Subject : Physics

Topic : Atoms and Nuclei
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(B). A=238-4=234,2=92-2=90
(C). The energy produced per second is
10°

=1000 x 103 J = ———5 eV
1.6x10

=6.25x% 1024 eV
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The number of fissions should be, thus

6.25%x10%*
number = ———— =3.125 x 101
200x10
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Hence 1/4™ of material remain after 1080
years.

40 years
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(C). E= —136—2 = —136XZ =-34eV
n

Required energy=+3.4eV

(B). Mass of two different nuclei is different so re-
coiling energy 1s different, so energy of two
photons is different.

(D). First excited state of Li*" means second or-
bit.

13.6x9
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A). F=—; =— = v=constant
r r
2h n n
mvr = — — ve<— | — =constant ;rocn
2n ror

and v is constant so KE is also constant.
(D). Energy of I - R radiation < energy of
U — V radiation
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©). EKT x2="T77x10
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3 138x1023x2xT=77x10"14

T = 10°K

(A). Nuclear density is constant hence,
mass oc volume or moc V

(B). Giventhat K| +K,=55MeV ... (1)
From conservation of linear momentum,
P, =P,

or /2K;(216m) = /2K, (4m)
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as P =+2Km

L OK,=54K, )
Solving eqs. (1) and (2), we get
K, =KE of a-particle = 5.4 MeV

(18) (B). AE =AM x C?
AM = (8Mp +9M, - M)
There are 8 protons and 9 neutrons in 8O17
nucleus.

(19) (B). y-ray have no charge and no mass.

l n
(20) (A). R=R, (Ej ........ (1)

Here R = activity of radioactive substance

after n half-lives = % (given)
Substituting ineq. (1), we getn=4
. t=(n)t;, =(4) (100us) =400us

15 )
21) (A). n= ? =3 half lives

(22) (D).T=—:>k:_. N=_"Y

5000 1 1
= =>—=—=n=2

on n 92

lz2 :>z:2 = T = 2.5 minute
T T
In 2
d=""=04(n2
2.5
(23) (D). Protons are not emitted in radioactive
decay.
(24)  (B). o, U?® — He*+, Pu?*
Momentum remains consered

4m)u=(234m) ; v=—u
(4m)u=(234m) ; v="-7

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

26) (O). E;=-

@

28

29

13.6 (3)* . _ 13603
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1
— — 2 R
AE=E,-E,=13.6(3) [l 9}

B 13.6X9x8

=108.8 eV
9 e

(A). In inelastic collision kinetic energy is not

conserved so some part of K.E. is lost.
Reductionin K E.

=K E. before collision—K E. after collision.
Now, since initial K. E.of each of two hydrogen
atoms in ground state=13.6 eV

Total K.E. of both Hydrogen atom before
collision=2x13.6=272¢V

If one H atom goes over to first excited state
(n; =2) and other remains in ground state
(n, = 1) then their combined K.E. after

13.6 4 13.6
2)?* 1
ReductioninK E. =272-17=102¢eV

collision is =34+13.6=17eV

(A). Number of atoms in 1 kg of pure ,34Pu

_ 6.023x10%
© 239

As average energy released per fissionis 180
MeV

Total energy released

=252 x 10?4 x 180 MeV

=4.53 x 106 MeV

x1000 =2.52 x 1024

(A). B~ decay is represented as

ZXA — Z+1YA+ _1eO+V+Q1
Q= [mN(ZX) mN(z+1Y) m]c
= [my (;X) + Zm, —my (74, YH)
—(Z+ l)m]c
[m(ZX )— m(z+1YA)]C _(MX My)c

B* decay is represented as
ZXA — 7— 1YA+ 1eO+V+Q2
Q, [mN(ZX) mN(ZlY) m]c
[mN(ZX ) +Zm,—my (;_ YY)
—(Z-1)m, 2m]c
=[m (XY -m(,_ lYA) 2m] ¢?

= (M, ~M, - 2m,) ¢?
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(C). During [3-decay, a neutronis transformed into ~ (35)
a proton and an electron.
This is why atomic number (Z = number of
protons) increases by one and mass number  (36)
(A =number of protons + neutrons) remains
unchanged during beta decay.
. A =0.3465 day™! ; t =4 days
0693 _ 0693
V2770 T 03465 2 ON°
4
n= L =—=2
Ty, 2
Hence, sample left undecayed after a period (37
of 4 days.
2
N _ (lj 1550,
N, \2) 4
Sample decayed = 75% (38)
. Here, Am=0.3% of 1 kg
0.3 . (39)
100 kg=3x 107" kg
E=(Am)c?=3 x 1073 x (3 x 108)
=27x 1087 (40)
. One mol of any isotope contains Avogardo's
number of atoms and so 1 g of 538 U contains
S3g *6.025 % 1033 =253 x 10?" atoms
The decay rate R is
0.693
R=AN= N
Ty
| 0.693x253x10% _
© 1.42x107 (41
=1.23 x 10*s71 =1.23 x 10* Bq.
- 7
[As1yr=3.16 x 10's. “2)

T,,=4.5%10%x3.16 x 10
=1.42 x 1017 §]

. The reaction rateis controlled through control-
rods made out of neutron-absorbing material
such as cadmium. In addition to control rods,
reactors are provided with safety rods which,
when required, can be inserted into the reactor
and K can be reduced rapidly to less than
unity.

(A). In simple Bohr’s model, there is only one
electron and so it cannot be applied for
multielectron atoms.

(O). Here, aj =53 pm, n= 1 for ground state
ForLi*ion, Z=3
Radius of n orbit

2h2 2

n aph

C4n’mKze?  Z

r

53x(1)?
r="—"""" =17.66~18 pm
(A). Angular momentum is also called a moment
of momentum.
For second orbit, n=2
p=2h_h
P R

(A). A set of atoms in an excited state decays in
general to any of the states with lower energy.

(O). In B-emission, a neutron of nucleus decays
into a proton, a B-particle and an
anti-neutrino n >p+e +V

(D). The force that determines the motion of atomic
electrons is the familiar Coulomb force. For
average mass nuclei the binding energy per
nucleon is approximately 8MeV, which is
much larger than the binding energy in atoms.
Therefore, to bind a nucleus together there
must be a strong attractive force of a totally
different kind. It must be strong enough to
overcome the repulsion between the
(posttively charged) protons and to bind both
protons and neutrons into the tiny nuclear
volume.

(B). Heavy stable nuclei have more neutrons than
protons. This is because electrostatic force
between protons are repulsive.

(O). According to radioactive decay

N T
N, 5 . Here, t= 5

N _ (1)”2 L
No \2 V2
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(43) (C). Since half life of the material is 1 year, (44) (C). TXZTY(an)Z 1.44 Ty

therefore, after 1 year, half'the number of atoms ie. Ty >Ty = Ax <Ay

will decay on an average. The containers will *» R=ANand N is same for both,

in general have different numbers of the atoms 5o Ry<RyorRy >Ry

of the material but their average will be close 1.e. Y will decay faster than X.

to 5000. (45) (B). Repulsion of protons or positively charge
nuclei imposes a potential barrier, which hinder
fusion.
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