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Any toand fro motion in wbxch the accelerauon of an object
s dlrectly proportlonal to its dxsplacemcnt from the-mean position
_and directed towards the mean position is called simple harmonic
motion. There are many examples of simple’ harmonic ‘motion in
. nature such as motion of simple pendulum, compound pendulum,
torsion pendulum, mas'sfspring_ system, etc. Mathematical analysis
~ of simple harmonic motion needs following terminology: '

. _ Displacement: -

‘Distance -of a partlcle from the ‘mean position is called
dlsplacemcnt of a particle. It can be expressed as sine or

cosine funcnon x = A sin(ot + d)) "where A is the maxnmum ;
dlsplacemcnt or amplltudc wis angular velocity and ¢ is the

phase difference of wave.
o Veloclty (v)

~-Rate of change of dxsplacement is called veloclty, Wthh is,
given by ' T

v= :1;: Aa) cos((nt + ¢)

or, V= m\/A2 -=x T
"”Velocxty is. maxxmum at mean posmon ie, at x=0 and the
: maxxmum velocxty is .
=AW N e . :
Veloclty is munmum at extreme posmon where x= A and
-the minimum veloclty is ' :

! :me = O

2 | Insights on Applied Physics - . .

. and the maxxmum accclcratlon is

. 8min=0

" harmonic motion are as follows:

. Accelcrntlon (a): ;
..Rate of change of veloclty is called acceleration, whlch is

givenby
dv dzx - 9

Acceleration is maximum at extréme posmon i.e. at x = A

L]
=w'A ~

Acceleratlon 1S mmlmum at mean position i.e., at'x =0 and

the minimum acceleration is -

Simple harmonic motion may be linear or angular. The
differences between linear harmonic motion and angular

Angular’harmonic motion:

1. Here, acceleration|1. Here,
. produced on particle at
'any point s directly
proportlonal to the linear
displacement.

acceleration
produced on particle at
any point is directly
proportional:  to . the| -
angular displacement.

“|2. Restoring  force " is|2. Restoring torque is|
provided by weight,| provided by torsional

- force constant. ' constant,
Example: mass-spring|  Example: torsional
system = l ‘péndulum

1.1.1 Kinetic Energy and Potential Energy. in Simple

Harmomc Motion

The displacement of a pamcle cxccutmg SHM is given by
T A sm(mt +4). ...’....‘.(ir) )

Then veloc1ty of the particle can be calculated as

9

“Mechanical Oscillation | 3
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v= o

ot Am cos(wt + ¢)

Kmetlc encrgy (K) = v2

1

2" ,
1

= -2‘ mA%? cos (mt * 0)

Potential energy (U) = -2- lo(’l '

(mw?) [Asm(u)t % q))

3
.
1 2,272

=5m mw’A sin‘(wt +¢)

Total energy (E) K +U
l i e
= mA mlcosz(u)&'ql) +3 mmzﬁlzsin'z(mt+¢)

1

_Emm _lkAz

which is the expressionl for total energy of mass-spring

* system executing SHM. Hence, the total energy in SHM isa

constant quantity. . .
The variation of K and Uis shown in graph below )

Energy v

A stplacement -

. Whenx =% A, k=0 and xotal energy equals maximum
potential energy : :

E = Unu

4| Insights on Applied Physics

Simllarly, when x = 0, U
~maximum Kinetic energy.
’ E = Kmax :

g

=0 and total energy ‘equals .

12 Simple Pendulum"i*v TR A e

A heavy point' object suspended fxom ‘a massless string
osmllatmg freely through-a fixed point is called simple pendulum.
However, these requirements cannot be- achieved “in practice.
Hence, a simple pendulum is called an ideal pendulum.

121 Time Period of a Simple Pendulum
Consider of bob of mass m is suspended from a stnng of
length [ as shown in ﬁgure -

mgsme L
rﬂs‘

Bt 'Lct the bob is dlsplaccd by smnll angle 6 and released Then, ‘

" itstartsto osclllate in simple harmomc monon

' Force acting onbob is given by' ]
AdE 27’(
af oy T =-mg sme'

':-or —d(fz@l+gsm9 0"

3 For small angle sme 0,50 ° .

az+10=0

Mechanical-Oscillation | 5
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0
<,

DT.FISS +0=0

which is the differential equation of simple harmonic motion
with angular velocity

T - = g
OA,‘ LTCf ‘\/;
2n__ /g
o« b

T=2r:\/z
g

which is the requu'ed equatxon for t1me penod of SImple
pendu}um. N .

Dr:m backs of sxmple pendulum A

L Itis 1mpossxblc to have both"the pomt mass of the bob and

‘ weightiess smng .

ii.  The resistance of air affect the motion of boh:

Hi  The relation T= 2rr\/%-' is tnte"o‘ntf for oscillation of very

small amplitude. -

iv. © The motion of bob is not only lmear but it has also rotatory
motion wluch affects the time penod of sm]ple pendulum

1.2.2 Time Period of Mass-Spnng System

" Consider a-block of mass m is attached at the -end of the
spring of spring constant k. when the spring is extended by small
distance x and released then the system starts to oscillate about its
mean position.

‘We know the restoring. force on the sprmg F = -kx (i) ;

, By
. or, fit = -kx

6 | Insights on Applied Physics

d’x k
or, —dT[-P—x 0

d'l
or, arﬂux 0....(i1)

* which is the differential equation of simple harmonic motion

and 2=£
m
k
or, w=A[—
m
- 25 1k
.o, = m

This is the reqmred expression for time period of mass —
sprmg system

1.3 Physwal Pendulum

=

. Any rigid hody which can oscillate freely through a fixed
point is called physical pendulum or compound pendulum. Bar

. pendulum is an example of physical pendulum.

Consider a rigid object of mass m-be suspended at point O.
The centre of gravity of the object is G at distance | from O since /
is the distance from the pivot to centre of mass.

When the object is displaced by -an“angle 6, there are two

~ forces acting on the object:

. Mechanical Oscillation | 7
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1. Force due to gravity (mg)

. The restoring force (whxch tries 10 bring the obJet.t towards
the mean position)

4

From rotational dynamics, torque produced is
t=Ia - ' .
Here, Torque (1) = Force x berpendicular distance between
the forces
. orla= —'mg x Isin

or, ~mg/sin@ =

where 1 is moment of j inertia of object about the gwen axis -

and @ is angular acceleratxon
_ 2
—mg/ sinG = I%g

. de
or, 4 +EIE_15m9 0

For small 8, sin 8 = 8, so

a8 l '
e
i
or, ?tz- + 00=0
where @’ = EIE!
Time period of compourid péndulhm isT=2 Elg—l

This is the equation for simple harmonic mdtion indicating '
that physical pendulum executes simple harmonic motion

Moment of inertia of pendulum about its axis passing
through O and perpendicular to it is given by

1= mk‘+m1

" where k is the radius of gyratlon

8 | Insights on Applied Physics

o _ mgl .
o0 G * s mlt 070

Comparing this equatlon with dxffcrentlal equation of SHM,

' time period will be

K+ -

" which is .;he' required expression for time period of physical

pendulum.' The. qu'antity TF I is ‘called eézlivalent length of the

~ simple pendulum.

1.3.1 Minimum Time Period of Compound Pendulum

) iTi'me p'eribd' of co'mpou._nd pendulum is givenby -

~ where k is radius of gyration, and I, is the distance of point
of suspension from centre of gravity. '

i S0 < :
The time period will be minimum if —Il'+ I, is minimum.
So, dlffcrentmtmg'i; + 1, with respect to /,, we have

dne 1 |
' dh[lﬁ”‘] =
or, :l'z'+ 1=0 °

- h

or, 7‘T=l‘

or, .l'(2=112'
.'. kzl\

Mechanical Oscillation | 9
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13.2. Inlerchangeabxhly of. Pomt of Suspcnsxon and

~ Oscillation

from centre of gravity. ermlarly, time penod be Tyfor * ' T -

a point C at distance J, from centre of grawty as shown e
in ﬁgure . . L - "Gl e+
“ -:I-‘l.——- 271', . .C|-e |L

Let time period be T, for pomt A atdistance 1. o

T2=27t 3

’Sincekz=1|1;, -
o

T]-Izandl —11. s

_ This makcs T, : i
- This shows that pomt of suspensmn and oscnllatwn are

mtcrchaugcablc

133 Four Collinear Points in Compound Pendulum

.'or,b T -4n2 (

_ Time penqd ofa g:ompound pendul.um is given by’

18+1

Ig

. or, T'lg 47rk2+41rl‘

" write

‘o, 41r1" gT‘I+4n'k' o

which is quadratlc in/, So; it has two values say l, and 17 .

10-| Insights on Applied Physics

. Using formula forﬂsum ‘of roots and product of roofs, wecan: . Cf -

R Y R T o T

2

g BT
-I‘+I’—41c2 and

41&18
hilg="32 —=k

'. ifl, klz,thcnlz—lorv:cc-versa

In fact, there are two other points on elther side of G about

which time pcnod will be same as about S apd o..

9

Draw two circles 6f radii Tand ! having the centre of

. gravity G. Thé stra\ght lme through' G. will intersect the circles at
“points S, O’, O, and §'. 'I'hus four pomls are collincar with CG
‘about which time period is’ same. -

From thé figure,
. SG=G§'=!

' GO'=GO=

V] [a¥)

" Hence; 0S =T¥I1=0'8’

: .where ‘kIL+ = I_.‘is ec';uivaler'xt‘len’gth‘of simple pendulum.

Mechanical Oscillation | 11
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1.34 Determination  of Radius of Gyr1hon and
Acceleration Due to Gravity Using Bar Pendulum

A bar pendulum consists of a metal bar W|tl1 large number of
holes as shown in figure. Radius of gyration is defined ‘as the
perpendicular distance of the axis of rotation from a point at which
the total mass of the body may be assumed to be concentrated,

. . . Time
45%1 e
. g : 1l

o|G+

o

o) 71

Ej [ >1
o' G

Time period can be measured by fixing the knife edge in
each corresponding holes.  The distance of each hole from the

centre of gravity- is- measured If a graph between distance from -

centre of gravity and corrcspondmg tlme penod is plorted it looks
like as shown in figure. '

Two pomts not. equal from centre of gravrty G in bar
pendulum O and.O' on both sides of:it, one corresponding to centre
of suspension and other as centre of, oscillation. Let their distance

equivalent length of the pendulum is L= L, + L.

~ The time period of compound pendulum is given by

Comparing 'equa_tion (i) wi_th T= ZW\/%, we ge.t"

12 | Insights on Applied Physics

& _-_-14 Torslonal Pendulum
be ¢ and & from the centre of gravrty as shown. Thus the - |-

i , kz . ‘
‘L=.I|v+1l
+h= =+
or‘, ]1 7= Il- 11
or, K=hf,

o, k=Alli -

In this way, the value of- radrus of gyratron k: about the axis
passmg through the centre of gravrty of a bar pendulum can be
determined. - :

} Determination of acceleratron due to gravity. from compound
pendulum is more accurate due to followmg reasons;

i. Itis not an ideal concept i.e., it can be. reahzed in:actual

practice.

ii. There is no lag like that in between bob and string in
. case of simple pendulum 5

: iii. Distance. between two Knife edges can be easrly

. measured ‘but it is difficult to measure the accurate
length of simple-pendulum. : :

" iv. Due to larger'mass and hence larger moment of inertia, -

it continues to oscﬂlate for.a longer time..

o

A heavy body like-a cyhnder ora drsc fastened at its mrd-:
s pomt to a fairly long and'thin wire suspended from a rigid support

constitutes a torsional pendulum. - L

“Torsion -pendulum consists of - a . disc -

" suspended .at the end of a wire, as shown in
figure other end of the wire is fixed at 4 rigid L —
"support When the disc is rotated, the wire is .- °
“twisted by an angle 0. Then restonng torque i ST '

~ created on it obeying Hook's law. The restoring torque is directly

propomonal to the angular displacement of wire.

CT=8

* . Mechanical Oscillation | 13
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-

t=-08

W here C is called couple per unit twist or torsnonal constant

myr
and is gwen byC= 2 xs radms and /is length of the wire.

Rotanonal form of Ncwton S 2"d ]aw lS

Ioc
‘ Idze
V.Ol' k= d—f 3
Flo'n cquatxon (1), g R
a%.
: —CG I?t'_r

& G ey
ol s ik

. or, 7-«—(99 Om=

Q
I

Tlus 1s - the cquauon of 51mple angular harmomc motion:
Hence the mnnon of torswnal pendulum 1§ angular harmnmc

wlnch is the reqmred express:on for time pcnod of torsnonal,
-pendulum. - ‘

14.1 Apphcahons of Torsmn I’endulum

I Determination of Modulus of Rxgldxty of Wire

‘To determine. the modulus of ngldlty of given-wire; first of -k

all the wire ig suspended -from a rigid support with a circular -

" - disc. Time perlod of torsion oscillation is taken for particular .

'length I, Let the time period be Tj. Time’ “period of torsion

: oscxllauon is again taken by. placmg & circplar ring of lcnown
». .'moment of i mertla over the disc let lhe ume pcnod be T,.

/“

14 Inslghts on‘Applied Physlcs' s

) . ;
We know time penod with dlSC is Ty = 27\’\/% ----- M

where I is momcnt of inertia of disc and C 1s the  torsion
constant of the wire.

- Agam time penod w1th discandringis

where Iy is the moment of inertia of the ring.
Squanng and’ subtractmg 0} from (2)

2 4L,
i ,_41:1,,, v i AR o
T |
TS
where C = 2
galgd L
SETT aan PR ) LA
(Tp=Tyy* £y

By measuring the time penod length of wire and moment of"

" inertia of ring, we can determme the modulus of- ngldlty of
- wire. -

_‘15 Slmllarmes and stsnmllanties between the

Oscﬂlations of Bar Pendulum & Torsnonal Pendulum

Similarities: ~ '
'.if In both pendulum, the motions are simplé harmonic.

Ji. © Both' pendulum can be.used to measure thé moment of

"inertia of a body.

fiv . - Both pcndulum oscxllate about the centre of gravxty

-Mechanical Oscillation | 15
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Dissimilaritiesy

i

1il.

Bar pendulum is used to measure acceleration due to gravity
while torsional pendulum is used to measure modulus of
rigidity.

Amplitude of oscxllatlon does” not: affect the motion of
torsional pendulum while it affects the compound pendulum.

There are two points having same time period in compound

pendulum whereas there are not such two points in torsmnal
pcndulum TR R et

Bar pendulum

l. In  bar  pendulum,|l. In
amplitude of oscillation is .
assumed to be small

-torsion ° ‘

not assumed to be small.

2. This pendulum’ can be 2." This pendulum can bé used
* used to measure momenf| to’ measure the rigidity of
of inertia, acceleration|  wire.
due to gravity, etc. :

1.6

Types bes_,cill,atio'n:'j ki

1.61

Free Oscillation

The motion in \yhiéh particle moves without any restriction

of the force i.e., motion.of the particle is not retarded by

" external force such as friction étc. is called free oscillation.

1.6.2

Examples: Motion of electrons around nucleus, motion of
simple pcndulum in vacuum, etc.

Damped ] Harmomc Mechamcal Oscﬂlahon

Most of the oscillating bodies in dally life undergo reduction
of amplitude due to the friction and various other resistive
force; such oscillation is known as damped harmonic’
oscillation. The effect of damping decreases the energy-and

frequency of an oscillating object.and _ultlmately stops. the
oscillation. The resistive force acting on particle executing

16 | Insights on Applied Physics

[ smnpendulum 1

pendulum, '
amplitude of oscillation' is| -

'Olf; .

- .o,

S.HM. is propomonal to the vclocxty of thc pamcle whxch .
can be expressed as

" where b is damping constant.

Therefpre, differential Aequation: in this case will be -

= k- b‘;—x

.8
L
ll
3

=
-9 ][=%
Jx“
L+
2
+

.or,

—
=3

(=%
><~
|&

2|

+
g|o
a.

or,

-

a.|e.
"%-|>,<“.
5 F
Cale
+
)
o
>
i
o
I

31 T L e ok
where 2y e Y and ==  &re constant.

+~ which is the second order differential equatlon of damped

harmomc mechamcal oscillation.

The solunon of equatxon (2) can be obtamcd from auxllxary
equatlon and is given as :

. (Dz+ZYD+mo)x 0.

or, (D*+2yD+w¢)=0"

Solution of this quadratic equation is

D=2 4 (Dov

R e

_Mechanical Oscillation | 17
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e

Thcrc are thrcc poswlblo scenarios: .
‘Case It roots, rc'll und different (m'cr dnmpmg)
Y> '
5w
or T I>T
s o 3 . s
- When 4—5>— the damped frequency 18 lmagmary In thrs
case, there.is no osctIlanon and the system is sald to be ¢ over
‘damped. And the displacement of oscillation is-

=4, @3(_ Y"Qq )t‘»*' ;'\1 C(.-:.Y'- gl )t N
where A1 and A, are constant to be determine.- h

Case IL:- roots, real and cqunl (cntlcnl dnmpmg)

Bk
T m" O 4m T m-

o then frequency vamshes In thxs case, there

is no oscrllatlon ‘and- the system.is sald ‘to be critically -

" a'ampea’ Critical dampxng is hlghly desirable in mechanical

suspension system of motor vehicles: Amplitude of crmcally R

i - damped oscxllatlon xs gwen by,

Cx= (A,-i—A;t)e _ i
where Al and’ A-; are constant to’ be determmed
CaseIII roots, unagmary (underdamped)

mo >'Y_
y bl‘

=y — .
or ‘m >4m'» 5

5

s s B R
,When 4m the damped ﬁ'equency is’ real and the

, oscnllatlon 1s sald to be una’erdamped w1th damped angular ‘

O oa kB
AR 2 N T

18 | Insights on Applied Physics =

5 Quahty factor (Q)

* The rate of energy loss-of weakly dampéd oscillator is best
" characterized by a single parameter Q called the Quality
factor of a'damped oscillator. It is defined to be 2 times the - i

" energy stored in the oscillator divided by the energy lost in a ;

I
el

Hence, the damped frequency is

;

1. [k 3 ;

2 n v m T W {g

The arnplitude of underdamped oscillation is given by ]
. 3

Tx= Ac sm(mt+¢)o) ............ 3). - %
Dlsplucement ’ 4
Criticnlly. overdamped ..und(;'rdamped '
damped | . “.

» Timc

NAvA

.

single period of oscrllatlon Less is the dampmg, higher is

-~ the quallty factor Q. Mathematrcally, it is defined as i

_Energy stored

} Q 2" Energy lost per cycle

i u)l and (1)1 be the, frequencres at whlch the - amplitude

' becomes \?— then the quantlty W - (Dv is called wrdth of

- resonance peak Thus quallty is related w1th 0, - w,; by

(D. . P
The energy per cycle-of damped harmonic motion is . .
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\ 1 - |
Ew =5 M0’ Xpe® .2

where b = damping constant.

As =2y = e 2y is logarithmic decrement and 7 is

-relaxation time. Then, above eduation becomes .
: .
Envg [2 m(u h 4 ] 2'Yt

=E, e‘2Y‘ R )
- Average power dissipation is

_dE,,

P==d

d
—a B

= '7"Y EO e—zyt
Cor, P "5 E,vg ...... G

BLlv i 3
=BE . :
s N

Q=2 ' Energy- stored
Energy loss per penod

g En

or, Q= ZnPT
.12

. i Em

o, =iy

or, =2_Y

or, Q=wrt

.nQ;%?r;swoj”[ffriﬂ-

20 | Insights on Applied Physlcs

7163

This is the expressmn for quahty factor of dampcd harmomc
oscillator. From equation (6), it is. clear that: quahty factor is

inversely propomonal to dampmg constant b

Forced Oscillation’

In actial practice, oscillation left 16 itsélf eventually die out
 aftet certain times: But by applying periodic external force,
we can maintain a constant amplitude. The phenomenon of -

setting - body into continuous vxbratlons ‘with ‘the ‘help of

strong periodic force having frcquency different from the’

natural frequency.of the body is called forced vibration.
Let the applied force be represented as -

" Fuy = Fo sinpt .....,..,(1) o

where Fy is maximum force amphtude and pis frequency of

applied force.

Newton S second law of motlon in this case 1s

dx | dx "
Amar+bdt+loc ngmpt ()'

dx Lhdx k e b
. or, a‘[ T osin pt.
& _dx : Loyl o
or, g t2rg t+ mo X = Fo $iN Pt ... () 0
where 2Y =— and (no =1, aré constant

Aﬁer applymg the smusmdal extemal i'orce the osclllator"

“oscillates ‘with forcmg frequency of 'P- -and - a constart

= amphtude Solution of such dlfferentlal cquanon IS

SX= Asm (ot + ¢)

. where ¢ is phase angle bctween the dxsplacemcnt X and the v

()-

’ extemal force Fox.

Now, differentiate eqnation (3) with respecttot

Mechanical Oscillation | 21

CamScanner


https://v3.camscanner.com/user/download

dx ' . .
dt “ADCOS(pt-o) ........ -._....(4) y

ax % o g
'md ?—‘Ap sm(pt—d))..., ...... _..’.(S)l
. Equation’ (2) becomcs l
- —Ap sm(pt—¢) +2y Apcos(pt —4)+ mozAsm (pt + ¢)
. = Fysin{(pt - ¢)+¢} _ g,
.= Fy[sin(pt - ¢) cosd + cos(pt—d))Smcb]....-. (6)

_ Now, comparmg ‘the coefﬁcnents of sm(pt—q)) and cos(pt—cb)'

-of equation (6) K
»A(mo—p) FaCoso ..... A C I
2YAp =F,Sing .. (b) el

. Amphtude of forced oscdlahon. , .
-Squaring and addmg equanons (a) and (b)
A~ 2) +4Tp li= Fo
. T REA .' L
\/(mo -p) 4y

" Phase dlfferencc (4):.

L.l Dlvxdmg equations (b) by (a)

: FoSm(p 2’YAp
'FuCoso A((oo D7)

o= Tan“(m—i%—):........7'...;.‘.(7)'».'-- :

Forced nngular frequency (p):

- For - ‘maximum * amplitude * of forced oscnllatlon first
- derivative of equation (6) with respect to p is zero.:

Le., E=O )

22 | insights on Apoligd Physlc_s ;

 or, 2(o - )-2p) + 4729 =0

OI' ((l)o )+7Y2=0..

,.orp mo—ZY'

or,p =\]wo‘r-2Y' =(, - is called resonance frequency.

Resonance:

When the frequency of apphed force is equal to the natural
frequency of the oscrllator |tself this phenomenon is called
resonance. :

. We know the amphtude of forced oscxllahon is

Fo- .
(0 — p?)’ +4Y'D’

" “For maximdrn_'iimplitudé; put'p’ =0y =2y

So, Amux = ——————

At particular frequency of applied force, the amplitude of

forced: oscillator .is mammum Wthh is called resonance

' “amplitude and the frequency is q1lled resonance frequency

which is given by

f;ﬂmoz‘ 3 g ' S
r . 2

2.

Amphtude of forced hannomc motion A depends on
difference between apphcd and natural frequency. If we plot
A as function of natural frequency w, the graph will look
like as Shown in figure.
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0 s (.0—5

Curve A is the case of. hght dampmg, Bis the case of heavy - |
damping ,and C is the case of over dampmg The amplitude ~ |
becomes large when the applied frequency © is near'the: | .

natural frequency wp.

. Hencc the resonance is- deﬁned as the ‘phenomtnon of
setting body into vibration with'its natural frequency by the

application of external penodxc force -Such frequency is

called resonant frequency.

X 0.0. 0.0 ...

24 | Insights on Applied Physics

B VIPORTANT QUESTIONS

,1.

A particle is moving with simple. harmonic-motion in a

- straight line. If it has a speed v; when the dlsplncement is
X and speed v, . when the displacement is X, then; show -

1
~X 1
that the nmphtudc of motxon isa= (lu;v;‘i) .
1=V

Let the, motion of particle be representec_l by .

X= 2 SO0 o M.
dx R
ts velomty isv="T3 =aw cost ..»..,,...........;..'.(u) &
oy =X
—am" "
=2 -

For.displacement x, and velocity vy,
xy=asigmt .. .
and v; = OV = X7 coeresrereen (iiiy

For displacement xziand velocity vy,

Dividing equation (iv) by (iii), we get”
Vi AJafx?

23,2 2D 2ro D) D y iy -
Q- vy a.—vy Xl'—Vl 'a-—‘vl.xz

VR T XU, DS . S
_or, @V - Vi )—vz X —=Vi %2

. v x( - vy
a= .Sl ‘)Vproved
Vo~ —V|
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&

An oscillatory mohon of a body is represented by y =
N \\here y. is dlsplncement in time ¢, n is its amplitude

nnd  is angulnr frequency Show thnt the monon is |

~ .simple harmonic.

or,

- The dxsp!acemcnt of a body executmg SImplc hannomc

, .motlon is given by .

: Dxfferenuatmg WLt time wxll glvc ;

e%‘::-r(lm)ae ..'.....'..-(2) 1 "':l. '

lefercnnanng equatlon (7) wxll result -

—¥ (xm) ae"

.on, '-a't%=—(nzya

dly )
,dt-+my 0 '(3)_

which is"a second order d1fferent1a1 équation of snmple
harmonic ~motion.. Hence the ‘motion reprcsentcd by
equatlon ( l) is: 51mple harmomc

b 7l In simple’ harmomc monon, when the dlsplncement is
- one-half the amphtude, what fraction of the total energy A
is KE and what fraehon is’ PE" At what dlsplacement is -

the energy half KE and half PE? -

.Let the sxmple hannomc motxon of partlcle be represented by

y= Asmmt (l) .

‘ Velocxty of pamcle )= dt

Coon T -A(ncosmt (2)'

When dlsplacement is: half the ampllludc ie.,

' w|>

26| Insights on Applied Physics

=A sin ot

" g

; 1 .
er,smmt—2 . .
and cos wt =,\’1 —,sinzu)t

.. Kinetic energy, K = 3 mv?

. . ™ 1
Potential energy, U=7> ky?
‘where k is force constant and k = mw?,

o, Ué%k Alsinot

kA?=5mm2A3..' ........ &)
o %'mmzAf o %’mmzA” (
Now, 5 === and, 5 = —=
’E 1 ‘22 4 "E ] 2.4 4
' 'imu)A . 'i'mmA
Second Part

j For kmetlc energy to be half of total encrgy,
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1
oL TE =3

—

© or; cos’ wt=

nnd sin u)t""vl—- [ sm mt—‘\/l - cos”. mt]

A
Asxmt——
AT

Hencc at dlsplaccment :}5 pamclc has half kmctxc energy °

and half potential energy

4.  Att=0, the dlsplncement x(O) of the block in linear. . |
~ oscillator is —8.50 cm.” The block’s veloclty v(O) then is . . |

v 0.920 m/s and its acceleration n(0) is 47 m/s

" Find: (a) angular frequency (b) phase constant

=  Here, displacement x(O) =——8 5cm =—0 085 m
Velocxty v(0) =-0. 920 m/s
Acceleration a(0) = 47 m/s’
(2) Acceleration (a)=-wx

2

or, ©=

]
AT

47
~(0.085) =329 .
Angular ﬁ'equency (m) =235 rad/s 2

28 | Insights on Applied Physics -

2 . . y # v
 (b) .Forphase constant a;tane="— .

(0) O

0920
~23.5(-0.0850)

=0.461
u 25°

A 05 kg. body oscdlntcs in SI-IM on.a spring that, when

“extended 2 mm from its equlhbnum position, has-an 8 N

restoring force. What are the angular frequency of

oscillation and the capacitance of an LC circuit with the

same period if inductoris S H. - .

L 1 k :
. Angular frequency (f) =2—n"\/'—n‘1'_

o e F el
For LC,'gscillatiOn,a;‘\/: .

Mass ofbody (m)=05kg
‘ Extension length (x) =2 mm = 0.002m

' Restéring_force F= 8N"

Angular frequency (w) =
Inductance (L) =5 H
Capacitance of equivalent LC osc1ll:mon (C) 7 :

. From Hook’s law, F = kx (ignoring negative sxgn)v o

P
.or,‘k—?(, 5

4000
05

=125, 23 Hz - B

1

___——

1
2mA[LC
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-y

' Lask :
Or, m“LC o \
m
C=i
O e

6. - The balance wheel of watch oscillates with an ‘angular
' amphtude of x radian and a period of 0.5 sec. Find
i. ~Maximum angular speed of wheel

ii. The angular acceleration .of whcel when the'

_ displacement is 7/2 radian. G o
= Angular mnplltude (A) T ‘
Trme period-(T)= 0 Ss - _
" Maximum angular speed isv= A(u R
-2

= T
2
‘-_’E:O.S .

-":—4n rad/s > .
Angular acceleratlon ((x) u) y

i ()
@g

L = 8nJ Tad/s*

7. Calculate the wavelength frequency, speed ol‘ wave, and _

maximism particle velocity. in the wave represented byy:
= 20sinm(2t - 005x) The vnlue of X and y
centimeters, * W K

= ,Companng the above equatlon with: standard wave equatxon ‘ E

_'y = Asin- (wt kx), we get

‘ "30 | lnslghte on 'Applled Physics. *

. amplitude (A) = 20cm

angular_ velocity () = in

‘or, 2nf=2n

. Frequency (f)=1Hz

The wave vectdr (k) =3
n
or, 0. OSn = %
Wavelength A)= 40 cm N
Speed of wave W)= fx)‘. 40 cm/s g 4w .
And the maximum partncle speed (v,m) —A(n 401t cm/s

b= Calculnte the frequency and maximum. particle veloclty
: due to wave represented by y(x;t)= 0. 03Sm(60nt-0 03nx)

-The value of X and y are in centimeters. 2013 Spiing]

Compari'ng. the above equation with standard wave equation
y = Asin(ot-kx), we get . '
amplitide{A)=0.03cm -

; _ angular velocity ()= 60m

or, 21rf 60n
- Therefore, f=30 Hz
Nov_v,
" The maxrmum pamcle velomty (v,m) Ao= 0 03x60r |
' "=18n cm/s

Calculate the wavelength frequency, speed of the wave
and max1mum particle velocity in the wave represented
by y =10 sin(8t-0.08nx). The value .of x and y are in
CGS system, . , (2016 Fall

Companng the above equation with tandard wave equalion
y = Asin(ot-kx), we get .

" Mechanical Oscillation [31
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Amplitude (A) = 10cm
Angular velocity () =8 y
' or, 2nf = 8n
. onf=4Hz -

The wave vector (k) = '25? =0.087 .

Therefore the wavelength (A) =25cm "
Spcéd of wave (v) = fxA=100 cav/s - 4
Maximum particle speed (Vpg,) = A = 8011:' ém/s

10. What is amplitude, the wavelength and the. velocxty of the
wave represented by y= SSm(67rt-4x) where distance and
. time are measured in S.I Umts"

[2019 Fall] .

= . Comparing the above equatxon ‘with" " standard wave'

equation y = ASin (wt-kx)
Where, amp]itude (A)=5m
Anvular velocity (w) -67t
*  or,2nf=6n s -t
Hence the frequency is (fj =3Hz .

The wave vector (k) =%.=4'
Therefore the wavelength (X).= ™2m

| Speed of wave (v) =f>0&=%’t‘ m/s

11.  Show that the fractional change in frequency of damped

oscillation is——=

8Q

=  Letfand f'be the initial and f' nal frequency of oscxllatlon

- Then, f =—\/— ...... s (1) For free osc1llat10n '

» Where Qis qunhty factor

32| Insights on Applied Physics

Sl g e, O (ii)fordampedoscillation

Fractional change in frequency --f:—f—

%{ R

Neglectm g hi ghe; terms,

8Q _proyed

12. If the relaxntmn tlme of a damped harmonic osclllntor is

~ 60 sec, find the time for which (a) the amphtude falls to
-1/e times the initial vulue (b) the energy falls to 1/ nmcs
. the initial value.

= Relaxation time (1) =60 sec
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Case It

For damped harmonic oscillator, -
. a

Amplitude (A) = Agex

Gi\'cn, A =%“, t=?

A
._O - Aoch

T
or, e —e“

t=27= 2X60-l208ec
Case I

Energy (E) =E e'.%

Given E‘j—-%g,té?

Eq =t
So, T =Epe®
'y
-2 —
or,.6 =¢T

t=2t=2 5<60 —17OSec

B

E Eoc .
0.06t

01;' 'E‘ =g T =e~0'06 =0.941
' EO

____—-—-

: E . ' .
Frachon of the energy lost= Eo : ' e

= (1-0.941)
=0.058
=0.06 = 6%

' © .14. A'750g block oscillates on the end of a spring whose force

constant, k = 56N/m. The mass moves in a fluid which
offers a resistive force F = -bv, where b = 0.162Ns/m.
What is the period of the oscillation?

" 13. - The amplitude of.a lnghtly damped osclllator decreases

" by 3% during each cycle What fraction. of the energy of

the oscillator is lost in each full oscxllahon" )

= Amplitude of a ‘damped oscillator is

A t '
A=Age 21:

-Here, A 0. 97 Ao

C e ey B

097 Ko= Aot 20 mt= 0.067

Energy ofa damped oscillator is

34 | Insights on Applied Physics

.\

-~ = The period of oscillation is givén as

27

[k (_P_)T
m \2m/)

Here, k=56 "N/m, m=0.75 kg, b=0.162 Ns/m .
v T=0.7268 sec

15. A meter stick is suspended as a physical pendulum
through its oné'end:. Calculate its time period and length
of the équivalent simple pendulum. .

= . We lcllow that time period'of compound pendulum is -

1 , )

. Moment of inertia of the stlck through its end can be |
2

obtamed_ﬁ'om the parallel axis theorem, 1= Iem + m(%)-

.
.
.
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Now, for equivalent simple pendulum, time period is 2r\/;—;' '

=?.rr\/'£ where / is length of equivalent simple pendulum, - ~

' ’
.From gwe:rcondmon, f= T‘f’

or, Zn\/:—-\]——Zn \/m 4m

"'Squanng and'on solvmg P mk 25 % 1
b= 5 kg/s

17.  In damped harmonic motion;.calculate the time in which
(i) its amplitude and (ii) its energy falls' to 1/e-of its
undamped value if the'mass of the system is 0.25 gm and
damping constant is 0.01 g/s. - . '

16. A mass of 1 kg is suspended from a spring of sprmg I
constant 25 N/m if thc undamped frequency is \I—tlmes‘. '

the dnmped frequency, what will be’ the dampmg factor?

= - Here mass (m) = lkg _
Spring constant (k) = 25N/m- *
Damping factor (b)=?

1 [k

‘ Undamped‘freq'uency (f)= 272 \[m ' ..(i)_‘
kK o -
Damped trequency (t‘) =2a N\ m = amE ()

36 | Insights on Applied Physics

= Relaxation time (-c)— b -

(i) The damped'umplitude is.x= x‘ue.',z_f
or, X = Xoé— a0
N ke L
o, "—e_2t
B 21=505
. (u) Energy of damped motlon is
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18. °

A solid sphereé of mass 3kg: and diameter 0.20m is

‘suspended on a wire. Find "the period of angular -

© . oscillation for small displacements if the -torsional

constant of the wire is 6x10° Nm/rad..

Frequency of torsional osciliat

" 'We know that time period of torsional pcndulum is

L
1-amt

© Where I is moment of inértia of ‘solid‘sp'hére, given by

.=%X3 x(6.2)2 .
| =‘<')'.<')48kgr'n2 i -
[0.048
Now, tlmbpcnodT 2 6x10’
. =2835¢cond

IIanc thc ume pcnod of gwcn oscillation is 2.83s.

19,

A wire has a lorsionul constant ufZ Nm/radian. A disk of

* radius’S cm and mxgss 100 gram is suspended through the

wire. Find the frequency of such torsional oscillation.

[2022 Fall)

. 'Torsmnnl coistant (C) =2 Nm/md
Masq of‘dxxc (m) =100 gm 0.1 kg

'Momcnmf inertia of dlsc(l) 1 mR*

Radius of disc (R) =5 cm=0.05m"

2

“ =% x0.1%(0.05)}

= 1.25x10". kgan

.38 | Insights on.Applied Physics - -

i 5
“2n |/ 1.25x10

=20.13 Hz

1 ©
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" A particle is- movmg wnh 51mple harmomc motion. in a
straight line. If it has-a'speed v, when the displacement is X,
and speed v, when the displacemcnt is xj then, show that th’g:

’ oo B e X7 =X
time period of motion is 27\ ;llz:;z

* A meter scale is suspended as a,b_hysical ;;endulum, through
its 75 cm marks. Find its time period. -+ * -~ Ans: 1.517s -

A simple pendulum of length / and mass m lS suspended in a

car that is travelling with a constant speed v around a circle-
of radius R. if the -pendulum undergoes small oscillation

about its equilibrium position x, prove its frequency is f =

RIS
2n \JIR*

A metallic disc of mass O.Skg'x‘u;d radius 10cm is suspended
by a wire of length 40cm and radius Imm; the torsion

_oscillation of the disc are found to have a period of 2.5s.Find

the modulus of rigidity of the wire. o dns: 4020N/m’

A 485g body oscillates op a spnng that, when 2.1mm
extended from equilibrium, has restoring force of 1.13N. (a)
Calculate the frequency of oscillation (b) period of
oscillation (c) what is the capacitance of analog,ous LC

. system if L is chosen to be 5.2H

< Ans. 89.3 rac!/s, 70 3ms, 24 IuF

ORI
I" .’. ."

40 | Insights on ‘Applied Physics
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245 Wave Monon :

Any disturbance that travels onwards through a medlum due _
to the repeated penodxc ‘motion of its particles about their mean - |
position is called wave. It may also be defined sxmply as ‘the *

transfer of energy from one pomt to another. For example we

know that water ‘waves, sound waves, light waves;, and radlo waves-

all carry energy from one point-to another: For light and radio.

waves, propagatxon no medium is rcquxrcd at all. ‘There. is- _]USt

propagation of cnergy takes place. Such mode of transfer of: energy
. is called wave motion and ‘may bc dwudcd into two categones

i _Mechamcal wave motion:

- Itis possible only in matena] media (solxd lxqmd and gas)
which possess inertia as well as‘elasticity,- water .waves and
sound waves and example of mechamcal waves

di.  Non- mechamcnl or electromagnetlc wave motion: -

- It does not required material medium for its propagation s0 .

- that hgh; and radxo waves can. travel through empty space.

22 ~:?:Mechamcal Waves in, Strmg

Consider a string is stretched along x-axis under tensile force .

F and it is- dlsplaced shghtly along y axxs to genérate waves in
string. _ .

'_‘jf'

=) G

-_--'--_-..-'

b3

>

+
SR
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Resultant force on the small segment 'lb of the stnng
=i §inB,4ax — F sindy [
=F. tanO,,A, - F tanB,
=F (tanByax — tane,)

L)

for small 6, and 0,,,,

2"

dy . F e
. ‘=.Fdx Ax (i)
Also, resultant force = ma
i g -
";,LAxd—%" .......... (it)
. From equatlons (1) and (ii),
p,Ax—¥ F ax
& d2 .
% ax? = Flu / dt’
cdy 1.d
E% =Vt
© where v= ; is velocity of wave.

221 Relation Between Particle Speed and Wave Speed

. The general eduntion of S.._H;-M. is
' 2n o
y=.'a sin‘x‘-‘(vt—x) o ’

Pamcle speed Vpumcle —d%

S T 21r7&vacosz)L (vt x)

Aléo',-nlope of displacement curve is
dy_2ma 2 . -

27[ . .
i =-_}“ C_OSTM—X)
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' or,QX =_Vp_qniclc .
2dx v

Hence, for a wave propagated on'ut'ring, the slope of |

displacement curve is the ratio of partlcle velacity to the Wwave
velocity. :

2.3 EnErgy'in}'Progressive-,Wa"‘_)e' NPT S

For a particle executing SHM, the velocity is maximum at.

equilibrium position and will be ‘zero at extreme ‘position. Since
kinetic energy is proportional to’square of velocity, it is maximum
at mean position and zero at extreme position. Consequently, the

potenual energy at extreme position is maxxmum and will be zero
at mean posmon .

- ' V\\//\\// ot
To move particle from mean position to distance y, worl\ has

to be done against acceleration. For -small dlsplacemeut dy, work
done is :

dW =F dy

If p is density of the medium, work done per unit volume for
_small dlsplacemeut dy is '

dw=m a,dy o .

o= pa,dy ; a,is acceleration ‘m = p for unit volu.me'
4 a? : c '
—p[, ); sm % (vt x)] dy : .
Total work done'(w) =fdw =~ | '
| 4 pv 2n
' ='—AEL Iasm (vt- x) dy
-0
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Work done per umt volume is stored as potcnual cnergy pcr

: 'umt volume u which is ngen by

u-*.irigl I')"d.)" -

or, u= __Q_ y_
or, u _TC%ZQ—Z sin? (vt x)
2.2 : ’
u-=i{’z—a—",— ’2“ (vt x) o (1)

- Kinetic energy per unit volume is

(&2, P
l

[21mv ! ]
2 Pl ™y cosy ;\ (vt X)

k-y—{’f—‘f cos’z;f (V= %) s (2)

Eciuations (1) and (2) |llustrate tllat the. poleutiul energy and
kinetic energy of every pamcle will chzmge with tlme

Also,, C et
T IRELTE
(K)m=T det
-1 g 1
. alpav

2 4cos‘2%‘ﬂ (vt=x)dt’

1T Lo
)‘1 -T-fcos )‘(vt x)dt -
0 :
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1Ty
2 Tf‘z“(l +cos2('—‘) (vt x) dt

T

P %j‘lwzfcosx(vt x)dt} )
o - 0
T

=»27t2 al_vil_“[_'. [l sin4n.- ]T ]
TR TR A ( x) - 4mv
1 1. A sind srn41:
_.-.—;‘fz—T[z 24ms“;“(r x) -2 g - x)]
_ML[I - sm41r_ ' sm4n}
AMOTL2 8mv A 1 Tx)+ 0y
- 2pa’v’ 1IT. sin4n +‘Si“ 4n '
- BT A TR
_wpav g
=—a—- ............... S
Srrnllarly, %
L mpav - -
(u)avg._ 2 .............;.-..'(4) .-

- From (3) and (4), it is clear that average kmenc energy per'

‘unit volime equals to average potentral energy per unit volume and
s constant.

2 4: Sound Wave

n ’ "Consider’a sound wave travellmg along +ve. x—dlrectron is
' y= asm (Ot=kx) ... D)

. _dy -
Velo,‘crtlyf V.= dt -

,' : —acos(wt kx) = (oacos((ot kx)
" Total energy of partlcle is '
E =K.E+PE"

46 | Insights on ‘Applied Physics .-

poe =

T T

m zkyz

m{macos(mt kx)} +-mm {asm (0t - Jox)}?

(7k=ma’]

.Nl'—‘ Nl»—- -

- %mma {cos? ((nt koo +sie? (0t -k}
d 1 2 2 © pes
E=5mm a5 e (u) _
" If there are ‘0’ identical particles per unit volume, then
" energy density is given by, . . &

U=nE
=% (nm)(n2 az
= % pw’a’ [p= nm is density]
~If-we consider a tube of cross section S an(l length L, then
total energy within the tube is . :
' w=uv -
' =']'pw2 ézs'Ll'.... (i)
where V= SL is volume of the tube.

Intensrty due to.wave is defmed as the flow of energy per
unit area per second. ;

w.
ie. I—St )
EpufazsL ' _
P gt e e O
»-=§-pm'a2‘v eenedi¥) [ v=T1

Since the sound waves are emitted uniformly in all direction
from the speaker, the expression for spherical wave is -

Wave Motion | 47

CamScanner


https://v3.camscanner.com/user/download

p

l——.

A e (v) where P is power of sound. -

]
or, 5 pw’ ‘aly=—s

2.5 Standing Waves and Resonance '

When two progressive wave -of same frequency and

amphmde travelling through the mcdlum with same speed but’

opposite in direction superimpose each other,. they gwe rise to a
wave called standing or stationary wave.’

When a standing -wave is formed, the ‘point of maximum or - .
zero amplitude are resulted-alternatively due to the interference of .
wave is called resonance. The. point where the, amplitude is -

maximum are called nodes and those where the amplitude is zero

are called anti- nodes. The' formatlon of standing waves along with
nodes and antinodes is shown in t' igure below ’

. S n=1
< L >
Fig.: 1 ,
n=2 “.‘ -
< L - > . L =
Fig.: 2
n=3 —_
; N
< L >

Fig.: 3
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Let a string of length ‘L’ is fixed between two clamps and

pluck up and release to produce standing wave,

In figure 1, wavelength, A =2L
In figure 2, wavelength, A=L -
In f'gure 3, wﬁvclength A ié

, Continuing this process, we obscrve the -wavelength pattern
gwen by relation;

L,where n—l234 ........ 2

 Arid the resonance frequency is given by
N A 4 o
=% =2
The oscillation with lowest frequency (n—l) is " called
fundamental mode or first hnrmomcs

_ Resonance in standing waves of sound occurs when the
frequency of sound waves matches the natural frequency of the
resonant System, resulting in a large amplitude vibration.
Resonance is an important phenomenon in many areas. of physics
and engiheerin_g. Resonance can be used to design and optimize the .

performance of electrical gircuiis (Filters, Oscillators, Amplifiers).

Resonance is also.used in MRI to produce image of internal

. organs, blood vessels and others structures. Resonance also finds

its appllcatlons in'the design and optimization-of: performance of
mechanical systems (bridge, buildings and vehicles). - -

2.6 ' Sonometer .

. . A sonometer is an acousnc instrument consnsts of a wire in
hollow sounding box. Oneend of the wire s fixed and the: other is
“passes oven a pulley and carries. a load to produce tension in the

. wire. Thc vibrating length of wire can be adjusted by means of two
- sharp knife edges. A horse shoe magpet is placed at the middle of

the wire an a.c. current is passed through the wire. A current

A
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CETTYIME  conductor experiences a magnetic force and deflect

owards the direction of force. Due to the direction of A.C. current
the wire deflect upward and downward causing vibration.

The frequency ©

::_‘L /I
= Zt'\f n

where,

 fundamental mode is,

=mg .s tension m the wire

s lmear mass density and { is mode of wbratlon
(a0)

D

l

Fig.: Sonometer

o’o Qe e
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UTION TO ExAM PROBLEMS ANDES
BIMPORTANT QUESTION '

A source of soundhas a frequency 512 Hz and amplitude
of 0.50 ém. Calculate the energy flow across a square of
unit area per sec. The velocity of sound in air is 332 m/s
and density of air is 1.29 kg/m’.

_ Frequency of sound (f) =512 Hz

Amplitude of sound (A)= 0.5 cm = 0. 5 %107 m
Velomty of sound in air (v) = 332 ms™

Density of air (p) = 1.29 kg/m

Energy flow per square unit per sec (I) =

: We have,

Intensity (I) 2 pvm‘A‘
% 129 % 332 % (2m x 512) % (5 x 107)’

=55 347 wat-t/rri2

A source of sound has a frequency of 256 Hz and
amplitude of 0.50 cm, calculate the energy flow across a
square cm per sec. The velocuty of sound in air is 330m/s
and density of air is 1.29 kg/m’.

Frequency of ;ound = 256 Hz

- Amplitude of sound (A)=0.5 cm = 0.5 x 107 m

Velocity of sound in air (v) =330 ms™" .
Density of air (f) = 1.29 kg/m’
Energy flow per.square unit per sec (I)
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1l

7 X 1.29'x.330% (21 x 256)? x (0.5 10
=3092 J/im’% ' :

3092
(100 x 100)

=(.3092 J/cm s

Energy flow across a square cm pcr sec =

3.

A string has linear density. 525 uram/m and tensnon 45N.

When  sinusoidal wave of frequency. 120 Hz' and

.amplitude 8.5 mm is sent along the string, at what

average rate docs the wave transport energy? |

—

"Here, linear density () = 525 g/m

Tension (t) =45 N

Frequency of wave (t) =120 Hz
Amplltude (ym) 8.5m=8. 5><10‘3
w=2nf=2nx 120= =754 rad/s -

Velocity of wave, v .—_r\/g- g oo .' v
| | / 45
0 52 =0, -6 m/s

Average power transferred an 2 P«V“JZ}'; -

—

Puv :,‘X 0525X9260X754X00085

100 watt

4.

A wave ‘of frequency 500 Hz has a phase velocity of 200 '

m/s. (i).How far apart are two points-30° out of phase?
(i) What is the phase difference .between two

=

displacements at a point at times 10° s apart?

Frequency of wave (f) =500 Hz
Phase velocity (v) =200 n/s

52 | Insights on Applied Physics *

: L vy - 200
v_'—‘lf=>h=f =§OQ =Q.4m
1
Time pcnod (T) T
|

i. Acycleis equlvalent to 360° so that 30° corresponds to
th
(112) ofacycle.
" Corresponding lcngth ls%=% -
= 31—0 m=0.033m

ii; Here the time 107 s sec is half of time period T = 2x107

: sec and corresponds to half of one cyclc or balf of 360°. -

'Thus, the phase dgffercnce is 180°,.

A rod vibrating at 12 Hz generates harmonic waves with:
amplitude of 1.5 mm in a string of lineur mass density 2 -
- gm/m. If the tension in the string is 15 N, what is. the

average power supplied‘by the sourcc'.’

; " Velocxty V= \/ﬁ

61 23 ms

\} 2x10"

- Average power supplicd by the source is

1 ‘22
P ?EP‘V wla?

=2 x2x 107X 6123 2nx 12 (L5 x 10’

=(.78 Watt/m’
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6. Show that the l‘unchon y = A sinkx cosmt sn(isﬂes (Iu. S

" wave function.

= Here, the functron is’ y Asmkx cosmt .......... @ -

Drfferenuate with respect to t, a)é = -A(o smlor smmt. -y ‘(").

')

.‘.Agam drfferennatmg,a;— -Aw’ smlor cosmt..;...f ..(iii)
dy -
EtT —my.j....(rv) |
Again, differentiating equatlon (i) with respect to x thce
. we get : :
'g::_'——Ak'srnloc cosmt...._..‘..;...':'..;.(v)
. Ex'!=_,—k’y.'...-...(vr)

' Erom e'nnntion' (iV) and (vi)‘; V
ALy
?_[; (vu)

' where v— cn/k is the velocrty of wave

Equation (vu) represent the wave travel]mg w1th velocrty AR

- Hence the. gwen ﬁJnctlon represents a wave functron

1. A stretched string has a linear densnty 525 g/m and: is

_undef tensron ‘45N. We send ‘a’ smusoidal wave with: a "

:'frequency 120Hz and- nmphtude 8.5mm a]ong the strmg
from one_ end. At .what - nvernge rate does th '
" transport energy"

'.=> " Tension onwue (T) SOON

L Lmear mass densnty (u) 525 gm/m 0 525 kg/m
' Frequency of wave (t) = 1'70 Hz :

54 | Inslghts on Applied Pﬁysics

B DA it

Now speed of wave in rope (v) \[

Amphtude of wave (A) 8 5 mm
‘ ’ =0.0085m

, . =30.86 m/s
2 bE'n'e'rAgy‘ tasgported byiwaysiEy '
. s Zm}lszzv' R i
2 - =27 0.525 x (120)x (0.0085)* x 30.86

S =332.72 watt.

s 8 Cnlculnte frenuency if vibration of air particles in plane
proéressrve wave of amplitude 2.18x10™" m and intensity
10™ w/m,the velocity of sound in is 340 m/s and density

~_ of air is 0.00129 gm/cc ? (2015 Fall
= Intensity of wave (I) = 10" w/m?
Velocity of wave (v)=340m/s
Density, of medium (p) = 0.00129 gm/cm® = 1.29 kg/m’
';"I.,ine'ar mass density (i) = 525 gm/m = 0.525 kg/m
Amiplitude of wave (A) =2.18x10™""m -
Frequency of wave (f) =17
S jWe have, - "
4' l‘In'te'nsity of progressive Waye (1) = 22pf Ay .
or, 10" =27x 1.29 x £x (2.18 X 1070 x 340
- Af=492.99 Hz
' A9. A progressive and stationary, simple harmonic wave

having frequency 250 Hz and each having same veloclty

30 m/s.

i. Deterniine " the phnse difference between two
yibrating points in a progressive wave at a distance
of 10 cm. e ' :
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“ii.  Wave equation of pmgresswe waye if umplltudc is
0.03 m. :

iii. Distance bemeen nodcs in stntiomry wave.

[20158pring) |

=" Velocity of wave (v) =30ms
' Frequency of wave (f) =250 Hz s -
Now, v=Axf "
or,30= AX250
LA=012m
i.  Phase difference (¢) N

27rx )
k

=T 5.236 rad

ii. Wave equatlon 15 .

y= 0 03sm(500t—5 236 )
iii. Distance between nodes is

10. Calculate the speed of. transverse wave in a rope of’

length 20" cm having 60 gm of wire -under tensxon of

500N. .y P R |

‘= Length of wire (L) =20 cm
Mass of wire (M) =60 gm
Tension on wire (T) 500 N

CI=.

. Now, finear mass density (;1);= =

60
=20

=3 gm/cm

' 56 | Insights on Applied Physics

Speed of wave'ie rqpe'(v)=\/§ N
9 . ' ) . e 5

=1 / go 12 91 cm/s

BETY

A transverse sinusoidal wave is generatcd at one end of a

long horizontal string by a bar, which moves up and down

.through a distance. of 0.5m. The motion is continuous and”

repeated ‘regularly twice each second. If the.string has
linear mass density of 0.005kg/m and is kept under tension
of 2N. Find the speed, amplitude,. time . perlod and
wavelength of the wave motion.

[2015 Sprlng]

‘Ampli‘tu'de.of wave (A)=0.5m

Time period (T)=0.5s ,
Lmear mass den51ty (1) =0.005 kg/m

_ Tensmn on w1re (F) 20N

' Now speed of wave in rope V)= ’\[

20
0005

. =63.24 m/s

‘ And \vailelengt’h"()») =vyxf =%

'6

- =l 648m

12.

- A sinusoidal wave travels along a string. The time for a
- particular point to move from maximurn dlsplacement to

zéro is 0.17s.
i. Whatare “the penod and frequency"
ii. The wnvelength is 140 m, what is the wave speed?

[2017 Fan)
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= i Time period (T) =4x0.17..

. =068
1
Hence the frequcncy is (t) ==

| 47 Hz -
Speed of waye: (v) f’xk
L= 1 47x1 40=2 059 m/s ..

13.. - Two progrcsswe waves of equal amphtude and’ frequency
: trnvellmg in *opposite direction supenmposc to “each’

- other 'so -as to form a stnndmg wave -of equation y =

: Acoslusmmt whereA lmm, k= 157cm and ©="78.5

sec’ Fmd ; hp
i Veloclty of progressive wave e
“-ii. Nodecloset.to the origin, x>0 e
il Antmodes closet to the ongm, x>0
v Amphtude of resultnnt wave whcn, X= 2 33 cm
‘ - 2097 Sprlng]

= - Amplitude ofw'ave»(A)' =1 mm=;0.061‘ m
Wave vector (k) = 157 c.m"_'=1"57'm‘l ‘
_Angular'fréquency (m) =7855"

' We have x\;aveien"gth'of wave(A) =

. IS

N LA 004m

i Velocity of wave (¥) =3 -
—Osm/S LS ;:'
"-Node closetto ongm —5 '
—002m
¢ 1ii;_Antinode closet to ongm=z~ S

=0.1m

58 | Insights on Applied Physics. - *.

iv. Amplitude at given point is (vo)
= Acoskx

=0.001cos (157x0.0233)
=9.98x10™ m=0.99 mm

14,

A snmple harmonic transversc wave is propagntmg along

“a string towards the left direction as shown in figure,

Figure shows a plot of displacement as a function of’

position, at time t=0. The string tension is 3. 6N -and its

mear density is 25g/m. Calculate:

-i.  Theamplitude

i, The wavelength

iii. Wave speed

" iv. The périod

The maximum pnrhcle speed in the string.

v
© i Wnte an equntlon dcscrlbmg the travelling wave,

64+

E K T T T T T T T T
3| 2f 10\0\%40 50 Wso 90
-6t x(em) -

[2018 Fall)

@) Amplltude of the wave from fi igure is 5 cm,
(i) Wavclcngth of the wave from fi igure is 40 cm,

(iii) Wave speed (v) '
-\
‘ 3
o 36
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 (iv) Time period (T)

>

\

0.4
_1_2 0.033 sec.

(v) Maximum pnrticlc‘spced (Vmax)-
2n '

=Aw= A’T

2n
=. 05><'—03—3 9.52 m/s

(vi) ‘Equation of the travcllmg wave s y = 0.05sin57
(9.52t—x) :

- 16.

- A piano wire with mass 5gm-and length 90cm - is
stretched iith tension of 25N. a .wave with frequcncy

.100Hz and nmphtude 1. 6mm travels '\long thc wire; a)
"Calculate the average power cnrrled by the -wave b)
" What lmppens to thc power if thc wave nmphtu(lc is

halved. .- . ‘ ... [2020) Fnll] K

15. A stretched string has a linear mass. density of 5 gm/cm
and a tension of 10 N. A wave ‘on the string has
amplitude of 0.12 mm and a frequency of 100 Hz is
travelling in negative x-direction.

i. Write the wave equation with npproprinte units. -
ii. At what average rate does the wave lrnnsport energy?

‘(2018 Spring).

= Tension on wire (T)=10N"-
Linear mass density () = S5gm/cm =0.5 kym

' Frequency of wave ()= 100Hz 4
Amplitude of wave (A) 0.12 mm= | 2x10 m

Now speed of wave in rOpe v) '\/-
_ = \/;: =4, 47- m/s.
" Energy transported by wave (P) -
=21 nfA%Y

= 21’X0.5(100)(1.2x107)x4.472
=6.35x107 watt

60 | Insights on Applied Physics -

Now, speed of wave in rope (v) =

Tension on wire (T) = 25N ‘
Linear mass dcnSIty (W= 5gm/90cm —0 055g/cm= 5.5kg/m

_ - Frequency of wave Hh= IOOHz
" Amplitude of wave (A) = l.6mm— 0.0016m

K
=2.13tm/s.
(a) We hnvc energy transport by wave (P) 2n1pf¢A1
‘ =592 wmt

- (b) If the wave amplitude of wave is halved powcr of the’

wave will be (P')= zfr?m“'(%)lv A
-7

Hence the power of the wave will reduced by one fourth.

17.

“Here are the three.equations of wive:

y(x,t) = 2sin(4x-2t), y(x,t) =.231n(3x-4t),'y(x','t)=2.sin(3x-3i)
Rank the waves according to their (a) wave speed and (b)
maximum transverse speed with,gfe'atestiﬂrst.'

Comparing above equiﬁion with standard wave equatlon,

y = Asin{wt - kx)
For first wave 0w =4 and k=2
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" For third wave d)=3 'and'_‘k =3

o YN mee

And the maximum transverse speed (V) = Aw = 2
o =8m/s’

For second _w:ive o=3andk=4

Wave speed (»)= k

w.

=;=o75'xh/'s

And the maximum transverse speed (v,,,,.,) Am 2x3 .
' ' . =6m/s .

.Wa{x}e_spccd'(vg =2

==1Imis.

k
3
3

: And the maximum transverse speed (Voax) = Au) 2x3

L =6

'-Hence’ra'nk of wave aeéording to-their wave speed is y(x,t) - foo

. "7sm(4>.-7t) y(x t) = 2$1n(3x-3t_) yx.t) = 2sm(3x-4t)

. Maximum-. transverse speed of ﬁrst one 1s maxnmum and
. remammg two are same.. e T e : N

18.

; " ii. Find the function. f(t) glving the dlsplacement of the - F - -

-----

. Awaveis propngatmg ona ]ong stretched strmg along its
Iength tnken as the posmve x-axns The wave cquatwn is:

, t X
given by y y., e\ ) where yo 4mm, T —ls and A=

4cm.
. ‘Find the velocnty of wave

partlcle atx=0,..

att 0.

- iv. Plot the shape g(x) of the strmg att=0".

v. Plot thcshape of thestrmg att=>5sec. " - '[Eozu-'aﬁ]

62| Insigh_ls on'AppIied Physics ™

.+ Find the: funchon g(x) glvmg the shape of the strmg .

, =

Here, the wave équation for gi’/ﬂn yalue of amplitude li
pent)d afid wavelength lﬂ EGE unit is,

y= 049(
y=04c—(! 025!)
O Velocltyofwave is
. _dy”
V=t

. 2
=0.4e 0% x (22)(t-0.25%)

= -0.8(1-0.25x)e~"" 0250
ii. The function glvmg the displacement of the partjg, . #
=()is f(t) 0.4e™ '
iii. Funcuon giving the shape of the string at t= 0is
g,(x) 0.4e™ 06x?
(i shupe of strmg att= 0 is’

Y
% [(x)
. v - shape'of strinf; at {= Ssec is
0 5 . . .

Y
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A string of mass 20 gram and length 1.6 m is fixed on a

19,
rigid support at one end. The other end is attached with
a'mass of 2 kg Calculate the specd of trnnsverse pulsc-
formed on the string. - [2022 Fall]
Mass of string (M) =20 gm = 20x10~ kg -

Length of string (L) =1.6m . . . e
Linear méss density () = %

_20x10° -
=716

125x10 kg/m
Tensron on stnng (T) .My

-2><9:8
-206N

* Speed of transverse pulse (v) \/'

' 206 p
1.25x107

. =0406m/s
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a~EaE R -

RS Ay con

.. A strétched spring has a Irnear dcnsrty 525g/m, and is.under -
" tension .45N. A sinusoidal wave of frequency- 120Hz and
amplitude 0. 85cm is send from one end. At what average .
: rate ‘does the wave transport energy?

. .a. Show that the speed of a transverse wavc on thc rope 151

- - a function of y,.the distance from the: lowcr end'i is glven

by v=+/gy -

b. Show that the timie a transverse wave 1akcs to travel the *

: s o 2 T
length of the rop_e'rs grven by t.=:2.\/j-;".. N}

o
d

000

o'o
D>
>

 Ans: 100W

' A’ uniform mpc of ‘mass m and length L hangs from a. -
i cerlmg :
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31 lntroductxon R N

Acoustics is the branch of. physws that deals wnh the sludy
.o'f all mechanical- waves in solid, liquid and gases medium
including vibration sound, ultra -sound and infra sound ect,
~ Acoustic phenomena can be discussed in term of frequency into
three sections: ‘audio, ultrasomc, and .infrasonic. The range of
" audio wave falls between 20Hz to 20 KHz which can be dctected
“by human ear and has' number of applications in speech
communication and music. Ultrasonic ‘waves . refer to- waves of
- frequency higher than 20 KHz and are useful ii imaging
“technology 'such as ultrasonography. and elastography. The lowest
.'frequency wave is: called “infrasonic which is used” to study
geologlcal phenomena such as earthquakes.

UlrrasomcMctho mNon—I‘)gsﬁucﬁVe'ng'szting‘__,_: S

Nmse Pollutl on.

. Ce R oy e TRt R 511 Sound Friendly Auditorium Hall
: P Ft) B R N L s For the clear and- distinct sound from the speaker, the hall
S . should hiave the following charactcnsncs.

a. Structural design . b

N - Distribution of mtcnsxty throughout  the hall should be

ST e e s, e S "= uniform. Usual desigri of the hall should be parabolic shape.

coe LT e e o At the speaker’s end as stiown each syllable of sound should

R B A be - distributed in such a way that each’word is heard

- distinctly and there is no reinforcemeént causmg the change

in quahty Coved wall or comers-should be bare minimum

. because there nmay be unduly concentratior of sound at some
place and some other place may become zone of silence.

b. . 'Matenals to be-used -
~In fnendly audltonum there should be provision to absorb

the unnecessary reflected sound. Some porous material like
clothes, asbestos, ‘cushions, etc, should be used and they are
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put at varous places of the hall. Open window is considered
ax perfect abrorber of sound since there is no reflection and
sound simply passes through. So; to get option value of
reverberation time, we should have few windows.

e Reverberation

Interval of time taken by continuous souhd to fall to an
'xmensr\ by 60 dccxbel;sr in loudness is called feverberatiort.

Fall intensity of sound in hall is exponential. So, it will take

longer time to become zero. Due to_ultiple reflection_of
wall, ceiling and floor sound reverberates and persist in side -

room for longer time. For good acoustic, reverberation time
should have optimum value (not too small not too large).If
small, sound vanishes instantaneously and gives the hall

dead effort. If too large, there is multiple reflection and P

overlapping thereby causing confuslou Different frequency
of sound may interfere differently at some point. So, quality

of sound may change. This produces unpleasant effect,

especially in time of music.

These are some suggesuons to make sound frlendly ;

zuditorium hall.

3.2 Sabine'sRelation -

The reverberation time of sound can be -obtained from ‘the

volume, - surface area and absorption : coefficient- of the sound
absorber in hall by simple relatlou known as Sabine" s ‘relation.

Let 1 be the intensity of sound in the room at any instant, 51

be the fall in intensity in small interval of time 8t n is the number i

of reflections per second. It has been found that,
Bl G R G N
Ol o< Bt
Combining these,
8le<n 6t
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ot, 8= ~ct nf6t

a
57

* where o is mean absorbing coefficient and n = 7.

-
rne

negative sign indicates the decrease of intensity. °

- In the expression of n, S is total surface area, V is volume of
room, and v is-velocity of sound.

Now, equation (1) can be expressed as

Sv_ o

ol. Sv . '
o, T=-0%y Bt‘ ERP. (2)
Int(’.grating ; equation (2), we have
181 _ '
[ S-Sy &
0
g et I”; aSv. b
on Unlhy, =%y ["]o;.
gl as : -t & °
:-or, nl=Inl,= 4V bl o . .
ol (L; asvt i )
.Or, n' I ‘_" 4v
o oaswt

Ffdm fhe'deﬁniﬁou of feverberation time T, I =%

108=c 4V
e
or,” 6ln10— W A
6 Inl0x4V g
i T=__nl_"_

R
Taking velocity of sound, v = 332 mv/s g ‘
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T—o (SSS\ which is Sabine’s rcl'\tion. e Ty j L) f =21 \/; ‘
etc. is mode of v1brat10n

Hence,-the rcverbcrauon ume dccreases with mcreasmg the - where k— 1,2,3,....
sound abcorbmg area. " S ‘ gt T : : i Y= Youngs modulus of elastlcnty
33 UltTasound . -. T v, ' e : -p denslt}' of the. crystal , " -
- R 3 ¥ . Y X T '..' o N ﬁ
The sound wave wluch has frequency greater than 20,000 px . % gl Ultra sound gl o rlE O.r dm.‘ﬁ"y ST =
Hz is called ultrasonic sound wave Since they travel }vxth velocity I 1. Frcquency‘ofultrasound 1. Frequency of ordinary
of sound margmal wavelength of* such wave is ;3008 166 cm at : | - is greater than 20,000 | - sound ranges from 20
- . Hz- : Hz to 20,000 Hz.
* room temperamre H - :
' et e 2. Itcan't be heard. 2. It can be heard.
331 Ic’;roduchon of Ull:rasomc Wave 3 P-l'ezoelecmc 3. It has many applications | 3. It © has- - limited
Fgpslun " inengineering. applications.

‘Certzin crystals-] like quanz, tounnallne etc. exhibit electncal
»charges when heated - or cooled ThlS phenomenon is called , . ; ‘
‘ plezoelectrxczty R - o . k- 1. [ Ultrasonic waves are use to diagnosed different disease and
S : : ' | : ' * monitor different organs inside the human body in medlcal
field. :

Ultrasomc waves are'used in navxgatxon purposc in SONAR.

" . Applications of ultrasonic wave:

IIAVI}——'

o
b

| Quartz '

Ultrasonic waves are use in research . and survcy to measure

5 E R e R : ; _ .. &y 3 . ¥ dlstances and posmons ‘
-|: é? : _’L I | T o 4. . Ultrasomc waves are used in mdustry to find cracks and
: s i -t 7 defects, i :
Flgure shows a sxmple piezoelectric geuerator Qisasliceof | - 5.
crystal placed between metal plates A and B so as to form parallel " |

plate condenser. The. plates are connected- to-the primary of a
‘transformer whxch is coupled mductlvely to the oscillator circuit of -

| el
L~
(%)

“ Ultrasonic waves are: used as catalytic agent in chemvcal
i reactlons

6. Ultrasonic waves are e used to cut and welding and soldering

a valve as shown i in figure. If natural frequency of oscillation of - - e ‘metals. Eo: i
valve circuit is equal to the frequency of the crystal mode to which "} - 7. . Ultrasonic waves " are: uscd in cleamng and. cavitation
"we intend to excite, resonance will occur and ¢iystal will-undergo : purpose.
- linear - expénsion' and cbntra‘ctlo'n at exactly - same’ rate, With- .- 4_‘ > '8, . Ultrasonic waves are used i in envnronmental momtonng and
moderate size crystal, ultrasonics of frequency 5,40, 000 cycles/sec R H - quality control in manufacturing.. :

can be produced .These vibrations are longltudmal in nature and
_frequency of wbratxon is gwen by

7_0_ | Insights on Applied Physlcs Acoustics A

CamScanner


https://v3.camscanner.com/user/download

3.4 - Ultrasonic Method in Non-Destruétive Testing

- Ultrasonics is the name given to the study and application of

ultrasound. A non-destructive test is one in which there is no -

impairment of the properties and performance:in future use of the
_qbject under examination. The -ultrdsonic method of non-
destructive testing can be used for flaw detection, dimensional
measurements, material charuclc;rizzition,- etc. The ultrasonic
method of non-destructive testing is currently the most widely used
of the testing methods. The ultrasonic method is- used in many

industries mcludmg steel and aluminiumconstruction, metallurgy, :

manufacturmg, aerospuce automotive, and other transportanon
sectors.

Working princibleé

In most common ultrasonic method of testing, a very short

ultrasonic pulse waves with frequencies, ranging from.0.1-15 MHz

and sometimes up to 50 MHz are transmitted into materials under
test. ' N

As shown in left figure, a probe sends ultrasonic wave into a
test material: There are two indications shown in the cathode ray

oscilloscope (CRO): one from the initial pulse of the probe and the.
second due to the back wall echo. - . . .
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“However, if there is a defec't'(righ't ﬁéurc), there is a third

' mdxcat:ou that snmultancously reduces the amplltudc of the.back

wall mdlcatlon The depth of the defect is given by the ratio Ili),

Advnntnges of ultrnsomc testmg
o Testing can be camcd out from a single surface

e A high degrec of peuetranon is. possnble in many
commonly-used materials,

. e Accuracy'in locatiqg and measuring defects.
o Ability to detect and size very small defects.

o Companblhty with automatic. scanmng dcvxccs and with
microprocessors and computers

Disadvantages of ultrnsomc testmg

e Operators must be properly tmmcd zmd highly
expenenced

- o (Castiron and olher coarse grained materials are difficult

to inspect due to low sound transmnssuon md lngh signal
noise.

. Linear defects oriented parallel to the sound bt.am may
go undelectcd

'

3.5 Noise Pdllution :

'

Any unwanted sound to human ear or other'living beings is
called noise pollition. Noise pojlution causes many serious health
problems  to- human body especially to- ear and mental issues.
Accordmg to WHO standard, sound above 120dB -loudness . is
considered as noise polluuon Sound with such high amplitude

- cause vibration to surrounding ObJCCtS and may cause damage.

Causes of noise pollution:

. Industrialization:' In . industries, use of . heavy

. machinery such ds generators, motors, mills, huge-

" exhaust fans has produced unwanted noise. -
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*  Vehicles: As the number of vehicles is increasing day
by day, it is also another reason of noise pollution.

' Evont: Weddings, public gatherings, musical programs
-has also contributed to noise pollunon

Construction sites: Mmmg for matenals and |

construction of buildings, bridges, etc. are also another
. causes of nmse polluhon - o ‘

Effect of noise polluhon

1. -Noise pollunon causes ear problems and in long term it
-may cause hcarmg loss

!\)

~ Noise polluuon causes various mental health problems
* such as - anxiety, depression, stress, etc.

(59]

-Noise polluuon near soft bulldmg and, stmcture causes
_damage. ' :

4.. Noise pollutlon near’ school and colleges dlsturbs
acadermc activities. . T

Preventmn

1. Indx.stnes and factory should be far from v1llage/c1ty
areas

1o

machmery devices.

- 3. Loudness of “sound speaker should be controlled in
public area. '

4. Awareness about the effect of souind pollution should be :

given to.the students from schooJ level

o ..
o "o
e

00

.
L
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" . 1. . Aroom has dimensions 6m % 4m * 5m. Find?

.Proper sound msulanon should be mamtamed in

g lMPTNT QUESTIONSEE

i.  Mean free path of sound wave in the room
s The number of reflections made per second by the
sound ,wnve with the walls of the room. (Take
. velocity of sound in air =350ms™).

-  Volime of room (V) = 6m x 4m x Sm
' =120’
i. ‘Mean free path is the average distanice covered by 2

sound wave through air between two consecutivs
reflections with the walls of the room.

g & ] 4xyolume
©1e,0= Ar—ea
Total surface area = ’7(1 b+bh+ Ih)
: _7(5X4+4X576x5)
£ .. =148m°
Lo 4x120
ST Y
ii. . Number of reflections made per second by sound wave
s - :

—3..42m

-.‘velocigy o

" ™= nean free path

2.. How much ncoustlc power enters the window of are

- 1.58 m through the sound wave (standard mtensnty level

107 chm )? The window opens on a street where the

street noise results in an mtenslty level at the window of
.60 dB
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= Areaof window (A) =158 m”
_ St’mdard mtcnsxty (lo) 107 Wiem? -

=10 W/m
Intensity level = 60 dB

We know Lhat, inteneity' level = 10 log (ﬁ)

.or, 60=10log o

I=10" W/m’ G s
Acoustic power = lntensnty x Area . LS
=10%x 1.58.
© = 1.58%10% watt.

Solving equation (ii) and (iii), we get Zo: ds =3010m’ sabine.

and V = 27363:636 m’

For reverberation time. reduced to 1 312 sec, let’s suppose

" that nbe the. number of audlences present {n hall.

0165V
“Zods+na ‘
0.165V -

on 1312=50ds ¥ n x 0.43

‘Puttirig value of V and Za. ds , we get -

= 1003

3. The reverberation time for an empty hall is l.S sec. With .. © | =

500 audicnces present in the hall, the reverberation time
falls to 1.4 sec. Find the number of persops present in the
hall if the reverberation time falls down to 1.312 sec.

The volume of a smnll hall in BICC is 900 m’. The wall

area of the hnll is-150 ‘m? A cellmg area 90m”* and floor -
. areais 95 m’. The sound absorption coefficient for.wall is

0. 04 for cellmg is 0.04 and for the floor is 0.08, Calculate
average sound nbsqrptlon coel'l' cnent nnd reverbernnon
time.

=  Reverberation time for empty hall is glven by

_0165V- T
Sads - e (l)._

absorbed by the surface.

0.165V -

or, l.5= PR

When 500 audiences are present,

~Zods+ 5000 --'-5-.--(1;) |

where o is absorption cocﬂ' cient for a smgle Jperson and its
valuc is nearly equal to 0.43;

0.165 V

or, l.4=m' ........ o (iii)
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where V- is volume of the . hall and To ds 15 the sound

" Volume of hall V)= 900 m*

Wall area (s,) =150 m’

. Ceiling area (s;) = 90 m
Floor area (s3) = 95 m?

‘Absorptlon coefficient for wall (o) = 0 04

Absorption coefficient for- cellmg (av) 0 04. . .
Absorption coefﬁcxent for flor (a;) 0.08

- Average sound absoxptlon coefﬁclent 0= ?

Reverberation nme_(T) ?.
We have,

' Average sound absorpnon coefﬁment

_ " 041+ 08y + 0383
YU sitsts o
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_ 150 x0.04 +90x0.04+95%0.08

~ 150+ 90+095
=0.05134
Reverberation time is
018V ‘
- 0.158 % 900 .
150X004+90\004+95X008
—SZGscc -

or, 079 .3x750
" Hence, the sound absorption coefficient of the hall is 0.504,

S. ~ A source of .sound has a frequency of 256 Hz and

amplitude of 0.50 cm, calculate the energy flow across a '

square cm per sec. The velocnty of sound in.air ls 330m/s
.-and density of air is 1 29 kg/m®.

Voluyme of hall (V) =5500 m
Surfacc area (S) =750 m
Average absorption coefficient (ct) = 9

. We know,

- 0158V
S

.0.1.”8X5500‘_‘_0'5404 ' : -,

By how much would intensity level at a given place
cliange when.intensity of sound produced-by a source at
that place is doubled? .

= Frcquancy of sound (H=256 Hz . :
Amphtudc of sound (A)=0.5 cm= 0 5 x10 m
Velocity of sound in air (v) 330 mis™
Density of air (p) =129 kg/m '

Energy ﬂow per square umt per sec (I) = - pvm

1 :
= x179><330><(21t><756)2><(05x10")

3 97 J/m 5.

' 3092
Energy ﬂow across 2 square cm per sec= (100*100)

5 —03092 Jem’s.

6. A reverbernhon time of 2.3 sec is observed in a hall of .

volume 5500 m’. The sound absorbmg surface: of the hall
+ has an area of 750 m’. Calculate the average absorphon
coefficient. ‘ g

=> 5 Revcrbcratlon time (T) 235

.78 | Inslg_hgs‘q‘ri Applied ,Ph'ysics. Co

The intensity level of sound is expressed as

I
I =, 10 logm('f;)

We may write for two cases as

L PN
: Iu=.1010g10('1j)

' i (L
g = 10_ log,o(To")
. * By the uuestion, L=2I,

: R i
In= 10.,10‘310(1_0') !

R 0
I.Lz'="‘°1°g'°('1~o_')

Change in intensity level is calculated as

21, I\ .-
IL_ Iu =10 [ logw( )'—IOglO(](:) ]

Ce 2N e i A

=101‘°g'°('11 ) [ loga—logb=logb]

=10log;2 ° o ’
- =3.01dB
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8.

- The volume ol a hall is 475m , the'area of wall is 200em’, . |
. area of floor and ceiling each, is 100cm?. Xf absorption S

coefficient of the wall, cellmg and floor _'lre.0.03,0.04 and

005 respectively, find the rcvcrbcrnﬁoiﬂidm for the hall;

0.15
=  Here, Reverberation time (T) = uSV
T= -~ 0.158x475 .
= (200x10x0.03+100%107x0.05+100x10™ x0.04)
T=0.0005s ° |
9.  The time of reverberation for an empty hgll, without and

with 500 audiences is 1.5 s'and-1.4's respectwely Find

the reverer.mon time wnth 800 audiences in the hall.

Nl Fall]

= Reverberation time (T) =

0.158V
a8

0.158V. - .
= O.S"', . ...... (1)
_0ds8V
'_uS+500'""_"".""(") )

0.158V ;
ASHN e (m)

T=—cN

* Solving equations (i) and (i), weAggt

aS=7000 and 0.158V = 10500
Now equation (iii) becomes,
10500 . :

&= T000+500 L

S

10.

The size of an empty assembly of bell has dlmenswn‘

20x15x5 cm® and the reverberation tlme is 3.5 s. what
area of the 'wall should be. covered by curtain cloth to
reduced the reverberation time by 2.5s if the absorption
coefficient of curtain -cloth is 0.5.-Also calculate the

average absorption coefficient of the bell. (2014 Fal]
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Volume of the hall (V) =20 x 15 x S e’

=1500 cm’
i =15x10° o
. Reverberation tim; for empty hall (T)=3.55 :
Reverberation time with curtain (T =25s K
Absorption coéfﬁciént of curtain (a) = 0.5
Total surface area of the room (§) = 7(lb +lh+ bh)
' =950 cm?*
“e =9.5x10'2m
We know, e :
) ol Sl o G 0.158V
Reverberation time without curtain (T) == g™
18 0.158Y - * i
o " 2u(lb+ih+h)
01S8V . B R e
7(lb+lh~rbh) ' RSN
0.158x1.5x10” '
7(20x15+15x5+20x5) x10%-
~.a.=0.00026
Let A-be the area covcred by curtam nlolhs '
oy 158V
'Rcvcrbcranon txmc \Vlth curtam( ) —__a(S- AYFAGe
widd g 0.158x], 5x10’ .
or,2.5= P
7 0.00026(9.5x107-A)+AX0.5 .- :
A =14.027x10" m' -
IL A classfoom has_ dimension’ 20x15%5 . The

reverberation ' time s 3.5 sec " Calculate ‘the total

- absorption of its’ surl'ace and the- average absorption
coefficient. . ’ ‘

[2019 Fall]
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-y

—3

' We know,, Reverberauon time (T) =

; '.or, 35= =

Volume of the hall = 20 X 15X S.cm’_' ,
=1500cm® |
=15x10°m*
Reverberation time for cmpty hall (T) =3, Ss »
Total surface area of the room (S) 2(lb+lh+bh)

- 2(20><15+15x5+20x5) e

.-.—950cm 0095m
QIS8V

aS-
0158x1.5x10° |

0.0950 - .

= Average absorpnon coeﬁicxent (tx) 0 005

'Now total absorptlon ofthc surface (08) = 0.005x0. 095

=0.00047 m?

A boy ciups his hands once every second and hears the

12,

> effects of reverberahon time if an audience fills the hall -
- -and thereby increase the nbsorphon by another 92.8 m??.

A hn[l has volume 2265 m’. Its ‘total absorphon is

equivalent to 929 m’ of open wmdow. ‘What will be the

- [2079: Sprlng]

Reverberation time without audience (T) S

0.158V .
uS

0 158x7265
99 .

=385
0_115_%

Reverberatmn tlme thh audlence (T) =7 185.8

'-1935

‘ chce the reverberatlon tlme ‘will decrease from 3855 to'.
L 93s 1f an audxence fills the hall.
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 Reverberation time without curtain (T)=="¢

13.
echo from a distant building, He hears the echo of.each
* clip mid-way between it and the next clap. If the velocity
- of sound is 340m/s; what is the distance of the buxldmg
from the body? , 2019 Sering)
. , |}
- = Velocity of sound (v) = 340 m/s
Time taken by echo, (tj ='0.'5 s
Let distance of builaing isx.
We have, vt=2x
. or, 340x0.5=2x *
sox=85m.
14" For an empty assembly hall of size 20x15%10 m’, the
reverbération time is‘ 3.5 sec, Calculate lthe ayerage
._nbso'rptlbn coefficient of* the hall. What area of the wa))
..should be ‘covered by the curtain .50 as to reduce the
reverberation to 2.5 sec? Given the absorption cocfﬁcnem
" of curtain cloth is 0.5. (2021 Fal)
‘=  Vlume ofthe hall (V) 20 % 15 x 10 cm’

= 3000 cm’ —3>< 107 m’
Reverberation time 'for empty hall (T)=3.5 &
Reverberation time with curtain (T') =2.58 -

Abéoxption coefficient pf qurtain (0g)=0.5

- Total surface area of the rborq (S)=2(Ib + Ih + bh)

=2(20x15+20%10+15%10)
= 1300 cm’

: =0.13 m’

We kndw, " .
' 0.158V
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0.158V
0.13a

_ 0.158x3x10°
01335

or,3.5=

=0.00104

"Hence average absorption cdcfﬁcicﬁt of the hall is 0.00104.
* Let A'be the area covered by curtain cloths

R Reverbcrauon time Wlth curtain (T') = ﬁ%&‘c
g . 0.158x3x10v’-
© 05 £270.00104(0.13-A)+Ax0.5
W A=27x10"m

15.. The size of an empty nssembly of bell has dlmensmns '

20x15%5 em® and the reverberation time i is 3.5sec. whnt

area of wall should be covered by curtmn cloth to reduce . .

the reverberation time by 2.5 sec; if the. nbsorptlon

coefficient of the curtam cloth is 0.5, Also culculntc tlle “
© average Absorphon of the bell. L [20"3 Sprlng]-

"= Volume of the ball(V) 20% 15><5cm |
© =02x0.150. 05

: _ o =00015m’

Total surface area of the room S)= 2(lb 4 lh +bh)-
= 2(0.2x0.15+0.2%0.05+0:15%0.05)

. =0.095m’
Reverberation time for empty hall (T) =355 :
Reverberauon time with curtain (T) =2 5 s
Absorption.coefficient of curtain ((xc) 0. 5
We know the rcverbemtlon time from Sabine relation,

- 0158V

Reverberatlon nme without curtmn (’I') =R

84 |'Insights on Applied Physics .

0.158x0.0015
" 0.095a .

_ 0.158x0.0015
~0.095x3.5

or, 35 =
=0.0007 .-

" Hence average absorption, éoefﬁcient'of the hall is 0,0007. |
" Let A be the area covered by curtain cloths

0.158V .-

Re\fellqeration nme:'\\f'ith cgrtain (T =m
' s 0.158x0.0015 I
or, 2:3 = 0:0007(0. 095-A)+Ax0 5.
—14x10"‘ '
: l r ;3 —l‘P’ X0 T’ <
| ovomwv@?-'.” 00.0% ”'y
W : O.a)';-kw
e o 9) 2
e Ty o5 0°RY . -
| 2 9:4¢ K0
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IXERCISE}

1. Aloud speaker produces sound level of 8 dB above a certain
xkrcmc level at a point. 40 m from. it. Find the intensity
level ata p01ntv30 in fromthe source. ...~ Ans: 10.5 dB _

2. A reverbeation time of 2.3 s is-observed in a hall of volume . f:
S500 m’. "I‘he sound absorbing surface of the hall has an area
of 7 /50 m. Calculate the average absorption coefficient,

-Ans: I 85
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41 LASER

LASER is an optical device which pf,oduce:highly intense, -

monochromatic, unidirection_al, coherent beam.of light. The term
‘LASER’ stands for light amplification by stimulated émis'sion of

radiation. Laser works on, the pnncxple of stxmulated emlssmn of

radiation.

411 Spontaneous Emission

Wby

'El~

~ When an atom in excnted state Ez Boes to the ground state Ey-

. by spontaneously emitting a photon, the process is known as

spontaneous emission, and the frequency. of photon is given:

“HEL L L Rt gy -
_E-E ' |

h

In such a case, the emitted photon can move in any random -

direction. Photons -emitted from: various atoms in the

assembly have no phase_relationship. between themselves:

. and thus, the radiation given out is-incoherent. Example: .
ordinary llght :

412 Stimulated Emission

h - hy

%

M py e | My,

E

Y . Y

. E
When an atom .in an excited state E; mteracts with an

incident photon .of. frequency v and is thercby induced to
move to the ground state E, by emitting the difference of

* process is known as stimulated emission. In such a case;

413

i. the emitted photon travels in the same direction i
Wthh the incident photon is moving, and

 the two photons are in.phase w1th each other.

Population' Inversion:

88°| Insights on Applied Physics

The establishment. of a situation in which the number of

_energy E;-E; asthe photon of the same frequency, the

. atoms in the higher energy'levcl is greater than that in lower .

energy level is called population inversion.

Laser works on the principle of stjmulated emission which is .
- possible only when the electrons jump. from higher level to
- lower level by some trigger. In normal state, number of
. atoms in lower energy level is higher than. thét in higher
" level. So, continuous transition from hlgh level to low level

is not possible.

\ Excited state

A Metastable:s‘tate

#

Ground state

Population inversion creates the number of atoms in higher
.state more so it is possible to jurhp these excited atoms to
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ground state by emitting radiation. Hence,"the laser action
cannot ocour wlthoul population mvcrsnon between atomic
levels.

. 4.1.4 Active Medium

4.6 He-Ne Laser

Acrive medium is a medium in. which light gets amplitied

and this medium may be solid, liquid, or gas. It is |mportant'

to note that only a fraction of a particular medium is
responsibie to stimulated emission and remaining part of the
medium mercly supports the active centrcs

415 Pumpmg

The procedure adopted to achleve populauon inversion is
calied pumping. .

In optical pumpmg, active medium is dlmmnated by light of
-Ey= -E-

- suitable Irequ:ncy = T As a result, atoms in lower “

epergy state E, absorb.- incident photon of. energy hv and.

raxsed to higher energy state Ez
= E, :

" . Meustblestate . -
M, ey
MA» Amplificd laser - -

lsﬂ
stimulated | nbsorption

. E, . .
2 Ground state

Study. of laser is very unportant in various engmeenng
fields. Laser is used for the followmg purposes

1. Distance measurement.

2. Laser is highly intense. So, xt is used in wcldmg of
’ matenals .

3. Laser is used m autornauc control of rocket and
spaceship. :

4. Lasers are used in eye surgg:ry. -

© 90 | Insights-on Applied Physics.

o L —YY 3
E : - : —_32s
M, _ =3 EMIIS 1s Is

It consists of a long narrow discharge tube filled with
mixtyre of Helium and Neon. Two electrodes Ey and E; are fitted

to discharge tube, M; & M, are two mirror which forms resonant

cavity.

Aol s i (20.61eV)

A\ A

' By B : ' =7 632.5nm

He -~ .Ne

When electric field is applied, He-atoms are excited to 2s
state same as energy of 5s of Ne atom, So, energy of He—atoms are

. transferred to Ne atoms due to the collision

This process fé;sults'in population inversion between 5s and

'3p state in Ne-atom. The spontaneous transition- from 5s to 3p

would produce photons of wavelength 632.5nm, which then trigger
stimulated ‘emission and photon travelling parallel to tube are
reflected back and forth between mirror and rapidly build up an
intense beam - which escape through the end with lower
reflectivity, which is a laser beam. - .

41.7 Semiconductor Laser

A serpicondﬁctor laser is heavély dopped PN junction diod

- which works on forward bias. Semiconductor diods are highly

efficient and used -in optical. communation. Emission of light in
semjconductor is due to.the recombination of electrons and holes
when electric field is applied in the given material of solid light is
produced. This phenomiina is called electrolumuniscence. The light

" produced by this method is incoherent as the current across pN
: Junctlon increases spontaneous ermssmn starts ,increasing the.
“current to a finite value-spontaneous emission stops and the light

becomes coherent.
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Semiconductor diod

4.1.8 Applications of Laser

1. Laser lights are hlghly used in medlcal field for ‘
" bloodless *  surgery like stone surgery, eye surgery efc.

2. Distance measurement.

(93]

Laser is highly intense. So, it is used in- weldmg of

materials. , ; 3

4. Laser-is used in automatic control of ro(cket and
~ spaceship. > P el

Laser is used in mrhtary to target mrssrles

J
Laser iS used in research field.

N o

Laser is used in measuring very small time pulse such as
femto second and auto seconds

-
cao

Laser is uscd in measuring very short drslancc

‘9. Holography and optlcal‘ﬁber commumcatlons are result
of laser. i o mi

10. Laser is used i in nuclear power plant to carry th thermo- :
auclear reactrons ey

11. Laser‘is used i in mdustnes to cut—and dnll very hard
metals. . : )

4.2 Optical Fiber -

Optical fiber is a flexible optrcally transparent fiber, usually
made of glass or. plastic, through which lrght can be transmitted by
successive tolal intenal reflections. Optical fiber consists of three
parts namely protective layer, cladding, and core. The refractrve
index of the core is greater than that of the claddmg

92 | lnslghts on Applied Physics

It is made by arranging concentric cylinders of different
refractive index. The innermost cylinder } known as core is made of
material of -very high refractive index due to, the fact that .it is

. -highly doped. The cylinder outside the core is known as clodding
~ whose refractive index is less than that of core because this region

is lightly doped. The next layer is known as biffer coating (also
known as protective layer) as shown in figure.

claddding  OufTer coat

4.2.1 Acceptance Angle

Acceptance angle is defined as the maximum angle that :
light ray can have relative to the axis of fiber and propagat
down the fibre. The light rays contained within the con:

- having a full angle 26, are accepted and transmitted alon)
the fibre. The cone is called acceptance cone. ‘

4.2, 2 Theory of Optical Frbre

Counsider a signal is incident on an optrcal fibre by makin
an angle i with the axis of fibre, 8 be the angle of refractio
and C is the critical angle in coré-cladding boundary. Let n,
n, n- be the refractwe indices of air ,core ‘and claddin
respectrvely

XA

Using Snell's law at interface of air and core

Photonics | 9:

CamScanner


https://v3.camscanner.com/user/download

oSNl =msin 0 .iiennennens m
For core cladding interface
m sin C=n,sin 90" ....... (2)
" Fro*n(l), —sml =sin 0 .
=sin (90° C) cos C
. TOS C=&'siﬁ i .....(3) i
Squaring and adding (2) & (3)

g
sin C+cosC -15m1+—=5 sin90°
) 2 2
6— 1_3_75.2."'_"2' .
.. 1= —3smi+=
- o; o n -

2" 2 2

M .- Iy —Iy

o, IS = -
1 .

2

“n ‘D':
ar, Slnl T

Hence, i = éin"{ :

acceptance an_éle. :

For airmedium ny=1.
! i A= =) =
“smm1= \/nf — D3

423 Numierical Apertire (NA) - -.°

It is the light gathering ability of the fibre and it measures
.the amount of - light "accepted- by the fibre. Numencal .

- aperture is given by,
NA=vn/-n’ :
Fractxonal refractive mdex is expressed as

A-_‘“z .
n -

94 | Insights on Applied Physics

vi
n| —n11 (NA
n' (ul "ﬂv) 2n|

A NA=m\28

4.3 Types of Optical Fibre

@) Step Index Optical Fiber

(i), Graded Index Optical Fiber

is the required expression for-

In this fiber, the refractive index of the core is fixed ard that

of cladding is also fixed. Refractive index of core is highe,-

‘than cladding. Therefore, there is noticeable boundary
* between the core and the cladding as shown in figure.

core

nf cladding

air

T—> .

In this fiber, refractive index of core is a function of radial
distance from the ccntre of the fiber i.e., refractive index of
- fiber decreases smoothly from ‘the middle to the outer
- surface as sho,wn in figure.
core

sl O\ cladding

air -

e

[—>

In graded index fiber, there is low transmission, loss due to
self focusing. _ -5

% o% o%
0 %0 %

F— ’ Photonics | 95

CamScanner


https://v3.camscanner.com/user/download

EXAM PROBLBM

1. Anoptical fiber has a NA of 0.2 and a clndding refeactive

index of 1.59. Determine acceptance angle for the fiber in
water which has a refractive index of 1.33.

=  Numerical aperture (NA) = 0.2
Cladding refractive index (n,) =1.59
Acceplance angle (8) =? - - : vk
Refractive in&cx‘(p) =133 3

2 2
n-n '
We have, NA = o AT ()
‘ 5 :

When f'bre 1S in air, ng = 1 and

NA V(m) -(ﬂz '"02
or, ;;= '\1(0.2)‘+ 1.59°= 1.6025
When the fibre is in water, ny = 1.33

]
N~

NA= o

f 1.6025-1.59° :
= 133 =0.15

Acceptance angle By = sin"(NA)
=sin™(0. 15)=8.6°

2. If the numerical aperture be 0.2441 and refractive index »

of core be 1.5, calculate: tﬁe:'rcffhctivc index of the
cladding and the acceptance angle in an optical fiber.

- Here, Numerical aperture (NA) = 0.2441 .
Refractive index of core (n;) = 1.5

Refractive index of cladding (n,) =9

96 | Insights on Applied Physics’

Acceptance angle (6) =?

We have NA ='\frT,"'—_nz2
n; =/n,-NA? =1.48
NOW, Acceptance angle 8 = Siu"'(m )
: = Sm"(NA) |
= Sm"(O 2441)
=14.13°

A glass clad fibre is made with core glass of refractive

index 1.5 and cladding is doped to give a fractional index

difference of 0.005. Find (i) the cladding’ index (ii) the
critical internal reflection angle (iii) the external critical
acceptance angle (1v) numencnl aperture (v). acceptance

_angle.

Refractive index of core (n;) =15

‘ Reﬁacnve index of claddmg (nz) g

A_En:_ﬂ_
Iy

~or, 0:005x1.5=1.5 -1,
©oor,np=1.4925

ii. Critical internal reflection angle is

3 sinC=‘-ﬂ
m .
_(1.4925) .
“\ 15 )
L 1.4925
-1
~or,C= sm( 15‘)
8430

fil. Extemal critical acceptance angle is given by .
n, sin C =, sin (90 — 84.3)
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" 0y . “\ : —2['1 é
S - ) y o
i By e R 3 e . =-x10=-20cm
. o, C= sin™ (1.5 §in 84.7) . ,.(_'Q'no = | forair) . : Hence, by combining a convex lens of focal length of lOcm
L C=856 Bl LRI i |y with a concave lers of focal length ~20cm, we can design ap,
" NA:-nl\]_A i i = .. {5l ‘. .nch;omat:lc doublet. . |
=1.5/2%0.005 Lo ~ " | V5.7 An optical fiber has fractional refractive index change of
T N e ©t o f '0.02 and a cladding refractive index of 1.59. Determine
' RN . e - acceptance angle for the fiber in water which has 5
o O Acceptance anglc 1=sin P \]nl -n-,) _ S ' refractive index".of 1.33. Also ev'xlu'\tc Numencal
‘ =sin 1571 3975 ) . | .. aperture (NA). [2023 Sprlng]
—8 6. o v " = Fractional refractive index change (A) = 0.02
R < i bt o Claddirig refractive index (nz) = 1.59 .
4. - The dxsperswe -powers: of .crown nnd ﬂmt glasses are % e angle (8) =?
0.016 and 0.032 respectively. Calculate-thie focal lengths L e ,‘ance & »
of the lenses made of crown and flint glasses which forms : . ‘Numerical aperture(NA) =7
an achromatic doublet of equivalent focal length 20cm | Refractive index (u)= 1.33
when placed in contact? Sy T We bave,
= Equlvalcntfoca.l Gengthi( =200 =i e i b NA W-OO’
=0.016, w; =0.032 i - : m =) + (NAY’
For achromanc doublct,‘ : =1.594/1.597 +0.02°
‘I‘j'+9’--0 S St g S = ~=15901
_ 0;016+o.032'_'b"_- st e e d ol NA=ni\2 .
i T e A Tl s S A = 1.59011/2x0.02
e B=a2f T Sl e o R =03
Also,' g RS RO L B R S T Y o Now Acceptance angle (9) Sin’ ( o8
I S PN L R T S
§oE . o Ll i, = ey i | (0318
or, BT 20 I kol R 7
fi=10cm g ' ' ]
e = = == -‘ "1 . : - . . Photor;lcs | 99
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\

Calculate the NA, acceptance angle and the. critical angle of

fiber having core and cladding refractive indices 1.50"and -

145 o Ans: (0.387,22.78° 75.29

Calculate the refractive indices of. core and claddidg
materials of the fibre from the following data. NA = 0.22, A
=0.012 - Ans: 142, 1.40

If the numerical apertﬁfe be 0.2441 .and refractive index of
core be 1.5. Calculate the refractive index 6f cladding and
the acceptance angle,  Ans: 1.48,14.13°
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Types of Capacitor

5.1 Capacitor, . - e R e

Capacitors are electric devices which store electrical charges
‘or energy in an electric field. When a capacitor is connected with a
source of potential difference *V* then- charge stored by capacitor
at any time -is directly proportional to v,

ie, q=V

or,gq=CV

where C is a constant of geometry ;cmd ‘known as capacitance

of capacxtor Its SI umt is coulomb per volt or Farad.

511 General Method of Calculatmg Capacu-ance it

General method to calculatc capacxtance of a capacuor isas .-

follows:

i Assumeachargeqon the 'plates.-- '

fi. Calculate the electric field E between the plates in

‘terms of this charge using Gauss' law i.c.
E .dS =
o E.dS i

" Here; q is the charge enclosed bya 'gzlu'ssian-surface
iii. Calculate the’ potenﬁal difference V between the plates
by usmg equatlon

V=-f,E ;dr !

“iv.. Calculate capacltance C usmg equatlon
C = .El.

102 | Insights on Agplled”?hysics ;

Parallel Plate Capacitor

gaussian
surface

ol
e

i i
i o

—d—>

-ConSIder two parallel plates of area A, and stored charge +q

and —q separated by a distance d.
Using Gauss law,

$E .ds -‘L
I
L e

I :
-or, E—AE‘, - . .

. Potential difference between the plates is

V=Ed

Ly oad
or, V_AE.,

‘Now, c:apacitancecan be calculated as
Capacitance (C) =%

qAE,

'or,.'C= ad

='Edﬁ which is the required expression.

. Sphérical Capacitor

a. Capacitance of an Isolated Sphere

" ‘Consider a spherical capacitor of radius R having total
charge +q. i
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Potential at the surface of sphere is
apen.. M

Y 4me,R

Capacitance (C) =’% : e

.
4ne R

f C=——= 4meR

b, Cﬁpacitnn_ce of Two Concentric Sphereé- '

gaussian
/ sphere

Consider two spheres of radii a and b havmg charges +q
and —q respectively. J

Using Gauss’ law,

3 E ds —ﬂ

R Yo L
R

Electric potential betwéi_:"n the spheres is -

104 | Insights on Applied Physics ..

i

Now, capacitance can Bc_: calculated as
' Capﬁcitanc;: (C) ='%

_4negab

. b- a
Cyllndncnl Cnpncltor

Figure_ represents a section of a cy[mdncal capacxtor of
‘length /, inner radius a, and outer radius b. .

@

: —L_

The inner cylinder is a solid rod carrying a charge -q ‘

uniformly distributed outer its surface and outer-conductor is
a co-axial cylindrical shell carrying charge +q which is also
uniformly distributed. Con51dcr a cylmder of length { and
radius r as a gaussian surface '

From Gauss' law,

. ds ==
CSEdS =5

or, E (ZmD =§;‘

iy
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or, E=—3—
E e e (1)
Hence, the potcn(ml difference betweena and b is
b '
V—V..b=fE .t N )
- a

Using equanon Uin equahon 2 we get

o g bg
2reolrfr .

- _\—_A‘_)_:‘-[FOL -
’ ' ‘In(h) ‘

5.3 Chargmg and Dlschargmg of Capacltor

Cousxder a DC circnit contammg R and C in series thh

" ammefer and source of emf E

'_L.

—
I

Growth of Chnrge (Chargmg)

When the switch x is closed capacxtor starts chargmg and .

hence it causes growth of charge v
‘Applying Kirchhoff's looprule -

E=VC+VR=%+IR e

106 | Insights on Applied Physics

or. R—l +-g'=E' g [ i= Tt
dt
or, Eci‘l_a RC e m

Intcgmtmg, weget’ . '
dg L 4 t;,,'=EC]
il A

. o afl
o, =In(q.-D=Rc +K
‘where K ts integrating constant.
Fort=0,q=0,
k=-Inqo

or, —-In(g,—9) +1nqQ=7R

. n N
or, In (ﬂf) =-CR
or, q =.q°(1_ c.t/CR)

Q7 Gl €") ovvennne @)

Where, '

t=CRis calleri capacitive time constant

This is the expression for growth of charge.

At-time t = T equation (2) becomes,
-q=qy(1-c") = 0.63q0=63% of 4o '

Hence the time. constant(t) of the circuit is defined as time
taken to reach the charge in capacitor to 63% of maximum value,

To ﬁnd the current in circuit dxfferentlate above equation
" with respect to'time,

dj_ié e-unc_I -URC
R

e, =1, € (3)
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To find the capacitance of capacitor, we differentiate above

This is the expression for rise of current, -~ ~ equation with respect to time.
T N ey o I dg ﬂ_ eMC= [ ¢
SN ‘ . ‘ Sdt
9 - dq_
S Tdt
I=1, e
t ' ' If ty is the time for current reduced to half of r—.axmum,
then

Decay of Charge (Discharging) : tyy
When the capacitor is fully charged and’ the key y is on, ) N !“' ~L,e§—6

dxschm ging occurs through resxstor

"A gain, using Kirchhoffs rule .~ - Tnkmg ]og on both 51des we get

0=VerVesR+E L or,;’—é 2 . .
or, Rﬁ —'(q:‘ : | V | " | , | - br,C_J=R—L1i;2.
or,.%!=-§_5.dt e s B . 1 3 C"dgt‘g%fi _. , :
" Infeprafing, lo.g q _ -R% i K ' = . : ‘ " f('m[I:iotmg the value of tipand R, capacxtance of capacnor can
- where X = log g, is integrating con'sfa'nt" ) 57 =" R At e .

t
or, Ing-Inge= -G It states that thc total electric flux trough a closed surface

. ( _g;)= ot : 3 , : . _enclosing a charge is equal to; times the total charge enclosed by
' - the surface. Mathematically :

q=g,e"c e 1
o Electric flux (®)=7T"q
This is the required expression for decay of charge. e- . s € q;
9 ' E CE - - 1
L $E .ds =—q
H . -f &

Gaussjan surface is an imaginary surface which encloses the
given charge. Gaussian surface is constructed to find the electric
field due to a given charge at certain point. '
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Electric field due to non- -conducting spherically symmetric
charge distribution of radivs Rois calculated as follows:

i Qutside the Sphere
Let P be a point at distance t from the -
centre of charge distribution  where - g
electric field has to be determined, Now, |-
construct @ gaussian sphere of radius t % - @
through point P. . "N

----

Applving Gauss law, RN

§ E'ds =
&

ii. = Inside the sphere. - o iy o _' ST
Let P be the pomt at dlstance T from the..
centre of sphere.” Construct- gaussmn »
sphere of radius r through pomt P.

» Let ¢ be the charge enclosed by the '

gaussian surface. ,

Using Gauss‘law

§T3),ds ﬂ-

-

. Qf,:E47trﬂ?‘g—.; v Ty
IS —

4mEy 1T

Smce volume chargc densnty is sam¢- for two spheres we can

write

F U 2
,EnRJ : ‘IIR3 s

o

or, ¢ =34
Electric field becomes

£ . e ' S
E=R nel - <

T | R ' .
a-E'—4nEoR3 e pe

5.5 Relation'Betweeh‘ Electric Field and Potential

110 | Insights on Applied Physics* .

Consider a test charge qo is moving along given charge q. On
moving a small distance dr; small work done against the field is

dw, and changein potennal is dV

Small work done agamst the field is (dw) =_Fdr

~ or,qudV =-E qodr
: _dv
oo B | |
: T Tl 5 aV—-) aV—) oV '— A-
Inthrgg dm;r_xsnon;?:? i | 8 JriEsT N k)

S ati ‘=—grad1entV
s B =WV
2o (W, v, v -
: Comparmg.E‘— Pk ay 3Z k) with- E E i +
EJ+EJ<’,wehave ' ‘ ' .
av Q_Y aVv
M E’ oy’ a”dEZ“az

Thls is - the relationship between electric field and electric
potcntlal
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5.6 Capacitorwith Dlelectric

*Capacitance of a capacxtor can ‘be..increased by msertmg a
dielectric medium in between the two plates of ‘capacitor by a
factor equ'll to the dielectric constant of the medium.

Capacitance with dielectric (C’) =k C.

Where k is a diclectric constant and C is a capacitance
without dielectric.

Consider a dielectric slab is insertéd between the plates ofa -

parallel plate capacitor having charges +q and —4. Iuduced charges
- and +q’ are observed at lower surface and upper surface of the
dielectric. To find the electric field between the plates of capacitor
let us construct a Gaussian surface cnclosmg the upper plate of
capacitor as shown in ﬁgure

Gaussran surface
P+ 4+ 4+ 4+ 4+ +iHg

————————— -q
s o Aeihete g ooy +q'- ;
e el T _.q

Now, applying Gauss’s law L

§E ds =2

. L o

or,EA=gjf

ok, EOE_H‘_(L 9 %

. HE=D-P - .

In vector form, :

—_— — —

&g E=D-P
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B densxty

where E is an electric field vector, D is.a dlsplacement

vector and is equlvalent to surface charge densrty, and P is a
polarization vector and is equivalent to induced surface charge

5.7 Dlelecmcs

Dielectrics are the matcrlals tbat conduct electrons or
charges but. does not conducts electricity. On the basis of behavior

shown by dielectric.placed in an clectnc ﬁeld there are two types

of dielectric:

. ‘Polar dlelcctnc

“The dielectrics (molecules) in which the centre of gravity of -

; posmve charge does not coincides with that of negative
‘charges are called. polar. molecules. Such molccules have
permanent dipole moment. Familiar examples -of polar
molecules are H,0, NH;,HCL etc.

e. Non- polnr diclectric

The dielectrics (molecules) in whlch the centre.of gravity of

positive charge coincides with that of negative ‘charges are

called non-polar niolecules.” Such molecules do not have

permanent dipole moment. Familiar examples of ‘polar .

molecules are H, Nz, CO;, CH, etc.

Polarization

When a dielectric material is inserfed between the plates of

capacitor somé- charges induced on dielectric. slab resulting
polarization which can be defined as-the induced charge per unit
area or induced dipole moment per unit Volume and given by

_d
BrA

_ql  Dipole moment -
“ Al - Volume -

" In terms of permittivity and susceptibility,
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P=exE

Where g, is' permittivity of free space and ¥ is-electric
susceptibility.

Polarizability
 Atomic polarizability is' defined as the electric dipole
momert induced in the atom by an'electric field of unit strength.

The electronic contribution to the polanzablllty is due to the. |

displacement of electrons i in an atom rclatlve to the nucleus

5.8 Clausms-Mossottl Equatlon

- ‘When an electric field E s . applled to a matenal'

displacement of positive and negative charge takes-place and thus
electric dipole moment is: created “This' phenomenon is called
polarization. .Polarization i is deﬁned as the total-induced dipole

moment per unit -volume. For an. ‘ordinary eleetnc ﬁeld the

polanzabxhty is given by

Where &, is pemuttmty of free space and xﬂ is electnc
suscepublhty i AT ;
~Also P cheuE NaEm..'..—- ..... (i)

Where N is number ‘of atoms per unit volume, o is atomic
polarizability and E.q is effective field. The. value of effective field
for dlelectnc medium is glven by ‘.,_-'

Eqg=E+ E’:PE ............ (iii)
And the dlsplacement vector is D eoE +P
: 3 ar, e,eoE e‘,E +P
" P =g, E(e,— 1)

Where E, is dlelectnc constant

" Now, equatlon (u) becomes

114 | Insights on Applied Physics .

. From equation (iii),

" gE(e—=1).. ‘

 Comparing (iv) and (v) -
4 '_n EnE‘Er 2 _(ELﬂ

, 38n !&i&l
% Na (g-1)

Na (-1 .

Heénce, 7. 3, (Er gy s R (vi)

ThlS is the Clausnus-Mossottl equatxon giving the relation
between polanzabllxty and dielectric constant of solids.
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o I}EiQIiNT(QUEsTIONS

‘ \l/ Charges of uniform volume density 3.2 pC/m’ fill a non-
. conducting solid sphere of radius 5 cm. What is the

magnitude of the electric field at (n) 35 e (b) 8cm from
-the centre of the sphere?

=  Volume charge density (p) = 3.2 uC/m’”
Radius of sphere (R) =5cm=0.05m

. Charge in sphere (Q) = % R’ p’

4 A
=3 x 107 x32x 107
= 1L67x107C. |
Electric field, E=L-
4 i

Atr= 35cm

B 167><10'g o
" 4nx8.85x107x(3.5x107)
=122x10°NIC +;

. '

4me 0
Atr=8cm,

E

1.67 x 107
" 4mx 8.85 x 107x(8 X 10‘)
=234 x 10°N/C

E 7 N/IC

j A neutral water molecule in - its ‘vapour state has an
electric dipole moment of magnitude 7. 1x107° Cm. If the
.molecule is placed in an electric field of 2. 5x10°N/C, (i)

molecule end for end in this field?

116 | Insights on Applied Physics -

What maximum torque can the field exert on it? (ii) How -
much work must an external agent do to turn this

.= Dipole moment (P)=7.1 x 10%°Cr .

Electric field (E) =2.5x10* N/C
(i) Maximum torque is ngen by
* 1=PE sin 90°
=7.1x10% x 2.5%10*
=17.75%107Nm

" (ii) The work done by torque dw dunng infinitesimal
dlsplacement dois- -

 dw= 'tde

.9]
" . Total torque done isw= f dw
S &

lsou 23 .
fPE sme d9 ‘

0
180
=ZPE [cosG](l)S
. =~PE [coslSO“ cos0]
—2PE
'—2 x 17.75 x 10'26
=355%107% Joule

/Whnt is the mqgmtude of the electric field at the point (2,
3) m if the electric potential is glvcn by V = 2x + 5xy +
3y* voits? What acceleration does an electron experience
in the x-direction?

= V(x,y)=2x+5xy+3y

We have, E, =:(_:}8).(_V

=-2+5y)
Electnc ﬁeld at (2, 3) is given as
E,(2,3)=—2+5%3)=-17 y/m
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Force experienced by electron is (F) —e &
or, ma=17x1.6%10™"

17 x.1.6 X 107°
9.1x10

=298 x 107 mis®

oas=

. \}/ : A spheriéal drop of water carrying a charge of 30 pC has
a potential of 500 V- at its'surface (with V = 0 at infinity).
(2) What is the radlus of the drop? (b) If two such drops

of the same charge and radius combine to form a single
_ spherlcal drop, what is the potentml ut thc surface of the -

new drop?

= a Potcntxal(\/) E;Lﬁ

30%x1071*
~ 4nix8. 85x10"’x500

b HV be the pqten_‘ual at the surfacc of s’mall'drop, then

054mm

v IER i) (1);_. s
If V' be the potential at the surface of new drop, then
I_;Q.;. :
V__—4H£OR, ........ (2)
‘»Dmdmg equatlon (7) by (1), we get
V_Q R
W "R g = :
-‘2_q ROAR.. e
q X R/ RI ) --....l...(3) :

'quce the’ volume of new drop equals the volume of
small drop, we can write

4 /
inRJ 2——1rR 2

WRi= 2"’R :

. “From equanon (3), we gcl

e . ,
-22”xsoo CET sl

Two fixed charges 107 p.C and —3.28 uC are 61 8 cm

. apart, where may a third charge be located so that no neg

force acts on it?

118 | Insights on Applied Physics

61 ch £
aq Q2 Q-
328uC) ~(+107pC) .

Let a third charge q be located ata distance - from qa.

.'Fprcc,on'q ductoqis’

Fl—4ngn(0.618+x)2» e 0))

Force on q due to Q2 is

Fp= 41t50x2

Net force onqis

. . According to the qucstlon F=0.So,

F3=F|

- ._qg}’__,. ___,____ﬁgl___7
T AMEX” 47150(9.618 +x)

1.07x10°  3.28 x10°
or, ~ xz (0 618+X)

“x=0823m
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6.

Two small, osmvely charged spheres hnve a combined
charge of 5. x107* C. If each spheres is repelled from
other by an electrostatic force of 1.0 N when:the spheres

are 2.0 m apart, what is the charge. on the sphere with -

[

the smaller charge?

Combmcd charge on. sphere q+ Q= 5 X 10 C
Force of rcpulsron (F) IN ‘

Separanon (d)=

Charge on the spherc with smaller charge ?

‘Given, q tgp= p,/ro-s wsiesssssisssni(iL)

We have, .

F-@/

or, Q1(h—4m:(,d x F= x_lo'g

Q= =\(q +q) - 4QIQ2.

=X 10745044 x10°
=0.72 x 105/9/‘ ......... 3) -

. Solving equations (1) and (2)

2q; =772 % 107

= q=386x10C

Charge on sphere gy =q - qu

=5x 10"-3 86x10'5

—114‘)50 / A/

non-conducting solid sphere-of radius S

Charge of uniform volume density pﬂ e’ fills a
{Whit is-the
magnitude of the electric field

center? ‘/‘(

Z

120 | Insights.on Applied Physics -

3,cm from the sphere’s V

..q' =p3 1rR3

Since the charge 'distﬁbution is'uniform the total charge q is
obtained as P

4 g(‘\(—%ﬁ(\

§x32x10'6x1tx(5x10')3

‘= 1_.67.55x10-"c Q’:. f‘v*f.q
iz - ;
4, R’

1 6755x10’°x3x10'2
~ 4mxB:854%10™ (5% 107

=3614.15 V/m

NOW, Einside

8.

A spherical charge distribution has volume charge
density (a) p = Ar" at r<a(b) p ‘pofor r > a, where a is
the radius of the qplurc and the clcctric ﬂcld in both
cases. :

=

Here charge densityp=Ar"  r<a
'=po r>a

i. From Gauss’ law, we have
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N 5., Yt 2
or, B {r)=— / n 2
or, E@nr r) & !) (AT )Q@ f‘lr

- 58 1 AP
b E Eo' ,fAr e\,r' (n+3)

Arn“‘l
& (n+3)

R il
i, FE.E=F

' or,E(41'gtz)='El- rphdv

e s

0 e _9__

4n3e0

q- P RN
By [Temaveine]

By =<3,
=— (15 - 6xy) =6xy-1 5

Electric field alon_g y-axis is

A%
By = _ay |
=—(—3x +127 ) 3x —1'7z j
E_iecmc field along z-axis is
ov_
"oz
=-24yz.
At point (1, 0,2);.
K ——15 V/m, Ey—-—45 V/m, E;=0
Hence the magmrude of electnc field is

B =15+45

. =4743Vim .

9.  Over certain region of space the electric potential is V=
15x-3x*y+12yZ.. Find the exp'res'smn for ‘the x, y and z

components of the electric field over this region Whatis © |
the *magnitude " of the ﬁeld .at the pomt P that has -

coordinates. (1,0, ~2) m?

10.

Two large parallel plates are separated by a distance of 5
cm. The plates have equal but opposite charges that
create an electric field in the region between the plates,
An alpha particle (q = 3.2x10™’'C, m = 6.68x107 kg) s
rcleased.from the positively charged plate, and it strikes
'.tﬁe negatively charged plate 2x107 sec later. Assuming
that the clectric field between plates is uniform and
perpendicular to the plates, what is the strength of
electric field?

"=  Electric field along x-ams'ls.

122 | Insights on Applied Physics

_ Hére, ségaration betv_vécnvt.he plates (d)=5cm=0.05m
Mass of an alpha particle (m) = m = 6.68%10°7 kg
Charge on-alpha particle (q) = 3.2x 10"9 C
Time taken (t)=2x10" sec '

Electric field strength (E)=?
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We know foree exerted on particle F = Eq=ma

Eq

Acecleration (a) = =

1
And distance travel s —-ut+—at (Yu= 0)

& .Eﬂ)z
. or, s—z(m t

=_'L:"

4me

_9x10°x2x10%
T 0.0353

=144 % 10°N/C

Smce all the charges at four corners.are equal resulting a net

- electric field zero.

" 13.

The magnitude of the average electric field normally
present.in the Earth’s atmosphere just above the surface
of the earth is about 150 N/C, dlrectcd downward

(radially inward, towards the centre -of earth). What is

the total net ‘surface charge - carried by .the Earth?
Assume the earth to be a conductor. - [2018 Fall]

We know, elecmc field duetoa cbarged sphere s -

i
dne,r*

or, q=E x4ne,0*’
_ —150x41rx885x10"2x(64><106)
.oq= 6.8x10°C

2ms
qt
_ 2x6.68x107x0:05
T 3.2x1077%(2x107)F -
E =521.8Vm’'
11. What is the magnitude of a point charge chosen so that
the electric field 50 cm away has the mngmtude of 2 N/C.
[2013Fall]
=  We'know, elecmc field of pomt charge is, E __:eoLr
) or,q=Ex 4m-:qr , ; . i
=2x4nx8. 85x10"’x057
q=155.6 pC
12.  Fiand the clectric field: intensity.at the centre of.a square
of side 5 cm consnstmg of 2 uC charges in each vertex.”
) . [2018: Sprmg]
- =  The distance between centre-and corners of square is r

=

=353 cm= 00353m

Electric field produced by one of the charge is E »

14.

A parallel plate cnp'lcitof contains two dielectric slabs (of
equal dlmensmns) of -diclectrics 'k, and k; as‘shown in
figure below. (i) Find the capnclt'mce in each-case if A is
the area of each plate. (i) If k; =2 and k; =
be the ratio of the capacitance in two cases?

124 | Insights on Applied Physics -
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2d

&
k.l'eoi
d

LGy =
CkgA-
2

* . Equivalent capacxtance duie to- parallel combmauon of
capacitors can be calculated as-

C "C|+C1
EoA(k+k-,)
”Casell
T kEA --k' A -
Cl: ld tC.2="2Ed“' B
3.0 ;2

Equwalent capacitance : “due to senes combmauon of.
capncxtors can. be calculated as

G N
STt
L C C-)v'
-GG
o CEive,
k|§gA k:GOA
or, C= Aoy, 20
‘_ kleoA +k7€oA .
' 2d T 2d
C=2eoA(klkzI
d -\ krtk

126°| Insights on Applied Physics .

ii.. - Ratio,of capacitance = DA ( Kok
' ' Td \krtk

e a B
U "5_1’25?24

15. If a parallel plate capacitor is to be dcsigncd‘tofopcm
an environment of fluctuating temperature, prove thyy
the rate of change of capacitance with temperature T jg

‘ 1x
gnven by: gg ig? 1:"‘] where symbols

their usunl menmngs

Cl\rry

= Capacitance of a parallel plate capacitor is.

C=t-:‘,‘-;l (i)

. where A is area of plate and x is separation of plate,
Differentinting w.r.t. temperature, we got

dc d (A)
aT ~&yT

dA Adx
aT *~ 24T}
‘. -Eﬂ —_’1—‘—

X;ﬁ'- X ﬁ
* K [Lﬂé 1.&]
=8y |AdT “xdT
dC _ [L% 1dx d
dT - “|AdT “xdT)  Prove
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16.

A cylindrical capacitor has radii a and b.-Show that half .
the stored electric potcndnl cnergy lies Within a cylmder f

- of radius r—\/—

Capacitance . of capacitor havmg internal radlus a und
external radius bis = . :

2ng,l s e o
In(b/a) L e, ( 1)

Capacitance of* capacntor wnth mner radxus a and outer radlus

Vabis

_2nel
~ In (Jabla) /a)

ZR&,I
In(\/_/a)

4n£”1 o : ‘ ¥ e
I'Z(b/u) ........... (ii)

Now, energy in first case.is .~

E' =—RE [n(P/a) ..... (IV) x

~ Dividing (iv) by. (iii), we get

Bl ol
E"2
E=ls

Hence, half the stored electric potentxal cnergy lies within a
cylinder of radius r -\/_b

128 | Insights on Applied Physics

7.

A cnpncntor of capncmnce 'C' is dxschnrgcd through a -
resistor of resistance 'R'. After how many time constants

. is the energy stored becomes one fourth of initial value?

or, In (4) = e

: " Energy stored in the capacitor at any ‘time.is given by -

4
wdE

; -2 : ‘

; e RC =2 R 1

;9"—25—- =Uge™ (4= %e™)

: wherc U ZC qD 1s'initial crie'rgy stored in the capacitor.

We have, 0) =T

.o
.=Uo'é RC

s

or,
2t

_RCin(4).
-2

tn4 L
=7; T. = RC. is capacitive time constant.

s~ t=0.6931 .

18.

.'A long cylindrical conductor has lcngth ! m and is

surrounded by a co-axial. cyllndncnl conductm;, shell
with  inner radius double that of long cylindrical

- conductor.- Calculate the capacitance for- this. capacitor

nssummg that' there is vncuum in- spnce between
cylmders i ‘ '

Capaciiaﬂcﬁ’ C =.E(f75

Let a'=-x and b = 2x bc the inner and outer radii of
" cylindrical conducting shell. : '

el
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_ 2mgax 1

In2 _
_2mx885x 107
- n?2
=80.22 pF
) = B . N
-19.) The space between two concentric.conducting spherical .
- shells of radii’b = 1.70 cm and a = 1.20 cni is filled witha
substance -of- diclectric constant k.= 23.5. A potential ’
difference V =73 V is applied across the inner and outer
shells. Determine (a) the capacltance of thc dcvicc (b) the
free charge q on the inner. shell.
=

~ Radius of inner shell (2) = 1.2 cm=0.012m_

Radxus of outer shcll )=17 cm =0.017m
Dxelccznc constant k)=235

Potential difference M=V o
Capacitance of device (C) =7

" Free charge (q)=?

-Capacitance of sphc'n'dal capacitor, -

k4Te, ab

b’—a» : ‘ B
1 0.012%00i7 -
_ 9x10°"0.17-0.012
o =1.06x107°F -

C =

=23.5x%

Free’ charge {9 = CV

=1.06x10"x 73
- =778 % 1o*c

A parallel plate capacltor has a capncltance of 100 KF,a
plate area of 100 cm’ and a mica- dielectric. At 50 volts

potential dlﬂ‘erence, calculate’(a) E in"the mica (b)’ the .

free charge on the plates (c) the induced surface charge.

[Dielectric constant for mica, k =5.4]

130 | Insights on-Applied Physics

.
E= ke.A

" 5x107
=5.4%8.854%10" X 100x10™
=0.1046x10" V/im
b. q=CV
= 100x107%x50
=5x10°C

O e [ T

L —5x10"(1—-4)

=4,074x107 c

-Prove the cnpacltance of a concentric spherlcal capacitor

2

b
of radn aand b is C = 4men( )nl' outer plnte is

posmvely charged nnd mner sphere is enrthed

The system can be assumed to be an isolated single sphere of
capacxtance Cy=4neb......... )]

And a concentric capacuor of radii a and b having
capacxtance

c, 4neo(gaba);....'.;(ii)

- ‘Two capacitors are in, parallel combmanon with eqmvalem '

capacltance C=C+C,
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C = 4na0b+47ten(b—a_l_)—a) |

=i 4dme,b* - 4me,ab + 41r£.,zlb
B b-a

. 2
Hencc,.C = 47teo(b — a) .

@ Obtain the charging time constant of a capacitor in a RC
.circuit such that current . through ‘the resistor is
- decreased by 50% of its penk value in 5 seconds.

" [20947Fall; 2019, Springl 3P

=  Current through the circuitis I= Ie"’Rc
or, 051, =I,e™ :

or, =5

or, I—{E ln2
Chargmg time coustant is (RC) -7, 21 s

-

If the-charge- on a: cnpacrtor is mcrensed by 2 coulomb, :
the energy stored in it ls increased by 21%. Find the .
. original charge on the cnpacltor ca e [2016Fal|]_

= Let q be the initial charge stored in capacnor the initial

energy stored in capacitor is E= '9- .......... (i)
. e
And final energy stored isE'= LQZ_CZ)_ e 2(10)

From eq (i) and (i) E'=121 E
or, (q+27=1 21q
S q%2=1Llg e
* ".. Initial charge in capaciterie q'= 20C

132 | Insights on Applied Physics

6:) A parallel plate capacitor hns a capnc:tance of 100x10™ .

F, a platc of area of-100 cm? mica.(k-= 7) is used as a

i diclectric, at-50 -V potential difference. Calculate the
electric field mtensnty and mngmtude of. mduced charge.

: . [2018'Spring]

=  Free charge stored on capacitor is q = CV = 100x10"2Fx50V
=5x10°C

gA
Capacxtance of parallel plate capacntor C = T

»or plate separanon (d)

Electnc field (E) = vid
o)
ST eA O

B 50><100><1o'12

B 8.85x10“2x100x_10‘_‘

=56497:17V/m .

‘Induced clxarge on capacitor (q') =f. (k%l) q

=4.280C

/@ A parnllel plnte capacitor hns circular plates of 8 ¢cm
radius and 1mm separation. What charge will nppear on

~ the plates if a p. d. of 100 V is applied . . {2047 Fal)

—— Charge stored on capacntor isq= CV

- or, q= 'O—AXV 1o C=‘€(:1A for parallel plate capacltor]

_ 8.85%107xnx0.08”
=T o001 .

~. q=17.8nC.

x100
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W Two 10 Conlomlw and 40 Conlombs are 12 em apart,
Find the pocmon of point where intcnsity is zero.

- [202Fal)

‘= Let x be the point from 10 C charge whcre the nnonstty is'

Zera. .
~We know the electric ﬁcld mtensrty gwcn by charge q. is

¥ . E .. )
E = 4_7IEDE R )]

Srrnrlarly electric field mtensrty given by charge q2 is
. ___q___ 7 :
Ex= 4me (12 _x)z b \ (..)

-According to the ciucstinn! E = E,

’ 9 __ Q -

OL amex® - 4me(12 -x)*
10 40

or,. T

of, 43=(12-%
.or,- X."*Sx 48-6' )
. or, (x-rl")(x 4) 0

x=4,-12cm

Hence intensity is zero at a drstance of 4 cm nght from 10 C

and ata dJstance 12 cm left ﬁ'om 10 C

G
;or,J— olA

. WehaveP=FR=1A'R .

i
,gr,J=’K R

.1 [PA [ ;m]
oonJ=y pl:" - =R

=\/;xlo”xz.sno'zxn_(sx10")2 .

7 =1.33%10° A/m’®
P=VI=JAV
v— P
A
y
n(6><10'3)2><1 33><10’

=0.133 V-

- 27. . A cylmdrlcal resrstor of radrus 6 mm: and length 2 5 cm IS

“made of material that has a resrstmty of 4x10° Qm. .
. What are (i) the magmtude of the current densrty and (ii)

the. potential difference when the energy dlss1pntion rnte
_in the resistor is 2 watt"

= Radius of resis'tor = 6 rn.m‘= (131 0'-3. m
‘length (/) =2:5 cm =2,5%10%m
Resistivity (p) = 4%10° Qm"

.134 | [nsights on Applied Physics ' -

28. Calculate the drift speed of electrons when .20 A current
s supplled through a copper wire of cross-sectional area
"1 mm’ and electron density 10" m™,
Drift speed (v) =?

Current (M =20A -

: Cross secnonal area (A) =1 mm’

= 1x mm>

= 1% 10%m? .

. Elc;:rron densit& of cdppei- (n)= 10"’ -
' 'Usmg,l .venA -

__1_

TneA -
2 - .

“10%x107x 10°

. =00125A=125mA
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*'29." A wire of resistance of 6Q is ‘stretched by 20% ‘what is |
the resistance. of wireé? Assume that resnshvnty remnms
same ’ ' 018 Spring

=  Resistance of conductor is - Ré%;_-......,'..,.(i);'f
or, 65%
Resistance of longer wirg; R'= PﬁAlQ
=12x6="1720
30. What are the

i. Mean time between collisions?
iil. The mean free path for free electrons in_copper?
Given n= 8.4x10" m” , p = 1.7x10" Qm, v, = 1.6x10°

mis. T . [2017Fall]

T ORE
Resistivity of conduclor isp=s3

. m
1. meantime (T) =—72-

ne’p _
0.1x10™ " .
8. 4x10~“x(1 6x10° '9) x1.7x10" 3

=2, 49x10 g

~ii. .Mean free path (l) v“gx'c

2L 6x106x249x10 i
—398x10* e

31

There are two 'cnpamtprs of capgcn_tance SuF and 2yF.-

These capacitors are connect’in serics.- The combirnation
is- connected to an mductor of inductance of 10mH.

" Calculate the resonance frequency of such combination.

[zozz Fal]
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=

. 3 : A e Cz
Equxvalent capac1tance in series ( C) TG

5X2
5+2

="7"}le= 1.43uF

. Now, thc resppqnce frequency - £ f—"—zn \/ﬁ

1
~ 2mAJ10x107x1.43x10°

- =133092Hz -
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L2

9
‘

LI

- is giveﬁ byE=

Charge is distributé_d uniformly throughout the volume - -

of an infinitely long cylinder of radius a. show that

 electric field at a distance r from the cylinder axis r < a

‘% -wh‘c;'e pis Ydlume charge density. ‘

Find the -electric intensity outside and inside. an

infinitely long cylindrical charge distribution of radius

a and uniform charge density p.

_ _ L - : pd . pr
Ans: Eo_ 2egr’ T 2gyr

If a copper coinhas mass 3.11gm, what is the total charge on
the nucleus of the atom in the coin? Also find the number of

pratons in the nucleds: Molar mass. (M) = 63.5gm/mole,

Avogadro number (N,) = 6.02x10™ atom/mole.

Ans:. 855><10” 13.68x 10° C

Charge of uniform volume densxty p 3. 2pC/m fills on a
non conducting solid sphere of radius S¢m. What is the

magnitude of the electric field (i) at 3cm (n) 8cm from the .

sphere’s centre? . :
' " Ans: 3619.08 V/m, 188.5 V/m

Calculate the poienﬁal at (i) Acentre. and . (ii)*r = ﬁfor a

‘sphencal charge dlstnbutlon p Po for r <aandp=0for

2 2

- o 2pe’
r>a. . v i Ans ,g "15g, .

10.A- capacitor C is discharged through resistor R. (a) After

how many time constants does its charge fall to one half of
' its initial value? (b) After how many time constants does the

stored energy drop to half its initial value?

Ans: 0.69¢c, 0.35t¢ -
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-after the slab is introduced?

i’rovc that a parallel pl_étc capacitor with square plate of side

i muking an angle 0 with each other produces a capacitance

‘(’11- 1-,1) d) where d is separation of the plate when 6 = 0.

'fhe parallel plates in a capacitor with a plate area of 8.5cm?

- and an air filled separation of 3mm are. charged by a 6V

battery. They are then disconnected from battery and pulled

* apart to a separation of 8mm. Neglcctmg fnngmg, find (a)

potennal difference between the plates, (b) initial stored
energy (c) final stored energy (d) work required to sgparate

" .the plates. Ans: (a) 16v,(b) 45.1pJ (c) 120pJ (d) 75.5 pJ

A 13.5pF parallel plate capacitor has potential difference
12,5V across its plates. The charging battery is now
disconnected and a porcelain slab (k = 6.5) is slipped °
betwegn the plates.'What is the energy stored before and
' Ans: 1053pJ, 162pJ

" What is the capacitance in LC if the maximum charge in

capacitor is 1.63pCand total energy is 142p].  Ans: 9.35 nC

-A wire of resistance 4Q is stretched to double its original

length. What is its resistance now? Ans: 160

*A copper wire'is stretched to make it 0.1% longer. Find the

percentage change in resistance. - Ans: 0.2%

. The current density across a cylindrical conductor of radius

r .
- ‘R varies according to the equation ] = Jo(l _i) where r is

the distance from the axis. Thus the current density is
maximum J, at the axis r = 0 and decrease linearly to zero at

- the surface r = R. (a) Calculate the current in terms of Jo and
the conductor’s cross ‘sectional - area. (b) Suppose that,
" instead the current deqsity is maximum J; at the surface and

o . J
decrease linearly to zero at the axis, so that ] = R Calculate

ﬂJ{)R 27[JOR
-3 ' 3

the current. : e Ans:—5—
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16.

18.

Calculate the (a) mean free time and (b) mean free path
between collisions for the conduction electron in
copper having eclectron density. 8.4x10%2 cm and
resistivity 1.7x107 Q m if effective speed of electron is
'1.6x10° m/s.
One end of aluminum wire whose diameter is 1.8 mm is

welded to one end of copper wire, whose diameter is 1. 8mm
The composite wire carries a steady current of 1. 3 A.

a. Whatis the current density in-each w1re?

Ans:  26A/ent® 51A/cm ;

b: Find the drift speed of electron in copper if there is one
electron per:atom in copper and M= = 63.5,Np = 6.02x
10%/mol. e Ans: 14 cm/hr.

The space between two cylmders of radii a and b of length /

SSis ﬁlled with a material of rcsnstwﬂy p. Show. that the radial

resistance bétween the cylmders is glven by R— 5% ln( )

According to Bohr model; the hydrogcn atom consist of an
electron circling a.proton at a radius 0.53A; Calculate (i)
velocity of the electron (ii) its frequency. of circulation (iii)

the average current (iv) magnetic dipole moment of the orbit

(v) the magnetic induction at the centre of the orbit.

Ans: 2.2 % 10° m/s, 6.6 x 10”Hz, 1.057 mA, 9. 33 %107 An’,

: <1233 T
A parallel plate capacitor wnth_circular‘ plates is charged by

the current i, (a) What s the nlagnitudc’ of § B.ds in terms -

df Hoand i between the plates\‘of r= ﬁ'om centre” ®) What

xs -the " induced magnenc ﬁeld for r: % in - terms of

d - e - - -
isplacement curren;? L 10722

1140 | Iasights dn Applied Physics .

Ans: 2.5x10°" s, 4.0x107m

: Ans 'ZJ’E—W :

19.

20.

o1

From Kirchhoff’s law the current in an RL circuit obeys the
: i 01
differential equation dt+ 5I = 9 with resistance of 10€2.

Calculate: (a) I(t) (b) inductance (c) time constant (d)

- maximum current (e)-current at time 1s (f) source voltage.

'E(_I *_R.!)
Ans: g\ ~e L) 2H, 0.2s, 1.8 A, 1.556 A, 18V

A solenoid has an inductance of 50H and resistance of 30
ohms. If it is connected to 100V lnttery, how long will it
take for the current to reach one half of i 1ts final equilibrium
value?.- - W |71 10 o L

-The current in an LR circuit bu1lds up to oné. third of its.

* Ans: 12.3s

A long wire carries'a current I of uniform dcnsnty Show that

the. magnetic cnergy/lcngth wnhm the w:re is [,lVCll by
12 .

steady state value in 5s. find the time const'mt

l6n” 3

SIPA long coaxial cable consxst of cylmdcrs of rndn a nnd b.

The inner cylinder carries a ‘currént I, outer cylinder

- providing the return path (i) Calculate the energy stored in
* magnetic ﬁcld for a length of such cable (ii) self inductance

Iy &'2_1 (_) 2ol (_)
of the qnblc. , A In 7 "Zztvl" 7
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1 Electromagnetic Oscillation:

: The circuit containing both a capacitor C and an mductor A

forms an- electromagnetic oscillator in which current varies
sinusoidally with time resulting an electromagnetic oscillation,
‘When a fully charged capacitor is connected with an inductor in
series, then the charge of capacitor flows into the inductor, which
produces back emf in the inductor. As the capacitor is fully
discharged, it again starts to charge by the inducter. During
charging, magnetic energy stored in an inductor is transferred to
capacitor in the form of glectric energy. The process continues
resulting an electromaguetic oscillation in the circuit.

! switeh

Osclllatlon “and

7.6. 1 Energy Dcnsrty For Electnc Fleld
'7.6.2 Energy Dexisity For Magnenc Fleld
2 6.8  Maxwell Equations

*6.8.1' Maxwell's Equat:ons in Frcc Space and Drclcctnc ,
"Medium _ C e : , ¥l |-

6.9 Charge Conscrvatron Theorem
6.10 Eleclromagnellc Wave Equatlon in Free Space .

6.11 Maxwell's Electromagnetic Wave Equahon‘ in . ,’ ‘
' Conducting Medium ' eindios i .
6.12 Electromagnetic Wave. Equatlon in Non-Conductmg S e ' e

) Medium (Isotropic Dielectrics) - : ————%66’660’66“—-—' 2
. 6.13 - Intensity of_Ele‘ct_romagngt‘xc_Wave B0

..

6.2 Damped LCR Oscillation

Figure shows LCR circuit. In damped oscillation, amplitude
of oscillation decreases exponentially with time due to external
resistive force. Here, R stands as resistive factor which decays the
current amplitude exponentially with time,
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- By the principle of conservation of-;:ncrgy, we have -
U=Up#+Ug - Ea

=5 Li+5G st ¢))
Since rate of change of energy is power, we write
L odu - X 2
e, g =-{'R . ."""""(2) [

where -ve sign represents - that the energy stored, U
decreases with time.

From(l),. &
« du q dq .'
o Ldt+C B, -, ., e @)
'From(2)&(3) TR
Lada
Ldt ca-R

or, Ln'a{!l %H-l’R 0[ 1—3?] .

.or,L%+ +iR=0 :

do .9
L T C g
This is the rcqmred dlfferennal equatlon of damped LCR
which cani be compared with inechanical damped oscillation.

d
m%"}w“b—x' +kx=0

" This will give

R
m=L,b=RK=5
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Angular frequency (m) =\ ,% (2?11)

L
Lc-an |

R Y A
Frequency (f)=2—1;. LC_ T

63,

Energy Stored: in Electrlc I‘leld an(l ln M'\g,neuc
Field i

Let Q be the maximum charge stoted in cupucnlor After the

capacitor is fully charged, switch is Llosc(l Then oscnllnnon in
circuit can be obscrvcd

The total energy at any instant U m thc oscnllatmg c1rcu1l is -
the sum of electric and magnetic energies. - -

1.c.,U * Ua+ Upgg.

le
=3¢ *3 L

, Drffcrentlatmg w1th respcct to tlmc, we gct -

du _ QQ
dt L'dt C dt

._4d0 di o
dtdt” dt

_QdZO OdO

°" 7+ Cdt

Conservation of energy implies

e
:dt 0
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: dQd? Q&
o, LG e v e at =

©oor, Lg+%=0
or, —d-19+i6Q 0

" This is.the dlffcrcntlal cquatlon of LC oscnllatlon: '

“The differential ‘equation of SHM is
d , -
e tex=0 . i) -

.................

Expressmns (i) and (ii) reveal’ that LC cucult is an analogy z

- of simple harmonic motion.
-~ Solution of equation (i) is

Q= QnSlﬂ(mt +4),

whcrc

= ,‘/ is angular frcquency; « b8
Energy stored as elecmc ﬁeld in capamtor at any txme 15

s [

Ue =3¢
Q- |
=%Z sin? (ot + )

The maximuxh energy stored in electric field is

-Energy stored in inductor as magnetic field is

150 L fdoyf @ .3 2,
Us =§L-=:E,L(§) w5l Qg cos (0wt +.4)

11
=3 —CQ0°°S (mt+¢)
: Q:‘, :
=—5 cos” (mt+¢)

146 | Insights on Applied Physics

' The maximum energy stored in magnetic field is

-

Usewr = gzbc_

This proves that maximum energy stored in electric field is
equal to maximum energy stored in magnetic field.

6.4 Dar_"nped Electromagnetic Oscillation

Practically, all oscillations'are damping. In case of
electromagnetic ~ oscillation, the motion is affected by field
produced by oscillator such as electric field and magnetic field,
heat produced in resistance, etc. So, these motmm are usually

- damping:

To keep the oscillation connnuc, we can apply the periodic
external force with definite. period and frequency. Such an
oscillation is called farced vibration.

Fig. shows LCR circuit. In damped OSCIHI\hOI\ amplitude of
oscillation decreases exponentially with time due to external
resistive force. Here, R stands as resistive factor which decays the
current amplipide exponentially with time.

L Cl R
— —A

T

By the principle of conservation of energy, we have

U= Ua +Ug
2
=5 Li° +—q§ cossessio(1)
Since rate of change of energy is power, we write

i.c.,‘a =-R.........(2)

where —ve sign represents that the energy stored, U
decreases with time,
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From (1),

. ﬂ_ Ladq e
| .L'dt Cdt - e (3),
From cquzmons (2) & (3), ‘
q.4dq_ '
- Lige dt T R .
&9 g, . ... dq]" -
or, Llaczl. +C'+'?R=0[f '=E(tl]

“o, La(zl +iR-_-"0

L-—§+ R+ﬂ_o : . s

Thxs is the requii'ed' differentialh.'equa"tion' of 'damped Y

electromaguetlc oscillation. .

. The soluuon of above dlﬁ'erentml equatxon lS

9= go sin (wt-49) -

6.5 ’Forced Electromagnenc Osc1llat10n and Resonant‘ |

Frequency

A circuit - containing resxstance ®R), mductance (L), and,
capacitance (C) driven by ‘external source - is called forced -

electromagnetic osc:llalzon

If E = E, sinwt be- the: extemal emf apphed to the circuit,
then from Kirchoff's law,

di | .
LG+ %ﬂR Eosmmt..._...._....»....(1)

i
o gl dtL LC L sinat
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.

& d B
or, -3¢ § L*'(R) £+€C— T 22 S0t (7)

. This is-the dlﬁerenhal equatwn of forced elec[roxnagucuc
oscillation. Solution:of this equatlon is
q= . == sin (wt—¢)

T

From equation (2), angular ﬁ'equeucy due to force IS

cu = W, —2K‘

» i R

LC Pk
If the obscrvcd frequency of oscillation is. equal lo nnfuml
frequency, then resonance w1ll occur . : ‘

T o b s ¢ a s L Ly l‘
Usmg,_q=_‘.‘ (_l__ 1)1‘+(%), ’em(.mt «]')
g el B €7 5
or. (=81 |
or, 1="4
T

=T ,z"""(fl.)fd)
ETm

For maximum amplitude of current, .

o 1R
\pe=) =0 ...
2L
. 1. . ¢ ) ‘ ’v v‘ “ . N
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Rcsomnt frcquency(

Sllarpncss of resonanice is .defined as the ratio of the
bundwndlh of the circuit to the'resonant frequency.

-
Sharpness of resonance =‘-'f—f1
. : 0
_ Bandwidth _ 1
cuy 0 Q
*Sharpness of resonance gives the selectivity of the circuit.
‘As the bandwidth decreases, sclectivity of the circuit increases.

67 Dlﬁerences Bctwecn Mechanical Oscillation and

Electt oma[,nelic Oscillation’

Mcc\mmcnl oscillation and clcclrormgnctic oscillation both
are simple harmonic motion.

In mechanical - oscillation, mass of an object oscillates,
whereas in e, oscllluhon, negative or positive charge oscillates
about mean position, Mechanical oscillation can be represented by
d* dy
ar

o+ w'q=0, Dlsplaccment in mechanical oscillation is analogous to
- charge in e.m. oscillation.

¢
=¥+ @'y =0, ‘Whereas e.m. oscxllatlon -can be represented by G =3

7.6.1 E.nergy Density For Electnc erld

7.6.2 Energry Density For Magnetic Fleld

. Total energy stored in capacitor is given by

E=5CV?

_ For parallei piate capaciter, C =$'%

150 | Insights on Applied Physics

led
a w

ul.—-

So,E
Total enérg}’

. Now, energy densxty, g =" Volume

led (2
M

=
Volume

. Lod
i 2.d v?
Ad

-1

E-T N (L .

Soug e B

Total energy stored in inductor is
. -
E-sLE

Total energy

Now, energy density, uy = Volums
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y T...._l_ 2
.' 2uoB

ll[;"CB2

Hence, energy per unit volume i in electric field and magnetlc '

field are “proportional to the square of their ﬁelds

6.8 Maxwell Equatrons Mol

Maxwell's equanons are ‘the- unification of electric and

magnetic field in nature. Various propertles of electromagnetic’
waves can be understood from Maxwell's equations. There are four
relations in electromagnetrc field which are known as Maxwell's
equations. :

ii.

Gauss’ Law for Eie’ctrostntics

According ‘to first equatron, total - elcctnc ‘flux passmg

1 :
through closed surface is equal to = tlmes the total charge ,

enclosed: PRI RE AL S
of, ﬁE.dé':#;-UIpc_iv ‘[;".'q'-,=[pdv]
Using divergence theorem, ‘

§A .d3 =IV.X'dv.' -
o, Ivsdv——jpdv

&
equation..

or, V.E= £ which is differential forru~ of Maxwell's

Gauss’ Lavw for Mngnetlsm -

§Bds—0

Since magnetic lines of force are etther closed br go off to.

infinity, the number of magnetic lines of force entering any

152 | Insights on Applied Physics

jii.

iv.

arbitrary c]osed‘ surface is equalk o l'ihes‘ -of force' -leaving

from’ it It means the flux of magnetre mductrou B across -

any | closed surface is Zero.”

"'.or IVde 0

As the surface ‘bounding the volume is arbrtrary, therefore
this equanon holds only lf the mtegral vamsh

ie,V.B=0 _
" which'is dlﬂ'erentral form of Maxwell's second equatlon
Faraday's Law of Electromagnetrc.lnduction

.§Ed1—§q’—

ot

When magnetic field variés with trme, an clecmc field will
be produced. Here, electromotive force around a-closed path
is equal to the time denvatrve of the magnenc ﬂux through
any closed surface, s :

'Usrng Stoke ] theorem to above. equatlon,t ' :

§(VXE).ds = aa §B ds

9B
.—)
i.e.,, VXE =

which is differential form of Maxwell's 3" equation.

'Amper_e's Law as Extended by Maxwell . * -

$B.dl ='uo‘(i +80%th) :

i

As soon. as. electric field is- applied between plates of -

capacitor, electrons of dielectric  undergo a- displacement
within ~ atom.. - This electronic movement constitutes
displacement current. Hence, .the total ‘current through the
circuit will be sum-of dzsplacement current and conduction
current.

~ or, (VxB ).ds= {3’ + eo%] 45
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....ﬁx_B’ = PO[_J. + eo%] :
“This is Machll‘s' fourth equation in differential- form.

: 681 Maxwell's Equahons in Frce Space and Dielectric -

3 9 .- Charge Conservation’ Theorem

.‘X
Wieptes Tiec s

Medium’
= Maxwells equations are -
v.E =,g.'. ................. 0 -
V.B =0 .0 (i)
L 8
Uk =—"aT ................. (iii)
YxB = Mol ~f-poeg,—i ....... CHhE ()

Infrccspaccp=0 J '-3 .
s Machll's Equatlon in Frce Spnce

VE =0 oo (i)
VB =0...iinns (i) :
R
-
VxE =-"a't‘ JETRRR  (il)
o' - 9E )
VxB —poeo'g ................. (@iv)
i, - Maxwell’s Equation in Diclectric Medium
VE =0, - () :
VB =0" it (i)
5B
VXE =—3r=-jrar .. (m) =
3E
VxB = HE S s (w)
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According to the pnncxplc of conservation of chargc net

' amount of charge i in an lsolated system must remain constant. If the
- charge varies with' time, the net charge leaving the volume crossing.
“the boundary surface equals the net rate of flow of charge entering
“the volume.

. -0 .
* Consider a surface element ds of surfuice s enclosing a

% iy - o
volume v with J as the current density directed as shown,

“*. J.ds represents charge per unit time leaving the volume v

- - o
. across ds. Therefore, | J.ds represents charge per unit time

leaving the volume v crossing the. entire surface T, Let q be

-instantaneous charge within volume.

Then, —%% measures the rate of decrease of charge ‘within

the volume.

Principal of conservation of charge gives

K ‘s'='g—? =—§Ipdv

Gauss’ divergence theorem is I

or, I v .7)dv = —,[%% dv

-

A.d’s'=f V.Adv

vol ' »
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- or, I((VJ)+ )dv oA

Since the, volume s arbrtrary mtegrand must vamsh

Therefore v.J +%E 0 ok

which is thc principal of conservatlon of charge or contmuxty Y ; ‘

equation.

6.10-

‘Electromagnetic Wave Equation in;Free Space. -

Maxwell's equations are given by

- |
VxB =pyJ+ HOBG v sevresensnens (iv)J

" In free p=0, 7: 0. Thqreforc, Maxwell’s équations reduce

to

Usmg an |denmy,
Vx(VXE) V(V E) (VV)E

or, Vx(VxE)-—v E.
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Using equation-2 (iii),

3B N o
98 _ ol -
‘V"'ar., ,V,F .

: or,"'(—_28 VD) _viE. -
: ot , =
From equation 2 (iv),

- & )
a(Poeoat} Y

2
% =V’E

2—)

. or, VZE - !Joana_tzF:= 0

TS FE_ -
L or,VzE—uo W’=0‘ o

1 &’

Agam usmg an 1dentrty,

. or, VE= 77 (3); e

Vx(VxB) = V(V B)- (v V)B"‘

or, VX(VXB) =_VB

' From equation 2 (iv), . - -

Vx(uosg%f'] - —VZ_B’ . ’

o, e =

From cquatir)n 2.(iii),

NEE
a(at) g
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or, VB a——
06 VB — ey =0

» 2 - az !
or; V'B —uoe(,3?= 0.

S 2 S
- or, VzB—‘—:d—g- e O

Equations' (3) and (4) reprcscnt the standard equatlon of

-wave travelling with velocity
- e=
_ VHoto
. . l

\]8 85x10"’><4nx10"

3X]0'm/5 Lo, y

" Hence thc clectromagnetlc wave travels w1th the veloclty of

light,

.- The solutions of equatlon (3) and (4) are given by
'.E Ege —a(un [.r) §

i /Conducting Mediiim

‘Wave ' Equation
o ‘,_";..4:?; WX

in

Maxwell's equations are-

VB =00 i @) o 0]
- RTITE I SR
v = _aa? ..... NGy ?

~ijB pl +peaa—rf.'.......;.-.........._;‘(i\})d

Let the medlum be linear and isotropic -characterized by
permmwnty &, pcnneabnhty U, and conductmty o, .but’ not any

charge or any currcnt other than that delcrmmed by Ohm's law
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1ep O O'E

Hence the Maxwell's cquanons become

R 0)
VB =0 ool )
g .a§
A R (ii)
‘.
VxB = poE + T (iv)
.- Using an identity,

. yx(VxE) = V(V.E) - (VV)E

- =
or, VX(VXE) = -V'E
Using equation 2 (iii),

- .

‘9B e
V= ot ' -V’E
or.m - VZ-E
at
From equation 2 (iv),
- E |
poE + (L .
————————— VZE
at
)E O'F
or, V E op a3t W 0
aE
or, -VZE p.e7 =0 ...
Again using an identity,

| Y(VAB)=V(V.B) - (V.V)B

* or, V¥(VxB)=-V’B
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From equation 2 (iv), ’
(. 8E .
Vx| uoE + pE‘&J = —Vzg

v g H' . A .
‘or, Lo(VXE) + “‘i(ya(ﬁl= VB

" From equation 2 (jii),

iy
dB dt e
=-V‘B

HOH Ky

= B  #8
°r:VB‘P°E-H€'§tT.=O

0B o'B P DR L P
or, VB~ —HOG —HEFE = B (4)-4"-4 i .

The equations (3) and (4) represerit wave equations for-
electromagnetic field in ‘a homogenous lsotropxc conductmg '

medium, sausfymg wave equatxon of the form
i -
VA - uo—l{ e—u 0 stiesid(5)

The solutions of equation 3), (4) and (5) are given by
E= EU —i(wt - k) e -
B B =i(wt - Ll’)

Y = yoe A=k

6.12 Electromagnenc Wave :
Medmm (Isotropic. Dle ectrics)

. A non-conducting medium wh_lch has same properties in all .

directions is called an isotropic dielectric.
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o

Maxwell's equations are:

vE=L.. @ )
V.B=0 . overiarens (ii) ..
- 3B R m
VxE e iii) :
- - a—E.
VXB = ] + PEG s (nv)J )

Inan iéotrqpié'dieleétﬁé, p_‘= 0; ?.: 0.

Therefore Maxwell's equations become :

v E ) SRR (i) \.

V.B . (ii) &

VB =D i) [ 2
an = uraéF;— ................. (iv) y

-Using an 1dcut1ty, ‘

Yx(VXE) = V(¥. B)- (v V)E

" or, Vx(VxE)= VE

From equation 2 (iii),
>
dB

o™ ot

qr,'g(%}—;l= VZE ’

= —V’E

From equation 2 (iv),

9B
aﬂlraw o
3t VE .
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FE

or, ViE = jie )

2

 VE= nE aa—lE Jeowed @A)
Again using an 1denmy
- Ux(V xB) V(v B) (V V)B

or, VX(VxB) = VY B"
Usmg cquatlon 2 (iv),:

or, Vxpe aat =VE.

B

Usmg equation 2 (i), )

N
_“Eaz( at) .VB

2. _ 1 'aZU‘
Vu=y 3
" s = 4
- with velocnty V==
. o - Alpe

Also we have u o and E= a.sg :

“ ‘where y, and €, are relative permeablhty and relatwe '

permittivity of medium respectively.

Now, = {————aneo
- \f_

Since u?l and €>1, the Speed of eleolromagne{nc wave in
isotropic  dielectric medium is less than the speed of

electromagnetic wave in free space.

* "6.13 Intensity of Electromagnetic Wave :

"162 | Insights on Applied Physics .

~ Fhie average value of _S)gives intensity of electromagnetic

wave. . ,
I'=S' =EQ& ..__E.iz_‘
B 2up  2M4C _
- Emd o S [ 2 ;EoI]"'
=t i | .o E et
or, 1 e, sinl L Y

.Hcrice, 0
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1. A 1.3mH inductor in LC circuit Stores a maximum
energy of 17, what is the value of peak current?

An LC circuit is'converted in to LCR circuit inserting a
resistance of 10 Q. Calculate the pcrcentage changé in
frequency in this'conversion. leen inductance’= 10 mH -
and capacitance = 10 pF. - : N 2014 Fall

=  Inductance(L) = 1.5mH =1.5x10" H
Energy (Eme) = 170 = 17x10°%1

; We k‘nowa Emux = %lemxw
xl7x10 B
1.5x10°

2.  Deduce the frequency and qunlityv factor for a circuit -
with L=2 mH,C=5yF ,and R=0.2Q

= We know
L LR
Frequency (f) ==- EE - (EE)
01 t= on A-)» ~
3 2X10° xsxlo*‘ x2x10
=1591.53Hz. .
Now,
Quahty factor Q =_R(D_g
. _LQnfH)
- R
_ 2x10°x2nx1591.53
B - 02
- Q=100.

Resistance (R)=10Q -
Inductance (L) =10 mH -
Capacitance (C) =10 uF

Frequency of LC osc1llat10n (t) = B \/—TZ

| =5033Hz
1 ol R 2°
Frequency of LCR oscnllanon(f V= NITE—
i 1...(.10.)2 .
, O 10x10°x10x10° 2;&10;{10‘?_
© . =49696Hz oy

.A Hence the percentage. change in frequency is -
= f' ' :

x100=126%

A 40mH mductor and 1000|.LI‘ cnpacltor form oscnllntmg'

circuit. What is the pcnk value’ of currcnt if the initial

chargeis 40uC? = P [201.6 $p'ng]

We know. the maximum cncrgy storcd by capacxtor and
2.

Lo

mductor s 56=7

(40x10 —1x40x 103 xI’,,,u

o0 2x1000x10° 2
" Lo = 632A
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If 10mH inductor and two capacitors of SuF a]id' 2uF are
given, find the two resonant frequericies that can be

obtmncd by conncctmg these elements in different ways.
[2018 Spnng]
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=  Inductance L= IOmH RO
~ Capacitanice (C,) SuF, Cz =2ul‘ 5 o)
© Weknow, - = : ‘

Eqmvnlent énp'lcitmiee in’ series pﬁi_'allél. cotnbination of

capacitor.(C) = =0, +C= TuF

Resonance frequencym this case is

(f)",) \I—C=60155Hz -
vC[XC‘a
CtCy
_ _ s =1434F
' Again, Resbnaﬁce>frequeﬁey mthns case is

T | | R
V(f)"'»m\l—c L

=1330! 92 Hz

. Agam cquwalent capacltance in series C =

6. A circuit has L' =10 mH nnd C =10 uF How much
" resistance should- ‘be_added to circuit so that the
frequency of oscillation w1ll be 1% less thnn that of free

.LC oscillation? : ! fz?ﬂfrau]

= Inductance (L) =10 mH
Capacltance ©= ]0 uF e o
. Damped ﬁ'equency -0. 99 Undamped frequency

or, 5o\ [ () 099
T Zn\/_C'.’

g ( ) 29 7

L 4L‘ LC LC 5 ST
R -89Q R
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': : 7. «. The maximum electric field 10 m from an isotropic point

.-source of light Is 2 V/m, What are (a) the maximum value
of the magnetic field and (b) the average intensity of the
light there? (c) what is the power of the source?

- = Elecric fild (E¢) =2 V/m

Distance from source (f)=10m
Maximum electri¢ field (Bg) =7
‘Average intensity (I) =7

. Power of the source (P)=17 -

‘Wehave, . ik
. E, 2 -

_E0=B°_c=>B‘,=?=3——1 =0.66 x 10

 Average intensity is

1 )
I -=; CEEy, -

x3%10°x8.85%107x(2)!

(g]._a

=531 xlO" watt/m’
.. Power of the source (P)=1x A .
o =1 x4

=5.31%107%4%3,14%(10)
"= 6,66 watt

8. ‘A radio wave transmits 25 W/m? of power per unit area,

A flat surface area is perpendicular to the direction of

propagation of -the wave. Calculate the radiation
+ pressure-on it and maximum electric and magnetic field
* associated with the wave.

s = . The radiation preééu;e for total absorption of radiation is

gl
: c
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.25
3x10°

=83.4x10™"° Pa
Using, .
_E! cB}

22U 21,
Maximum electric fieldis - R r
Eu =‘\’2“ﬂc1' . ’ ®

= 24X 10 x3x10%25

=137.3 V/m '
Maximum value of magnetic fieldis
2
B, =1\/~ C“ :

_ . [2x4nx107"%25 i
3x10* d

=4.57x107" Tesla’

At some distance from transmitter of radio station, the
magnetic field of electromnghefic wave emitted by radio
stntnon is found to be 1.6x10™T. if l’requency of broadcast
is 1020KHz then find speed , wavelength and maximum
electric field of eleetromngnenc wave.

The speed of electromagnetic wave is- equal to the speed of
' llg,ht ¢ =3x10® mys. *

Wavelength (A) =

(e Le]

__3x10°
~1020x10° -

=29412m. - ' =
Maximum electric field is (Eo) = ¢B, = 4.8x10' V/m.

10,

Show that ratio of eleetrlc field- strength and magnetic

field. strength is equal to speed of light hence. calculate
mnxnmum value .of magnenc fi eld and nvernge intensity

.‘n,.,.~

r&“&"%ﬁfia‘g‘rz‘ﬂa‘s'gfnagj ‘

- Average mten31ty of llght isI=

.'10cm from an lsotroplc light source is' 2Y/m [2017 Fall]
= aB
Maxwell’ s thud equatlon is VXE =— a:
dE,. dB L
pr, Td% gt e '.-..(1)
Solution of electromagnetic wave, is
E = E,Sin(0t <kx) ......... (ii) and
B=B Sm(mt —kx) ..... (i) -

Differentiating eq (u) wnh respect to x -and eq (lll) wnh
respect tot :

E
'(:ix = —kEo Sm(mt —kx) ...... (w)
-@‘— u)B Sm(u)t - kx) ..,...‘.(v) :

Now equanon (i) becomes, -
—kE,Sin(wt — kx)= -—(nB Sm(mt - kx)

E, 0.
_B_ =x=c proved
'Second part :

E
Mmumum magnctnc ﬁcld (B.,) =2

2

3x10“
2

2|1°c
92 s
~ 2x4nx107%3x10°

66nT iy,

7 . ,' -='1.32u\7§’_att/m2
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-

11, The sun delivers shont 10° W/m® of energy to surface
through EM radintion.

Caleulate:
a. the total power mcrdcnt on a roof ‘of dlmensmns
Smx20m.

b. radintion pressure and force exerted on the roof,
assuming roof is perfect absorber.

Intensity of radiation (S) = 10° W/m2

fl

We know the relation, lntensnty )= '0——)'5%2(:) :

Power (P)=SxA.

= 10° X160 = 1.6x10° Watt.

FR
Radiation pressure (P;) = —e%&
| o
- 3xa0t _
A . =333x10°N/m?- -’
Foree exerted (F) = Pressure XArea
=333x10%%160 - -~
. =533x10%N

o By= \[z_si“—c
—\]2x140074n><10 yzylo
=10274V/m

Again for magnetic field, |

B,,lc. '

S — —

24,

_ [2x1400xémx10”
o\ 3x10°

= 3.42xl 0° Teslia

13.

Using Maxwell’s equation, prove that ¢ = T;— Where the

symbols carry their usual _menning. e 5. [ép';zj_},r},]}]

12. Sunlight strikes the earth outside its atmosphere with an

intensity of 2Cal/cm®min. Calculate the magmtude of
electric and magnetxc fields. SO

= Intensity of solar ra_dlahon,(S) _Z"Cal/c':mz-nﬁn' :

_2x4.2 -
(10 )2><60
’ " = 14OOJ/m -sec
B2 v - :
Weknow S Epo—

" 1170 | Insights on Applied Physics

-+aB

_ Machll’ s third equatlon is VXE =— ot

Solution of electromagnetic wave, is

E = E,Sin(0t —Kx) ......... ..(ii) and

- B=B Sin(mt—kx) ......... (ii)

leferentlatmg equatxon (u) with respect to x and equation

-(iii) with respect to t

. éhm Sln(mt—bc)----"--(iv)

g-B-‘='(1)B‘;Sin(mt—l\:x)..,.L...(v) ' IR . .

<oodt

. Now, equation (i) becomes,

—KE,Sin(wt ~kx)= ~@B,Sin(wt —kx)-
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\ | , 1=BINA=BI(nr®) ; . for single turn, N=1"
L -¢  proved. . i3 e o B RO
, or, T=nBI .

5:
B,

14. 1l a test charge revolves round a circular path of radius
8.5 em where the magnetic force increases:at a steady

rate 0.13 T/s, calculate the magnitude of induced electric | — Toct o e b'tt = f =
field at a point 12.5 cm. ‘ s '- 16. An inductance is connected to a -battery of em

=(31;)L2[B‘ 'proved.' -

.

through a resistance. Show that the potential-difference
=  Here, radius of circular path (R) = 8.5.cm '

: ) R
=0.085m ! ' . across the inductance after time t is Vi=¢ e(" ‘. At what
. ' dB. ; . ' time is the potential difference across the inductance
Rateofchange ofmagnenc ﬁeld, dr =0. 13¢/s : equal to that across the resistnnée"su:li thnti'=%'.
sttancc of point from centre (r)—125cm = The growth of the current. th:oughRLcm:mt is - -
=0, 125m iy i
i =i,(1-e")-
We know from Maxwell’s equanon : -
. ) - i) st ; ; ‘_.(;v-‘f) e
" $E.d = i (1gnonngnegat1v551gn) Foow i PR 1-e 25 LIl 7
- _dBA) _,dB A IS 5 -y = ol s e I my B[l s e - "
E2m==g ~=nR & . . : _ ; : L ln nap e e B
E__R_-gg_o.osszxo 13 PRIV B ' L : :
R T T T TR LI AT DR SN S Tb )

~E=3757x10° V'

15. A wire of length L carries a current 1. If the.wire is . ! .y ' di
formed in to a circular coil, then the maximum torque in i ' WL = I"dt
a given magnetic field B developed for a single turn is :

b = . ' .&
(1), : b A =—L'i(——)e["- .
T'(“R)L IB. . i | : s _' . o L : E B

. . . Rt
= Letrbe the radius of circular coil. So, . i C—L—
. = lD
2mr=L ' 'm
L : : : . _
or,r=5- - : : o Vi=ee proved

When the potential difference across the mductor is equal to

Torque produced by magnetic field on'current carrying cail that of resistance, we write

s
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“or,

Vi=Vg.

or, e =iR - » .

R

According to question, 1 =5" .
oor, T =2

o, eb=2

fr‘lzs.

- L
or, t==RIn2

;=o.6_93£ s ==

di_L

" Rate of increase of current is 7 a1

Therefore initial fate of increase of current at t=0 is

What is the xmtlal rate of increase of current and final

saturatmn current w1thL —15 mH, R= 24 Q. and emf =

uve AR - b

Final samljétion 'cufrént @) =%

Inductwc time constant ('t)

P =§=0625sec.3

N

Currenit in the circuitis 1=, (1 - e'_ )

E AT

174 | Insights on Applied Physics

d L
dt v
0.416
= 0625 0 66A/sec. .
18. Prove that the equation of continuity vV.J + 3t — 0
' 12019 Spring)
=  Maxwell’ s fourth equation is
v B J + BT;’]
XB=Ho| ] TG
' Takmg dwergence on both sides,
. - .
V.VxB = V.l T+ g
| vE)
or, 0 - V. T + Eg . al since divergehce of curl is zero.
'- Now using Maxwell's first cquatlon in dnfferenhal form,
P .
. VE S, above equation.
‘ g ap o :
Hence V.J + at =( proved. o
A. light beam travelling in x direction is described by
electric field E, = 300 Sinw(t-x/c) V/m. An electron i
constrnmed to move in y direction with speed 2x10’ m/,
Find maximum electric and magnetic force on electron.
[2021Faii
=

Maximum electric field (E,) = 300V/m
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Maximum magnetic field (Blo) =
300 - e i A damped LCR oscillation with lOOQ resistance 1s gwen by
wi0f - LHT ' g &  the differential equation .
Maximum electric force (Fg) =eE,  .: ' " :
- (':)' o kS E?+4@+5q=0.
=1.6x10""x300° : 1 , -,
| =4.8x10"°N " . B
Maximum magnetlc force (Fg) =Beev - : 1 . (a) capacitance = - e
| = 10% Lex1075ax107 (QIF e e
=.3.2x10'"‘N - (c) ‘relaxation time " L _
; , (d) undamped frequency g0 .
(e) damped frequency (f) quality factor.
" Ans: 8mF, 25H, 0.25s, 0.35 Hz, 0. 16H‘,, 0.25
2. AnLR circmteontalmng L ='10H, R = 2Q with source
. . . . . . - 2 l .
' voltage 10V. Find the time to reach magnetic energy of its
initial value. N : - Ans: 347s .
3 . Denve a dlfferentxal equatlon of LC oscxllatlon Show that'
. S o - - thehfrequeucy of such oscillation is f= mfII: cycles/mm.
4.- ‘In a damped LE- cifcuit, find the time required for the
' maximum  energy present in the. capacitor during one
_oscillation to fall to one half of its initial value in. terms of 7. .
Assume thatq=qpatt=0. ' Ans: 0.693t
5. What is the average magmtude of the Poynting vector 5
' miles from a radio transmitter broadcasting isotropically
with an average power of 250kW? .Calculate the. amplitude
. of electric and magnetlc field. Wik
‘ * Ans: 307;1W/m o 48V/m, 1.6 xur’T
6. 'Calculate the value of Poynting _vector-for a 60W bulb at a.
) distance of 0.5m fromit. . - . Ans: 19.1 W/
176 | Insights on Applied Physics v o ' . . ‘. . Electromagnetism | 177 .
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7. Provc that'E -and B are perpendlcular to each other in an -
: clcctromagnctnc wave.

8. " What arc the .peak values of electric and magnetic field
vectors if the intensity of electromagnetic wave is
0.03W/m’? Ans: 4,756 Vr', 15,85 T

9. - Sunlight strikes .the carlh outside the- atmosphcrc w1th an

intensity of 2cal/cm pcr min. Calculate the E, and B,, for
 sunlight,

thcorcm ((iil + V I =0.

Ans. 1026 4V/m, 1.71uT

10. : Usmg Maxwell’s. cquntlons prove the charge conservation -

178 | Insights on Applied Physics
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7.1 Introduction ™ < 47 DL TR e e

«According -to de Broglie, a moving ~partic,le, whatever ‘its
nature, has wave properties associated with it. He proposed that the

wavelength A qssocmtcd with any moving partlcle of momentum p '

is given by-
Lohh
p mv.

where h is Planck's constant. Such waves as;ocia.ted;\vith the
matter particle are called matter waves. Further the Heisenberg's
‘uncertainty principle states that "it is impossible to determine the
precisely and simultaneously the values of momentum and position
of atomic particles". Therefore, the particle exhibits thé wave
behaviour. ' ‘

According to Heisenberg, .if Ax be the error in determining
position and Ap is the error in determining momentum at the same
instant, then these quantities are related as follows

Ax Ap=h

where
h .
h= 0 — s called reduced Planck’s constant.

Inadequacy of Classical Mechanics

Classical mechanics successfully describe the everyday .

activities such as motion of bodies, planets, etc, which is mainly
based on Newton's three laws of motion. Classical ‘mechanics fails
to explmn the phenomenon in atomic or molecular dimensions
such as motion of electrons, atomic spectra etc..which can be

180 | Insights on Applied Physlcs

explains by quanmm,rﬁeehanics successfully. Some inadequacies

" of classical mechanics are presented below:

1. Classical mechanics could not explain’ the stabxhty of the
atoms. . 15 E

2. Itdoesnot explam the black body radlanon

- It could not explam the observed vanatlon of spec:ﬁe heat of
solid. 2

4. - Itcould not explam the origin of the dlscrele speetmm of the
' atoms

*5. - It could not explzun many other atomic phenomenons such

. as Compton effect photoelectric effect, Raman effect, etc.

These inadequacies of elassmal mechamcs led- to the
development of quantum mechanics. :

Energy and Momentum Operator
If 'we. take 'a physncal state zmd do somethmg to it, like

‘ dxfferentlatmg, or rotating, we will get ¢ different state, and then' we

say that perfomung an operanon on a state produces a new st'lte ,
We can express this 1dea by an equahon : ~

- AY=

An operahon on state ¥ produces another state tb An
operator A has main role in'the operation. In general an operator 1s
defined as a mathematical term such that its operation on any state
produces an.other state. Addition, subtraction, mult1p11eat|on etc
are examples of algebraic operators. In quantum mechanics, we
should operate the given: function to find the respective physical
quantities. Some physical qu'aniities such as energy and momentum
can be obtained by opcratmg the given function by thexr respective

operator.

: A .0
i Encrgy operator (E ) = lb-a_t

o oe Y |
ii. Momentum operator (Px)=- lﬁa
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Momentum operator in three dimension is

P=—iv
Wit V=" oL T TR it graniont opesato
erc. : ax' ay az s gradient oper r.\

711 'PhysicaISigTﬁfi_canc'e of Wave Function ¥

In classical mechanics, the wave i represented by equation

w= A"E‘*") ol

This mncuon in general is a- complex quantlty and is

dependent upon space and time and is denoted by .

—-(anx) R R
‘F(x,t) A. UG NS RN e (2)

This function has’ no physxcal s:gmﬁcance itself. The only
guantity havmg physical meaning is the square of its magnitude.
ie,P=9P*=|¥p

This s called probabxlny densny, where ‘i”“ is- complex '

‘conjugate of ¥. The probability of finding particle in the ‘'volume,

element dv can be expressed -as. [¥* dv. and the probability of

finding particle in entire space is f’]‘?ﬁ dy=pi

1.2 Schrodmger S Wave Equaﬂo v

The quantity ‘that charactcnzes the:de Broglle wave is called . ' '-'v

wave function. It is denoted by y. - o PRI

’I'he wave function of partlcle in one dlmensxon Is -

W, 0= Ae‘"n‘Et B i

182 | Insights on-Applied Physics .

Differenliatlng equation (i) with respect (o x,

B _ip p B i)
dx "p

- Again differentiating with respect to x,

&Y _(ipY AcHEP

Total energy of a particle.is
E =K+V

Y

=:l)_'mv'+V=7

Multiplying both sides by '¥' and rearranging, we get
m(E AVA}: (@iv)

Then, equation (iii) bccomes
4 _2mE-V)y
dx 3 hl ]
d“l’ 7m(E V)
dx' oAl e
- This is the tlme mdependent Schrodinger’s wave equation in
one, dlmcnsmn

Three dlmensmnal tlme independent - Schrodinger’s wave

N equation is -

=t L 2 2 Nz ’ .
‘where V* = (%5+‘g—y1+—g;) is an operatof known as

" Laplacian operator.
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Differentiating equatmn (2) with- respect to nmc we get .

a¥ B
& ‘A( )E At By
h)" h.

Gy i
or, 1hE=E‘I‘. ......... @ -

Difference ‘{‘-(x t) w.r. to X, we have .

d Ai_p_ —(Et-px)
h

Differentiating again will result

&Y ()2 Zeepy

e A(_rl}z T
_p_ i
T&\L . R ¢

Total energy, E=K+V
.E_ +V cy
or, p =2m (E—V)
Operating this operator on ¥, we get
p* ¥ =2m(E-V)¥
From equation (5),
d-

Using equation (3) in (6), we get

Mgy dy
I aE +V‘{’ ih—- m

-hz—z’ 2m (E-V)¥ ........ (6). 2
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In three dimension,
\ 'ﬁ2

ihl=‘—2—-v2‘1'+w

This ‘is the required Schrodinger. time dependent wavz
equation.

7.3 _Pbtenﬁ'a],Barfieri';"-, ‘ s
'Y(x).,
- A
gl SV
B>V, _ E>va
Vot V2 i me @Y
I N2
o

Let’s consider a finite ‘potential V(x) energy function of
height V'in the region of width L. The downward facing regica of

the potennal function is called potenlzal barrier. For a particle, it 1S

barrier because a particle should have minimum energy of Vp In-
. order to reach thé other side. However, if the barrier is relatively
‘narrow, the .particle can tunnel through to cross the barmer.

Transmission probability of particle is given by -

16E (- EY _oa
T=—<m v (L V)e

where E is energy of partmle V is barrier potential, L is
leugth of the- bamer, a is a constant which xs given by

2m(V-E
== s )~, and m is the mass of the mcxdeut parncle.

A
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7.4  Potential Well

Consider a p'xmclc moving ms1dc box- 'ﬂong x-direction. The
box has infinite potential barriers at x =0 andatx=L.

—0 X
Potential function is
V' =0or0 éx.< L
—ooforx<Oandx>L ....... (1)

The "particle can't exist outside the box. and 50 1ts wave
‘uncnon ¥is 0-forx < 0 and x> L. Our task'is to ﬁnd what W is
- within the box.

‘ Wxthm bmH Schrbdmger wave equatlon becomes

-d“i‘ 2m(E W
= e ¥=0
or, ETT_PT -_(.)_...'.;A..;..(‘Z).‘:., F V= ant!nn bfax
i '_— ) 2 L .. &
i Let,L-E:lg-,theni
day
Txr-rk"i’ 0
-General solution of this écjuét'ion'is' )
Y= Asmkx+Bcoskx........_....(3). g

The - boundary conditions can’. be used fo evaluate the
’ ‘constams A and B in equauon (3)

Y= Oatx 0=>B 0

We0atx=L= AsinkL=0
SinccA#:O sinkL=0
or, KL=0T ovrierrinns )

This will make equation (3) rcduced to

- W=Asin|T . ) . .

‘I’ W(X)=A sm( Lm()
Squanng equation (4), we havc

or, BL2=nlr?.

' For each n, there is an energy level and corresponding wave

- |.  function. Each value of E, is called Eigen value and corresponding
1. ¥aiscalled Eigen functzon g

' Since h, m, 7, and L are ﬁxed and- value of n gives only

- discrete level of energy, we can conclude that the particle can have

only: dlscrete energy

7.5 Normallze Wave Function
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Since the probability of finding the partlclc w;thln the well is
certain

L . '
ie. (¥ dx=1. Where,'¥ =Asin (ﬂl’f—x)
0 ;

'or f A’ sin® ( ) dx—l

0 .
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orfA’ [1 Cos(2L )]dx_l

or,f[j dx- vaos( )dx] 1

A
or, 7 (L-0)=1

Hence the normalized wave function is ¥ = \/-% sin (-[]Lﬂ)

sobf‘TmN.To EXAM PROBLEMSAVD

1. Calculate the permitted energy levels of an electron.in

‘one dimensional potential well of width-0.2 om. -

=  Width oqutenﬁal well (H=02nm" -

.—2x10"°

'Permmed energy lcvel of an electron in one dxmensmnal
potential well is given by-

2
_mh,

2 (105 x 107242 ’
T2x9.1x 107 x 2 x 107"
=15x 1070
IneV, ’

5x10M
E, }—G:_I(Fwn eV.= 93811 eV

‘Minimum energy. that electron have is- El— 938 eV
correspondmg ton=1 ‘ :

Other values of energies a{e

E, =4E, -
=37.5¢V
E; =9E,
= 84.3éV, and so on.

2. A beam of electrons. having energy of each 3 eV is

incident on a potential barrier of height-4 eV. If the
." width of the barrier is 20 A, calculate the transmission

coefficient of the'beam thirough the bprrier. .

= Energy of electron (E) =3 &V

Barrier height (V) =4 eV

188 | Insights on Applied Physics
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Barrier width (L) =20.A
=20%10""m
Transmission coefficient (T) = ?

Wehave,” B . A .
E (. E 2L “
‘T =16v_1.—§,- e\p \/Zm(v E)] -
RN <\ S\ BN W
-16(3) (-9

T 2x20x107° ' '
”P[ ~Tosx10™ X V20 1><10"‘) (4—3) X1 6"10'“’]

=3, 7x10‘9

T Since the tmnsmlssron coeﬁ'rcrent is very low, probability of
'transxmssron is very low ;

3.  An electron is conﬁned to an- mﬁmte helght box of size
~ - 0.1 nm. Calculate the ground state energy.of the electron.
How this electron can be put to-the third energy level?

= Massoftheelcctron(m) 9.1x107 kg
L=0.lnmm= 01x10”

E.=?. R
e et o o 5
o .cpc‘m'n e eec:orlrangrgles En—mr .
L (6.626x1072
=o' 8x9. 1x10"'x(o x10*)2x1 610" -

--38n eV
Ground state energy isE = 38 eV
’ 'Energy of clectron in 3rd lcvel is; EJ =9E,
= LT o - - ,.—3425V .
e leferencemenergy is E; E, (342 38) eV
bt Lt "z § =304eV

he
AsE'= >
or, A—E%

6.62x107 x 3x10°
304%1.6%x107"°

=408 10%m

By striking -electron with photon of wavclength 408 nm,

electron can be put into third energy level.

A football of 500 gm is  confined between two
impenetrable walls of Dasharath Rangashala-that can be
treated as a box of length 100m. Calculate the minimum
sPeed of the ball.
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Mass of football (m) = 500 gm = 0.5 kg
Width of box (L) =100 m
Minimum speed (Vpia) = ?

We have,
'Tf' h -
E,= L

For minimum energy, n = 1

—7tzh2 ) .' ‘e

Th?

—

- or, 5 m Vzm;n= 2m L_'l

"~

“ mh
Or, Vain™= mL

o 3.1415x1.05x 107
ro o™= 0.5 x 100

=662%x10¥ms?
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"’\

mass of the particle.

= Let the velocity of particle and an electron be v; and v,
From question, v; = 3va......... ) 4

Now, de Broglie wnvglen'gih of the particle and an electron
+ be '

h

I ..........(ii)
Bt e "
A2 ='H‘1; ........ (i11)

From equanons (i1) and (m),

A m»vz
A m v

= 1.813x10™

+ MaVa -

=1.813x107*
my 3V2 3

Mass of particle (ml) m "

__9.1x10™ < '
M =3%1.813x10™

=1.673x107 kg

6.  An electron is confined to a infinite potential well of size

8.5nm. Calculate the ground state energy of an electron
and “radian frequency.. Given: Plank’s constant

= 6.62x10™ Js, mass of electron = 9.1x10™' kg.

= Weknow energy of an electron in infinite potential well is

-h_ "
. =amLe o=l for ground state.

A non relativistic. particle is moving three times as fastas ~
an electron. The ratio of the de Broglie wavelength of the -
particle to that of the electron is 1 813x10"‘ Calculate the

___ (6.62x107™) "
8x%9.1x10™" (8.5x10)?
.. =8.88210% Joule ,
‘ Again, frequency of radiation is. E= hf -

Or,. f=%= 12.66x10" Hz.

7. An electron moving is a wave has:waye function y(x) =

2Sin2nx. Find the probability of the electron formmg in -
the region x=0.25 to 0.5m. - : (2014 Spring]

= Probabllxty of ﬁndmg electron in the gwen reglon is _ .

P fl‘i’l dx = f4Sm227rxdx :
. 025 025

=4 f 2 Q- Cos4m)dx

0.25
=2 [xlg3s - 2(811;41:){)
4an- Joas
Hence the probablhty of ﬁndmg electron in the given region

is 50%

8. Normalize the one dimensional wave function
.. (nx\. :
Tr=A sin(T) ,0<x<a

Y =0, outside . " (2014 Fall]

192 | Insights on Applied Physics

= I For normalized wave functlon
A ie. fl‘i’l.,dx= 1. ~ Where, ‘P Asm(a)

0

. a
or, fA sm( )dx—l
L S
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or, J '\‘ [1 Cos(’)n\)]dy?l B
~‘or,7[f¢\- J‘Cos( )dx]-l

.
Q-

B .
| or, ‘7(3—0)=1

“Hence the normalized wave function is -

‘I‘=‘\/; sm(a) o

The fast -moving-neutron has wave associated - with it, .
whose De- Broghe wavelength is 2x10 m. Fmd phasc '

veloclty, group velocity and kinetic energy [201'5 Sprlng]

" h

The De- Brpghe jwavelength is ,(k) =

o v=— . |

. 6.02x10%
" 6:67x107x2x10™

R 45x10" ms

_' For matter wave both: the’ group velocny and the phase
velocnty are equal

Now, kinetic energy of the ncutron is

e -
BB

——x6 67x10 7 (4 5x10‘)

=6. 75x10 ”‘Joule
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10,

. proton = 167x10 kg).

Calculate the de- Bmglie waveéicngs T_.k R }
produced by npplying 15kV energy.- (Take m’m 0
[2ozzra.q

The De- Broglie wavelength is (A\) = ¢
Fof the particle with applying potential V,
eV =% mv?
=
or, V= =
So de- Broglie wavelength :
' . . h ‘ .
) — \2meV

6.02x10
\szs 67x107x1.6x107?x15000

x 6.393%10™° m

* Which shows that the -de-Broglie wavclength for matter is

very small

o
X
. .
oA

o,
L3
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(3%

An electron is confined to an infinite height box of size 0.1

. Calculate the ground state energy of the electron. How
lhlS clcctron can bc put to the third energy level?
Ans: 37eV, Apioton = 4.12nm

Fmd the minimum energy of an electron in a box of width

1.5A. - . " Ans: 16.14 eV

Using uncertainty pnnclple calculate the binding energy of ,
a hydrogen atom. . L v Ansi-I3.6eV

Calculate the probability of transmission that-a eV electron

will penetrate a potential barrier of 4. OeV when the barrier-

widthis2.0A. - . _ - Ans: 0. 048
An a-particle of mass 7000 times of an electron is trapped in .

a nucleus whose radius i is ro = 1.4fm. What is thc probabxhty
that an a-particle will escape from the nucleus if its energy is

" 2MeV? The potential. bamer at the surface of the nucleus is’

4MeV. : ) ' , Ans: 0.124

Calculate the permitted energy levels of an electron in one
dimensional potential well of width 0.2nm.
© Ans: 1.5%107 i joule
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VTG

8‘.1'-’-‘-f'~l'nt'ro'"du""c‘t‘i'o"v .

The term. ‘thermod)mamrcs consrst ‘of thermo meaning
heat and ‘dynarmcs meaning motion ~or movement Hence,

thennodynamrcs is the branch of physrcs whrch deals wrth work.
done and heat energy.

‘ Today the 'same name is’ broadly mtcrpreted to mclude all
aspects of energy. and energy . transformations; Aincluding power

generation, refrigeration, and relationships among the properties of -

matter. Thus, basic engineering thermodynamrcs is concerned with
the study oft :

> .Interacuon of system and surroundmgs which relates the
changes in the system dueto the interaction in the form of .
mass and energy transfer (heat and work transfer).

> Energy and. its conversron from one form to another to
produce certain useful’ effects.”
> Fundamental thermodynamrc laws whrch govem the energy
conversion processes iy 3
> _;Physrcal propertiés (pressure temperature and volume) of '
.. the working substances which can be used to obtam energy :
" conversion.. " :
> The concept of an equr]rbnum condrtron and feasrbrhty of a .

- process.

811 Thermodynanuc Properhes

Thermodynamié properlres is’. deﬁned as , variables or -
-characteristics which can be ‘used to.describe the state ‘or condition.
of a system, for ‘example mass, temperature, pressure, volume,

198 | Insights on Applied Physics

energy, eéntropy, enthalpy, etc. According 10 e naturc,
thermodynamlc propertres can be divided in to two groups:

o Intensive propcrtres

The properties which are independent to the mass of the
system are called. intensive properties. Its value remains the
same whether one considers the whole system or only a part
. of it. Intensive property is not additive by nature. Examples
are oressure, temperature, density; velocity, viscosity,
thermal conductivity, electrical potentials, etc.
b.  Extensive properties - _

“The properties which glepénd on the size or extent of the
system are called extensive properties. Its value depends on
how big a portion -of the system is being considered.
Extensive property is additive by nature. Examples are mass,
volume, energy, enthalpy, entropy, surface area, etc.

8.1.2 Thermodynamic State and Equilibrium

A ‘system is said to exist in a condition of thermodynamic
equilibrium if there is no change in any macroscopic property of
the system when it is isolated from its surroundings. The condition
of a thermodynamic system can be described with the help of the
values of different thermodynamic properties, €.g. temperature,
pressure, volume etc. To describe a system with the values of
certain thermodynamic properties it should have same values of

 those properties throughout the system. Therefore, there can be no

spontaneous change in any macroscopic properties for the system
to be_ in a condition ‘of thermodynamic equilibrium. Hence,
. thérmodynamics is a study’ of mainly the- properties of physical
" systems that are found in equilibrium condition. A thermodynamic
system will be in a condition of thermodynamic equilibrium, if it
satisfies the following three types of equilibrium conditions

o Thermnl’equitibrium
A system is said to be in thermal equilibrium if the
temperature is same throughout the system.
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Mechanical: cqurhbnum

A system is said to be.in mechamcal ethb: ‘i if there'i is
no change in pressure wrth time.

Chemical equilibrium -

Asystem is said to be in chemical equilibrium if its chemical |

composition does not change with time. -~ -~ °

8.1.3 Thermodynamic Process

Any change in thermodynamic variables of a system to have

new set of values is called process. Thermodynamic process is-the
path followed by a system when it undergoes from one equilibrium
state to another. There.are two types of thermodynamic process:

a.

Reversible process

A process is said to: be reversible if the system can be
retraced through the same path to the initial‘state.

P| VC| T]

<:__'__j'—'—> BV, Ty

Examples:  Frictionless motion, elastic deformation,
restrictcd expansion and compression, étc. -~ o
Irreversrble process

A process is said to be irreversible if the system cannot
regain its original state through the initial path

PVIT, r:_:) P,VoTy

Examples: Motion with friction, inelastic deformation, free.
expansion, etc. ‘

8.2

‘First Law of Thermodynanmics " "7

First law of thermodynamics is also known as the principle .

ol conservation of energy. If dQ amount of heat is supplied to a
system, a part of heat (dU) is used to increase the internal energy
and remaining part of heat (dW) is used to do the external work. If
dQ, dU, and dW all are in same unit we can write
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dQ=dU+dw - .
“or, dQ = dU +PdV

which are the mathematrcal expressmn of the first law of
thermodynamics. :

_First law of thermodynamics is based- on the conservation
principles namely mass and energy conservation principles. It is 2
mathematical expression for the .effect of the interactions between
the system and surrounding on the.stored energy or total energy

. (intemal energy, kinetic emergy and potential .energy) of the

system. In closed system or control mass, interactions can take
place only in the form of energy transfer (e.g., work transfer and
heat transfer) but no mass transfer occurs between the-system and
surroundings. Therefore, first law of thermodynamics for a control
mass can .be expléined with reference to conservation of energy
only whereas in an open system or control volume, inieractions can
take place both by the mass transfer and energy. transfer. -Hence, -
the first law of thermodynam\c for a control volume is explained
with reference to both mass conservatlon and enertry conservatlon

' principles.

8.2.1 Application’ of Fn'st Law of Thermodynamlcs for_
Control Mass

" 1. - Isothermal Process (Constant Temperature)

“. Itis a thermodynamical process in which the temperature of
the system remains constant but other parameters changes.

From an ideal gas equation, -
PV =nRT

But T is constant in rsothcrmal process sonR is also constant
and the equation can be written as

P|V1 P,V,= PJV] Constant

Let dW be the small work done on changirlg‘ small volume
dv ' ' o

Then we havo, dW = PdV
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SRV
Total work dong is W '=-l PElV

IV 2 nRT

o= N V.
Qo

Fig. l.sothermal P-V.curve -

W=nRTIn(.V‘)

’ whxch shows that heat n'ansfer to a control rnass for an ldeal

- gas during isothermal process is equal to the work done by
the system. :

Isochonc Process (Constant Volume)

Itisa thennodynam.lcal process in whlch the volume of the
system remains constant but other pa.rameters changes

From an ideal’ Bas equatxon '

For isochoric process, T constant

Total worlc done (W) = Ivz PdV.=0 -

. , Lt AU
So from first law of thermodynamics;
dQ =dU

. which shows that heat transfer to control mass for an ideal -
. gas during isochoric ‘process  is equal to the jncrease in
mternal energy of the systcm '
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111, Isobaric Process (Constant Pressure)

it is a thermodynarmical process in which the pressure of the
system remains constant but other parameters chariges,

From an ideal gas cquatlon,

X;c tant '
T= onstan

H : vV, ]
Total work done (W) = lv PdV =P(V,-V))
: 1

Which shows that heat transfer to a control mass for an ideal
gas during isobaric process is equal to both the increase in
internal energy and the external work done of the system;
which mieans increase in enthalpy of the system.

© IV. Specific Heat Capncity

Specific heat ‘capacity is defined as the amount of heat
required to raise the temperature of unit mass of a substance
" through 1°C. For an ideal gas, we define molar heat capacity
instead of specific -heat capacity. Molar heat capacity is
‘defined ‘as the heat required to.raise the temperature of unit
“mole of gas through 1°C. 1t is an experimental fact that for
.same increase in temperaturc heat supplied is different for
different way of heating up the system. Carrespondingly the
heat capacity depends on the manner of heating. Commonly
considered heat capacities are Cy and 'Cp, which respectively
correspond to heating at constants V and P. Heat capacities

per unit mass per- mole of a substance are called specific
heats. .

A Speciﬁc-heat at constant volume (Cy)

It is defined as the heat required to raise-the temperature
of unit mole of gas through 1°C at constant volume,

. ie.dQ=dU+PdV
=nCvdT

d
or, Cy= (??‘) .
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° % . P .
b. Specitic heat at constant pressure (Cp) n=y- njw
It 1s defined as the heat required to raise the iemperature ' —-
of unit mole of gas through 1°C at constant pressure. | R ) 3 B
o C,-—-G%) ' ' 2 g "N | mitialstate . '
P . : v ; ke Compression™ . ExPansmn — n=0 .
V.  Polytropic Process _ ' g gl <
A polytropic process is a thermodynamic process that
obeys the pressure - volume relation: = constant, where 7 n=y
is any real number called a polytropic index or exponent
whose value remains constant throughout in any particular n=e0 v
process. This equation is used to accurately characterize 4 _ e
. the thermodynamic processes of certain. systems notably - _ _ F ig.: P 01)’” opic process
the compression or expansion of a gas. However, it can be Work done ‘in polytropic  process . can be obtamed by
taken as ‘a generalized =~ equation. for different - ‘ integrating small work done: '
thermodynamic processes ‘namely isochoric, isobaric, i © dW=pdV ..o )
) et . st .
1sothe@a1 zmd .ac.imbat-u? processes which are quasi-static For polytropic process PyV{® =BiVy"
or quasi-equilibrium in operation under -ideal working _py
conditions. A polytropic process represents common _ ‘ s
thermodynamic processes * for different values of B Ene PVv" _
polytropic index » as given below: ' ok \ ¢ R
T Ve .
Now, the total workdone.is W'—‘I PdV.
1 0 P = constant Isobaric. . : SR = j R P—‘\—/;,‘— dav -
. 2 ) iy 1:
2 1 R B 24 =constant Isothermal |-~ | AL o v.;‘ ;W dv:
= . . = o
3 - | V.=constant .| Isochoric |- . ' ; : PN Y
4 i PV"='cousta11t‘ Adiabatic | 1 _as ' - = P,Vl"I ’ V‘f‘c_iV ,
vl n .
- =PV [ ] :
204 | Insights on Applied-Physics ' ) Fundar'nentals of Thermodynamics and Heat Transfer | 205

CamScanner


https://v3.camscanner.com/user/download

. - M-(Vzl‘n

1-n "V“.")

-1
= "1__1]( LAAR AR AV
Again u'siné relation,
) P]Vin = PI\Izn
- Required work done is
\V - Psz‘- P]V1
) I-n
’ mRT=T) . . e
Cor, W= s s Jomre, (i)
Here change in internal energy is
dU=mC(T,-Ty) .
Now, from the first law of thermodynamics, -
- Q=U+W '

- -1+ I

: :m(C_vf*‘l_m)'(Tz—Il) '
—mcn(Ts-To '
Where

- Cy= (C,, +7—]is po]ytropxc spemﬁc heat

' Limitations of ﬁrst law of thermodynamlcs. o
1. . Itdoes not show the direction of heat transfer. o
2. _It does not give any information about the source and sink.

A does not give any information about what extent heat
. coergy used to do the cxtcmal work
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8.2.2 Secorid Law of ‘Thermoayndauuv>

First law of thetmodynamics deal with conservation and
conversion of energy. It stipulates that when a thermodynamic

- process is carried out, energy is neither created nor destroyed, but
it transforms from one form into another so that the energy balance

is maintained. However, the first law fails to state the conditions
under which energy conversions are possible. It explains
thermodynamic processes with the quantitative aspect of the
energy and gives the only condition that aoy process can take place
in_cither direction provided that the total energy remains constant.

* But this is not true, because some processes in nature proceed

spontaneously in only one direction and cannot occur in opposite
direction evén though the reversal of process does not violate the -
first law i.c: , energy conservation pnncxple is satisfied. Hence, such
directional -feature of the thcrmodynamlc process cannat be
explained only with the first law of thermodynamics. This
madequacy of the first law to identify whether a process can take
place is remedied by mtroducmg another general principle, the
second law of thermodynamics. The second law of
thermodynamics deals with quality or nature of energy and defines

the direction of the thermodynamic process in which the system
can proceed. )

As per the first law of thermodynamics all forms’of energy
are equivalent and for a cyclic process either heat is converted

. completely into work or work is converted into heat. Holever, any

real device, even opcratmg on a cycle, cannot convert heat supplied
to it completely into output work. In this regard, the second law of
thermodynamics .declares that different forms of energy are not
equivalent -in their ability to produce useful output work and
explains why any real engine cannot operate without heat loss, i.c.

. - heat cannot be completely converted into work.

- a.  Kelvin-Planck Statement

There exist no thermodynamic transformation whose sole
effect is to extract a quantity of heat from a given heal
-reservoir and to convert it entirely'in to work.
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b,  Clausius Statement

There exists no thermodynamic transformation whose sole -
effect is to extract a quantity of heat-from a colder reservoir -

and to deliver it to a hotter reservoir.

8.2.3 Heat Engine

Hear engines are devices that work on cyclic process to
perform work. Heat pump and Refrigerator are devices used for
heating and cooling purpose.

An ideal engine which converts all the heat energy in to
work done is called Carnot engine.

J;ligh temperature reservoir (Ty)

Heat supplicd (Qq)

Heat engine ' Work done (Weye)

Heat rejected (Q))

Low temperature reservoir (T,):

Fig.: Heat engine
The efficiency of heat engine is defined as the ratio of output
work done and the heat supplied.

Output work done

i.e efficiency(n) = Heat supplied

“}

or, n = Q

*  In terms of temperature,

Efficiency (n) =1 -a:?'
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- 824 Heat Pump

Heat pump also works on a cyclic process. It takes heat.from
low temperature reservoir (T}) i.e. surrounding and delivers into
high temperature reservoir (T3) with. the help of external work,
Heat pump works as opposite to heat engine.

Efficiency of heat pump is measured by its coefficient of
performance; which is defined as the ratio of output work donc to
the heat supplied. '

High temperature reservoir (Ty)

(Qa)

Work done (Win)— Heat pump

3

Q1)

Low temperature reservoir (Ty)
’ (Surrounding)

Fig.: Heat pump

Output work

i.e. Coefficient of performance (COP) = Input work

From the first law of thermodynamics, W - Q:—-Q

i
#COP=g =

In terms of temperature,

COP:T;—T; g

8.2.5 Refrigerator

Refrigerator works in cyclic process which takes heat from a
low temperature reservoir at temperature T, and delivers heat in to
the high temperature reservoir at temperature T, with the help of
external work. '
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Figure illustrate the schematic representation of refriperator
where Q, amount of heat from desired Si)nce at temperature Ty and
supplied Q, amaunt of heat to sun'o\mdmg at tcmpcmlurc T, wuh
the help of external work W, .

‘High temperature reservoir (T»)
(Surrounding)

% N Q'z .
Work done (Wip)— . Refrigerator

|

Low tcmpcmture reservoir (T,)

Fig.: Refriger a!or

“The workmg pnncxple of a lefrxge; ‘ator is similar with the
heat pump. It also takes-heat from low temperature reservoir and
delivers in to hlgh temperature reservoir with the help of extemal
work. The schematic diagram of refrigerator is shown in figure.

_First of all from the liquid storage-tank working substance in the

" liquid form is allowed to -pass through the porous plug to the - -

evaporating tank. It suﬁ'ers adiabatic expansion in passing through
the plug resulting ‘the decrcase in temperature. The liquid- takes

latent heat from the cold body and convert in to vapor, the’ vapor-

goes to compression tank it is compressed adiabatically. Due to

compression the ‘temperature “of vapor. increases. Now the
compressed vapor-is allowed to pass in to the condenser where it
lose its heat to the hot body (surroundmg) and condénse into liquid.

Then the condense hquxd again goes to the storage tank for next

process.
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I Hot bodzl

quuld LA,
‘storage tank T Compress
.1
Throttling valve—\ J ' ' ama
(porous plug) l I

. Evaporator

Q
Cold bod

Fig.: Refrigerator

4Efﬁciency of réfrigerator is measured by its coefficient of
performance (COP) ,which is defined as the ratio of desired effect

and the'work input; .
: ~ Desired effect . '
+ COp= “Input work '
=_Q2_'_ g
Q- Q
. In terms of temperature,
T,
CopP= T, T,

'83 Heat Transfer °

-Heat transfer is generally a mulhdnmcnsnonal and time
dependent phenomenon; i.e., the temperature in a medium varies
with position as well as time. For analysis of heat transfer
problems, two types of heat transfer are considered, e.g. steady
state heat transfer and unsteady state or transient heal fransfer.

"Heat transfer in a medium is said to be a steady state if the

temperature at any particular location on the system does not vary
with time. The temperature is function of space coordinates only,
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but it is independent of time. During ‘steady, state conditions, the
heat transfer rate is constant and there is no change of internal
energy of the system. In unsteady state or transient heat t ansfer
the temperature varies with time as well as position or location on

the system. Hence, the temperature is.a function of time and space-

coordinates. During unsteady -state heat transfer, rate of heat
transfer varies with time due to change in internal energy of the

system. Most of the actual heat transfer protesses are unsteady in ‘

nature, but some of thcm are considered as steady state to simplify
them. .

A heat transfer analysis has applications in the design of
electronic components, electric machines, transformers, bearings

etc. to avoid the overheating and damage of equipment where it

requires considerations of the amount of heat to be transmitted as
well as the rate at which heat is to be transferred.

8.3.1 Conduction

Conduction is the transfer of heat from one part of a
substance to another part of the same substance or’ from one
substance to another in physical contact with it without appreciable
movement of molecules or atoms forming thé. substance. In fact,
heat conduction is due to the property of matter which allows the |
passage for heat energy even its parts are not in motion relative to
one another. The heat conduction occurs more effectively in solids
thian in liquids and gases.

Fouricr Law of Thermal Conductivity

Magnitude of conduction heat transfer is given by Fourier's
law of heat conduction which is an empirical law based on
observation and states as:

The rate of flow of heat per unit area"(héat ﬂu:c)"tln ough a
homogeneous: solid is di ectly pr opomonal .to the lemperatm e
gradient within the solid material. :
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Mathematically, it can be represented by the equation as

1dQ_dT

AT dx
1dQ__ dT

oh AdT- K

‘Negative sign indicates that heat flows in the duecnon of
decreasing tempemture

k=a ‘proportionality constant knmown -‘as thermal .
_conductivity, of material (watt/mK).
%{' = temperature gradient within the material.
d_Q dT
=-kAT o

One Dimensional Steady State Hent Conducnon through Pl:me
Wall

Let us consider stcédy heat conduction through the plnnc
walls of a building. Heat is continuously lost to the surroundings
through the wall during a winter day.

Tl il el ) .Tz

—> L
Q -jdx

Fig.: One dimensional heal
conduction through a plane wall
It can be observed that heat transfer through the wall is it the
perpendicular direction to the wall surface, and no significant heat

transfer takes place in the wall in other directions as shown in’
figure Heat transfer in a certain direction is driven by the
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temperature gradient in that direction, There is no heat transfer in a
direttion in which there is no chnnge in temperature. It can be
confirmed from - the temperature measurements that the
temperaturcs at the top-and bottom of a wall surface as well as at
the right and left ends are almost the same. Thcrcfore, there is no
heat transfer through the wall from the top to the bottom or from
left to right, but there is considerable temperature difference
between the ihner and the dutcr surfaces ‘of ‘the wall, and thus
_significant heat transfer in the drrcctlon from the inner surface to
the outer one. -

The small thlckncss “of thc wall causcs the tcmpcrature'

gradient” in that direction ‘to be large. Further, if ‘the air

temperatures inside and outside the building remain constant, then

heat transfer through-the wall of a building can be modeled as

steady state and one-dimensional. The- temperature of the wall in’

thlS case .depends: on-one. dlrectxon only (e g. the x-dlrectlon) and
can be expressed as T(x) :

The rate of heat- transfer gwen by Founer 1aw is,

_Q_ dT
L""dx

dQ
or, at dx=— LAdT

Intcgrating both sides- '

tdx I kAdT.

-Io d
’ OL KA(T,=T
or, dT i ( 2~ l)

.dQ (T-;—
’dT Ay
B (O R s ) :

. . L x
Whgre, Rn= kA is callcd thcrmal resistance. .-

8.3.2 Convection

~ Convection is the mode of energy transfer bétween a solid
surface and the adjacent liquid or gas that is in.motion, and it
involves the combined effects of conduction‘and fluid motion. The

.convection heat transfer is possible only in a fluid medium and the
‘heat energy is transferred ‘from the actial movement of the

molecules -thereby causing molecular collisions and molecular
diffusions. ’

Magnitude of convectional heat transfer is given by
Newton's law of cooling and it states that

The rate of heat flow per unit area (heat flwx) is directly

. prop'orlian'af to the temperature difference between a solid surface
“and an adjacent fluid.

Mathematically, it can be expressed as

dQ. .. .
f =HA(T.-Th)
where T, = temperature of 'solid'surface Ky - .

T, = fluid temperaturé )

h = coefficient of convection heat transfer coefficient

8.3.3 Radiation
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Radiation is the transfer of heat energy in the form of
electromagnetic wave from one body to-another. Unlike the heat
transfer by conduction and convection, radiation heat transfer is
possible without any medium between the heat source and the

- receiver. In fact, the heat transfer by radiation or radiation
" exchange between two bodies occurs most effectively in vacuum

where no conduction and convection heat transfer take place. A
material medium present between the heat source and the receiver
would either reduce or eliminate entirely the propagatlon of heat
energy by radiation.
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Stefan-Boltzmann Law of Heat Radiation

Magnitude of the radiation heat transfer by a surface is
given by Stefan-Boltzmann law which states that

The mavimum rate of heat radiated per wnit, area (heat
fhwx) by a surface is directly proportional to the fourth
power of the absolute surface temperature.

Mathematically,

aQ
*Adt ™ T

d
-or, d& =oAT'

t . .

Where o is a constant of proportlouahty known as Stefan-
Boltzmann constant its value is 5.67x10% wm2K~

An ideal surface which emits heat flux at maximum rate as
per above equation is called a black body. The heat flux-
‘emitted by all real body surface is less than that by a black

body surface at same temperature by a factor and.expressed . -

as,

% =goAT

Where € is radiative property of surface and known as:

emissivity. Its value is one for black body and less than one
for all real body.

So, magnitude of rate of radiation heat transfer between two

practical bodies at temperature T, and T, (T, > Tg) is given

as

d .
§ = EUA(T]4 —:‘Tzd)

Emissive power:

Emissive power is defined as the total ‘amount of heat

.Jadiation emitted by a body per unit area per unit time, -

According to Stefan Boltzmann law, emissive power is,

B = oT!

From above equation, E == T*

The ST unit of emissive power is Wat/m’ which gives the
intensity of radiation,

Emissivity (£):

It is defined as the ability of surface to radiatz heat.

Mathematically it can also be defined as.the ratic of

~ emissive power of anybody to the emissive power of 2 black

body. For a. perfect black body its vaiue is ome. The
emissivity of polished copper and polished aluminum, are
0.018-and 0:05 further the emssm‘y of 2 body is equal to
the absorpt.ance of its surface.
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IMPORTANT Q ULleON

1. A closed metal vessel contains water at 30"C.- the vessel
has surface area 0.5m* and thickness 4mm. calculate the
heat loss” per minute by conduction if the outside
temperature is 15°C and thermal conductivity of mehl is

-400wm'K" S e [onFal

=  Here, Surface area (A) = 0.5m? E,
Temperature dlfference (T, -T,) =(30- lS)
S =15°C
‘Thickncss of’vessel'(L)_= 4 mm
- =0 004 m
"hermal conductmly (K) 400 wm"k it

' Ratc of heat loss (%%) 2

We kriow the relation
dQ _KA(TLT)
d . L - _ SRRy e e
o ADOXOSKIS. e e TR
i - 0004 P D o

d
z d? 750 kJ min”

Calculate the maximum- amount of heat which may be
lost per second by radiation from a sphere of. radius.
10cm in diameter at’ temperature of 227° C when placed
in an enclose at a temperature of 27°C

!J

(o= 7x10*wattcm 1)

=>. . Here, Surface area (A)=4n®
-41o<(0 05)
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Body temperature (T, y=227+273

= 500K
: Surroundmg temperature (Ty) = 27 +273
=300K S
q PR
Rate of heat loss (—d%) ? .

" We kIlOW~lllC relati'on Stefan Boltzmann relation

QLo - 1)

= 5.7 x 10 x 41 x (0.05)* x (500" 300%
=97.86]/s.
_ 400x0.5x15

0.004

Q_
- dt 750 KJ min™

* One gram molecule of a perfect gas expands isothermally

to four times its initial volume at temperature 20°C.
Calculate the work done. -

. Here, initial volume (V) = \Y

Final volume (V. )= AV

.~ Temperature (T) = 20 +273

. =293K

We have, work-done’in isothermal process,

' "V : L Lo
W= llTln( Vl) R L -
= 842934 . .
=3411.9] '
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A sample of gas consnhng of 0.11 mol is compressed
from a volume of 4m” to 1m® while its pressure increases
from 10 to 40 Pa. Compute the work done along the

three different paths shown in figure.

40

P(Pa) -

"=  Path 1 consists of two processes, one at constant pressure
followed by another at constant volume.
The work done at constant pressure is gi_ven by "
W=‘P(V2—V1.) : :
=_10(1-4)=301]
The work dore at constant volume is zero
So, the total work for path Lis -
=30J

Path 2 consists of lsothennal process,” 5Q work done at

isothermal process is -

Vi
W‘)=— A" 7
2 P, ll" Vv, '

= 1034x1:%

o W2= 5517

Path 3.congiats of a process at constan® 7=
the work is again-zero, followed by a procas
pressure, So, the total work for path J is

Wy=0-Py(V:- V)
=40(1-4)
A Ws=1201

Find the rate of flow of heat through a square iron ;o=
of each side-equal to 4cm and thickness Smm. its opp-
faces are kept at 90°C and 40°C respectively. Therm 1|
conductivity for iron is 63Wm K" -

Here, Surface area (A) =0.04x0.04
= 0.0016m’

Températufe difference (T, -T}) = (90- 40)
s Co=sec
Thicl-cn'ess of wall .(L) = 5mm
=0. OOSm

Thermal conductlvxty K)= 63wm lk g

' Ratc of hcat transfer(%)' =7

= We know the’ relatlon

 do- _kA(TT))
Sk - L
M_Olﬁﬁ_o
=T0005 - :
£—1008 Watt

© Hence the rate of heat transfer is 1008Watt.
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6. A brick wall 12cm thick and 5m’ surface avea is exposed
to 250°C at one face and 50°C to another face. If the
thermal - conduttivity of the material. is lS\V/ml(.
Determint the heat transfer rate. . {2023 Spring]

Here, surface area (A) = 5m’
Tcmperature difference (T —T‘) (250- 50)
= 200°C

I}

- Thickness of wall L= l;’Zcm
1 - =012m :
Thermal cbnducﬁvity (]() = 1._5Wm-,1k=1 -

dt
We. know the relanon
3 dQ kA(T 1)
i L
_ 15%x5%x200
0 12

Rate of heat transfer (@) ?‘ ¥

-Q‘ = 12500 Watt

Hence the rate of heat trausfe’r ?SIHSOO. 'Wa'tt, L

7. - An ideal gas at 17°C has 'pressure of 760 mm of Hg is’

compressed adlabatxcally until its’ volume is halved

Calculate the pressure and temperature of gns [2023 Spring] ,

=5 Here 1mtxal volume Vp=Vv
Final volume ,('V‘q')=!

-~ Initial temperamre (T,) = 17 +273

‘ . =290K
F mal temperature (T;) =7..
" Initial pressu:e P)= 760mm of Hg
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A

l‘mul Pressure (P7) =" ‘
Wc have, for adiabatic process,

Plvl..v =Pp,Vy
Takingy=1.4,

: v\ 4
or, P2=P|(‘V—D

=760x2"
o Py - 2005.65 mm of Hg.

Agam we know the tcmperature volume relation in adiabatic
process, :

1V |Y_ =T2V21-'

: val4a-l
or; T3=T,(-V—D " =1290x2™

L T,=382.65K
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Faculty of Science and Technology, Pokhaia University

Course Title: Applied Physics (3-1-2) -

!U

"Full marks: 100
" Pass Marks: 45

Nature of the Course: Theory and Practical

“Time per Period: 1 hour

Year: First Total Periods: 45

Level: Bachelor Program: BE

“Course Description

This course covers the ‘fundamental topics of physics and
basic pnncxples that are required to study other engineering

courses. It develops the ability to identify, formulate and.

solve engineering physics problems. Moreover, it enables to
formulate, conduct, analyze and interpret ‘experiments in
engineering physics through tutonals Iaboratory work and
self-learning activities. <

Genernl Ob]ECthES '
The general objectives of this course are: -

> To equip the students with the fundamental concept and
laws of  oscillation, electromagnetlsm and
thermodynamics. ’

> To acquaint the students with waves, laser, optlcal fiber,

quantum mechanics and enlighten the importance of

capacitor and dielectrics.

Methods of Instruction

Lecture, discussion,

tutorials,
assignments o

Laboratory work and

4, Contents in Detail

it Objete

A T Contents.

Understand mechanical
oscillations, -  solve
problems  related to

|different "~ types = of|

oscillation, familiar with
the scope " in -various
engineering fields. .

Unit I: Mechanical Oscillation (6 hrs
1.1 Free oscillation, Damped oscillatior
and * Forced - oscillation (Physice
meaning and equaticns).
1.2 Compound pendulum, Minimum 222
- maximum time pericd in compouzc
pendulum, Interchangezbility of
point of suspension and pcint of
~ oscillation in compound penculum,

Torsion pendulum, Determination of
quulus of rigidity of material using
. torsion pendulum.

‘|lwaves

Solve and -analyze. the
problems - -related " to

O|Introduction-of wave; wave velocity acc|

“lintensity of .plane - progressive wave,

Unit—II:-WnVe'Mo_ﬁon (4 hrs)

pamcle velocity, types of waves 2ad|
their apphcatlons Speed of wave
stretched - string;

|
s
~energy, power and

standing resonance,

sonometer.

wave and

Solve the problems
related to- reverberation
in different units  of]
building.
problems related to ultra
sound..

" Solve- the|

.13.2 Introduction,

Unit III: Acoustics (4 hrs.)
3‘.-‘1 Classification -of sound waves,
Acoustics of building, Reverberation
of sound, absorption coefficient,
Noise pollution and .its control,
- Sound insulatiod, Satgine equation.

production ~ and
applications ~ of ultrasonic .wave.
~ Ultrasonic method in nondestrucnve .
-testing.
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TS T TS

Jontents

Understand - the use of]
lasers - in cnginccrihg
sciences and . solve

and fiber optics. Apply

fibers' in communication
system and sensors:

problems related to laser| -

the concept of optical|’

|4.2 Fiber optics: Introduction, Types of]
Principle . of]

Unit IV: Photomcs (6 hrs.)

4.1 Laser: - Introduchon of
Prmmples of | generation of laser

Tight (mduccd absorphon
i spontaneous emlssmn * stimulated
emission,, - -populanon - inversion,

laser, - Semiconductor -Iaser,
Applications of laser.

- optical - fiber,
~propagation of light wave through
optical fiber (Acceptance angle),
~Numerical aperture,’ Applications of]
- .- optical- fiber” in communications,
Optical fiber sensors, -

Evaluate the cépaéity of

capacitors to store energy|-

Unit: \A Capacltor -and Dlelectrlc 6
hrs.) 4

“tith and Wit-h"“tal Capacltor Inﬁoductlon . Types of|
dielectrics. . _ - capacitors,. Chargmg - “and
Solve pr_oblems-rglaied'tp dlschargmg of capamtor
electrostatics. - 5__.2 Dielectri¢:. Introduction, * Dielectric
; ‘constant, electric - - flux - density, |
- Polarization, Polarization in free
~ gpace, (Gauss" “law .in - dielectric,
“| = Electronic and :Ionic - polarization
e (Clausms-Mossottl equatlon)
Deal - with mteractxon UmtVI Electromagnetlsm (6 hrs)

between electnc field
and magnctlc field on|.
matter.

.. Damped LCR oscillation, Forced
. elcctromaguehc'

- resonance and quality factor
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laser,

pumping, -metastable state), He-Ne| -

Analyze thc relanonshlp
between el'cctnc field,
magnctic field and speed

of wave.

6.2 EM waves: Machll equatlons in
integral  form, Conversion  of
Maxwell’s ‘equations in differential
form, Continuity ‘equation, Relation
‘between electric field, magnetic
field and speed of - light, wave
equations in free space, verification
of light wave as an electromagnetic

" wave, Wave "equation in dielectric
medium

Apply

principles " of]
quantum mechanics -to

wave functions.  Solve
the problems related to

particle - wave ~ using
Schrodinger’s wave
equations.

investigate the|.
observables on known|’

Unit VII: Quantum Mechanics (5 hrs.)

Inadequacy of- classical rmechanics,
* Importance of quantum mechanics,
Matter wave (de-Broglie equation),
~ Wave function and its significance,
"Energy and momentum operator,

Time independent  and  time
dependent  Schrodinger  wave
equations, * Application of|

Schrodinger wave equation for the
electron in metal, Normalized wave
~function describing the motion of an
electron inside in  an infinite
- potential well. -

. |Acquainted with the laWs

6.1 EM Osclllatlon "LC oscxllanon Y B .
- {heat transfer.

oscillation,| =

of thermodynamics and
apphcatlons

Solve the problems
|related . to
- '|thermodynamics’ = and|

Unit VIII:  Fundamentals  of
‘Thermodynamics  and  Heat
“Transfer (8 hrs.)

8.1 Concepts and definition:

applications .of thermodynamics,
properties - and state of substance,
thermodynamics  properties  and
- ftypes, processes(definition,

characteristics -and. examples):

reversible and irreversible process.
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Spcmﬁc Ob]cctw___

8 2 ans of thermodynnmlcs I‘lrsl lTvl
of* thermodynamics, first law for|
closed system, intemal and stored|.
encrgy, joules law, enthalpy,
specific heat, application of first law
for closed system,- Relafed problems
on closed system, second law off
thermodynamics, heat engine (four,
‘components of refrigerator and heat|
pump, COP- of refrigerator and heat
pumps), Kelvin-Planck and Clausius
statement of second law.

8.3 Heat transfer:. Modes .of heat
transfer (conductlon convection. and
radiation), statement and assumption
of Fourier's . law  of - thermal
conductivity,  one. .dimensional

plane wall, basic taws. of radiation|
(Emissive power  and - emissivity,

of black bodies.

5.. Tutorials

L.

Solving the problemsvrelated to different osoillation. =
Solving and analyzing the problems related to waves.

Determination of standard reverberation time for normal
human ear and solving problems related to ultra sound.

Determination of angle of acceptance for working of
optical fiber and finding population of atoms in dlfferent
energy states,
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steady state heat conduction through{ **

_Stefan-Boltzmanns law),. ancept. o

I,

Solving the problems for different combination of
capacxtors and ﬁndmg the chargmg and discharging
time constant for capacitor.

Solving the -problems related to Gaus; la;/ of

electrostatics. ‘ -

Determination of frequency .of damped and undammed
LC oscillation and analyzing the relattonshlp between

" electric field, magnetic field and speed of wave.

: ‘Solv1ng the problems related -to’ particle wave using
v_Schrodlnger s wave equations.

Solving the problems related to thermodynarmcs end

“heat transfer.

, Lnboratory Work (Any Elght) ' P

‘To determine the acceleration due to grav1ty and radius

 of gyration of bar pendulum ) : - '

- To determme the value of modulus of" rmdtty of the .

~ ° material given and momeut of merua of cn'cular disc.
e usmg torsion pendulum S :

To determme the acceptance angle of an opncal fiber

~ using laser source. - -

sonometer apparatus

.. To determine the - wavelength of laser llght by using

diffraction gratmg

"To determine the capacxtance of gtven capacxtor by -

chargmg and dtschargmg through resistor.

To plot a graph between current and’ &equency in an -

LRC senes circuit and to-find:

. i) the. resonance frequency ii) the quahty factor

To determine. the dielectric constantof a given' materia’

To determine the Planck’s -constant and photoelectnc
-work functtons of the matenal ’
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10. To measure the pressure, specific cvolume  and
temperature. 3 \

11. To find out the cﬁluuncy ofa comprcssor

12. To measure the rate of heat, transfer by conduction

13. To mesasure the pcrformance of a Rcfngerahon/ Heat
“pump o

Evaluation System and Studcnls’ Re'spohsiblliﬁcs'

Evaluation System.

- In addition to the formal cxam(s), the mtemal cvaluatlon of a

student may -consist of quizzes, assxgnments lab reports,

. projects, class participation, etc. The tabular prescntzmon of

the mtemal evaluation'is as follows

Extemnl Evaluatmn Marks and Internal Evaluahon

. Weight Marks

' Scm::su;r-End examination 50

“Theory 30 d o5 . :
Attendance i Class Pammpatlon 10%: G L
- Assignments 20% : a% 2 e
) 'Presentanons/szzes 10% e

. Term exam. 60%

Practical 20" -

- Attendance and Class PamClpatxon 10%

Lab Report/ Project Report 20%.

; P.racu_cal Exam/ Project Work 40% : Ze

Viva3d0%
Total Internal 50

Full Marks 50 +350= IOO

- '230'| Insights on Applied Physics .

Student Responsibilities

Fach student must secure at least 45% marks in internal
ev'xluutlon with- 80% attendance in the class in order to
appear in the Semester End Examination. Failing to get such
score will be given NOT QUALIFIED (NQ) and the student
will . not be eligible to appear the Semester-End
Examinations. Students are advised to attend all the classes,
formal exami, test, etc. and complete all the assignments
within the specified time period. Students’are required to

-complete all the rcquxrements defined for the completion of
~ the course. : : :

_ Prescnbed Books and References

Text Books

1. Hdlliday, D., Resmck R., & Walker. J. Fundamental of

Physxcs John Wiley and Sons. Inc.

'Young, H. D. & Freedman. R.'A. Sears and Zemansky's
Unive szty Physics. 2009.

N

3. Howel, J. R. & Bucluus R. O. Fundamentals of

~ Engineering _The_rmoaﬁlnalmcs McGraw- - Hill
Publishers. . '
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