one that emits: 

. (a) y-rays (b) neutrons (c) ~-rays (d) a-rays 
27. Radioactive decay is a reaction of: 

(a) zero order (b) first order 
(c) second order (d) third order 

28. If nip ratio is high, the nucleus tends to stabilise by: 
(a) the emission of a ~-particie . 
(b) neutron capture 
(c) losing a positron 
(d) anyone of the above 

29. Emission of~-particles by an atom of an element results in the 
formations of: 
(a) isobar . (b) isomer (c) isotope (d) isotone 

30. Which of the following process will cause the emission of 
X-ray? 
(a) a-emission (b) ~-emission 
(c) K-electron capture (d) y-emission 

31. When a ~-particle is emitted by the atom of a radioactive 
element, the new species formed possesses: IPET (MP) 19901 
(a) same atomic mass and atomic number less by one unit 
(b) same atomic mass and atomic number less by two units 
(c) same atomic mass and atomic number higher· by one unit 
(d) same atomic mass and atomic ntimber higher by two units 

32. Successive emission of an a-particle and two ~-particles by mi· 
atom ofa radioactive element results in the formation of its: 

1 Ill' (Screening) 19931 

(a) isobar (b) isomer (c) isotone (d) isotope 

33. The isotope 2~iu decays in a number of steps to an isotope of 
2~iPb. The groups of particles emitted in this process will be: 

(a) 4a, 7~ (b) 6a, 4~ (c) 7a, 4~ (d) lOa, 8~ 

34. The number of a and ~-particles emitted in the nuclear 
reaction 2~~ Th -----7 2~~Bi are: [MLNR 1992; 

JEE (Orissa) 20101 

(a)8a,l~ (b)4a,7~ (c)~a,7~ (d)4a,l~ 

• 

5 210 206Pb 4H 3. 84 Po -----7 82 + 2 e 
In above reaction, predictthe position of Po in the periodic 
table when lead belongs to IVB group: 
(a) lIA (b) VIB (c) IVB (d) VB 

36. When 2i~Ra emits an a-particle, the new element formed 
belongs to: 

. (a) third group (b) zero group 
(c) fourth group (d) second group 

37. The radius of nucleus is: (VITEEE 2007) 
(a) proportional to its mass number 
(b) inversely proportional to its mass number 
(c) proportional to the cube root of its mass number 
(d) not related to its mass number 

38. The last product of 4n series is: 

(a) 2~~Pb (b) 2~Pb (c) 2~iPb (d) 2i~Bi 

39. 4n + 2 series is known as: 
(a) actinium series (b) thorium series 
(c) uranium series (d) neptunium series 

40. A radioactive element A on disintegration gives two elements 
Band C. If B is helium and C is the element of atomic number 
90 and atomic mass 234, the element A is: 

(a) 2~U (b) 2~:Ra (c) 2~Th (d) 2~tPa 

41. Group displacement law was given by: 
(a) Becquerel (b) Rutherford 
(c) Mendeleeff (d) Soddy and Fajan 

42. 234 U has 92 protons and 234 nucleons total in its nucleus. It 
. decays by emitting an alpha particle. After the decay it 
becomes: (VTTEEE 2008; DUMET 2010) 
(a) 232U (b) 232 Pa (c) 230 Th (d) 23°Ra 

43. Starting from radium, the radioactive disintegration process 
terminates when the following is obtained: 
(a) lead (b) radon (c) radium A (d) radiumB 

44. The only, most stable nucleus formed by bombarding either 
ijAi by neutrons or NNa by deutrons is: [CET (J&K) 2007] 

(a) ?~p (b) t2Si (c) ~iMg (d) 1~~Ba 

45. Quantity of radioactive material which undergoes 106 

disintewations per second is called: 
(a) Becquerel (b) Rutherford 
(c) Curie (d) Faraday 

46. The number of a-particles emitted per second by I g of 226 Ra 
is 3.7. x 1010: The decay constant is: 
(a) 1.39 x 10-11 sec-I (b) 13.9 x 10-11 sec-I 

(c) 139 x 10~1O sec- I (d) 13.9 x 10-10 sec-I 

[Hint: 
No. of atoms disintegrating per second = A 
. Total number sf atoms present 

or 3.7 x 1010 = 226 x 3.7 x 1010 =A] 
6.02 x 1023 6.02 X 1023 

226 

47. The decay constant of 226Ra is 137 x 10-11 sec-I. A sample of 
226 Ra having an activity of 1.5 millicurie will 
contain ...... atoms: 

(a) 4.05 x 1018 (b) 3.7 x 1017 (c) 2.05 x 1015 (d) 4.7x lOW 
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[Hint: 1 millicurie = 3.7 x 107 disintegrations per sec 

1.5 millicurie = 5.55 x 107 disintegrations per sec 

5.55 x 107 
---= A = 1.37 xlO- ll ] 

No 

48. One curie of activity is equivalent to: 

(a) 3.7 x 10'7 disintegrations per sec 

(b) 3.7 x 1010 disintegrations per sec 

(c) 3.7 x 10'4 disintegrations per sec 

(d) 3.7 x 103 disintegrations per sec 

49. A sample ofi2K contains invariably ~Ar. This is becausei2K 
has tendency to undergo: . [JEE (Orissa) 2006J 
(a) a-decay (b) positronium decay 
(c) ~-decay (d) y-decay 

50. The value of disintegration constant of a radioactive isotope: 
(a) decreases with increasing temperature . 

(b) decreases with increasing pressure 
(c) increases with increasing concentration 
(d) is independent of temperature, pressure and concentration 

51. If the amount of a radioactive substance is increased three 
. times, the number of atoms disintegrating per unit time would: 

(a) be double 
(b) not be change 
(c) be triple 

(d) be .!.rd of the original number of atoms 
3 

52. The half life of a radioactive element depends upon: 
(a) the amount of the element 
(b) the temperature 
(c) the pressure 
(d) none of these 

53. The decay constant of a radioactive sample is A. The half life 
and mean life of the sample are respectively: (MLNR 1990) 
(a) 1/A, In 2/A (b) In 2/A, 11 A 
(c) A In 2, II A (d) AI Pn2' 1/A 

54. Average life of a radioactive substance is: 
(a) 0.44 times ofhalflife (b) 2.44 times ofhalflife 
(c) 1.44 times ofhalflife (d) 0.693 times ofhalflife 

55. Radium has atomic mass 226 and half life of 1600 years. The 
number of disintegrations per second per gram are: 

(a) 4.8 x 10'0 

(c) ,9.2 x 106 

(b) 3.7 x 108 

(d) 3.7 x 10'0 

(BHU 1990) 

[Hint: 
. No. of disintegrations per sec = A 
Total no. of atoms in one gram ofRa 

0.693 

1600 x 365 x 24 x 60 x 60 

or Ne ')f disintegrations per sec 

0.693 x 6.023 x 1023 

= 1600 x 365 x 24 x 60 x 60 x 226 ] 

56. A radioactive sample has a half life 1500 years. A sealed tube 
containing I g of the sample will contain after 3000 years: 

(MLNR 1994) 

(a) I g of the sample (b) 0.5 g ofthe sample 

(c) ~.25 g of the sample' (d) 0.01 g of the sample 
57. 14C has a half life of 5760 years. 100 mg of the sample 

containing 14C is reduced to 25 mg in: [PET (Raj.) 2006J 
(a) l1S20 years (b) 2880 years 
(c) 1440 years (d) 17280 years 

58. If 3 I 4 quantity of radioactive substance disintegrates in 2 
hours, its half life period will be: (BHU 2006) 
(a) IS minutes (b) 30 minutes 
(c) 60 minutes (d) 90 minutes 

59. Initial mass ofa radioactive element is 40 g. How many grams 
of it would be left after 24 years if its half life period is of 8 
years? 
(a) 2 (b) S . (c) 10 (d) 20 

60 .. Half life of radium is 1580 years. It remains 1116 after the 
years ....... : (VMMC 2007) 
(a) 1S80yrs (b) 3160yrs (c) 4740yrs (d) 6320yrs 

61. If hal~life period of radium is 1600 years, its average life 
period will be: .. .. .. ... . ............ . . ... -

(a) 2304 years (b) 4608 years 
(c) 230.4 years (d) 23040 years 

62. A radioactive isotope having a half life of 3 days was received 
after 12 days. It was found that there were 3 g of the isotope in 
the container. The initial mass ofthe isotope when packed was: 
(a) 48g (b) 36g (c) 24g (d) 12g 

63. Radioactivity of a radioactive element remains I I 10 of the 
original radioactivity after 2.303 seconds. The half life period 
is: 
(a) 2.303 

[Hint: 

(b) 0.2303 (c) 0.693 (d) 0.0693 

~ 2.303 I' a 
1\.=-- oglO--

t (a-x) 

or 
2.303 1 0.693 

A = --loglO -- = 1, T = -- = 0.693] 
2.303· 1110 A 

64. A freshly prepared radioactive source of half life period 2 
hours emits radiations. of intensity which is 64 times the 
permissible safe level. The minimum time after which it would 
be possible to work with this source is: 
(a) 6 hours (b) 12 hours 
(c) 24 hours (d) 48 hours 

65. A radio isotope has a half life of 10 days. If today there is 125 
g of it left, what was its mass 40 days earlier? . 

. . . (EAMCET 1991) 

(a) 600 g (b) 1000 g (c) 1250 g . (d) 2000 g 
66. The half life period of four isotopes is given below: 

(i) 7.6 years (ii) 4000 years 

(iii) 6000 yeal'S (iv) 3.2 x lOs years 

Which of the above isotopes is m~st stable? 
(a) (iv) (b) (iii) (c) '(ii) (d) (i) 

67. The first indication that a stable nucleus can be broken down 
was afforded by: 
(a) Rutherford (b) Madam Curie 
(c) Soddy (d) Schmidt 

68. The .first stable isotope which was transmuted by artificial 
means was: 

(a) l~O (b) IjN (c) l~C (d)' ~Be 
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69. The instability of a nucleus is due to: (AIIMS 1999) 
(a) high, proton: electron ratio 
(b) high, proton: neutron ratio 
(c) low, proton: electron ratio 
(d) low, proton: neutron ratio 

70. When ;;Al is bombarded with a-particles, a radioactive 
isotope of phosphorus i~Pwith the emission of ... is formed. 

[CET (Gujarat) 20061 
(a) neutrons (b) protons 
(c) positrons (d) electrons 

71. Nuclear reaction accompanied with emission of neutron(s) is: 
[PMT (MP) 1991) 

(a) i;Al + iHe ~ ~~P + ~n 

(b) I~e + iH ~ I~N 

(c) ;~P~ ?SSi + re 
(d) 2~~Am + iHe ~ 2:iBk + ?e 

72. Which of the following transformations is not correct? 

( ) 75A 4H 78B I a 33 s + 2 e ~ 35 r + on 

(b) ~Li + iH ~ ~Be+ ~n 

(c) iiSc + ~n ~ i~ea + ~n 

(d) 2~Bi + ;H ~ 2~~PO + ~n 

73. The reaction, 2~iu + ~'1z ~ 1~~Ba + ~~Kr + 3 ~n represents: 
(a) artificial radioactivity 
(b) nuclear fission 
(c) nuclear fusion 
(d) none of these 

74. I~e in upper atmosphere is generated by the nuclear reaction: 

(a) IjN + iH~ lie + +~e+ iH 

(b) IjN ~ lie + +~e 

(c) IjN+~n~l~e+lH 

(d) IjN+ lH ~ I~e + iHe . 

WET (MP) 19931 

75. In the transformation of 2~~ U to 2~i U, if one emission is an 
a-particle, what should be the other emission(s)? 

.' (AIEEE 2(06) 

(a) two B- (b) two B- and one B+ 

(c) oneB- andoney 

[Hint: 2~ U ~ 2~iu + iHe + 2_~ e] 

76. The reaction, ; H + fH ~ ~He + ~n is called: 
. (CPMT 1')90) 

(a) fusion (b) fission 
(c) endothermic reaction (d) spontaneous reaction 

77. When the nucleus of uranium is bombarded with neutrons, it 
breaks up into two nuclei of nearly equal mass. This process is 
called: 
(a) nuclear fission (b) nuclear fusion 

(c) phYSIcal change (d) artificial radioactivity 
78. Which one of the following is an artificial fuel for nuclear 

reactors? 

(a) 238 U (b) 239Pu (c) 235U (d) 232 Th 

79. A positron is emitted from ~fNa. The ratio of the atomic mass 
and atomic number of the resulting nuclide is: (lIT 2007) 

(a) 22110 (b) 22/11 (c) 23110 (d) 23/12 

[Hint: : H ~ ~n + +~ e 
Positron 

On positron emission, proton is converted to neutron, therefore, 
atomic number decreases by one unit but atomic mass remains 
constant. 

n . 23] : rat1o·=~ 
p 10 

80. Hydrogen bomb is based on the principle of: (AIEEE 2005) 
(a) nuclear fission (b) natural radioactivity 
(c) nuclear fusion (d) artificial radioactivity 

81. In nuclear reactors, the speed of neutrons is slowed down by: 
(a) heavy water (b) ordinary water 
(c) zinc rods (d) molten caustic soda 

82. Which of the following is not a fissile material? 

(a) 235U (b}.238 U 

(c) 233U (d) 239Pu 

83. Which one of the following statements is wrong? 
(a) An atom bomb is based on nuclear fission 
(b) In atomic reactor, the chain reaction is carried out under 

control 
(c) Fission reactions are the sources of sun's energy 
(d) Hydrogen bomb is always associated with atomic bomb 

84. The fuel in atomic pile is: 
(a) carbon (b) sodium 
(c) petroleum (d) uranium 

85. Large energy released in atomic bomb explosion is mainly due 
to: 
(a) conversion of heavier to lighter atoms 
(b) products having lesser mass than initial substance 
(c) release of neutrons 
(d) release of electrons 

80. One gram of mass is equal to: 

(a) 5 x 1010 erg (b) 9 x 1020 erg 

(c) 7 x 105 erg (d) 11 x I{p erg 

87. If the energy released by burning 1 g of carbon is 3 x lOll erg, 
then the amount of energy released by converting I g of 
carbon completely to nuclear energy would be equivalent to 
energy produced by burning ...... g of carbon. 

(a) 106 (b) 108 

(c) 9 X 1020 (d) 3 x 1010 

88. Liquid sodium is used in nuclear reactors. Its function is: 
(a) to collect the reaction products 
(b) to act as heat exchanger 
(c) to absorb the neutrons in order to control the chain' 

reaction 
(d) to act as moderator to slow down the neutrons 

89. A sample of rock from moon contains equal number of atoms 
of uranium and lead (t1/2 for U = 4.5 X 109 years). The age of 
the rock would be: IlJGET Manipal (Medical) 20061 

. (a) 9.0 x 109 years (b) 4.5 x 109 years 

(c) 13.5 x 109 years (d) 2.25 x 109 years 
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. [Hint: 2.303 I [I No. of 
t = -}..- oglo + No. ofU atoms 

_ 2.3()3 x 4.5 x 109 10 . (1 + 1)] 
0.693 glo 

90. In treatment of cancer, which of the following is used? 

(a) 1~~1 (h) f;P (c) ~Co (d) ;H 
91. In nuclear reactor, chain reaction is controlled by introducing: 

(AIIMS 1991) 
(~) cadmium rod (b) iron rod 
(c) platinum rod (d) graphite rod 

92. Wooden artifact and freshly cut tree are 7.6 and 15.2 min -I g-I 
of carbon (t1/2 = 5760 years) respectively. The age of the 
artifact is:· . 

(a) 5760 years (b) 5760 x 15.2 years 
7.6 

( c) 5760 x 7.6 years (d) 5760 x (i 5.2 - 7.6) year 
15.2 
2.303 I 15.2 2.303 x 5760 1 2] 

[Hint: t = . og or t = 0.693 og 
}.. . 7.6 

93. The isotope used for dating archaeological finding is: 

(a) ~H ,b) l~O (c) l:C (d) ~iu 
94. Which one of the following statements is wrong? 

(a) Neutron was discovered by Cnadwick 
(b) Nuclear fission was discovered by Hahn and Strassmann 
(c) Polonium was discovered by Madam Curie 
(d) Nuclear fusi(>n was discovered by Fermi 

95. Neutrons are more effective projectiles thlln protons because 
they: 
( a) are attracted by nuclei (b)· are not repelled by nuclei 
. (c) travel with high speed (d) none of these 

96. The source of enormous energy of sun is: 
(a) fusion of hydrogen to form helium 
(b) fission ofuranil,1m 
.(c) fusion of deuterium and tritium 
(d) fusion of tritium to form helium 

97. In the neutron~induced fission of 2~ U; one of the products is 
~ Rb. In this mode, another nuclide rutd two neutrons are also 
produced. The other nuclide is: [PMT (HP) 20061 
(a) l~Xe (b) l~CO· (c) l~~CO (d) l~~:Xe 

98. ~~X 3a 13 ~ Y. The element Yis: 
IJEE (Orissa) 20081 

(a) 2~~Pb (b) 2gPb 

(c) 2~~Bi (d) 2~~Bi 

99. Which radioactive isotope is used to detect tumours? 
(a) 74 As (b) 24Na (c)' 1311 (d) 6Oeo 

100. Natural uranium consists of 235U: 
(a) 99% (b) 50% 
(c) 10% (d) 0.7% 

101. In the nuclear reaction, I;N + ~He ~ :X + iH the nucleus 
X is: (MLNR 1995) 
(a) nitrogen of mass 16 (b) nitrogen of mass 17 
(c) oxygen of mass 16 (d) oxygen of mass 17 

102. 

103. 

104. 

105. 

106. 

107. 

The radioactive de<:ay of ~~ X by a beta emission produces an 
unstable nucleus which spontaneously emits a neutron: The 
final product is: (MLNR 1995) 

(a) ~~X . (b) ~~Y 

(c) ~!Z (d) ~~W 
ij AI is a 'stable isotope. f~ AI is expected to disintegrate by: 

(llT H96) 
(a) a-emission (b) l3-emission 
(c) positron emission (d) proton emission 

I . 8B 8B 0·. The mass defect of the nuc ear reaction 5 ~ 4 e + 1 e IS. 

(Jlr~lER 191)9) 

(a) ~m = atomic mass of(~Be - ~B) . 

(b) ~ = atomic mass of(~Be - ~B) + mass of one electron 

(c) ~m= atomic mass of(~Be ~ ~B) + mass of the positron 

(d) ~m = atomic mass of(~Be - ~B) + mass of two electrons 

Which of the following is the man-made radioact~v· 
disintegration series? 
(a) Thorium series (b) Neptunium series 
(c) Uranium series Cd) Actinium series 
The .density of nucleus is of the order of: 
tti; 105 kg m-3 • (b) ufO kg m-3 

(c) 1017 kg m-3 (d) J(f5 kg m-3 

A radioactive isotope having a h3.If life of 3 day's was received 
after 12 days. It was found that there were 3 !,!, of the isotope in 
the container. The initial weight of the isotope when packed . 
was: 
(a) 12 g (b) 24 g 
(c) 36 g (d) 48 g 

108. A radioactive substance is decaying withtlf2 = 30 (jays. On 
being separated into two fractions, one of the. fractions, 
illllnediately after separation, decays with tl/2 = 2 days. The 
other fraction, illllnediately after separation would show: 

(a) constant activity (b) increasing activity 

(c) decay with t1l2 = 30 days (d) decay with t1l2 =28 days 
109. A radioactive substance has a constant activity of 2000 

disintegrations per minute. The material is separated into two 
fra(:tions, one of which has an initial activity of 1000 
disintegrations per second while the other fraction decays with 
t1l2 = 24 hours. To the total activity in both samples after 48 
hours of separation is: 

(a) 1500 (b) 1000 (c) 1250 (d) 2000 
110. A radioactive element X has an atomic number of 100. It 

decays directly into an element Y which decays directly into 
the element Z. In both processes a charged particle is emitted. 
Which of the following statements would be true? 

(a) Y has an atomic number of 102 

(b) Y has an atomic number of 101 

(c) Zhas an atomic number of 100 

(d) Zhas an atomic number of 99 
111. Three isotopes of an element have mass numbers M, (M + 1) 

and (M + 2~ If the mean mass number is (M + - 0.5), then 
which of the following ratios may be accepted for.M, (M + 1), 
(M + 2) in that order? 

(a) I : 1 : 1 (b) 4: I : I (c) 3: 2 : 1 (d) 2: I : I 



I 

194 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 

112. 

113. 

114. 

115. 

116. 

117. 

118. 

Enrichment of uranium is made by: 
(a) distillation (b) diffusion 
(c) evaporation (d) bleaching 
Let us consider emission of a-particle from uranium nucleus: 

e 92 
p= 92 
n = 143 

92 U235 - 2He
4 ~ 90 Th231 

e o 
P 2 
n 2 

e= 90 
p=90 
n '"" 141 

Shortage of two electrons in t"!"iorium is <,iue to: 
(a) conversion of electron to positron 
(b) combination with positron to evolve energy 
(c) annihilation 
(d) absorption in'the nucleus 
Artificial radioactive elements are present in: 
(a) s-block (b) p-block (c) d-block (d) j~block 
Half life of 6 C14 , if its A. is 2.13 x 10-4 yrs, is: ' ','l':9) 

(a) 3.5 xl04 years (b) 3 x 103 years 

(c) 2 x 102 years (d) -4 x 103 years 

The 60 Co isotope decays with a half life of 5.3 years. How 
long would it take for 7 i 8 of a sample of 500 mg of 6OCo to 
disintegrate? 
(a) 21.2 years (b) 15.9 years 
(c) 10.6 years (d) 5.3 years 
Isotope of uranium used in atomic bomb is' 

('a) 237 U 
92 ' 

!PET {MP} 20081 
(d) 2~U 

Which among the following is wrong about isodiapheres? 
(a) They have the same ditference of neutrons and protons or 

same isotopic number 
(b) Nuclide and its decay product after a-emission are 

isodiapheres 
(c) zA M -----7 z _ 2BM - <I + 2He4 

'A' and' B' are isodiapheres 
(d) All are correct 

119. At radioactive equilibrium,the ratio of two atoms A and B are 
3.1 x 109 

: I, Ifhalflife of 'A' is 2 x 1010 yrs, what is halflife of 
'B'? 
(a) 6.45 yrs (b) 4.65 yrs (c) 5.46 yrs (d) 5.64 yrs 

120. The decay constant for an a-decay ofTh 232 is 1. 58 x 10-10 S,-1 . 

How many a-decays occur from 1 g sample in 365 days? 
(a) 2.89x 1019 (b) 1.298 x 1019 

(c) 8.219x 1019 (d) None of these 

121. :What percentage of decay takes plac~ in the average tife of a 
substance? 
(a) 63.21% (b) 36.79% (c) 90% . (d) 99% 

122. SI unit of radioactive decay is: , . 
(a) curie (b) rutherford 
( c) becquerel i (d) all of these 

123. The number of neutrons acc'ompanying the formation of 1~~ Xc 
and j~Sr from the absorPtion of a slow neutron by 2~ilI 
followed by nucl...:ar fission is: I ~)99', 
(a) 0 (b) 2 (c) 1 (d) ). 

, 124. Thiosulphate ion (S20~-) on acidification changes to S02 
along with precipitation of sulphur, 

35S32S0~- + 2H+ ~ H 20 + S02 + S 

which is the correct statement? 
(a) S35 is in sulphur (b) S35 is in S02 

(c) S35 is in both (d) 835 is in none 
125. A radioactive element decays as, 

a decay {-2illP decay 
X y ~---,-----) Z 

11/2 ; 2 days 

which oithe following statements about this decay process is 
incolTect? 
(a) After two hours, less than 10% of the initial X is left 
(b) Maximum amount of Y present at any time before 30 min 

is less than 50% of the initial amount of X 
(c) Atomic number of X and Z are same 
(d) The mass number of Y is greater than X . 

126. Among the following nuclides, the highest tendency to aecay 
by 03+) emission is: ' 

, (a) 59CU (b) 63Cu (c) 67Cu (d) 68 CU 

127; Identify [A] and [B] in the following: 
2i~Ac ~[A] '~RnPEE (WB) '.tOW) 

(a) Po, Rn Th, Po (c)Ra, Th (d) Th, Ra 
[Hint: 2~~Ac 22JoTh 2;~Ral 

128. f)-particle is emitted in radioactivity by: (AIEEE 

(a) conversion of proton to neutron 

(b) from outennost orbit 

, (c) conversion of neutron to proton 

(d) l3-particle is not emitted 
129. The nuclear reaction, 

~~Cu + iHe-~ gCI + 14 :H + 16lP 

is referred to as: 

(a) spallation reaction 
WET (MP) 20lf2i 

(b) fusion reaction 

(c? fission reaction (d) chain reaction 
130. 226Ra disintegrates at such a rate that after 3160 yrs only one 

fourth of its original amount remains. Half life of 226Ra will 
be: , WET (MP) 

(a) 790 years (b) 3160years 

(c) 1580 years (d) 6230 years 

131. 2~U nucleus absorbs a neutron and disintegrates into 13~Xe, 
j:Sr and 'x'. What will be the product x? 

ICBSE {P:\'!T) 

(a) 3-neutrons (b) 2-neutrons 

(c) a-particles (d) f)-particles 
132. A radioisotope, tritium a H) has half life of 12,3 years. If the 

initial amount of tritium is 32 mg; how many milligrams of it 
would remain after 49.2 years? (P1VH') 

, (a) 1 mg (b) 2 mg 
(c) 4 mg (d) 8 mg 

133. The radio nuclide 2~6 Th undergoes two successive j3-decays 
followed by one a-decay. The atomic number and mass 
number of the resulting radio nuclide are: (ARn~E 1~J!J3~ 
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(a) 92, 234 (b) 94, 230 (c) 90, 230 (d) 92, 230 
134. The half life of a radioactive isotope is three hours. If the 

initial mass of isotope were 256 g, the mass of it remaining 
lUldecayed after 18 hours would be: (AIEEE 2003) 
(a)4g (b)8g (c)12g (d)16g 

135. Consider the following nuclear reactions: 

136. 

137. 

138. 

139. 

140. 

141. 

142. 

143. 

144. 

Z39~M ---7 ;N + 2 iHe; ;N ~ ~L + 213+ 

The number of neutrons in the element Lis: 

(a) 142 (b) 144 (c) 140 

(AIEEE 2004) 

(d) 146 
A radioactive element gets spilled over the floor of a room. Its 
half life period is 30 days. If initial rate is ten times the 
permissible value, after how many days will it be safe to enter 
the room? (AIEEt 200i) 
(a) 100 days (b) 1000 days 
(c) 300 days (d) 10 days 
A, p.\loton of hard gamma radiation knocks a proton out of 
;iMg nucleus to form: ' (AIEEE 2005) 

. (a) the isotope of parent nucleus 
(b) the isobar of parent nucleus 

(c) the nuclide of ~~Na 

(d) the isobar of rrNa 

The element 2~~ Th belongs to thorium series. Which of the 
following will act as the end product of the series? 

[BHU (Pre.) 20051 

(a) 2~~Pb (b) 2~Bi (c) 2~Pb (d) 2~Pb 

2~~ U emits 8(l-p~icl~s and 6~-particles. The neutron/proton 
ratio in the product nucleus is: (AI!MS 2005) 
(a) 60/41 (b) 61/40 (c) 62/41' (d) 61142 
Calculate the mass loss in the following: 

~H+iH~ iHe + ~n 
Given the masses: ~H 2.014 amu, rH = 3.016 amu; 
iHe 4.004 amu, hn = 1.008amu. IPET (Kcrala) 20051 
(a) 0.018 ama (b) 0.18 amu 
(c) 0.0018 :unu (d) 1.8 amu 
(e) 18 amu 
A nuclide of an alkaline earth metal lUldergoes radioactive 
decay by emission of the a-particles in succession. The group 
of the periodic table to which the resulting daughter element 
would belong is: [CRSE (PMT) 20051 
(a) 4th group (b) 6th group (c) 14th group (d) 16th group 
In the reaction;H + rH ~ iHe + tn, if the binding energies 
of ;H, fH and iHe are a, b and c (in MeV) respectively, then 
energy (in MeV) released in this reaction is: 

ICBSE-PMT (Physics) 2005] 
(a)a+b-c (b)c+a-b 
(c) c -: a b (d) a'+ b + c 
Two radioactive elements X and Yhave halflives 6 min and 15 
min respectively. An experiment starts with 8 times as many 
atoms of X as Y How long it takes for the number of atoms of 
Xleft to equal the number of atoms of Yleft? 

fPET (Keraia) 20081 
(a) 6 min (b) 12 min (c) 48 min (d) 30 min 
(e}24 min 
Which of the following has the highest value of radioactivity? 

(DPMT 2009) 

(a) I g ofRa (b) I g ofRaS04 
(e) 1 g ofRaBr2 (d) I g of Ra(HP04 ) 

,145. An artificial transmutation was carried out on liN by an 0.­

particle which resulted in an unstable nuclide and a proton. 
What is the ratio of the atomic mass to the atomic number of 
the unstable nuclide? (SCR~ 2009) 

(a) 17 (b).!2 (c) 17 (d).!2 
8 7 9 '8 

[Hint: ijN + I~O + lH 

Mass Number = 17] 
Atomic Number 8 

146. If 004 curie be the activity of 1 gram of a radioactive sample 
whose atomic mass is 226, then what is the half-life period of 
the sample? (1 curie=: 3.7 x 1010 dis sec-I) (SCRA2009) 

(a) L2x lIyl sec (b) L8~ 10l l sec 

(c) L2x 1010 sec (d) 1.8xHYo sec 

(Hint: Rate of decay = (1693 x ~ x 6.023 x 1023 

tl/2 Aw 

Q.4 x 3.7 X 1010 = 0.693 x 1 x 6.023 X 1023 

tl/2 226 

tllz = 1.2 X 1011 sec] 

147. The half-life period of uranium is 4.5 billion years. After 9.0 
billion ybars, the number of moles of helium liberated from the 
following nuclear reaction will be : 

2~~ U ~ 2~Th + iHe 
Initially there was 1 mole uranium. . [PET (MP) 20101 
(a) 0.75 mol (b) LOmol (c) 11.2 mol , (d) 22.4 mol 

Set-2: The questions given below may have more 
than one correct answers 

1. Match the following nidioactive series: 
(A) 4n (i) Uranium series 
(B) 4n + 1 (il) Neptunium series 
(C) 4n + 2 (iii) Actinium series 

(D) 4n + 3 (iv) Thorium series 
ABC D 

(a) (i) (ii) (iii) (iv) 

(b) (iv) (ii) (i) (iii) 

(c) (iii) (i) ,(iv) (ii) 

(d) (ii) (iii) 0) (iv) 

2. Match the following reactions: 
(A) 4Be9 + 2He4 ~ 6C2 +... (i) 2He4 

(B) 6C2 + ... ~ SBIO + 2He4 (ii) onl 

(C) 7 NI4 + .. ~ 8017 + I HI (iii) I D2 

(D) 20Ca40 + ... ~ 19K37 +2He4 (iv) IHI 

ABC D 
(a) (i) Oi) (iii) (iv) 
(b) (ii) (iii) (i) (iv) 
(c) (iv) (ii) (iii) (i) 
(d) (iii). (ii) (i) (iv) 

3. A radioactive element is present in VIII group of the periodic 
table. If it emits one a-particle, the fl;;;W position of the nuclide 
will be: 
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(a) VIB (b) VIII 
(c) VIIB (d) IS 

4. Which statement is true about n / p ratio? 

( a) It increases by t}-emission 

(b) It increa~s by a~emission 
(c) It increases by v-emission 

(d) None of the above 
5. How many a and t\-particles should be eliminated so that an 

isodiaphere is form~d? 
(a) na,nt} 

, (c) na ' 
6. Match the following.: 

Series 

, (al Thorium 

(b) Neptunium 

(c) Actinium 

(d) Uranium 

'A B 

(a) (iv) (iii) 

(b) (ii) (i) 

(c) (iii) (i) 

(d) (i) (ii) 

C 

(ii) 

(iv) 

(iv) 

(iii) 

(b) na, (n + 1)13 
(d) nt} 

Particles emitted 

(i) Sa, 513 

(ii) Sa, 613 

(iii) oo.,4t} 

(iv) 7a, 413 

D 
(i) 

(iii) 

(ii) 

(iv) 

. 7. Which of the following are used as control rods in a nuclear 
reactor? 
(a) Cadmium rods ' (b) Graphite rods 

, (c) Steel rods (d) All of these 
S.,Which of the following 'notations shows the product 

incorrectly? > ~ ••• ; " 

(a) 96Cm242(a,2n) 91Bk243 (b) s.!3lO(a,n) 1N13 

(e) 1NI4(n, p) 6C4 (d) 14Si28(d,n) ISP29 

9. WhiCh is true about decay constant (A)? 
(~) Unit"is time-I 
(b). Value of A is always less than 1 
(c) A is independent oftemperature 
(d) A is defined as the ratio of no. of atoms disintegrating per 

unit time to the total no. of atoms present at that time 
. 10. Which of the following iS,not correct? (EAMCET2006) 

(a) Nuclei. of atoms participate in nuclear reactions 
(b) igca and ig Ar are isotones, 
(c) 1 amu of mass defect is approximately equal to 931.5 Me V 

(d) U~ium (U238) series is known as (4n + 2) series 

, 1~. Correct order of radioactivity is: ' 

(a) I HI > lH2i> IH3 (b) I H3 > IH2 > IHI 

(c) H3 > Hel >- H2 (d) IH3 > lHl = ja2 
I, 1 1 

12. At radioactive equilibrium, the ratio between 2 atoms of 
radioactive elements.A and B is 3 x 1<f : 1. If tl/2 of A is I(jO 

yrs what is tll2 ofB? 
(a)30yrs . (b)3yrs .. 
(c) 3.3 yrs (d) None of these I 

13. In the sequence of the Jollowing nuclear reaction, 
-(1 -fl '-fl na, 

X9~8 Y~Z~L~ 90M218 

what is the value of n? 
(a) 3 (b) 4 
(c) 5 (d) 6 

14. 60Co has tt'12 :::: 5.3 years. The time taken for 7/8 of the original 
sample to disintegrate will be: 
(a) 4.6 yrs (b) 9.2 yrs 
(c) 10.6 yrs (d) 15.9 yrs 

15. Which of the following is/are correct? 
, (a) a-rays are more penetrating than (}-rays , 
(b) a-rays have grea!er ionizing power than l3-rays 
(c) l3-particles are not present in the nucleus, yet they are 

emitted from the'nucleus 
(d) v-rays are not emitted simultaneously with a and p-rays 

16. Select the wrong statement: 
(a) Nuclear isomers contairi the Same number of protons and 

neutrons 
(b) The decay constant is independent of the amount ofth~ 

substance taken 

(c) One curie = 3.7 x 1010 dis/minute 

, (d) Actinium series starts with U238 

17. In a iIuclear reactor, heavy water is used to: 
(a) provide high speed to neutrons 

"(b) reduce the speed of neutrons 
( c) capture neutrons produced by nuclear fission 
(d) transfer the heat from the nuclear reactor 

18. The correct starting material and product of different 
disintegration series are: 

(a) 232Th,208Pb (b) 235U, 2~Pb 

(c) 238 U,201Pb (d) 231Np,209Bi 

19. Which of the following is/are not true? 
(a) The most radioactive element present in pitchblende is 

uranium 

(b) 32 P is used for the treatment of leukaemia 

(c) CO2 present in the air contains 12 Conly 

(d) Omission of y~rays changes the mass number but not 
atomic number 

20. ,which of the following is/are correct? ' 

(a) 1 Curie = 3.7 x 1010 dis 

(b) 1 Rutherford =106 dis 

(c) 1 Becquerel = 1 dis 

(d) 1 Fermi = 103 dis 

21." Match the List-land List-II and select the cQrrectanswer using 
the codes given below the lists: 

LiSt-I 
Nuclear radar 
~t 

i. Moderator A. Uranium 

2. Control rods B. Graphite 

3. Fuel rods C. Boron 
4. Coolant D. Lead 

E. Sodium' 

JPET (Kerala) 20051 
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Codes: 
(a) I-B, 2-A, 3-C, 4-E 
(b) I-B, 2-C, 3-A; 4-E 
(c) l-C, 2-B, 3-A, 4-E 
(d) I-C,2-D, 4-B 
(e) I-D, 2-C, 3-B? 4-A 

22. Match the List-I and List-II and select the correct answer using 
the codes given below the lists: 

List-1 List-II 
Isotope Characteristics 
· 40 

A. 20Ca 1. UnstaO'te:~-eniitter 
B 133 1 • 53 

2. Unstable, ~-ernitter 

C 121 I 
• 53 

3. Unstable, positron emitter 

D. 2~Th 4.< Stable 

Codes: A B C 'D 

(a) 1 2 3 4 

(b) 'I 3 2 4 

(c) 4 3 '2 

(d) 4 2 3 

23. Match the List~1 with List-II aiid select the correct answer 
using the codes given below the lists: 

List-I 
Isotope 

A. 32p 

B. 24Na 

C. 60Co, 
D. 131 1 

Codes: 

(a) 

(b) 

(c) 

(d) 

A 

4 

4 

4 

3 

B 
I . 

3 

2 

C 

2 

2 

.3 

2 

List-II 
Charaderisties 

1. Location of tumour in brain 

·2. Location of blood clot and 
circulatory disorders 

3. Radiotherapy 

4. Agriculture research 

D. 

3 

1 

4 

24. Consider the following nuclear reactions: 

1. I~N+ iHe~ 110+ lH 
2. ~Be+ :H~ ~Li + ~He 

3. ~iMg +~He~'~JSi+ ~n 
4. I~B+ iHe~ I~N + ~n 

Examples of induced radioactivity would include the 
·reactions: 
(a) 3 and 4 (b) I and 2 (c) 1,3 and 4 (d) 1,2,3 and 4 

25. Match the Column-I Radio-isotope with Column-II Medicinal 
use and select correct matching: 

0JInnt..I C ....... 
(I) 60 Co (a) Leucaemia 

(II) I3l I (b) Anaemia 

(III) 59 Fe (c) Cancerous tumours 

(IV) 32 P (d) Disorders of thyroid gland 

(a) l-c; II--d; III-a; N-b, 

;l6. 

(b) I-a; II-b; 1II-c, IV--d . 
(c) I-c; I1-d; III~b; IV-a 
(d) l-d; II-c; III-b; IV-a 

Column-I 
(I)I~C 

(II) riNa 
(III) I~N 

(1V)I~C 

Correct matching is/are:. 
(a) I only 
(c) II and IV 

Column-II ' 
(a) Unstable and ~-emitter 

(b) Stable 

(c) Unstable, positron emitter 

(d) Unstable, a-emitt~ 

(b) III only 
(d) I and III 

" 

27. Which of the following statements is/are con:ect? , 
1. A nucleus in an excited state may give up its excitation 

energy and retum to the ground state by emission of 
electroIilagnetic'V-radiation. ' 

2. 'V-radiations are emitted as secondary effect of a and 
f3~emission., . 

3. The nuclear isomers produced by 'V-ray bombardment have 
the same atomic and mass number but differ in their 
life-times (whatever their ground state may be). 

4. X-ray and 'V-ray are both electromagnetic. 
(a) 1 and 2 (b)1,2and3 (c)2and3 (d)1,2,3and4 

28.. Which of the following statements is/are correct? 
1. When an ele~tron is emitted by an atom and its nucleus 
gets de-excited as a result, the process is called internal 
conversion. 
2. Electron capture and positron emission are idenJicaL 
3. Neutrons are emitted in the electron capture process. 
4. Pair production is a process which involves the creation of 
positron-electron pair by a photon of energy 1.02 MeV. 
(a) 1 and 2 (b) 1,.,2 and 4 
( c) 2, 3. and 4 , (d) Ail.are wrong 

29. A nuclide has mass number (A) ~d atomic number (Z). 
During a radioactive process if: 
1. both A and Z decrease, the process is called a-decay. 
2. A remains unchanged and Z decreases by one, the process 

is called ~+ or positron decay or K -electron capture. 

3. both A and Z remain unchanged, the proce<ss is called 
. 'V~decay. • 

4; both A· and Zincrease, the process is called nuclear 
isomerism. 

the correct answer 'is: 
(a) 1, 2and 3 
(c)1,3and4 

30. In the decay process: 

(b) 2, 3 and 4 
(d) 1,2and4 

a - a -~ 

A~B~C~l> 

I. A and.B are isobars 
2 .. A and D are isotopes 
3. C and D are isobars 
4. A and Care isotones 
The correct answer is: 
(a) 1 and 2 
(c) 3 and 4 

(b) 2 and 3 
(d) I and 4 

I 



198 . G. R. B. PHYSICAL CHEMISTRY FOR COMPETITIONS 

31. The nuclide X undergoes a-decay and another nuclide Y,J3-­
decay. Which of the following statements are correct? 

I. The 13--particles emitted by Y may have widely different 

speeds. 
2. The a-particles emitted by X may have widely different 

speeds. 
3. Thea-particles emitted by X will have almost same 

speed. 
4. The J3-particles emitted by Y will have the same speed. 
(a) I and 3 are correct (b) 2 and 3 are correct 
(c) :3 and 4 are correct (d) I and 4 are correct 

32. Fill in the blank space with a suitable answer selected from the 
list below. Write only the letter (A, B, C, ... ,etc) of the correct 
answer in the blanks. 

Answer 

(i) 12 C+ IH---? 13 N 
61 7 

(ii) gAl + :H ---? riMg + iHe 

(iii) 2iz U + ~n ---? 1~~Ba + j~Kr + 3 ~n 

(iv)' ~~As + fH---? ~~Mn + 9:H + 12 hn 
(v) ~H + fH ---? ~He + ~n 

Answers: 
A: Projectile capture 
B: Spallation 
C: Fusion 
D: Projectile capture and particle emission 
E: Fission 
Select the. correct answers according to the given codes: 
Codes: . (i) (ii) (iii) (iv) (v) 

(~ A DEB C 

{b) DCA E B 

(c) ABC D E 

(d) E D C B A 

AssertiQn-Reason TYPE QUESTIONS 
The questions given below consist of two statements each rrinted as 
Assertion CA) and Reason (R). While answering these questions 
you are required to choose anyone of the following fonr: 

Ca) If both CA) and CR) are correct and (R) is the correct 
explanation for (A). 

(b) Ifboth (A) and (R) are correct and (R) is not the corred 
explanation for (A). 

(c) I f (A) is correct but (R) is incorrect. 
(d) Ifboth (A) and .(R) are incorrect. 
(e) If (A) is incomictbut(R)is conect. 

1. (A) Mass numbers of most of the elements are fractional. 
(R) Mass numbers are obtained by comparing with the mass 

number of carbon taken as 12. 
2. (A) The activity of I g pure uranium-235 will be greater than 

the same amount present in U30 6. 

(R) In the combined state, th .. activity of the radioactive 
element decreases. 

3. (A) a-rays have greater ionising power than 13. 
(R) a-particles carry 2+, charge while J3-partic1es carry only 1-

charge. 
4. (A) J3-partic1es have greater penetrating power than a-rays but 

less than y-rays. 
(R) J3-particles are lighter than a but heavier than y. 

5. (A) During J3-decay, a new element with atomic number 
greater than one is obtained. 

(R) Protons and neutrons keep on changing into one another 
through meson. 

6. (A) The average life of a radioactive element is infinity. 
(R) As a radioactive element disintegrates, lJlore of it is 

formed in nature by itself. 
7. (A) Hydrogen bomb is more powerful than atomic bomb. 

(R) In hydrogen bomb, reaction is initiated. 
8. (A) The archaeological studies are based on the radioactive 

decay of carbon-14 isotope. 
(R) The ratio of C-14 to C-12 in the animals or plants is the 

same as that in theatrnosphere. 

9. (A) The reactions taking place in the sun are nuclear fusion 
reactions. 

(R) The main reason for nuclear fusion reactions in the sun is 
that H2 is present in the sun's atmosphere so that hydrogen 
nuclei can fuse to form helium. 

10. (A) In a radioactive disintegration, an electron is emitted by 
the nucleus. 

(R) Electrons are always present inside the nucleus. 
11. (A) In radioactive disintegrations, 2He4 nuclei can come out 

of the nucleus but lighter 2He3 can't. 
(R) Binding energy of 2 He3 is more than that of 2 He 4 . 

12. (A) Protons are better projectiles than neutrons. 
(R) The neutrons being neutral do not experience repulsion 

from positively charged nucleus. 
13. (A) Enrichment of U23S from a mixture containing more 

abundant U238 is based on diffusion ofUF6 . 

(R) UF6 is a gaseous compound under ordinary conditions. 
14. (A) The nucleus emits J3-particles though it doesn't contain 

any electron in it. 
(R) The nucleus shows the transformation 

on 1 -? P + ~ + anti-neutrino for J3-emission. 
15~ (A) Any kind of exchange force helps the nucleus to be more 

destabilised. 
(R) 1t-mesons are exchanged between nucleons incessantly. 

16. (A) Nuclide 13 Al30 is less stable than 20 Ca 40. (lIT 
(R) Nuclides having odd number of protons and neutrons are 

generally unstable. 
17. (A) During J3-decay, a new element with atomic number 

greater than one is obtained. 
(R) Protons and neutrons keep on changing into one another 

with the help of meson. 
18. (A) The position of an element in periodic table after emission 

of one a and two J3-particles remains unchanged. 
(R) Emission of one a and two S-particles gives isotope of the 

parent element which acquires same position in the 
periodic table. 
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19. (A) Nuclear isomers have same atomic number and same mass 
number but with different radioactive properties. . . 

(R) U(A) and U(Z) are nuclear isomers. 
20. (A) The emission of a-particles results in the formation of 

isodiapheres of parent element. 
(R) Isodiapheres have same isotopic number. 

. Cl (l. -(3 

21. (A) 2t~U (IlIB)~ A ~ B ~ C 
(R) Element B will be of IIA group. 

22. (A)f3-particles are deflected more than a-particles in a given 
'electric field. . 

(R) Charge on a-particles is larger than on J3-particles. 
23. (A) The nucleus of gold is stable even though there is a very 

. strong coulombic repulsion among the protons. 
(R) The inverse square coulomb force is exactly balanced by 

• Set-1 
1. (b) 2. (d) 3. (c) 4. (e) .. 
9. (e) 10. (c) 11. (c) 12. (b) 

17. (c) 18. 'Ca) 19. (e) 20. (b) 

25. (c) 26. (a) '17. (1:1) 28. (a) 

33. (c) 34. (d) 35. (b) 36. (b) 

41. (d) 42. (c) 43. (a) 44; (d) 

49. (b) 50. (d) 51. (c) 52. (d) 

57. (a) 58 .. (c) 59. (b) 60. (d) 

65. (d) 66. (a) 67. (a) 68. (b) 

73. (b) 74. (c) 75. (a) 76. (a) 

81. (a) 82. (b) 83. (c) 84. (d) 

89. (b) 90. (c) 91. (a) 92. (a) 

97. (b) 98. (b) 99. (a) 100. (d) 

lOS. (b) 106. (c) 107. Cd) 108. (b) 

113. (b,c) 114. (d) lIS. (c) 116. (b) 

121. (a) 122. (c) 123. (d) 124. (a) 

129. (a) 130. (c) 131. (b) 132. (b) 

137. (c) 138. (a) 139. (c) 140. (a) 

14S. (a) 146. (a) 147. (a) 

• Set-2 
1. (b) 2. (b) 3. (a, b,c) 4. (b) 

9. (c) 10. (b) 11. (b) 12. (c) 

17. (b, d) 18. (a, d) 19. Ca, d) 20. (a, b, c) 

25. (c) 26. (d) 27. (d) 28. (b) 

another inverse square force which is very powerful,i.e., 
nuclear force. 

24. (A) K -shell electron capture is detected by analysing the 
wavelength of X-ray emitted. 

(R) The wavelength of the X-ray is characteristic of the 
daughter element and not the parent element. 

25. (A) Half life ofa radioactive isotope is the time required to 
decrease its mass number by half. 

(R) Half life ,of radioactive isotopes is independent of initial 
amount of the isotope. 

26. (A) In a nuclear fission process, the total mass of fragments is 
always greater than the mass of the original nucleus. . 

(R) Difference in the mass due to the fission of a heavy 
nucleus is converted into energy according to mass-energy 
conversion. 

5. (d) 6. (a) 7. {d) 8 • (d) 

13. (b) 14. (d) 15. (a) 16. (c) 

21. (a) 22. (d) 23. (d) 24. (d) 

29. (a) 30. (e) 31. (c) 32. (d) 

37 •. (c) 38. (a) 39. (c) 40. (a) 

45. (b) 46. (a) 47. (a) 48. (b) 

53. (b) 54. (c) 55. (d) 56; (c) 

61. (a) 62. (a) 63. (e) 64. (b) 

69. (b) ·70. (a) 71. (a) 72. (c) 

77. (a) 78; (b) 79. (c) 80. (d) 

8S. (b) 86. (b) 87. (d) 88. (b) 

93. (e) 94. (d) 9S. (b) 96. (a) 

101. (d) 102. (d) 103. (b) 10~.··(d) 

109. (d) 110. (b,d)· 111. (b) 112. (b) 

117. (d) 118. (d) 119. (a) 120" (h) 

12S; {d) 126. (c) 127. (d) 128. (c) 

133. (c) 134. (a) 135. (b) 136. (a) 

141. (c) 142. (c) 143. (d) 144. (a) 

5. (c) 6. (c) 7. (a) S. (a) 

13. (b) 14. (d) 15. (b, c, d) 16. (c, d) 

21. (b) 22. (d) 23. (c) .24. (d) 

29. (a) 30. (b) 31. (a) 32. (a) 

[~~Z~'~~~t.e~t~i 
1. (d) 2. (d) 3. (b) 4. (a) 5. (b) 6. (c) 7. (b) 8. (a) 

9. (c) 10. (c) 11. (c) 12. (d) 13. (a) 14. (a) 15. (d) 16. (a) 

17. (b) 18. (a) 19. (a) 20. (c) 21. (b) 22. (a) 23. (c) 24. (b) 

25. (d) 26. (e) 

I 
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>S"f'f~tn~:flq .. " :)!ii:lii.);j ~" :(1 ~ «.i~! 14: ~.""~~~~;~1~'~ 
- IOBJECTIVE'QuEsTloNs ) for ( lIT ASPIRANTS , 

The following questions contain single correct option: 

1. The average life ofa W gmsample of 200 RaE is,Tseconds and 
average energy of the (3-particles emitted isE MeV. At what 
rate in watts does the sample emit energy? 

(a)' SWNoE x 10::16 , (b)S(fn 2)WNoE x 10-13 

,T' ,T 

(c) Sm;oE X 10-13 (d) None is correct 

~int: Rate ofl3-particlesemitted per second 
W I W 

=:A.X--xNo=-x-: -xNo 
At. wt.' T 200 

Energy evolved per second ' 

=! x ~ x No xE X 1.6 X 10-19 x Hf Jsec~1 
T 200 ' , 

'" 8WN oE X 10-16 watt per second] 
T ' 

2. In nuclear fission, 0.01% mass is converte9 into energy. The 
energy released by the fission of 100 kg mass will be: 
(a) 9 x 1(j5 J(b) 9xlOII kJ (c) 9 X 1017 J (d) 9 x lO13kJ 

lHint: 
, '001 

l\m = 100 K-'-, = om kg 
100 ' 

E = l\md- = 0.01 x (3 x 108i J 

=? X 1014 J = 9 X lOll kJ] 

3. The activitY ofa radioactive substance is Rl at time tl and 112 at 
, time t2 (> II ). Its decay constant is A.. Then: 
(a) Rill =R2/2 , (b)R2 =Rl i·(12-

1
1) 

, ' 

(c) R2 = Rl ;(11 - 12) (d) RI R2 = constant 
t2 - II 

'-R 1) e-At2 
lHint: ---1 = -'~-- R2 = R/,,(II - (2) ] 

RI ~ e-~tl ' 

4. The age of a specimen 'I' is related to the daughter/parent rati!) 
by the equation: 

(a)t=~ln(~) (b) 1= -.!. In (1 + P) 
" 'A. D 

(d) I = - In 2 + -1 ( D)' 
,A P 

5., A radioactive substance is being produced at a constant rate of 
200 nuclei/seC. The decay constant ofthe substance is 1 treC -I. 

After what time will the number of radioactive nuclei become 
100? Initially, there are no nuclei present. 

(a) 1 sec (b) 2 sec 

".int: N = No eAl 

100 = 200e-)( I 

, (crln (2) sec (d) In ~2).sec, 

1 _/ 
=e 2 ' 

I = In (2) sec] 
'6. The rate of decay of a radioactive sample is given by RI at time 

I) and R2 at a later time 12, The mean life of this radioactive 
sample is: ' 

R I 
(a)T= -Lx...1. 

R2 II 

(c) T = 12 - I) 
In (R2 / RI ) 

[Hint:, R2 = Roe-Al2 

RI =~ e-
Atl 

, On dividing the above equations, we get 

R2 = 1(ll - /2) 

RI 

In (~~) = A(/I' - 12) 

1 (I) 12l - = ---"-'---=--
A. In (R2 IRI ) 

T = (II - 12) ] 
, In (R2 IR1) 

7. Isodiapheres are the atoms of two elements having same 
values of: 
(a) p/ n (b)(p - n) (c)(n - p) (d) n x p 
LHint: Isodiapheres are funned by a-decay 

, MA _ 4He~ M-4 B Z 2 Z-2 

(n - p)in 'fA = (M - Z) - Z = (M - 2Z) 
M 4 ' 

(n-p)in" Z:2B={(M-4)-(Z-2)} (Z-2) 

= {M - Z -2} - Z + 2 
=(M -2Z) 

:. (n - p) ofisodiapheres are same.] 
8. In a sample of radioactive material, what fraction of the initial 

number of active nuclei will remain undisintegrated after half 
of a half life of the sample? 

, (a).! (b) _1_ 
4 21i 

(c) , 
Ii 

(d) Ii-I 

lHint: 0.693 = 2.303 log (N 0) 
, 1112 ' I N 

2.303 x log 2 _ 2.303 I (No), 
. ---, - oglo -
11/2 (tI/2/2) N' 

10gIO (2112) = log10 ( :0 ) 

(:J= ~] 
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9. Let T be the mean life of a radioactive sample. 75% of the 
. active nuclei present in the sample initially will decay in time: 

(:) 2T (b) ~ (loge 2)T (c) 4T (d) 2 (loge 2)T 

10. ll8 pO (t1/2 = 183 sec) decays' to 2iiPb (t1l2:; 161 sec) by. 
Il-emission, while 2iiPb decays by H-emission. In how much 
time the number of nuclei. of iiPb will reach to the 
maximum? 
(a)182seC (b) 247.5 sec (c)308sec (d)194.8sec 

[Hint: 

1..1 0.693 = (3.786 x 10- J sec-I) 

1..2 = 0.693 = 4.304 x 10- 3 sec-I 
161 

2.303 1 
tmax =;---:;- og ~ 

1\.1 - 1\.2 1\.2 

2.303 I 3.786 x 10- 3 

3.786 x 10- - 4.304 x 10- og 4.304 x 10- 3 

== _ . 2 .. 303 [_ 0.05569] 
5.183 x 10- 4 

247.5 sec] 
11. Fusion reaction takes place at high temperature because: 

(a) atoms are ionised at high temperature 
(b) molecules break up at high temperature 
(c) nuclei break.upat high temperature 
(d) kinetic energy is high enough to overcome repulsion 

. between nuclei 
12. In the radioactive change, 

Ap AQ A-4R . A-4S .z ~Z+l ~Z-l ~Z-l 

the radiations emitted in sequence are: 
(a)Il,f:\,y (b)r'l,Il,y (C)y,Il,r'l (d)r'l,y,1l 

13. The half life of a radioactive isotope is 3 hours. If the initial 
mass of the isotope were 256 g, the mass of it remaining 
undecayed after 18 hours would be: . 
(a) 12 g (b) 16 g (c) 4 g (d) 8 g 

LHiBt: N =No Gr n = number of half lives = ~ = 6 • 
3 

= 256GJ =4 g] 

14. hi an old rock, the mass ratio of 2~~ U to 2~~ Pb is found to be 
S95: 103. The age of the rock is (Mean life of z~~ U is To): . 

(a) To In 1.2 (b) T. In 698 (c) T. In 1.2 
o 595 0 Iri 2 

[Hint: ~ _ 2.303 I (No) 
1\.--- og -

t N 

1· 1 In (595 + 103) 
To t 595 

t=Toln(698) ] 
. 595 

In 698 

(d)T. ~ 
o In 2 

15. 80% of the radioactive nuclei present in a sample are found to 
remain ul.1decayed after one day. The percentage ofundecayed 
nuclei left after two days will be: 
(a) 64 (b) 20 (c) 46 (d) 80 

[Hint: A';' 2.303 log (No) 
t . N 

= 2.303 I (100) 
1 og 80 

~ - 2.303 1 ( 100) 1\.--- og -
2 . N 

2.303 1 ( 100) 2.303 1 ( 100) og- --og-
I 80 2 N 

(~r = 1!0 

N =64] 

... (i) 

... (ii) 

16. A sample of radioactive material has mass 'm', decay constant 
A and molecular mass 'M.lf N A is Avogadro's number, the 
initial activity of the sample is: . 

(a) Am (b) A m (c) AmN A. (d) ~MeA 
. M. M 

17. A .-adioactive nucleus can decay by two different processes. 
The mean value period for the first process is Z\ . and that for 
the second process is Z2' The effective mean value period for 
the two processes is: 

(a)Zi +Zz (b)Z\ +Zz (C)~Z\Z2 (d) ZI
Z

2 
2 Zi+~ 

18. The radioactivity of a sample is RI at time Ii and R2 at time Ti. 
If the halflife of specimen is T, the number of atoms that have 
di~integrated in time (T2 Ii ) is proportional to: 

; (a) (R1Ii R2Tz) (Q) RI - R2 

(c) (RI R2) (d) (Rz - R\)T 
. T 

LHiBt: Rate A x Number of atoms of element yet not decayed. 

RI =AxN 1 

R2 =AxN2 

Number of atoms decayed in time (T2 - TI) 

_ R2 _ _ (R2 - RI ) _ T(R2 - Rd 
- A A - A . 0.693 

: .. )lumber of atoms decayed in time (T2 - TI ) 0<: T(R2 - RI )] 

19. Halflife period of .lead is: . 

20. 

(a) zero (b) infinite (c) 1590 years (d) 1590 days 

A freshly prepared radioactive sample of half life 2 hours 
emits radiation of intensity which is 64 times the permissible 
safe level. The minimum time after which it would be possible 
to work safely with tl1is source is: 
(a) 6 hrs . (b) 12 hrs . (c) 24 hrs (d) 128 hrs 

. (l)n 
LHint: N =No "2 .. 

:0 =(~r . 
~=Gr 
n=6 
t=2x6 12 hours] 
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[Hint: 

n 

P 

i~Ca 
20 . 

=1 
20 

f~Al 
17 = 1.31 
13 

All are stable according to nip rule but experimental 
observations confirm that i~Al is radioactive with half life of . 

3,7 sec] 

25. ~I Aiis a stable isotope. ~j AI is expected to disintegrate by: 
. (a) a-emission (b) ~-emission 

(c) positron emission (d) proton emission 

[Hint: Number of neutrons will be reduced by I3-decay. 

6n ----? ~H + _7e+ Antineutrino + Energy] 

26 •. For a radioactive element, a graph of log N against time has a 
slope equal to: 

A 
(a) + 2.303A (b) + ~-

2.303 

A 
(c) - 2.303 (d) - 2.303A 

[Hint: 

.. ;.. 

log No 
At 

logN = 
2.303 

IogN ==l(~) t+ log No 
2.303 

Y=Mx+C 
-'A 

Slope (M) = 1 
2.303 

27. Two elements P and Q have half lives of 10 and 15 minutes 

respectively. Freshly prepared samples of each isotope 
initially contain the same number of atoms as each other. After 

. , number of P atoms , 
30 mmutes, the ratIO WIll be: 

number of Q atoms 

(a) 0,5 (b) 2 (c) I (d) 3 
[Hint: In 30 minutes, there will be 3 half lives of P and 2 half 
lives ofQ. 
:. Number of P atoms will be 1/8 th and number of Q atoms will 
be l/4th of original atoms. 

Then, Number of atoms of P = 118 == 1 ,i. e., 0.5] 
~umber of atoms of Q 1/4 2 

31. 

32 • 

33. 

Select the wrong statement among the following: 
(a) Antineutrino can be deteCted during ~-emission 
(b) Neutrino was predicted to conserve the spin of a nuclear 

reaction 
(c) Synchrotron can accelerate neutrons 
(d) Area of cross-section of nucleus is about 1 bam 

(1 bam 10-24 cm2 ) 

[Hint: . Synchrotron can accekrate only charged particles, not 
the neutral particles like neutron J 
A radioactive atom' X' emits a I)-particle to produce an atom 
'Y' which then emits an a-particle to give an atom' Z': 
(1) The atomic number of' X' is less than that of' Z' 
(2)-The atomic number of' Y' is less than that of' Z' 
(3) The mass number of' X' is same as that of'Y' 
(a) 1,2 and 3 are correct 
(b) I and 2 are correct 
(c) 2 and 3 are correct 
(d) 3 isc!)rrect 
Which one .of the following is an -exact example of artificial 
radioactivity? . 

(a) nNa + bn tiNa + y 

~iNa + : if ----7 ~iMg + h n 

(b) iHe+ 147N----7I~O+:H 

I~O + hn ----7 I~O + Y 

(c) iHe + fIAI ?2p + hn 
30 30S' 0 
15 P ----7 14 1+ +1 e 

(d) 2~~ Ac ----7 2~~ Th + ~ 

22~ Th ----7 224 Ra + N 
90 88 u. 

Consider the following decay series: 
A ----7 B ----7 C ----7 D 

Where, A, Band C are radioactive elements with halflives of 
4.5 sec, . 15 days and I sec respectively and D is 
non-radioactive element. Starting with I mole of A, the 

. number of moles of A, B, C and D left after 30 days are: 

(a) one mole of D and none of A, Bar C 
(b) 31 4 mol of B, 114 mol of D and none of A or C 
(c) 1/4 mol of B, 3/4 mol of D and none of A or C 
(d) 1/2 mol of B, 114 molofC, 114 mol of D and none of A 
(e) 1I4 mol of each A , B, C and D 
Consider the following nuclear reactions: 

238 M --------7 x N + 2 4He 
92 y 2 

:AN ---7 A L +2 A + 
y B (J 

the number ofnentrtms present in the element 'L' is: 
WI~ . ~IM 
(c) 140 I "J:. (d) 146 
If nl is the nutrlber of radio-atoms present at time 't " the' 
following expression will be a constant: 

(a) 
t 

(c) din nl 

. dt 
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[Hint: 

=A 
nt dt 

~(lA) -A (constant) 1 
dt 

a-emission ~ -emission ~ -emission 

34. 2~j Bi ) A ------7) B ) C 

p -emission u-.emission 

---4)D )E 

'E' is.an element of stable nucleus. What is the element 'E'? 
(a)2~iTI (b) 2i;Pb (c) 2~3Hg (d) 25J: Au 

35. A radioactive element decays. to one third of its initial amount 
in time' t'. What fraction of the element would be left after 0.5 
t time? 

I (a'73 
[Hint: 

1 
(c)-

3 
.. 2.303· ·lfNO\ 
A=--Iog -I 

. t N / 

N 1. . " - = mtIme t 
No 3 

2.303 
A=--loglO 3 

t 

After 0.5 t time: 

A = 2.303 10 .l( No) 
.. O.St g N 

Equating (i) and (ii) we get 
N 1 
N

o
=J3] 

(d)j1 

... (i) 

... (ii) 

36. Two radioactive isotopes A and B of atomic mass X and Yare 
mixed in equal amount by mass. After 20 days, their mass ratio 
is found to be 1 : 4. Half life of 'A' is 1 day. What will be the 
halflife of B ? 
(a) 1.11 day (b) 0.6237 day 

X y 
(c)O.ll-day (d) 1.11- day 

Y X 
[Hint: Let 1 g of both A and B are taken initially. WA and WB 

are the amounts left after 20 days. 
A = 2.303 10 _I 

A 20 g W
A 

, 2.303 I 1 
AE =-- og 

20 WB 

A - A = 2.303 10 WE 
A B 20 g W

A 

2.303 log 4 = 0.0693 
20 

0.693 

= 0.693 ~ 0.0693 0.6237 
I 

0.693 
tl/2B = 1.11 day] 

0.6237 

0.0693 

37. A sample of rock from the moon was found to contain the 
elements X and Y in 1:7 ratio by mole. Element X is 
radioactive, it decays to Y with half life of 6.93 x 109 years 

X ----7 Y 

tl12 := 6.93 X 109 yrs] 

What is the age of the rock? 

(a) 2.079 X 1010 years (b) 1.33 x 109 years 

(c) 1.94 x 1010 years (d) IOld years 

[Hint: 

We know; 

No = 1 + 7 = 8 (Initial moles of X ) 

N I . (Remaining moles of X) 

0.693 := 2.303 10gr N Q.) 
tllz t \ N 

0.693 == 2.303 log ~ 
6.93 x t 1 

t 2.079 X 1010 years] 

38. If the relation between time of decay (t) and half life period 
(t1l2) is (t 4 t il2 ); the relation between t and mean life (1) 
1S: 

(a) In 2 
T2 

(b) Tf4 In 2 (c) 4T In 2 (d) 2T In 2 

Following questions may have more than one correct options: 
1. Which of the following nuclei are doubly magic? 

(a) iHe (b) I~O (c) 2~~Pb (d) 2~~ U 

2. Which of the following make up an isotonic triad? 
(a) 146c, 1680, 157N (b) ~~Ge, ~~As, nGa 

40 40 40 (d) 233 U 232 Th, 239 p. (c) i8 Ar, 19 K, 20Ca 92 , 90 94 U 

3. In the decay proceSs: 
-u -~ -f:l 
A~B~C~D .iViiJ 

(a) A and Bare isodiapheres (b) A and D are isotopes· 
(c) B, C and D are isobars (d) A and Care isotones . 

4. A nuclide X undergoes a-decay and another nuclide Y 
undergoes ~-decay. Which of the following· statements are 
correct? . 

(a) The tl-particles emitted by Y may have widely different 
• speeds 

(b)The a-particles emitted by X may have widely different 
speeds . 

(c) The a-particles emitted by X 'will have almost the same 
speed 

(d) The tl-particles emitted by Y will have the same speed 
5. Which among the following nuclides is/are likely to be stable? 

(a) f~P (b) tiMg (c) Il~In (d) IljgCd 

6. Which among the following is/are fissile? 
(a) 2395ZU (b) 2~~U (c) 2~pu (d) 2~~pu 

7. Select the correct statements among the following: 
(a) The decay of mass during miclear fusion and nuclear 

fission are 0.1 % and 0.23 I % respectively 
(b) Lesser is the half life, more dangerous is the radioactive 

element 
(c) K-electron capture emitsy-rays 

(d) Nuclear forces are about 1021 times stronger than 
coulombic forces 
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8. A radioactive element has atomic number' Z' and mass nU.mber 
'A'. Select the correct statements among th~ following: 
(a) Both 'A' and '2' decrease ina-decay 
(b) Both 'A' and 'Z' remain unchanged in y-decay 
(c) 'A' remains unchanged and'Z' decreases by one; the 

processis called ~+ (positron) decay or K -electron capture 

(d) Both 'A' and 'Z' increase in the nuclear isomerism 
9. When nucleus of an electrically. neutral atom undergoes a 

radioactive decay process, it will remain neutral after the 
. decay if the process is: 

(a) an a-decay (b) a ~-decay 

, 10. 
(c) a y-decay 
Which of the 

(d) a K -capture process 
folloWing. is/are characteristics of nuclear 

forces? 

(a)These forces operate within small distances of2 x 10-13 em 
(b) These forces drop to zero rapidly at a distance greater than 

104 x loZ fermi 

(c) They follow inverse square 1aw 
(d) They are stronger than electrostatic forces of attraction 

'~"" '. [ ..... ~, 

• Single correct option 

1. (a) 2. (b) 3. (c) 4. (c) 

9. (d) 10. (b) 11. (d) 12. (b) 

17. (d) 18. (d) 19. (b) 20. (b) 

25. (b) 26. (c) 27. (a) 28. (c) 

33. (c) 34. (b) . 35. (a) 36. (a) 

• One or more than one correct options 

1. (a, b, c) 2. (a, b) 3. (a, b, c) 4. (a, c) 

·9. (c, d) 10. (a, b, d) 11. (a; d) 12. (a; b) 

11 .. The correct starting material and end product of different 
disintegration series are: 
(a) 232Th,208Pb . (b) 235U,206Pb 

(c) 238U,207Pb (d) 237 Np,209 Bi 

12. Select the wrong statement(s): 
(a) Nuclear isomers contain the same number of protons and 

neutrons 
(b) The decay constant is independent of the amount of the 

substance taken 

(c) 1 curie 3.7 x l(YO dis 

(d) Actinium series starts with 238U 
13. Which of the following are synthetic elements? . 

(a) Tc (b) Pu (c)Np tal U 
14. Which of the folloWing nuclides belong to actinhim (U23S) 

series? " . . ' . 

(a) 213 pO .(b) 21Spo (c) 222Rn (d) 207Pb 

15. In a nuclear reactor, heayy water is used to: 
(a) transfer the heat from the reactor 
(b) provide high speed neutrons for the fission reaction 

. (c) reduce the speed of fast moving neutrons 
(d) increase the speed of neutrons 

5. (b) " 6. (b) 7. (c) 8. (c) 

13. (c) 14. (b) 15. (a) . 16; (c) 

21. (c) 22. (c) 23. (a) 24. (d) 

29. (d) 30. (c) 31. (d) 32. (b) 

37 . (a) 38. (e) 

5. (b, d) 6. (a, c) 7. (a, b, d)· 8. (a, b, c) 

13. (a,b, c) ,14. (b, d), 15. (a, c) 
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IntegerAnswer TYPE QUESTIONS 

This section contains 7 questions. The answer to each 
of the questio~ is a single digit integer, ranging from 
o to 9. lithe correct answers to question numbers X, Y, 
Z and W (say) are 6, 0, 9 and 2 respectively, then the 
correct darkening of bubbles will look like the given 
figure: 

1. The total number of a and ~ ~articles emitted in the nuclear 
reaction: 

2~u.~ 2~iPb is : (lIT 2009) 
2. The t) 12 of a radionuclide is 8 hours. Starting with 40 g of the 

isotope, the amount in gm remaining after one day will be: 

3. If~ quantity of a radioactive nuclide disintegrates in two 

hours, its half-life (in hour) will be: 

4. . ~ Be captures a K-electron into its nucleus. What will be the 
mass number of resulting nuclide? 
[Hint : In K-electron capture, a proton of nucleus changes into 
neutron. ' 

lH+ _~e~Jn 

~Be+ _~e~ ~Li 
5. . 2~ Th disintegrates to 2~~ Pb. How many of ~-particles are 

evolved? 
6. What mass in milligram of 226 Ra, whose (t1/2 ::: 1620 yr), will 

be required to yield I millicurie of radiation? 
'7. The number of neutrons emitted when 2~~U undergoes 

controlled nuclear fission to 11iXe and ~Sr is: (lIT 2010) 

[Hint: 2;iu~ It!xe+ ~Sr+ 3[Jn]] 

[.~~"---------------------II 
1~ (8) 2. (5) 3. (1) 4.(7) 5 .. (4) 6. (1) 7. (3) 

.. 
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• Passage 1 

There are four radioactive decay series called thorium (4n); 
uranium (4n + 2}' actinium (4n + 3)and neptunium (4n + l)series. 
Neptunium series is artificial while other three series are natural. 
End products of each radioactive. decay series have stable nuclei. All 
natural decay series terminate at lead but neptunium or artificial 
series terminates at bismuth. 
Answer the following questions: 

1. The end product formed in the disintegration of 2~~Ra is: 

(a) 2~41 Tl (b) 2~~Pb (c) Z;~Rn (d) 2~~Bi 

2. Actinium series begins with an isotope of: 
(a) actinium (b)'radium (c) uranium (d) polonium 

3. 2l&Rn is a member of actinium series. Another member of 
same series is: 

(a)2~2U (b)2~;Ac (d) 2~PO 

4. The end products of uranium and actinium series are 
respectively: 
(a) 206 pb, 207Pb (b) 206Pb, 208Pb 

(c) 207 Pb, 208Pb (d) 206Pb, 208Bi 

5. The starting isotope and the end product isotope of actinium 
series are: 

(a) 2~~Ac and 2~~Pb 

(c) 2~~ U and 2~~ Pb 

(b) 2~ U and 2~~Pb 

(d) 2~~ U and 2~~ Pb 

• Passage 2 

Initially the earth was a fire-ball; slowly it has cooled to form' 
earth crust and its different layers. At the beginning 239~U was 

present and no 2~~Pb was there. With the passage of time, uranium 

decayed to 2~~Pb, The decay process is: 

238 U 
92 (xa, 

2~~Pb; tll2 of 238U = 4.5 x 109 yrs 

Answer the following questions: 
1. x and y in above decay series are: 

(a) 6, 8 (b)8,6 (c) 8, 8 (d) 6, 6 
2. A sample of rock from South America contains equal number 

of atoms of 238U and 206Pb. The age of the rock.will be: 

(a) 4.5 x 109 years (b) 9 x 109 years 

(c) 13.5 x 109 years (d) 2.25 x 109 years 

[H. 0.693 2.303 I (No) mt: =-- og -
,t1l2 tage N 

0.693 = 2.303 log (~) 
4.5 x tage 1 

tage 4.5 X 109 yrs. 

No = 1 + 1 = 2, N = 1] 

, 3. Atomic mass of 238 U is 238.125 amu. Its packing fraction will 
be: 
(a) 5.25 (b) 0.125 (c) 12.5 (d) 1.25 

4. The analysis of a rock shows the relative number of 238U and 
206Pb atoms (Pb/U = 0.25). The age of rock will be: 

(a) 2.303 x 4.5 x 109 log 1.25 (b) 2.303 x 4.5 x 109 log 0.25 
0.693 0.693 

(c) 2.303 x 4.5 x 109 log 4 (d) 2.303 9 x 0.693 log 4 
0.693 4.5 x 10 

Nathan Thomson, one of the first inhabitants of Lord Howe 
Island, decided to plant some European deciduous trees in his 
garden. Unfortunately the exact timing of planting the seeds is not 
known. Over the years, pollen produced by the trees accumulated at 
the bottom of the lake near Nathan ~ house. Very small quantities of 
radioactive 210 Pb (t1l2 = 22.3 years) were deposited at the same 

time. Note that European decid1Jrw~ ~:'." '. "",;.ifnate in their first year 
(Jfgrowth. 

In 1995, a team of researchers sampled a sediment cOIefromjh£L_~ __ _ 
bottom of the lake. The examination of sediment core found that: 

(a) Pollen of trees first occurs at the depth of 50 cm. 

(b) The activity of21o Pb at the top of sediment core is 
356 Bq / kg and at 50 cm depth 1.40 Bq / kg. 

Answer the following questions: ' 
5. In what year did Nathan Thomson plant the seeds? 

(a)1719±2 (b)1819±2 (c)1519±2 (d)1919±2 

[Hint: 0.693 = 2.303 log (No) 
til 2 t.ge N 

0.693 2.303 1 (356) --og -
22.3 t.ge \ 1.40 

tage = 176 yrs] , 
6. Which step in the decay scheme explains how 2JOPb ends up 

in rain water while its parent 238U is only present in earth's 
crust? 
(a) 238 U 234U 

(c) 230 Th 

• Passage 3 

(b) 234 U _ 230Th 

(d) 226Ra __ 222Rn 

In the atmosphere, carbon dioxide is found in two forms, i.e., 
12eo2 and Heo2. Plants absorb e02 during photosynthesis. In 

presence of chlorophyll, plants synthesise glucose. 
hv 

6eOz + 6HzO ~ C6H1z06 + (£)2 i 
Half life 0/

4 e IS 5760 years. The analysis of wooden artifacts for 
14 e and 12e gives usefUl infonnation for determination of its age: 

All living organisms; because of their constant exchange 0/eo2 
with the surroundings have the same ratio of 14e to 12e, i.e., 
1.3 x 1O~12. When an organism dies, the 14e in 'it keeps on decaying 

asfollows: 
14e ~ 14N + °e + Energy 6 7 ~l 

Thus, the ratio 14e /12 e decreases with the passage of time. We 
can measure the proportion 0/4e in the remains of a dead organism 
and determine how long ago it died. The method of carbon dating 
can be used to date anything made of organic matter, e.g., bone, 
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skeleton, wood: etc. Using carbon dating, materials have been dated 
to about 50,000 years with accuracy. 
Answer the following questions: 

1. 14C exists in atmosphere due to: 

(a) conversion of 12C to 14C 

(b) combustion of fossil fuel 
(c) bombardment of atmospheric nitrogen by cosmic ray 

neutrons 
(d) none ofthe above 

2. A wooden piece is 11520 yrs old. What is the fraction of 14C 

activity left in the piece? 
(a)0.12 (b) 0.25 (c) 0.50 (d) 0.75 

[Hint: 0.693= 2.303 log (N OJ\ . 
tll2 . tage N 

0.693 = 2.303 10 (No 'I 
5760 11520 g ~ N / 

~ =0.25] 
No 

3. In the process of photosynthesis, O2 gas is released from: 
(a) CO2 . (b) H20 

(c) both H 20 and CO 2 (d) mechanism is not confirmed 
4. A piece of wood from an archeological' source shows a 14 C 

activity which is 60% of the activity found in fresh wood 
today. The age of archeological sample will be: 
(a) 4246 yrs (b) 4624 yrs ( c) 4628 yrs (d) 6248 yrs 

5. A sample of ancient wooden boat is found to undergo 
9 dpm g - 1 of 14 C. What is the approximate age of the boat? . 
The rate of disintegration of wood recently cut down is 
15 dpmg- 1 Of I4 C. 
(a) 4246.5 yrs (b) 5384 yrs (c) 4628 yrs (d) 2684 yrs 

• Passage 4 

The mineral monazite is a rich source oj thorium, available in 
large quantity in Kerala. A typical monazite sample contains 9% 
Th02 and 0.35% U30 g• 20sPb and 206Pb are the stable end products 

in the radioactive decay series oJ232 Th and 238 U r.espectively. All the 
lead in monazite is oj radiogenic origin. . 

The isotopic ratio oj 208 Pb Th was Jound to be 0.104. The 

. half lives oj Til and U are 1.41 x 1010 years and 4.47 x 109 years 

respectively. 

Answer·. the following questions: 
1. The time elapsed since the formation of monazite sample will 

be:. 

(a) 1.34 x 1 09
. years (b) 2.01 x 109 years 

(c) 1.41 x 1010 years (d) 4.47 x 109 years 

[H' 0.693. 2.303 1 l' No) mt: --= og -
tl12 Th tage . N 

'0.693 == 2.303 log (1.104) 
tage 

tage 2.01 X 109 years] 

2. . Estimated isotopic ratio of 206 Pb /238 U in the monazite 
sample will be: • (a) 0.166 (b) 0.266 (c) 0:366 (d) 0.466 

3. Select the incorrect information about 232 Th: 
(a) It belongs to third group of actinide series 
(b) 232Th is fissile material 

. (c) It is a fertile material 
(d) It belongs to 4n series 

• Passage 5 

Geiger-Nuttal proposed that the activity oj a nucleus is inversely 
proportional to its half or average life. Thus, shorter the half life oj 
an element, greater is its radio(J:ctivity, i.e., greater the number oj 
atoms d.isintegrating per second. Half life and average life are 
related with each other. 

0:693 _ 1: X 0 693 
A - . or 

Answer the following questions: 
1. The halflife periods of four isotopes are given: 

1= 6.7 years; II = 8000 years; HI = 5760 years; IV =2,35~x-
105 years. 
Which of these is most stable? 

WI MIT ~rn ~N 
2. Mark the incorrect relation: 

(a) No = NeAl (b) 't' = 1.44to.5 .. ~. 

(nn 
(c) N = No -) 
. \2 

(d) tll2 A In 2 

3. Half life of a radioactive element is 10 years. What percentage 
of it will decay in 100 years? . 
(a) 0.1% (b) 100% (c) 99.9% (d) 10% 

• Passage 6 

It has been estimated that the total energy radiated by the sun is 
3.8 x 1026 J per second. The source oj energy oj stars is a 

thermonuclear reaction called nuclear Jusion. Fusion reactions are 
not controlled. It is presumed that the. energy oj stars is due to two 
processes called proton-proton cycle and carbon-nitrogen cycle. 
Fusion cannot rake place at ordinary temperature. Thus. hydrogen 
bomb uses a small fission bomb, which on explosion causes the 
temperature to rise very high, about 107 K. We have yet to see how a 
hydrogen bomb can be used Jor peaceJul life-sustaining purpose . 

., Energy released in the process aJJusion is due to mass deject. It is 
. also called Q-value. 

Q t:,.mc2
, t:.m = mass deject 

Answer the fono"!;:~.questions: 
1. The bindine; energy per micleon of tH and iHe are l.l MeV 

and 7 MeV respectively. If two deuteron nuclei react to form a . 
single helium nucleus, then the energy released is: 
Ca) 13.9 MeV (b) 26.9 MeV (c) 23.6 MeV (d) '19.2 MeV 

2. Mass equivalent to the energy 931 MeV is: 
(a) 6.02 x 10-27 kg (b) 1662 x 10-27 kg 

(c) 16.66 x 10-27 kg (d) 16.02 x 10-27 kg 

3. Fusion reaction takes place at about: 

.(a)3xI02 K (b)3x 103 K 

(c) 3 X 104 K (d) 3 x 106 K 
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4. A star has 1040 deuterons. It produces ~nergy via the process: 

r H + rH~ iH+ lH 

rH+ iH~ ~He+ ~n 
If the average power radiated by the star is lO16 W, then the 
deuteron supply of the star is exhausted in a time of the order 
of: 
(a) 106 sec (b) 108 sec (c) l(yz sec (d) lO16 sec 

S. In a nuclear reaction, 

rH+ rH~ ~He+ ~n 
if the masses ofrHand ~He are 2.014741 amu and 3.016977 

amu'respeCtively, then the Q-value of the reaction is nearly: 
(a) 0.00352 M~V (b) 3.27 MeV 
(c) 0.82 MeV (d) 2.45 MeV 

• Passage7 

. Moderator is a material whichis used to slow down the neutrons 
produced during l1Uclear fISsion. The neutrons from the source are of 
high speed and energy. Heavy water or graphite moderators slow 
down the speed of the neutrons. The energy of fast moving neutrons 
decreases from 2MeV to 0.02535 eV;- it corresponds to the velocity of 
220 m sec -1. At this velocity, the neutrons are in thermal equilibrium 
with the moderator. Such neutrons are called 'thermal neutrons '. 
Thermal neutrons cause forther fission reaction. The essential 
characteristics of moderators are: 

(i) its molar mass must be low, 
(ii) it should not absorb neutrons, 
(iii) it should undergo elastic collisions with neutrons. 

Answer tbe following questions: . 
1. The moderator in a reactor: 

(a) absorbs neutrons 
(b) accelerates neutrons 
(c) slows down neutrons 
(d) absorbs thermal energy produced in the reactors 

2.. A good moderator should: 
(a) not be a gas only 
(b) not have appetite for neutrons only 
( c) be light in mass number only 
(d) be all the above three 

3. Which of the following is not used as a moderator? 
(a),Heavy water (b) Graphite 
(c) Beryllium (d) Sodium 

. 4. Moderator in the reactor yields: 
(a) fast moving neutrons 

. (b) thermal neutrons 
(c) magnetic neutrons 
(d) el\!Ctric neutrons 

S. Which among the following characters make graphite a good 
moderator? 
(a) Cross-sectional area of graphite is very high 
(b) Graphite'is a good conductOl: of electricity 
(c) There is elastic collision between graphite and neutron 
(d) Graphite has weak van der Waals' force between two layers 

• Passage 8 

Radioactive decay follows first order kinetics. The disintegration 
of radioactive elements does not depend on the temperature. Unlike 
chemical first order reactions, . the nuclear reactions are also 
independent of catalyst. Mean life and half life of nuclear decay 

1 0.693' 
process are 't = A and t!l2 = A . There are. a number of 

radioactive elements in nature; their abundance is directly 
proportional to half life. Amount remaining after· n half lives of 
radioactive elemeniscan be calculated using the re{ation: 

Answer tbe f{dlowing questions: 
1. Which is/are true aboutthe decay constant? 

(a) Unit 00.. is time-I . 

(b) A is independent of temperature 
(c) A depends on initial amount of element taken 
(d) A depends on the nature of radioactive element 

2. Amount of radioactive element (activity) decreases with 
passage of time as: . 
(a) linearly (b) exponentially 
(c) parabolically (d) all of these 

3. Half life of 6OCO is 5.3 yrs, the time taken for 99.9% decay 
will be: 
(a) 0.53 yrs 
(c) 530 yrs 

4. Rate of radioactive decay is: 
(a) independent of time 

. (b) 53 yrs 
(d) 5300 yrs 

(b) independent of temperature 
( c) dependent on catalyst 
(d) dependent on the amount of element not yet decayed 

S. Select the correct relations:' . 
0.693 1 

(a) tl/2 '= -- (b) 1: = ~ 
. A A 

(c) 1: = 1.44 X t1/2 

.• Pas,sage 9 . 

(d)'t=~· 
0.693 

In the disintegration ofa radioactive element,. a and ~-particles 
are evolved from the nucleus. . 

~n ~ iH + _? e + Antineutrino + Energy 

4 ,· 4 0 . ,H ~ 2He+ 2 +Ie + Energy . 

Then, emission oj these particles changes the nucfear 
configuration and results into a daughter nuclide. Emission of an 
a-particle results into a daughter element having atomic number 
lowered by 2 and mass number by 4; on the other hand, emiSsion of a 
~-particle yields an element having atomic number raised by one. 
Soddy and Fajan proposed that the daughter nuclide may occupy 
different positions in the periodic table. 
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Ans~er the following questions: 
1. Which of the following combinations give finally an isotope 

of the parent element? 
(a)a,a,~ (b)a,y,a (c)a,~,~ (d)~,y,a 

2. A radioactive element belongs to IIIB group; it emits one 'a' 
and one ~-particle to fonn a daughter nuclide. The position of 
daughter nuclide will be in: • 
(a) IIA (b) IA (c) lIB (d) IVB 

3. During ~-decay, the mass of atomic nucleus: 
(a) decreases by 1 unit (b) increases by I unit 
(c) decreases by 2 units (d) remains unaffected 

[ri~ 
~1. 1. (b) 2. (c) 3. (a) 

~2. 1. (b) 2. (a) 3. (a) 

~3. 1. (c) 2. (b) 3. (b) 

Pauage4. 1. (b) 2. (c) ·3. (b) 

Patage5. . 1. (d) 2. (d) 3. (c) 

P~6. 1. (c) 2. (b) 3. (d) 

Pas .. 1., 1. (c, d) 2. (d) 3. (d) 

Pauagt8.. 1. (a, d) 2. (b) 3. (b) 

Pauage9. 1. (c) i} 2. (a) 3. (d) 

4. How many a and ~-particles should be emitted from a 
radioactive nuclide so that an isobar is fonned? 
(a)la,l~ (b)la,2~ (c)2a.2~ (d)n~ 

5.· Select the correct statements among the following: 
(a) Emission of a ~-particle results into isobar of parent 

element 
(b) Emission of a ~-particle results into isodiaphere of parent 

element 
(c) Emission of one a and "two ~-particles results into isotope 

of the parent element 
(d) Emission ofy-radiations may yield nuclear isomer 

4. (a) 5. (b) 

4. (a) 5. (b) 6. (d) 

4. (a) 5. (a) 

4. (c) 5. (b) 

4. (b) 5. (a, c) 

4. (b, d) 5. (a, b, c, d) " ."< 

4. (d) 5. (a, b, c, d) 
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r;? SELF ASSESSMENT r~ 

ASSIGNMENT NO.·3 

SECTION-I 

Straight Objective Type Questions 

This section contains 10 multiple choice questions. Each 
question has 4 choices (a), (b), (c) and (d), out of which only 
ope is.correct. . 

1. I~ X quantity of a radioactive substance decays in 2 hrs, its 
half life would be: 
(a) 1 hour (b) 45 minutes 
(c) 30 minutes (d) 15 minutes 

2. Radio carbon dating is done by estimating in a specimen: 
(VITEEE 2007) 

(a) the amount of ordinaJY carbon still present 
(b) the amount of radio carbon still present 

(c) the ratio of amount of I~ C to I ~ C still present 

(d) the ratio of amount of I~ C to Ii, C still present 

3. Which of the following are correct with respect to the unit of 
radioactivity? 
(i) The SI unit of radioactivity is curie (Ci) 

(ii) ICi 3.7x 10- 10 dis S-I 

(iii) 1 Bq 3.7 X IP- IO Ci 

(iv) The SI unit of radioactivity is becquerel (Bq) 

{v} I Ci = 3.7 x 1010 Bq 

(a) (i) and (iii) 
(c)(i) and (ii) 
(e) (i) and (v) 

(b) (iv) and (v) 
(d) (ii) and (iv) 

. 4. A freshly cut tree and a wooden artifact have 30.4 and 15.~ 
countsg- I min-I ofCI4 ofhalflife of5700 years. The age of 
the artifact in years would be: . 

(a) 2850 (b) 5700 (c) 570 (d) 6930 
(e) 11400 

5. The radioactive isotope of cerium-137 of weight 8g was 
collected on 1st Feb. 2006 and kept in a sealed tube. On 1st 
July, 2006, it was found that only 0.25 g of it remained. The 
half life period of the isotope is: IPET (Kerala) 2007] 
(a) 37.5 days (b) 30 days 
(c) 25 days (d) 50 days 

,(e) 60 days 
6. : The number of a and p-particles emitted in the nuclear 

reaction 

(a) 4a and If) 
(c) 8a and If) 

2:;foTh ~ 2~~Biare: 
(b) 3a and 7p 
(d) 4a and 7p 

7. A cyclotron C!.lnnot accelerate: 
(a) protons (b) deutrons 

(DCE 2007) 

. (c) neutrons / (d) electrons . 
8. Isotope 1128 has no medicinal importance because: 

(a) it is non-radioactive (b) it is poisonous . 
(c) it is radioactive (d) none of these 

9. The decay of mass during nuclear fission and fusion are: 
(a) 0.1% and 0.231% (b) 0.231% and 0.1% 
(c) 0.4% and 0.2% (d) 0.3% and 0.3% 

[Hint: Greater mass is converted to energy in nuclear fusion as 
compared to "that of fission.]. 

10. On large 'scale, tritium is produced by which of the following 
nuclear reactions? (SCRA 2009) 

(a) ~Li ~11 -? iHe + ~T 

(b) ~ D + ~D -? ~T + : H 

(c) liN + 611 -? I~C liT 

(d) I j N + : H -? + Other fragments 

SECTION-II 
Multiple Answers Type Objective Questions 

11. Which of the following will emit positron? 

(a) f~p (b) I;N (c) fH (d) I~C 

[Hint: ~~P l ; = I ) and l! 11 < I I" J these nuclei emit 
p ~ 

positron. 

~~P ~ ;~Si + +~e 
IjN ~ I~C + +~el 

12 .. If!!.. ratio is less than I, the nuclide can: p . 

(a) K-capture (b) emit positron 
(c) emit p-particle (d) emit a-particle 

13. For radioactive decay: 

(a) tJ/4 == 2 tli2 (b) t7/X 3 tli2 

10 
== - 150% 
. 3 

(c) t99% = 2 (d) 

14. Which of the following statements islare cOlTect? 
(a) Nuclear fusion produces more energy than nuclear fission 

(b) Nuclear fuSion takes place at very high temperature (106 K) 

(c) Nuclear fusion yields radioactive product 
(d) Nuclear fusion inyolves chain reaction 

15. Decrease in atomic Mmber is observed during: 
. (a) a-emission (b) p-emission 

(e) positroh emissiop C (d) K-capture 

SECTION-III 
Assertion-Reason Type Ques~iions 

This section contains 4 questions. Each question contains 
Statement-l (Assertion) and Staternent-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is COlTect. 
(a) Statement-l is true; statement-2 is hue; statement-2 is a 

correct explanation for statement-I. 
(b) Statement" I is true;statement-2 is true; statement-2 is not 

a conect explanation for statement-I. 
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(c) Statement-l is true; statement-2 is false. 
(d) Statement-l is false; statement-2 is true. 

16. Statement-I: ~-particles are emitted by nucleus. 
Because 

Statement-2: Following transformation takes place in ~-emission. 
1 IH 0 , on~, 1 +_I e 

17. Statement-I: Nuclide i&Ca is less stable than igca. 
Because 

'Statement-2: Nuclides having even number of nucleons are 
stable. 

18. Statement-I: Energy is released in the nuclear fusion of 
hydrogen nuclei to form helium nuclei. 

Because 
Statement-2: Binding energy per nucleon of helium is greater 
than hydrogen. 

19. Statement-I: 1~!Ba + e-~ I~~CS + X-ray 
It is an example of K -electron capture. 

, Because 
Statement-2: Atomic number of daughter nuclide decreases 
by one unit in K -electron capture. 
[Hint: Nucleus may capture electron from K -shell and the 
vacancy is filled by electrons from higher shells; X-ray is released 
in this process.] 

20. Statement-I: The plot of atomic number (v-axis) versus 
number of neutrons (x-axis) for stable nuclei shows a 
curvature towards x~axis from the line of 45° slope as atomic 
number is increased. 

Because 
Statement-2: Proton-proton electrostatic repulsions begin to 

, overcome attractive forces involving protons and neutrons in 
heavier nuclides. (lIT 2008) 
[Hint: 

t 
Number of 

protons 

I -Number of neutrons 
In heavier nuclei, attractive forces between proton-neutron 

,overcome proton-proton electrostatic repulsion.] 

SEC1-ION-IV 
Matrix-Matching Type Questions 

This section contains 2 questions. Each question contains 
statements given in two columns which have to be matched. 
Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q. r and s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 
lfthe correct matches are (a-p, s), (b-q, r), (c-p, q) and (d-s), 
then correct bubbled 4 x 4 matrix should be as follows: 

[,4~ , 

1. (c) 2. (c) 3. (b) 4. (b) 

9. (a) 10. (b) 11. (a, b) 12. (a, b) 

17. (d) 18. (a) 19. (b) 20. (c) 

22. (a -q)(b -p)(c-r)(d -s) 23. (c) 24. (b) 

p q r s 

a Ie 0) 010 
b 10 e Oi0 
c e e 0 0 
d ® 0) 0 01 

21. Match the Column-I with Column-II: 
Column-I Column-II 

(a) ;D + 1T --7 iHe + ~n + Energy (p) {3-emission 

(b) ~Be+ iHe~ I~C+ ~n 

( ) 24M 4H 27S' 1 c 12, g + 2 e ~ 14 1 + on 

(d)ln~lH+ 0e o 1-1 

(q) Artificial transmutation ' 

(r) Discovery of neutrons 

(s) Hyqrogen bomb 

22. Match the Column-I with Column-II: 
'Column-I 

(a)n p++ ... .. 

(b)p+ ~n+ ... .. 

Column-II 

(p) Positron emission 

(q) {3-emission 

(c) X-ray emission (r) K -electron capture' 

(d) 4 [\ H] ~ ..... + 2 ~+ + Energy ,(s) q-ernission 

SEC1"ION .. V 
Linked Comprehension Type Questions 

Nucleus of an atom resembles with a drop ofliquid. Density of 
nucleus is very high, i.e., 108 tonne I cc or 130 trillion tonnes 
m -3. This density is about a trillion times greater than that of 
water. Density of nuclei of all elements are same, it is 
independent of atomic number or atomic mass. However, the 
radius of nucleus depends on the mass number. Surface 
tension of nucleus is also very high, i.e., about 1.24 x 1018 

times, the surface tension of water. 
Answer the following questions: 

23. The radius of l~ C nucleus is: 
(a) 5 x 10-15 m ' (b) 1.4 x 10-15 in 
(c) 3.5 X 10-15 m (d) 6 x 10-15 m 

[Hint: r IQ x A Ji3 where A = Mass number 

ro = 1.4 x 10-15 m] 

24. Ratio of volume of atom and nucleus is: 

(a) 108
: 1 (b) 1015

: 1 (c) 1013 : I (d)Hj2:1 

25. Radius of nucleus is directly proportional to: 
(a) A2 (b) A l13 (C)[A]3 (d) A 

I 
5. (b) 6., (a) , 7. (c) 8. (a) 

13. (a; b, c, d) 14. (a, b, c) 15. (a, c, d) 16. (a) 

21. (a -s)(b -q, r)(c cq) (d - p) 

25. (c) 

I 


