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TOPIC- 01

ROTATIONAL DYNAMICS

Circular motion is an essential part of our daily life.
Every day we come across several revolving or rotating
(rigid) objects.

During revolution, the object (every particle in the
object) undergoes circular motion about some point
outside the object or about some other object, while
during rotation the motion is about an axis of rotation
passing through the object.

Q.1 What is revolution and rotation of an object?
Ans: Revolution: During revolution, the object (every
particle in the object) undergoes circular motion about

some point outside the object or about some other object.

Rotation: During rotation, the motion is about an axis of
rotation passing through the object.

1.2 Characteristics of Circular Motion
Q.2 What is circular motion?

Ans: Circular motion: Motion of an object around a
circular path is called as circular motion.

Q.3 State the characteristics of circular motion.

Ans: Characteristics of circular motion:

i) Accelerated motion: As the direction of velocity
changes at every instant, it is an accelerated motion.

ii) Periodic motion: During the motion, the particle
repeats its path along the same trajectory. Thus, the
motion is periodic.

Q.4 What are kinematical equations of motion?

Ans: Kinematical equations of motion:

Rotational motion
W= wqy+ at

No. | Linear motion
i v=u-+at
s 1

11 s=ut+: at?

1
0= w0t+§at2

w = 0§ + 2a8

iii vZ =u? + 2as

Where,

v = Final linear velocity,

u = Initial linear velocity,

a = Linear acceleration,

s = Linear displacement,

w = Final angular velocity,
wo = Initial angular velocity,
a = Angular acceleration,

0 = Angular displaacement,
t = time,

Q.5 State the analogy of the following linear and
rotational quantities:

i) Displacement  ii) Velocity iii) Acceleration

Ans:

Quantity Linear Rotational

Displacement s 3}

Velocity o _ds . _dé

V=% W =77

Acceleration L dv L dw

a=— o= —
dt dt

Q.6 What is right hand thumb rule?

Ans: Right hand thumb rule: To know the direction of
w, curl the fingers of the right hand along the sense of
rotation, with the thumb outstretched. The outstretched
thumb then gives the direction of @.

Directions of angular velocity

Q.7 Give the relation of angular velocity with
periodic time and frequency?

Ans: Relation between angular velocity(w), periodic
time (T) and frequency (n):
w = 27n
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Q.31 Explain difference cases of liquid-solid
interactions.

Ans: Different cases of liquid-solid interaction:

Case: 1) Acute angle of contact:

i) Net adhesive force between liquid and solid on
molecule A>net cohesive force between liquid
molecules.

i.e. ,ﬂ)>F_C)

ii) Resultant force ﬁ{ is directed inside solid.

Sphere of
> | influence

iii) For equilibrium or stability of a liquid surface, the
net force ﬁ{ acting on the molecule A must be normal to
the liquid surface at all points. For the resultant force
ﬁ{ to be normal to the tangent, the liquid near the wall
should pile up against the solid boundary so that the
tangent AT to the liquid surface is perpendicular to ﬁ{.
Thus, this makes the meniscus concave, Such liquid
wets that solid surface.

iv) Angle of contact is acute.

v) Example: Kerosene in a glass bottle.

Case: 2) Obtuse angle of contact:
i) Net adhesive force between liquid and solid on
molecule A < resultant cohesive force between liquid

molecules i.e., E\) < F_C)

ii) Resultant force F_R) is directed inside liquid.

Sphere of
influence

© Air

iii) For equilibrium or stability of a liquid surface, the

net force ﬁ{ acting on all molecules similar to molecule
A must be normal to the liquid surface at all points. The
liquid near the wall should, therefore, creep inside
against the solid boundary. This makes the meniscus
convex, so that its tangent AT is normal to ﬁ{.

Such liquid does not wet that solid surface.

iv) Angle of contact is obtuse.

v) Example: Mercury in a glass bottle.

Case 3) Zero angle of contact:

B Sphere of
. p E .4+« influence
4»—\'-—-‘ ‘A
e Air

i) Liquid molecules near the contact region are very less
number such that F is negligible F_c) = 0.

ii) Net adhesive force itself is the resultant force i.e,
F_R) = E. Therefore, tangent AT is along the wall within
the liquid.

iii) Angle of contact is almost zero (6 — 0°)

iv) Example: Pure water in clean glass.

Q.32 Derive the conditions for acute and obtuse
angle of contact for a solid-liquid interactions.

Ans: Solid-liquid interaction:

Sphere of
Ay influence
; A‘\ Air

i) Consider a hypothetical liquid having angle of contact
90° with a solid container.

ii) The molecule experiences both adhesive and
cohesive force. Since the wall is vertical, the molecule
‘A’ is acted upon by a net adhesive force exerted

horizontally by the molecules of the solid AP as e Net
A
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UETEAT: STTAT mass (TETH) GZIT%'_OTG%(space) STETHIIT I
T matter (S) 378 TEUIATd. %] B, F& 3707 1 3790 i
AT 3G Ihel. B USTATCHCT HUT UShHS=AT v ST
STOT FATEIT THeiel STTATT ST T BTeTdTel Shuard R
@A 9. 59 USTATdleT U7 UhHehal Soed 3T9dTd, o
T THSAHS 0T VT . TRHE S HUT STA, e

STET U7 B URTATE Se, &t ST, awarrqmm E
IR Aol S, a1 & e fafae Toremier. stee], e, aees
FUTT 3T

Ideal gas b perfect gas (3113'5'1' ar)- Sl gas gl temperature
aIfoT pressure ol gas =T el T laws (&W’:ﬁ?}) qretd Wﬁt
ol gas ol ideal gas 3T TEUTAT.

I ideal gas :R?R'ﬁa, HIA real gases T gas AT T laws
o e low pressure afoT high temperature ¢ shdTd. [S2ICSEY
temperature, pressure 3T volume TATATHEIA relation WT-THER
feet 31, T STaiih .

Boyles law (St3ereT fam)- T f@R dOEMER Seiedm mass
ST gas o exerts (PIAFT) HAAT pressure & M AT

volume (3ThRHATTAT) inversely (SA¥d) UHIUIT 3T, ST

1
PX —
\'%

<« PV = Constant

Charles law (ﬂFéﬁT ﬁl?il'q)- Gas T pressure R ST gas
T volume & TTEAT absolute temperature (&Rﬁ?ﬂ ATIHTATEA)
G 3T, B v T

i) Free path (&1 TUA)- TERN molecule T T successive
(TS AVT-AT) collisions (FETATET) OT hofedl distance
(Si'ﬁTIF'TT) free path 3T TEUTAT.

ii) Mean free path (ATEX Hekd UL)- UETRT gas molecule Rl
successive (Fﬂ"'ﬁ'CI'IB‘ W—W) collisions (ﬁﬂﬁm‘ﬁ) T]Sf e

average distance (HTI'H'{Bf FRTA ) mean free path 3T TEUTAT.

Law of equipartion energy W‘? W‘FGT‘WGI'H')- TTeEAT

Total energy f& THEEHITT TSiEe T possible modes e
foie gia 3T Uik mode = energy, %kT%ﬂTﬁ 3T,

(@ 3va), (ferfvars)  smfor
polyatomic (agaﬁuaaﬂ gas molecules 9 Y= 2—" =1 AT

Monoatomic diatomic

12t (Physics)

Degree of freedom (35'1113"} HAAT aﬁﬁ)- TEME system =t
state  (3TET)  specify (Seoi@ld  HIUATET)  AWTON-AT
independent variable T8 coordinates (¥ fohar ST
TEUMAT) (T fohell WelSeIhrel) FHIGHH T WU
Degree of freedom el

AT degree of freedom STOT @M% law of equipartition
energy WWWW)%@@WWW,W
TR .

i) Coefficient of absorption (a) (W ‘1"11137)- feetean
IS TERN a??lﬁ absorb (Sﬁﬁﬂﬁ) oAl heat TIOT T body
¥ incident (ﬂTWIT‘ﬁ) BIUTRY UPUT radiant heat (EITF{T‘T JWTC)
T TﬁﬂT TSI Coefficient of absorption .

T formula TATHES fST 3T, Coefficient of absorption =l
absorptance fopar absorptivity 3T TEUTATT. el units ST
dimensions .

ii) Coefficient of reflection (r) (‘JTIT:lﬁW "\[Wiﬂﬂ- feetean
Yo5TE UGN T reflect (URTAAN) Helell heat ST T
body @YX incident (ﬂT‘TIFﬁ) EIOTRY TP radiant heat (HTF{?T
IWTAT) AT TOTR TeUreTe Coefficient of reflection 4.

T formula YT f&T 3T%. Coefficient of reflection
reflectance el reflectivity 3 WU, e units 30T
dimensions THdI.

iii) Coefficient of transmission (t) Olﬁ'ﬂ'UT ‘IUTiEF)- fSetean
IS TERN aﬁ# transmitt (Q'I%\'Eﬁﬁ) oAt heat TUT T
body @Y incident (31TCI'I'€ﬁ) BT UPUT radiant heat (Fl'lﬁ'ﬁ
ST A ‘IUﬁT'lT TSI Coefficient of transmission B,
e UeAMed el M. Coefficient of transmission oiTel
transmitance TRal transmitivity 3T TEUTATd. AT units 3707
dimensions .

Coefficient of absorption (a), Coefficient of reflection (r) 3T
Coefficient of transmission (t) AT relation TR et
3T, simple-simple formulae TR, o ﬁ?ﬂ'ﬂﬂ:{ =,

i) Diathermanous body / substances (aiﬂﬁTClﬂ'S'ﬁ?'l‘ Wﬁi')-
ST USIITHES  heat radiation SIS YhAId AT URTTE
Diathermanous body 3T WU, Diathermanous body e

Coefficient of transmission (t) 7 © ST,
34T. glass, Tepan hydrogen, oxygen aRE a9,

ii) Athermanous (adiathermanous) body/ substances

(IS USTel)- AT USTHYA heat radiation T3 IThd
ATEId, T UKTEAT athermanous body 3T TUTAT.

Athermanous body AT Coefficient of transmission (t) = o
3T,
3T, SATHS,AM, copper, iron ARG €T
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Solved and Unsolved Examples

i) An ideal mono-atomic gas is adiabatically
compressed so that its final temperature is twice its
initial temperature. Calculate the ratio of final

pressure to its initial pressure. [( YA VP VRIEFA 11

Ans: Given:

. . 5
As gas1s monoatomic, Y= E
T
TZ = 2T1 o 2 = 2
1

. ) o P
Ratio of final pressure to its initial pressure = P—Z =?
1

We have formula,
1— 1-
Py yT1y =P, Ysz

-
P2 Ty
—2 5

()= @)
() = @)

On taking cube of both sides, we get,
. (b2 2 _ (T2 5
) =@

2
. (P2} _ 5 _
. (22) = (2)°> =32
(B) = @°=3
Taking square root of both sides, we get
%:«3 =4V2=4%x141=5.6
1

Ex.01 A gas enclosed in a cylinder is expanded to
double its initial volume (V; = 0.5 units) at a
constant pressure of one atmosphere. How much
worKk is done in this process? Is this work done on
the gas or by the gas? How do you know this?

Solution: Given: Pressure (p) = 1atm = 1.01 x 10° Pa,
Change in volume (AV) = (Vi —V;)

=(2V;i—V))

= 0.5units

Find: Work done (W)

We have, Formula: W = P AV = P(V; — V)

Calculation: From formula,

W =1.01x10°x 0.5

= 0.505 x 10°

=5.05x 10%]

Positive sign of the work done implies that the work is
done by the gas.

Ans: Work done in the process is 5.05 x 10%J. The
positive work done implies that the work is done by the
gas.

Ex.02 104 K] of work is done on certain volume of a
gas. If the gas releases 125 KJ of heat, calculate the
change in internal energy (in kJ) of the gas.

OR
Ex.02) 104 ] of work is done on certain volume of a
gas. If the gas pop releases 125 K] of heat, calculate the
change in internal energy of the gas.

Feb/Mar-2023)-2m|
Solution: Given: W = —104 kJ,Q = —125K]

Find: Change in internal energy (AU)
We have, Formula: AU = |Q| — [W]|

Calculation: From formula,
AU = |Q| — [W]
&~ AU = (125 —104) = 21K]

Ans: Change in internal energy is 21 K].

Ex.03 A gas contained in a cylinder fitted with a
frictionless piston expands against a constant
external pressure of 1 atm from a volume of 5 litres
to a volume of 10 litres. In doing so it absorbs 400 ]
of thermal energy from its surroundings. Determine
the change in internal energy of system.

Solution: Given: p = 1 atm = 1.013 x 10°Pa, Q = 400],
V,=5L=5x10"3m5,
Vi=10L =10 x 1073 m?

Find: Change in internal energy of system.
We have, Formulae: i) W = pAV = p(V; — V;)
ii) AU = |Q| — [W]

Calculation: From formula (i),

W =1.013 x 105(10 x 1073 — 5 x 1073)
=1.013x10°x5x 1073

= 5.065 x 102

=506.5]
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Ex.07 Find the distance between two successive
nodes in a stationary wave on a string vibrating
with frequency 64 Hz. The velocity of progressive
wave that resulted in the stationary wave is
48ms 1,

Solution: Given: v = 48 ms™!,n = 64 Hz

. . . A
Find: Distance between two successive nodes (5)
We have, Formula: v = nA

Calculation: From formula,
A4 48

A=-=—=0.75m
n 64
Distance between two successive nodes
A 075
===-—"-=0.375m
2 2

Ans: Distance between two successive nodes is 0.375
m.

Ex.08 A sound wave in a certain fluid medium is
reflected at an obstacle to form a standing wave.
The distance between two successive nodes is 3.75
cm. If the velocity of sound is 1500 m/s, find the
frequency.

Solution: Given: Distance between two successive
nodes (%) = 3.75¢cm=3.75%x 10"2m

Find: Frequency of sound wave (n)

We have, Formula: n = %

Calculation: As% =3.75%x10"2%m

2A=75%X10"%m

From formula,

1500
T 7.5x10°2

=20 x 10® = 20 kHz

=200 x 102

Ans: The frequency of the sound wave is 20 kHz.

Ex.09 Two sources of sound are separated by a
distance 4 m. They both emit sound with the same
amplitude and frequency (330 Hz), but they are
180° out of phase. At what points between the two
sources, will the sound intensity be maximum?

Solution: For intensity to be maximum, it should be the
point of antinodes. At the extremes, nodes are formed.

= % wueneee (* speed of sound = 330m/s)

=1m
Hence, there will be 4 loops in between two sources.
Taking centre as reference, (as shown in the figure)

. . A
Antinode is at + "

3A 5A 7A
,t—,t—and £ —
4’ 4 4

Thus, +0.25m,+0.75m,+1.25mand + 1.75m
from the centre are the point of maximum sound
intensity.

Ex.10 A transverse wave is produced on a stretched
string 0.9 m long and fixed at its ends. Find the
speed of the transverse wave, when the string
vibrates while emitting second overtone of
frequency 324 Hz.

Solution: Given:1 = 0.9 m,n = 324 Hz

Find: Speed (v)
We have, Formula: v = nA

Calculation: In 2™ overtone, 3 loops are formed.

~1=3)
2

_a

A= 3

From formula,
v=n(3)=324(3x09)
~v=194.4m/s

Ans: The speed of the transverse wave is 194.4 m/s.
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Introduction - éqﬁ:f e o ffae q?fﬁ'ﬁ?ﬂT IGE]
3TV BT STCT. AT 3Tl MUV particles o TReB<@! et
TEIUTET T Tiq SnAl, A1 SRl A IR
eI JRAR FSU=4T AN, are GHad 30T TSTHR
o UerAl WHURRE Tl ST @il hell. AT S
Maere & GG ot &, fafre wemad Fax =
TSABTET SoTeh, UeTea] Y@l BloTald], Serel wmedr
e I TR Aleiaee e g Are SRt e
WIeHERe! BIURY gTeTaret oscillatory motion (EﬁFH'OFI'ﬁ M)
UM TG S,

Periodic motion (3T|3|?ﬁ Tl?ﬁ)- Sl motion, equal intervals

(AR ARAN) ST same path (THME HANTER) Bl
3T T motion AT Periodic motion 379 TEUTATA.

Oscillatory motion (Eiﬂ*ﬁl'?l'ﬁ "'IT-ﬁ)- Tohar Vibratory
motion (TIEATHS TTell/ETeTaTeT)- TGN body @ WG
fixed point Tt to and fro (EITﬁ ot ﬂ%) 39T TR
definite time interval HEA BURI motion U
Oscillatory motion 9. ¥ motion T body & mean

position (HEA TG TF6! STl TS ST limits
e e 37,

Linear simple harmonic motion (i'ﬂcl?l' T ATt ‘1?&)-
THTEN particle = linear SHM TV SAMHe o7 particle
AT act BOT=AT restoring force 9 magnitude il particle
9 mean position UG ASTetedn displacement (x) il
WHCI'IT'ﬁ 3, qEF A force -@H! mean position AT
9T Frar I, BUTSTA  linear displacement (x) AT
opposite e T, BUSE F o —x, F = —Kx I8 k &

restoring force constant A, AT spring constant

3THE! TUTAT. K = units 37TUT dimensions T¥THeY fgetett
Hled. AT 3AATh h.

IR

i) Simple pendulum = motion

i1) pendulum clock Y pendulum =T motion

iii) Tuning force AT prongs (J[cA)

1v) Spring T EIT“:FT body

v) Sewing machine (ﬁ'l?’i'lé’ 1:I'i'\S'IT-l?EIT) needle (ﬂé’) CIRIGiH

12t (Physics)

Spring 3T body oscillator (T EIcTeh)-

1) TR T IRt figure TEX T m TP mass
3T body Ul elastic spring ©I attach et 341%,
ST spring constant k e, 94 & body T frictionless
smooth horizontal surface 3R T 3TIE.

ii) &l Teerdie spring & equilibrium (FP:IT‘ﬁ?fD 3T spring
T body aX VAT TR force, exerts (MF) FH
T

i) 36'5!?*[ position e body ©Tl x TRl distance T mean
position 9THT 3STT 9T 3figear ol feerdt (position-
B) Uasl. [S2IE S spring T elastic properties ﬂ@' body
SR internal restoring force (xﬁﬂ'ﬁﬁ TT:WTC?[ ENIRECS]
id. & condition TeA restoring force =T direction & mean
position S 3T, ST SiegT AV eRelelt body TG Iat
ﬁaT 9 mean position FHg .

iv) T inertia (?l?aTOlTﬂ@') body & mean position YT
TEHS S a spring compressed (N@%ﬁ/ﬂ'ﬂ&ﬁ) 2.

(position-A) Y@l. spring compressed &3 body °IX restoring
force 3TIMUHN EEES EaG) T, body mean position Tq
oAt TTfes.

v) ®l case g body to and for (‘1%r amfor IITﬁ) Tt
straight line path (VX7 YT AWMER) fRRd, @@mes &
motion T oscillatory motion 3T TRUTATA.

vi) ®IT oscillatory motion e restoring force (F) 3
displacement (x) il proportional ('\q":l'ITfI'IT'ﬁ) 3, , A I
direction & displacement AT opposite (|r\<>| o) 3. S
Il motion ¢ linear simple harmonic motion (SHM)
3THE! T,

vii) ST x T displacement St 7, mean position (o) 9T
AlSTelel 37, 3T F & restoring force WA W F o —x
RUSE F = —Kx &1 formula 9 restoring force
NIGIGE

i) Displacement (%R%TI"JW)- TGl particle I SHM
perform T AT AT mean position U <=AT
SHITTE! instant (WT‘ﬁT‘Iﬁ) cover Helel distance TSI
displacement e Displacement =T units 37T dimensions
T qeATTE feel ST,

ii) Amplitude (TXHYIGY/ATA™)- TGN particle ¥ SHM =
STHAT ATAT mean position YT cover hetel distance T
amplitude 378 TEUTATA.

iii) Range (qeeiT fehaT Zu)- particle = SHM H& TG
cover HATAT T extreme (34'@'{?3”) positions (@J’H’i’q?ﬂ?*f)
distance TV range 2. € distance, amplitude =AT gHE
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Q.51 Why are multiple colours observed over a thin
film of oil floating on water? Explain with the help
of a diagram.

Ans: Multiple colours observed over a thin film of
oil floating on water:

~ Reflected
light

A"

Oil
n3 B

Water ———
n; : Refractive index of air
n, : Refractive index of oil
n; : Refractive index of water

i) The multiple colours observed over a thin oil films on
the surface of water are due to the interference of light
waves reflected from the upper and lower surfaces of
the film.

ii) Path difference between two rays depends on the
point on the film that is being viewed as shown in
figure.

iii) The incident wave gets partially reflected from
upper surface as shown by ray AE. The rest of the light
gets refracted and travels along AB.

iv) At B it again gets partially reflected and travels along
BC.

v) At C it refracts into air and travels along CF.

vi) The parallel rays AE and CF have a phase difference
due to their different path lengths in different media.
vii) The phase difference depends on the angle of
incidence 0,, i.e,, the angle of incidence at the top
surface, which is the angle of viewing, and also on the
wavelength of the light as the refractive index of the
material of the thin film depends on it.

viii) The two rays AE and CF interfere, producing
maxima and minima for different colours at different
angles of viewing. Hence, one sees different colours
when the film is viewed at different angles.

7.9 Diffraction of Light

Q.52 What is diffraction of light? Give examples.

Ans: Diffraction of light: The bending of light near the
edge of an obstacle or slit and spreading into the region
of geometrical shadow is called diffraction of light.

Examples:

i) At noon, circular patches of Sunlight are seen on the
ground, when observed from underneath trees.

ii) When sun is viewed through fine piece of cloth,
coloured spectra is observed due to diffraction of light.
iii) The luminous border surrounding the boundary of
mountain just before the sunrise or sunset is due to

diffraction of light.

Q.53 Distinguish between

diffraction.

interference and

Ans: Interference and Diffraction:

No. | Interference Diffraction

i Interference due to the | Diffraction is due to
superposition of waves | many waves coming
from different | from different parts of
wavefronts. the same wavefront.

ii All bright fringes are of | Intensity decreases
equal intensity. with the order of

bright band.

iili | Minimum intensity may | Minimum intensity is
be zero. not zero.

iv | Width of the central | Width of central
maximum is same as | maximum is broader
that of other bright | than other maxima
fringes i.e fringe width | and it is double the
is same for all fringes | fringe width.
including central
maxima.

v The waves emitted by | The light waves are
two coherent sources | bent at the corners and
travel in straight line. displaced from their

straight line path.

vi | The resolving power of | The resolving power of
an optical instrument | an optical instrument
does not depend on the | depends on the
phenomena of | phenomena of
interference. diffraction.

Q.54 What are Fraunhofer and Fresnel diffractions?

Ans: i) Fraunhofer diffraction: If the distances
between the primary source of light, the obstacle/slit
causing diffraction and the screen for viewing the
diffraction pattern are very large, the diffraction is
called Fraunhofer diffraction.

In this case, the wavefront incident on the obstacle can
be considered to be a plane wavefront.
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ii) Fresnel diffraction: In this case, the distances are
much smaller and the incident wavefront is either
cylindrical or spherical depending on the source.

Multiple Choice Questions

i) The property of light which does not change, when it
travels from one medium to another is ------
(Feb/March-2022)

a) velocity b) wavelength c) frequency d) amplitude
Ans: c) frequency

ii) In Young's double slit experiment the two coherent
sources have different amplitudes. If the ratio of
maximum intensity to minimum intensity is 16:1, then
the ratio of amplitudes of the two sources will be -------

Feb/March-2022

c)1:4 d) 1:16

b) 5:3

iii) The property of light which remains unchanged
when it travels from one medium to another is -------

Feb/March-2023

a) velocity b) wavelength c) amplitude d) frequency

Ans: d) frequency

iv) In biprism experiment, the distance of 20t
bright band from the central bright band is 1.2 cm.
Without changing the experimental set-up, the
distance of 30t bright band from the central bright

band will be . Feb/March-2024
a) 0.6 cm b)0.8cm c¢)1.2cm d) 1.8 cm
Ans: d) 1.8 cm

1. Which of the following phenomenon proves that
light is a transverse wave?
a) Reflection
¢) Diffraction

b) Interference
d) Polarization

2. Which property of light does not change when it
travels from one medium to another?
a) Velocity b) Wavelength c) Amplitude d) Frequency

3. When unpolarized light is passed through a
polarizer, its intensity
a) increases

b) decreases
c) remains unchanged
d) depends on the orientation of the polarizer

4. In Young's double slit experiment, the two
coherent sources have different intensities. If the
ratio of maximum intensity to the minimum
intensity in the interference pattern produced is
25:1. What was the ratio of intensities of the two
sources?
a) 5:1 b) 25.1 c) 3:2 d) 9:4

5. In Young's double slit experiment, a thin uniform
sheet of glass is kept in front of the two slits,
parallel to the screen having the slits. The resulting
interference pattern will satisfy:

a) The interference pattern will remain unchanged

b) The fringe width will decrease

c) The fringe width will increase

d) The fringes will shift.

6. According to wave theory of light, velocity of light
in rarer medium is

a) equal to velocity of light in denser medium.

b) greater than velocity of light in denser medium.

c) less than velocity of light in denser medium.

d) approximately equal to velocity of light in denser
medium.

7. The wavefront originating from the point source
of light at finite distance is wavefront.
a) spherical ~ b) plane c) cylindrical d) circular

8. Cylindrical wavefront can be obtained from
a) point source of light.

b) light source like slit.

c) light source like circle

d) point source of light at infinity.

9. Plane wavefront can be obtained from

a) any point source of light

b) point source placed at focus of convex lens.

c) linear source of light.

d) co-axial source.

10. A spherical wavefront propagating in a medium
will change into

a) circular wavefront
c) plane wavefront

b) cylindrical wavefront
d) elliptical wavefront

11. When a ray of light enters into water from
air, .
a) its wavelength decreases b) its wavelength increases
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8.4 Electric Potential due to a Point Charge, a Dipole :\itH
and a System of Charges

Q.19 Derive an expression for electric potential due
to a point charge.

Ans: Expression for electric potential due to a point
charge:

i) Consider a point charge +q located at point O. Let a
positive unit charge be brought from oo to point A as
shown in figure.

ii) Point "M’ is an intermediate point on this path such
that OM = x.

iii) Magnitude of electrostatic force on a unit positive
charge at M is

E=—x3X . (1)

4meg %2

It is directed away from O, along OM.

iv) For infinitesimal displacement dx from M to N, the
amount of work done is given by

» dW = —Fdx )

The negative sign appears as the displacement is
directed opposite to that of the force.
v) Total work done in displacing the unit positive
charge from oo to point A is given by,

W= [l —Fdx = ;4;80}2
= (3, (+ S ax =)
:4380(%_3 ........... (§=0)
w=—"2 . (3)

- 4TEGT
v) Electrostatic potential at A due to charge q isV =
w=—2 . (4)

4TtEQT

This is the required expression.

Q.20 Show graphical variation of electric field (or
electric force) and electric potential due to a single
charge at a distance r.

__________________________________

Distance (r) —>

Variation of electric field and
potential with distance

1 1
! 1
: 1 !
1 /i I
1 s |
L2 !
IA'a |
8 g !
=28 !
a2 :
Q9 1
| it sd

BE: |
2 2 |
:Lum !
1

.0 :
! 1
! 1
1 1
1 1
1 1
! 1
! 1
! 1

Q.21 Derive an expression for electric potential due
to an electric dipole. Discuss the same at axial and
equatorial point.

Ans: Expression for electric potential due to an
electric dipole:

Electric potential due to an

electric Dipole
i) Consider an electric dipole. Let origin be at the centre
of the dipole as shown in figure.
ii) Let C be any point near the electric dipole at a
distance r form the centre O inclined at an angle 6 with
axis of the dipole.
Letr; and r, be the distances of point C from charges
+q and -q, respectively.
iii) Potential at C due to charge +q at A is,

+q
1 4meyry

! ¢ !
| AN !
: /NN !
: /N N2 !
! / \ . 1
' 1 sin0 ,,(Ar ™ '
: ,// \ \"\ |
COA T 80 B
' (+qQ) ;] O\ I (9
! — N |
: » Y7 1sin® !
i P !

Potential at C due to charge -q at B is,
_ =1
2 4meyr,

iv) The potential at C due to the dipole is,
Vo=V, +V, =2 i—i] (D

4meg Lry Iy
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Reflection of transverse wave (WTI’% Wﬁﬁ'-‘-f)- StegT

eI o AT incident transverse waves T

reflecting surfaces (CR'IHFﬁ?[ ‘IWT"I'IEI'ﬁFf) TETET point To

turning back (38T WA Idld), AT & Reflection of
transverse wave (W’Iﬁ qua?h) T,

Reflection of transverse wave (W HTIEl?iT-l)-
Transverse waves o reflection 9 YR T el TR,
Reflection of transverse wave from denser medium (&
AT AT TRTS)-

3T T BT T, T string Gﬁ'ﬁﬁ) 2 TeH rigid wall
(Ge e aidelet oE STfvT W s Wihes &, T
WW@?WWWWW string W& U
crest (FQT@T) Wﬁ?ﬂpulse (@ﬁ) T e TR T
It crest SRIAT fixed end e Uieddl 3T upward
direction & force AT . String L i) equal afor
opposite reaction F@' string YT particles =t velocity I3
reverse (ﬁﬁ%ﬁ:ﬁ) AT ST, Figure T JRATGCATIHT U
trough @'Uﬁ) foees fS9 vaTe WA, STWAT UK denser
medium HYT transverse wave T reflection BT phase

change & 2¢0° AT TT radians TAHT 3T,

Reflection of transverse wave from rarer medium (ﬁrwr
AT FASATE TRTS)-

ST transverse waves @ denser medium YT Jarg A
ST 37T rarer medium =T boundary ("Fﬁ'ﬁa'{) incident
(3TI'Q'IFﬁ) B ST, a8 IO BIUIRT resistance (a%T) 8l
T ST, F\’JTﬂé' reflection We& crest € crest AT UM
3T trough & trough U TS &ldTd. ITHEA ST
particles =AT velocity AT direction A S8 A8 W
particles =AT reflection phase e SEeT &l el

Reflection of Longitudinal waves (ﬂﬂﬂi"ﬂﬁ' ‘T!'Iﬂ?i:[)-
Longitudinal waves T reflection 319 TehR T et 3L,

Reflection of Longitudinal waves from denser medium

STESA. ST particle =t velocity, reversed ('T{'I"Ol?ﬁﬁ) A @,
AT phase change 8l 2¢0° fSFaT T radians 3T ST,

Reflection of Longitudinal waves from rarer medium
(FERFI' HIAHATIA W UTIH?%{)- et longitudinal
waves © denser medium WY VAT I STAIT 30T
rarer medium AT boundary (l:ﬁ'ﬁa'{) incident (C‘HTCI'IFﬁ) Gl
?ﬂﬁ?ﬁﬂ, T {7707 BIOTRT resistance (ﬁ‘D & T 3T
WM T compression € rarefaction =T HUT SO
rarefaction & compression AT TUTT RIS el STIEe.
I ST particles =T velocity AT direction e S8
THA T particles =AT reflection phase e 98 81 AT

Principle of superposition of waves (?l'!"ﬂ% afﬂﬁ'ﬂm)
ﬁwwmedlmnﬁmwmﬁqﬁww
3YF waves & UHE o3I UTHE fogar Uedard, del
TP waves AT W:dqTd displacement (i%l@l'l'q:[) T
WT'\T, RO resultant displacement @'F{'UTITﬁ %RQJTW) 3
T waves H@‘ B i) displacements 4T vector sum

(TSI STSTEah) 3T,
Stationary_waves- s IR

TOMET T hefl, ad STedrel T T, JIRl
T, TSI TSt foR[dgasia aiT 31 3T Wbl T
TOT A AT, WH qOmd o1t 4 ST, o7 fer
TN o Sfeed Ed. 9 amplitude afor frequency
THAREAT e, 3790 T T FeR Areqdrd Ao
HeIH stationary waves &lgg" 1T, TR & waves
oo 91T UoT UehTer Y0 RERTER LRI 8Tel AT,

Stationary waves (Ferr a3)- SieeT T identical simple
harmonic progressive waves (UhdRYE T WA 3T
T ) T, I amplitude, period, wavelength aTfoT
speed UhAREH A, U &1 waves UDM medium HET
TH W ud q1F opposite direction (%IEY’E{ &(@ﬁ) PEIES

(@7 HIEAE SEAETY WEdE)- ST
TRIIETIHT T longitudinal wave & THT rigid wall (38
Nefihe) W I 3Te. 379N ShodaT A 9, denser
medium AT wall Ush compression (\q"qrﬁﬂ) incident 311%,
wall f& rigid 3@ T equilibrium (FFaeT Ferdme)
TR, e compressions H% STH-STET pressure e, T9-
aq compression g &Iﬂﬁﬂv@? opposite direction T W
Urefaet STEet. 3T9M Tae compression 3 compression AT
HATT STMVT rarefaction & rarefaction =T FUTA URTETT ohet

A M interference (SATTHIN) BId 3THA T T I
waves g 1T EIOTRY resultant wave & forward (e=A)
e backward (HTT=A) e var T ?@, fa aei=
stationary (F\QW) TI%?AI, ol wave Il stationary wave i)
TEUTAT.

Incident 37T reflected wave 3T velocity (amé)
magnitude THARET 37T, T T direction & opposite
3T, T 3 waves g 97T BURY resultant wave &
forward (J&=AT) fhal backward (9TT=T) f&9i9 wame i
:ITégf, fa stationary (F@'{) 311%-, Cire) ’:Imﬁ, T WW
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Ex.04) A battery of emf 4 volt and internal
resistance 1Q is connected in parallel with another
battery of emf 1 V and internal resistance 1Q (with
their like poles connected together). The
combination is used to send current through an
external resistance of 2Q. Calculate the current
through the external resistance.

Solution: Given: E; =4V,r; =1Q,E, =1V,r, = 1Q
R =2Q
Applying Kirchhoff's 2" law in Loop 1 (ABCDEFGHA),

—(,+I)R-Lr; +E, =0

“LR+L,(R+1) =E

~ 2, +3l; =4 e (1)
Applying Kirchhoff’s 2" law in Loop 2 (FGHAKJF),
—Liri +Ei—E,+Lr, =0
a-l,+4—-1+1,=0
ali—1l,=3

2l =341, oone (i)
Substituting equation (ii) in equation (i),

2L, +3(3+1,) =4

~ 5, =-5

aly=—1A

s, =3-1=2A

Current through external resistance ‘R’ =[; + I,
=2-1

=1A

Ans: Current through external resistance is 1A.

Ex.05) Two cells of emf 1.5 volt and 2 volt having
respective internal resistances of 1 Q and 2Q are
connected in parallel so as to send current in same
direction through an external resistance of 5. Find
the current through the external resistance.

OR
Ex.5) Two cells of emf 4V and 2V having respective
internal resistance of 1Q and 2Q are connected in

parallel, so as to send current in the same direction
through an external resistance of 5. Find the current

through the external resistance. [(JA\ VS YRR

Ans: Solve as per above Ex.

B
A l| EI
II+[2V H'—“—T—M
D
L AMV\A >
C R L+1, D

Solution: Given: E; = 1.5V,r; =1Q,E, =2V,r, = 2Q
R =50
Applying Kirchhoff's 2" law in Loop 1 (ABCDEFGHA),

—(; +L))R—Ijir; +E; =0

s+ )R+ =E;

~Ii(R+1r) +LR=E;
~1;(5+1)+5,=15

~ 6l + 51, =15

~ 121 + 101, = 3 o (i)
Applying Kirchhoff s 2" law in Loop 2 (FGHAKJF),
—liry +E; —E,+Lr, =0

- Xx1+15-2+1[,x2=0

“2l,—1; =05

~ 41, -2, =1

=2 ... (i)
Substituting equation (ii) in equation (i),
121, +10 x (222) =3

481, + 10 + 201, = 12

~ 681, =2

1
oo 11:3—4A

w1,

142X~ B
ol = TS‘* ... [From (ii)]
=2A
34
Current through external resistor

=11+12
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9) A magnetising field of 2 x 103 ampere/m
produces a magnetic flux density of 8w tesla in an
iron rod. The relative permeability of the rod will
be

a) 102 b) 10° c) 10* d) 10t
10) If a diamagnetic material is placed in a
magnetic field, the flux density inside the material
compared to that outside will be

a) slightly less b) slightly more

c) very much more d) same

11) Paramagnetism is

a) an orientation effect

b) distortion effect

c) both orientation and distortion effects

d) neither orientation effect nor distortion effect

12) S.I. unit of magnetic dipole moment is
a)A/m3 b) Am™2 c) Am? d)A-—m

13) Which of the following materials is repelled by
an external magnetic field?

a) Iron b) Cobalt c) Steel d) Copper

14) A non-magnetic material when brought near a
powerful magnet, it gets repelled. The material
is .

a) paramagnetic
¢) non-magnetic

b) ferromagnetic
d) diamagnetic

15) Which of the following groups are diamagnetic?
a) Hydrogen, oxygen, argon b) Oxygen, copper, silver
¢) Hydrogen, argon, copper d) Lead, copper, bismuth

16) If a diamagnetic substance is brought near
north or south pole of a bar magnet, it is

a) attracted by the pole. b) repelled by the poles.
c) repelled by north pole and attracted by the south
pole.

d) attracted by the north pole and repelled by the south
pole.

17) In a ferromagnetic material, range of magnetic
susceptibility is
a) 102 to 103
c)—10"3to —107°

b) 102° to 10%°
d)0to 1073

18) The magnetic moment is not represented by
a) accelerated charge.

b) stationary charge.

c) retarded charge

d) charge moving with constant velocity.

19) If a magnetic material moves from stronger to
weaker parts of a magnetic fields, then it is known
as .

a) diamagnetic
c) ferromagnetic

b) paramagnetic
d) anti-ferromagnetic

20) In paramagnetic substances, the atomhas ____.

a) no magnetic moment b) torque

c) magnetic moment d) domain

21) If the relative permeability of iron is 2000, its

absolute permeability in SI unit is

a)8mx 107* Tm/A b) 80w x 1074 T m/A
800 5x10°

22) Which of the following is incorrect relation?
M
a)x =" b) B = o(1 +0H
c) ko = (1 +x) d)pur =1+x
23) Which of the following is not a unit of the
intensity of magnetization?
a)Am™! b)J T 'm™3
C)NT Im2 d)AT tm™2

Answers to multiple choice question
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Cyclotron (Fm?jq)- g Uh low voltage source
ST circular accelerator 3TY TN 39ANT high energy

particles (3= o1 Ea)) T e T AT ﬁ?@ﬁ
el S ATEfae Al @ STl AR TTdes &
JYhIUTAT cyclotron 3T A1 UATT 3T

Cyclotron T Magnetic resonance accelerator TRl
UIAId. Positively charged particles U protons,
deuterons, «a-particles T accelerate FHUITETE! BUSTd
Wﬂ%ﬁaﬁﬁvﬂmcyclmronmwaﬁ.

Principle (d<d)- cyclotron e positively charged (&7
H‘HTF{T'T) 0T 9: Y-l high frequency electric field (C‘Hﬁf
ST Ollioll'{dt“ll) ?q%d GATd UdTH  <h{dld, an dledl o

ST spiral (ATl AR &9 HOME YT el

AT cyclotron 9 construction o working qrer g
feet 3T, T STeeIeR .

Cyclotron = uses-

1) Heavy positively charged particles TEUSTT - particles,
helium ion JET accelerate ERIEIH

ii) High Speed positively charged particles =T ST
atomic nuclei ¥ artificial disintegration FHIOATIIS B,

iii) cyclotron H@' accelerated ions ©T continuous stream
(THARET TaTe) Headl.

Cyclotron Tefter Limitations-

iv)Cyclotron H@' neutron HREAT uncharged @ﬂﬁ"ﬂ)
FHUTHET ST STEferdm ad e,

v) Cyclotron & electrons T T ATGEUATAR 3TeTH 3Te,
HRUT electrons o mass gy FH S, T T Al AT
ST, TS Yo ST TTERaTeT ST,

vi) Charged particles TS positive particles T cyclotron
T fSATa speed TS SIQT oMM TqHM &l AT,
TRUTSTE g HUTAT TMER HATET 3TR.

vii) Cyclotron H@‘ woo Mev T FHoll THUIR energetic

particles BEINETGIDRIGE

Moving Coil galvanometer (ﬁlﬁ;ﬁ'ﬁ ﬁd’g’ﬂ &rrm‘:im-
i) Moving Coil galvanometer AT TIHE Uch &oTeh!

rectangular 9 insulated copper wire &3 non-magnetic

aluminum frame 9% 7€ SeAedl 1.
ii) f& coil TUSTE Tiehe YTAH T ST SiYH Il ST, &
dlenc HerdYVl r“h(d W, C*A||U<||“'I|°|('|r\| UhdHTT radial

magnetic field a8,

i) AT strong cylindrical concave pole 9 pieces N
3NMoT S ATIH magnetic field 70T et ST,

1v) éilfgvdﬁld STEISCATIHl soft iron cylinder C & radial
gap T ST 3T, TS gap TEA magnetic field =
strength e

v) Phosphor bronze wire =41 TS coil STEE ST,

vi) e @& 3T & Phosphor bronze fibre &% fix Hetell
3T\q?ﬁ, T SYET lamp 3T scale arrangement et
EISEGIGE

vii) Coil 9 Eﬂ'} end & Phosphor bronze helical spring T
SEetel 3T, TN current ST A4, Helical spring Weliet

elastic property H% coil current cut off ST Y71 Hod
ferdiar 3.

Moving coil Galvanometer ¥ principle (d)- ST
current g FUR coil & radial magnetic field qe
FFHCI'U} et 3T, TSR maximum torque (?HTTﬁ) SEIES
ﬁﬁ, 9 RJTEB‘ coil deflect ﬁﬁ, &M coil A& BT deflection
T coil HYT dRUM-AT current AT HHYHTOIT 3. S
AEINIC) figure 98I, AT Moving coil galvanometer a
principle TSt 3T, W derivation Sad RESGR=IN

Biot- Savarts law (J@d- QEeE=r fAam)  fwar
Laplaces (ST @9 =T faw)-

ORI AT small element (ThT G&H/ R HFI)
electric current I&d 3T T ATAT HIVTATE! point ST9c3

T g magnetic induction maﬁzr ﬁTUT) 3

i) Conductor HYT dEUM=AT current =T HHJHTOTT

ii) Conductor =AT length @I’i@ﬁ?ﬂ) HHYHATOTT

i) e M T conductor 31T TTEAT centre STSUTRI
T ATATHEA sine angle JeAT FHYHTOT.

1v) ar fa'g' T clement TT centre ATATHEIGT STRTEAT AT
T JHON SEeid. TR ATl formula SHETR
o TR, fSoiea figure T 38 o&Td ad o, dl UaeT
WA= conductor =T T ST MY [ Bl current dl&ad
3, AUGH r SIFT SR P & point 3TE, R 0-
angle BT element ar point T element = centre STSUT=AT

AT OYeN 3. e Biot-Savrtes law T9R, db O
1(d1) sin @
r2
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7.7 Polarization

Q.28 Explain what is meant by polarization.

Ans: Polarization: The phenomenon of restriction of the
vibration of light waves in a particular plane
perpendicular to direction of wave motion is called
polarization of light.

Q.29 Define: i) Unpolarised light
ii) Plane polarised light.
Give its symbolic representation.

Ans: Unpolarised light: A light in which the vibrations
of the electric vectors are in all possible directions, which
are perpendicular to the directions of propagation, is
called as unpolarised light.

Symbolic representation of unpolarised light is as
shown in figure.

Unpolarised light travelling
perpendicular to plane of paper

ii) Plane polarised light: The light waves in which
vibrations of the electric field vectors are confined only to
one plane are called plane polarised light.
Representations of a plane polarised beam travelling
perpendicular to plane of paper.

-

> E

Fig. Polarized light with electric field along the horizontal direction.

.
E < °

Q.30 State methods to produce plane polarised
light.

Ans: Plane polarised light can be produced by:
i) reflection ii) scattering iii) refraction iv) polaroid

Q.31 Define the terms:

i) Polarizers

ii) Polaroid

iii) Polarizing axis of the polarizer

Ans: i) Polarizers: Certain types of materials which
allow only those light waves which have their electric
field along a particular direction to pass through and

12t (Physics)

block all other waves (which have their electric field in
other directions) are called polarizers.

ii) Polaroid: A polaroid is a kind of synthetic plastic
sheet which is used as polarizer.

iii) Polarizing axis of the polarizer: The particular
direction along which the electric field of the emergent
wave is oriented is called the polarizing axis of the
polarizer.

Q.32 Define plane of vibration and plane of
polarization.

Ans: a) Plane of vibration: The plane in which the
vibrations of polarised light take place is called as plane
of vibration.

b) Plane of polarisation: The plane perpendicular to
the plane of vibration in which there are no vibrations of
polarised light is called as plane of polarisation.

Q.33 Explain the intensity of an unpolarised wave
passing through a polarizer.

OR
Q.33 Show that the intensity of an unpolarised
wave reduces by half after passing through a
polarizer.

Ans: Intensity of an unpolarised wave passing
through a polarizer:

i) Consider an unpolarised wave having angular
frequency w and wave vector k, travelling along the X-
direction.

Polarized
light

Polarising
axis

Unpolarized

ii) The magnitude of its electric field is
E = E; sin(kx — wt), E; being the amplitude of the
wave and direction of the electric field can be anywhere
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Q.32 Obtain expression for magnetic field at a e e EEE LR T :
distance r from straight current conducting wire ,
using Ampere's law. leiiir;znc ("_\ Solenoid
. L . of force ) /
Ans: Expression for magnetic field at a distance r S N/
from straight current conducting wire using P el
Ampere's law: \

i) Consider a long straight wire carrying a current I as
shown in figure below.

Amperian
loop

Long straight current carrying wire

Band di are tangential to the Amperian loop which in
this case is a circle.

B-di=Bdl
=Brdb
ii) The field B at a distance r from the wire is given by
— ol
T o2mr

Q.33 Write note on solenoid.

Ans: Solenoid: When a copper wire with a resistive
coating is wound in a chain of loops (like a spring), it is
called as solenoid.

i) A solenoid is long, insulated copper closely wound on
a hollow cylindrical glass or plastic tube in the form of a
helix. Length of the solenoid is very large as compared
to its diameter.

ii) Whenever electric current passes through a solenoid,
magnetic lines of force are produced in a pattern as
shown in the figure.

—4—|||||»—( )—

Magnetic field produced by a
current carrying solenoid

i@

iii) The magnetic field produced by a solenoid is similar
to the magnetic field of a bar magnet.

One end of the coil acts as south pole and the other end
acts as north pole whereas, the field lines are parallel
inside the solenoid.

b 4
oy ’ ~ 1 \
vy ‘{‘:I\ N T ,’/I 1 R \*\ B
RS N e ,,, ﬁ \ Bar magnet
A X Vel L g
VNN PN ol
R ~---- 7

Q.34 Explain magnetic field around solenoid
carrying current.

Ans: Magnetic field around solenoid carrying
current:

__________________________________________

———..

(@Qo@

-«-..._..._____ ..,——‘—

\M—____v—«

\\-—_.“m,__.—-«

/“‘"MM——\\

i B S — i
! i, S !
l K@OO‘)) :

Schematic dlagram of a cross section
of a current carrying solenoid

i) Consider a long, closely wound helical coil of a
conducting wire such that the diameter of the coil is
much smaller than its length. This forms a solenoid.
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is not consumed (heat
is not generated). The

e = gy sinmt
Figure (a)

Demo Pages of Book 12t (Physics)
Q.21 Compare resistance and reactance. P !
i L C R :
Ans: Resistance and Reactance: | }—-—-—'WWW———— i
e . . ;
No. | Resistance Reactance i L,E E" i —>1 :
i Equally effective for | Current is affected ! i cc > cr i
AC and DC. (reduced) but energy | N !
: < :

energy consumption
by a coil is due to its
resistive component.

ii

Its value is
independent of
frequency of the AC

Inductive  reactance
(X}, = 2mfL) is directly
proportional and
capacitive reactance

(remrt) s

inversely proportional
to the frequency of the
AC.

iii

Current opposed by a
resistor is in phase
with the voltage.

Current opposed by a
pure inductor lags in
phase  while that

opposed by a pure
capacitor leads is
phase by m¢ over the
voltage.

Q.22 Derive an expression for the impedance of an
LCR circuit connected to an AC power supply.

OR
Q.22 Derive an expression for the impedance of an
LCR circuit connected to an AC power supply. Draw

phasor diagram. (Feb/Mar-2024)-3m|

Ans: Expression for impedance of AC circuit
containing LCR in series:

i) Consider an alternating e.m.f applied to a series
combination of pure inductor of inductance L, capacitor
of capacitance C and resistor of resistance R as shown
in figure (a).

ii) Let e, ec and eg be the r.m.s voltage across inductor,
capacitor and resistor. As R, L and C are in series, the
current at any instant through the three elements has
the same amplitude and phase and given as,i=
ip Sin wt.

iii) As’eg’is in phase with current i, the vector ey is
drawn in the same direction as that of i along positive
direction of X axis.

: Y i
1 -3

: j €L i
1

' Mg ~=-mmmmmm s ; P '
: I : |
: e ! |
1 €L— €c ' !
| ' :
1 1

l o) L s X |
! €

: Scy R K ! :
! v Figure (b) |
| v |
1 1
1 1
1 1

iv) ec lags the current i bygradian (90°), hence the
vector ‘e¢’ is drawn in the negative direction of the Y
axis ec along OY'.

v) e, leads the current bygradian (90°), hence vector
e, is drawn in the positive direction of Y axis.

vi) The voltages through L, C and R are given by
e, = iXL, €c = lXC and er = iR

vii) The voltages across L and C have a phase difference
of 180°. Hence, the net reactive voltage is (e, — ec)

viii) Consider e}, > ec. The net reactive emf (e}, — ec) is
in the direction of e, as shown in figure (b). Resultant of
er, e, and e¢ given the r.m.s value (e) of applied e.m.f
which is represented by diagonal OP in figure (b).

ix) From the figure (b),
OP = VOK? + OM?

e? = ef + (e — e¢)?

Q.49 Explain the working of n-p-n transistor with
the help of diagrams. OR
Q.49 Explain the working of n-p-n transistor in

common base configuration. [(Y=:JAVEVWd P IPARIERIV|
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Ans: Working of n-p-n transistor:

i) Majority charge carriers in the emitter of n-p-n
transistor are electrons.

ii) A typical biasing of a transistor is shown in figure (a).
In this, emitter-base junction is forward biased while
collector-base junction is reverse biased.

Many Electrons

Ve
Electrons 8

Figure (a)

1
1
1
1
|
| = Few —
|
1
1
1
1
[

iii) At the instant when the EB junction is forward
biased, electrons in the emitter region have not entered

e e — 4

iv) When the biasing voltage Vg is greater than the
barrier potential (0.6-0.7 V for Si transistors). Many
electrons enter the base region and form the emitter
current [g as shown in figure (c).

v) These electrons can either flow through the base
circuit and constitute the base current (Ig), or they can
also flow through the collector circuit and contribute
towards the collector current (I¢).

vi) The base being thin and lightly doped, base current
is only 5% of Ig.

vii) Electrons injected from the emitter into the base
diffuse into the collector-base depletion region due to
the thin base region. When the electrons enter the
collector-base depletion region, they are pushed into
the collector region by the electric fields at the
collector-base depletion region. The collector current I
flows through the external circuit as shown in figure
(d). The collector current I is about 95% of I.

From the figure we can conclude that, Ig = Iz + [ Since
the base current I is very small we can write I¢ = Ig.

Q.50 What are the possible configurations of
transistor in a circuit? Explain each in brief.

Ans: The possible configurations of transistor in a
circuit are,

i) Common emitter (CE): The emitter of the transistor
is common to both the input and the output.

Common emitter configuration

! Collector Collector i
| |
1 1
| Base Base |
| |
1 1
' Emitter Emitter '
| L == |
1 = - 1
! p-n-p n-p-n l
| |
1 1

ii) Common Base (CB): The base of the transistor is
common to both the input and the output.

Common base configuration

ll 1
| Emitter Collector  Emitter Collecto |
| X/
1 1
1 1
i Base Base :
' T ™ |
1 - - 1
! p-n-p n-p-n |
! |
1 1

iii) Common collector (CC): The collector of the
transistor common to both the input and the output.

i Emitter : Emitter i
E Base Base E
E Collector Collector E
E P'“'P? n-p-nT E
L Commumseliesior sentiguiation

Dnyanada Publication House Pune



Demo Pages of Book 12t (Physics)

3121l UDI? ...

ad Topics @n ad ueHidl 3R 319106z English
Al fécll 3R @ usélweul Scientific

2
§

4

s Fdstor ad fafdone...
s wiaed/ s @ald aceo...
s Sl dicc=Il=l deistomdl bl slome...

R/

\/

* o

®

®

\/

§
:
:
%

Dnyanada Publication House Pune Page 19



Demo Pages of Book 12t (Physics)

Publisher :

\x»;'.:*:a NN SER :m,vu.‘
DNYANADA’s [REXrr=iae
B.Tech (Mech.) (University Ranker)
- - - M.E. (Mech.) - (Heat Power) (Pune University)
Upcomlng Ser|es Of Gl'"des Ex. Faculty in Mech. Engineering - (Pune University)

Std - 8th (Semi) Std - 9th (Semi) Std - 10th (Semi)
* English * English e English e Science & Technology - |
* Mathematics * Mathematics e Mathematics -1 *® Science & Technology - II

* General Science * Science & Technology  ® Mathematics - Il
Std - 12th (Science)
English & Scientific - #=rd

e Physics e Biology
® Chemistry © Mathematics

Std - 11th (Science)
English & Scientific - wewt

® Physics ° Biology

e Chemistry
Std - 12th (Science) Std - 12th (Science) - CET
CET - PYQ
ST T ® Physics ® Biology
ysics 10108y, e Chemistry ¢ Mathematics

® Chemistry * Mathematics

21 sir<1ar Uil b1 3153, qul
3smmar, MHT - CET ot gzadb
dah! <l-1 Add... English a
Scientific AZrIdlAsA

) Email : amoltarange1490@gmail.com ® « M%,]m

Dnyanada Publication House Pune Page 20



