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#419871
Topic: Change in Nucleus due to Radioactive decay

No. of B particles per
unit energy interval

Kinetic energy of "

f-particle emitted

Consider the decay of a free neutron atrest:n » p + o~

Show that the two-body decay of this type must necessarily give an electron of fixed energy and, therefore, cannot account for the observed continuous energy distribution in
the g - decay of a neutron or a nucleus (Fig. 6.19).

[Note: The simple result of this exercise was one among the several arguments advanced by W. Pauli to predict the existence of a third particle in the decay products of g-dece

This particle is known as neutrino. We now know that it is a particle of intrinsic spin 1/2 (like ¢~ p orn), but is neutral, and either massless or having an extremely small

mass(compared to the mass of electron) and which interacts very weakly with matter. The correct decay process of neutronis: p » p+te + vl

Solution

The decay process of free neutron at rest is given as:

npt+e-

From Einsteins mass-energy relation, we have the energy of electron as mc2
Where,

m = Mass defect = Mass of neutron (Mass of proton + Mass of electron)

¢ = Speed of light

mand c are constants. Hence, the given two-body decay is unable to explain the continuous energy distribution in the g-decay of a neutron or a nucleus. The presence of

neutrino on the LHS of the decay correctly explains the continuous energy distribution.

#421785
Topic: First Order Radioactive Decay

A radioactive isotope has a half-life of T years. How long will it take the activity to reduce to (a) 3.125% (b) 1% of its original value?

Solution

(a) Let the half-life be Tyears.

original amount of isotope is N,

after decay, the remaining amount is N/

now as per given values, N/ N, = 3125% = 1/32
also, N/Ny = =M

where ) is decay constant

also A = 0.693/T

SO, t = 3.4657/A = 5Tyears.

(b) Let the half-life be Tyears.

original amount of isotope is N,,

after decay, the remaining amount is N

now as per given values, N/N, = 1% = 1/100
also, N/N, = g~

where ) is decay constant

also A = 0.693/T

SO, t= 4.6052/A = 6.645T years.

#421789
Topic: First Order Radioactive Decay

Obtain the amount of gg Co necessary to provide a radioactive source of 8.0 mCi strength. The half-life of (253 Cois 5.3 years.

Solution

https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=18&qid=419871%2C+421789%2C+421980%2C+



6/4/2018 https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=1&qid=419871%2C+4...

Strength of radioactive source is given as,

dN/dt=8 mCi=296 %10’ decay!s

T=half life, or 5.3 years =167 x 108 s

Nis required number of atom.

dN/dt=AN,A =0.693/T

N = 7133 x 106 atoms

Using avogardo number, 7133 x 10'6 atoms = 7106 x 10 ~6g of cobalt.

#421793
Topic: Nuclear Structure

Obtain approximately the ratio of the nuclear radii of the gold isotope 17%7Au and the silver isotope 1077Ag.

Solution

Ry/Ry = i/mumz = (197/107)1/3 = 1.2256

#421804
Topic: Change in Nucleus due to Radioactive decay

Find the Q-value and the kinetic energy of the emitted g- Particle in the g-decay of (a) ;éo Rnand (b) ;ée;?a
Given:

m(22°Ra) = 226.02540 u;

m(E22Rn) = 222.01750

m(2e Po) = 216.00189 u

Solution
(a)

226 222 4
a8 Ra 36 Rn+20
222 216 4
86 Rn g4 Po+20r

Q= Amx931MeV
Am = 226.02540 - 222.01750 - 4.002603 = 0.005297
Q=4.93 MeV,

Eq = 4.85MeV

- Mass no. after decay
Kinetic energy &= —m48M8 —7mF ————
= Mass no. before decay * Q

222
E= 06 x4.93 = 485MeV

b) 222 216 4
(b) 222Rn »5,° Po +5a

Q= Amx 931MeV

Am =220.01137 - 216.00189 - 4.002603 = 0.006877
Q=6.4 MeV,

Eq = 6.29MeV

Mass no. after decay

Kinetic ener _—
W - Mass no. before decay * @

216
E= o5 x6.4 = 6.29MeV

#421830
Topic: Change in Nucleus due to Radioactive decay
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The radio nuclide "C decays according to,
gc + UB+ " + v: Ty2=203min
The maximum energy of the emitted positron is 0.960 MeV.
Given the mass values:
m(gQ) = N0N434yand m(JB) = 1.009305 u
Calculate Q and compare it with the maximum energy of the positron emitted.

Solution
Ucs>UB+er+v+a
M 1

Q= [mN(GC) - m/v(eB) - me] 2
Where, the masses used are those of nuclei and not of atoms. If we use atomic masses, we have to add 6m, in case of "Cand 5m, in case of 'B. Hence,

" 1
Q= [m(gc) - m(eB) - 2me] &2 (Note m, has been doubled)
Using given masses, Q = 0.961 MeV.
Q=Ey+ Eg+ E,
The daughter nucleus is too heavy compared to o* and v, so it carries negligible energy (E; = 0). If the kinetic energy (E,) carried by the neutrino is minimum (i.e., zero), the

positron carries maximum energy, and this is practically all energy Q, hence, maximum g€ = Q.

#421895
Topic: Nuclear Fusion

The fission properties of éig Py are very similar to those of 52511. The average energy released per fission is 180 MeV. How much energy, in MeV, is released if all the atoms in 1

kg of pure 529,0,4 undergo fission?

Solution

23
Number of atoms in 1 kg of pure Pu=6'023—x10 x 1000 = 2.52 x 1024

239
As average energy released in fission is 180 MeV, the total energy released is 2 52 x 1924 x 180MeV = 4.53 x 1026 MeV.

#421901
Topic: Nuclear Fission

A 1000 MW fission reactor consumes half of its fuel in 5.00 y. How much 335udid it contain initially? Assume that the reactor operates 80% of the time, that all the energy

generated arises from the fission of ggsuand that this nuclide is consumed only by the fission process.

Solution

6 x 1023 x 200 x 1.6 x 10~ B

Energy generated per gram of 235 =
% 235 Jg

-1

5 x 0.8 x 3154 x 106 x 235
12 x 16 x 103 g =1544 kg

The amount of 325uconsumed in 5y with 80% on-times =

initi 235, _
The initial amount of P U=3088 kg

#421902
Topic: Binding Energy

How long can an electric lamp of 100 W be kept glowing by fusion of 2.0 kg of deuterium? Take the fusion reaction as :

2H+ 2 » 3He + n + 3.27 MeV.

Solution

23
Number of atoms in 2 kg deuterium = w =6.023 x 1026

2

Energy released when 2 atoms fuse = 3.27MeV

Thus, total energy released =

x6.023 x 1026MeV = 1575 x 10'3..

Energy consumed by bulb per second=100..

) , 1575 x 103
Thus, time for whichthe bulb glows = _—___—_s=1575 x 1o"s = 4.99 x 10”years.
100

#421912
Topic: Nuclear Structure

https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=18&qid=419871%2C+421789%2C+421980%2C+
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From the relation R = ROA% , where R is a constant and A is the mass number of a nucleus, show that the nuclear matter density is nearly constant (i.e. independent of A).

Solution

Density of nuclear matter = Mass of nucleus/Volume of nucleus

4 =4 = constant
Z 13,3 _p3
3 mRoA!3) 3 R,

#421942
Topic: Binding Energy

For the B* (positron) emission from a nucleus, there is another competing process known as electron capture (electron from an inner orbit, say, the K shell, is captured by the
nucleus and a neutrino is emitted).
et +AX 4 Yy

Show that ifB‘f emission is energetically allowed, electron capture is necessarily allowed but not vice versa.

Solution
Consider the competing processes:
?W + 4, Y+ e' + Ve + Q(positron cature)

e~ t AW » 4_,Y+ ve + Q) (electron capture)

Q1 = [m3X) = mn(G_ M) = Ml
= [MN(3X) = ZMe = m(5_ W) = (Z = ) me = me] 2

= [MM5X) = Mn(Az-aY) = 2mg] 2

Q2 = [MA(BX) + Me = mMy(3_ N1 % = [M5X) - m(5_ V]2

This means @, > 0 implies Q, > 0, but @; > 0 does not necessarily mean Q; > 0.

#421963
Topic: Nuclear Structure

In a periodic table the average atomic mass of magnesium is given as 24.312 u. The average value is based on their relative natural abundance on earth. The three isotopes ar

their masses are 1224/\4g (23.98504u), 1225/\49 (24.98584u) and 1226/\49 (25.98259u). The natural abundance of 1224Mg is 78.99% by mass. Calculate the abundances of other two

isotopes.

Solution

Let, the abundance of 12Mg25 by mass be x%.
Therefore, abundance of 12/\/1926 by mass=(100 - 78.99 - x)% = (21.01 - X%

) ) 78.99 21.01-x
Now, average atomic mass of Mg is 24.312 = 23.98504 x —_——

X
+24.98584 x — + 2598259 x
100
= x=9303% for ;,My25

(21.01- X% = 1.71% for ,Mg26

#421972
Topic: Binding Energy

The neutron separation energy is defined as the energy required to remove a neutron from the nucleus. Obtain the neutron separation energies of the nuclei ‘2‘1) Caand 1237'4/
from the following data:
m(33Ca) = 39.962591u
m(3,Ca) = 40.962278 u
mZ2A) = 25.986895 u

m(Z Ay = 26.981541u

Solution

https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=18&qid=419871%2C+421789%2C+421980%2C+
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Neutron separation energy S, of a nucleus ‘Z‘xis,
Sp = [mN(;_1)() + My = mN(?M] 62

From given data, S, (3! Ca) = 8.36 MeV, S, = (2 A)13.06 MeV.

#421980
Topic: First Order Radioactive Decay

A source contains two phosphorous radio nuclides fszp(nu = 14.3q) and 1353,13(T1/2 = 25.3¢). Initially, 10% of the decays come from 1352,0 How long one must wait until 90% to ¢

so?

Solution

Suppose initially there was 9x gram of P, and x gram of P;.
After ¢ days, there was y gram of P, and 9y gram of P,.
Therefore y = 9xo~t/14.4

and 9y = xg=/253

= t=208.5days

#421994
Topic: Change in Nucleus due to Radioactive decay

Under certain circumstances, a nucleus can decay by emitting a particle more massive than an g-particle. Consider the following decay processes:
223Ra » 399Pb + PiC

223 9

o5 Ra = RN + 4He

Calculate the Q-values for these decays and determine that both are energetically allowed.

Solution
For g‘cemmision,
Q = [mn (33 Re) = MNGSPPD) = mn( Olc?

= [m(Z2Ra) - m(2°Pb) - m(*O)? = 31.85 MeV

For % He emission, @ = [m(223Ra) - m(25°Pb) - m(30)]c? = 5.98 MeV

#422014
Topic: Binding Energy

Consider the fission of ggBU by fast neutrons. In one fission event, no neutrons are emitted and the final end products, after the beta decay of the primary fragments, are 1_"‘80(:5
and 22 Ru. Calculate Q for this fission process. The relevant atomic and particle masses are:

m(E8 ) = 238.05079u

m(gR Ce) = 139.90543 u

m(eU) = 98.90594u.

Solution

The reaction for the fission of ;gguby fast neutrons is as shown
238,,.1, 140 99

93 U+0n »og Ce +44U

@ = [m3EU) + my - m(§YCe) - m(3aRu) x 931.5 MeV

Q@ = [238.05079 + 1.00893 - 139.90543 - 98.90594] x 931.5 MeV
Q = 0.24835 x 931.5 MeV

Q= 2311 MeV

#422102
Topic: Nuclear Fusion

Calculate and compare the energy released by (a) Fusion of 1.0 kg of hydrogen deep within Sun (b) The fission of 1.0 kg of 235(/in a fission reactor

Solution

https://community.toppr.com/content/questions/print/?show_answer=1&show_topic=1&show_solution=1&page=18&qid=419871%2C+421789%2C+421980%2C+
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A.
Amount of hydrogen, m = 1kg = 1000g
1mole, i.e.e, 1g of hydrogen (:H) contains 6.023 x 1023 atoms. Therefore 1000 g of hydrogen contains 6.023 x 1023 x 1000 atoms.

Within the Sun, four 1/—/ nuclei combine and form one gHe nucleus. In this process 26 MeV of energy is released. Hence the energy released from fusion of 1kg :/-/is
_ 6.023x102326 x 10°
4

E, = 39149 x 1026 MeV

Amount of §g5U:1 kg =1000 g

6.023 x 1023 x 1000
235

One mole i.e. 235 g of Sgsucontains 6.023 x 1023 atoms. Therefore 1000 g of 335[_/ contains atoms.

It is known that the amount of energy released in the fission of one atom of 535 is 200MeV

Hence, energy released from the fission of 1kg of 335 is
~ 6.023 x 1023 x 1000 x 200
235

E, = 5106 x 1026MeV/

Ey
— =767=8
)

Therefore, the energy released in the fusion of 1 kg of hydrogen is nearly 8 times the energy released in the fission of one kg of uranium.

#422109
Topic: Binding Energy

Suppose India had a target of producing by 2020 AD, 200,000 MW of electric power, ten percent of which was to be obtained from nuclear power plants. Suppose we are givt
that, on an average, the efficiency of utilization (i.e. conversion to electric energy) of thermal energy produced in a reactor was 25%. How much amount of fissionable uranium

would our country need per year by 20207 Take the heat energy per fission of 235(/ to be about 200 MeV.

Solution
The amount of electric power to be generated, p = 2 x 195 MW

10% of this power has to be obtained from nuclear power plants.

Amount of nuclear power:
P 10 2 5
= =— X X
17 100 10

=2x10'0 x 3600 x 24 x 365 x J/year

Heat energy released per fission of a Uranium nucleus, £= 200MeV

Efficiency of reactor = 25%

Hence, the amount of energy converted into electrical energy per fission is calculated as:

25
— x 200 = 50MeV =8 x 10~ 12J
100

2 x 1010 x 3600 x 24 x 365
8 x 10—12

Number of atoms required for fission per year:

1mole, i.e. 235 g of Uranium contains 6.023 x 1023 atoms
Mass of 6,023 x 1023 atoms of Uranium is = 235 g

Mass of 78840 x 1024 atoms of Uranium = 3.076 x 104 kg
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