ICON

CHAPTER 3: NUCLEAR PHYSICS

Test Your Concepts-I
(Based on Nucleus Properties and
Binding Energy)

1

Since, we know that R = RyA"*

= R=R,A" =(11fm)(70)"

= R=(11fm)(4.12)=453 fm

The radius of a *C nucleusis R = RGA”S

= R=(1.1fm)(12)"* =252 fm

The separation between the centres of the nuclei is
2R=5.04 fm. The potential energy of the pair is

uzﬂ‘
dneyr
2
-19
& Uuo(9x07)\6x16x10™)

504x107°
= U=164x10"27=10.2 MeV

Average atomic mass A is given by
A= A1+ A
P1tp2

(7.5)(6.0152) +(92.5)(7.016004 )
100

A=

4539464898
100

A =6.94 amu

The surface area S of a sphere is given by
S =4nR’

1
Since, R = R A3

= S=47R% o A%®

2
S_( AP
S, \ 4
The radius of ;*C nucleus is given by

1
R=R,A3

1
= R=12x10"x(12)3
= R=275%x10"m

The atomic mass of ¢ C is 12 amu. Neglecting the
masses and binding energies of the six electrons, the
nuclear density is given by
g M . 12x1.66 %107
45 ( 4 ] 153
—nR - \2.7x10
0 (Le)araa0)

= p=24x10" kgm"

E  42x10°
Am=—2=—0

kg
¢ (3x10%)

= Am=47x107% kg

The 3>Cl nucleus has 17 protons and 18 neutrons.
Therefore, the mass M of constituent nucleons of
SClis

M=17m, +18m,

= M=17(1.007825)+18(1.008665)
= M=235289 amu

Now, mass defect for the nucleus is
e 298 MeV
9312 MeV /amu

Since, mass defect Am is

=0.3200 amu

Am = (17mP +18m,, ) - m( e ) =M- m( Mol )
So, atomic mass of 3,Cl is approximately equal to
m( 1, CI®), given by

m( 17 C1® )= M~ Am =(35.289-0.3200 ) amu
= m(;C1%)=34969 amu

The alpha particle contains 2 protons and 2 neutrons.
The binding energy is

BE=(2x1.007826 u+2x1.008665 u—-4.00260 u )c*
= BE=(0.03038 u)c®
= BE=0.03038x 931 MeV = 28.3 MeV

The binding energy of }Be is determined by the
equation

BE(%Be)=(am)c*

where, A = [flm,i + 4m( %H) —m( iBe)]
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10.

= Am=(4(1.008665)+4(1.007825)) - 8.005305
= Am=0.06065 amu
= BE(®Be)=(0.06065)(931.5)=56.5 MeV

Now, let us calculate the binding energy of the decay
of }Be in two a-particles through the reaction

*Be — 20+ AE
where, AE=(Am)c* and

Am =2m,, —m( iBe)
= Am=2(4.002603)-8.005305 = —0.000099 amu
= AE=(-0.000099)(931.5) MeV =-0.092 MeV

Since, binding energy isnegative for this reaction, hence
i Be is unstable against decay to two alpha particles.
Mass defect Am is given by

Am = 3(1.007825) + 4(1.008665) - 7.016005
= Am=0.04213 amu
= BE=(0.04213)(931.5) MeV = 39.231 MeV
Binding energy per nucleon is

BE 231
B D2 504 Mev
A 7

Test Your Concepts-ll
(Based on Radioactivity)

1.

In 1 second 90% of the nuclei have remained unde-
cayed, so in another 1 second 90% of 90 i.e., 81 nuclei
will remain undecayed.

1 _3
Since, N = 201—0 x6.02x10% =2.87 x10*

During one mean life period 63.8% nuclei are decayed.
Hence, energy released is

E=0.638%2.87x10"® x53x1.6 X107 |
= E=155x10°]

N =2 x602x10% = 5.06 x10%
238

Since, R= AN
_ R 25x10°

"N 5.06x10%

0.693

=494x107% ¢

= ty=——=14x10"s

R_AN_12
R, A,N 988
= 1, =82334 (1)

o
Further, 4 = 0695 year™ =0.0318 year™ (2)
218
o (4244
dt dt dt
= A=At+h ..(3)

Solving equations (1), (2) and (3), we get
A=381x10"* year ' and 4,=3.14x10* year '

(a) R= Rﬂff"ju

= 2700 =4750¢"*

=  A=0113 min™

.69
(b) byp = 0.69 =6.132 min

Ry=AN

R,= ___ 06 X 6.02x10% per sec
14.3x 3600 x 24

= R, =337x10" per sec
After 70 hours activity

R=Rye™
= R=(337x107 )ei(%m)m) =2.92x10" per sec
In fruits, the activity was observed 1uCi or
3.7x10* per sec.

Therefore, percentage P of activity transmitted from
root to the fruit is

( Percentage of )_ 3.7 x10*

Activity Transmitted )~ 2,92 107

= P=126x10""1%
(a) N= L 60mx10%
109

069 1 . 602x10%

= R=AN= -
2.7x10° 109

= R=142x10" peryear
(b) After2year, R=Rye ™
= R=(142x10") 069327107 J2)

= R=141x10" per year

(c) After 2 half lives activity reduces to 25% of the
original value, so we have

t=2t,=54x10" years



10.

11.
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ANy (E—Alr ot )

Since, N, =
? ‘J’Z - ;{’1

When 4, > 1, we have, N, = Nye ™

Physically this means that parent nuclei practically
instantly transform into daughter nuclei, which then
decay According to the Law of Radioactive Decay with
a certain decay constant.

N,

A

a

ZNO _________________

Nz = ﬁl\roe_&lr
A

When 1, < 4,, then N, = %Nﬂe"ll’
2
ie, N, versus t graph in this case is as shown in the
figure.
Probability of a nucleus to decay in time ¢ is
N

N_ -1- E—At -1- e—{l;"lO)(S) -0.39
0
(a) R=Rge™

- 73= 9'367,1(450072500)

= A=121x10" year '

0.693
= t1r2 =

= 5724 year
(b) Further applying, R = Rye™
= Ry=Re"=(73)e (1.21x10* )(4500)
= R,=1258 dismin 'g"'
5x107° x37x10"
( 0.693 )
138 x 24 x 3600

32x10°
) ( 6.02x10% ](210);;

=32x10"

N=R_
A

= m=112x10"°g

12. Let x the desired ratio, then, mass of Co™

13.

14.

15.

Hints and Explanations H.89

inlgbex

= N=x602x10%
58

0693 . X 600x10%

Given, 22x10%=AN=———"—
71.3x24x 3600 58

= x=188x10"°
(a) 13.0g of ;3N will contain 6.023x10% nuclei
(Avogadro’s number).

The number of nuclei N, that we have initially in
149x10° g of N, is

1.49%107°
=(6.023x1023)[1;—00g],
Og

= N;=690x10" nuclei.

0.693 _ 0.693 _ 116x10°3 ¢

T,, 600s

(b) Since, we have A=

So, activity at t=0 is
Ay =N, =(1.16x107 s7)(6.90x10%)
= Ay=800x10" decay/s

(c) 60 minutes is 6 half-lives, so we have

A _(1)6_ 1
A (2] 64
4, _800x10"
64 64
The number of parent nuclei decaying in a short time
interval t to t+dt is A N dt. This is also the num-

A= =1.25x102 5

ber of daughter nuclei decaying during the same time
interval is A;N dt. The number of the daughter nuclei
will be constant if

A.PNPdt = ),deﬂ‘t
In one half-life the number of active nuclei reduces
to half the original number. Thus, in two half lives
1) 1
the number is reduced to (E) =1 of the original
number.
The number of remaining active nuclei is given by

_ N, _6x10"
4

=15x10".

CHAPTER 3




ICON

H.90 JEE Advanced Physics: Modern Physics

16.

17.

18.

19.

Since the number of **Pb atoms equal the number

of #*U atoms, half of the original **U atoms have
decayed. It takes one half-life to decay half of the
active nuclei. Thus, the sample is 4.5x10” years old.

63.5 g of copper has 6x10% atoms. Thus, the num-
ber of atoms in 1 pig of Cu is

23
N= M =9.45%x 10"
635¢g

The activity is A= AN
A=(1516x107 s)x(9.45%10'5)

= A=143x10" disintegrations/s

11
a=22_Gisga
3.7x10
40 hours = 2 half lives
Since A =A—f
_A A
(2 4
A 1
= —=-—

So, one fourth of the original activity will remain after
40 hours.

Let N, be the initial amount of uranium in the rock
and let N be the present amount of uranium after
1.5x10” years.

So, the amount of lead present in the rock is (N, - N)

. .. Np-N _1-¢™*
So, the required ratio is ———= N
N e
. In2
Since, T, =—
S A
2
In2
= A=—
h
2
[ 108, 2 t _b
T ~log(2)7, T
= eM=¢\ T/ ¢ 2 -9 1

20.

At maximum, the rate of production of nuclei is equal
to the rate of decay

= rpmduction = rdecay

107 = 1y
30

= N=30x10%

Test Your Concepts-ll|
(Based on Nuclear Reactions, Alpha, Beta,
Gamma Decay, Fission and Fusion)

1

A reaction is possible (spontaneously) if the binding

energy of products is larger than that of U

(a) Total binding energy of “U= 238 x 7.57 =
1801.66 MeV and binding energy of %35Pb = 206
X 7.83 = 1612981 MeV the binding energy of
products is less than that of Z5U. Note that the
protons and neutrons are free and do not have
any binding energy. Hence, this reaction is not
possible spontaneously. It can take place only if
1801.66 —1612.98 = 188.68 MeV  of energy is sup-
plied from outside.

(b) In the second case binding energy of prod-
ucts is larger than the binding energy of the
parent nucleus. Hence, reaction is possible
spontaneously.

Since, the masses are given in atomic mass units, so,
we shall first calculate the mass difference between
reactants and products in the same units and then
multiply the mass difference by 931.5 MeVu . Thus,
we have

Q=(14.00307 +4.00260~1.00783-16.99913 )(931.5)

= Q=-120MeV
Q value is negative, so the reaction is endothermic.

Hence, the minimum kinetic energy of o -particle to
initiate this reaction is given by

Kmi.n =|Q|(&+1]

My

= Kmm=(1.20)(w+1)

14.00307
= K, =154MeV

Total energy released is

AE = — % 6.02x10% x185x 1.6 10 ]
235

= AE=758x10]
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Power P =100x10°=10°% Js~
Therefore, time

_7.58%10"

t
108

sec =8.78 day

1 1 0
o = H + e

Mass defect Am =m, 7(m + me)

P
=  Am=(1.6747x107 ) -(1.6725x107 +9x107*)
= Am=00013x10"kg

Energy released Q =(Am)c’

= Q=(00013x107)x(3x10°) =117 x10™2 |

117x1078

Tex1o® - 0.73x10° eV = (.73 MeV
b X

By Law of Conservation of Linear Momentum, we
have

M v

ole = M0
U= M(IU(X

M
Kinetic energy of T/ atom is

2.2
(KE)TJA:lezle(MLZa]:(lM Uz )(%)
2 2 M 2 M

=

= (KE), =(KE)G(%]

4
= (KE)7, =6.082x — MeV
208

= (KE)r, =0.1308 MeV

(a) Since the neutron and boron are both initially at
rest, so the total momentum both before the reac-
tion and after the reaction is zero. So, we get

Moy = My Uy
Please understand that, here we can use the
Classical approach rather than the Relativistic
approach.  Sincevy, =9.30x10° ms™,  which
is very small compared to the speed of light
c=3x10° ms™, so we can take kinetic energy as

1
KE = Emvz. The error in the calculations due to

this Classical approach will be negligible or will
even be less because M;; > My,. So, we have
kinetic energy of Li as

1. 5 1. ( Myog
Ky == M, 0% =— M, .| —He e
Li ? LiYLi ) Ll( MLi

Hints and Explanations H.91

2.2
Mg v
= KLi — He"He
2IA“ILi

Substituting the values, we get

2 2
x - (40026)"(1.66x107 ) (9.30x10°)
- 2(7.0160)(1.66x1077 )

1

= K =164x107" ] =1.02 MeV
(b) NOW/ Q = KLi + KHe
1 2
where Ky, = EMHEUHE
1
—(

2
= K= 1.0026)(1.66x10% )(9.30x10° )

= Ky, =2.87x107" ] =1.80 MeV

CHAPTER 3

= Q=102MeV+1.80 MeV =282 MeV

Please observe that here, atomic masses are given (not
the nuclear masses), but still we can use them for cal-
culating the mass defect because mass of electrons get
cancelled both sides. Thus,

Mass defect Am =(22.9945 —22.9898 ) = 0.0047u
= Q=(0.00471)(931.5 MeVu ")

= Q=44MeV

Hence, the energy of beta particles can range from 0
to 4.4 MeV.

Q= ‘mc —(mg +:'f.-1p)|c2
where m/ and mj are the nuclear mass of "'C and
lig
, S0

My = nig +5m,

m.=mi, +6m,
= Q:[(mcftimf)f(meSmt, +n‘1p)]c2
Since Melectron = mpusitron
= Q:[m(—mg —ZmPJC2
=  Q=(11.011434 -11.009305 - 2 x 0.0005486 ) 931
= Q=0.961MeV

The disintegration energy is equal to the maximum
energy of the emitted photon.

Am = Z(mass of \H? ) - (mass of ,He* ) =0.0256 u

= AE=0.0256 x931.5 MeV = 23.85 MeV
Total energy required per day is

E=200x10° x24x 3600 ] =1.728 x 10" ]
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Let m be the mass of deuterium required. Then energy
required for reactor is

= [ﬁ][”iz](a.oz x102)(23.85x 1.6 x107)
100 2

This should be equal to 1.728x10" |

4x100%x1.728 x 10"
m= 3 13
25x6.02x107 x23.85x1.6x10

= m=12035¢g

g

10. (a) Total number of atoms in 1kg of U™ is

N =L x6.02x10% =253 x10%
238

= Total energy released,

AE = (200% 253 x10% ) MeV
= AE=809x10"]
8.09x10"
m=——
30%x10
= m=27x10°kg

(b) g=27x10" g

11. (a) Q-value=(An)931.5 MeV =-1.18 MeV

(b) By Law of Conservation of Linear Momentum,
we have

P2 =P} + P2 +2P,P,; cos¢

= ZmaK[r = szKO + 2mHKH +

2,/(2meK, )(2my Ky )cosg ...(1)

-

7 |

By Law of Conservation of Energy, we have
Ky =Q+K, - Ky, =(-1.18+7.7-5.5) MeV
= K,=1.02MeV

= cos¢= ( MoKo ~ Ry MKy J =0.73

2 K
= $=43°18
12. The corresponding decay equations can be
(i) %U—-n+%2U and

(i) Z3U—p+ % Pa

13.

14.

15.

In first equation the energy released is
Q =(230.033927 - 229.033496 —1.008665)(931.5)
= Q=-77MeV

Since Q<0, so a spontaneous neutron decay is not
possible.
Similarly, for the second reaction, the energy released is

Q = (230.033927 — 229.032089 — 1.007825)(931.5)
= Q=-56MeV

Since Q <0, so a spontaneous proton decay is also not
possible.

Since, AE = (8, +8m, —m, )x 9315 MeV

= AE=127.6 MeV

The endothermic reaction can be written as
H+PCoPN+yn+Q

where Q = (g — Mipigiat ) ?

= Q= Mgy — Mg ) X 9315 MeV

Now, g, =13.0067384 +1.0086654 = 14.0154038 u
Mipigal = 13.0033554 +1.0078254 = 14.0111808 u

= Am=0.004223 u

= Q=(0.004223)(931.5)= 4.00 MeV

The minimum amount of energy that a bombarding
particle must possess in order to initiate the reaction is

Threshold energy Ey, = Q( UL l]
"

where m, is mass of the projectile, m, is mass of
target

1.0078254
13.0033554
P=1MW =10° W=10° Js!

t =1 day =24 x 60 x 60 = 86400 s

= Eu= 4.00( +1) =4.31 MeV

So, energy released in one day is E = Pt = 86400 x10° ]
Since energy released per fusionis given tobe 20 MeV

= (AE)per fusion =20x 16107 =32x1072 ]
Mass of ;H? consumed in one fusion ( \H? + H? ) is 4u
= (M) fusion =4 X 1.66 X107 kg=6.64x107 kg

6.64x1077

= (Mmhay =" x86400x10°=1.79x10"* kg
X



Single Correct Choice Type Questions
1.

When sample is 1000 m above ground i.e. it has fallen

by 2000 m . Since s = % gt?

= 2000= %(10):2

= t=20s
20
N (1)” (l]ﬁ 1
= —_— = = =| = = -
N, \2 2 4
1000

= N=——=250
4

Hence, the correct answer is (B).

ICON

Let N be the number of nuclei at any time . Then

iN =200- AN
dt

N t

dN
= | dt
200-AN
0 0

%0(1—6””)

Given that N=100 and A=1s"

N=

= 100=200(1-¢7)

-

= t=log,(2)s
Hence, the correct answer is (B).

Since, A; = ANy~

= —logt, ANo
A Ay

Since, A, =(4)(2N, )e ™"

= b= %logf[ ZZNO J
2

A,
= 4- =7 log(, 2A1

= fL-t= r ———log, A
log,(2) 24,
Hence, the correct answer is (C).

Using 10.81=10x+11(1-x)
= 1081=11-x

Hints and Explanations H.93
= x=019
= 1-x=081
X 19
=5 —=—
1-x 81
Hence, the correct answer is (A).
Since, N = Nje ™
2N N _‘u(]
3
a3
= e V== (1
5 1)

Taking log both sides, we get

Aty =loge(%]

= A =llogf(é)

Also No _ Nge ™
3

= At =log,(3)

1 ty1
= 4 =—10g9(3)-M

A log, ( E)
2
Hence, the correct answer is (C).
t=1week=(7)(24 hr)
Since Ty, =12 hr

‘

= n=—=14and A)=1Ci
TL-"Z

- A= 4 _ 7(: __1
2" 16384

= A=60uCi

Hence, the correct answer is (C).

A1

Ay 2

Probabilities of getting o and f-particles are same.

So, rate of disintegration are equal.

Np Ay

Na_ 2 _

Hence, the correct answer is (C).
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10.

11.

12.

14.

15.

my N, \2
= M= ﬂ = M =25 mg
4 4
Hence, the correct answer is (C).
N =Ny ™
0.693
h=——
2
1= 0.693
3.8
Since N = L
N, 10
0693,
- . _p 38
10
= logl0= —0'693t
38
= 23= —0'693t
3.8
t =12.62 days

Hence, the correct answer is (B).

aRb

Hence, the correct answer is (C).

Mass of product should be less than the mass of reac-
tant because energy is released in a fission reaction.
Hence, the correct answer is (A).

Decay process is a probable process and hence nothing
can be said for a small sample.

Hence, the correct answer is (D).

X — Y
£=0 N, 0
=t N (No—-N)
= Ny=N,-N

Since, N = Nye ™

= Ny=N,(1-¢e*)

17.

18.

19.

Rate of formation of Y is

% =Nde
The above curve is decreasing with time.
Hence, the correct answer is (C).
The decay constant A is the reciprocal of the mean life

7. For a simultaneous decay process, we have

A=Aq+Ag, where /1:1
T

1 1
Since, 1, = —— per year and A ;=—— per year
“= 1620 P P =405 PY
So, total decay constant is
A= g+
1 1

A=—+—=—
1620 405 304 PN

Since, N = Nje™

When Zth part of the sample has disintegrated, then

the sample left undecayed is

n=o
4

TO = Noe_“

= M=4

Taking logarithm of both sides, we get
At=log, 4

1 2 2
= t=—log,(2)" ==log,2
A B A &

= t=2x324x0.693 = 449 year
Hence, the correct answer is (B).

A remains uncharged.
Hence, the correct answer is (A).

Three half-lives of A is equivalent to six half-lives
of B.Hence, we have

JORTE

Na_l
N, 8

=

Hence, the correct answer is (D).
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20.

21.

22,

23.

Since E=(Am)c = (1)(3x10°)’
= E=9x10"]

B 9% 10

T 16x1078

= E= i><102" MeV
16

= E=5625%10% MeV

Hence, the correct answer is (D).

Positron emission means f* decay and electron cap-
ture is a reverse f§ decay process.
Hence, the correct answer is (C).

Fraction of nuclei which remain undecayed is
-t
N _Nee™  _n

NN

logf(Z))(T 1
122222 g2
- f:e( T 2)=g 2%

P N
Jog2 2
Hence, the correct answer is (A).

The number of undecayed nuclei in sample at time
tis

N=Nyge ¥
So, number of decayed nuclei of sample is

Ny-N=N,(1-¢#)

= 10°=N,(1-¢7%%) (1)
= 1.11x10°=N,(1-¢7%*) .(2)
1084
e il
1-¢” 9

If ¢4 =y (say), then

1-x° 10
1-x 9

(1-x)1+x%+x) 10
- 0 =—
(1-x) 9

= 9+9x’+9x=10
= 9¢249x-1=0

L9117 _ 941081
18 18

24.

25.

26.
27.

29.

Hints and Explanations

H.95

= et =01

= =10

-~ A= (n(l[]) -1
36
/ /
o T,=2 M g8
2T mio

Hence, the correct answer is (B).

For radioactive equilibrium, we have

ANy =2,N,
N.
- M N
L T
N

1

= T,=18x10*x25x10°

= T,=45X 10° year

Hence, the correct answer is (A).

ngg ST Al+e +7

This is example of beta decay in which isotope {3 Mg

is converted to an isotope of aluminium AL
Hence, the correct answer is (C).

The correct answer is (C).

Method-I

20
N (1) " 2(09)" =0.6561 = 65.61%
N, \2
So, percentage decayed is (100 - 65.61) = 34.4%
Method-II

100% VS 90% Y5 81% Y=

(Initial undecayed )

72.9%—2% 5 65.61%

Final undecayed
So, percentage decayed is (100-65.61) = 34.4%
Hence, the correct answer is (D).
Energy released AE is
AE = (Final BE) - (Initial BE)
= AE=110x82+90x82-200x74
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30.

31

32.

33.

= AE=160 MeV
Hence, the correct answer is (D).

A=232-4=228
From conservation of momentum

Pa = Py
= 2m K, =\2mK,

L, Ke_my 28
Ky m, 4
228
= K, = —|[K
o (228+4) Total

228
Ka = ( E ] JKTntal

Hence, the correct answer is (B).

E =mc*

2\ 2
= Ezmocz(l—v—z]

A v
Since —« 1
C

2
v
= E=mc*|1+—

1
= E= m062 + Emovz

Hence, the correct answer is (C).

Since we know that 7= %

_t

= A=Ag”’
(th-t)

= y=xe F
Number of atoms disintegrated during ¢, —#, is
AN =(x-y)t
Hence, the correct answer is (D).
Efficiency of 50% means that we are getting only
100 MeV  of energy by the fission of one uranium

nucleus.
Number of nuclei per second is

N _ Energy required per second

t  Energy obtained in one fission

T100x1.6x10°5

Hence, the correct answer is (D).

N 16x10°
:T 6x10 18

34.

35.

36.

37.

38.

Let R, be the initial activity. Then

Ry=Rye™™ and R, = Rye ™2
L] = Mhh)

R,

= RZ = ngi( tl —fz )

Hence, the correct answer is (D).

Rl = AN]

= N;= B

A
and R, = AN,
= N,= L]

A
So, number of atoms decayed is

N=N,-N,
- N:[&;Eﬂ
A

Hence, the correct answer is (D).

N t
Since N=—", where n=——
2 12

220 2
For 8, Ny = Yo
240
N, 1
Ny 4

Hence, the correct answer is (C).

92U23g g Pbh2% +m ( 2a4)+ nz( ,160)

=  4nm+0xn, +206=238
= m=38

Also, 92=82+2n, —n,

= 10=2x8-n,

= n,=6

Hence, the correct answer is (C).

Speed of the neutrons in the beam is

%mvz=EK =5eV

2(5)x1.6x107"

= U=
1,67 x10°77

= p=31kms™’



39.

41.

42.

43.

ICON

During a time of T, =12.8 min, half the neutrons
may have decayed from the beam. The distance trav-
elled by the undecayed during this time is

x=ot=(31 kms™)(12.8 min)(60 s/min)
= x=23800 km

Hence, the correct answer is (B).

For, successive disintegration, we have

1 2

So, rate of decay of B is
dN

—==A,N, - 4N
it AN A~ /AgiNp

In equilibrium, dii\]—tg =0 ie. rate of production of B

equals the rate of disintegration of B.

Hence, the correct answer is (A).

Count rate for 100 cc volume is ¢ . If some volume is
discarded and left out volume is V , then new count

rate should be (ﬁ]v . After 3 half life of remaining

- . C
liquid, count rate is 0

Lo 1)3
100 100\ 2
= V=80cc
Hence, the correct answer is (D).
Rate of disintegration does not change with tempera-

ture, pressure or humidity.
Hence, the correct answer is (D).

)

10 ml/sec

100 ml

solution
— 2 ml/sec

The volume of water added in time  is 8 and the
volume of liquid ejected in ¢ secondsis 2f . Hence, the
volume of liquid in beaker at any instant of time # is

V=100 +8t

Number of active atoms being taken out is

N =N oar)
v

_N_N_ N
dt V. 100+8t

44

45.

46.

Hints and Explanations H.97

Multiplying both sides with disintegration constant
A, we get

-AdN = AN ( 2—6#)
V
Since, AdN =dA and AN = A, so equation (1) becomes

—dA:A(zit}
%

where A is activity of the solution.

(D)

Since the time taken for 10 ml solution to come out
isbs

A 5
NIaES
: A 100 + 8¢
0

0

CHAPTER 3

1
= A=A0(§]4
7

So, required activity of the ejected solution is

e (3]

Hence, the correct answer is (C).

N __No
(2)/h
(2)/Tn = Do

N

8
(2)/n =2

1

= t=3T,; =42x10" year
Hence, the correct answer is (C).
Given Ty, =30 min

Att=2hr, A=5sec’ and Ay=?

. t 2x80
Since, n=—-= =
T,

Since, i =(1)
A, \2

= A;=2"A=2'x5

4

= Ay;=16x5=80sec™

Hence, the correct answer is (B).

% decays = % left undecayed

) 1 (1]11
= since —=| -
§ \2
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47.

49.

51.

52.

= x=3

t
= —=3
Tia

Since =12 day
= Tlfz = 4 day

So, fraction undecayed after 24 days is

4 6
vl )
N, (2) 2) &4

Hence, the correct answer is (C).

Dnl - pl +4 4V

The electron comes out with a spectrum of energies.
The energy released is shared between electron and
neutrino.

Hence, the correct answer is (D).

20

90 \3
A=Al =
: 1[100)
A 9\
= 225900% =(—] 100% = 65.61%
A 10

Hence, the correct answer is (B).

When the rate production is equal to the rate of disin-
tegration then the number of nuclei is maximum.

= AN=A

= lI1—2N=A
T

N= —T = maximum
In2

Hence, the correct answer is (D).

dt

For N, to be maximum, we have

N, _

at

= &_2
NZ

Hence, the correct answer is (B).

54.

55.

56.

58.

59.

A A4 4
Hence, the correct answer is (C).

Charge number and mass number for y-ray is zero.

Hence, the correct answer is (C).

In the mixture, initially we have
N=N,;+N,

Atany time t, we have

N(t)=N,(t)+N,(t)

= N()=Npe™M +N,e™ (1)

dN
The decay rate Ty attime f is obtained by differen-

tiating equation (1)
= _ﬂii_f =N litle_llt + Nzlze"lzt

Hence, the correct answer is (C).

Ry =15%200 = 3000 decay/min from 200 g carbon.
. 1Y
Using, R= RO( E)

] n
= 375:3000[—]
2
(5
= —=[=
8 \2
= n= number of half lives =3
= t=5730x3=17190 yr

Hence, the correct answer is (C).

t

Since £=§=(1]T
5

A, 2
= ﬁn(3]=tﬂn(1]
5/ T 2
5 —
= t=—T( o €n3)=4000year
n2

Also, we can think that, §=60% and 50% decay
takes 5570 year.

So 40% decay takes a little less number of year.
Hence, the correct answer is (D).
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o0
60. Since, _1
4 "
= n=2
/ L+T, 1620+ 810
= t=1080 yr

61.

62.

63.

64,

65.

Hence, the correct answer is (A).

Number of radionuclei become constant, when
X=AN

= N:£
A
Rates
—_— —_—
e e
M N,
- X XY
log,(2) log,(2)

Y

Hence, the correct answer is (C).

4x12

T= 16 =3 year
12
ﬁ:(ljg _ L6259
N, \2) 16

Hence, the correct answer is (A).

Since decay is to be regarded as a statistical sponta-
neous process, hence o decay can be regarded as an
Adiabatic process.

Hence, the correct answer is (C).

R= ROAI'B

= logR= logRD+%logA

R 1
= log(R—D] = glogA
Hence, the correct answer is (D).
Total initial binding energy is 236 x7.6
= U;=1793.6 MeV
Total final binding energy is 2(117)(8.5)
= Uy =1989 MeV
= AU=1954 MeV

Hence, the correct answer is (B).

66.

67.

68.

70.

Hints and Explanations H.99

t=0, N, =8x10*
N=1x10*
at t="7?

Since, T1,:2 =3 year

4
g N _Ix10f 1 1

N, 8x10° 8 2"
= n=3 ™M
Since t=nTy, o
(18]
= t=3x3=9year =
o.
Hence, the correct answer is (A). <
R=Rye ™ 5
o 2o )
= A=-1 —1 =4
; Oge( R 0810 R
Decay constant
/1=%><2.3log 70 _ 253—0461 min "'

Hence, the correct answer is (C).

N =Ny ™
Ny
= N=Nyg " ,wheret=6monthsand T, 1, =1year
m2 ~
= N= NDE_T = Nﬂfz"f”‘f2

Ny

7

1
So, amount decayed is (Ny —-N)=N,| 1-—
peis (8o-N)=No[ 1- 7

= N=

= (Ny-N)=N;(1-0.707)=0.293N,

=N, 100% = 29.3%
0

So, percentage amount decayed is 29.3%

Hence, the correct answer is (A).

RdN AN

dt
R
= N = A =Decay Constant

Hence, the correct answer is (D).
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71.

72.

73.

74,

76.

N_(lf
N, \2

N 1
0

16

=

Hence, the correct answer is (D).

Decay probability per second i.e. is just the

decay constant (1), because i—zj =-AN

N1

N dt
L0693 _ 0693

ty, 27 days

=4

0693
2.7 % 24 X 60 X 60

= A1=297x10"s"
Hence, the correct answer is (B).

Since nuclear density is independent of mass of
nucleus, hence all possess equal density.

Hence, the correct answer is (C).

Probability that a nucleus will not decay is given by

t
N (1Y (1)
PEN, (2] (2]

When n is the number of half lives lapsed, so n =4

N (1} 1
= p:N—: E :E
0

Probability that a nucleus will decay is g=1-p

1 15
=]l-p=1-—=—
= TP T T 16

Hence, the correct answer is (C).

N N,, 107
FOI’A,NA= Ofﬁ—%;=¥
(2)7

= N,=0625mg

N Nop 107
w _Nop 107

For B, Ny=—-=
(2)% 4 1
= Np=25mg

Hence, the correct answer is (B).

77.

78.

79.

80.

81.

If R, be the initial activity of the sample, then
R, = RDe'Ul and R, =R0€-ifz

where A,=l {~ Mean life =T=l}
T A
A
= &— € ;:'2 _g’q'(rl_fl)
R, e™

= R,=K exp(rl;tz]

Hence, the correct answer is (C).
48

1Yz A
For x, A, = [—) S
Ao 2 4

48
1Y A
Fory, A, =A (-] =
1"' y 0 2 3

When mixed, total activity is

A=AX+AM=ﬁ+ﬁ=3—AD
4 8 8

Hence, the correct answer is (D).

Rate of decay of sample 1, R, = 2,N,e™ ' and for sam-
ple2, R, = A,N,e ™.

When they are mixed, we have R=RR,

= R= AN N, ™

=  R= AN AN Atk

Hence, the correct answer is (D).

Speed of light and y-rays is ¢ while vg<c
Hence, the correct answer is (C).

log,(2) -

= 3("1"1:;2 )R = Z(Tlg'z )5

So, after three half life of R, we see that two half life of
S have lapsed.

1

Nz =(Np )R(E)S

1

)

2



o0
Np | (No)g |(1
- Ns—{(ND)S (2)
_(No)g _
Since (No )5 =2

82.

83.

84.

85.

86.

(1)
N, \2

Hence, the correct answer is (C).
240 5120 -5 60— 30

Since, 3 half lives = 60 minute

= 1 half life = 20 minute
Hence, the correct answer is (A).
Activity R= AN

Number of nuclei (N) per mole are equal for both the
substances, so we have

Roc A
By 4
R, 4 3
Hence, the correct answer is (C).
h
2 (1)1,
) L (1
(3 g
b
1 1\1,
—=l =" (2
(3 ®
Divide (1) by (2) and rearrange, we get
(t-h)
2=2
= f—h =1
TL;"Q

= At=T; =20 min
Hence, the correct answer is (B).

Net rate of formation of Y atany time ¢ is

iN,
— Y- AN,-AN
dt iV x vy

dN

N, is maximum when d—: =0

= AN, = /lyN y
Hence, the correct answer is (D).
A= +4,

In2 _ In2 In2

+ (T = Half life)
T T, T,

88.

89.

90.

91.

92,

Hints and Explanations H.101

%th sample remains after 2 half lives or 40 yr

Hence, the correct answer is (C).

By Conservation of Linear Momentum, we have

Pp =Pa
= \2mpK, = 2m K,
n, 4
= Kp=—%K,=—x67MeV=0.125MeV
g 214

Hence, the correct answer is (A).

Activity of S, =% (activity of S,)

CHAPTER 3

1
= 11N1=5()‘2N2]

o ANy

PR

T, 2N log, 2
- 1=—71 [T:hﬂfﬁﬂa:ﬁ]
Given N, =2N,
= £=4

TZ

Hence, the correct answer is (A).
L]

11
For A, my =m0(5]

=My
64

SR R=2

For B, m2=m0(;) =?

o A_AN _(T)fm
A, AN, T )\ my
/64 16

my/8 64 4

2
= —=-x
A, 1

Hence, the correct answer is (A).

Rest mass of parent nucleus should be greater than the
rest mass of daughter nuclei.

Hence, the correct answer is (A).

Since A= Aye™



ICON

H.102 JEE Advanced Physics: Modern Physics

93.

94.

95.

96.

97.

A =( lmNA ]e—ﬁd
M
Hence, the correct answer is (C).
Total energy radiated per minute from sun is
Eradiatecl = G(4ER528 )
Energy radiated annually is given by
Etotal = 24x60 X 365 x E1'acliated

E
= Annual loss of mass = Am = -2l =1.38x10" kg
C

Hence, the correct answer is (C).

Ny 11
N 4 211

= n=Number of half lifes lapsed is 2
= t=nly,

t 16
= Tlf,z:;:?:Sday
Hence, the correct answer is (B).
Combining two given equations, we have
3,H? =,He' +p+n
Now, Am=23x2.014-4.001-1.007 -1.008

= Am=0.026u
Energy released by 3 deutrons is

AE=0.026%931.5x1.6x1072 ]
= AE=39x101]

65) - [ 107 2
> (10°xt)=| = [(39x107)
Solving we get,

t=13%10"7 s
Hence, the correct answer is (C).

4 L
m 1g _(1) _[l]rm
my 1l6g \2) \2
= t=4Ty, =4x140 day = 560 day
Hence, the correct answer is (B).
A——B——C

Let b be the number of nuclei of B, then

d—B=x—/1b
dt
= y=x-4b

= Ab=x-y

98.

99.

100.

102.

103.

104.

105.

Activity of Bis Ay =-Ab=y—-x
Hence, the correct answer is (B).

T, 1620%520
T, 47y 16204520

=394 year

= =394

> =

2.303 N
Time of decay, f = =———1lo (“]
¥ 2 210 N

= +=2303(394)(log,,(4))

= =540 year

Hence, the correct answer is (A).
Am M-A

f=a=x

Hence, the correct answer is (D).

Since N = Nye™

= P=£=e"‘l’
Ny

Hence, the correct answer is (A).

Hence, the correct answer is (B).

L33

Hence, the correct answer is (C).

When 75% decays, 25% is left undecayed. This
(n2

required a time {=2T),, where Ty = % and also,

h=2
T

Vi
= t= 2(%):2%(2)

Hence, the correct answer is (D).

E = mc?
= E=(10")(9x10%)

= E=9x10"]
Hence, the correct answer is (A).



3 min

4

3
P W

A, 1024 8 \2

= T, =Tmin

5
]]1
2

Hence, the correct answer is (D).

Ay 1024

- Ar:A“( R ®

107. Since N ( 1]
N, \2
where 1= Time lapsed
Half life
T
9 1
According to the problem n = 2 3
12

E,Gf_i
N, \2) 2

Hence, the correct answer is (C).
108. Energy released is AE = (BE )i, — (BE )inigial
= AE=(70-11)4
= AE=123.6 MeV

Hence, the correct answer is (B).

110. ﬁ = ll—N
A AN
_ 4, _ decay rate of o decay
A, decay rate of f§ decay
_ 4, _ probability of o decay
A, probability of § decay
75
A _ 100
M
100
Hence, the correct answer is (A).
1. ,A*-, , B+, He*
g 2B o, O 2 !
Hence, the correct answer is (C).
112. AA=235-219=16

= Number of a-particles emitted = % =4

Hence, the correct answer is (A).

ICON

113.

114.

115.

116.

117.

Hints and Explanations H.103

n
Ny (1)
16 2
= n=4

So, 3t times is equivalent to four half lives. Hence

one half life is equal to % .

11 9 t
The given time —t-t= Et =6[ %] is equivalent to
6 half lives

6
= N:No(l) :&
2 64

Hence, the correct answer is (B).
A=Ape™
100 = 8004’

oo0n 1
8

=

CHAPTER 3

=

3604 = fn( %) =-/n8

m(2°) 2
360 120
in2 In2

A (2

(1a0)

=2 hrs

fre ) =

=120 min

I
2

= T

B | =

Hence, the correct answer is (B).

Charge number decreases by 4, but actually it must
decrease by 8 (due to emission of 4a-particles).
Hence 4f particles must have also been emitted.

Hence, the correct answer is (A).

% A222 84BZ]G

A-A" 222-210
ﬂaz = =
4 4
and ng =2n,-2+7'

3

= 1 =2x3-86+84

= ng= 4

Hence, the correct answer is (B).
15

N =N, ( 1) 5_No
2 8
So, amount of substance undecayed is

(- )7
8 8

Hence, the correct answer is (C).
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iN

118. —=t"-AN
dt

AN . ’
For — to be minimum, we have — =0
dt dt

d*N dN 5

- =2t—/1§=2t0—/1(t0 —AN)=0
t=fy

2ty - A

==

Hence, the correct answer is (A).

N

119. Probability of decayis p=1- N_ 1- (1]
N, 2

Time lapsed _ 10 _
T, 5

where n= 2

1 3 .
= p=1—?=1=75/0

Hence, the correct answer is (B).
120. Ap=Ape
AQ = A0€7152

From (1), )“rl = ln(%]
P

= t1=lln ') =Tln A
A A Ap

Similarly, from (2), t, =TIn ( ﬁ]
Aq

Ao
r

Hence, the correct answer is (B).

121 2R w4
3

1
= R Al

Hence, the correct answer is (B).

122, After t=9 year

9
A _ 4207
3
T=9log(2)
log(3)

123.

124,

125.

Nine years further i.e. at t =18 year, we have
18

A=A(2)T
8 log(2) |_ {log(z)}
log(%) log(3)
= [%]=(9)
= A=ﬁ
9

Hence, the correct answer is (C).
Power of Sun is
2
P, =14x10° x4x(1.5%10")

energy released by Sun per day is

Esun/day = PS X 86400

Mass lost by sun per day is

Esun/ day

CZ

Am =

14x10°x4x3.14x(1.5x10" )" x 86400
(3x10°)

= Am

= m=879%x10" kg
Hence, the correct answer is (D).

The nuclear force of interaction between any pair of
nucleons is identical i.e. force between two neutrons
(F,) equals the force between neutron and proton

(F;). However, between two protons net force is

equal to the resultant of nuclear force between them
(attractive in nature) and electrostatic force between
them (repulsive in nature). Hence F is a value lesser
than F, and F;.50 F<F =F,.

Hence, the correct answer is (C).
N=Nge™
= D=N,-N=N,(1-¢#)

Since R=Rye

E_ROE_M_RO

= ——r-=—-= 1= constant
N Ny N,

Hence, the correct answer is (D).
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e
126. A B
Ty 1 year 2 year
M, 10g lg
t=? M M
For A, M:% (1)
2,
For B, M:;T (2

128.

129.

Equating (1) and (2), we get

10 1
7"
= 22=10

Taking log both sides, we get

logyg (212)= log;(10

t
= Elogm(Z):logm(lO):l

t= 2 6.62 year
0.3010

Hence, the correct answer is (A).
From given graph we have

mA = (EJH 25
25

—L+2.S)

= A=e 1

= A= EZ.SE—G.H

= A=12"1

Hence, the correct answer is (D).

dN
—=n-AN
dt
Because the population N is simultaneously increas-

ing at rate  and decreasing due to decay at rate AN.

Np 0
= lﬂn(n_ANG)zt
A n—AN

130.

131.

132.

133.

134.

Hints and Explanations H.105

OBJECTIVE TRICK
At t=0, N =N, which is satisfied by (C) only.
Hence, the correct answer is (C).
Since ﬂ=l,where n=i=1

N, 2° 112

N 1 1

= N=7070
Hence, the correct answer is (A).

From momentum conservation,

pphoton = Prucleus

CHAPTER 3

132
K= (7x16x107) ~(1.6x107 )keV

) 2(24)(1.67x1077 )(3x10° )

= K=11keV
Hence, the correct answer is (B).

Mass of product should be less than the mass of reac-
tant because energy is released in a fission reaction.
Hence, the correct answer is (A).

-t — At
= Rye ™ =Rpe ™

= llNGEﬁAI: = AzNDC’ﬁ;hE

where, 4, = In2 = 0693
1 b
and 4, = 0.693
t

Substituting these values of A,
Equation (1), we get

R R £
0.693(t,-t,) \

Hence, the correct answer is (A).

and 4, in

Ry=AN; and R,=AN, (A is same for a given
sample)
As N, <N;

Number of atoms disintegrated in time (f, —1;) is



ICON

H.106 JEE Advanced Physics: Modern Physics

138.

139.

142,

143.

Hence, the correct answer is (D).

Expected mass of Cumust be less than that of zinc. So
it is unstable and radioactive, decaying to Zn through
B decay.

Hence, the correct answer is (D).
f1 is the fraction decayed in one half life Ty, and f,

is the fraction decayed in one mean life (T').

0.693

= T>T,
Further, since the fraction decayed is (1-¢7%)
So, fi=1-¢ 7 =(1-¢9%)= % and

fr=1-e*=1-¢1=0632
= h>h

However, if we had been asked about the fraction of
sample undecayed, then we must give our answer in

the light of formula Nﬁ = ¢ where N is number of
0

undecayed nuclei in sample at time £.
Hence, the correct answer is (B).
Q-value = Final binding energy
Initial binding energy is

(BE)initial = EpNy + E3N3 —EiN

Hence, the correct answer is (B).

-1
A

= t=0693T
= T>t

Hence, the correct answer is (C).

145.

146.

147.

148.

149.

150.

151.

152.

80% —— 40% ——20%
= t=2T =40 minutes
Hence, the correct answer is (A).

InA
A=A ™
Taking log both sides, we get
nA=InAy - At !
Hence, the correct answer is (B). : t
T
Activity of a radioactive substance R =AN
R
= A=—
N
Since, R= N, particles per second
N
= A=—1
N,

Hence, the correct answer is (A).

28 @ 84 f 234
U™ ——90 X £ sy

= /=91, A=234
Hence, the correct answer is (D).
Radioactivity is a probable phenomenon that is not

influenced by physical conditions like temperature,
pressure, humidity, electronic configuration etc.

Hence, the correct answer is (D).

17, 1620x660
2280

469

Since, 7=
T +7T,

= T,=20%

=0.693t

Ny _ N,

4 2{'”“14"2
= =27, =2(0.693)(469)

= N=

= t=650 year

Hence, the correct answer is (C).

During fusion, binding energy of daughter nucleus
is always greater than the total binding energy of the

parent nuclei. The difference of binding energies is
the energy released. Hence,

Hence, the correct answer is (C).

Train moving with uniform speed implies that
F ext = 0
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153.

154.

155.

156.

157.

= x'=x=(vpyt+7,)t

Hence, the correct answer is (C).

Maximum number of nuclei will be present when
Rate of decay = Rate of formation

= AN=«

= N:E
A

Hence, the correct answer is (A).

At time t=0, A gets converted to B which has a
higher activity. Therefore, activity increases.

Hence, the correct answer is (B).

N(t) _ Nee ™ 4

P(survival ) = =
Ny Ny

For, t= % , we have

1
P(survival) ==
e

Hence, the correct answer is (B).
Energy released is given by

Total Binding Total Binding
AE= -2

Energy of ,He* Energy of ,H’

= AE=(4)(7)-2(1.1)(2)=23.6 MeV
Hence, the correct answer is (D).

Let A, =1 and A3 =24

Initially rate of disintegration of A is AN, and that
of B is (2A)N,.

After one half-life of A, rate of disintegration of
A will becomes My and that of B would also be

AN
Tﬂ , because

(Half-life of B) = %( Half-life of A)

So, after one half-life of A or two half-lives of B, we
have

&)%)

= n=1

Hence, the correct answer is (D).

Hints and Explanations H.107

158. On the last day we have 100% decay i.e. on the ninth
day 50% decay must be there or 50% must be left.

Hence, the correct answer is (D).

160. Inabetadecay process, mass number cannot increase.
Hence, the correct answer is (C).

164. The mean free path in vacuum is the distance trav-
elled by a neutron in its lifetime ie., from genera-
tion to decay which is about 10° s. Since, its energy
ie. 5eV is much less than its rest energy 940 MeV
so, non-relativistic approximation can be used and
hence its velocity is given by using the formula for
kinetic energy i.e.

1
Ey= —mv*

2
6
2k 2R JRXOXTO g8
m me 940

= ov=10"ms™

= 0

= x=0t=10* km

Hence, the correct answer is (D).

165. N=Nge™

For t=T, = % , we have

Hence, the correct answer is (B).

167. ?=4><109 kgs™

E=mc?
E

= —=(E]c2
t\t

= %=4><10"><9><1016
E

= ?=3.6x1026 Js!

= %=3.6x1025W.

Hence, the correct answer is (A).
— N = /1[ ﬂ)L
M

Hence, the correct answer is (B).

168. Activity = ‘ 6;—}:}
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169.

170.

171.

173.

174.

175.

After time ¢, sample left undecayed is 90% i.e. 0.9N,
After time 2t , sample left undecayed is

N =N, (09)
= N=08IN,

So, 81% of initial value is left

Hence percentage of the initial sample decayed is
(100 -81)=19%

Hence, the correct answer is (B).

5a

92— 5902 592 8220 g4,

82— 80— 478

Hence, the correct answer is (C).

= n=7

Since t=nT),

= t=7x1=7hr

Hence, the correct answer is (B).
\H2+ H*—— ,He'+Q

= Am= m(zHe‘l)me( 1H2)
= Am=40024-2(2.0141)

= Am=-0.0258 u

Since, Q = c*Am

= Q=(0.0258)(931.5) MeV

= Q=24MeV
Hence, the correct answer is (C).

dN

Since, — = AN
dt
Adt = d—N
N

Hence, the correct answer is (A).

Let N, be the number of atoms of X at time t=0.
Then at =4 h (two half lives), we have

Nx=&andNu=%

4 : 4
N, 1
= —F=-
N, 3

176.

177.

178.

179.

180.

181.

and at t = 6/1 (three half-lives), we have

N, 7N

Nx=—0andNu=—0

8 : 8
N, 1
> ==
N, 7

The given ratio i lies between % and %

Therefore, t lies between 4 h and 6 h

Hence, the correct answer is (C).

6
RO
N, 8 (2) (2

= T=§=2days

3
10
ﬂ_(l)?_[lf_i
N, \2) \2) 3
= Fraction Decayed =1- N =1—i:£
N, 32 32

Hence, the correct answer is (C).

A-4

A-4 -
;X “ ‘Z_2Y 2p 7 X

Hence, the correct answer is (B).

In K-capture process, the nucleus captures the K
shell electron. So,

X+ 46" =4.Y, where ;X" is e’
Hence, the correct answer is (A).

A and B can be isotopes if number of p-decays is
two times the number of a-decays.

Hence, the correct answer is (B).
N=Nge™
Number of nuclei decayed = (N, - N)

Percentage of initial nuclei decayed is

Joage =

NO_wao: 1—ﬁ %100
ND NO

%age=(1-¢*)x100=(1-0.37)x 100
Joage = 63%
Hence, the correct answer is (C).

In 25 only 90% nuclei are left behind. So, in the next
25 90% of 900 i.e., 810 nuclei will be left.

Hence, the correct answer is (D).
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182. Let number of «a-decays be x and number of
B-decays be y.Then

92-2x+y=85
= x-y=7 (1)
and 238 -4x =210
= x=7

Substituting this value in equation (1), we get
y=7
Hence, the correct answer is (C).
Multiple Correct Choice Type Questions
1. Wehave 6.25% left undecayed

N_65_1
N, 100 16
N (1] 1
= —_—=] — —J—
Ny 2 16
= n=i=4
T1;:-‘2
t
= TM:Z
4
= Tlﬂ;:2=1=1hr
1

Since Ty, = nTZ and mean lifeis T, = %

After further 4 hours, the amount left over would be
8
L(lj ~039%
N, \2
Hence, (A), (B), (C) and (D) are correct.
2. By Law of Conservation of energy, we get

mc? + K, = myc? + Ky +m,c* + K,

y
Q= (mr‘,c2 —myc? - Jfrtyc2 ) =K, +Ky - Ky
Since, X is at rest, so the energy released Q is
Q= (m_rc2 — iy c® — imyc2 ) =Ky +K,
The Q value ie., energy released is the rest energy of
X minus rest energy of Y and y.

When binding energy of products is more than bind-
ing energy of parent nucleus, then energy is released.

Hence, (B) and (C) are correct.

Hints and Explanations H.109

N
— 1is the fraction of nuclei that will not decay
0

N
(1 - F] is the fraction of nuclei that will decay
0

= l-—=1-e"=

N 4+ [ Probability that a
Ny

nucleus will decay

N (1Y) t
Also, —=(—] , where n=—
N 2

0 12 mM

. 1-(1)“-& e
N, (2) 16 |"'_J
o.

LN LB <
N, 16 16 T

v

Probability that a nucleus will decay is

ﬂ_(l)z_l
N, \2) 4

So, fraction of nuclei that will remain after two half

lives is i or 25%
Hence, (A), (B) and (D) are correct.
For 1) Ne nucleus to exist

M, <10 m, +10 m,
M, <10(m, +m, |

Further since 3)Ca has 20 more nucleons and thus it
requires more energy to hold all of them together and
hence M, #2M, instead M, >2M, because some
additional mass defect must occur to provide an addi-
tional B.E. to 5 Ca nucleus.

Hence, (C) and (D) are correct.

1

1
= ReAS

Hence, (B) and (C) are correct.
N=Nye ¥
N =Number of undecayed nuclei in the sample at time .

Total number of undecayed nuclei equals (N; - N)

= (Ng-N)=N,(1-¢#)
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11.

13.

15.

16.

which is growing exponentially with time.

dN
Activity R=~AN="_"

Hence, (A), (B) and (D) are correct.

(B) Re=¥A
=  Volume = A
= Mass=< A

= Density is independent of mass number A

(D) ’chl

Hence, (B) and (C) are correct.
o decay: 5X >4y +;He
B* decay: X = iy +p" +v

B decay: 5X = /Ly +f +V

In y decay process, only the quantum state of nucle-
ons change

Hence, (A) and (B) are correct.

Due to the emission of an a-particle , atomic number
decreases by 2 and due to the emission of two beta par-
ticles atomic number increases by 2. Hence net atomic
number remains unchanged.

Hence, (A), (B) and (C) are correct.
Since Bohr's radius is given by

2,2
n“h'e
e 0

me*Z

= Fe—

n _053A

= = =250 fm
212 212

Since, F o< m

m
= E=ED[—'”]
mE

18.

19.

21.

(] |
= E=(13.6¢V)(212)
= E=2883eV
Angular momentum is given as
L=mor= @
2
For ground state n=1, so we have
L=
2r
Hence, (A), (B) and (C) are correct.
In2
=Ax=| — |'x
y ( T )
x 1
= —=—=constant
y A
x T
= —=
y In2
- L7 {as In2=0.693}
¥

Further, xy = x(Ax) = Ax?

After one half life, x remains half. Hence, x* remains

Ly,

Hence, (A), (B) and (D) are correct.
UN+in—7Li

Difference in mass number =8
Difference in charge number = 4

(A) UN+n—Li+4H+4n

This reaction is balanced hence (A) is correct.

(B) IN+m—iLi+5;H+1 0
This reaction is not balanced
() “YN+ijn——2;He+2y+3Li
This reaction is balanced
(D) “N+in—]Li+3He+41H+2 98

This reaction is balanced.
Hence, (A), (C) and (D) are correct.

0= M(Po?®) - M(Pb™) - M(a) 931 MeV

Hence, (A), (B) and (C) are correct.

and
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23.

25.

26.

27.

In a beta decay process, a neutron decays to a proton
= pt e
: + - 1, - 1
Spinof p*, ¢ and yn is 3
Therefore spin (R.H.S.) is either 0 or 1 whereas spin

1
LHS.)is —
( S)ls2

Since, Spin (R.H.S.) # Spin (L.H.S.)
Hence spin angular momentum is not conserved.

However, total energy, mass number and charge is
conserved in the process.

Hence, (A), (B) and (C) are correct.

In ground frame

Mprjectil
Kinetic energy, K, = |_Q||:1 4 — Projectie ]

mtarget
= K.>Q

In centre of mass frame

Kinetic energy, K, =Q

In nuclear reactions, linear momentum is conserved.
Hence, (A), (B) and (C) are correct.

In fusion two or more lighter nuclei combine to make
a comparatively heavier nucleus.

In fission, a heavy nucleus breaks into two or more
comparatively lighter nuclei.

Further, energy will be released in a nuclear process if
total binding energy increases.

Hence, (B) and (D) are correct.
At t=4T

Number of half lives of first is 7, =4 and number of
half lives of second is n, =2

Since N:NO(%]

4
1
N, NO(Z) 1
= X=—0= 2:_
N, 1 4
NG -
2
1 n l n
soce n- (1) (1)
®ol 2 "2

Hints and Explanations H.111

1 4
R, ’Wﬂ(z)

= y:—: 3
R, 1
’""2“’0(5)
AT
42, 4T,
.1
Y=ar 72

Hence, (B) and (C) are correct.

Reasoning Based Questions

1L

10.

12.

(1 amu)c* =931.48 MeV

= Tamu=931.5 MeV/c?

Hence, the correct answer is (D).

By the emission of one o-particle atomic number
decreases by 2 and mass number by 4. But by the emis-
sion of one B-particle, atomic number increases by 1

and mass number remains unchanged.

Hence, the correct answer is (B).
a-particles are heaviest. Hence, their ionising power

s maximum.
Hence, the correct answer is (B).

In moving from lower energy state to higher energy
state, electromagnetic waves are absorbed.

Hence, the correct answer is (C).

Antineutrino is also produced during S-decay.

Hence, the correct answer is (D).
After 200 days the number of un-decayed nuclei in
the sample will be i the initial number of un-decayed

nuclei in the sample initially.

Hence, the correct answer is (D).

In binding energy per nucleon versus mass number
graph, the binding energy per nucleon of daughter
nuclei should increase (for release of energy) or, the
daughter nuclei should lie towards the peak of the
graph.

Hence, (A) and (B) are correct.

CHAPTER 3
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15.

17.

19.

A very large amount of energy is involved in any
nuclear process, which cannot be increased or
decreased by pressure or temperature.

Hence, the correct answer is (B).

Total binding energy per nucleon is more important
for stability.

Hence, the correct answer is (D).
Some lighter nuclei are also radioactive.

Hence, the correct answer is (D).

Linked Comprehension Type Questions

1.

dNy
—2=q-AN
dt X

= Ny= %[a—(a—lNo)e‘“]

Att=T1/'2 =lmif"2,wehave
log, 2
| 26e2
NF%(a—(a—ANO)e ( g ])

= N,= %[af(aleD)e‘l“gfz]

Since, ¢'%%* = x

1
= e—logg2 — BIDEP(E] =l
2
- elfe(=2)
A 2
N = a+ AN,
' 22

Hence, the correct answer is (D).

Further, due to the decay of X to the stable nucleus Y,
we have

dNy,
—2L = AN
dt X

Since, Ny = %[a—(a—lND)e‘“]

Substituting the value of N, and solving, we get

a_ﬂ.ND — At [a_ANo]
Ny=oat+| —— -|—
S e e

Hence, the correct answer is (B).

3.

5.

Since, Ny = at+( a_jNO ]e‘“ —( o= ANy ]

A
log,(2)

Substituting the value of Ty, = in this equa-

tion, we get

o o — AN o— AN
N, =—log,(2)+ “)( 0]
v=71og.(2) ( 21 2

= Ny =glogf(2)l( a_lND)

A 2 A

Hence, the correct answer is (C).
m(2H)+m( 1He) = 2.014102 + 4.002603

= m(2H)+m(4He)= 6016705 u

Since, m($Li)=6.015123 u
= m+m>M
So, (A) is incorrect.
m(1H )+ m(2Bi) = 1.007825 + 208.980388
m(1H)+m(25Bi)=209.988213 u
Since, m( 2P0 = 209.982876 u
= m+nm>M
So, B is incorrect
m(2H)+ m( 3He)=2.014102 + 4.002603
= m(2H)+m(4He)=6.016705 u
Since, §Li=6.015123 u
= (my+my)>M

So, (C) is correct and hence deuteron and alpha par-
ticle can go complete fusion.

m(507n )+ m(52Se ) = 69.925325 + 81.916709
= m(37Zn)+m(5Se)=151842034 u
Since, 2Gd =151.919803 u
= my+my <M

So, (D) is incorrect.
Hence, the correct answer is (C).

2P0 = 20Pb+ ;He + AE
m(2%6Pb) = 205.974455 u
m(4He) = 4.002603 u

(
= m(%5Pb)+m(He)=209.977058 u



Now, Am = 209.977058 —209.982876

= Am=0.005818 u
= Q=AE=0.005818x931.5

=  Q=5419467 MeV = 5419.467 keV
= Q=54195keV

ICON

By Law of Conservation of Momentum, we have

0= Po = Plead
= Pa = Plead

= \2m,E, = \2mp,Ep,

= 4E, =206Ep,

103
= Ea = TEP!,
Now, since E, =(A]Q
me"‘m(x
206
E =
’ (206+4}Q
1
E,= E(5.422) =5319 MeV
105

Hence, the correct answer is (A).

Since, N =P-AN
dt

dN log,2
= ———=dt, where A=
P-AN T
tlog, 2
PT —
= (l—e T )
log, 2

Hence, the correct answer is (A).

_Hog,2
Since,A:lsz(l—e T )

= Rate of energy release is AE, = PE, (] -e

Hence, the correct answer is (B).
Energy released upto time ¢t is
Ereleased = (Pt -N )EO

Hence, the correct answer is (A).

tlog, 2
T

Z,-(2)(2)+(3)(1)=2Z, - (2)(1)+(5)(1) = Z,

= 21_22:4
A;-(4)(2)=4,-(1)(4) = A,
= AI_A2=4

Hence, the correct answer is (B).

)

10.

11.

12.

13.

Hints and Explanations H.113

For A
AN 1 min I 1 min SN 1min
0 0 750

& 1 min N 0

2 4
For B
No 2 min & 2 min &
2 4
After 4 minute, we have
N
NA:NB:TD
N, N 9N,
= Ne=(4N.+Ny)- —°+—°]=—0
¢ =(4Nc+No) (4 4 2

Hence, the correct answer is (C).
Given R, =Ry
= A'ANA = A’BNB

( log(’ 2 ](4N0€l‘4f” ) — NQ( ]'Oge 2 ]elﬁf[]
TA TB

CHAPTER 3

= ty=6min
Hence, the correct answer is (B).

If x+X—>Y+y

For the above nuclear reaction, threshold energy is
given as

Em=—Q[1+&]

My
The Q-value of reaction is given by
Q =(1.007825+ 3.016049 — 2 x 2.014102) x 931.5
= Q=-4.033 MeV
When protons are incident on ;H, then
x=1Hand X=3H

Ky, = 4033 MeV(1+ %)

3.016049
= K, =5.381 MeV

Hence, the correct answer is (A).

When H is incident on protons

x:fH and X = llH

016049
= Kﬂq=(4.U33Me\f)(1+3O 60 )

1.007825
= K, =16.10 MeV

Hence, the correct answer is (C).
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14.

16.

17.

18.

19.

20.

21.

From above calculations we observe that less energy is
required for a nuclear reaction, which a light particle
is incident on a heavy target than if a heavy particle is
incident on a light target.

Hence, the correct answer is (C).

B.E. per nucleon for intermediate nucleus is more than
lighter or heavier nuclei.
Hence, the correct answer is (C).

43

VNu = gﬂ-rNu

1
- —r A3
Since, ry, =1,A

= V =(£m'03 ]A
3
= VNU o< A
Hence, the correct answer is (D).
Mass defect in the reaction is

Am =(2(2.014102) - 3.016049 —1.007825) u

= Am=0.0043 u
So, energy released in the reaction is

AE = (Am)(931.5) MeV
= AE=(0.0043)(931.5) MeV
= AE=4MeV

Hence, the correct answer is (C).

Let N number of fusion reactions be required for the
purpose. Then

N(4x1.6x10™) =103 x 3600

= N=5625x10"
Hence, the correct answer is (B).

In one fusion reaction two 1H nuclei are used. Hence
total number of TH nuclei are

N’=2N =1.125x10"
So, mass m required in kg is

19
m=(1.125x1026 ) 2 1
6.02x10

= m=37x10" kg
Hence, the correct answer is (D).
Q=(N,E, + N;E;) - N,

Hence, the correct answer is (B).

24,

26.

27.

28.

29.

30.

31

32.

o
Since, 1kW =3.1x10% o0
sec

= 16x10° kW=16x10°x3.1x10"
=5x10" fission per second

Hence, the correct answer is (D).

The reaction for the second stage is given by
\T?+,D* —— ,He* + jn' +E,

= Am=(3.016049+2.014102)-(4.002603+1.008665)

= Am=0.01888 u

= E,=0.01888x931=17.587 MeV

Hence, the correct answer is (B).

Total energy released E = E; + E, = 4.033 +17.587
= E=21.62MeV

2 =7.207 MeV

So, energy released/deuteron is
Hence, the correct answer is (D).

% of Rest Mass of
deuterium released

_ T2A7x100 g0
2.014102x931.4
Hence, the correct answer is (C).

1 0.693
T,=—and T,; =——
M= 72
= Ty>Ty
Hence, the correct answer is (A).

dN

A=—=AN
dt
= n=lN=@N
T
T=0.693
n

Hence, the correct answer is (C).

R, =Rye ™ and R, =Rpe ™'
o R i)
Ry

= R2 = ng*a.{fszl )

Hence, the correct answer is (C).

Hence, the correct answer is (C).
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33.

34,

36.

37.

The number of undecayed nuclei after time ¢ is
N=Nge™

So, the number of decayed nuclei is
N'=N,-N=N,(1-¢#)
Hence, the correct answer is (C).

Activity = A= —‘;—f

= A=A =N
Hence, the correct answer is (A).
From conservation of mechanical energy, we have

U,—+KI-=UJ;+Kf

1 (e)e)

0+2(15kT)=
- ( ) dmey, d

+0

Substituting the values, we get
T=14x10° K
Hence, the correct answer is (A).

As given in the paragraph, a reactor is termed success-
ful, if

nty > 5% 10" sem™®

Hence, the correct answer is (B).

Matrix Match/Column Match Type Questions

2.

A= (p)

B-(p)

C-=(p)

D—(s)

When the daughter nuclei lie towards peak of this
graph then energy is released. Hence the binding
energy per nucleon or total binding energy in the
nuclear process increases.

A= (p)

B—(q)
C-(r)
D-(q)

y—oe +et
For pair production, we have
E=2m,*=2x0.51 MeV = 1.02 MeV

Inverse photoelectric effect is X-ray production and
energy involved in it is of order of tens of KeV

Hints and Explanations H.115

For de-excitation of Be™ from first excited state, we
have

z? 4
=—x13.6=—5;x136

n Z

= E=b44eV=55eV

E

For K, X-ray photon of molybdenum, we have

E(K”:hv:% R(Z-1)

= E(K”:%(th)(Zfl)z =%EQ(271)2

= E(Ka)=%><13.6><(42—1)2 =17.146x10° eV

= E(K,)=17 KeV

A—=(p, 1)

B—(q15)

C—(q1)

D—(p,1)

For a-decay, we have

AX—— 7Y +7He
Q=(KE)y +(KE),

Since, (KE)y < (KE), , we have
Q=(KE),

So, kinetic energy of all the emitted «- particlesis equal
to Q i.e., mono-energetic «- particles are emitted.
Angular momentum is conserved in - decay

For -Decay, we have
a neutron decaying to a proton, so

AX— AY+V+e
Q=(KE)y +(KE), +E;

Since, (KE)y <« (KE),
= Q=~(KE),+E;

Also note that,

(a) Ey is the energy of anti-neutrino and E; takes
on values from zero to maximum. Hence poly-
energetic particles are emitted. i.e., poly-energetic
antineutrinos are emitted.

(b) Due to emission of antineutrinos spin angular
momentum is conserved.

CHAPTER 3
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(c) Neutron can decay in free space ie., outside
nucleus

For Positron emission, we have

a proton decaying to a neutron, so

A A +
7X—— Y +v+e
Same explanation as above in case of Beta decay can be

applied here too.

Proton cannot decay in free space i.e., outside nucleus
because rest mass of proton is less than that of
neutron.

For Electron capture, we have
X+ — Y +v
Q=(KE)y +E,

Since, (KE)y <E,
= Q=E,

All the neutrinos emitted are of equal energies and

their energies are approximately equal to Q. That is

mono-energetic neutrinos are emitted. So, for electron

capture we have that

(a) angular momentum is conserved.

(b) it cannot take place outside nucleus i.e., in free
space.

7. A-(q
B—(s)
C—(p)
D —(s)
Let N, be the total initial number of nuclei of A, B
and C. So, Ny=N +Np+N;. Now, when A

decreases, then C increases, so (A + B) will continu-
ously decrease, because C is formed only from A and B.
So, A is continuously decreasing and hence (C+B)
will continuously increase.

9. A= (s)

B—(p, 1)
C—(s)
D—(qgr1)

@) Z'=(Z-2)+1=Z-1 and
A'=A-4

(b) 72'=2(Z-2)+1=Z7Z-3 and
A'=A-(2)(4)=A-8

© z'=(Z-2)+(2)(1)=
A'=A-4

Z and

(1]
(d) Z'=2(Z-2)+(2)(2)=Z-2 and
A=A-2x4=A-8
12. A>(q
B—>(p)
= (s)
D—>(r)

In alpha decay, charge number decreases by 2 and
mass number decreases by 4.

In f"- decay, charge number decreases by 1 and mass
number remains same.

In proton emission, charge no, decreases by 1 and
mass no, decreases by 1.

13. A>(s)

- (p)
= ()
— (8)

dN
Since, | - |=
ince, (-2 )=

= y=A

Integer/Numerical Answer Type Questions

dN
dt

14
a LZNO_[OE)%]ND

1. A=

W,

T I

2 2

0.693%0.5%x107° x6.02x 107
3.8x(24x3600)x 222 % (3.7 x10'?)

A=
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= A=7735Ci
= A=77C

1 n
N=Nﬂ[5]
20=80[1)
2

- ()

= t=nT; =2x4=_8 minutes
2

Let rate of production be R

dN

= —=R-AN
dt
d—N+/1N=R
dt

Multiplying both sides by !, we get

M if—f + ANeM = ReM

At
. d(NE ):Rejp
dat

= d(Ne*)=Re" dt
Integrating, we get

Re*

Ne* = +C
A

where C is a constant of integration

Now,at t=0, N=0

R
At equilibrium, we have N = K for t = e

For 50% of the equilibrium quantity, we have N = %

= —=E(1fe_“)

Hints and Explanations H.117

= e"”:1
2
!
t=%2= T, =100 years

k|

From our knowledge of Collision Theory, the fraction
of kinetic energy lost by neutron is

AK  dmm,  4(1(2)

8
K (m+m) (1427 9

where K; is the initial kinetic energy of neutron and
AK is the energy loss.

After first collision AK; = gKo

After second collision AK, = %K] and so on

CHAPTER 3

So, total energy loss is

AK:AKI+AK2+...+AK,,=§(KD +K;+...+ K, )

where, K; =K, -AK, = %

2
K2=K]=(1] Ky

9 9
n-1
1
> Ka=(5) %
[ 1 n-1
= AK=-K ]+—+...(—] ]
L 9
1
1-—
o ak=Og | =1L
1 91!
1-=
9

Since, K, =10° eV and AK =(10°-0.025) eV
1 _K,-AK 0025

= —= =—
9" Ky 10
= 9"=4x10
Taking log both sides, we get
n=_8
Given, ta = 1
Ag 2

Since the probabilities of getting o and B particles
are equal. So, rate of disintegration is equal for both.
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= ‘R’ANA = ;{'BNB
N, A
SA_TB 9
Ng A4
6. At time f, let say there are N atoms of "Be (radioac-
tive). Then net rate of formation of “Be nuclei at this

instant is,
4
N0ty
dt  1.6x107 x1000
o N a5x10" AN
dat
Ny 3600

.[ AN
S SN
) 6.25x 10" = AN )

where N, are the number of nuclei at t=1hr or
3600 second.

N {6.25x10”—/1N0
75\ 625x10"

Since, AN, =Activity of "Be at t=1hr=1.8x10"
disintegrations/second

] = 3600

1 (6.25x10”—1.8x108
= -—log,

1 6.25x 10"
= 1=8x10" sec’!
Therefore, half life

0.693 6
by = ————=8.66x10° sec =100.26 days
27 8x10° /

J = 3600

= 1k, =100 days

7. In 2sec only 90% of nuclei are left. Thus, in next
2 seconds 90% of 900 i.e. 810 nuclei will be left.

8. Since, R= Rﬂ(%)
where, n is the number of half lives.

Ry

Given, R=—
16

)
= n=4

Four half lives are equivalent to 8s. Hence, 2s is
equal to one half life. So in one half life activity will
remain half of 1600 Bq i.e., 800 Bq

9. (CP—56CP4yn!

Energy required is equal to difference in binding
energy of parent nucleus and daughter nucleus.

10.

11.

12.

For a simultaneous decay process, we have

1 1 1
—_—
T, Tg
T.T
= T=—"F -34years
T, +T

Since N=[1] , where n:i
N, \2 T,

According to problem, we have

N_1

N, 4
= i=2

I

2

= =2(0.693T)~ 449 yr

The activity of a sample is

1
2

3 6x10°x302x316x10

T 0693 0.693
= N=31x10%

One mole of " Cs has a mass 137 g and one mole

possesses 6.02x10° nuclei. So, the mass of 97 ¢s
released was

m =(i)(3.1x1025): 70x10% g

6.02x10%
= m=70kg
= x=7
N _3
Ny-N 1
N 3
= —==
N, 4
o N_3_u N _u
N, 4 N,
4
= At=lo ?(—)
B 3
logf(ﬂ
= = 3 Tl
0.693
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13.

14.

15.

= t=4.5><109[0'1249}

0.3010
= t=18678x10 years=2x10’ years
Attime t=t

N, = Nye ™t

Ny (f—llt o ht )
do=h

and N, =

= N;=Ny|1- et ——,11 (e_‘llt - e"lzf)
‘12 - 2‘1
- & —1_¢ Mt _ ’11 (e—llt _phat )
NO ;LZ - A’l
69
Since, A, = 96% _ ) 0231 min
30
y 96% _ 0154 min ™!
45

and f =60 minutes

& — 1*8_0'0231}:60 -
N 0
0.0231
0.0154 - 0.0231

8—0.0231x60 _ 6_0'0154X60 )

= %=170.25+3(0.2570.4)=0.31

0

= Yoage= Ny x100% = 31%
Ny

A= b for a-particle

Kinetic energy of a-particle is
2

K, = P and kinetic energy of nucleus is
2my,,

2
K N

nucleus =
2m,

2 mcf m?!

2
= E=p—(i+i]=6.z5 MeV

. E
So, mass of parent nucleus is M =m, +m, +—

= M=227.62 amu
t
Charge on capacitor is Q=Qpe ¢ and activity of

sampleis A= Ape™

16.
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For % to be independent of time, we have

1
A-—=0
RC
= /1:L
RC
1 T, 20x10°

mo_

“CA C 100x10°
Cross-sectional area of the torus is

1 2 T
A=7r(—) =~ m’
2 4

Circumference of torus is

=200 Q

f=27r[%): 3 metre

So, volume of the torus is

oo (2)

= V=(%] m®=75m’
Pressure of the gas is
P=10"x13.6x10° x10=1.36 Nm
According to ideal gas equation, we have
PV = NkyT,
where T, =27+273=300 K

PV (1.36)(7.5)
= M=
0

The energy obtained from the discharge is

=0.034

U= %CV2 = %(uoox 10°)(4x10*)°

= U=96x10]
This energy is transferred to the plasma in the form of
kinetic energy. So, we have

U=KE=96x10° |

Since we know that, at temperature T, the average
kinetic energy associated with the gas molecule is

E= 2 Nk,T
2

So, the kinetic energy gained by the plasma molecules
is Ex =(£)u =96x10*]
100

Further it is given that, each deuterium molecule
produces two ions and two electrons, hence the total
energy of the plasma at temperature T is given by

CHAPTER 3
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17.

18.

19.

20.

ETotal = 4(3NkBT] = 6NkBT =96x ]_04

T =4706x10% K .
Let A, =4 and 1; =21

Initially rate of disintegration of A is AN, and that of
B is (2A)N,.

After one half life of A, rate of disintegration of A
. AN, AN,
will becomes T and that of B would also be T .

So, after one half life of A or two half life of B.

(5,5,

= n=1
BE =(Am)c?
= BE=0.0302x930
— BE=28.086
BE _28.086 _ 7 MeV
4 4

3 half lives of A is equivalent to 6 half lives of B.

-l

Np _
NA

8

Since, AE = (m, —m,)x931.5 MeV =14 MeV
A]SO, AE=E1+E2 ...(1)
where E, = myc* + K, = Energy of electron

E, = Energy of antineutrino (having zero rest mass)

By conservation of momentum, we have
P1="P2

= n=pn

Since E = Jmc* + p’c?

1
= p:E Ez—*méc4

1 1

= —\/Elz—mgc4 = —JE§—0
C C

= Ef=mjc* =E; Using (1), we get
E2-mic* = (AE-E, )’

(AE) + m§c4
2AE

= E= = 0.7937 MeV

21.

22

23.

Neutron

= E,=14-07937 = 0.6068 MeV
= E,=6x10°eV
Let AX— 7 Y+e +7
= fﬁ'Ne—)ﬁ Na+e +v
Q= m(®Ne)-m(*Na) |x931.5 Mev
= (Q=4375MeV=44MeV
= Q=4MeV
Since, Q= (KE)y +(KE), + E(V)
As, (KE)y is very very small, so
Q=(KE), +E(V)
When (KE), is maximum, then E(V) is negligible
= (KE),=Q=4MeV
U™ — 2 He' +4y T +Q
Am = 238.05081 - ( 4.00260 + 234.04363 )

=  Am=0.00458 u
= Q=Amx931.5 MeV =426 MeV

Mass of neutron = mass of proton =m

m m Neutron

O—>K00=

Proton Proton

Applying Law of Conservation of Linear Momentum
along y-direction, we get

\J2mK, sin45° = \[2mK, sin@ (1)

along x-direction, we get

2mKy —/2mK; cos45° = /2mK, cos (2)

Squaring and adding equations (1) and (2), we get

K2=K1+KD*-\"2KDK1 (3)

By Law of Conservation of Energy, we get

K2=KU_K] ...(4)
Solving equations (3) and (4), we get
K
K= ?ﬂ
= AK=K,-K,= %
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i.e., after each collision energy remains half. Therefore,
after n collisions, we have

1 n
K” = Ko(i]

= O.23=(4.6x106)(%]

o _ 46X 10°
0.23
Taking log both sides, we get

n=24

AZ L a2
Nuclei 4N, : N,
Halflife 30 : 60

Activity is A=AN = ANge ™

0693, 0693,

0.693 0.693
0.693 ——t 0.693 -t
= W(élNg )L’ 30 =W(NO)€ 60
11
o 8= eﬂ.ﬁ%t(ﬁ—EJ

0.693
L2858
= 8=¢
Taking natural log both sides, we get
693t
3x 0698 =
60

= t=180 min

When a substance decays by « and S emission
simultaneously, the average disintegration constant
Ay 18 given by

Ay = Ao+ Ag
where A, = disintegration constant for o-emission
only
Ag = disintegration constant for -emission only

Mean life is given by T, = i

av

= Ay =AgtAg
1 1 1 1 1
= —_——t—=—4 —
T, T, T 1200 600
= T,=400yr

1 N N
Since, t=110gf(ﬁ]=ﬂnlogf(ﬁJ

26.

27.

28.

29.

Hints and Explanations H.121

= t=40010ge(100]=40010g2(4)
25
= t=400x14= 560 year

235 kg contains 6.023 x10% atoms

So, 1.5 kg contains 0.384 x 107 atoms

Energy released is AE =0.384 x 10% x 200 MeV
= AE=77x10% MeV

= AE=1232x10"]

= AE=123x10"]

Let A, =4 and 4;=24

Initially rate of disintegration of A is AN, and that of
B is (24)N, .

After one half life of A, rate of disintegration of A

will becomes % and that of B would also be % .

So, after one half life of A or two half life of B.

5,5,

= n=1
200 0y 4 1207
6.5 7 8

So, energy released is
AE=80x7+120x8-200x6.5

= AE=220 MeV =2200x10° eV

Energy per fission
E,=200x10°x1.6x107 |

= E,=32x10"]
P=4 MW =4x10°Js!

In time f(=1year), the energy delivered is E = Pt

Number of fission required is N = %
0

_ 4x10° x 365 x 24 x 3600
32x10™"

N

= N=3942x10*
So, mass of uranium required is
3.942 x10* x 235
m= 3
6.02x10
= m=15388¢g

= m=1539g

CHAPTER 3
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(] )
30. N, =Ny 1" = A(x-10)=2(23)-2(0.693)
Let age of sample be x , them = AMx-10)=322
N, =Ny ™ Since .= 26%3 g
12.5
N, 4 G-y
= N, 100 ¢ 12.5
1100 = x—10=(—](3.22)=58.08
0.693
A(x-10) _ 100
¢ =1 =  x=68 years
= Alx-10)=¢n(100)-/n4=2/n(10)-2/n(2)
ARCHIVE: JEE MAIN
1. Densities of nucleus happens to be constant, irrespec- N, _63x8 _9
tive of mass number. N 64x7 8
Hence, the correct answer is (B). Hence, the correct answer is (A).
2. Number of nuclei present at any time ¢ '
Y 10 mCi=A,N, () (1)
N = NDE_
Given that Ny 1
Ny e Since N, (t)=2Ng(t)
= &=E{AE_AA)t=1 = 1=M
NB e 2 A’BNB (t)
= (A -Ag)t=1 = 1=(A_A]2
., 11 2\ A
S -A+104 94 = Ag=4A,
Hence, the correct answer is (C). ( ; )1
a)l
3. Attime t, N, = Nye™¥ = (zh= 1 2
2

Attime t, N, = Nge™

Since V= 12 =
N,

e
= 4t=2

7(z)
= f=—=|—
a2 22

Hence, the correct answer is (A).

4. N, =N—%ﬂ=%
(2)10
NO NO
NB: @ :?
(2)20

So, number of decayed nucleiin A is Ny =Ny-N,
and number of decayed nucleiin B is Ny =Ny -Nj
Ny

o

. . . N/
So, required ratio is N—‘f =

= (tA)% =4(tg )%

Hence, the correct answer is (B).

Rg =R09_A‘Et
R
Since —& = ¢~
A
= &=3_(lﬁ‘if‘: L
R,
= Az-4,=3
In2 In2
> =£_Tf.3
T, In2
In2
= TZ = n_
4

Hence, the correct answer is (C).
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[ ] ]
2)N =( 1600 ]
100
N=4
4t =8
t=2s
Count Rate = @ =200

(2)°

Hence, the correct answer is (D).
Amount of energy released is

AE = 2(BE of He' ) + (BE of C*?) - (BE of Ne*)
= AE=(2)(4)(7.07)+(12)(7.86)-(20)(8.03)
= AE=-972=-97 MeV
So, 9.7 MeV of energy will be supplied.

Hence, the correct answer is (D).

Let initial speed of neutron is v, and kinetic energy
is K.

For 1% collision
@—b Vo @ = @—»v1 @—»»'2
m m M 2m
Using momentum conservation principle,

mvy = moy + 2mv,

= 1+20,=7, (1)
As, e=1,s0
Uz_f)l:'vo ...(2)

From equations (1) and (2), we get

2v, _ 0

U2=?,Ul— 3

Fractional loss of energy is p, = 3
—muy
8
= pd = 5 = 089

For 2™ collision
@—D Vo @ = ®—> vy @—» Vo
m 12m M 12m
Using momentum conservation principle,
muy = mvy +12mw,
= 17 +120,=7 (1)
Ase=1;

= U,-U =0, ..(2)

10.

11.

12.

Hints and Explanations H.123

From equations (1) and (2), we get

Now fraction loss of energy

1,1 ( 11v9)2
—mvy ——m| ——— 18
E”"”g 169

Hence, the correct answer is (A).
Let total volume of blood is V'
Initial activity A, =0.8 uCi

Its activity at time f, A= Aye™

Activity of solution of volume x is

B8
V %4

= V:x(ﬁ]eﬂ
A

CHAPTER 3

1

5) 8x107 x3.7x10"
300
60

= V=497x10% cm® = 4.97 litres = 5 litres

= V=(1cm (0.84)

Hence, the correct answer is (C).

v, 8 n
Ao
v, 27 n

Using law of conservation of linear momentum,

=7

As,

0=mp, —nmyo,

(As both are moving in opposite directions.)

L m_n_ 27
m, v, 8
4 3
p 37er 7
= 4 —E
3
— v
p(s 2]
f 2

Hence, the correct answer is (A).
As per question, N; = 2N,
Also A;=5uCi, A, =10 uCi

As, A=aN=D12N
T

2
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%)
ﬁ E2XN1
2/
")
th N _pynoy
(Tl) N, A
2/,
Hence, the correct answer is (C).
At
1, Mo No~Nee ™ 5
N, Nje
= =13
= Af=Inl3
= (E]tﬂn(l.l’))
T
. t=T']n(1.3)
In2
t=TIOg(1'3)
log2

Hence, the correct answer is (B).
14. H?+ H? >, He*
Energy released is AE = 4(B.E( *H))-4(BE/(,*He))

= AE=4x7-4x11=23.6 MeV
Hence, the correct answer is (D).

15. Here, P=10" W, c=3x10° ms™, ‘i\_’;”:?

2
We know, P=£=Amc
At At
Am P 107 107
= —=5=——>5=—Kkgs
At " (3x108) 9
Am 107

— =——x1000x3600 gh™' =4x10 gh™
A9

Hence, the correct answer is (A).

16. t=80 min=4T, = 2T,

So, number of nuclei of A decayed = N, - % = %
So, number of nuclei of B decayed = N, - % = %

= Required ratio =%

Hence, the correct answer is (A).

17. Using conservation of linear momentum,

( Total momentum ] (Total momentum ]

before collision after collision

= mo=(m+m)v’
Loss in kinetic energy during the process,
1 1 21
AK = ~mv* ——(Zm)(g] = —mov®
2 2 2 4

For minimum kinetic energy of neutron, lost kinetic
energy should be used by the electron to jump from
first orbit to second orbit.

= %mvz =(136-34)eV=102eV

= %mvz =204 eV=KE. of neutron for inelastic

collision.
Hence, the correct answer is (A).

18. Half life =15 hrs= g
= A=0.0462 hr!
Ny = 21—4moles of Na, =75 hrs

Number of f-particles disintegrated, Ny=N, (1-¢)
= Ng= ( imoles)(l _ ¢ (0.0462x75) )

24
= Np =(1moles)(l —¢ %)

24

= Nj=0.0122 moles = 0.0122x 6.023 x10”

= Ng=74x10"

Hence, the correct answer is (B).

19. Since, r= 2 ="
g8 eB

2522

= I(E:ljlfer:EBr

2 2m

is the KE of the ejected photoelectrons. Now, according
to Law of Photo-electricity, we have

1
hv = hyy + Emvz

= hv:qfro+%rrw2 (1)
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20.

21.

22,

2p2.2
Now —mvz="3 B =0.8eV
2 2m
hv=13.6(11]=68=1.9ev
4 9) 36
So, from (1), we get
19=¢,+0.8
= ¢=11eV

Hence, the correct answer is (B).

Mass defect, Am=m, +m, —m,
= Am=(1.6725x107+9x 10 ~1.6725x 107 ) kg
= Am=9x107" kg

Energy released is AE = Amc? =9x10 x (3x10°)’ J

-31 16
AE=9><]0 ><9i<310
1.6x10°

Hence, the correct answer is (D).

MeV =(0.51 MeV

Number of undecayed atoms after time ¢, ,

% =Ny ™ (1)

Number of undecayed atoms after time ¢,

2 t
—Ng=Nge ™
3 0= MNo

Dividing (2) by (1), we get 2= eh)

In2
= (tz—t1)=7

As per question, t; = half life time =20 min

2
)
3 A

When a radioactive nucleus emits an alpha particle, its
mass number decreases by 4 while the atomic number
decreases by 2.

When a radioactive nucleus, emits a * particle (or
positron (¢*)) its mass number remains unchanged
while the atomic number decreases by 1.

= t,—t;=20min

Hence, the correct answer is (C).

A-12
2 +
—zs W

23.

24.

25.

Hints and Explanations H.125

In the final nucleus,

Number of protons, N, = Z-8

Number of neutrons, N, = A-12-(Z-8)=A-Z-4
N, A-Z-4

N, Z-8

Hence, the correct answer is (C).

Mass defect, AM=|:(M+Am)—(%+%]:|=Am

Energy released, Q = AMc? = Amc? (1)

According to law of conservation of momentum, we
get

(M+Am)x0=%xvl—%xv2

1 M), 1(M) , 1 )
Also, 0=~ 2 |02 +={ 2 |02 - =(M+Am) x (0
SO Q 2(2)7)1 o\ 2 [ 2( m) ( )

{ o =0} ..(2)

Equating equations (1) and (2), we get ( %)vf = Amc?

5 2Amc?
‘U] =
M
2Am
= =0,/
M

Hence, the correct answer is (C).

After decay, the daughter nuclei will be more stable,
hence binding energy per nucleon of daughter nuclei
is more than that of their parent nucleus.

Hence, E, > E,.

Hence, the correct answer is (D).

When two nucleons combine to form a third one, and
energy is released, one has fusion reaction. If a single
nucleus splits into two, one has fission. The possibility
of fusion is more for light elements and fission takes
place for heavy elements. Out of the choices given for
fusion, only A and B are light elements and D and
E are heavy elements. Therefore A+B — C+ ¢ is cor-
rect. In the possibility of fission is only for F and not
C . Therefore F — D +E+¢ is the correct choice.

Hence, the correct answer is (A).

CHAPTER 3
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ARCHIVE: JEE ADVANCED

Single Correct Choice Type Problems

1.

Since, i—f = -4 N-A,N

dN
= =)

= N — NUE*( 111 +:12 )f

yCa
1\2‘;\

Since N=N,-99% of N, ie, N=0.0IN, , we have

_In(100)  23x2
T M+A, 5x1070

| 9K40

r

= +=92x10’ year

Hence, the correct answer is (B).

Initial activity _ Initial activity
64 28

Time required = 6 half lives

Required activity =

= t=6x18 days
= =108 days

Hence, the correct answer is (C).

2
For B0, Ey=ox X7 & 3, 8%7 1 samev
57 R dmg, 5 R
2
For BN, Ey=ox 28y ¢ 3, 7X6, 1 s4 Mev
5 R 41!80 5
= |E EN|-§><%><7(2) (1)

Mass defect of N atom is
Am,, =8x1.008665 + 7 x 1.007825 - 15.000109

= Amy =0.1239864 u
= Binding energy is By =0.1239864 x 931.5 MeV

Mass defect of O atom is
Amy =7 x1.008665 + 8 x 1.007825 - 15.003065
= Am,=0.12019044 u

= Binding energy B, =0.12019044 x 931.5 MeV
So | B, — By | =0.0037960 x 931.5 MeV .(2)
Equating (1) and (2), we get

R=342fm
Hence, the correct answer is (C).

From conservation laws of mass number and atomic
number, we can say that x=n, y=n

(x=Gn, y=0n)
= Only (A) and (D) options may be correct.

From conservation of momentum, |P,,|=|P, |
2

From K=—
2m
= K« l
m
Ky _ e
K)(E msr

= K, =129MeV, K,, =86 MeV

Note: There is no need of finding total energy released
in the process.
Hence, the correct answer is (A).

Activity of S, =% (activity of S,)

1
= ’11N1=5()'2N2)
- ANy
A, 2N,
- a2h [T:halfufe=1°gfz]
T, N, A
Given N, =2N,
= E 4
L

Hence, the correct answer is (A).

Rest mass of parent nucleus should be greater than the
rest mass of daughter nuclei. Therefore, option (A) will
be correct.

Hence, the correct answer is (A).

After two half lives %th fraction of nuclei will remain
undecayed. Or, Zth fraction will decay. Hence, the
probability that a nucleus decays in two half lives
.3
is —.

4
Hence, the correct answer is (B).

4(,He*)=,0"

Mass defect, Am =(4(4.0026)-15.9994) = 0.011 amu

Energy released per oxygen nuclei is
=(0.011)(931.48)MeV =10.24 MeV

Hence, the correct answer is (C).
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11.

12.

13.

14.
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Activity reduces from 6000 dps to 3000 dps in
140 days. It implies that half-life of the radioactive
sample is 140 days. In 280 days (or two half-lives)

activity will remain Zth of the initial activity. Hence,

the initial activity of the sample is
4 %6000 dps = 24000 dps

Hence, the correct answer is (D).

Given that K, + K, =55 MeV

From Conservation of Linear Momentum,
P =P

= (2K, (216m) = 2K, (4m)
P =2Km
= K, =54K, -(2)

Solving equations (1) and (2), we get K, =KE of
o-particle =5.4 MeV.

as

Hence, the correct answer is (B).

Nuclear density is constant hence, mass e volume or
me<V.

Hence, the correct answer is (A).

(rm)=

m
—=n
Z

)[0.53 A)=(nx053)A

m2
4
2

m=5 for ;,Fm™’ (the outermost shell) and z =100
(GF_1

100 4

Hence, the correct answer is (D).

= n=

19.

During y-decay atomic number (Z) and mass num-
ber (A) does not change. So, the correct option is (C)
because in all other options either Z, A or both is/
are changing.

Hence, the correct answer is (C).

A

Time lapsed

Time lapsed ]
T2

T2
= Time lapsed = 400 us

Hence, the correct answer is (A).

The total number of atoms can neither remain constant
(as in option A) nor can ever increase (as in options B

16.

17.

18.

4 20.

Hints and Explanations H.127

and C). They will continuously decreases with time.
Therefore, (D) is the appropriate option.
Hence, the correct answer is (D).

During f-decay, a neutron is transformed into a
proton and an electron. This is why atomic number
(Z= number of protons) increases by one and mass
number ( A = number of protons + neutrons) remains
unchanged during beta decay.
Hence, the correct answer is (C).
1028

Al
N 2= N, 0{’

N, 1
N, e
94t =1
1
T9A
Hence, the correct answer is (D).

0693 1
Ay

= e( —10A4A)t

=

CHAPTER 3

t

) o),

Decay rate of Y > Decay rate of X

Hence, the correct answer is (C).

Both the beta rays and the cathode rays are made up of

electrons. So, only option (A) is correct.

(B) Gamma rays are electromagnetic waves.

(C) Alpha particles are doubly ionized helium atoms
and

(D) Protons and neutrons have approximately the
same mass.

Therefore, (B), (C) and (D) are wrong options.

Hence, the correct answer is (A).
%Ne—)’,z ;He +§ X

= A=14

= Z=6

i.e. t'C is the unknown nucleus.

Hence, the correct answer is (B).
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21.

22,

23.

Al1.67x107)

ERE’
3

1
Since, R=R,A% where R;=1.1fm

Al1.67x107)
4 3
ZaR3A
37

= p=29x10"7 kgm™
Hence, the correct answer is (B).
Ifitwas A
Y—27
Reactant: R =60x8.5=>510 MeV
Product: P=2x30x5=300 MeV
AE =-210 MeV

ENDOTHERMIC
If it was B

W—X+27
R=120x7.5=900 MeV
P=90x8+30x5=870 MeV

AE =-30 MeV

ENDOTHERMIC
If itwas C

W —2Y
R=120x7.5=900 MeV
P=2x60x8.5=1020 MeV
AE =120 MeV

EXOTHERMIC
Ifitwas D
X>Y+7

R=90x8.0=720 MeV
P=60x8.5+30x5.0=660MeV
AE =-60 MeV

ENDOTHERMIC
Hence, the correct answer is (C).

Number of nuclei decreases exponentially
N=N,e™* and

Rate of decay (—E;—I:I) = AN

Therefore, decay process lasts upto t — « Therefore, a
given nucleus may decay at any time after £ = 0.
Hence, the correct answer is (D).

24,

25.

26.

27.

29.

In beta decay, atomic number is increased by 1 whereas
the mass number remains the same. Therefore, follow-
ing equation can be possible

%Cu — gﬁZn +4¢€°
Hence, the correct answer is (D).

Penetrating power is maximum for y - rays, then of
B - particles and then o - particles because basically
it depends on the velocity. However, ionization power
is in reverse order.

Hence, the correct answer is (A).

Heavy water is used as moderators in nuclear reactors
to slow down the neutrons.
Hence, the correct answer is (B).

H + H— H+p

1H2+1H3—>2He4+n

= 3H'— He'+p+n
Am:m(zHe4)+m(p)+m(n)73m(1H2)

= Am=[4.001+1.007 +1.008-3(2.014) | u

= Am=-0026u

= |AE|=c|Am|

= AE=(9x10")(0.026x1.67x1077

= AE=(931.5)(0.026) MeV
= AE=387x107"7]

As each reaction involves 3 deutrons, so total number
40

of reactions involved in the process = = If each

reaction produces an energy AE, then

10%
Eua = —~AE =129 10%]

Eioral = Pt
Time of exhaustion of the star

_129x10%
ST

= t=1.29x10"s

Hence, the correct answer is (C).

From R:Ro(l]
2

We have, 1= 64(%]
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32.

33.

34.

35.

or n =6 =number of half-lives.
t=nxt),=6x2=12h

Hence, the correct answer is (B).

Following nuclear reaction takes place
no H + " +0

U is antineutrino.

Hence, the correct answer is (C).

B and y- decay take place from a radioactive
nucleus.

Hence, options (A) and (B) are wrong. During fusion
process two or more lighter nuclei combine to form a
heavy nucleus.

Hence, the correct answer is (C).

Beta particles are fast moving electrons which are
emitted by the nucleus.
Hence, the correct answer is (C).

log,2 log,(2
Using N = Npe™ where 4= 08~ _ log, (2)
b, 38

lngt,(2)t

= —L=Ng 38
20

Solving this equation with the help of given data we
find t=16.5days.

Hence, the correct answer is (B).

Multiple Correct Choice Type Problems

1.

D _
ZXA a-Decay Z—ZYA 4

A "~ -Deca A
XA B Dewy X

z

% Th232 — e Pb212

232-212

Number of ¢-particles emitted = 5

Since Z decreases by (90-82)=8 only

Hence number of = decay =2

Hence, (A) and (C) are correct.

In fusion two or more lighter nuclei combine to make
a comparatively heavier nucleus.

In fission, a heavy nucleus breaks into two or more
comparatively lighter nuclei.

Further, energy will be released in a nuclear process if
total binding energy increases.

Hence, (B) and (D) are correct.

Hints and Explanations H.129

Due to mass defect (which is finally responsible for the
binding energy of the nucleus), mass of a nucleus is
always less than the sum of masses of its constituent
particles.

2Ne is made up of 10 protons plus 10 neutrons.
Therefore, mass of 2)Ne nucleus,

M, < 10(mp +m, )
Also, heavier the nucleus, more is the mass defect.
Thus, ZO(mH +m, )—M2 > lO(mp + m”)—Ml
= 10(m,+m, |>M,-M,
= My<M;+10(m, +m,)

Now since, M, < IO(mP +m, )
= M,<2M,
Hence, (C) and (D) are correct.

In nuclear fusion two or more lighter nuclei are com-
bined to form a relatively heavy nucleus and thus,
releasing the energy.

Hence, (A) and (D) are correct.

Cut off voltage is independent of intensity and hence
remains the same. Since distance becomes 3 times, so

I
I becomes rk Hence photocurrent also decreases by

this factor i.e. becomes g =2mA

Hence, (B) and (D) are correct.

In case of {H', mass number and atomic number are

equal and in case of ,H?, mass number is greater than
its atomic number.

Hence, (C) and (D) are correct.

In fusion reaction, two or more lighter nuclei combine
to form a comparatively heavier nucleus.

Hence, (B) and (C) are correct.

Comprehension Type Questions

1-a
r=—-
1+a

= Inr=ln(1-a)-In(1+a)

Ar M N An
r l-a l+a
E_ 2Aa

r 1-a?

CHAPTER 3
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Substituting value of  from equation (1), we get

Ar 2(Aa)
) S )
o 20

(1+a)

Hence, the correct answer is (B).
Let number of nuclei decayed be N

N=Ny(1-¢*)

lt:ln[ No ]
Ny-N

At=InN;-In(N,-N)

(AA)t=

(No-N)
40
(3000-1000)

Hence, the correct answer is (C).

(A1) = =0.02s7!

m(3H) +m( 3He ) =2.014102 + 4.002603
= m(?H)+m(iHe)=6.016705u
Since, m(§Li)=6.015123 u

= m+n,>M

So, (A) is incorrect.

m( TH)+ m( 25 Bi) = 1.007825 + 208.980388
m(1H)+m( 25 Bi) = 209.988213 u

Since, m(%3Po) =209.982876 u
= m+m>M
So, B is incorrect

m(2H)+m( $He) = 2.014102 + 4002603
= m(3H)+m(4He)=6.016705 u
Since, §Li=6.015123 u
= (mg+my)>M

So, (C) is correct and hence deuteron and alpha par-
ticle can go complete fusion.

m(39Zn )+ m( $25e ) = 69.925325 + 81.916709
= m( gan)+ m( gﬁSe) =151.842034 u

Since, 2Gd =151.919803 u

’
= my+my<M

So, (D) is incorrect.
Hence, the correct answer is (C).

24Po = 2 Pb+ ;He+ AE
m( 25 Pb) = 205.974455 u
m(5He) = 4.002603 u
= m(%Pb)+m(4He)=209.977058 u
Now, Am = 209.977058 - 209.982876
= Am=0.005818 u
= Q=AE=0.005818x9315

= Q=5419467 MeV = 5419.467 keV

= (Q=54195keV
By Law of Conservation of Momentum, we have

0= Pa = Plead
= Pa = Plead

= 2m,E, = 2mpEp,

= 4E, =206Ep,

= E(X:?EP!J

) m
Now, since E, = Pb Q
mpb + ma

206
E =
. (206+4)Q

= %(5.422) =5319 MeV

E

o

Hence, the correct answer is (A).

Maximum energy of the antineutrino will be nearly
0.8x10° eV

Hence, the correct answer is (C).

Minimum kinetic energy of electron can be zero or
greater than zero. But maximum kinetic energy will be
less than 0.8x10° eV.

Hence, the correct answer is (D).
From conservation of mechanical energy, we have

Ui +K;=Us + K¢
1 (9)(6)+0

dney, d

= 0+2(15kT)=

Substituting the values, we get

T=14x10°K
Hence, the correct answer is (A).
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9. Asgiven in the paragraph, a reactor is termed success-
ful, if

nty > 5% 10" sem™®

Hence, the correct answer is (B).

Matrix Match/Column Match Type Questions

3. A=()

B = ()

C —(s)
= (1)

(p) In o-decay mass number decrease by 4 and
atomic number decreases by 2.

(9 In p’-decay mass number remains unchanged
while atomic number decreases by 1.

(r) Infission, parent nucleus breaks into all most two
equally fragments.

(s) Inproton emission both mass number and atomic
number decreases by 1.

Integer/Numerical Answer Type Questions

1. Am=(226.005-222-4)=0.005 amu
= Q= Amc?
= (=931.5x0.005=4.655 MeV

Since momentum is conserved, kinetic energy is in
inverse ratio of masses.

KT = 444+ KRH

444 x4

= Ky, = =0.08 MeV

E =4.655-4.520

=(.135 MeV =135 keV

y-photon

= E}'—phnton

131 131
. =
2. 1 =5 Days Xe™ +p

2
Ay =24x10° Bq= AN,
Let the volume is V,
t=0 Ay =AN,
t=115h A=AN

]15:l[ﬂx2.5]
Vv

= 115=%><2.5><(N06”“)

_ In2

(115h)
(2.5)xe 8day

= 115=Mx
Vv

Hints and Explanations H.131

5 1
S 5= 241000 o5
5
o yo24xI0 x2.5[1—l}
115 24
5
o po2x10 x2.5[§}
115 24
5
y=lLXBXD 5 0h mi=51
115x10

Q value =|:12.014u (12u+4041 MEV]]C
C

= Q=(0.014ux931.5)MeV - (4.041)MeV =9 MeV

Hence, 8 particle will have a maximum KE of 9 MeV

CHAPTER 3

Let initial numbers are N; and N, .

_f_f_,_h (T = Half life)

Initial activity is same

= M,N,=A4,N,

Activity at time ¢,
A=AN=ANge™
A = AN ™t

Rl_: % :AIZN]E_A.H
dt

Similarly, R, = )tzzNze_’lzf
After t=271

1 1
Mt=—(t)==(27)=2
T T

At=()=1=L(20)=1
7 27
Rp _ AN

Ry J2Nye!

R, _,11(3—2]_2
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7.

Let initial power available from the plant is F;.
After time f=nT or n half lives, this will become

(%) P, . Now, it is given that, (%) Py =125% of
P, =(0.125)P,
Solving this equation we get, n=3

Sin(‘e, N= NDE_M

N _
o N
Ny
log, 2
_log,2 o
— - _, 13%
Ny
0.693%80
N _ e
= —=¢
Ny
N
o N
Ny

N (1™
- &4
N, \e

Fraction of nuclei decayed is

0.04
1N=1(1) =0.04=4%
N, e
d—N:—/lN=—10m
dt

= N=10" x(l]
A

= Mgy =Nxm
= My, =10 x10° x 107 x10° mg

= My =1mg
dN .. . .
I | Activity of radioactive substance|

= AN = AN~
Taking log both sides

dN

In|—|=In( AN, ) - At
na‘t n( 0)

dN
Hence, lng versus | graph is a straight line with

slope —A.
From the graph we can see that,

1
A===05yr?!
p It

Now applying the equation,
N = Nye™ = Ny 05416

N
= N=Npe?®=0.125N, = ?0

i.e.,, nuclei decrease by a factor of 8.

Hence, the answer is 8.



