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INTRODUCTION
Mechanics is a branch of physics whidch deals with physica objects in motion and at rest

under the influence of external and internal interactons. Mechanics had developed since
ancient times on the basis of observations on the motion of material particles. The
mechanics based on Newton's laws of motion and alternatively developed by Lagrange,
Hamilton and others is called classical mechanics . When this mechanics deals with the
Newton's laws and their consequences, it may be called as Newtonian or vectorial

mechanics , because in this scheme, the quantities such as force, acceleration, momentum

etc. are used which are essentially vectors”.

Space and time :

We have some idea about the meaning of space and time. It is assumed (i) that the space
and time are continuous, (ii) that the motion of a particle in space can be described by
knowing its position at different instants of time, and (iii) thatthere are universal standards of
length and tme. S.I. unit of measurement of length and time are meter and seoond
respectively.

If we imagine a coordinate system attached to a rigid body and we desciibe the position of

any particle relative to it, then such a coordinate system is called frame of reference .

NEWTON’'S LAWS OF MOTION

Newton’s laws of motion are stated in the following fom:

“Everybody continues to be in its state of rest or of uniform motion in a straight line unless it
iIs compelled to change thatstate by external forces acting oniit.”

“The tme rate of change of momentum of particle is proportional to the external force and is
in the direction of the force .”

“To ewery action there is aways an equal and opposite reaction” or “the mutual actions of
anytwo bodies are always equal and oppositely directed along the same straightline”.
Newton's first law of motion tells us about the motion of a body when no force acts on it.
This law does not tell us what the force does; but it simply tells us what happens when it is
absent. One can interpret the firstlaw as the definition of ‘zero force’ .
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The meaning of the force in terms of the momentum

is given by Newton’s second law which can be expressed as

FO .% where m - mass of partide
v - velocity
or F= k% :ki (mv) :kmd—v t - time
dt  dt dt

p - momentum
where k is the constant of proportionality. This constant can be chosen to be equal to unity
by defining the unity of the force as that force which while acting on a body of unit mass
produces a unit acceleration.
Force:
That physical parameter which produces or tends to produce an acceleraton in a particle, is
defined as force.

Unit offorce - Newton in MKS system

dyne in CGS system

1newton = 10° dyne
I !

|Dim ensions of force - MlLlT‘Zl

Result of force applied in various states :

. |> P V»
(|) pa >

Fg. (1)
In case (Fig.l) only the magnitude of velocity of the particle changes whereas its direction

remains same.

Consequentlythe path of particle is a straight line.
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P v
|

(i)
Fg (2)

In case (Fig.2) onlythe direction of velocity of the particle changes whereas its magnitude

remains constant. Consequently the path of the particle is a circle.

-~ T
(iii)

Fg (3)
In case (Fig.3) both the magnitude as well as directon of velocity of the partide change.

Conseguentlythe path of motion of the particle is a helix.

NEWTON’'S EQUATION OF MOTION

it equations V = u+ at
19 equation S = ut+ —%atz
1"d equation VZ = U? + 2as

where u _, initial velocity

v - final velocity
t - time
a _ acceleration
s - distance travel by particle
A golf ball ofmass 0.05 kg placed on a tree, is struck by a golf club. The speed of the golf

ball as it leawes the tree is 100 m/s, then time of contact between them is 0.02 s. The force

at the beginning of the contactis

(A) 500 N
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(B) 250 N
(C)200 N
(D) 100 N
Sol.(A) Since, force decreases to zero within 0.02 s and is linear with time, hence force 0(0.02-t)
= F=k(0.02-t) where kis constant (i)

2
= Change inmomentum =impuke = mu = '[g-ozk(o.oz—t)dt = k(0.0Zt —t_zj
B _(0.02)?
=k1(0.02)(0.02) -=——+

0.02)x(0.02 .
= 5=k ( )Z( ) = 10 = kx4x10™* = k = 25000 (D))
By. Egs. (i) and (ii), Force F=k (0.02 —t) = F = 25000 (0.02-t)

= atinitial, t=0 = F=25000(0.02) = 500N
Ex. A particle is moving in space with O as the origin. Some possible expressions for its ,

velocity and acceleration in cyclindrical coordinates (p, 9, z) are given below , which one of

these is correct ?

_ dp . .pde. dz. - _d’p. . d(pde- d?z .
A) , V=—g¢& + 26 +—@& ,a=—8&_+—|—&_ |+ x @
A t P d ? dt ¢ 2 P dtldt ?) a2 °
. dp. . d dz ~ - [ ®p (doV ). . (pde 2dpdo)-
B), v=—7¢é&_+—(pge, |+— é, ,a= -pl=1| |e, +|—=+——"L e
®) t P dt(p(p "’) dt * [dtZ p[dt ° a2 dt dt) ?
2

z

2 2
+|Pd@, 2dpdo . | dz o
di>  dt dt | ° dt?

+

(D) v=p&, +¢&, 2,,a=(p-pg) &, +(p0+2p0)&,+72 &,
Sol.(C) We know cylindrical coordinate is
r=pé, +ze,
and velocity v=r = pé, +pé +z €,
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V=p&, +pp8, +28, [ép :(béwJ
similaly acceleration
a=v=pe, +p ép +p@e, +ppe, + pc'pé(p +7 8, [é(p:—(pép]
é=(p—p¢2) é, +(p¢+2p(b) &, +16,
POLARIZATION OF LIGHT
Light waves are electromagnetic waves in which electric and magnetic field vectors vary

sinusadally mutually perpendicular to each other as well as perpendicular to the direction of

propagation of lightwave. The electric vector determines the nature of polarisation .

Flecinic lield

Direetlan
ol wave

Magnetic ficld

Fig.(1) The electric and magnetic fields are perpe ndicular to each other and to the
direction of the wave

In ordinary light, the vibrations ofelectric vector are dstributed in all directions in a plane (Y-
Z plane ), pempendiaular to the direction of propagation of light wave (X- direction).

These vibrations of electric vector can be supposed to be made up of two mutually
perpendicular vibrations, one in the plane of paper, and other vibrations a direction
perpendicular to the plane of paper.

Unpolarized light

Whenever the vibrations in a light wave occur in all possible direction incliding normal to the
direction of propagation , then such a light is termed as unpolarised wawe, and the light is
known as unpolarised light . In general , light emitted by ordinary sources is unpolarised,
because light emitting atoms are large in number . Each such atom emits light wave after
every 10¢ sec. Therefore, a large number of waves are produced every second. Light
emitted by every atom has varying pdarisation, it means that after every 10® sec, the
polarisation changes.
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Polarizer

The device (natural or artificial ), which limits the Jbrations of electric vector in natural
(unpolarised) light in only one direction in a plane perpendiaular to the direction of
propagation of lightwave, when passed through it, is known as polarizer.

Analyzer

The device (polarizer - natural or artificial ), which detects whether any given light is
polarized light or unpolarized light, is known as analyser.

Plane of vibration

The plane containing the direction of propagation and direction of vibration is known as

plane of vibration.

Plane . vitnation

L'polatized o .
lizl. | Flanz po arisec Hghr o0 - - - - Bk b

| k— Parcel
: T ' po_arisation
| '

< > 1 !
I
I 4 .
T i .
I 5 Flane p<lanised
I

G H Lt

1
Teatoalios ¢yl
Fig. (2) “Plane of polarisation and plane of vbrat  ion”

Plane of polarization

The plane which passes through the direction of propagation of light and which contains no
vibration (notany electric vector E) known as plane of polarisation.

Representation of polarized light

* Unpolarized light consists of a very large number of vibrations in all planes with equal
probability at right angles to the direction of propagation. Hence unpolarized light is

represented by star.

1111,
IR

Fig. (3)
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* In polarized light the vbrations of electric vector are confined to only one direction
perpendicular to the direction of wave propagaton.
« If the vibrations of electric vector are parallel to the plane of paper then polaiized light is

said “wvertically polarised” and represented byarrows.

I R
bl

Fig. (4)
 |If the vibrations of electric vector are perpendicular to the plane of paper then polaiized

lightis said “horizontally polarised” and represented by dots

—>——+——3
Fig. (5)

* * ¥

Types of polarization
The equation of transverse E.M. wave is written as
E :[i EQ €™ + K emz} exp i(kz— wt)

where E{ EJ - real value of amplitude of electric field vector o, a, -~ phase factors
The polarization of light is shown by electric field vector .

(i) Plane polarized light :

When the amplitude component E° and E° are in same phase and the phase difference
between them are the whole multiple of . i.e.
O,—0, =t mT wherem =0,1,2,3 ...
So, the equation of E.M. wave is
E=[%EQ+JES | expikz —wt+ aj]

Than this type of E.M. wave is called “plane polarizedlight (wave).

I

T

v

Vertically polarised light Horizontally pol  arisedlight
(A) Fig.6 (B)
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(ii) Circularly polarised light :
If both component of ampitude E, of electric field vector are real and equal, but have phase
different+ /2, i.e

E’=E’=F

a,=a,x 12
then E=E° [x iy | expi(kz— ot+ a)
Then this type of E.M. wave is called “Circularly Polarised wave”

E*=E?+E}

where

E,=E°cos [kz — wt+ ay]
E =FE° sin [kz— wt + a,]

Tl hanced eirculerly polazised  Ripht I‘an(k um.ular y poiasisad
L - cacuiarly K- cireuily
(A) (B)

Fig. (7)

(iii) Elipticaly Polarised Light
When the phase difference between two component E} & EJ of E%is £ w2 and they are not
equal in magnitude , i.e
a,=0a, *
E’#E)
then
E = [x EY + iy E9 ] exp i(kz— wt+a)

NS

S
() 8

This Type of E.M. wave is called “elliptically polarized light .

and
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Production of Plane Polarized Light
(i) Polarisation by reflection (i) Polarisation by refraction
(iii) Polarisation by double-refraction (iv) Polarisation bydichorsm

(v) Polarisation by scattering

Polarisation by reflection : Brewster’s law :

If we allow ordinary light (unpolatised ) to fall on a glass plate (notmirror) and examine the
reflected light through a polaroid or tourmaline crystal , we find that the reflected light is
polarised . When the angle of incidence is changed , we find that for a particular value of the
angle of incidence, the intensity of two minima (coming out of polaroid) reduces to zero. In
this situation the light ray reflected from glass plate is completely plane polaised . This
particular ange of incidence i is known as Polarisingangle or Brewster's angle.

Llcele Jele coapeeents

A

\'}‘., P . . .

? ir mcul;:muy ozl
:

“alarised

= Qelacted 1y

— eeree felé
Ar

Gilaes

1=u
1-u,

< oele el
v 2wty i
ransirsd ey

'4 > (Parta'ly polz-ized )

Fig. (9) Brewster’s law at polarising angle
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Brewster determined this angle (angle of polarisation ) for different reflecting surfaces and
established a relation between polarising angle i.. (angle of incidence) and the refractive
index of the material at which incdence of lighttakes place. This relation is

u = tan ip ..(1)
It is also known as Brewsters Law Brewster also proved that at polarising angle i the

reflected and refracted beams aremutually at right angle. This is clear from the following.:

Snells law p=230"
sinr
if i = ip (Brewster’s angle )
. sini
then p=tani = L
P cosi,
0 sin i, _ sin i,
cosip sinrp
or sin r =cos ip:sin(90°—ip)
r =90°—i Oor +i =90° ..(2)
p p p p

Note that Eq.(2) is true for reflection at any transparent medium and notmirrors.

Ex. E(xy,zt)= A(3i+4])explict —kz)] represents an electromagnetic wave .Possible directions of

the fast axis of a quarter wave plate which converts this wave into a circularly polarized

wave are
(A 715[7T+]]and 713[—?+7]J (B) 713[3f+ 4]Jand 715[47 —3]]
(C) 713[37- 4jJand 715[41 +3]] (D) 715[77- jland 715[?+7]-]

Sol.(B) E(xy.zt)=A(3i+4j) exp [i(wt—kZ
possible directions of the fast axis of a quarter wave plate is
713(3H4j) and 713(47—3])

which converts this wave into a circularlypolarized wave.
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Ex. A beam of plane polarized light is incident normally on a polarizer (cross-sectional area 3 x
10* m? ) which rotates about the axis of the ray with an angular velocity of 31.4 radsi. Find
the intensity of emergent beam and the energy of light passing through the pdarizer per
revolution if flux of energy of incident rayis 103 watt.
Sol. If at any instant the axis of a polarizer subtends an angle ewith the direction of vibration of
incident light, the intensity of emergent light in accordance with Malus law will be
I=1,cos” 6

As here the polarizer is rotating, i.e., all values of 8 are possible,

=1 |de__j |, cos? 0 d@
2T
. | i
i.e. I, ——°><—l ’ (1+cos 26) do
21 2
2n
i.e., I, =do 1L 9+£sin29 =0 .
2m 2| 2 . 2
-3
But as |, = Energy _Power _ 10 :10W
Area x Time Area 3x10" 3 m?
o, L -y10) 5 W
2\ 3 3 m?

Now as time period of one revolution,

T—E—ZXBM :—18
w 314 5

So energy oflight passing through the pdarizer per revolution

=1, xareaX T
:% x3x10™ XEl ﬂO“‘é
SEMICONDUCTOR DEVICES: THE P-NJUNCTION DIODE
A P-N junction can be formed by taking a slice of Si of Ge crystal and doping it with trivalent
impurity in one half and with a pentavalent impurity in the other half. The change carriers in
the two regions move about in a random manner and will diffuse from a region of high
concentration to a region of low acncentration. Thus some of the free electrons from the N-
region diffuse into low concentration. Thus some of the free electrons from the N-region

diffuse into the P-region while some holes from the P-region diffuse into the N-region. In a
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small region on either side of the junction there is an appreciable chance for the electrons
to fall into the holes and thereby completing the covalent bonds. Such a recombination of
electrons and holes results in the remowal of charge crriers from the namrow regon around
the junction. The ionized acceptor atom (L) atom all almost. immobile however (negative

ions) which are aimaostimmobile

Junction
P L N
[
0
=N ek

—
Depletion zone

Fig.1
howewer remain on the p- side of the junction on while the equally immobile donor atoms

(positive while the equally immobile donor atoms (positive ions) are left on the N-side. Such
a collection of electric charges of opposite on the two sides of the junction establishes an
electric field in the region direction from the N-to the P-side (Fig.1). The direction of the

electrons and holes across the junction. The electric field this sets up a potentia barrier Vg

at the junction which prevents the diffusion of majority carriers into opposite regions. The
small region in the \cinity of the junction is depleted of charge carriers (electrons and holes)
and only has the immobile ions. This region s called the depletion zone. It is only a few
microns in width. Thus a P-N junction diode has the following configuration (Fig.2).

On the P-side, there are (i) fixed negatiwe ions, (ii) the majority charge carriers (the positive
holes) and (iii) the minority carriers (the negative electrons). In the depletion zone in the P-

side, there are onlythe negative ions.

- —l N

# Sleclrans oy gy I g oo :t _? ,+i

a Hulaa -:.’-i-_j 'l':,“ E 2 o E :flg L’

= oo ve for a A Y= e e =1 .!' :I?

s Sosilive o1 o & e o =R

:}r-.pn':nm'::
Fig.2
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On the N-side, there are (i) fixed positive ions, (i) the majority carriers (the negative
electrons) and (iii) the minority carriers (the positive holes). In the depletion zone on the BN-

side, there are onlythe positive ions. The electric field setup in the depletion zone puts up a
potental barrier Vg at the junction.

Forward and Reverse Biased Diode

The diode issaid to be biased when an external dc source is connected across the junction.
If the polarity of a voltage source V is such thatis opposes the barrier, the junction is said to
be forward biased (Fig.3(A)). On the other hand if the connections of the voltage source
reinforce the barrier, the junction i reverse biased (Fig.47.3(B).

V «—V
:VB «—V,
=
> > B — [~
§ "= PE—] N
S
- i I < |
V
V
Al [B]

Fig.3
Forward Bias Characteristic
Under forward bias, the externally applied wltage opposes the potential barrier. With
increasing forward bias, the depletion zone decreases and a small current begins to flow
through the diode. With further increase in the forward bias, the barrier is almost com pletely
overcome and the current increases rapidly . The current is of the order of milliampere and
is expressed by the relation :

el

where | is the reverse saturation current, kg the Bolzmann constantand T he temperature

in kelvn.
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Reverse Basis Characteristic
When a junction diode is reverse biased, the externally applied wltage V adds up to the

barrier voltage V. Thus the ,majority carriers (electrons in the N-region and holes in the P-

region) are further pushed away from the junction. The width of the depletion zone
effectively increases. However the reverse biasing aids the flow of a few minority carriers
(electrons in P - region and holes in N-region) across the junction. This results in a small
reverse current of the order of microamperes. This reverse current remains almost constant
and increases only \ery little with increasing reverse bas (Fig. 4).

I(na) » 3

e, bias
-V < -

[{TH3}

Fig.4
Avalanche Breakdown
If the reverse bias s continued to increase, the minority carriers acquire enough energy to
break the cowalent bonds near the junction. This liberates electron-hole pairs which also get
accelerated and in turn produce more electron-hole pairs. This process rapidly multiplies
and an avalanche of electron-hole pairs is generated. The reverse may cause damage to
the junction by the excessive heat generated. The reverse bias voltage at which the
avalanche is produced is called the breakdown voltage.
CHARACTERISTICS OF JUNCTION DIODE
The characteristic curve of junction diode are of two types
« Static characteristic curves

* Dynamic charactelistic curves
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* The static and the dynamic characteristics are also of two types
(@) » Static forward characteristic curves

« Static rewerse characteristic curves
(b) * Dynamicforward characteristic curves

» Dynamicreverse characteristic curves

Static forward characteristics

* In the absence of load resistance, the curve drawn between the forward voltage (V) and

forward current (Ig) are known as the static forward characteristics of junction diode.

LA
(inmA) I

Fig.5

Static reverse characteristics

* In the absence of load resistance, the curves drawn between the reverse voltage (V,) and
reverse current (I ) are known as the static reverse characteristics of junction diode.

% V. /chcr veltage
<
H J-- Jn
Byl —ssremmmme e *.
down

L
Y(n.A)

Fig.6
Static forward resistance (R ¢)
* The ratio of the forward voltage (Vf) and forward current (If) at any point on the static

forward characteristic is defined as static forward resistance of junction diode.
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A

ie.,
* |ts value is of the order of

Static reverse resistance (R )

* The ratio of reverse voltage (V,) and reverse current (I) at any point on static reverse

characteristics is defined as the static reverse resistance of junction diode.

e o M
"o

N

« |ts value of is of the order of 106

Dynamic forward resistance (V)

» The ratio ofsmall change in forward voltage to the corresponding small change in forward
current on static forward characteristics is defined as the dynamic forward resistance of
junction diode (ry).

AVf - sz _ Vfl
Al 1 -,

2

r =
Dynamic reverse resistance (r )
» The ratio of the small change in reverse voltage to the corresponding small change in

reverse current on the static reverse characteristics is defined as the dynamic rewerse

resistance ofjunction diode.

L4 r _Avr _Vl’z _\/I’1

A
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SYMBOL FOR AP-NJUNCTION DIODE

In a electronic circuit, the P-N junction diode s represented by the symbol shown if Fg. 8
The P-region is represented by the arrow head while N-region is indicated by a bar. The
direction of the arrow head is from P to N andsymbadize the is from P to N andsymbadizes
the direction in which the diode conducts under forward bias. The P-side is also called the
anode while the N-side is called the cathode.
Aré)de - Catr}?de
P N
Fig.8

Uses of junction diode
Junction diode can be used as a:-
* Rectfier » Off switch » Condenser

Ex. A p-njunction in series with a 100 ohms resistor, is forward biased so that a current of100
mA flows. If the voltage across this combination is instantaneously reversed to 10V att=0,
the reverse current that flows through the aide att = 0is approximately given by
(A) 0 mA (B) 100 mA (C) 200 mA (D) 50 mA

Sol.(B) Reverse currentatt= 0 when the voltage is instantaneously reversed to-V_ = -10 V is

+i

Negative signindicating reversal of current and voltage.

O i :ﬂ =100 mA

100
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Ex. Avoltage source Vpg = 4 sin wtis applied to the terminal Aand B of the circuit shown inthe

given figure. The diodes are assumed 0 be ideal. The impedance by the circuit across the
terminal Aand B is

—l

"7
=17 ki
—

7
&
ur
7}
I

(A) 5 kQ (B) 10 kQ (C) 15kQ (D) 20 kQ

Sol .(B) Diode D4 conducs through 10 kQ on the extreme right and diode D, is blocked. Diode D

conducts through the 10k Q in the middle branch and diode D is blocked. Thus the source

always sees a resistance of 10 kQ.
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