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Chapter 4 Semi Classical Theory and Introduction to
Quantum Mechanics
Solution of Worksheet

MCQ (Multiple Choice Questions)

Ans. 1: (d)
. h
Solution: Ax.Ap, >—
4z
2
Dy :£:> Ap, :%A/l so Ax.A/l.izzi: AxAL 2/1—
A A A Arm 4r

Ans. 2: (b)
Solution: According to uncertainty principle
AE-At =% where AE is the uncertainty in energy and At thatin time.

h 1.05x107 joule-sec

Given At =10"%sec AE = 5
At 10~

=1.05x107 joule-sec

= % =6.56x10" eV uncertainty in energy =6.56x10 " eV

Ans. 3: (b)

Solution: According to uncertainty principle
AJAO=h

where AJ is the uncertainty in the angular momentum and A& is the uncertainty in the

corresponding angle.

A.]:ix2h:£ :A@zizlzlo radians
100 10 2J  h/10
Ans. 4: (c)
Solution: AgAp=h = Ap :Ai h=1.05x10"" joule-sec, Ag =0.01x107 m
q
1.05x107* 20
=———=1.05x10"kg.m/s
P 001102 8
Ans. 5: (b)

Solution: We can use Bohr Sommerfield theory

Vix)=cx® = cﬁde =nh = 4!()[%] 2m(E—cx8 )dx =nh
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4+1

1/8
N2mE (%) I;xll—tgdt —nh=>FE""" cn=FE% «n

E oc n8/5

therefore correct option is (b)

Ans. 6: (c)

Solution: The amount of energy required to remove an electron moving in ground state of the atom, so
that electron go off from the atom is called lonisation energy and potential corresponding to

this energy is called lonisation potential. For hydrogen, this is given as:

E=136¢el .
Since, positronium is a system in which electron revolves round the positron hence reduced

mass of the positronium

MM, 1

=—2 2 =—M_  (Since M,=M
H M,+M, 2 e ? )

and Focmass so, for positronium E :%eV =6.8¢el

if ionization energy is 6.8¢e) ,then ground state energy is —6.8eV

Ans. 7: (a)

Solution: One can calculate the ionization energy from finding the ionization energy for He for He+,
then subtracting it from the given ionization energy. Since He+ is a hydrogenic atom, one can
apply Bohr Theory.
In Bohr Theory, the energy to remove an electron is E:ZZEI. For Helium, since it has two
protons,
Z =2.Thus, E=52eV is the ionization energy. ( £, =13.6eV is just 1 Rydberg or the energy of
the ground state of Hydrogen.)
Subtract this from the ionization energy for He given in the problem to be 79¢V —52¢l =27, to
get an answer close to choice (a).

Ans. 8: (d)

Solution: The energy is highly relativistic, so that E = pc = 100 x 10° eV.

2=2¢ _(124x10 e - m)2x10%eV)
pc
Ans. 9: (d)
—av
dr

Solution: F,, =— —k
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For circular orbit 22 =F,
r
2
mv__ (i)
r
L=mvr=nh (ii)

Using (i) and (i) 7 oc n*"*

Ans. 10: (c)

Solution: According to Bohr Quantization condition, the electron wave can be adjusted around an orbit
only when the circumference of the orbit is equal to an integral multiple of the wavelength i.e.,
27R =nA

Ans. 11: (c)

Solution: The electrostatic force = centripetal force
<«— Electron

. mv:  Ze*
e, —=—
r kr

2
= mvzr:Zi (i)
k

Nucleus
By Bohr theory mvr =nh (ii)

Dividing equation (i) by, equation (ii), we get

zZe’ 1( ze* 1 v n n, v
v yv=—| — |Dvae—=t="oy =1y =y =1L
knh n\ kh n v, n n

2 1 nZ
Ans. 12: (a)
Solution: The maximum number of electrons in an orbit are 2x*. If n> 4 is not allowed, the maximum

number of electrons that can lie in first four orbits are
2(1)2 +2(2)2 +2(3)2 +2(4)2 =2+8+18+32=60 .. Possible elements can be 60.

Ans. 13: (d)

Solution: l:RZ2 iz—iz .'.locZZ.
A n, n A

A is shortest if Z is largest. Z is largest for doubly ionized lithium atom (Z :3) among the

given elements.
Hence wavelength for doubly ionized lithium will be the least.
Ans. 14: (b)

Solution: In the second excited state, n =3
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ol =1L,-=3(ij Zy,=1Z,=3ExZ’ "|E |=9|E,| =I|E,|<|E.]|

Ans. 15: (d)

Solution: When one of the electrons is removed from a neutral helium atom, energy is given by £, .

2
p_ 136z

2
§ n

el

For heliumion, Z =2, when doubly ionized
For first orbit, n=1
E =20, 0 =-sa4er

(1)

Energy required to remove it 54.4eV

Total energy required =54.4+24.6=79¢l
Ans. 16: (b)
Solution: (a) 7, o« n*. Option (a) is correct
(b) Total energy of electron is

_ 2
TE= 13.262
n

Option (b) is not correct

nh
(c) Angular momentum of electron = Py
T

Option (c) is correct

(d) Potential energy of electron = (_
n

jeror hydrogen atom.

13.6
Kinetic energy of eIectrons:( > jeV
n

~|P.E|=2x|K.E]

272
n2
The option (d) is correct

~|PE]=

Ans. 17:(a)

vy

du 1
Solution: .. Potential energy U =eV = U =el Il =< = el (ij— = |force| =
r

vy dr A r
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myv- eV, eV,
=—0 =y= /—
r r m

This force provides the necessary centripetal force, hence

, nh nh
By Bohr’s postulate, mvr =— = v=
2 2rmr
nh feV0 nh m h 1 _
Thus =, |— =r= X |— =>r=|— XN Sr ocn
2xmr m 2zrm \ eV, 27\ meV,

Ans. 18: (c)

Solution: K, correspondsto: n=2 to n=1

K, Correspondsto: n=3 to n=1

1 1 1
r 3

0
2 L1 0644 * A ?
2 0 \
afe 3R o, 22T0064A or 4, =0.54A
032A 4 B8R 32

Ans. 19: (b)

Solution: K =eV =20x10’eV
The energy of photon =0.05x20x10°eV

_ 1242nm

03

Thus, %:10%1/ =1 =1.24nm

Ans. 20: (a)
Solution: Let K be the kinetic energy of the incident electron. Its linear momentum p =+/2mK .

The de-Broglie wavelength is related to the linear momentum as

2
A:E: h or K h

p 2mK T omA?

The cut-off wavelength of the emitted X —ray is related to the kinetic energy of incident

2 2
electron as E:K = h 5 =, = 2me
2mA h
Ans. 21: (b)
12375

Solution: In X —ray tube, 4, = where A4, isin A

V (volt)
All wavelengths greater than A, are found.

Option (b) is correct
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MSQ (Multiple Select Questions)
Ans. 22:(a), (b), (d)

Solution: The uncertainty in the position of the electron is

h=1.05x10"" joule-sec, m =9x10"" kg

Solution: The uncertainty in velocity =

001 x1.05x10*m/s=1.05m/sec

*.* The uncertainty in momentum

Ap=mAv=9x10"" x%xl.osmo“ =9.45x10"" kg.m/ sec

—34
But ApAq =h :Aq:i: 1.(3)15><100><10 - meters =1.1x10"*m
Ap  9x107 x0.01x1.05x10

Ans. 23:(c), (d)
Solution: Calculate the minimum uncertainty in the momentum of the nucleon. Also, calculate the

minimum kinetic energy of the nucleon.

Given m=1.67x10""kg and 7=1.05x10"* joule-sec

(Ap)min (Aq)max = h (Aq)max = 2 X 5 X 10715 meterS
and  7=1.05x10""* joule-sec

ho 1.05x10°7

™) = 7si 0T kgm/sec =1.05x10"> kgm/sec
p max X X \

(Ap)min =

Since p cannot be less than (Ap) ,sowe have p . =(Ap)

max min

220\
b P (1.05x10)
" om T 2x1.67x1077

Ans. 24: (a), (b), (c)
Ans. 25: (a), (b), (c) and (d)

joule =3.3x10" Joule

Solution: (a) 7, oc n*. Option (a) is correct

-13.67°

n2

(b) Total energy of electron T.E. T.E=
Option (b) is correct
h
(c) Angular momentum of electron= Z—
T

Option (c) is correct
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n2

(d) Potential energy of electron :(_ jeror hydrogen atom.

13.6
Kinetic energy of eIectrons:( > jeV
n

|PE| = 2><|K.E.| |PE| :iZ.Z The option (d) is correct
n

Ans. 26: (a), (c) and (d)
Solution: (a) 7, oc n* . Option (a) is correct
(b) Total energy of electron is

_ 2
TE = 13.262
n

Option (b) is not correct

nh
(c) Angular momentum of electron :2—
T

Option (c) is correct

n2

(d) Potential energy of electron :(_ jeror hydrogen atom.

Kinetic energy of electrons= (@j eV
n

~.|P.E|=2x|K E|
27.2
~|P.E|= —

The option (d) is correct
Ans. 27: (b) and (c)

Solution: The kinetic energy of an electron in n'" orbit of hydrogen atom is

4 2 —4
me e —me
T e272.2° V=- =E= 2722
8e,hn Are,r 8e h'n
—me™ K
The total energy of an electron in n™ orbit of hydrogen atom is E = —==-1
8e,h'n E

Ans. 28: (a), (b) and (c)

1 1 1
Solution: In hydrogen like atoms:E:R(———j
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. I, .
Transition of electron occurs from n, to n,, = is proportional to energy

From n=4to n =23, ultraviolet radiation is obtained l—R 12 — 12 R ——=0.048R
A 3 4 144
1 1 1 3R 1 1
—=R|—=——|=—=0.75R b)—=R| ——— |=—=0.14R
()/1 (12 22j 4 ()/1 (22 Zj
1 1 1 3R 1 1
¢)—=R|———|=—=02R d —:R ——— |=——=0.02
()/1 (22 42j 16 (d) (42 szj 400

Ais smaller than ultra violet in (a), (b) and (c)

Ais greater than ultra violet in (d). Greater the 4, less the energy of radiation

Ans. 29: (a) and (d)

Solution: According to Bohr model, roocn® (i) v, oc— (ii)
2 2 2
now 7T =2 = h or Tnocr—" or T o =T oo’
@ v, v, 1/n
T 3 }
( ")lzn—g org=| or n, =2n,
(7, )2 ", n,

Option (a): m, =4, n, =2 It fulfils condition
Option (d): n,=6,n, =3 It fulfils condition
Options (a) and (d) are correct

Ans. 30: (a), (b), (c) and (d)

Solution: Linear momentum is conserved in the recoil process.

Momentum of recoil hydrogen atom =mv

AE
Momentum of emitted photon =—
c

AE=E,—E =-13.6 iz—lz eV =(13.6)| = 24 V:Mx(mxm”)J
’ 501 25 25

AE=2.1x10"%J
AE ) —18
Somy=— .'.mv:E:%:7x10’”kgm/sec
c c 3x10
AE . e
or y=—— or v= 2.1x10 =419m/s
mc

(1.67x10’27)x(3x108)
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Ans. 31: (b) and (d)

Solution: X —rays emitted from an X — ray tube depend upon:
(i) The accelerating voltage applied to tube. When accelerated, the electrons acquire greater
energy before striking the target.
X —rays emitted from target therefore possess greater energy. X - rays with shorter

wavelength possess greater energy. Hence wavelength of emitted X —rays depends on the
voltage applied to tube.
(ii) According to Moseley’s law, frequencyv =a* (Z—b)z. Frequency depends upon atomic
number of target from which X - ray are emitted.

Ans. 32:(c) and (d)

Solution: for X —ray tube,

0
J) (Aj:12375
vV

m

As accelerating voltage is increased, 4, will decrease.

Number of electrons bombarding the target determine the intensity (or quantity) of emitted

radiation. Accelerating voltage does not change the intensity of X — rays emitted.

NAT (Numerical Answer Type)
Ans. 33: 1

Solution: According to uncertainty relation
AgqAp =h

so that if Ag is maximum, Ap must be minimum, i.e.,
(Aq)max (Ap)mm = h ’

Given (Aq) = minimum uncertainty in position =1.1x10"* meter; 7#=1.05x10"* joule-

min

h 1.05x107**
Ap) = =
(4)u, (Aq) 1.1x10°*

max

kgm/sec =9.1x10" kgm/s

(Ap)min =mn (Av)min m (Av)min =9.1x 10727

~9.1x107 _ 9.1x1077

=91 10731m/s =1.0x10*m/s
m Ax

(&v),,,
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Ans.34: 314

Solution: Ap =mAv from uncertainty principle AgmAv=h Av= LA
maq

Mass of a particle = 4x mass of proton = 4x1.67x107> =6.68x107> kg

34
Ag=5x10""m Av=— 1005y 4
6.68x107" x5x10~

Ans. 35: 1

Solution: We can use Bohr Sommerfield theory

Vix)=cx® = Cﬁde =nh = 4.[0@] 2m(E—cx2)dx =nh

4+1

1/2
N2mE [Ej I;\/l—tzd —h=>E"""  cn=E% «n
C

E o n'

Ans. 36:13.6eV

Solution:  Since, energy o Z* Energy for h=©
He' =(4)(_132'6je1/ :_4><123.6 o

n n n= 4

The first excited state with principal quantum number n=3

Yy v y v n=1

X6 136er

So, binding energy =—

Ans. 37: 68.4nm
Solution: When electron moving in 7, the orbit transited to n, orbit the frequency of radiation and so
2 2

n

wavelength is given byl =R 11
A .o

where R is Rydberg’s constant.

when n, =1, then the series of spectral lines are known as Lyman series.

Thus, Lyman series is given as% = R(liz_nizj ( n, = 1)
:in;:/lmxziand L:R iz—iz = L:R 1—l =>4, = 4
A 1 R A r 2 A 4 3R

H.N. 28 A/1, Jia Sarai, Near lIT-Delhi, Hauz Khas, New Delhi-110016
#: +91-89207-59559
Website: www.pravegaaeducation.com | Email: pravegaaeducation@gmail.com

10



PraVegarl Education

CSIR NET-JRF, GATE, IIT-JAM, JEST, TIFR and GRE for Physics

By equation (i) and (ii), we have@:i =1 :ix/l " :%x91.2nm =68.4nm

‘max 4 mi
in

Ans. 38: 4.33 m/s
Solution: Linear momentum is conserved in the recoil process.

Momentum of recoil hydrogen atom =mv

AE
Momentum of emitted photon = —
c

1 1 24 13.6x24
AE=E —E =-13.6| —— |eV =(13.6)| — V:—Xx(1.6x10’19)J AE =20.8x107"J
* 501 25 25

or yV=— y= =433 m/s

e me (1.67x1077)x(3x10%)

AE AE 20.8x10°"
C

Ans. 39: —122 4eV

Solution: For hydrogen atom and hydrogen like atoms

E, = 13 6z" eV Therefore, ground state energy of doubly ionized lithium atom
n
: ~13.6%(3)’
(Z=3,n=1)willbe - E=—— "0 =-136x90r k,=—1224¢V
(1)
Ans. 40: 1215
Solution: l:RZ2 Lz_iz
A ny n
o 1 1
% (n_z__z 656112 (iz_izj
-—— 1 2 . 3 _12154°
1 1
b (—2——2] ?(33)
ny

Ans. 41: 4.19
Solution: Linear momentum is conserved in the recoil process

Momentum of recoil hydrogen atom =myv

AE
Momentum of emitted photon =—

C
AE=E,~E =-13.6 iz—iz eV =(13.6)] == 24 V:Mx(lﬁxlo”)J
: 2] 25 25
-19
:—522'2;1;10 ~20.88x107°.7
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AE =2.1x10"%J my=

AE AE
— or V=—
c mc

—18
or  y= 2.1x10 —4.19m/s

(1.67><10’27)><(3><108)

Ans. 42: 3.81
Solution: The fifth valence electron of phosphorous lies in its third shell i.e. =3

.. Bohr radius =7,
2 32 0
cr =L |rorr =| Z=x12|x0.53 4
VA 15

0
orr =3814

Ans. 43: 3.85
Solution: Linear momentum is conserved in the recoil process.

Momentum of recoil hydrogen atom =mv

AE
Momentum of emitted photon = —

C
1 1 8 13.6x8 n
AE =E, - E, :—13.6[3—2—1—2}V :(13.6)(§jeV: x(1.6x10 )J
—19
AE=193x107%J =B o ZAE 19.3x10 =3.85 m/s
c me (1.67><10’27)><(3><108)

Ans. 44: 79¢eV
Solution: When one of the electrons is removed from a neutral helium atom, energy is given by

13.62°

2
g n

eV per atom

For heliumion, Z =2, when doubly ionized
13.6
——22x(2) =-54.4eV

(1

. Energy required removing it 54.4el .. Total energy required =54.4+24.6 =79V

For first orbit, n=1..E =

Ans.45: 1.8

2
M€ % = 67.5MeV

Solution: Ey =

34 8
/1:@:6.6%0 ><3><11§) _1.8%10 m
p 67.5%x1.6x10"

H.N. 28 A/1, Jia Sarai, Near lIT-Delhi, Hauz Khas, New Delhi-110016

#: +91-89207-59559
Website: www.pravegaaeducation.com | Email: pravegaaeducation@gmail.com

12



PraVegarl Education

CSIR NET-JRF, GATE, IIT-JAM, JEST, TIFR and GRE for Physics
Ans. 46: 300

Solution: X — rays are electromagnetic waves which travel with speed 3x10°m/s in vacuum. The

speed of emitted X — rays does not depend on the accelerating potential applied to electrons.

. The speed of X-rays =3x10°m/s
0
Ans.47: 0.27A

Solution: K, correspondsto: n=2ton=1 K, correspondsto: n=3 to n=1

1 11 1 3R 1 1 1] S8R
I FEY AV E et FEarel iy
Ao LU AL 0304 4 A
A 3R 9 0 0
- ﬁo =—x—  or ﬂﬁ:2x0.32A or /Iﬁ:0.27A
03204 4 B8R
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