LOYAL EDUCATION PHYSICS

Result Oriented (NCERT SOLUTION) [ CLASS XII ]

CH13 - NUCLEI

(3) Two stable 1sotopes of lithium ' and ! ' have respective abundances of 7.5% and
92.5%., These isotopes have masses 6.01512 u and 7.01600 u, respectively, Find the
atomic mass of xhium,

Question 13.1:

L L

(b) Boron has two stable 1sotopes, * B
and 11.00931 u, and the atomic mass of boron Is 10.811 u. Find the abundances of
™ "

0 "and - Il_

Answer

"
and* “. Their respective masses are 10.01294 u

.
(a) Mass of hthuum Isckope Ui

Li

.m, = 6.01512u

Mass of lithium isotope *™" , m; = 7.01600 u

L
Abundance of ', = 7.5%
Avundance of *1, 9,2 92.5%
The atomic mass of ithium atom Is given as:
e s L

n+n

L

601512 %75+ 701600 x925
<
92575

=69409% u

(b) Mass of boron Isotope * u. m; = 10.01294 v

"
Mass of boron isotope * B, my = 11.00931 u

Abundance of ! H. M= x%

Abundance of "I“, M= (100 = x)%

Atomic mass of boron, m « 10.811 u

The atomic mass of boron atom i$ alven as:
« M0 ¢ w0

o+

1001294 = x 4 110093 < (100 - I)
10811 = ~ s e
x+ 100« x

108111 = 100129 + 1100931 — 1L00931x
19.821

- -
09937
And 100 - x = 80.11%

=19.89%

Hence, the abundance of * Dis 19,89% and that of * ¥

5 80.11%,
Question 13.2:
Mt iy oW
The three stable 1sotopes of neon: ™ Ne, Ne and » Ne have respective abundances of
90,51%, 0.27% and 9.22%. The atomic masses of the three Isotopes are 19.93 u, 20,99
u and 21.99 u, respectively. Obtain the average atomic mass of neon.
Answer
>Ne
Atomic mass of ™, my= 19.9%u
N
Abundance of = ¢, 7, « 90.51%

N~
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Atomie massof 7T . my;= 2099 u

Ne p =0.27%

n

Adbundance of ™
-'.‘Nc

Atomie mass of “' . my = 21950

2
Abundance of ® ¢,y = 9.22%

The average atomic mass of neon Is given as:

_mn, +mr), + my,
YY)

1999« 9051 + 2099 < 027 + 2199 x 922

920514027 +922

=201771u

Quastion 13.3:

Obtain the binding energy (In MeV) of a nitrogen nucleus

“ .
#(¥'N) _14.00307 u

Answer

il
Atomic mass of mtrooen( y ). m = 14,00307 u

PHYSICS

(NCERT SOLUTION) [ CLASS XII ]

(¥N

). given

‘.
A nucleus of nitrogen * N contains 7 protons and 7 neutrons.
Hence, the mass defect of this nucleus, Am = 7Tm, + 7m, - m

Where,
Mass of a proton, my = 1,.007825 u

Mass of a neutron, m,= 1.008665 u

A = 7 x 1.00782S + 7 x 1.0086€S — 1400307

= 7.054775 ¢ 7.06055 - 14.00307

=0.1123%6u
But 1 u = 931.5 Mev/c®

“Am = 0.11236 x 931.5 MeV/&

Hence, the binding energy of the nucleus is grven as:

E, = Ame
Where,
¢ = Speed of Ignt

('\'C ] 1
3 =
Ey=0.11236 x 9325 €

= 104.66334 Mev

Hence, the binding energy of & nitrogen nucleus 15 104.6£334 MeV,

Question 13.4:

-
ObLain the binding energy of the nuclel *

data:

n(;Fc)' m( 7 Bi)

55.934939%u

Call :- + 91 9953771000

= 208.980388 u

. Aty
€ang v

in units of MeV from the following
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Answer

Atomic mass of =TS, m, = §6.934939 u

2F€ ucieus has 26 protons and (S6 — 26) = 30 neutrons

Hence, the mass defect of the nucleus, &m = 26 x My + 30 x m, = My
Where,

Mass of a proton, my = 1,007825u

Mass of a neutron, m, = 1.008665 u

~Am = 26 x 1.007825 + 30 x 1.008665 - 55.934939

= 26,20345 + 30.25995 - 55.934939
= 0.528461 v

But 1 u = 931.5 Mev/c?

+4m = 0,528461 x 931.5 Mev/c

The dinding energy of this nucleus Is given as:
Ey = OC
Where,
¢ = Speed of light

(&)
+Ey = 0528461 x 931,5 * ©

= 492.26 MeV

Average binding energy per nucleon ’

o
Atomic mass of ¥ Bi

o
® "'nuclcus has 83 protons and {209 = 83) 126 neutrons,

Hence, the mass defect of this nucieus is given as:

s My = 208,980388 u

Am' =83 x my+ 126 xm, - m;
Where,

Mass of a proton, m, = 1.007825 u
Mass of a neutron, m, = 1,008665 u

+am' = 83 x 1,007825 + 126 x 1.008665 ~ 208.980398

= 83.649475 + 127.091790 - 208.9803388
= 1.760877 u

But 1 u = 931.5 MeV/C

~Am" = 1.760877 x 931,5 Mev/C

Hence, the b‘ﬂdlno energy of this nucleus Is glven as:
£ = Am'S

[Mc\']“,
= 1.760877 x 931.5% ©

[ CLASS XII ]
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= 1640.26 MeV
6402
164026 _ 7.848 MeV
Average bindingenergy per nucleon = =09
Question 13.5:
A given com has a mass of 3.0 g. Calculate the nuclear energy that would be required to
separate all the neutrons and protons from each other. For simplioty assume that the

LAY
coin is entirely made of »*Y
Answer

Mass of a coppercoin, m' = 3 g

(.“u

atoms (of mass 62.92960 u).

Atomic mass of ™ atom, m = 62.92960u

A Nt AN
The total number of ®Y  atoms in the coin Mass number
Where,

N = AvoQadeo’s number = 6,023 x 10°'atoms /g

Mass number = 63 ¢

- M
“Na _6__0:)_-!_2_-_3 =2, « 107 atoms
63

- 0
»Cu nucleus has 29 protons and (63 = 29) 34 neutrons

cMass defetofthis nucleus AM" e 29 x m ¢+ M xm -m

VWhete,
orotan. m

Bhlil o8 o - . AN
TIEW W @ PR, iy = 300

Mass of 3 neutron, m, = 1.008665u

‘A e 29 x 3007028 + 34 x 1.00864S5 - €2.9296

= 0.53193S u

Mass defect of all the atoms present in the coin, Am = 0,591935 » 2,868 x 10%
= 169766958 =« 10 u

But 1u = 931.5 Mev/C

sAm o« 1.69766958 x 107 x 9315 Mev/?

Hence, the DINGNG enerQy of the nudiel of the Coan |5 given as:

3

Ey= &C°

= 169766958 x 10™ x 931.5 ( &
= 1.581 x 10" Mev

But I MeV = 1.6 x 107" )

E, = 1.581 x 107 x 1.6 » 10°¥

= 2.5296 x 10%)

This much energy IS reguared to separate all the neutrons and protons from the grven

coun,
Question 13.6

Write nuciear reaction eguations for
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ne

(1) o-decay of * ™ (i) o-decayof *"™

(i) 8" -decay of " P (iv) F-decay of ™
(v) 8" decay of C (vi) 8" decay of wle
(wii) Electron capture of ™ Xe

Answer

a 13 & nucleus of hebum ( ’ X .Aﬁd 215 an electron (e" for 7 and ¢* for 8°). In evety o-
detay, there s a loss of 2 protons and & neutrons. In every 8°-decay, there I1s a loss of 1
proton and & neutrino iy emitted from the nucieus, In every § <decay, there 1 & gain of
1 proton and an antineutrng 15 emitted from the nucleus.

For e grven Cases, the vanous NUCear redctions Can be written as:

() wRa™ s _Ra™ o '

(W) P — U« ke

() P — S+ e+ v
(W) 28 — M0 e o v
(v) JC 0 "B e "oy
(Vi) LTe = TMO 4 ¢" o ¥
(Vi) WNeset —e Nl e v

Question 13.7

A 1830actlive sotope has & half-Me of T years. How 10ng will It Lake the S(livity O reduce
to 3) 3.125%, D) 1% of as onginal value?

Answer

Half-Me of the radicactive sotope « T years

Ongmal amount of the radoactive Isctope = Ny

(@) After decay, the amount of the 13J0ACtive Botope = N

It 15 grven that only 3.125% of Mg remains after decay. Hence, we Can wite:

3128
-'\- »3125% == l—.'- - :
\. 100 a2
\
Bt —=¢"
\.
Wharte,

A = Decay constant
t=Time
S =

n
~Awinl=In}2
it =03 40687

VL 4al?
i

'

O
Siee A = -

1466
- $
] 0,603 « 5T yoans

Call :- + 91 9953771000
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i
Hence, the isotope will Lake about ST years 1o reduce 1o 3.12%% of 25 onginal value,
(b) After decay, the amount of Lhe radivaclive sotope = N
It Is grven that only 1% of N, remains after decay, Hence, we Can wikte:

“100

~At=lnl-nl00

~is = 0-4 6082
46082

O

Since, A = 0.653/T
:-%t;’f--ausr yoans
T

Hence, the isotope will take about €.645T years to reduce to 1% of ts original value,

Question 13.8:
The normal activity of Iving carbon-containing matter is found to be about 15 decays per
minute for every gram of carbon, This activity arises from the small proportion of

radoactive * cofe-sent with the stable carbon sotope* c . When the organism 15 dead,

Its interaction mith the tmosphere (which manmtans the adove equidaium actraty)
Ceases and Its aCTivity Degins to drop. From the known haif-kfe (S730 years) “;‘(" and
the measured activity, the age of the specimen can be approximately estimated, This is
the principle of .'.cdahn; used In archacology. Suppose a specimen from Mohenjodaro
Qfves an activity of 9 decays per minute per gram of cardon, Estimate the approximaste
8¢ of the Indus-Valley Ovilisation,

Answer

Decay rate of ¥ving carbon-containemg matter, R « 15 decay/min

Let N De the number of radionctive atoms present in & normal CArDon- Contanng matter,

ue T §

Half e of* ™, = S730 years

The decay rate of the speamen obtaned from the Mohenjodaro site:
R = 9 decaysmin
Let N be the number of radioactive atoms present in the specimen dunng the
Mohenjodaro perod,
Therefore, we can relate the decay constant, Aand time, [ 35!

N R »

VRS

- A1 = Yog, : . -0.510%

0.5108
ol m -
A
Bt d = 0.693 - 0693
I, 35130
05108 4
- - 5
to =253 42215 yoans
§730

Hence, the approvmate age of the Indus-Valley civilisation is 4223 5 years.

Call :- + 91 9953771000 @ 1/354, SADAR BAZAR, DELHL,CANTT - 110010




LOYAL EDUCATION PHYSICS

Result Oriented (NCERT SOLUTION)

\(bﬁ‘)-‘ull A3.T.
=Co
Obtan the amount of * Necessary to provide & radioactive source of 8,0 mC)

strength. The haif-bfe of =<° )5 5.3 years.
Angwer
The strength of the radoactive source IS given as:

‘-I-\- » K0 mCh
o

«8x10" « 37 % 10"
=296 x W0 decay /s
Whare,
N = Required number of atoms

P
Mat-we of "C°, N e 8.3 years

= 5.3 x 365 x 24 x 60 x £0

w167 %10%s

For decay constant A, we have the rate of decay as:
AN

= AN
"
0693 0693 o
T‘ 167 =10
Where, A :
\ s} dN
A
96«10
- -? « 10"
Y’} 133« 107 stoms
167 x10°
’u:.('u'

Mass of 6.023 = 10%’ (Avogadro's number) stoms = €0 g
60« T3« 10"

7|))-ui‘uum 62«10

«T10610% g
~Mass of

- -
Hence, the amount of »Co necessacy for the purpose 15 7.106 x 10" g,

Question 13.10

The half.life of St 15 28 years. What is the dauntegration rate of 1S mg of thes sctope?
Ansmer
- 14
Hall ife of e o T 20 years
«20 x SR 240X O
=883 x10%s
Mass of the Isotoge, m = 15 mg
90 g of * atam contains €.023 x 10° (Avogadio's number) atoms.
Question 13.12
Find the Q-value and the kinetic energy of the emitted 0-particie in the o-decay of (a)
> ™
ks nd (= RO,

B
Grven (% R8) | 226.02540 4,

w(SR8)  220.0m37u, *(= ™). 21600109 .

m(aRa) | 222017500,

Answer

[ CLASS XII ]
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.
(8) Npha partiche decay of ™ R‘cmns » hellum nucleus, As a result, its mass number

reduces L0 (226 — 4) 222 and nts atomic rumber 1educes 10 (88 - 2) 86. Thes s shown
in the following nuciear reacton

wha s 'Ra e

Q-value of

emttted @-partcie = (Sum of initial mass = Sum of hinal mass) ¢
Where,

¢ = Speed of ignt

It 45 grven that:

wl S Ra)w 22602840 0

n(;"'ltn)- 22017% 00

m| He) = 4002603 u

Q-value = [226.02540 - (222.01750 + 4.002603))u &
= 0.005297 uc
But 1 u = 931.5 Mev/cd

Q= 0.005297 » 331.5 & 4.94 MeV

Muass number afier decay |

Kinetic energy of the a-particie Mass number hefore devay |/

vy
w555 w494 « 488 MeV
26

.o

.~

(b) Apha particie decay of (= Rn]" shown by the following huclesr reaction.
S Re — 'Po + (He

It 15 grven that

Z.‘R.
Mass of (< )s 220.01137u

e "l')

Mass of '™ - 216.0010% v

—— [22000137 - (21600189 « 400260)] » 931.5
2 v =

~ €41 Mev

Kinetic energy of the g-partcie [
= £.29 MeV

Question 13.13:

The radionuchide *C decays according to

TCao'iBae" av: 1, =203 min

The maximum energy of the emitted postron Is 0.9€0 MeV,

Given the mass values:

-( SCP=11 01140 uand »| ‘,'l\'-ll LLL AU

Calcutate Q and compare @@ with the maximum energy of the poseron emitted
Answer

The grven nuciear reaction n

"Coa'iBee ov

[ CLASS XII ]
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Tt ke of '[C mciei, 7, , » 203 min

e
Atoemsc mass of ~(% ). 11.011434 u

1) 11 009308
Atomic mass of -( ! ) S

Maumum energy possessed Dy the emated postron = 0.9€0 MeV

The change in the Q-value (4Q) of the ruclear masses of the C nucieus 1S given as:
.K'-[n'(.(“'-[-'(':ll,o n,]].“' )

Where,

m, = Mass of an electron of positron = 0.000548 v

¢ = Speed of ight

m’ = Respective nutiedr masses
If atomic masses are used Instead of nuciedr Masses, then we have to 34 & m, In the

caseot Cand Sm,inthe case of'D,
Hence, equation (1) reduces to:

M= [m(.C) = m( i) = 2m |
Here, m( ,C" Jand m( ') 1) are the atomic masses.

28Q = [11.011433 = 11.009305 = 2 = 0.000548) &

= (0001033 F) w
But L u s 9315 Mev/c?

\OQ = 0.001033 x 931.5 ~ 0.962 MeV

The value of Q 15 almost comparable 1o the Maximum energy of the ematted positron,
Question 13.14

The nucieus ;"\‘o«ays by P emission. wrte down the Odecay equation and

Getermine the maumum knetic energy of the electrons emitted. Given that:

m(wNe) | 22 9nes66 u
m(Na) 22999770 u,

Answer

] ” emission, the number of protons increases by 1, and one electron and an
ANtMeUtiino are emitted from the parent nucleus.,

” emission of the nucleus ;Mns glven as:

INe-sINae e sv 4 Q
It is grven that:

D
- .\C
Atomic mass of = )- 22993466 u

e
Atomc mass of -( " .)- 22.989770w

Mass of an electron, m, = 0.000548 u
Q-value of the grven reaction s glven as:

Q= [ m(Ne) = [m{ Na) « m, ]|
There are 10 electrons in ;'\‘ond 11 e‘o((ron;h:'“

Is cancelled In the Q-value eguation,

« Hence, the mass of the electron

[ CLASS XII ]
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L= |::.wu~s -~ 22.989770)¢"

= (0.0046% ¢ ) u

But 1u=931.8 McV/e?

O =000469% « 9318« 4374 MV

The daughter nucieus 1S 100 Peavy as compared to € and V', Mence, It Carmies neghgidie
energy. The Linetic anergy of the antineutring IS nearly 260, Mende, the maumum
kinetic enetgy of the emitted electrons & almost equal to the Q-value, Le, 4,374 MeV,

Question 13.15%

The Q value of & Nuciedr redBON A ¢ B« C + 0 14 defined by

Q = [ m s my= mo~ m, I where the masses refer to e respective nucled, Determine
from the given data the Q-value of the following reactions and state whether the
eaCtions Are exothermic of endotherma,

M He H- H+ 1
) e NC e INet Ne
ALOMIC Masses Me Qlven 10 De
m(iM)=2014102u

w( 1)« 1016049 u

- ‘,'(‘)- 12.000000 o

m| N¢) = 199924390

Ansmer

(i) The gtven nuclear reacton 15!
M« Heo Mo H

It s grven that:

(1) = 1007528 u
Alomic mass

-' :ll’ » 101 g
ALomic mass

m(H)=20141020
ALOmaC Mmass
ACCording to the question, the Q-value of the reaction can be written as:

Q= [m(in) « m(i01) - 20(01) ]
=[1.007525 + 3.016049 - 2 x 2014102)*

Q=[-000433 " ) u

Bet 1 u=9318 MeV/e’

S 000433 « 9315 « <0334 MV

The negativeQ-value of the reaction shows that the reaction is endothermac,
() The given nuciedr reaction is!

O+ IC— INe+ 1He

R 15 given that:

m(C)=1200
Azomic mass of

TNe )= 19992439
Atomic mass of .("\" “

Call :- + 919953771000
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BTl e L)
Atomic mass of L )

The Q-value of this reaction is given as:

p.[:..q';q - m( 2Ne) - -(;m)}.‘

.|: « 12019992439 - am:«n]"
« (0004958 ¢ ) w
= 0004955 « 931 S« 4618377 MeV

The postive Q- value of the reaction shows that the reaction is exctherme,

Question 13,16

SFe CAl
Suppose, we think of fission of 3 > " nucleus Into two equal fragments, ©
fiasion enef getically possibie? Argue by working out Q of the process. Given

m(Fe) 5893494 u .na" nAl) = 2798191

. Isthe

Answer
The fisson of ¥

nFe——e2 Al

‘mbeown as:

It 15 given that:

m( _:fc)

Atomic mass of - 559344

*Al) = 279519
Atomic mssd""'m) i

The Q-value of this nuclear reaction Is given as:
3

()-[n(:l‘c) - 2m| ,‘Al)j.'

«[$5.93494 - 2 « 27.98191) ¢

“(-002888 ") u
Bot 1o =931 S MeV !
LQw ~00288% x 931.5 « ~26.902 MeV
The Q-value of the NisuoNn 15 negative, Therefore, the NSSIon iS5 NOL possible energetically,
For an energetically-possibie Mesion resction, the Q-value must be positive,

Question 1317
™o =y
The fission properties of " 7 are very samilar to those of ¥
The average energy released per f55100 5 180 MoV, How much energy, in MeV, Is

released if all the atoms in 1 kg of pure "'Nunderw Nasion?
Answer

Average energy released per fission of wPu . £, =190 MeV

A:ﬂoumolpure"r" ,mae1kge 10009
Naw Avogadeo number = 6.023 » 10%

Mass number ol"'N- 29
1 mole of whe containg N, atoms,
N, }
Pu™ ““— - m }num:

moot ™ Y contmns $ numbcr

- ™ o]
o 8023210 1000252 % 10™ stoms

2%

:Total energy released dunng the Assion of 1 kg of wPo 15 calculated as:
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ExE_«282x10"
1RO« 2822 10™ = 4.536 » 10™ McV

Hence, 4536510™ MeV ig relensed if all the stoms i 1 kg of pure wPe undergo
fission.

Question 12,18

m ]
A 1000 MW fission reactor consumes hatt of s fuel in 5,00 y. How much wl adn

CoNtain instially? Assume that the reactor operates 80% of the time, that all the energy

e,
genetated anses from the fssion of * v and that this nuchde I3 contumed only by the

frssion process,

Answet

1 =5

Half life of the fuel of the Mssion reactor, years
S M MO xCDs

We know that in the fission of 3 g of “
MeV,

u nucieus, the energy released 15 equal to 200

1 mole, Le, 2359 of wVcontems 6,023 « 10** atoms,

19 “Vcontaing 238

The total energy generated per gram of <U s calcutated as:

(YO ey
E=————x 200 McVg

238
WO 6032107 1o 10" w10
-
238
The reactor operates only 80% of the Lme.

Mence, the amount of ! consumed i1 S years Dy the 1000 MW fission reactor is

calculated a5:

=520« 10" Jg

100 « £20 » 107
1534
my

Initial amount of <V = 2 x 1538 = 3076 kg

Question 13.19;
How long can an electric lamp of 100W be kept glowing by fusion of 2.0 kg of
deuterum? Take the fusion reaction as

e T e e e 327 MV
Arswer
The given fuson reaction is:
TH TH e le o n 4 327 MeV
Amount of deutenium, m = 2 kg
1 mole, Le., 2 ¢ of deuterium contans ¢.023 » 10" stoms.
6023 » 10"

£2.0 kg of deutertum contams b4
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It can be iInferred from the grven reaction that when two atoms of deutenum fuse, 3.27
MeV energy Is released

Toral energy per nucieus refeased in the fuson reacton:

o ) <
E= ~ *« 6023 « 107 MeV

3.

,-60:‘-|0‘llb-|0~l|(f

LA ]

“1576 % 10" )

Power of the electric lamp, P = 100 W = 100 )/s
Hence, the energy consumed Dy the lamp per second = 100 )
The total time for which the electnc lamp will glow Is calculated as:
1576 « 10"
.

100
___1I%=l0” =49 % 10" years
100 « 60 « 60 « 24 » 368
Question 13.20:
Calcuiate the height of the potential bamiet for & head on collision of two deuterons
(rnt: The height of the potential darries 13 given Dy the Coulomb repulsion Detween the
two deuterons when they Just touch each other, Assume that they can be taken a3 hard
spheres of radess 2.0 fmy.)
Arswer
When two deuterons Collide head-on, the distance Detween thetr centres, d IS grven as:
Radws of 1% Geuteron « Radius of 2™ deuteron
Radus of a devteron ouclevs = 2 fm = 2 « 107 m

de2v 04210Vt w10 m

Charge on A Geutaron nUCeus = CHarge on an election = ¢ = 1.6 = 10" C
Potential energy of the two-deuteron system:

s« Permattivity of tree space

1
dre,

«9«10°Nm'C’

y 9n 10 (16 10"y
i«l0”

9«10 «(1610")
= . " ¢
44107« (1ex10")

w 360 AV

Hence, the height of the potentis! Darrier of the two-deuteron system I8
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360 hev.

Question 13.213:
From the relaton R = R,A"/Y, where R, 15 & constant and A is the mass number of &
nucleus, show that the nuciear matter Gensity is nearly constant (Le, Independent of A)
Ardner
We have the expression for nuclear radvs as:
R o= RAY?
Whete,
Ry = Constant,
A = Mass numbaer of the nudeus
powr.__ (¥

Nuclear matter denstty, Volume of the nucious
Let M be the average mass of the nucleus,
Mence, mass of the nucleus = mA
-‘7.7 1\-0”.7\‘@4 .A\-

y Yy ) 5
::.R' “{&" daR A d2R

Hence, the nuclear matter density is Independent of A. It Is nearly constant,

Question 13.22

For the " (postron) emission from & nucleus, there 13 another Competing process
known as eleCtron capture (slectron from an Inner orde, Say, the K-shell, 15 captured by
the nucieus and 3 neutring is emitted).

Al N, Yy

show that f &1 emission 15 energetically allowed, electron capture is necessanily allowed
Dt 02t viCe-versa

Answer

Let the amount of energy released dunng the electron capture process be Q. The
nuchear reaction can be written as:

CelNl Y ere g -

Let the amount of energy released dunng the positron Capture process be Q. The
Nuclear reaction can be written as:

N TR Y] -(2)
m( “)- Nuckear mass of X

-""‘”- Nuckear mass of X

m(iX) = Atomic mass of X

y

(s ','- Atomic mass of «

m, = Mass of an electron
¢ = Speed of hg™t
Q-value of the electron capture reaction s given as:

Q=[m (Ix)sm - m (. 2)]c

.[.(,',\)- Im o m - -(,"))0 (/-l)ﬂ,](;
«[m(1X) - m(, )] ~(3)

Q-value of the pOSIIOn capture reaction 15 given as:
(' -["o‘;“ ) - .n(l ‘v’ , - =, ]‘.'

[ CLASS XII ]
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.{u(,‘.\)- Zm = m(, ) e (Z-1)m, —m,}'?

r .

«[m(20) - m{, ) - 2 ) -(9)
It can be inferred that f Q; > 0, then Q, > 0; Also, ff Q\> D, it does NOt Necessanily mean
that Q; > 0,

Question 13.24:

The neutron separation energy 5 defined as the energy required to remove a neytron
oy

from the nucleus. Obtain the neutron separation energies of the nuclel =2 and

Al from the folowmng data:

" aS "- 39.9625%1 u

- ‘“') - 40.962278 u

Al
~(5A) | 25 sacass u

Al
~(: )) = 26.991541 v
Artwer

For S Ca: Separation encrgy = K363007 MeV

'a,‘\l Separation encrgy = 11059 MeV

.‘ e
A neutron " )»s removed from a »Ca nucieus. The COrmesponding nuciear reaction can

be written as:
2Ca—atCasln
It 15 grven that:
-
mass "15C) _ 39 9625893
e
Mags i 5C ‘)) . 40962278 u
% m(,n')
a%s = 10006650
The mass defelt of this reaction 1§ Qiven a4:
P m(5Ca) - {,n) - m(LCa)
w1 9250) « 1008608 « 092278« 0 00K978 u

But 1 u=931.5 MeV/e*

Am = 0.000978 = 931.5 Mev/¢?

Mence, the energy requited for neution removal is calculated as:
E = Am’
= 0 00X9TE « 9315 = 8 363007 MV

For “M. the newtron removal reaction can be witten as:

DAl—3 AL« (n
It 1s given that:
-( LAl

Mass ) = J6.9815%41 v

»

LAl

mass LAY | 25 906895

The mass defect of this reaction is given as:

Am=m( A1)+ m(in) - =| DAl)
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= 25 9K6K9S « | 00K6HS ~ 26 951541
=0014019¢
= 0014019 » 9315 MeVie’
Hence, the energy required for neutron removal is calculated as:

E = Amc’
«O014019 « 931 5= 13.0% MV

Question 13.25:

A Sourte CONtans two phosphorous rado nuclides "'(I. 1+ 14.34) and "'(!. -

»
25.34). Initially, 10% of the decays come from "'. How long one must wat until 90%

do s0?

Answer

P

L 5
Hait e of ' | T, 1. 14,3 days

"
Ma Me ol"'.. Tyva= 2% éan

"'r«kus decay 15 10% of the total amount of decay.

P r

" LM
The source has inUally 10% of " nucieus and 90% of ''" nuciews

" »
Suppose after ¢ days, the source has 10% of "' nudeus and 0% of wh

Inmaiy:

nucieus.
Number of ""u(k\ll -N

g
Number of *
Einalty.

nucieus = S N
Nnbad of WP axkus « 9N

Number of 1+F Plcus = N

For "'ﬂucku\. we can wite the number ratio as.

N = ON(2) (1)

For ". we Can wite the number ratio as:

9N (1 :.
N \3
OA"= N (2)5 ~(2)

On divding equation (1) by equation (2), we get:

20
—_—1 P "
9

13

LIS P

T
1l

1= logKl= tog 2

e T P T Y
Ak 0-1908

-
83« 143 0301

243 3 9
Sl -xw:'llhh“
1= 0301 y

"
Hence, It will take about 208.5 days for 20% decay of wP .
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Question 13.26

Under certain arcumstances, 3 nucleus can decay by emitting a particle more massive
than an o-particie, Consider the following decay processes!

wha —2 TP C

TRa —tw Ra s 'He

Calouiate the Q- values for these decays and determine that both are energetically

allowed.
Arswer

Take » ¢ emission nuciear reaction:
™ - Vg

wka = TPh e 'C

We know that:

m
Massof # K& o o 233018504

e
Mass of ¥ n.'ﬂ’; = 20098107 v

Mass of gt LMy = 14003240
Hence, the Q-value of the reaction is given as:
Qeuimy~nmy -m) ¢

= (22301850 - 208.98107 - 14.00324) &
= (0.03419S) v
Bt 1 u = 9318 Mev/ct

Q= 003419 » 931.5

= J1.848 Mev

Hence, the Q-value of the nuciear reaction i 31.848 MeV, Since the value 15 positive, the
reacton Is energetically allowed.,

Now take & "kmuuon nucieal feacton:
wRa — TRa+ e

We know that:

m
Mass of * K% o 22301850

’"Rﬂ.
Mass of Y my = 219.00%48

.
Mass ot 1% m. o 4.002¢0

Q-value of this nuciear reaction IS given 23!

Q= (m=-m-m)¢&

= (223.01850 = 219.00%48 - 4.00260) C*

= (0.00642 ) u

= 0.00642 x 531.5 » 5.58 MeV

Mence, the Q value of the second nuclear reaction 15 5.98 MeV, Since the value is
positive, the reaction is energetically allowed.,

Question 13.27:

iw,
Consider the fission of * ™ by fast neutrons. In one fission event, No neutrons are
emitted and the final end oroducts, after the beta decav of the onmary fragments. are
5Ce  TRu

ands ™, Calculate Q for this Nssion process. The relevant atomic and particie

masses are
T

m( av) =238.05079 u
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LLe
ml*'€) *139.50543 u

-

R
m(" u) =98.90%Mu
AnSwer

pe ] U

In the fission of 7, 10 5" particles decay from the parent nudeus. The nuckear reaction
can be written as:
DU« la—s 'JCos LRy +10 %
IUis given that:

pd §)
Mass of » nuckeus ™ l'm, = 230.0579%vu

-
Mass of & nucieus ‘c"m, = 13990543 u

Mass of 8 nucteus “RY, my = 98.90594 u

'

Mass of & neutron *™ m, « 1.0086€S u

Q-value of the above equation,

Q-[u‘( ZU)emlin) < m'('TCe) - m'( LRu) - IOn,]."
Where,

m' = Represents the corresponding atomic masses of the nuclel

ﬂ-( :":l)'. my = 92m,

..( "C“- my; - S8m,
m( TRe) T
m(in) =
Q:!n! ~92m o, ~m +8m ~m s Hm ~ |0~=!.'
-ln, tmo-m, - n,]."
=[238.0507 4 1008665 ~ 139.90543 ~ 98 90594
«[0247995 ] w

Bat lu=931.5 McV /7

= 0247995 % 931.5 = 231,007 MeV
Hence, the Q-value of the Nission process Is 231.007 MeV,

Question 13.28:
Consder the D~T reaction (deuterium~tribum fusion)

Moo M s e

(a) Calculate the energy released In MeV In this reaction from the data:
?
("), 2 0141020

("), 3 016045

(b)Consider the radius of both deutenum and trtium to be approximately 2.0 fm, What
15 the kinetic energy needed 1o overcome the coulomb repulsion between the two nucles?
To what temperature must the gas de heated 1o INMate e reacbon? (Hint: Kinetic
energy requited for One fusion event =average thermal kinetic energy available with the
INteracting particles = 2(347/2); k = Boltzman’s constant, T = absolute temperature,)
Answer

’ '
(a) Yake the D-T nuclear reaction: Moo= ;Heon

It 15 given that:

[ CLASS XII ]
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Massof'"", m= 2014102 u

Mass of! " .M;= 3.01604% ¢

e

Mass of * m;= 4002603 u

Mass of"" . Me = 1009665 u

Q-value of the given D-T reaction Is:

Q= [m+my=m-m)é&

= [2.014102 + 3.01604% — 4.002603 - 1.008665) ¢*
= [0.01808) & u

But 1 u = $31.5 Mev/c?

Q= 0.018883 ~ 931.5 = 17.59 MeV

(b) Radws of deuterium and titum, re 20fm = 2 x 1077 m

Distance between the two nudied at the moment when they touch eachothet, d = r ¢ r =
4 %107 m

Charge on the deuterium nuciheus = @

Charge on the tritium nucleus = ¢

Hence, e repulsive potential energy Detween the two NuCied 1S given as:

(Y

Vs ——
dxe (d)
Where,
€y = Permittivity of free space

I
dx e,

=9« 10" Nm* C*

910" x (toxt0")
P o e w 8,76 107 )
4510

Q3762107 36k 10' €V =360 keV
16«10
MHence, 5.76 = 107 ) or 360 keV o pinetsc encrgy (KE) 15 needed to overcome the
Coulomb repulsion between the two nucke|,
However, = 15 Qiven that:
=2 n T?IT

KE 2
Where,
k = Boltzmann constant = 1.38 x 10" mi kg s K™*
T = Temperature required for tnggenng the reaction

.'.r=5!}
X
.‘.’-ﬁ L '0 o .
® e 0 1,39 % 10° K
I3 w10

Hence, the gas must de healed to 3 temperature of 1.39 x 10" K Lo Initiate the reaction,

Quastion 13.29:

Obtan the maximum kinetik energy of f-particies, and the radiation frequencies of y
decays i the decay scheme shown in Fig, 13.6, You are given that

m ("™Au) = 197968233 u

m ("™Hg) =197.9667¢60 u
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N Fonis

:

0

l: e

Answer

It can be observed from the given y-decay diagram that v, decays from the 1.088 MeV
energy level to the 0 MeV energQy level.

Hence, Uie energy COTesponding Lo y;-decay IS given as:

€; = 1.088 - 0 = 1.088 MeV

Nvy= 1,088 x 1.6 = 30°* x 10%)

Where,

h = Planck’s constant = 6.6 x 10" )

v; = Frequency of radiation radiated by y,-decay

1088 =« 16 % 10 ™ » 10"

e = 2637 % 10™ Mz
L

It can be observed from the given y-decay diagram that y; decays from the 0.412 MeV
energy level 1o the 0 MeV energy level,

Hence, the energy Coresponding 10 yi-deCay IS given as:

E;=0412 -0 = 0412 MV

hyyw 0.412 x 1.6 x 107" x 10%)

Whete,

v; = Frequency of radiation radiated by yy-decay

0412216107 « 100

G «99%8% « 10™ N2
66x 10

It can be observed from the given y-decay diagram that y; decays from the 1.088 MeV
energy level 1o the 0.412 MeV energy level.

Hence, the energy corresponding 1o yy-decay IS given as:

£y« 1.088 -~ 0412 « 0.676 MeV

fvyw 0.676 x 107" x 10%)

Where,

vy = Frequency of radiation radiated by y,-decay

0676« 16 «10"x10 .
B LR The
66x10"

o
Au
mass of "3, 197 568233

mass o ™" =18)_ 107 9¢6760

1 u = 9315 MeV/c
Fnergy of the highest level is given as:

E:[m(":z\u) - n(':lh_.')]

=197.968233 - 197.966760 = 0,001473 u
=0.001473 x 9315 = 13720995 MeV

£1 decays from the 1.3720995 MeV level to the 1,088 MeV level

“Maximum kinetic energy of the B, particle = 1,3720595 - 1.088
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= 0.2840995 MV
B2 decays trom the 1.3720995 MeV level to the 0.412 MeV level

sMaximum kinetic energy of the 8; particle = 1.3720%95 - 0.412

= 0.9600995 MeV

Question 13.30:

Calculate and compare the energy released by a) fuzon of 1.0 kg of hydrogen deep
within Sun and b) the fissica of 1.0 kg of ***U In a fission reactor.

Answer

(a) Amaount of hydrogen, m = 1 kg = 1000 g

1 ]
1 mole, |.e., 1 g of hydrogen ('“ ) contains €.023 x 10* atoms.
]
41000 q of M contains §.023 x 10°? x 100D atems.
'
Within the sun, four *'¥ nuciel combine and form one
MeV of energy Is released,

e
2T rucleus, In this precess 26

Hence, the energy released from the fusion of 1 kg M Is:

E 6.023 x 10” x 26 x 10’

By ————————————

= 39.1495 x 10™ MeV

e
(b) Amount ¢f © ~ = 1kg = 10009
m

1 mole, l.e., 2359 of ¥ contalns 6,023 x 107 atoms.

6.023 % 107 x 1000
m u —_— ————— aliims

=1000 g ot ©  contains 238

m
It is known that the amount of energy released in the fisson of one atom of ™ 7 is 200
MeV,
My
Hence, energy 1eleased from the fission of 1 kg of = 7 sz
_ 6107 x 1000 x 200
235
= 5106 x 10™ MeV

E,

. S x A
£, 391495 <107 767 «8

_E S106x107

Therefore, the energy released in the fusion of 1 kg of hydrogen 1= neardy 8 times the
ehergy teleased in the fission of 1 kg of uraniem.

Question 13.31:

Suppase India had a target of praducing by 2020 AD, 200,000 MW of electric power, ten
petcent of which was Lo be oblained from nuclear power plants. Suppase we are given
that, on an average, the efficiency of utilization (1.e. conversion to electnic 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 hssion of
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=TTU 10 DE A0aUT JULMEV.

Answel

Ampunt of electsic power to be generated, # = 2 x 10" MW

10% of This amount has to be cbtained from nuciear power plants.
10

Pwx2x10
Amount of puclear power, 100

=2 x 10' MW
=2x10'x10%)/s5
& 2 x 10°% x €0 x €0 x 24 x 365 )y
Heat energy released per fission of a *U nucleus, £ = 200 MeV
EfMcrency of a reactor = 25%
Hence, the amount of energy converted Into the efectrical energy per fission Is calculated
a5
22 . 200= 30 MeV
100
=50 x 16 % 10" x 10" =810 7}
Number of atoms required for fission per year:
2% 10" % 60 x 60 x 24 x 16

£ .
= ~= 78840 x 107" atoms
Ex10"

1 mole, 1.¢., 235 g of U™ contains 6.023 x 107 atoms.

=Mass of 6.023 x 10*¥ atorns of U3 = 2359 = 235 x 1077 kg

=Mass of 78320 x 10°* atoms of U**?

,,,,,,,, — x 78840 x 107

« 3076 = 10" kg

Hence, the mass of uranium reeded per year 15 3.076 x 10* kqg.

%k %k 3k k 3k 3k Kk k Kk Xk 3k k 3k k 3k k
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