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Chapter 1

Origins of Quantum Mechanics

SOLVED PROBLEMS

Problem: 1.1- Find surface temperature and radiation intensities of following:
1. A star with spectral radiancy 240 nm.

2. Sun with spectral radiancy 500 nm.

Amax T = 2898 mK
T 2898 mK

)\max

Surface temperature =T =7

Radiant intensity = I(7") =7

1. For star:
Wavelength = A\, = 240 X 10~m

~ 2898mK
240 x 107 9m
T =12075K

Radiant intensity for star is



CHAPTER 1. ORIGINS OF QUANTUM MECHANICS

I(T) =oT*
I(T) =5.678 x 107® x (12075K)*
I(T) =1.2 x 10°W/m?

2. For Sun

Wavelength Ap.c =500 x 10~"m
Surface temperature =T =7
Radiant intensity =1(T) =7

2898 x 10-%mK

Radiant intensity of sun is

I(T) =oT*
I(T) =5.678 x 107°W/m?K* x (5796K)*
I(T) =6.4 x 10"W /m?

Problem: 1.2- By interaction plank’s radiation law over all wavelengths, show that the

power radiated per square meter of cavity surface is given by

2K
I(T) = BTt =0oT?
(T) (15h3c2> 7

OR, deduce Stefen Boltzmann law from plank’s radiation law. Also find numerical

value of o and show that it comes out to be 5.678 x 10-8W/m?K*.

From plank’s law

R(\) =

Ao ehc/AksT _

Radiant intensity is defined as,
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I(T) = / R(\)dA
0
Torc? 1
I(T) :/ LA d\
AN e
0 e T — |

By putting,
he
Tr =
AkgT
hc
dr — —< 4
T = T
he \* he
Sdx = d\
Yy ()\kBT> NkpT
h3c¢3  hc
Sdx = d\
O T Nk TS A2kpT
A\ kLT,
V= hid x dr
So,

hict er — 1
0
kAT 4
I(T) =2rhc?-B—_—_
(T) =2mhe 50 15
( )_ 27T5Ké 4
15h3¢c2
I(T) =oT*

Which is Stefan-Boltzmann law for cavity radiator. Where

B 2K}
7=\ Isn3e

Putting values, we obtain

Quanta Publishers 3
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CHAPTER 1. ORIGINS OF QUANTUM MECHANICS

_ 4
o 2(3.14)°(1.381 x 107%)
15(6.63 x 10734 Js)(3 x 10%m/s)’
o =5.678 x 10°W/m*K*

Problem: 1.3- A 2k block is attached to a massless spring that has a force constant of
k = 25N/m. The spring is trenched 0.4m from its equilibrium position and released
from rest.

1. Find the total energy of the system and frequency of oscillation according to clas-
sical calculations.
2. Assume the energy of oscillation is quantized; find the quantum number n for the

system oscillation with this amplitude.

k =25N/m
A =04m
m =2kg

EF =7 and v =7

1. Total energy of system is,

1
E = kA
Sk

1
E =225N/m x (0.4m)* = 2J

For frequency,

1 k
vV =—1\/—
2tV m
1 25N/m
UV =
2x3.14 2kg
v =0.563 Hz

Quanta Publishers 4 Modern Physics



2. Using,

E =nhv
E
"
- 2.J
" T 663 % 10 %075 x 0.563H 2
n =5.63 x 103

Problem: 1.4- A simple pendulum has a length of 1 m and a mass if 1 kg. The maximum
horizontal displacement of the pendulum bob from equilibrium is 3 ¢m. Calculate the

quantum number n for the pendulum.

Height of bob = L — v L? — 22
Energy of bob is,
E =U=mg (L—\/LQ—ZL‘2>

E=1x98x (1= \/(1)2— (3 x1072)°
E =441 x107%J

According to quantization of energy,

FE =nhv

E
" T
n = E X 27 £

h g

4.41 x 1073 1
=10 ™ os
n =1.34 x 10*

Quanta Publishers 5 Modern Physics



CHAPTER 1. ORIGINS OF QUANTUM MECHANICS

Problem: 1.5- An atom absorb photon having wavelength 375 nm and emidiatly emits

another photon having a wavelength of 580 nm. What was net energy absorb by atom

in this process.

A =375 x 1072 m Incident photon

N =580 x 107 m Emitted photon
hc  he

Net energy = SUEDY

1 1
:h _— —
()

=6.63 x 1073* x 3 x 10%

1 1
(375 x 1077 580 x 109>
=1.875x 107 J

_1.875%x 10719

Quanta Publishers 6 Modern Physics



Chapter 2

Wave Particle Duality

SOLVED PROBLEMS

Problem: 2.1- Calculate the de Broglie wavelength of an electron whose K.E is 1 KeV .

Given data:

Mass of electron =m = 9.1 x 1073 Kg
Kinetic energy = K.E = 1 KeV
=1x10°x1.6x107* J
Wavelength =\ =7

We know that

1
K.E = §mv2

12K.F
v =4/ —
m

B \/2(1 x 103 x 1.6 x 10-19)
v 9.1 % 1031
=1.87 x 10" m/s




CHAPTER 2. WAVE PARTICLE DUALITY

Thus,
h h
)\ = — = —
P muv
6.63 x 10734
\ X

T 9.1 x 103 x 1.87 x 107
A =389 x 107" m

Problem: 2.2- If de Broglie wavelength of electron is 1.1 x 10719 m. What is the speed

of electron?

Given data:

m =9.1x 1073 Ky
A=11x10""m

v="7

Using the formula of de Broglie wavelength

h h
)\ = —_ = —

P mu

h
Vo= —

mA

6.63 x 10734

v

T01x103 x 1.1 x 10-10
v =6.62 x 10° m/s

Problem: 2.3- A microscope, using photons, is employed to locate an electron in an
atom to within a distance of 0.2 A°. What is the uncertainty in the momentum of the

electron located in this way?

Given data:

Az =02 A° = 02x 1079 m

Quanta Publishers 8 Modern Physics



h =6.63 x 1073 Js
Ap =7

Using the formula for uncertainty principle,

h
AxAp = —
Tap 2
h
A p—
p 2 Ax
Ap h

T Ox314x02x10-10
Ap =5.274 x 107** Kgm/s

Problem: 2.4- Find the uncertainty in the location of a particle in terms if its de

Broglie wavelength A so that the uncertainty in its velocity is equal to its velocity?

o Ap, = mAuv,

Put A = Az, where X\ is de Broglie wavelength.
h

mAv, = —
2T

h
b, =
P 27

h

e, =
muv 21

v
Av,

" or

hSR S

Since 27 is constant, so we can write

v = Av,

Quanta Publishers 9 Modern Physics



CHAPTER 2. WAVE PARTICLE DUALITY

Problem: 2.5- If the de-Broglie wavelength of proton is 0.113 pm (a) What is the
speed of proton. (b) Through what electrical potential would the proton have to be

accelerated from rest to acquire this speed?

(a) For proton

Given data:

A =0.113pm = 0.113 x 1072 m
m =167 x 107%" Kg
e =16x10"YC

v="7
Since, we know that
h
)\ = — = —
7 muv
h
v =—0
mA\
6.63 x 10734

U T 167 x 107 x 0.113 x 10-12
v =3.5x 10° m/s

K.E =¢€V,
§mv2 =el,

muv® =2eV,
2

muv
Vo =——
2e
Vo 1.67 x 10727(3.5 x 105)2
o 2 x 1.6 x 10719

V, =6.39 x 10* V

Quanta Publishers 10 Modern Physics



Chapter 3

Introduction to Quantum Mechanics

SOLVED PROBLEMS

Problem: 3.1- Verify the operator equation
0 0

— 1" =na" 42"

ox ox

Consider a wave function v , then

8 n o n—1 ni
%xw—m& v+ axw

0
M) n—1 n_~
ot Y (na: +z &U) P

Since v is arbitrary function, so

Q.Tn _ n$n—1 _‘_xng
or~ ox



CHAPTER 3. INTRODUCTION TO QUANTUM MECHANICS

Problem: 3.2- Check whether momentum operator p, and position vector & commute

? What conclusion you draw from result.

Consider an arbitrary wave function 1 then

[z, 2] ¥ = (P2 — &ps) ¥

.0 0

A L0 .0
(Do, T] 0 = — zh%xw + mha—xw
0 . 0
= — zha—xm/} — i) + xzhazﬁ
[par] Y = — il
As 9 is arbitrary function, so [p., 2] = —ih Conclusion: Since position and momen-

tum operators do not commute, so position and momentum of a particle cannot be
measured simultaneously.
Problem: 3.3- A proton is trapped in one dimensional box of length 0.1 nm. What is

minimum energy of proton.

L =0.1x10""m
m =1.67x 10"*"kg

We know that,

Energy is minimum for n =1

Quanta Publishers 12 Modern Physics



_ 2
512 ( (6.63 x 10734)

8 x 1.67 x 10727 x (0.1 x 1079)

~3.28x 107
17 x107Y
E =2.05x 1072V

Problem: 3.4- Wave function of particle is confined to infinite well and in lowest energy

state is,

Y (z) = Asin %a:

Normalize the function i.e. find value of A ?

To find value of A we apply normalization condition,

L
hekel

A* sin La:Asm L:de =1

T~

|A\2sin2%xdx =1

2
0
Al? sin 2z
’ ‘ T — 27TL =1
2 T lo
A2
%(L—O—O—FO) =1
2
AP ==
AP =1
2
A =4/—
Vi
So normalized function is,
Quanta Publishers 13 Modern Physics



CHAPTER 3. INTRODUCTION TO QUANTUM MECHANICS

Y (x) = \/%sin %m

Problem: 3.5- A particle is confined with rigid walls by distance L.Find probability

that it will be found within a distance % from one wall 7 coefficient occurs for a 1 %

increase in barrier height 7

The normalized eigen function of particle are

Y (z) = \/%sin %x

Probability that a particle will be found within a distance é from one wall is,

0
L
3 2nm
p_z/l—cosTx .
L 2
0
L
21 SmQ"T”x 3
D=751% " “aour
L2 L 0
1 /L L 2nm 0
== =- sin — —
P=T\3  2np ™™ 3
L 1 2nm
p=|—-——sin—
3 2nm 3

Quanta Publishers 14 Modern Physics



Chapter 4

Atomic Physics

SOLVED PROBLEMS

Problem: 4.1- (a)-What is wavelength of least energetic photon in Balmer series. (b)-

What is wavelength of series limit for the Balmer series.

(a) Least energetic photon is obtained when electron moves from 3™ orbit n = 3 into

second orbit p = 2 in Balmer series. Thus,

>l= > =
I
=
N\
N
|
@l
~__

1 1
=1.097 x 10" [ - — =
<10 (3 5)

5
=1.097 x 10" x —
X X 36

36 1

=— X
5 1.097

=7x 107" m

=700 nm

NN SRS I e



CHAPTER 4. ATOMIC PHYSICS

(b) For series limit, in Balmer series, transition of electron takes place from n = oo to
p = 2, then

Sl >
Il

oy

N
| =

|

8| =

[\

~__

1 1 1
— =1.097 x 10" [ = — —
A 8 (4 oo)
1 —1097><107><1
A 4
\ =4 1077

* Too7 <
A =365x10""m
A =365 nm

Problem: 4.2- A He-Ne has light at a wavelength of 6328 x 107! m and has an out
put power of 2.3 x 1072 watt. How many photons are emitted each minute by this

laser.

Energy of one photon is Eppeton: As, we know that

he
EPhoton = T

6.63 x 1073* x 3 x 10®
6328 x 1010
Fphoton =3 x 10719 J

E Photon —

Since the number of photons are

P xt
No. of photon =N = .
EPhoton
2.3 x 1073 x 60
No. of photon =N = a a
3 x 1019

No. of photon =N = 46 x 10'°

Quanta Publishers 16 Modern Physics



Problem: 4.3- A ruby laser emits light at wavelength 694.4 nm. If a laser pulse is
emitted for 12 ps and the energy released per pulse is 150 m.J. What is the length of

the pulse. How many photons are in each pulse.

A =694.4 nm = 694.4 x 107 m
t=12ps = 12x 1072 5

E =150 mJ = 150 x 107% J

c =3x10°m/s

S =7

n ="
Using the formula

S =ct = 3x10®x12x 10712
S =0.0036 m

Number of photons can be determined by

nhc
Beo=d——
A
E)
n =-—
he
150 x 1073 x 694.4 x 1079
n =
6.63 x 10734 x 3 x 108
n =52 x 10'7

Problem: 4.4- Determine the Planck’s constant from the fact that the minimum X-rays

wavelength produced by 40 KeV electrons is 31.1 pm?

Amin =31.1pm = 31.1x 1072 m
K.E =40 KeV = 40 x 103 x 1.6 x 107 J

Quanta Publishers 17 Modern Physics



CHAPTER 4. ATOMIC PHYSICS

c=3x10°m/s

h =7
Using the formula, we get
hc

/\min Sy
K.FE

Amin K. E

h =——
c

B 31.1 x 10712 x 40 x 10®> x 1.6 x 107*

3 x 108
h =6.63 x 1073 Js

Problem: 4.5- What are the wavelength, momentum and energy of the photon that is

emitted when a hydrogen atom undergoes a transition from the state n =3 ton = 1.

Solution|

1 { @1
_=—R([= - =
A (p2 n?
1 11
p gk (—2 y, 3—>
1 1
— =1.097x 10" (1—-=
L =roro (1)
1 8
— =1.097 x 10" x —
A XAy
9 1
AN="x ——x1077
s % Tog7 <10
A =1.032x10""m
Also, we know that
he
E ==
A
~ 6.63 x 10734 x 3 x 108
N 1.032 x 107

E =19x10""%J

Also,

Quanta Publishers 18 Modern Physics



p = X
6,63 x 107
P =1032 x 107

p =6.4x107% Ns

Quanta Publishers 19 Modern Physics



Chapter 5

Nuclear Physics

SOLVED PROBLEMS

Problem: 5.1- What is the approximate density of the nuclear matter from which all

the nuclei made?

The number of nucleons per unit volume is called density of nuclear matter.

=y

Since, nucleus is spherical. Its volume is §WR3, SO

A 34
p= %WRS  4AnR3
34 ,
? T an(RA) = At
34 3
P = 4RA ~ 4R
B 3
P T 4% 314(1.2 x 10-15)3
) —1.38 x 104 Bucleons

mS
p =138 x 10" x 1.67 x 1077
p =2.3046 x 10'7 kg/m?



Problem: 5.2- Imagine that a typical middle-mass nucleus such that SniZ is picked

apart into its constituent protons and neutrons. Find the total energy required and

the energy per nucleon. Atomic mass of Sn is 119.902199 u

Mass of Snis’ =119.902199 u

B.E
Ep =7 d — = ?
B an A

The nucleus of Sn contains 50 protons and 70 neutrons,
m, =1.007825 u m, = 1.008665 u
So,

Am = (50m, + 70m,) —m (Sni’)

Am = (50 x 1.007825 + 70 x 1.008665)
—119.902199

Am =1.095601 u

The binding energy is

Ep = Amc?
FEr =1.095601 x 931.5 = 1020.6 MeV

Also,

A A 120

B—AE =8.5 MeV /nucleon

B.E _Ep _ 1020.6

Quanta Publishers 21 Modern Physics



CHAPTER 5. NUCLEAR PHYSICS

Problem: 5.3- Show that 1 a.m.u = 931.5 MeV.

m =1.67 x 107%" kg
c =3x10° m/s
E =7

We know that

E =mc® = 1.67 x 10727 x (3 x 10%)?

15 x 1071
e 711 =
E =15x 107" J 6% T10-T eV
E =9.315x 10% eV = 931.5 x 10% eV

E =931.5 MeV

Problem: 5.4- Calculate Q for the reaction **Co(p, n), 5 Ni needed atomic masses are
C0 = 58.933198 u, Hl = 1.007825 u,*® Ni = 58.934349 u,n = 1.008665 u.

m(Co) =58.933198 u

m(Ni) =58.934349 u
m, =1.007825 u
m, =1.008665 u

Q="
The nuclear reaction is

1H + PCo — ®Ni + n
1.007825 + 58933198 — 58.934349 + 1.008665

Quanta Publishers 22 Modern Physics



Am =59.941023 — 59.943014
Am = —1.991 x 1072 «

The Q-value of nuclear reaction is

Q = Amc?

Q = —1.991 x 107% x 931.5

Q = —1.85 MeV

Problem: 5.5- A carbon specimen found in a cave contained 1/8 as much “C' as an

equal amount of carbon in living matter. Calculate the approximate age of specimen.

Half life period of (' is 5568 years.

Ti/2 = 5568 years

Using the formula of half life

0.6931
Ty = 3
0.693
5568
Also,
N =N,e ™M
N
¥ _
1
o
8
At = log, 8

Quanta Publishers 23
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CHAPTER 5. NUCLEAR PHYSICS

log, 8

t=—=c"

A

~ log, 8 x 5568

0.693
t =16710 years

Quanta Publishers
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Chapter 6

Basic Electronics

SOLVED PROBLEMS

Problem: 6.1- A transformer has rated secondary voltage V,.,.s = 24V. Find average

current, peak current, dc voltage across the load resistance of 50 ohm.

Load resistance = R = 50
Root mean square voltage = V.., = 24V
Average current = [;. =7
Peak current = I, = 7

Dc voltage = Vg =7

For half wave rectifier, we have ,

Vin = 2Vims
=V2x24V = 338V
, Ve _ 338V
"R 500
= 0.676 A



CHAPTER 6. BASIC ELECTRONICS

;. _ 0636V, _ 0.636x338
= "R - 50

=043 A

Vae = 1R
= 0.676 A x 50 2
=215V

Problem: 6.2- determine the needed peak inverse voltage for a diode in bridge rectifier
if V. = 80 volt?

dc voltage = Vo = 80V

peak inverse voltage = P.I.V =7

For a bridge rectifier circuit,

Vae = 0.636 V,,,
Ve

0.636
80V

0.636
=125.719 V

PIV =V, = 125719V

Vomss

Problem: 6.3- The dc output voltage of full wave rectifier is 120 V' .What is required

r.m.s voltage rating for each half of center tap transformer ? What is peak ac voltage

rating for transformer?

output voltage = V. = 120 V
r.m.s voltage = Vs = 7

Peak voltage =V,, =7

For full wave rectifier, We have

Quanta Publishers 26 Modern Physics



Vae = 0.636 V,,,

Ve 120V
Vi 0.636 0.636 88.67V
V. = Vi _ 188.67 v 1338V
V2 V2

Problem: 6.4- calculate barrier potential for S7 junction at 100 °C' if its value at 25 °C'
is 0.7V 7

AT = (100 — 25) = 75°C
AV = —0.002 AT = 0.002x 75 = —0.15 V

For Si junction,

Barrier potential = Vg = 0.7 4+ (—0.15)
=055V

Problem: 6.5- Current through a PN-junction silicon diode is 45 mA at a forward bias

of 0.5 V. Find reverse saturation current?

Absolute Temperature = T = 27 °C' = 300K

For Si,n =2
e C J
=1.6x107Y= x 1.381 x 1073 =
nKT g 2~ 8 K
x 300K
C
= 9.66—
J
I=45x10"2% A
Ig="7
V =04 Volts

Quanta Publishers 27 Modern Physics



CHAPTER 6. BASIC ELECTRONICS

Diode voltage current equation is,

I=1Ig (e"efyT — 1)
1

enkT — 1]

Is = —1

putting values

Is=3%x10% A4

Quanta Publishers 28 Modern Physics
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