SUMMARY

1.
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Note: Please refer to the text book for any
clarifications

NCERT Physics Class X1, Part 1

CHAPTER -1

PHYSICICAL WORLD \\

Physics deals with the study of the basic laws of nature and their mani
phenomena. The basic laws of physics are universal and %
contexts and conditions. %

The scope of physics is wide, covering a tremend@f magnitude of physical

quantities.

Physics and technology are related to each (&l?\ ‘Scoaimes technology gives rise to new

physics; at other times physics generates ology. Both have direct impact on

society. c)

There are four fundamental ft %r hat govern the diverse phenomena of the

macroscopic and the micgosc rld. These are the ‘gravitational force’, the

‘electromagnetic force’, %ro nuclear force’, and the ‘weak nuclear force’.
es

mains in nature is a basic quest in physics.

Unification of differen%
The physical quéntiti€s that remain unchanged in a process are called conserved

quantities. S of thefgeneral conservation laws in nature include the laws of
conservatio ergy, linear momentum, angular momentum, charge, parity, etc.
Some conse ws are true for one fundamental force but not for the other.

laws have a deep connection with symmetries of nature. Symmetries of
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CHAPTER -2
UNITS AND MEASUREMENT
Base quantity | SI Units
Name Symbol Definitions
Length metre m The metre is the length of the path travelled by

light in vacuum during a time interyal of
1/299,792,458 of a second. (1983) N

Mass kilogram kg The kilogram is equal to the of\t

international prototype of the, kilog a
platinum-iridium alloy cyli Me t at
international Bureau of Weig easures,
at Sevres, near Paris, Frances(188

The second is the durapi ,192,631,770

periods of the radiati ponding to the
transition betw % yperfine levels of
the ground statelof the m-133 atom. (1967)

Time second

wn

Electric ampere A The ampere s t nstant current which, if
current maintaine le‘lrrent two straight parallel

condu Q finite length, of negligible
circuldt c ection, and placed 1 metre apart
i cuut, would produce between these

ors a force equal to 2x10~’ Newton per
etfe oMength. (1948)

Thermo kelvin K The Kelvin, is the fraction 1/273.16 of the
dynamic hermodynamic dynamic temperature of the
Temperature triple point of water. (1967)

Amount  of | mole The mole is the amount of substance of a
substance system, which contains substance as many
elementary entities as there are atoms in 0.012

kilogram of carbon - 12. (1971)

Luminous can% cd The candela is the luminous intensity, in a given
intensity Intensity direction, of a source that emits
monochromatic radiation of frequency 540x10'?
hertz and that has a radiant intensity in that
direction of 1/683 watt per Steradian. (1979)
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Name Symbol Value in SI Units

minute min 60 s

hour h 60 min = 3600 s

day d 24 h =86400 s I
year y 365.25d=3.156x 10" s N
degree ° 1°= (n/180)ra
litre L 1dm’=10"m’ “
tonne t 10° kg

carat c 200 mg

bar bar 0.1 MPa = 10’ Pa \
curie Ci 3.7x 10"

roentgen R 2.58 x 108

quintal q 100 kg

barn b 100 fm

arc a 1 dam” = 10

hectare ha 1 =0"'m’

standard atmospheric pressure | atm a=1.013x 10’ Pa

SUMMARY

1.

N

Physics is a quantitative nce, vased on measurement of physical quantities. Certain
physical quantities havegheerchosen as fundamental or base quantities (such as length,
mass, time, electric thermodynamic temperature, amount of substance, and
luminous intensit

Each base quantit
standardize
Kelvin, mole a

fundam

ned in terms of a certain basic, arbitrarily chosen but properly
cc standard called unit (such as meter, kilogram, second, ampere,
candela). The units for the fundamental or base quantities are called
| or base units.

(0] ical quantities, derived from the base quantities, can be expressed as a
tion of the base units and are called derived units. A complete set of units, both

0
&mlamental and derived, is called a system of units.

he International System of Units (SI) based on seven base units is at present
internationally accepted unit system and is widely used throughout the world.

The SI units are used in all physical measurements, for both the base quantities and the

derived quantities obtained from them. Certain derived units are expressed by means of
SI units with special names (such as Joule, Newton, watt, etc).
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6. The SI units have well defined and internationally accepted unit symbols (such as m for
meter, kg for kilogram, s for second, A for ampere, N for Newton etc.).

7. Physical measurements are usually expressed for small and large quantities in scientific
notation, with powers of 10. Scientific notation and the prefixes are used to simplify
measurement notation and numerical computation, giving indication to the precision of
the numbers.

8. Certain general rules and guidelines must be followed for using notations forghysigal
quantities and standard symbols for SI units, some other units and efixed for
expressing properly the physical quantities and measurements. ,

9. In computing any physical quantity, the units for derived quanti \lved in the

relationship(s) are treated as though they were algebraic quantities till\the desired units
are obtained. %

measured quantities, while expressing the result, the d precision of measuring

10.  Direct and indirect methods can be used for the me physical quantities. In
cura
instruments along with errors in measurements should en into account.
ifi Q

11.  In measured and computed quantities proper 1 t figures only should be retained.
Rules for determining the number of t figures, carrying out arithmetic
operations with them, and ‘rounding oft‘ the u ertain digits must be followed.

12. The dimensions of base quanti ination of these dimensions describe the

nature of physical quantitieg® Di sional analysis can be used to check the dimensional
consistency of equation ducin relations among the physical quantities, etc. A
dimensionally consis need not be actually an exact (correct) equation, but a
dimensionally wrong or ifig¢om8istent equation must be wrong.

Range of Length$

The sizes of @i€\objects we come across in the universe vary over a very wide range. These may
vary fro iz&of the order of 107" m of the tiny nucleus of an atom to the size of the order
of 10%° "%e extent of the observable universe. Table 2.3 gives the range and order of length
safd sizes of'Some of these objects.

We als®use certain special length units for short and large lengths. These are
1 Fermi =1f=10"m

1 angstrom =1A=10"m

1 astronomical unit =1 AU (average distance of the Sun from the Earth)
=1.496x 10" m

1 light year =1 1y=9.46 x 10" m (distance that light travels with velocity of
3x10°m s in 1 year)

1 parsec =3.08 x10'° m (Parsec is the distance at which average radius of
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earth’s orbit subtends an angle of 1 arc second)

While dealing with atoms and molecules, the kilogram is an inconvenient unit. In this case,
there is an important standard unit of mass, called the unified atomic mass unit (u), which
has been established for expressing the mass of atoms as,

1 unified atomic mass unit = lu= (1/12) of the mass of an atom of carbon-12isotepe (%C)
including the mass of electrons= 1.66 x 10 kg. \

ke th
in a grocery shop. Large masses in the universe like planets, stars, etc., basgd @n ﬁto ’s law of
gravitation can be measured by using gravitational method (See Chapter 8). surement of
small masses of atomic/subatomic particles etc., we make use of masgPspectfipgraph in which
radius of the trajectory is proportional to the mass of a charged particl(3

moving in uniform electric and magnetic field. \%

ACCURACY, PRECISION OF INSTRUMENTSA ORS IN MEASUREMENT
L

Mass of commonly available objects can be determined by a common balanc& ¢ used

Measurement is the foundation of all expe cience and technology. The result of
every measurement by any measuring instrum*‘ ins some uncertainty. This uncertainty is
n

called error. Every calculated quantity whigh on measured values also has an error. We
shall distinguish between two terms: a precision. The accuracy of a measurement is a
measure of how close the measuredgvaludys to the true value of the quantity. Precision tells us to
what resolution or limit the quant

meastred.
The accuracy in measur e%depend on several factors, including the limit or the
ingtrument.

resolution of the measurQ

SYSTEMATIC,ERRORS
The syste ertors are those errors that tend to be in one direction, either positive or negative.
Some es of systematic errors are :

(a) Instrumental errors that arise from the errors due to imperfect design or calibration
f the measuring instrument, zero error in the instrument, etc. For example, the
temperature graduations of a the rmo meter may be inadequately calibrated (it may
read104 °C at the boiling point of water at STP whereas it should read 100 °C); in a
venire calipers the zero mark of venire scale may not coincide with the zero mark of the
main scale, or simply an ordinary meter scale maybe worn off at one end.

(b) Imperfection in experimental technique or procedure To determine the temperature of
a human body, a thermometer placed under the armpit will always give a temperature
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lower than the actual value of the body temperature. Other external conditions (such as
changes in temperature, humidity, wind velocity, etc.) during the
experiment may systematically affect the measurement.

(c) Personal errors that arise due to an individual’s bias, lack of proper setting of the
apparatus or individual’s carelessness in taking observations without observing proper
precautions, etc. For example, if you, by habit, always hold your head a bit too far to the
right while reading the position of a needle on the scale, you will introduce an%due

to parallax.

Systematic errors can be minimized by improving experimental te niq%lecting
better instruments and removing personal bias as far as possible. For Wse up, these
errors may be estimated to a certain extent and the necessary correc y be applied
to the readings.

RANDOM ERRORS (gja
The random errors are those errors, which occur in%\ d hence are random with

respect to sign and size. These can arise due to rand. npredictable fluctuations in
experimental conditions (e.g. unpredictable fluctuati in temperature, voltage supply,
mechanical vibrations of experimental set-ups, etc. (unbiased) errors by the observer
taking readings, etc. For example, when the same @ers eats the same observation, it is very
likely that he may get different read ingest veryti %

LEAST COUNT ERROR \Q

The smallest value that meaSured by the measuring instrument is called its least

count. All the readings or me valugs are good only up to this value.

The least count error i % sociated with the resolution of the instrument. For example,
a venire calipers has ast ¢otint as 0.01cm; a sphero meter may have a least count of 0.001
cm. Least count err the category of random errors but within a limited size; it occurs
with both systematic ndom errors. If we use a metre scale for measurement of length, it

may have graduations at 1 mm division scale spacing or interval.

truments of higher precision, improving experimental techniques, etc., we can
reduyc least count error.
ABSOLUTE ERROR, RELATIVE ERROR ANDPERCENTAGE ERROR

The example gives the following rules:

. All the non-zero digits are significant.
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[p] = ML T°]
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All the zero’s between two non-zero digits are significant, no matter where the decimal
point is, if at all.

If the number is less than 1, the zero(s) on the right of decimal point but to the left of the

first non-zero digit are not significant. [In 0.00 2308, the under lined zeroes are not
significant].

The terminal or trailing zero(s) in a number without a decimal point are not sigw@.
[V] = [MOLPTO] \

[vl= [M°LT™!]

s O

MOTION IN A STliAI NE

SUMMARY (\
\
(0]

An object is said to be in motio on changes with time. The position of the
object can be specified with r c cOnveniently chosen origin. For motion in a
straight line, position to th€ rightof the origin is taken as positive and to the left as
negative.

Path length is definéd as t 1 length of the path traversed by an object.

Displacement % ¢ in position:AX = X, — X;. Path length is greater or equal to
the magnitu e displacement between the same points.

An objeetyis said to be in uniform motion in a straight line if its displacement is equal in
equa of time. Otherwise, the motion is said to be non-uniform.

lacement occurs:

5. velocity is the displacement divided by the time interval in which the

Ax

sz

On an x-t graph, the average velocity over a time interval is the slope of the line
connecting the initial and final positions corresponding to that interval.

Average Speed is the ratio of total path length traversed and the corresponding time
interval.
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The average speed of an object is greater or equal to the magnitude of the average
velocity over a given time interval.

7. Instantaneous velocity or simply velocity is defined as the limit of the average velocity as
the time interval At becomes infinitesimally small:

im ¥ = 1i Ax  dx
v= limv= lim—= —
At—0 At—0 At dt

The velocity at a particular instant is equal to the slope of the tangent drawmo \ﬁon-
time graph at that instant.

8. Average acceleration is the change in velocity divided by the timeg \,dur g which
the change occurs:
A o
a=—

9. Instantaneous acceleration is defined as the limit of the avefage acceleration as the time

interval At goes to zero:
Y a
o \
a= lima= ] w —
At—0 dt
The acceleration of an object at ictlar thne is the slope of the velocity-time graph at
that instant of time. For unifo otign, acceleration is zero and the x-t graph is a
straight line inclined to thé{time akis and the v-t graph is a straight line parallel to the
time axis. For motion gwi iform acceleration, x-¢ graph is a parabola while the v-¢
graph is a straight ling i t

the time axis.
10.  The area under§the ity-time curve between times f1 and 2 is equal to the
displaceme bject during that interval of time.

11. For objects in unjformly accelerated rectilinear motion, the five quantities, displacement
x, tim t, initial velocity vy, final velocity v and acceleration a are related by a set of
si eduatfons called kinematic equations of motion :

1

X = vot+ Eat2
v? = vi + 2ax

If the position of the object at time # = 0 is 0. If the particle starts at x = xy, x in above
equations is replaced by (x — xy).
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CHAPTER - 4
MOTION IN A PLANE
SUMMARY
1. Scalar quantities are quantities with magnitudes only. Examples are distance, speed, mass
and temperature.
2. Vector quantities are quantities with magnitude and direction both. \x is
placement, velocity and acceleration. They obey special rules of vector algebr
Y 4
3. A vector A multiplied by a real number A is also a vector, whose m XS A times the
magnitude of the vector A and whose direction is the same or opposit ending upon
whether A is positive or negative. g
4. Two vectors A and B may be added graphic i cDad-to-tail method or
parallelogram method.
5. Vector addition is commutative:
A+B=B+A e (
It also obeys the associative law: \
(A+B)+C=A+B+0) (')
6. A null or zero vector is a vec Z gnitude. Since the magnitude is zero, we
don’t have to specify its dirggtion\W hastthe properties:
A+0=A
A=0
0A=0 (ﬁt
7. The subtracti vect from A is defined as the sum of A and —B:
A _ —
8. A vectog A can De resolved into component along two given vectors ‘a’ and ‘b’ lying in

the s e:

Aa+pub
@and u are real numbers.
A%

10.

unit vector associated with a vector A has magnitude one and is along the vector A:
A

1Al
The unit vectors 1,j, k are vectors of unit magnitude and point in the direction of the x- y
and z-axes, respectively in a right-handed coordinate system.

n=

A vector A can be expressed as

www.sssfep.com



11.

12.

13.

14.

www.sssfep.com

A=Ad+ Ay
Where A,, Ay are its components along x-, and y -axes. If vector A makes an angle 0 with

the x-axis, then A,= A cos 0, A=A sinf and A = |A| = ’A)Z( + A% ,tan 0 = % .

X

Vectors can be conveniently added using analytical method. If sum of two vectors A and
B, that lie in x-y plane, is R, then:

R =Rx1+Ry]j, where, R,= A+ By, and Ry, = A, + By \
The position vector of an object in x-y plane is given by r=x i+ y]j the }i ement
from position r to position 1’ is given by

Ar=r"—r

=X -+ -y)]
= Ax1+ Ay]j ‘
If an object undergoes a displacement Ar in time ,k%e velocity is given by
V= %. The velocity of an object at time t is the limitthg v of the average velocity as
Attends to zero:
AP _dr
v = lim — \g )
At

-0
It can be written in unit vector nofati
vt vk dx dy dz
v=v i+ v \Y% eV, =— ,V, = — ,V, = —
X y) X odt’Y dt’? dt

When position of an o 1@ is plotted on a coordinate system, v is always tangent to the
curve representing % e object.
b

If the velocity obj&f changes from v to v’ in timeAt, then its average accelerationis
given by:
_ v=V Av
a= = —
At At
T ICration a at any time t is the limiting value of aas At - 0 :
I Av dv
a=lim—=—
At>0 At dt

n component form, we have:a = a,i + a,j + a,k

dvy __dvy __dvy

where,ax=?, Y T at ,dy = It

www.sssfep.com



15.

16.

www.sssfep.com

If an object is moving in a plane with constant acceleration a = |a| = /a)z( + a3 and its
position vector at time t = 0 is 1, then at any other time t, it will be at a point given by:
1
r=r, +V0t+§at2

and its velocity is given by :
v=v,tat
where v, is the velocity at time t =0

In component form: *\\
X =X, +V0Xt+%axt2 \[
R
y=y0+voyt+§ayt c—)
Vy = Vox + axt cj
Vy = Voy t+ayt Q%

Motion in a plane can be treated as supegpo iti
dimensional motions along two perpendicula

An object that is in flight after bein
projected with initial velocity v,

velocity of the projectile a e t dtg given by :
% X =V, cos 0,)t

(Vo sin0,)t — (1/2)gt?

‘ % Vy = Vox = V, COS 0,

Vy =V, sinf, — gt

The p a projectile is parabolic and is given by:
2

gx

= (tan0 _

xg y = (tan6o)x 2(v, cos0,)?
The maximum height that a projectile attains is:

(v, Sin0,)?
m=—" 5.

28
The time taken to reach this height is:
_ Vo sinb,
"
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The horizontal distance travelled by a projectile from its initial position to the position it
passes y = 0 during its fall is called the range, R of the projectile. It is:

2
R = Eosin 20,

17.  When an object follows a circular path at constant speed, the motion of the object is

called uniform circular motion. The magnitude of its acceleration is a.=

direction of a. is always towards the centre of the circle.

The angular speed o, is the rate of change of angular distance. It is

by v = oR. The acceleration is a, = w?R.

If T is the time period of revolution of the object in circular moti

we have ® = 2nv,v = 2nvR ,a. = 4n?v?R.

&The
Wo city v

and Wis its frequency,

C.)

Physical Quantity Symbol | Dimensions | U Remark
Position vector r [L] m ector. It may be denoted
° by any other symbol as
well.
Displacement Ar [L m -do-
A
Velocity
Ar
(a) Average v& LT ms’! “ At »vector
_dr
(b) Instantaneous % =g veetor
Acceleration
_Av
(a) AV&X@ a [LT?] m s’ “ At vector
Q
% neous a = -7 »vector
Projectile motion
_ Vpsinb
(a) Time of max. tm [T] S - g
Height
(vg sin B,)?
(b) Max. Height hom [L] m =

2g
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(c) Horizontal range R [L] m _ vE sin 26,
g
Circular motion
A8 v
(a) Angular speed w [T rad/s T At \
v \
(b) Centripetal ac [LT™] m s~ \T¢
acceleration *

S

LAWS OF NK)TQE')
Aristotle’s view that a force is atfy, to%keep a body in uniform motion is wrong. A
force is necessary in practice to@e opposing force of friction.
obgervations on motion of bodies on inclined planes, and
tign is the same law rephrased thus: “Everybody continues to be
uniform motion in a straight line, unless compelled by some

otherwise”. In simple terms, the First Law is “If external force on a
celeration is zero”.

SUMMARY

1.

2. Galileo extrapolated si
arrived at the law of ime

2.1 Newton’s first law of
In its state of r
external forc
body is zero, it

3.

Mom@) of a body is the product of its mass (m) and velocity (v):
p=mv

%ﬂon’s second law of motion

The rate of change of momentum of a body is proportional to the applied force and takes
place in the direction in which the force acts. Thus

otk P
= dt_ ma
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Where F is the net external force on the body and a its acceleration. We set the constant
of proportionality k = 1 in SI units. Then

_dp _

F=—=
5 - ma

The SI unit of force is Newton: 1 N =1 kg m s

(a) The second law is consistent with the First Law (F = 0 implies a = 0) \\

(b) It is a vector equation.

(©) It is applicable to a particle, and also to a body or a system of particl Xﬁd F is the
total external force on the system and ‘a’ is the acceleration of the sy as\a whole.

(d) F at a point at a certain instant determines a at the same point at t‘tt-iis t. That is the

Second Law is a local law; ‘a’ at an instant does not depen: Q@ ory of motion.

5. Impulse is the product of force and time which equalsichan momentum.
The notion of impulse is useful when a large force r a short time to produce a
measurable change in momentum. Since the ti tion of the force is very short, one
can assume that there is no appreciable ol in position of the body during the

action of the impulsive force.

6. Newton’s third law of motion ‘\

To every action, there is always ang€qual’and opposite reaction

In simple terms, the law ¢ statec thus:

Forces in nature alwa @ ur Bgtween pairs of bodies. Force on a body A by body B is
equal and opposite @ the forceon the body B by A.

fign fore€s are simultaneous forces. There is no cause-effect relation
gaction. Any of the two mutual forces can be called action and the
on and reaction act on different bodies and so they cannot be
¢ internal action and reaction forces between different parts of a body
sum to zero.

7. onservation of Momentum
e total momentum of an isolated system of particles is conserved. The law follows
fro

the second and third law of motion.

Action and re%
between acfi®h

8. Friction
Frictional force opposes (impending or actual) relative motion between two surfaces in
contact. It is the component of the contact force along the common tangent to the surface
in contact. Static friction f; opposes impending relative motion; kinetic friction fy opposes
actual relative motion. They are independent of the area of contact and satisfy the
following approximate laws:
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fg < (fs)max= usR

s (co-efficient of static friction) and pk (co-efficient of kinetic friction) are constants
characteristic of the pair of surfaces in contact. It is found experimentally that p is less
than .

SUMMARY

1.

4.

CHAPTER - 6 *\'
WORK, ENERGY AND POWER c
The work-energy theorem states that the change in \@q gy of a body is the work

done by the net force on the body.

Kf“ Ki = Wnet ° %
A force is conservative if (i) work done \ an object is path independent and
depends only on the end points {Xi, X;}e,0%(11) $he work done by the force is zero for an
arbitrary closed path taken by the Obj that it returns to its initial position.
For a conservative force ipgone ension, we may define a potential energy function
V(x)such that

dV(x)

xf
Vi=V; =f F(x)dx
.

i

The iple of conservation of mechanical energy states that the total mechanical
e body remains constant if the only forces that act on the body are conservative.

5.% gravitational potential energy of a particle of mass mat a height xabout the earth’s
urface is

6.

V(x) = mgx
where the variation of g with height is ignored.

The elastic potential energy of a spring of force constant kand extension xis

1
V(x) = Ekx2
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The scalar or dot product of two vectors A and B is written as A.B and is a scalar quantity
given by: A.B = AB cos 0, where 0 is the angle between A and B. It can be positive,
negative or zero depending upon the value of 0. The scalar product of two vectors can be
interpreted as the product of magnitude of one vector and component of the other vector
along the first vector. For unit vectors:

t-i=j-j=k-k=1 andi-j=j-k=Fk-i=0

Scalar products obey the commutative and the distributive laws. \\
\'

CHAPTER -7 C')

SYSTEMS OF PARTICLES AND ROTA \%OTION

SUMMARY

1.

Ideally, a rigid body is one for which the dlSt gs bareen different particles of the body
do not change, even though there are forc x

A rigid body fixed at one point or ' e can have only rotational motion. A rigid
body not fixed in some wa veveither pure translation or a combination of

translation and rotation. &'
In rotation about a fi s, every particle of the rigid body moves in a circle which lies

in a plane perpendi€ul axis and has its centre on the axis. Every Point in the
rotating rigid body hasthe e angular velocity at any instant of time.

In pure transidtQiy, cVeTy particle of the body moves with the same velocity at any instant
of time.

Ang elacity is a vector. Its magnitude is w = d@/dtand it is directed along the axis
0 n®For rotation about a fixed axis, this vector w has a fixed direction

vector or cross product of two vector a and b is a vector written as a x b. The
agnitude of this vector is ab sin 8 and its direction is given by the right handed screw
or the right hand rule.

The linear velocity of a particle of a rigid body rotating about a fixed axis is given by
v = w X r, where r is the position vector of the particle with respect to an origin along
the fixed axis. The relation applies even to more general rotation of a rigid body with one
point fixed. In that case r is the position vector of the particle with respect to the fixed
point taken as the origin.
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The centre of mass of a system of particles is defined as the point whose position vector
is

. xmyr;

M

R

Velocity of the centre of mass of a system of particles is given by V = P/M, where P is

the linear momentum of the system. The centre of mass moves as if all the mass of the
system is concentrated at this point and all the external forces act at it. If the T‘%mal

force on the system is zero, then the total linear momentum of the system ig.c

The angular momentum of a system of n particles about the origin is \I
n
L= z T X Pi
i=1

The torque or moment of force on a system of n particl a‘t%%}rlgin is
n
T = Z i X Fi \
i=1

The force F ; acting on the i particle incmdsﬁ the_gxternal as well as internal forces.
Assuming Newton’s third law and that forc \ any two particles act along the line
joining the particles, we can show ;,; = %

A rigid body is in mechanig@l equilibrium if
(1) It is in translatiegal ‘eguilibrium, i.e., the total external force on it is zero :
Z Fi =0 , a
(2) It is in rotati ilibrium, i.e. the total external torque on it is zero:
ZTizzriXFi=0

The centre o y of an extended body is that point where the total gravitational
torque am, the body is zero.

£

The theorem of parallel axes: I, = I, + Ma? , allows us to determine the moment of
intertia of a rigid body about an axis as the sum of the moment of inertia of the body
about a parallel axis through its centre of mass and the product of mass and square of the
perpendicular distance between these two axes.

t of intertie of a rigid body about an axis is defined by the formula
irZwhere 1; is the perpendicular distance of the I th point of the body from the
e kinetic energy of rotation is

1
K == Iw?
20)
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15. Rotation about a fixed axis is directly analogous to linear motion in respect of kinematics
and dynamics.

16.  For a rigid body rotating about a fixed axis (say, z-axis) of rotation, L, = lw, where [ is
the moment of inertia about z-axis. In general, the angular momentum L for such a body
is not along the axis of rotation. Only if the body is symmetric about the axis of rotation,
L is along the axis of rotation. In that case, |L| = L, = Iw . The angular acceleration of a
rigid body rotating about a fixed axis is given by Ia = t. If the external torque t\acting on
the body is zero, the component of angular momentum about the fixed axis (s %{is),
L,(= Iw) of such a rotating body is constant.

17. For rolling motion without slippingv.,, = Rw, where v is the yeloc €t tanslation
(i.e., of the centre of mass), R is the radius and m is the mass of t The kinetic
energy of such a rolling body is the sum of kinetic energies of trapslationyand rotation:

1
K=Emvczm+zlw2 Q‘%

<5
S
— B

1. Newton’s law of uni gravitation states that the gravitational force of attraction

between any two 1 asses mjand mpseparated by a distance ‘r’ has the
magnitude
< m;m
F=( 12 2
r

Where G is theNniversal gravitational constant, which has the value 6.672 x10™'! Nm?
kg

2. If% e to find the resultant gravitational force acting on the particle ‘m’ due to a
u of masses M, M, ....M , etc. we use the principle of superposition. Let F;, F»,

...¥, be the individual forces due to M;, M,, ....M ,, each given by the law of
ravitation. From the principle of superposition each force acts independently and
uninfluenced by the other bodies. The resultant force F g is then found by vector addition

FrR=Fi+F+...... +F,= XL, F
where the symbol ‘¥’ stands for summation.
3. Kepler’s laws of planetary motion state that
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(a) All planets move in elliptical orbits with the Sun at one of the focal points.

(b) The radius vector drawn from the Sun to a planet sweeps out equal areas in equal
time intervals. This follows from the fact that the force of gravitation on the
planet is central and hence angular momentum is conserved.

(c) The square of the orbital period of a planet is proportional to the cube of the semimajor
axis of the elliptical orbit of the planet.

The period ‘T’ and radius ‘R’ of the circular orbit of a planet about the Sun are lated

() \

G M,

Where M g is the mass of the Sun. Most planets have nearly circular or out the Sun.
For elhptlcal orbits, the above equation is valid if R is replaced E sethi-major axis, a.

The acceleration due to gravity. %
(a) At a height /4 above the earth’s surface <
G Mg
h —
= &g C.)

‘3
{% h « Rg
2 GM
where g(0) = v E

E E

Q

earth’s surface is

(b) Atdepth®
(- =@ (-3

The @}mal force is a conservative force, and therefore a potential energy function
d

canb d. The gravitational potential energy associated with two particles separated
istance ‘r’ is given by

G m;m,

V= —
r

where ‘V’ is taken to be zero at r — oo.The total potential energy for a system of particles
is the sum of energies for all pairs of particles, with each pair represented by a term of the
form given by above equation. This prescription follows from the principle of
Superposition.
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If an isolated system consists of a particle of mass ‘m’ moving with a speed ‘v’ in the
vicinity of a massive body of mass ‘M’, the total mechanical energy of the particle is
given by

1 GMm

2 T

That is, the total mechanical energy is the sum of the kinetic and potential ener
The total energy is a constant of motion.

If ‘m’ moves in a circular orbit of radius ‘a’ about ‘M’, where M >> ,wta eflergy of

the system is ’
E GMm
BRI
With the choice of the arbitrary constant in the @energy given in the point
d

5.,above. The total energy is negative for any bgen m, that is, one in which the
orbit is closed, such as an elliptical orbit. The ki gad potential energies are

The escape spee@trface of the earth is

2GME

= = 4/ ZgRE

@ﬁe of 11.2kms".

If a particle is outside a uniform spherical shell or solid sphere with a spherically
ymmetric internal mass distribution, the sphere attracts the particle as though the mass of
the sphere or shell were concentrated at the centre of the sphere.

If a particle is inside a uniform spherical shell, the gravitational force on the particle is
zero. If a particle is inside a homogeneous solid sphere, the force on the particle acts
toward the centre of the sphere. This force is exerted by the spherical mass interior to the
particle.
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11. A geostationary (geosynchronous communication) satellite moves in a circular orbit in
the equatorial plane at an approximate distance of 4.22 x 10* km from the earth’s centre
or 36000km from earth’s surface.

POINTS TO PONDER \

1. In considering motion of an object under the gravitational influence of an &
the following quantities are conserved:

(a) Angular momentum \'
(b) Total mechanical energy
Linear momentum is not conserved

2. Angular momentum conservation leads to Kepler’s secqnd lawy. er, it is not special
to the inverse square law of gravitation. It holds for amy~Centr

3. In Keplerr’s third law and T? = Ksg R3. The co ta&s the same for all planets in
circular orbits. This applies to satellites orbi{in l%‘lh.

4. An astronaut experiences weightlessness {h a e satellite. This is not because the
gravitational force is small at that locatiof\in space. It is because both the astronaut and
the satellite are in “free fall” towar .

5. The gravitational potential e&so ated with two particles separated by a distance
‘r’ is given by

G my;m,
= + constant

The consta gen any value. The simplest choice is to take it to be zero. With
this choice

N -t

r

is €hoice implies thatV — Oasr — oo choosing location of zero of the gravitational

enectgy is the same as choosing the arbitrary constant in the potential energy. Note that the
ravitational force is not altered by the choice of this constant.
6. The total mechanical energy of an object is the sum of its kinetic energy (which is always

positive) and the potential energy. Relative to infinity (i.e. if we presume that the
potential energy of the object at infinity is zero), the gravitational potential energy of an
object is negative. The total energy of a satellite is negative.
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7. The commonly encountered expression m g h for the potential energy is actually an
approximation to the difference in the gravitational potential energy discussed in the
point 6, above.

8. Although the gravitational force between two particles is central, the force between two
finite rigid bodies is not necessarily along the line joining their centre of mass. For as
spherically symmetric body however the force on a particle external to the body is as if
the mass is concentrated at the centre and this force is therefore central. \

, ea

0. The gravitational force on a particle inside a spherical shell is zero. Ho
metallic shell which shields electrical forces) the shell does not shield o
outside it from exerting gravitational forces on a particle inside. Grav

ngi°

Note: Please refer to t ‘e\c‘?book for any
S

cléif&\n

NCE sics Class XI, Part I1

Chapter — 9
ﬁhanical Properties of Solids

(Ad or educational social service purpose only).

<\

SUMMARY

shielding is

I. Stress is the restoring force per unit area and strain is the fractional change in dimension.
In general there are three types of stresses (a) tensile stress — longitudinal stress
(associated with stretching) or compressive stress (associated with compression),(b)
shearing stress, and (c) hydraulic stress.
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2. For small deformations, stress is directly proportional to the strain for many
materials. This is known as Hooke’s law. The constant of proportionality is called
modulus of elasticity. Three elastic module viz., Young’s modulus, shear modulus and
bulk modulusare used to describe the elastic behavior of objects as they respond to
deforming forces that act on them.

A class of solids called elastomers does not obey Hooke’s law.

F/A = YAL/L
where AL/L is the tensile or compressive strain of the object, Fis the m
applied force causing the strain, A is the cross-sectional area over hxlg} pplied
t 1s F/A

(perpendicular to A) and Yes the Young’s modulus for the object. Th .
4. A pair of forces when applied parallel to the upper and lower fages, theysolid deforms so
that the upper face moves sideways with respect to t r. The horizontal
displacement AL of the upper face is perpendicular to the, venti ight L. This type of
11

deformation is called shear and the corresponding stress is t ess. This type of stress
is possible only in solids.

In this kind of deformation the Hooke’s law takes tﬁe@—)

3. When an object is under tension or compression, the Hooke’s law takes the fom\
of the

F/A=G x AL/L

Where ALis the displacement of one end o &he direction of the applied force  F, and
G 1s the shear modulus. Q

5. When an object @nd ydraulic compression due to a stress exerted by a
surrounding fluid; the Hooke’s law takes the form

p = V),
where p is t (hydraulic stress) on the object due to the fluid, AV/V(thevolume
strain) is the absglute fractional change in the object’s volume due to that pressure and B
is the bullg modulus of the object.

POINTS TO PONDER
1. In the case of a wire, suspended from ceiling and stretched under the action of a weight

(F) suspended from its other end, the force exerted by the ceiling on it is equal and
opposite to the weight. However, the tension at any cross-section A of the wire is just F
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and not 2F. Hence, tensile stress which is equal to the tension per unit area is equal to

F/A.
2. Hooke’s law is valid only in the linear part of stress-strain curve.
3. The Young’s modulus and shear modulus are relevant only for solids since only solids

have lengths and shapes.
4. Bulk modulus is relevant for solids, liquid and gases. It refers to the change \lzme
when every part of the body is under the uniform stress so that the sh f d

Y
remains unchanged.
W
5. Metals have larger values of Young’s modulus than alloys and e efs. A material
d

with large value of Young’s modulus requires a large force to pgeducefsmall changes in
its length.

6. In daily life, we feel that a material which stretc @re elastic, but it a is
misnomer. In fact material which stretches to a Wesser ent for a given load is
considered to be more elastic.

7. In general, a deforming force in one directior produce strains in other directions also.
The proportionality between stress and str@iin h situations cannot be described by

just one elastic constant. For example. a wire under longitudinal strain, the lateral
dimensions (radius of cross sectio i ergo a small change, which is described by
calle

another elastic constant of the oisson ratio).

ia
ntity sinde, unlike a force, the stress cannot be assigned a
tinggn the portion of a body on a specified side of a section

8. Stress 1s not a vector g
specific direction. Ford
has a definite direction.

Chapter - 10
Mechanical Properties of Fluids
SUMMAR
1. % iC property of a fluid is that it can flow. The fluid does not have any resistance to
x ng¢ of its shape. Thus, the shape of a fluid is governed by the shape of its container.
2. liquid is incompressible and has a free surface of its own. A gas is compressible and it
expands to occupy all the space available to it.

3. If F is the normal force exerted by a fluid on an area 4 then the average pressure P, is
defined as the ratio of the force to area

F

P,y =
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The unit of the pressure is the Pascal (Pa). It is the same as N m™. Other common units of
pressure are

1 atm = 1.01x10° Pa

1 bar =10’ Pa

I torr =133 Pa=0.133 kPa

I mm of Hg =1 torr =133 Pa

at the

Pascal’s law states that: Pressure in a fluid at rest is same at all points whi
i itted

same height. A change in pressure applied to an enclosed fluid
undiminished to every point of the fluid and the walls of the containing@.

The pressure in a fluid varies with depth h according to the expressio
P =Pa + pgh

where r is the density of the fluid, assumed uniform. c’)
The volume of an incompressible fluid passing any \@cond in a pipe of non

uniform crosssection is the same in the steady flow.

VA= constant ( v is the velocity and A is the area of cro tion)
The equation is due to mass conservation in ‘inc ible fluid flow.

Bernoulli’s principle states that as we mo N streamline, the sum of the pressure
(P), the kinetic energy per unit volum nd the potential energy per unit volume
(pgy) remains a constant.

P + pv?/2 + pgy= constant
The equation is basic e comservation of energy applied to non viscous fluid motion

in steady state. Ther€ is n id which have zero viscosity, so the above statement is true
only approximatgély. viseosity is like friction and converts the kinetic energy to heat
energy. ( )

Though shear Straif®in a fluid does not require shear stress, when a shear stress is applied
to a flujd, the mdtion is generated which causes a shear strain growing with time. The
ratio hear stress to the time rate of shearing strain is known as coefficient of
vi

k; law states that the viscous drag force F on a sphere of radius a moving with

1 %
&Ve city v through a fluid of viscosity is, F = 6mnav.

11.

The onset of turbulence in a fluid is determined by a dimensionless parameter is called
the Reynolds number given by
Re.=pud/n

where d is a typical geometrical length associated with the fluid flow and the other
symbols have their usual meaning.
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Surface tension is a force per unit length (or surface energy per unit area) acting in the
plane of interface between the liquid and the bounding surface. It is the extra energy that
the molecules at the interface have as compared to the interior.

Chapter — 11

Thermal Properties of Matter

SUMMARY \\

1.

of temperature difference between them. The degree of hotn he body is

Heat is a form of energy that flows between a body and its surroundi afu by virtue
quantitatively represented by temperature.
ke ;

A temperature-measuring device (thermometer) some measurable

property(called thermometric property) that cha A emperature. Different

thermometers lead to different temperature scales. T@®, cons a temperature scale, two

fixed points are chosen and assigned some arb't%g;yes of temperature. The two
it.

numbers fix the origin of the scale and the si‘ze %

The Celsius temperature (tc) and the Fahrehei erate (tg) are related by

te = (9/5) teat 3 %
The ideal gas equation connectQ ure (PY,volume(V) and absolute temperature (T)
1S : b &
where n is the num@\ and R is the universal gas constant.
In the absolu t% e scale, the zero of the scale corresponds to the temperature

where eve in nature has the least possible molecular activity. The Kelvin
absolute temperature scale (T) has the same unit size as the Celsius scale (T¢), but differs

in the omgin:
icient of linear expansion (a;) and volume expansion (o) are defined by the

T = alAT
AV
7 = avAT

where Al and AV denote the change in length / and volume V for a change of temperature
AT. The relation between them is:
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oy =3
7. The specific heat capacity of a substance is defined by
149
© mAT

where is the mass of the substance and AQ is the heat required to change its temperature

by AT. The molar specific heat capacity of a substance is defined by
— 14Q

B AT \\

where p is the number of moles of the substance. ¢

8. The latent heat of fusion (L¢) is the heat per unit mass required to a substance
from solid into liquid at the same temperature and pressuge. Thg latent heat of
vaporization (L) is the heat per unit mass required to change L%nce from liquid to
the vapor state without change in the temperature and p SS%

9. The three modes of heat transfer are conduction, com@ radiation.

g i

10. In conduction, heat is transferred between arts of a body through molecular
collisions, without any flow of matter. For a f lefigth L and uniform cross section A
with its ends maintained at temperatures , the rate of flow of heat His :

Tp

where K is the thermal ivity Of the material of the bar.

11.  Newton’s Law of Co ys that the rate of cooling of a body is proportional to the
excess temper: of the*body over the surroundings:

d
S= k(T - Ty)

the temperature of the surrounding medium and T, is the temperature of

POINTS TO PONDER

5

1. The relation connecting Kelvin temperature (T) and the Celsius temperature t.
T =t. + 273.15

and the assignment 7" = 273.16 K for the triple point of water are exact relations (by
choice). With this choice, the Celsius temperature of the melting point of water and
boiling point of water (both at 1 atm pressure) are very close to, but not exactly equal
to 0°C and 100°C respectively. In the original Celsius scale, these latter fixed points
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were exactly at 0°C and 100°C (by choice), but now the triple point of water is the
preferred choice for the fixed point, because it has a unique temperature.

A liquid in equilibrium with vapor has the same pressure and temperature throughout
the system; the two phases in equilibrium differ in their molar volume (i.e. density).This
is true for a system with any number of phases in equilibrium.

of the same system. Any energy transfer that does not involve temperature ce in
some way is not heat.

Heat transfer always involves temperature difference between two systems orwarts
e

Convection involves flow of matter within a fluid due to unequal M es of its
parts. A hot bar placed under a running tap loses heat by conduction cen the surface

of the bar and water and not by convection within water. c
Chapter — 12 cj

Thermodynamics < \'b

SUMMARY
°
t

The zeroth law of thermodynamics states stems in thermal equilibrium with a
third system separately are in thermal equ with each other’. The Zeroth Law leads

t
to the concept of temperature. m
Internal energy of a systemgis t f kinetic energies and potential energies of the

molecular constituents of ystermy It does not include the over-all kinetic energy of the
system. Heat and wor wonnodes of energy transfer to the system. Heat is the energy
transfer arising due k%‘[‘u e difference between the system and the surroundings.
Work is energy braught about by other means, such as moving the piston of a
cylinder containifig the 8ag? by raising or lowering some weight connected to it.

The first law odynamics is the general law of conservation of energy applied to
any system in which energy transfer from or to the surroundings (through heat and work)
is takemlintg account. It states that

EQ AQ = AU + AW

re A Qis the heat supplied to the system, AW is the work done by the system and AU
is the change in internal energy of the system.

The specific heat capacity of a substance is defined by
149
© mAT

where is the mass of the substance and AQ is the heat required to change its temperature
by AT. The molar specific heat capacity of a substance is defined by
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14Q
WAT
where 1 is the number of moles of the substance. For a solid, the law of equipartition of
energy gives

C=3R
which generally agrees with experiment at ordinary temperatures.

Calorie is the old unit of heat. 1 calorie is the amount of heat required to_raise the

temperature of 1 g of water from 14.5 °C to 15.5 °C. 1 cal =4.186 J. \

For an ideal gas, the molar specific heat capacities at constant pressure lume

satisfy the relation Y
C,—C,=R

where R is the universal gas constant.

caariables. The value

Equilibrium states of a thermodynamic system are describe
of a state variable depends only on the particular sta path used to arrive at
that state. Examples of state variables are pressure (R), vo V), temperature(T), and
mass (m). Heat and work are not state variables. An atipn of State (like the ideal gas

equation (PV = p RT) is a relation connecting dif’ t state variables.
.

A quasi-static process is an infinitely sl \( s such that the system remains in
thermal and mechanical equilibrium wit g? oundings throughout. In aquasi-static
process, the pressure and temper: e“environment can differ from those of the
system only infinitesimally. t >

In an isothermal expansim%flid gas from volume V; to V; at temperature 7 the heat
k

absorbed (Q) equals th e (W) by the gas, each given by
=W = uRT In (%)

1

In an adiabatic ss f an ideal gas
pPVY ant
_ %
where Y= C.
W, @by an ideal gas in an adiabatic change of state from (P,V,T)) to (P,,V,,T)is
W —_ MR (Tl_TZ)
\ = 5

eat engine is a device in which a system undergoes a cyclic process resulting in
conversion of heat into work. If Q; is the heat absorbed from the source, Q is the heat
released to the sink, and the work output in one cycle is W, the efficiency n of the
engines.

Q2
=Y _1_ 2
N Q1 Q1
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In a refrigerator or a heat pump, the system extracts heat Q, from the cold reservoir and
releasesQ; amount of heat to the hot reservoir, with work 7 done on the system. The co-
efficient of performance of a refrigerator is given by

Q2 Q2

o= =
W Qi-Q

The second law of thermodynamics disallows some processes consistent with the First
Law of Thermodynamics. It states

Kelvin-Planck statement *\
o . . i
No process is possible whose sole result is the absorption of hea eservoir and

complete conversion of the heat into work.

Claudius statement cg—)
No process is possible whose sole result is the transfe@ m a colder object to a

hotter object.

Put simply, the Second Law implies that ne h tSr@e can have efficiency n equal tol
or no refrigerator can have co-efficient of pt e a equal to infinity.

A process is reversible if it ¢ d such that both the system and the
surroundings return to their orj %ﬁ, ith no other change anywhere else in the
universe. Spontaneous process f nature are irreversible. The idealized reversible
process is a quasi-static prgegss withyno dissipative factors such as friction, viscosity, etc.

Carnot engine is a rgfer gine operating between two temperatures T, (source) and
T, (sink). The yClg consists of two isothermal processes connected by two
adiabatic proc .Th ciency of a Carnot engine is given by

n=1 (Carnot engine)

1

No erating between two temperatures can have efficiency greater than that of
t tengine.

>0, heat is added to the system
f Q <0, heat is removed to the system
f W >0, Work is done by the system
If W <0, Work is done on the system
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Chapter — 13
Kinetic Theory
SUMMARY
1. The ideal gas equation connecting pressure (P), volume (V) and absolute temperature(7")

3.

1S

PV = u RT = kg NT \\
where p is the number of moles and Nis the number of molecules. Rav@siversal

constants.
A

R=8.314J mol ' K, kg = Ni =1.38 x 10723 JK™! c

Real gases satisfy the ideal gas equation only appro 1 e so at low pressures
and high temperatures.

P=-nmuv? E_}QJ

where 7 is number density of mol&%1 e mass of the molecule and 2 v is the mean
eNndeal g

Kinetic theory of an ideal gas gives the relation (

of squared speed. Combined equation it yields a kinetic interpretation

of temperature.
lan— N 3 —\1/2 ’3k T
2 _kBT » Urms = (Uz) = TB

This tells us that et% ture of a gas is a measure of the average kinetic energy of a
molecule, ind ent pf the nature of the gas or molecule. In a mixture of gases at a
¢

fixed tempe cavier molecule has the lower average speed.

Tl@ lational kinetic energy
Q@\ E = kg NT.

his leads to a relation

PV=-E

[SSH )
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4. The law of equipartition of energy states that if a system is in equilibrium at absolute
temperature, the total energy is distributed equally in different energy modes of
absorption, the energy in each mode being equal to 2 kgT. Each translational and
rotational degree of freedom corresponds to one energy mode of absorption and has
energy 2 kg T. Each vibration frequency has two modes of energy (kinetic and
potential)with corresponding energy equal to
2xY%kgT=kgT.

5. Using the law of equipartition of energy, the molar specific heats o &\h be
determined and the values are in agreement with the experimental valugs of ép eats
of several gases. The agreement can be improved by includin uxn odes of
motion.

6. The mean free path / is the average distance covered by %cule between two
successive collisions : ‘Sj

1
L= V2nmd? < \
Where 7 is the number density and d the diameter @f the ecule
O
Cha %
Q%io

SUMMARY &

1. The motion that re s% called periodic motion.

2. The period T i tg timesgquired for one complete oscillation, or cycle. It is related to

3.

the frequen

T=-
v
T ehcy of periodic or oscillatory motion is the number of oscillations per
e. In the SI, it is measured in hertz :

{
& 1 hertz =1 Hz = 1 oscillation per second = 1s™'

In simple harmonic motion(SHM), the displacement x(f) of a particle from its
equilibrium position is given by,
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x(t) = Acos (wt + ¢ ) (displacement),
in which A is the amplitude of the displacement, the quantity (wt + ¢ )is the phase of

the motion, and ¢ is the phase constant. The angular frequency is related to the period
and frequency of the motion by,

w = z?n = 2mv (angular frequency).

N

The particle velocity and acceleration during SHM as functions of time iven by,

Simple harmonic motion can also be viewed as the projection of uniform ci
on the diameter of the circle in which the latter motion occurs. p

v(t) =-wAsin (ot + @) (Velocity),

a(t) =-w?Acos (wt + 0) \%3
= - w?x (t) (acceleration), &

Thus we see that both velocity and accelerati body executing simple harmonic
motion are periodic functions, having the Velo ity litude v, = wA and acceleration
amplitude a,=0"A, respectively.

The force acting in a simple harmdni n is proportional to the displacement and is

always directed towards the ce «Q

A particle executing simp oni®motion has, at any time, kinetic energy
K = Y% muv?and pot U = Y% kx?. If no friction is present the mechanical
"

[1on.

energy of the systefn, U always remains constant even though Kind Unchanged

with time.
A particle o cillating under the influence of Hooke’s law restoring force given
by F = —k x exhibit® simple harmonic motion with

\/% (angular frequency)

=27 \/% (period)
%{1 a system is also called a linear oscillator.

The motion of a simple pendulum swinging through small angles is approximately simple
harmonic. The period of oscillation is given by,

T=27T\/Z
g
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10.  The mechanical energy in a real oscillating system decreases during oscillations because
external forces, such as drag, inhibit the oscillations and transfer mechanical energy to
thermal energy. The real oscillator and its motion are then said to be damped. If the

damping forces given by Fy = -bv, where v is the velocity of the oscillator and ‘b’ is a

damping constant, then the displacement of the oscillator is given by,
bt

x(t) = Ae zmcos (W't + 0)

where w’, the angular frequency of the damped oscillator, is given by
gy PO \\
W = m  4m?2

Y 4
If the damping constant is small then w¢ » w, where w is the an fréguency of the
un damped oscillator. The mechanical energy E of the damped oscillatofyis*given by

&
E(D) = skAZe™b¥m C-)

11.  If an external force with angular frequency wgacts oman oseillating system with natural
angular frequency o, the system oscillates with a%la quencywgy. The amplitude of

oscillations is the greatest when .

a condition called resonance. \

% Waves

SUMMARY g
1. Mechanical xist in material media and are governed by Newton’s Laws.

2. Transverse wave®are waves in which the particles of the medium oscillate perpendicular
to the@ireCtion of wave propagation.

3. Op al waves are waves in which the particles of the medium oscillate along the
ireCt#on of wave propagation.

4. rogressive wave is a wave that moves from one point of medium to another.

5. The displacement in a sinusoidal wave propagating in the positive x direction is given by

y(x,t) = asin (kx- wt + 0)
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Where a is the amplitude of the wave, k is the angular wave number, ® is the angular
frequency, (kx- wt + @)is the phase, and f is the phase constant or phase angle.

Wavelength of a progressive wave is the distance between two consecutive points of the

same phase at a given time. In a stationary wave, it is twice the distance between two
consecutive nodes or antinodes.

Period T of oscillation of a wave is defined as the time any element of the medium takes
to move through one complete oscillation. It is related to the angular frequ ough
the relation

o ¥
w
Frequency ‘v’ of a wave is defined as 1/T and is related to ang@u cy by
w
V= —
. &\J%
Speed of a progressive wave is given byv = % =2 2

Y
The speed of a transverse wave on a stretc mls set by the properties of the string.
The speed on a string with tension ‘T’ an ass density L is

& Q\Q

v= |-

11

Sound waves are longi %hanical waves that can travel through solids, liquids or
gases. The speed ‘v ave in a fluid having bulk modulus ‘B’ and density ‘p’ is

e

The speed of lon@itudinal waves in a metallic bar is

> X
\Q v
%o gases, since B = yP, the speed of sound is

12.

When two or more waves traverse simultaneously in the same medium, the displacement
of any element of the medium is the algebraic sum of the displacements due to each
wave. This is known as the principle of superposition of waves
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y = Xi filx —vt)

Two sinusoidal waves on the same string exhibit interference, adding or cancelling
according to the principle of superposition. If the two are travelling in the same direction
and have the same amplitude a and frequency but differ in phase by a phase constant ¢,
the result is a single wave with the same frequency w:

y(x,t) = [Za cos%(z)] sin [kx— oot-l—%(Z)] \\
kerence

If ¢ = 0 or an integral multiple of 2w, the waves are exactly in phase
is constructive; if ¢ = 7, they are exactly out of phase and the inter e 1§ destructive.

A travelling wave, at a rigid boundary or a closed end, is refle ith%a phase reversal
but the reflection at an open boundary takes place without an ange.
For an incident wave %

y;(x,t) = asin (kx — wt) <\

the reflected wave at a rigid boundary is

yr(x,t) = —asin (kx + wt) ‘\é—)
For reflection at an open boundary \(')

y-(x,t) = asin (kx + w %

The interference of two 1 ical es moving in opposite directions produces standing

C
waves. For a string Wit% ds, the standing wave is given by
y(x,t) % ] cos wt

Standing w ‘Qaracterized by fixed locations of zero displacement called nodes
and fixed locati f maximum displacements called antinodes. The separation between
two consecutive hodes or antinodes is A/2.

nv
= Z’ n=1,2,3,...

A string of length L fixed at both the ends vibrates with frequencies given by
\hv

he set of frequencies given by the above relation are called the normal modes of
oscillation of the system. The oscillation mode with lowest frequency is called the
fundamental mode or the first harmonic. The second harmonic is the oscillation mode
within =2 and so on.

A pipe of length ‘L’ with one end closed and other end open (such as air columns)
vibrates with frequencies given by
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v=(n+§)%, n=0,1,2,3, ...

The set of frequencies represented by the above relation are the normal modes of

oscillation of such a system. The lowest frequency given by v/4L is the fundamental
mode or the first harmonic.

the other end or open at both the ends, vibrates with certain frequenciesyca heir

A string of length ‘L’ fixed at both ends or an air column closed at one end wen at
normal modes. Each of these frequencies is a resonant frequency of the syste

Beats arise when two waves having slightly different freq ies\Vviand v,and
comparable amplitudes, are superposed. The beat frequency is

Upeat = V1~ V3

The Doppler effect is a change in the observed freq n@ave when the source (S)
d

or the observer (O) or both move(s) relative to theNmedmm. For sound the observed

frequency ‘v’ is given in terms of the source frequ€ncy v,
O
+
v=vo [F] C.}
V+Ug

here v is the speed of sound thr, h jum, v,is the velocity of observer relativeto
the medium, and vgis the sour loGity relative to the medium. In using thisformula,
velocities in the direction should be treated as positive and those opposite to it should
be taken to be negative

Note: PQe fer to the text book for any
clarifications

® CERT Physics XII, Part 1
Q CHAPTER — 1

sgdopted for educational social service purpose only)
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Electric Charges and Fields

SUMMARY
1. Electric and magnetic forces determine the properties of atoms, molecules and bulk
matter.

2. From simple experiments on frictional electricity, one can infer that there are twg types
of charges in nature; and that like charges repel and unlike charges attract. By c “\n,
the charge on a glass rod rubbed with silk is positive; that on a plastic rod rubbedk is
then negative.

Y 4

3. Conductors allow movement of electric charge through them, 1 ofs do not. In
metals, the mobile charges are electrons; in electrolytes bothepositiye and negative
ions are mobile.

4. Electric charge has three basic properties: quantisatiog}ﬁb(;nd conservation.

Quantisation of electric charge means that total ch q) of a body is always an
integral multiple of a basic quantum of charge =6, q = n e, where n = 0, 1, £2, £3
Proton and electron have charges +e, —e" geSpecti ly. For macroscopic charges for
which n is a very large number, quantisatio@ e can be ignored.

Additives of electric charges mean otal charge of a system is the algebraic sum
(i.e., the sum taking into accou stgnsYof all individual charges in the system.

Conservation of electric “Cltagges means that the total charge of an isolated system
remains unchanged imey, This means that when bodies are charged through
friction, there is f electric charge from one body to another, but no
creation or destry€tio ge.

5. Coulomb’s mutual electrostatic force between two point charges q; and q,
is proportionalNto “the product q,;q, and inverselyproportional to the square of the
distanc separating them. Mathematically,

k ~
F@ e'on q, due to q; = (?Zqu) fyq
21
1

wheére T,,1is a unit vector in the direction from q; to q, and & = p

is the constant of

€o

proportionality.
In ST units, the unit of charge is coulomb. The experimental value of the constant g is
£ =8.854x 10" C*N'm™

The approximate value of k is
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k=9x10°Nm’C?
6. The ratio of electric force and gravitational force between a proton and an electron is

ke?
G memp

7. Superposition Principle: The principle is based on the property that the fQrégs with
which two charges attract or repel each other are not affected by the presenge'of

(or more) additional charge(s).For an assembly of charges q; q3,q3, ...the force on
W

=24 x 10%°

sayq,, isthe vector sum of the force on q; due to q,, the force on q; du ,aid so on.
For each pair, the force is given by the Coulomb’s law for two charges sta

8. The electric field E at a point due to a charge configurati
positive test charge ‘g’ placed at the point divided by
Electric field due to a point charge ¢ has a m e
outwards from ¢, if ¢ is positive and radically inwdkds i
force, electric field also satisfies superposition princip

0. An electric field line is a curve drawn in a way that the tangent at each point on
the curve gives the direction of electric % at point. The relative closeness of
Ctiji

e force on a small
itude of the charge.
Teer?; it is radially
negative. Like Coulomb

field lines indicates the relative strength o field at different points; they crowd
near each other in regions of strong electr are far apart where the electric field is

weak. In regions of constant electric fi s are uniformly spaced parallel
straight lines.

10.  Some of the important ig ert18g, of field lines are:
(1) Field lines are cofftinudiSNeurves without any breaks.

(ii1) Electrosta start at positive charges and end at negative charges they
cannot fo S

11.  An elecgic dipol® is a pair of equal and opposite charges ¢ and —g separated by some
dista Its dipole moment vector ‘p’ has magnitude 2¢ga and is in the direction of

1 & f an electric dipole in its equatorial plane (i.e., the plane perpendicular to its
ax18 and passing through its centre) at a distance ‘r’ from the centre:

P 1
T 4meg (a2+12)3/2

~

= — T3,for r>>a
0

Dipole electric field on the axis at a distance ‘r’ from the centre:
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_ 2Pr
4mey(r2—a2)2
2P

= pr r3,for r>>a
0

The 1/ dependence of dipole electric fields should be noted in contrast t&the 1/
dependence of electric field due to a point charge.

13.  In auniform electric field E, a dipole experiences a torque t given by

1=pxE \'
but experiences no net force.

14.  The flux A ¢ of electric field ‘E’ through a small area element

A ¢ =E.AS fb
The vector area element AS is <\

AS = ASh

Y
where AS is the magnitude of the area elemen@ normal to thearea element, which

can be considered planar for sufficiently small A

For an area element of a clo urfaceaf is taken to be the directionof outward
normal, by convention.

2

15. Gauss’s law: The flux
total charge enclose
‘E’, when the sou

ric ficld through any closed surface ‘S’ is 1/¢, times the
law is especially use filing determining electric field
has simple.

Symmetry:
(1) Thin infipit g gtraight wire of uniform linear charge density A
Ao
2meggr

is the perpendicular distance of the point from the wire andfiis the radialunit
he plane normal to the wire passingthrough the point.

%ii) Infinite thin plane sheet of uniform surface charge density ¢

0 A
E=—n
280

Where fiis a unit vector normal to the plane, outward on either side.

(ii1) Thin spherical shell of uniform surface charge density ¢
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E=——% (r>R)

E=0 (r < R)
Where ‘r’ is the distance of the point from the centre of the shell and ‘R’ the radius of the

shell, ‘q’ is the total charge of the shell: q = 4nR%c.
The electric field outside the shell is as though the total charge is concentrated at the

centre. The same result is true for a solid sphere of uniform volume cha ensity.
The field is zero at all points inside the shell. \
\,
Chapter — 2
Electrostatic Potential and Capacitance< c’)

SUMMARY @

Electrostatic force is a conservative force. Workdon an external force (equal and
opposite to the electrostatic force) in bringigg q’ from a point ‘R’ to a point ‘P’

is Vp— Vg, which is the difference in potenti f charge ‘q’ between the final and
Potential at a point is the work d

initial points. <
%arge (by an external agency) in bringing a
charge from infinity to that p 1 at a point is arbitrary to within an additive

constant, since it is the Q difference between two points which is physically
n

significant. If potential ity is thosen to be zero; potential at a point with position
vector ‘r’ due to a poi

$

The electrostatic ‘potential at a point with position vector r due to a point dipole of
dipole moment p¥laced at the origin is

e "Q’ placed at the origin is given is given by

1

1 prt

result is true also for a dipole (with charges —q and ¢ separated by 2a) for » >>a.

For a charge configuration q4, q3, ... q,With position vectors ry,15,... I, the potential at
a point P is given by the superposition principle

V= L(£+ﬂ+...+ﬁ)

4meg \Ir1p  Izp I'np

Where ryp is the distance between g, and P, as and so on.
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5. An equipotential surface is a surface over which potential has a constant value. For a
point charge, concentric spheres cantered at a location of the charge are equipotential
surfaces. The electric field E at a point is perpendicular to the equipotential surface
through the point. E is in the direction of the steepest decrease of potential.

6. Potential energy stored in a system of charges is the work done (by an external
agency) in assembling the charges at their locations. Potential energy of tW\harges

q1,q atry, 12 1s given by

_ 1 aq192

U o 47[80 ri2 \'

Wherer; , is distance between g and q.
7. The potential energy of a charge ‘q’ in an external potential (ﬁﬁcdar).
Eis

The potential energy of a dipole moment p in a unifo \%

8. Electrostatics field E is zero in the interior of a co ;' just outside the surface of
a charged conductor, E is normal to the surface '@sy

—p.E.

Y

E= ;ﬁwhereﬁ is the unit vector alo ard normal to thesurface and o is
0

the surface charge density. Ch nductor can reside only at its surface.

Potential is constant within a e\surface of a conductor. In a cavity within a

conductor (with no charges)#the tricfield is zero.

0. A capacitor is a sys wo eonductors separated by an insulator. Its capacitance is
defined by C = and —Q are the charges on the two conductors and Vis
the potential differen tween them. C is determined purely geometrically, by the

i ijve positions of the two conductors. The unit of capacitance is

@A’ is the area of each plate and ‘d’ the separation between them.

10. f the medium between the plates of a capacitor is filled with an insulating substance
(dielectric), the electric field due to the charged plates induces a net dipole moment in the
dielectric. This effect, called polarisation, gives rise to a field in the opposite direction.
The net electric field inside the dielectric and hence the potential difference between the
plates is thus reduced. Consequently, the capacitance ‘C’ increases from itsvalueC, when
there is no medium (vacuum),

C=KCO
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Where K is the dielectric constant of the insulating substance.

11.  For capacitors in the series combination, the total capacitance C is given by

1 101, 1
_=_+_+_+..-
cC ¢ ¢ C3

In the parallel combination, the total capacitance C is: *\\

C=Ci+Cy+ Cst.. \,
Where Cj, C,, Cs... are individual capacitances. *
12.  The energy U stored in a capacitor of capacitance C, with ch rg%% voltage V'is
_logy=lcyz =1@ < \%
U= -QV=-CVe=_-—

The electric energy density (energy per ynit ) in a region with electric field
is (1/2)goE2.

13. A Van de Graff generator consists of: c@spherical conducting shell (a few metre

in diameter). By means of a d suitable brushes, charge is continuously
transferred to the shell and p% iffererice of the order of several million volts is
ac

built up, which can be usedgor erating charged particles.

% : Chapter — 3

& Current Electricity

SUMMARY

1. C @gh a given area of a conductor is the net charge passing per unit time
e area.

aintain a steady current, we must have a closed circuit in which an external agency

moves &lectric charge from lower to higher potential energy. The work done per unit charge
by the source in taking the charge from lower to higher potential energy (i.e., from one
terminal of the source to the other) is called the electromotive force, or emf, of the source.

Note that the emf is not a force; it is the voltage difference between the two terminals of a
source in open circuit.
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Ohm’s law: The electric current I flowing through a substance is proportional to the
voltage V across its ends, i.e., Voolor V = RI, where ‘R’ is called the resistance of the
substance. The unit of resistance is ohm: 1Q =1V A",

The resistance R of a conductor depends on its length ‘/” and constant cross-sectional
area A through the relation,

R=2
y \

Where p, called resistivity is a property of the material and depends qn temp e and
pressure. (\l

Electrical resistivity of substances varies over a very wide range: Wetals have low
resistivity, in the range of 10°Q m to 10 °Q m. Insulators likegl d rubber have 10*
to 10**times greater resistivity. Semiconductors like Si an% ghly in the middle

range of resistivity on a logarithmic scale.

In most substances, the carriers of current are e ec&an some cases, for example,

ionic crystals and electrolytic liquids, positiQ negative ions carry the electric
.

current.

Current density j gives the amount of ¢ %e)“l\owing per second per unit area normal

to the flow, %

j =nquq

Where ‘n’ is the nu sity (number per unit volume) of charge carriers each of
charge ¢, and vq is the locity of the charge carriers. For electrons ¢ = — e. If j
is normal to a ofoss-segtignal area A and is constant over the area, the magnitude of
the current ‘I’ h the area is nevgA.

Using E =V/, nevgA, and Ohm’s law, one obtains

2

eE
m d

& oportionality between the force E on the electrons in a metal due to the
extérnal field ‘E’ and the drift velocity v, (not acceleration)can be understood, if we

ssume that the electrons suffer collisions with ions in the metal, which deflect them
randomly. If such collisions occur on an average at a time interval ,

vg =atr =eEt/m

Where a is the acceleration of the electron. This gives
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_ m
p= nezt
9. In the temperature range in which resistivity increases linearly with temperature, the

temperature coefficient of resistivity ‘o’ is defined as the fractional increase in
resistivity per unit increase in temperature.

10.  Ohm’s law is obeyed by many substances, but it is not a fundamental law of nature. It
fails if

(a) “V’ depends on ‘I’ non-linearly. \\

(b) The relation between ‘V’ and ‘I’ depends on the sign of V for the Vs uft value
of “V’.

(c) The relation between ‘V’ and ‘I’ is non-unique. An example is when ‘p’
increases with ‘I’ (even if temperature is kept fixed). A rectiﬁ( combines features (a)

and (b). cj
11.  When a source of emf ¢ is connected to an external r 15@@ voltage Ve across
R is given by

Vext = IR= —R ‘\QCP

Where ‘r’ is the internal resistance of th
12. (a) Total resistance ‘R’ of ory,coffnected in series is given by
Jf_
of

R=R1+R2+ ..... Q

(b) Total resistanc " resistors connected in parallel is given by

13. Kirchhoff’s Ru

(a) JunctiomRule: At any junction of circuit elements, the sum of currents entering
junction must equal the sum of currents leaving it.

@ p Rule: The algebraic sum of changes in potential around any closed loop
Zero.

14. he Wheatstone bridge is an arrangement of four resistances — R, Ry, R3, R4 as  shown
in the text. The null-point condition is given by

R, _ Rs
R, R,

using which the value of one resistance can be determined, knowing the other three
resistances.
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15.  The potentiometers a device to compare potential differences. Since the method
involves a condition of no current flow, the device can be used to measure potential
difference; internal resistance of a cell and compare emf’s of two sources.

POINTS TO PONDER

1. Current is a scalar although we represent current with an arrow. Currents do nog obey the
law of vector addition. That current is scalar also follows from its definition. he
current ‘I’ through an area of cross-section is given by the scalar c WO

vectors:

I=j.AS ‘\\<

Where jand AS are vectors.
2. Refer to V-I curves of a resistor and a diode as drawn i the istor obeys Ohm’s
law while a diode does not. The assertion that V = IR is a sta ’S law is not true.
This equation defines resistance and it may be applied to all ucting devices whether
they obey Ohm’s law or not. The Ohm’s law asserts that _th f ‘I’ versus “V’ is linear i.e.,

R is independent of V.

° ' >
%ﬂ’s law, i.e., a conducting material

Equation E = pj leads to another statem: )\
obeys Ohm’s law when the resistiyit he material does not depend on the

magnitude and direction of applie%

3. Homogeneous conductor§ Yike sifver or semiconductors like pure germanium or
germanium containin uri obey Ohm’s law within some range of electric field
values. If the field¢bec 0o strong, there are departures from Ohm’s law in all

cases.

4. Motion of &electrons in electric field ‘E’ is the sum of (i)motion due to

random colli nd (ii) that due to E. The motion due to random collisions
averageseto zero ‘and does not contribute to v, (Chapter 11,Textbook of Class XI). vg,
thus igP@plywdue to applied electric field on the electron.
5. @a on j = pv should be applied to each type of charge carriers separately. In a
ting wire, the total current and charge density arises from both positive and
negative charges:
=p, Vs + p_v_
p=p,+ p_
Now in a neutral wire carrying electric current,
Py = —P_
Further, v, ~ 0 which gives
p=0
j=p_v
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Thus, the relation j = p v does not apply to the total current charge density.

6. Kirchhoff’s junction rule is based on conservation of charge and the outgoing currents
add up and are equal to incoming current at a junction. Bending or reorienting the wire
does not change the validity of Kirchhoff’s junction rule.

Chapter — 4 *\\
Moving Charges and Magnetism \'
SUMMARY

1. The total force on a charge ‘q” moving with velocity ‘v’ in % ce of magnetic and
electric fields B and E respectively is called the t . It is given by the
expression:

F=q(v*xB+E)

The magnetic force ¢ (v x B) is normal to ‘W a@done by it is zero.

2. A straight conductor of length ‘/” and ca % eady current ‘I’ experiences a force ‘F’
in a uniform external magnetic fie <

F=I11xB
where |1|=/ and the directi f'1is &iven by the direction of the current.
B. Its frequency meircular motion is called the cyclotron frequency and is given

by: <
s
Ve = 2mm %

This frequeney is independent of the particle’s speed and radius. This fact is exploited
1 ite, the cyclotron, which is used to accelerate charged particles.

3. In a uniform magn% a charge ‘q’ executes a circular orbit in a plane normal to
Wfor

4. Biota- Savant law asserts that the magnetic field dB due to an element dl carrying a
teady current ‘I’ at a point ‘P’ at a distance ‘r’ from the current element is:

n dlxr
dB = 2 [—
4n r

To obtain the total field at ‘P’, we must integrate this vector expression over the entire
length of the conductor.
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The magnitude of the magnetic field due to a circular coil of radius ‘R’ carrying a current

‘I’ at an axial distance ‘x’ from the centre is

10.

_ #oIR?
T 2(x2+4R2)3/2

At the centre this reduces to

_ Mol
B_ZR \\

Ampere’s Circuital Law: Let an open surface ‘S’ be bounded by
Ampere’s law states that ¢ B.dl = I where ‘" refers to the curre

C
through “S’. The sign of ‘I’ is determined from the right-han e. [¥ ‘B’ is directed
along the tangent to every point on the perimeter ‘L’ of a clo urye and is constant in

magnitude along perimeter then, \%
BL = p I, QJ

where [,is the net current enclosed by the ctosed circuit.

The magnitude of the magnetic field @tance R from a long, straight wire
carrying a current I is given by: %
B lol Q
2nR x
The field lines are ci cemtric with the wire.

The magnitude o‘ the% ” inside a long solenoid carrying a current ‘I’ is

B = p,nl

Where_1™Nis the number of turns per unit length. For a toroidone obtains,

&re ‘N’ is the total number of turns and ‘r’ is the average radius.
Parallel currents attract and anti-parallel currents repel.
A planar loop carrying a current ‘I’, having ‘N’ closely wound turns, and an area ‘A’

possesses a magnetic moment ‘m’ where,
m=NITA
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and the direction of ‘m’ is given by the right-hand thumb rule : curl the palm of your
right hand along the loop with the fingers pointing in the direction of the current. The
thumb sticking out gives the direction of m (and A).

When this loop is placed in a uniform magnetic field B, the force F on itis: F=0
And the torque on it is,

T=mxB

In a moving coil galvanometer, this torque is balanced by a counter t%\\eo a

spring, yielding

o

where ¢ is the equilibrium deflection and ‘k’ the torsion consta% spring.

11. An electron moving around the central nucleus has a @%o enty; given by:

= %l

Y >
where ‘/’ is the magnitude of the angular m of the circulating electron about
the central nucleus. The smallest value called the Bohr magneton pg and it is
Hp =9.27 X 10724 /T %

12. A moving coil galvanometes ca comverted into an ammeter by introducing a shunt
resistance rg, of small in parallel. It can be converted into a voltmeter by
introducing a resistanc% e value in series.

POINTS TO PON: QJ

1. Electrostatic fielblines originate at a positive charge and terminate at a negative charge

or fade at infimity.Wlagnetic field lines always form closed loops.

ﬁ ssion in this Chapter holds only for steady currents which do not vary with

n currents vary with time Newton’s third law is valid only if momentum carried

2.
ky the electromagnetic field is taken into account.

3.

Recall the expression for the Lorentz force,
F=q(vxB+E)

This velocity dependent force has occupied the attention of some of the greatest
scientific thinkers. If one switches to a frame with instantaneous velocity ‘v’, the

magnetic part of the force vanishes. The motion of the charged particle is then
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explained by arguing that there exists an appropriate electric field in the new frame.
We shall not discuss the details of this mechanism. However, we stress that the
resolution of this paradox implies that electricity and magnetism are linked
phenomena(electromagnetism) and that the Lorentz force expression does not imply
a universal preferred frame of reference in nature.

4. Ampere’s Circuital law is not independent of the Biota- Savant law. It can be derived
from the Biota- Savant law. Its relationship to the Biota-Savant law is sim#ar to the
relationship between Gauss’s law and Coulomb’s law. \

Chapter - 5
\’
Magnetism and Matter

SUMMARY %)

1. The science of magnetism is old. It has been knowf sinc ient times that magnetic
materials tend to point in the north-south direction; like\maghetic poles repel and unlike

ones attract; and cutting a bar magnetic two leads to tw. er magnets. Magnetic poles

cannot be isolated.

2.

Y
When a bar magnet of dipole moment 'c%d in a uniform magnetic field ‘B’,
(a) The force on it is zero,
(b) The torque on it is m % %
(c) Its potential energy i®—m.NB, where we choose the zero of energy at the
orientation when v&pe icular to B.

Consider a bar magfiet ‘/” and magnetic moment ‘m’, at a distance ’r’ from its

mid-point, whergthe agnetic field ‘B’ due to this baris,
— Mo '
B = Py % 1s)
Yo

= — @ (along equator)
4. % w for magnetism states that the net magnetic flux through any closed surface
is€ero
g =

allarea B.AS=0

elements AS

The earth’s magnetic field resembles that of a (hypothetical) magnetic dipole located
at the centre of the earth. The pole near the geographic north pole of the earth is called
the north magnetic pole. Similarly, the pole near the geographic South Pole is called
the south magnetic pole. This dipole is aligned making a small angle with the rotation
axis of the earth. The magnitude of the field on the earth’s surface ~ 4 x 107 T.
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6. Three quantities are needed to specify the magnetic field of the earth on its surface —
the horizontal component, the magnetic declination, and the magnetic dip. These are
known as the elements of the earth’s magnetic field.

7. Consider a material placed in an external magnetic field By. The magnetic intensity is
defined as,

H= Bo \\
Ho

The magnetisation M of the material is its dipole moment pe it g0

magnetic field B in the material is,

B=pu, (H+M)

8. For a linear materialM = x H. So that B=p H and is calle tic susceptibility
of the material. The three quantities,x, therelative magnetic p, i r, and the magnetic
permeability p arerelated as follows:
U= Uolr
— Y < ' >

Uy = 1+x \

0. Magnetic materials are broadly c¢ (19 as: diamagnetic, paramagnetic, and
ferromagnetic. For diamagnetic gnater negative and small and for paramagnetic
materials it is positive and magnetic materials have large ‘x’and are

at

characterised by non-lineaf rel between B and H. They show the property of
hysteresis. %

10. Substances, whi¢h at fgom temperature retain their ferromagnetic property for a long
period of time lled permanent magnets.

POINTS DER

1. satisfactory understanding of magnetic phenomenon in terms of moving
charges/currents was arrived at after 1800 AD. But technological exploitation of the
irectional properties of magnets predates this scientific understanding by two
thousand years. Thus, scientific understanding is not a necessary condition for
engineering applications. Ideally, science and engineering go hand-in-hand, one leading

and assisting the other in tandem.
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2. Magnetic monopoles do not exist. If you slice a magnet in half, you get two smaller
magnets. On the other hand, isolated positive and negative charges exist. There exists
a smallest unit of charge, for example, the electronic charge with value
le| = 1.6 x10~ ' C. All other charges are integral multiples of this smallest unit charge.
In other words, charge is quantised. We do not know why magnetic monopoles do not
exist or why electric charge is quantised.

3. A consequence of the fact that magnetic monopoles do not exist is that theqmagnetic
field lines are continuous and form closed loops. In contrast, the electro .Kés of
force begin on a positive charge and terminate on the negative charge %o t at
infinity).

y) ,

4. The earth’s magnetic field is not due to a huge bar magnet inside h&, earth’s core
is hot and molten. Perhaps convective currents in this core are responsible for the earth’s

magnetic field. As to what ‘dynamo’ effect sustains this current, and % earth’s  field

reverses polarity every million years or so, we do not know. %‘%

5. A miniscule difference in the value of, the ma
different behaviour: diamagnetic versus  paga
x = —107°whereas x = +10~>for paramagne€tic materials.

6. There exists a perfect diamante, namelyga upe,:onductor. This is a metal at very low

temperatures. In this case, x = —1, u, = “bheexternal magnetic field is totally

expelled. Interestingly, this material is rféct Sonductor. However, there exists no
classical theory which ties these tw@propegties together. A quantum- mechanical theory by
Bardeen, Cooper, and Schrieffer (BOS theory) explains these effects. The BCS theory was

proposed in1957 and was eve redggnised by a Nobel Prize in physics in 1970.

7. The phenomenon of Mg ¢ hysteresis is reminiscent of similar behaviour concerning
the elastic pr i
B(or M) ar arly related. The stress-strain curve exhibits hysteresis and area
enclosed by it #gpreSents the energy dissipated per unit volume. A similar interpretation

can be n to the B- H magnetic hysteresis curve.
8. Di %m is universal. It is present in all materials. But it is weak and hard to
@ e substance is par a- or ferromagnetic.
0. We' have classified materials as diamagnetic, paramagnetic, and ferromagnetic.

owever, there exist additional types of magnetic material such as ferric magnetic, anti-
ferromagnetic, spin glass, etc. with properties which are exotic and mysterious.

www.sssfep.com



www.sssfep.com

Chapter — 6

Electromagnetic Induction

SUMMARY

1.

4.

ends is

with a velocity ‘v’ perpendicu\%

6.

The magnetic flux through a surface of area ‘A’ placed in a uniform magnetioafiéld ‘B’ is
defined as,

O =B.A=BA cos 6
Where ‘0’ is the angle between B and A. \'

Faraday’s laws of induction imply that the emf induced in a coilpof ‘N, turns is directly
related to the rate of change of flux through it,

- P

Here @5 is the flux linked with one turn of the (oil. e circuit is closed, a current
[ =¢/R is set up in it, where ‘R’ is the resistancdlof the kircuit.

Lenz’s law states that the polarity of th

% emf is such that intends to produce a
current which opposes the change,i t

i€ flux that produces it. The negative sign

es this fact.

in the expression for Faraday’s
When a metal rod of leng "is plaged normal to a uniform magnetic field Band moved
th&field, the induced emf (called motional ~ emf) across its

e=Bl
Changing %ds can set up current loops in nearby metal(any conductor)
bodies. The ijpate electrical energy as heat. Such currents are called eddy

currents.
Ind:: iS’the ratio of the flux-linkage to current. It is equal to N®/I.

ing current in a coil (coil 2) can induce an emf in a nearby coil (coil 1). This

7.
%ion is given by,

dl,
€ = _M1ZE

The quantity M, is called mutual inductance of coil 1 with respect to coil 2. One can
similarly define M»;. There exists a general equality,
Mz =My
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8. When a current in a coil changes, it induces a back emf in the same coil. The self-
induced emf is given by,

dI
= L=
& dt

L is the self-inductance of the coil. It is a measure of the inertia of the coil against the

change of current through it. \
Xnetic

0. The self-inductance of a long solenoid, the core of which consists o
material of permeabilityu,., is given by \,
L= p_u,n*Al *

Where ‘A ’is the area of cross-section of the solenoid, ‘/’ iﬁ d n the number of

turns per unit length.
10.  In an ac generator, mechanical energy is convertew trical energy by virtue of

electromagnetic induction. If coil of ‘N’ turn and &rea ‘A "is rotated at ‘v’ revolutions per
second in a uniform magnetic field ‘B’, thefPthémotigial emf produced is
€ = NBA (2mv) sin (2mvt)

where we have assumed that at time ¢ @il is perpendicular to the field.

Altermating Current

If the secondary coil has &wmber of turns than the primary (Ng>N,), the voltage is
f dyrangement is called a step-up transformer. However, in this

stepped up (Vs>V,). Thi
arrangement, there is des§ curr n the secondary than in the primary (N,/Ns<l and I;<I,,). For
example, if the pri iw a transformer has 100 turns and the secondary has 200 turns,
Ng/Ny= 2 and N,/Ng= us, a 220Vinput at 10A will step-up to 440 V output at 5.0 A.

If the second il has less turns than the primary (Ny<N,), we have a step-down transformer.
In this cas and I>1I,. That is, the voltage is stepped down, or reduced, and the current is
increas uations obtained above apply to ideal transformers (without any energy losses).
B in% ansformers, small energy losses do occur due to the following reasons:

(i)f‘%uLeakage: There is always some flux leakage; that is, not all of the flux due to primary
passes through the secondary due to poor design of the core or the air gaps in the core. It can be
reduced by winding the primary and secondary coils one over the other.

(i1) Resistance of the windings: The wire used for the windings has some resistance and so,

energy is lost due to heat produced in the wire(I’R). In high current, low voltage windings, these
are minimised by using thick wire.
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(iii) Eddy currents: The alternating magnetic flux induces eddy currents in the iron core and
causes heating. The effect is reduced by having a laminated core.

(iv)Hysteresis: The magnetisation of the core is repeatedly reversed by the alternating magnetic
field. The resulting expenditure of energy in the core appears as heat and is kept to a minimum
by using a magnetic material which has a low hysteresis loss.

The large scale transmission and distribution of electrical energy over long distances is done with
the use of transformers. The voltage output of the generator is stepped-up (so t & is
reduced and consequently, the I’Rloss is cut down). It is then transmitted over 1 is to
an area sub-station near the consumers. There the voltage is stepped down. Iis furt epped
down at distributing sub-stations and utility poles before a power supply o S\?r ches our

homes.

SUMMARY %33

1. An alternating voltage v = v, sinotapplied to {m& R’ drives a currenti =
as

i sinmtin the resistor, i, = v?m . The current is in ith the applied voltage.

L )

2. For an alternating current i = i,,sinmtpassi a resistor ‘R’, the average power
loss P(averaged over a cycle) due to joule heatin i“nR. To express it in the same
form as the dc power (P = I’R), a special valu rreft is used. It is called root mean
square(rms)current and is do noted by Q
im .
[= A 0.707 i
Similarly, the rms v@lta, ined by

3. tdge v = v, sinotapplied to a pure inductor L, drives a current in the

i= iy sin(mt—g) , Wwhere i, = v,/X..X, = oL is calledinductive

An
&{%J@;e. The current in the inductor lags the voltage by m/2. The average power
su

lied to an inductor over one complete cycle is zero.

4. An ac voltage v = v, sin wtapplied to a capacitor drives a current in thecapacitor:
i= ip,sin(ot+ g). Here,

Um

. 1. ..
im = —, Xc = —is called capacitive reactance.
m Xc c oC

The current through the capacitor is /2 ahead of the applied voltage. As in the case of
inductor, the average power supplied to a capacitor over one complete cycle is zero.
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5. For a series RLC circuit driven by voltage v = v, sinot, the current isgiven by i =
i sin(ot + @)

. Ym
where = =
m VRZ+(Xc—XL)?

1 Xe=X

and @ = tan~?! %

Z = \JR%Z + (X¢ — X1)? is called the impedance of the circuit. \\
The average power loss over a complete cycle is given by \,
P = VIcos¢ *

The term cos@ is called the power factor. cj
6. In a purely inductive or capacitive circuit, cos@ = \%ower isdissipated even
though a current is flowing in the circuit. In such caseSycurrght is referred to as a watt

less current.
N

7. The phase relationship between current Ifage in an a circuit can be shown

conveniently by representing voltage an. %t by rotating vectors called phases. A
t th imwith angular speed ‘®’. The magnitude of
value of the quantity (voltage or current)

phase is a vector which rotates ab
a phase or represents the ampli
represented by the pHs or.

The analysis of an ac cigewit 1S\acilitated by the use of a phase diagram.

8. An interesting ¢ topistig of a series RLC circuit is the phenomenon of resonance.

The circuit exhiBits r nce, i.e., the amplitude of the current is maximum at the

1 . Tat
TR The quality factor ‘Q’ defined by

Q= ﬁis an indicator of the sharpness of the resonance, the higher value of ‘Q’
0

indictin®&sharper peak in the current.

0. & t containing an inductor Land a capacitor C(initially charged) with no ac source
an reSistors exhibits free oscillations. The charge ‘q’ of the capacitor satisfies the equation
of simple harmonic motion:

d’q , 1

ae Ticd =0

1

VLC *
system oscillates between the capacitor and the inductor but their sum or the total energy

is constant in time.

and therefore, the frequency ‘®’ of free oscillation is wy = The energy in the

www.sssfep.com



www.sssfep.com

10. A transformer consists of an iron core on which are bound a primary coil of N, turns
and a secondary coil of N turns. If the primary coil is connected to an ac source, the
primary and secondary voltages are related by

Ny
Vs = (N_> Vp

p

and the currents are related by \\

I, = (%) I

If the secondary coil has a greater number of turns than th imary, the voltage is
stepped-up (Vs>V,). This type of arrangement is called a % ransformer. If the
secondary coil has turns less than the primary, we hav % transformer.

POINTS TO PONDER

° ' >
1. When a value is given for ac voltage or cur%&@)rdinarily the rms value. The voltage

across the terminals of an outlet in your room is 240 V. This refers to the rms
value of the voltage. The amplitude of thisy

vy = V2V = 340 V.

sed in ac circuits refers to its average power rating.

2. The power rating of an%
3. The power cons @l’a cixcuit is never negative.

4. Both alternagi and direct current are measured in amperes. But how is the
ampere defin an alternating current? It cannot be derived from the mutual
attraction of two parallel wires carrying currents, as the dc ampere is derived. An ac

% ampere of rms value of alternating current in a circuit if the current produces
thédsame average heating effect as one ampere of dc current would produce under the
ame conditions.

5. In an ac circuit, while adding voltages across different elements, one should take care
of their phases properly. For example, if Vg and V care voltages across Rand C,
respectively in an RC circuit, then the total voltage across RC combination is Vre =

V& + Véand not Vg + Vsince V cis /2 out of phase of V.
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6. Though in a phase diagram, voltage and current are represented by vectors, these
quantities are not really vectors themselves. They are scalar quantities. It so happens
that the amplitudes and phases of harmonically varying scalars combine
mathematically in the same way as do the projections of rotating vectors of
corresponding magnitudes and directions. The ‘rotating vectors’ that represent
harmonically varying scalar quantities are introduced only to provide us with a simple
way of adding these quantities using a rule that we already know as the law of vector

addition. \
7. There are no power losses associated with pure capacitances and purc« N in
an ac circuit. The only element that dissipates energy in an ac circyit is t sistive

element. 4
. 1
8. In a RLC circuit, resonance phenomenon occur when X Xc Wo = 7= .For

resonance to occur, the presence of both ‘L’ and ‘C’ elementsd circuit is a must.
With only one of these (L or C) elements, thefe, i ssibility of voltage
cancellation and hence, no resonance is possible.

0. The power factor in a RLC circuit is a meg8ure of* how close the circuit is to
expending the maximum power. °

10.  In generators and motors, the roles of inp %tput are reversed. In a motor, electric
energy is the input and mechanical energyis ”In a generator,  mechanical energy is
the input and electric energy is the out h%eviges simply  transform energy from one
form to another.

11. A transformer (step-up ngeg a low-voltage into a high-voltage. This does not violate

the law of conservation of eger ctirrent is reduced by the same proportion.

12.  The choice o ethe description of an oscillatory motion is by means of sins or
cosines or ipear combinations is unimportant, since changing the zero-time
position tran e one to the other.

Chapter — 8

® Electromagnetic Waves

axwell found an inconsistency in the Ampere’s law and suggested the existence of
an additional current, called displacement current, to remove his inconsistency. This
displacement current is due to time-varying electric field and is given by

S
I.

dog

id = & _dt

and acts as a source of magnetic field in exactly the same way as conduction current.
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An accelerating charge produces electromagnetic waves. An electric charge
oscillating harmonically with frequency ‘v’, produces electromagnetic waves of the
same frequency ‘v’. An electric dipole is a basic source of electromagnetic waves.

Electromagnetic waves with wavelength of the order of a few metres were first
produced and detected in the laboratory by Hertz in 1887. He thus verified a basic

prediction of Maxwell’s equations. \
Electric and magnetic fields oscillate sinusoidal in space and e NI an

3

electromagnetic wave. The oscillating electric and magnetic fieldsq ‘E’ a
perpendicular to each other, and to the direction of propagation of XI(?& agnetic
wave. For a wave of frequency ‘v’, wavelength ‘A’, propagating a irection, we

have

E = E,(t) = E;sin(kz — wt)

C.)
= Eqsin[2n (2= vt)| = Eqsin [(2n (- %)(\:é-)

B = B,(t) = Bysin(kz — ot)

°
Bysin ox (£ )| = By sin[ (2 (;S)%
They are related by E¢/Bg = c. \‘S
The speed ‘c vof electromagne %Va um is related to p0 and €0 (the free space
t

permeability and permittivity con s)'as follows:
c=1/,1og - The ofN'c’ equals the speed of light obtained from optical

measurements.
Light is an % netic wave; c¢ 1is, therefore, also the speed of light.

Electromag other than light also have the same velocity ‘c’ in free space.
The speed of Wight] or of electromagnetic waves in a material medium is given by
v=1/

b

W the permeability of the medium and ‘g’ its permittivity.

ctromagnetic waves carry energy as they travel through space and this energy is
shared equally by the electric and magnetic fields.
lectromagnetic waves transport momentum as well. When these waves strike a
surface, a pressure is exerted on the surface. If total energy transferred to a surface in
time ‘¢’ 1s ‘U’, total momentum delivered to this surface is p = U/c.
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7. The spectrum of electromagnetic waves stretches, in principle, over an infinite range
of wavelengths. Different regions are known by different names; y-rays, X-rays,
ultraviolet rays, visible rays, infrared rays, microwaves and radio waves in order of
increasing wavelength from 102 A or 10"°m to 10°m.

They interact with matter via their electric and magnetic fields which set in oscillation
charges present in all matter. The detailed interaction and so the mechanism of
absorption, scattering, etc., depend on the wavelength of the electromagnetic wave,
and the nature of the atoms and molecule sin the medium. \

POINTS TO PONDER A
1. The basic difference between various types of electromagnetic \ies in their

wavelengths or frequencies since all of them travel through gacuum with the same
speed. Consequently, the waves differ considerably in theirg%of interaction with

matter. (b
2. Accelerated charged particles radiate electromagn (k . The wavelength of the
hag

electromagnetic wave is often correlated with the,c istic size of the system that
radiates. Thus, gamma radiation, having wav@ of 10™m to 10" m, typically

originate from an atomic nucleus. X-rays 2 itted from heavy atoms. Radio waves

are produced by accelerating electrons infa & . A transmitting antenna can most

efficiently radiate waves having a waye ‘(g@of about the same size as the antenna.

Visible radiation emitted by atoms r, much longer in wavelength than atomic
size.

3. The oscillating fields electfomagnetic wave can accelerate charges and can
produce oscillatin en Therefore, an apparatus designed to detect
electromagnetic wa s&d on this fact. Hertz original ‘receiver’ worked in  exactly

this way. The same basi¢prin€iple 18 utilised in practically all modern receiving devices.

High frequency elect netic Waves are detected by other means based on the physical
effects they produc craeting with matter.
4. Infraredgwaves, with frequencies lower than those of visible light, vibrate not only the

but entire atoms or molecules of a substance. This vibration increases the
rgy and consequently, the temperature of the substance. This is why
aves are often called heat waves.

I €

5. & centre of sensitivity of our eyes coincides with the centre of the wavelength
istribution of the sun. It is because humans have evolved with visions most sensitive
to the strongest wavelengths from the sun.

Note: Please refer to the text book for any
clarifications
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NCERT PHYSICS XII — PART II

Chapter -9

(Adopted for educational social service purpose only)

Ray Optics and Optical Instruments \
SUMMARY \

1.

Reflection is governed by the equation i = £r’ and refraction by t wa ,
sini/sinr = n, where the incident ray, reflected ray, refracted ray an al lie in the
same plane. Angles of incidence, reflection and refraction are i, r’@d)r, spectively.

The critical angle of incidence i, for a ray incident fi %r to rarer medium, is
that angle for which the angle of refraction is 90 ForNi total internal reflection
occurs. Multiple internal reflections in diamond (i.% 24.4%), totally reflecting prisms
and mirage, are some examples of total interngl reflection. Optical fibres consist of
glass fibres coated with a thin layer ofé méterial Jof lower refractive index. Light
incident at an angle at one end come \ the other, after multiple internal
reflections, even if the fibre is bent. %

easured in the same direction as the incident
opposite direction are negative. All distances
tre of the mirror/lens on the principal axis. The

Cartesian sign convention:

are measured from the optic
e x-axis and normal to the principal axis of the mirror/

heights measured upw, a
lens are taken as posifiv hetghts measured downwards are taken as negative.
Mirror equat'ot‘

1 1

1% u f

Whe@v are object and image distances, respectively and f is the focal length of

the is (approximately) half the radius of curvature R. f is negative for

% 1rror; f'is positive for a convex mirror.

Cc
5. &ga prism of the angle 4, of refractive index 7, placed in a medium of refractive index

- ny _ sin[(A+ Dy,) /2]
21 = nq - sin(4/2)
where D,, is the angle of minimum deviation.
For refraction through a spherical interface(from medium 1 to 2 of refractive index n;
and n,, respectively)
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Mz M1 _ N2

v u R

Thin lens formula

1 11
v u  f
Lens maker’s formula \
1 an) (1 1) *\
fo0om Ri R

' 4

R; and R; are the radii of curvature of the lens surfaces. F is positiv
lens; f* is negative for a diverging lens. The power of a lens P = lq.

converging

The SI unit for power of a lens is dioptre (D): 1 D=1 1.

If several thin lenses of focal length f1, f5, f3,..are in\¢ontact, the effective focal length

of their combination, is given by c_)
Y <
1 \

11 1
AT RTET C?
The total power of a combination efiSesisP=P;+P, + P53+ ...

7. Dispersion is the splitting of Jightiato 1t$ constituent colours.

8. The Eye: The eye h onvwex lens of focal length about 2.5 cm. This focal length
can be varied somgyha at the image is always formed on the retina. This ability
of the eye is cal mmhodation. In a defective eye, if the image is focussed before
the retina (myopia), a \diVerging corrective lens is needed; if the image is focussed

beyond the metropia), a converging corrective lens is needed.
Astigmatism is corre using cylindrical lenses.

ower m of a simple microscope is given by m = I + (D/f' ), where D =
east distance of distinct vision and fis the focal length of the convex lens. If
inity, m = D/f. For a compound microscope, the magnifying  power is given

the ima
b :k o Where m,= 1 + (D/f,), is the magnification due to the eyepiece and m,, is
the nification produced by the objective.

Approximately,
L D

m= —X—
fo fe

Where £, and f, are the focal lengths of the objective and eyepiece, respectively, and L
is the distance between their focal points.
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10. Magnifying power m of a telescope is the ratio of the angle 3 subtendedat the eye by
the image to the angle a subtended at the eye by theobject.

E_fo

a fe

Where f; and f, are the focal lengths of the objective and eyepiece, respectively.

m =

Chapter -10
Wave Optics \\

SUMMARY
\f
1. Huygens’ principle tells us that each point on a wavefront is a s f secondary
waves, which add up to give the wavefront at a later time.

the wavefronts and the
time of travel is the same measured along any ray. Eh' iaciple leads to the well known

2. Huygens’ construction tells us that the new wavefront 1 otward envelope of the
secondary waves. When the speed of light is inde t irection, the secondary
waves are spherical. The rays are then perpendicular to

is
laws of reflection and refraction.

3. The principle of superposition of waves a ever two or more sources of light
illuminate the same point. When we consider t y of light due to these ~ sources at the
given point, there is an interference term.i i o the sum of the individual intensities.
But this term is important only if it has verage, which occurs only if the sources
difference.

have the same frequency and a Stﬂ
4. Young’s double slit %n aration d gives equally spaced fringes of angular separation

Ad. The source,
An extended sodrce
slits.

estroy the fringes if it subtends angle more than A/d at the

5. A single slit dth a gives a diffraction pattern with a central maximum. The

intensi alls to zero at angles of + % , T %, etc..with successively weaker

se @xima in between. Diffraction limits the angular resolution of a telescope

ere D is the diameter. Two stars closer than this give strongly overlapping

ages. Similarly, a microscope objective subtending angle 2B at the focus, in a

madium of refractive index n, will just separate two objects spaced at a distance A/(2n

in B), which is the resolution limit of a microscope. Diffraction determines the
limitations of the concept of light rays. A beam of width a travels a distance a*/A, called

the Fresnel distance, before it starts to spread out due to diffraction.

6. Natural light, e.g., from the sun is unpolarised. This means the electric vector takes all
possible directions in the transverse plane, rapidly and randomly, during a measurement.
A polaroid transmits only one component (parallel to a special axis). The resulting light is

called linearly polarised or plane polarised. When this kind of light is viewed through a

www.sssfep.com



www.sssfep.com

second polaroid whose axis turns through 2x, two maxima and minima of intensity are seen.
Polarised light can also be produced by reflection at a special angle (called the Brewster
angle) and by scattering through m/2 in the earth’s atmosphere.

Chapter —11

Dual Nature of Radiation and Matter

SUMMARY \\

1. The minimum energy needed by an electron to come out from a metal surfacg 1 alled
the work function of the metal. Energy (greater than the work function (¢o %ui ed for
electron emission from the metal surface can be supplied by suitably hea r applying
strong electric field or irradiating it by light of suitable frequency.

2. Photoelectric effect is the phenomenon of emissi
illuminated by light of suitable frequency. Certain
while others are sensitive even to the visible 1 toelectric effect involves
conversion of light energy into electrical energyglt fo s the law of conservation of
energy. The photoelectric emission is an g’ns% us process and possesses certain

special features. \
3. Photoelectric current depends on (i) cia'nsity of incident light, (ii)the potential
difference applied between t odes, and (iii)the nature of the emitter

material.

of “electipns by metals when
regpond to ultraviolet light

4. The stopping potential

nature of the emitter
its intensity. The stoppin e
electrons emitted:

ends on (i) the frequency of incident light, and (ii) the
a given frequency of incident light, it is independent of
is directly related to the maximum kinetic  energy of

e Vo =(172) ey 4

5. Below, rtain frequency (threshold frequency) V,, characteristic of the metal, no
photdgledtrictemission takes place, no matter how large the intensity may be.

icture of continuous absorption of energy from radiation could not explain the

dependence of K, on intensity, the existence of +o and the instantaneous nature of

the process. Einstein explained these features on the basis of photon picture of light.

According to this, light is composed of discrete packets of energy called quanta or

photons. Each photon carries an energy E (= 4v) and momentum p (= 4/A), which depend

on the frequency (v) of incident light and not on its intensity. Photoelectric emission from
the metal surface occurs due to absorption of a photon by an electron.

6.%: ssical wave theory could not explain the main features of photoelectric effect.
It
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7. Einstein’s photoelectric equation is in accordance with the energy conservation law as
applied to the photon absorption by an electron in the metal. The maximum kinetic
energy (1/2)m v’ nads equal to the photon energy (hv) minus the work function ~ ¢o (=
hvy) of the target metal:

1
Emvzmax = ve=hv— ¢, =h V- v,)

This photoelectric equation explains all the features of the photoeleatri®y, effect.
Millikan’s first precise measurements confirmed the Einstein’s photoelectiicNeqation

and obtained an accurate value of Planck’s constant /# . This led to the tance of
particle or photon description(nature) of electromagnetic radiati igtroguced by
Einstein.

8. Radiation has dual nature: wave and particle. The nature o eriment determines
whether a wave or particle description is best suited for unders ing'the experimental

result. Reasoning that radiation and matter should be symmetrical i ature, Louis Victor
de Broglie attributed a wave-like character to matter (materi es). The waves
associated with the moving material particles are called matte ves or de Broglie waves.

9. The de Broglie wavelength (L) associated a Jnoving particle is related to its
momentum pas: A = i/p. The dualism of \P inherent in the de Broglie relation

which contains a wave concept (A) article concept(p). The de Broglie
wavelength is independent of t nature of the material particle. It is
significantly measurable (of th thg atomic-planes spacing in crystals) only in

case of sub-atomic particles like trons, protons, etc. (due to smallness of their masses
and hence, momenta). However, i, indeedyvery small, quite beyond measurement, in case
e

of macroscopic objects, com neguntered in everyday life.

10.  Electron diffracti erfgents by Davisson and Germer, and by G. P.Thomson, as
well as man ter € iments, have verified and confirmed the wave-nature of
electrons. ie hypothesis of matter waves supports the Bohr’s concept of
stationary or

N
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Chapter — 12
Atoms

SUMMARY

1. Atom, as a whole, is electrically neutral and therefore contains equalamount of
positive and negative charges. \

2. In Thomson’s model, an atom is a spherical cloud of positive charges x ons
embedded in it.

N\

3. In Rutherford’s model, most of the mass of the atom and all its itlve charge are
concentrated in a tiny nucleus (typically one by ten thousand th€ size of an atom), and
the electrons revolve around it. c

4. Rutherford nuclear model has two main difficulties i \%ﬂ e structure of atom:

(a) It predicts that atoms are unstable because the accelerated'glectr revolving around the

nucleus must spiral into the nucleus. This contradicts the g stabMuty of matter. (b) It cannot

explain the characteristic line spectra of atoms of di ements.

5. Atoms of each element are stable an i aracteristic spectrum. The spectrum
consists of a set of isolated parallel la teghed as line spectrum. It provides useful
information about the atomic st .

6. The atomic hydrogen emi ectrum consisting of various series. The frequency
of any line in a series ca axpressed as a difference of two terms;

Lyman series: v = in=2,3,4,..
Balmer series: ~ ) in=3,4,5,..
. 1 1
Paschen series: (—2 — —2) in=4,5,6,...
3 n
. 1 1
B@&s: v = Rc (—Z——Z) imn=56,7,..
4 n
x‘ . 1 1
Pfund series: v = Rc (—2——2) ;n=26,7,8, ..
5 n
7. To explain the line spectra emitted by atoms, as well as the stability of atoms, Neil’s

Bohr proposed a model for hydrogenic (single electron) atoms. He introduced three
postulates and laid the foundations of quantum mechanics:
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(a) In a hydrogen atom, an electron revolves in certain stable orbits (called stationary
orbits) without the emission of radiant energy.

(b) The stationary orbits are those for which the angular momentum is some integral
multiple of 4/2n. (Bohr’s quantisation condition.) That is L = nh/2n, where n is an
integer called a quantum number.

(c) The third postulate states that an electron might make a transition from one of its
specified non-radiating orbits to another of lower energy. When it does so, a

photon is emitted having energy equal to the energy difference between the initial and

final states. The frequency (v) of the emitted photon is then given by
hv=E;~ E; *
i ich® case the

An atom absorbs radiation of the same frequency the atom emits
electron is transferred to an orbit with a higher value of n.

nucleus at only specific radii. For a hydrogen atom it
_(n®\(h 2 ame, Q
- N\
o

m 2n
The total energy is also quantised:

= —13.6 ev /n? &

Eﬁ‘ hy = Ef
8. As a result of the quantisation condition of angular R : aeelectron orbits the
n

The n = 1 state is caflled state. In hydrogen atom the ground state energy is—13.6
eV. Higher values of n espond {0 excited states (n >1). Atoms are excited to these higher
states by collisions wi er s or electrons or by absorption of a photon  of  right
frequency.

hypothesis that electrons have a wavelength A = A/mv gave an
ioh for Bohr’s quantised orbits by bringing in the wave-particle duality. The

r otrespond to circular standing waves in which the circumference of the orbit
&a a whole number of wavelengths.

10. ohr’s model is applicable only to hydrogenic (single electron) atoms. It cannot be
extended to even two electron atoms such as helium. This model is also unable to explain
for the relative intensities of the frequencies emitted even by hydrogenic atoms.
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Chapter —-13
Nuclei
SUMMARY
1. An atom has a nucleus. The nucleus is positively charged. The radius of the nucleus is

2.

smaller than the radius of an atom by a factor of10*. More than 99.9% of the
atom is concentrated in the nucleus.

1 atomic mass unit (1u) is 1/12"™ mass of one atom of '2C;1u = 1.660563 x 10

3.

6.

On the atomic scale, mass is measured in atomic mass units (u). By d w,

A nucleus contains a neutral particle called neutron. Its massffis almpst the same as
that of proton.

The atomic number Z is the number of protons ingthe “ato nucleus of an element.
The mass number 4 is the total number of protons agd nettrons in the atomic nucleus;
A = Z7Z+N; Here N denotes the number of neutrons jn the eus.
. c’?

A nuclear species or a nuclide is represent AXpWhere X is the chemical symbol of
the species. Nuclides with the same ato (\;ber Z, but different neutron number N
are called isotopes. Nuclides with the e A are isobars and those with the same N
are isotones.

Most elements are mixturg€ of twg or more isotopes. The atomic mass of an element
is a weighted averag masses of its isotopes. The masses are the relative

abundances of the is

A nucleus can consi d to be spherical in shape and assigned a radius. Electron
ts
ula

scattering e i ow determination of the nuclear radius; it is found that radii
of nuclei fit

R=R

Wi = a constant = 1.2 fm. This implies that the nuclear density is independent
f A s of the order of 10'7 kg/m3.

eutrons and protons are bound in a nucleus by the short-range strong nuclear force.
The nuclear force does not distinguish between neutron and proton.

The nuclear mass M is always less than the total mass, £m, of its constituents. The
difference in mass of a nucleus and its constituents is called the mass defect,
AM={Zm,+(A-Z)m,)-M
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Using Einstein’s mass energy relation, we express this mass difference in terms of
energy as
AE=AM ¢*
The energy AE, represents the binding energy of the nucleus. In the mass number range
A =30 to 170, the binding energy per nucleon is nearly constant, about § MeV/nucleon.

8. Energies associated with nuclear processes are about a million times larger than
chemical process. \

9. The Q-value of a nuclear process is \
Q = final kinetic energy — initial kinetic energy. \,
Due to conservation of mass-energy, this is also,

QO = (sum of initial masses — sum of final masses) e
10.  Radioactivity is the phenomenon in which nuclei of a giye

out o or B rays or y rays; a-rays are helium nuclei
electromagnetic radiation of wavelengths shorter than

11.  Law of radioactive decay : N (f) = N(0) e ™M . (c.:

where A is the decay constant or disintegr 1&5 stant.

The half-life T}/, of a radionuclide %“in which N has been reduced to one-half
of its initial value. The mean % I\the time atwhich N has been reduced to ¢ of
its initial value

T1/2: lnTZ: Tln %&

12. Energy is released w ess tightly bound nuclei are transmuted into more tightly
bound nucl , a heavy nucleus like %3

%tr:ansform by giving
electrons. y-rays are

35U breaks into two smaller fragments,

e, 2350t Ins 1335h + 9 Nb+41n

13. Th
e chain reaction is uncontrolled and rapid in a nuclear bomb explosion. It is
controlled and steady in a nuclear reactor. In a reactor, the value of the neutron

multiplication factor £ is maintained at 1.

14. In fusion, lighter nuclei combine to form a larger nucleus. Fusion of hydrogen nuclei
into helium nuclei is the source of energy of all stars including our sun.
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Chapter — 14
Semiconductor Electronics: Materials, Devices and Simple circuits
SUMMARY

1. Semiconductors are the basic materials used in the present solid state electronic  devices
like diode, transistor, ICs, etc.

2. Lattice structure and the atomic structure of constituent elements de N\r a

particular material will be insulator, metal or semiconductor. P
\

h resistivity

3. Metals have low resistivity (10 to 10°Qm), insulators have v
(>108 Qm-—1), while semiconductors have intermediate values of gesistivity.

4. Semiconductors are elemental (Si, Ge) as well as comp n%@ ds, etc.).

5. Pure semiconductors are called ‘intrinsic semico k he presence of charge
carriers (electrons and holes) is an ‘intrinsic’ pgepe the material and these are
obtained as a result of thermal excitation. Jh r of electrons (n,) is equal to the

number of holes (n;,) in intrinsic semicondu s are essentially electron vacancies
with an effective positive charge.

6. The number of charge carriers ed by ‘doping’ of a suitable impurity in
pure semiconductors. Such s ndyctors “are known as extrinsic semiconductors.
These are of two types (n-type andp-type).

%n while in p-type semiconductors n,>>ne.

8. n-type semiconductin or Ge is obtained by doping with pentavalent atoms
(donors) li , etc., while p-type Si or Ge can be obtained by doping with
trivalent ato tors) like B, Al, In etc.

7. In n-type semicondu,

all cases. Further, the material possesses an overall charge neutrality.

10. % two distinct band of energies (called valence band and conduction band) in

hiehgthe electrons in a material lie. Valence band energies are low as compared to

conduction band energies. All energy levels in the valence band are filled while energy

levels'#g the conduction band may be fully empty or partially filled. The electrons in  the
conduction band are free to move in a solid and are responsible for the =~ conductivity. The
extent of conductivity depends upon the energy gap (E,) between the top of valence band (Ev)
and the bottom of the conduction band Ec. The electrons  from valence band can be excited by
heat, light or electrical energy to the conduction band and thus, produce a change in the
current flowing in a semiconductor.

11.  For insulators Eg> 3 eV, for semiconductors Ezis 0.2 eV to 3 eV, while for metals E,~0.
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13.

diode.

bias. Hence, forward bias current is more (mA) while it is very small (4A) in a \ction
. Diodes can be used for rectifying an ac voltage (restricting the \f&co one

14
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p-n junction is the ‘key’ to all semiconductor devices. When such a junction is made,
a ‘depletion layer’ is formed consisting of immobile ion-cores devoid of their
electrons or holes. This is responsible for a junction potential barrier.

By changing the external applied voltage, junction barriers can be changed. In
forward bias (n-side is connected to negative terminal of the battery and p-side is
connected to the positive), the barrier is decreased while the barrier increases inﬁverse

direction). With the help of a capacitor or a suitable filter, a
obtained.

age can be

15. There are some special purpose diodes. 'Q

16. Zener diode is one such special purpose diode. In \men , after a certain voltage,
the current suddenly increases (breakdown voltage) Zener diode. This property
has been used to obtain voltage regulation. . e)

17. p-n junctions have also been used to ob HNE% photonic or optoelectronic devices
where one of the participating entity is ph@ton
(a) Photodiodes in which photon i results in a change of reverse saturation
current which helps us to meas i
(b) Solar cells which conve
(c) Light Emitting Diode
Voltage results in the ¢

18. Transistor is an

is called ‘Base’ while :

junction is forward ile collector-base junction is reverse biased.

19. The tragsistors cdn be connected in such a manner that either C or E or B is common

to b eNinput and output. This gives the three configurations in which a transistor
is mmon Emitter (CE), Common Collector (CC) and Common Base (CB).
@t etween Ic and Vg for fixed Ig is called output characteristics while the plot
n Ig and Vpg with fixed V¢g is called input characteristics. The important

i
tragsistor parameters for CE-configuration are:

AVBE)

input resistance,r; = ( .
B

VcE

. AVcE
output resistance,r, =
Alc Ig
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. . Al
current amplification factor,3 = (—C)

Alg VCE

20.  Transistor can be used as an amplifier and oscillator. In fact, an oscillator can also be
considered as a self-sustained amplifier in which a part of output is fed-back to the
input in the same phase (positive feedback). The voltage gain of a transistor amplifier

. . L R
in common emitter configuration is: A, = (‘;—°) = BR—C , where RC and RB are
i B

22. There are some special circuits which handle the digital data cofsiSting?ofy 0 and 1
levels. This forms the subject of Digital Electronics.
a

23.  The important digital circuits performing special logic operatiog% 1led logic gates.

respectively the resistances in collector and base sides of the circuit.
21. When the transistor is used in the cut off or saturation state, it acts as a swi

These are: OR, AND, NOT, NAND, and NOR gates.

24, In modern day circuit, many logical gates or circuits <re in ed in one single ‘Chip’.

These are known as Integrated circuits (IC).
WG
Chapte \
Com i 'tg'stems

1. Electronic communicati®n, rcfers to the faithful transfer of information or message
(available in the fo ical voltage and current) from one point to another point.

2. Transmitter, smissi
communicati

3. Two importantNforms of communication system are: Analog and Digital. The
info 10m, to be transmitted is generally in continuous waveform for the former while
for the latter 1 hds, ofily discrete or quantised levels.

SUMMARY

channel and receiver are three basic wunits of a

4. % essage signal occupies a range of frequencies. The bandwidth of a message
siggal refers to the band of frequencies, which are necessary for satisfactory
ansmission of the information contained in the signal. Similarly, any practical
communication system permits transmission of a range of frequencies only, which is
referred to as the bandwidth of the system.

5. Low frequencies cannot be transmitted to long distances. Therefore, they are
superimposed on a high frequency carrier signal by a process known as modulation.
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of propagation is influenced by the presence of the earth and its atmosphere.
surface of the earth, electromagnetic waves propagate as surface waves.
propagation is useful up to a few MHz frequencies. c

9.

10.

11.

12.

13.

<N
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In modulation, some characteristic of the carrier signal like amplitude, frequency or
phase varies in accordance with the modulating or message signal. Correspondingly,
they are called Amplitude Modulated (AM), Frequency Modulated (FM) or Phase
Modulated (PM) waves.

Pulse modulation could be classified as: Pulse Amplitude Modulation(PAM), Pulse
Duration Modulation (PDM) or Pulse Width Modulation(PWM) and Pulse Position

Modulation (PPM). \
For transmission over long distances, signals are radiated into spac g \devices
called antennas. The radiated signals propagate as electromagnetic wavgs and ode
yar the
wave

Long distance communication between two points t achieved through
reflection of electromagnetic waves by ionosphere. are called sky waves.
Sky wave propagation takes place upto frequency of t 30 MHz. Above this
frequency, electromagnetic waves essentially pr agL space waves. Space waves
are used forline-of-sight communication ancl sat mmunication.

If an antenna radiates electromagnetic wéve a height ht, then the range dr is
given by /2Rhy where R is the radius ef t h

Amplitude modulated signal co quencies (W, — Wy,), W and (w; + wy).
Amplitude modulated % be produced by application of the message signal
and the carrier wave -lingar device, followed by a band pass filter.

AM detection, which 1§ the process of recovering the modulating signal from an AM
waveform, is c ou Using a rectifier and an envelope detector.

S
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