


huge increase in the volume of scientific knowledge up till the
beginning of ninetesnth century and it was found necessary
mcmwmmvafnmmmmmﬁ,ﬂm
bislogical sciences which deal with living things and physical
sriencas which concem with non-living things. Physics is an
hnpnmmglﬂ.uaﬁ;paﬂﬁfphﬁinﬂ sciences besides ts
other disciplines such as chemistry, astronomy, geology etc.
Physics is an experimental science and the scientific methad
emphasizes the need of accurate measurement of vanous
measurable features of different phenomena or of man made
objects, This chapter emphasizes the need of thorough
understanding and practice of measuring technigues and
recording skills.
At the present time, there are three main frontiers of
fundamental science. First, the world of the extremely large,
the universe itself, Radio telescopes now gather information
from the far side of the universe and have recently detected,
as radio waves, the “firelight” of the big bang which probably
staried off the expanding universe nearly 20 billon years
ago. Second, the world of the extremely small, that of the
particles such as, electrons, protons, NeUtrons, Mesons and
athars. The third frantier s the world of complex matter. ILis
also the World of “middie-sized” things. from molecules at
one extreme fo° the Earth at the other. This is all
tundamenta! physics, which |s the hean of science,

But what is physics? According to one definition, physics
deals with the study of matter and energy and the
relationship between them. The sludy of physics involves
investigating such things as the laws of mation, the structure
of space and time, the nature and type of forces that hold
different materials together, the interaction between different
particles, the Interaction of electromagnetic radiation with
matter and so on.

By the end of 18" century many physicists started believing
that every thing about physics has been discovered.
However, about the beginning of the twentieth century many
new experimental facts revealed that the laws formulated by
the previous Investigators need modifications. Further
researches gave birth to many new discipiines in physics
such as nuclear physics which deals with atomic nuclel,
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T mmd:h&wqum lmuimtmshps first,
the chioice of a standard, and second, the establishmentof a
procedure for comparing the quantity to be measured with
1he standard so that 2 number and a unit are determined as
the measure of that quantity,

An ideal standard has two principal characteristics: it is
‘accessible and Il is invariable. These two requirements are
mmmmm:mmmmmm
between them.

in 1960, unmmmuﬂmn}ummhmﬂagrﬂdunusatuf
dnﬂnmmummﬂmdardhdnammhphﬁiﬁ]
quantities. The system that was established Is called the
System International (S1).

mmmawwamwmmmmlmmmm
in this system are amenabile to arithmetical manipulation, it
| isin universal use by the world's sclentific community and
by most nations. The system International (S1) I8 built up
K | from three kinds of unils: base units, aupplammtary‘unrm
. | and derived units.

sl Base Unils

- mmammmmmmmﬁmmmsﬁﬂmmm
. namely; length, mass, tims, temperature, electric current,
! luminous Intensity and amount of a substance (with speﬂnl
rnﬁamnmtnﬂ:anumbarnfpmﬂdu}

i

The names of base units for these physical guantities
together with symbols are listed in Table 1.1. Their
ntm-udardduﬂnhiammghamnumhpmndin

L]

Supplementary ‘Units

' The General Conference on Weights and Measures has not
i yﬂmwﬂnuﬁhnlmsrmamﬂmmm
1 Uit T"" or derived units. These S units are called supplementary
e units. For the lime baing this class contains only two units of
™" purely geometrical quantities, which are plane angle and the
= sgolid angle (Table1.2).




particle physics which is concemed with the ulimate particles
of which the matter is composed, relativistic mechanics which
deals with velocities approaching that of light and solid state
physics which is concemed with the structure and properties
of solids, but this list is by no means exhaustive.

Physics Is most fundamental of all sciences and provides
other branches of science, basic principles and fundamental
laws. This overlapping of physics and other fields gave birth
to new branches such as physical chemistry, biophysics,
astrophysics, health physics etc. Physics also plays an
important role in the development of technology and
enginearing.

Science and technology are a potent force for change in
the outiook of mankind. The information media and fast
means of communications have brought all parts of the
world in close contact with one another. Events in one part
of the world immediately reverberate round the globe.

We are living in the age of information technology. The
computer networks are products of chips developed from
the basic ideas of physics. Thea chips are made of silicon.
Silicon can be obtained from sand. It is upto us whether we
make a sandcastle or a computer out of it

The foundation of physics rests upon physical quantities in
terms of which the laws of physics are expressed.
Therefore, these quantities have to be measured accurately,
Amang these are mass, length, time, velocity, force, density,
lemperature, electric current, and numerous cthers.

Physical quantities are often divided into two categories:
base quantities and derived quantities, Derived guantities
are those whose definitions are based on other physical
quantities. Velocity, acceleration and force etc. are usually
viewed as derived quantities. Base gquantities are not
defined in terms of other physical quantities. The base
guantities are the minimum number of those physical
guantities in terms of which other physical quantities can
be defined. Typical examples of base quantities are length,
mass and time.
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Radian

T!‘ﬂrﬂinnhﬂup[anamghmmfﬂuladrﬂu
which cut off on the circumference an arc, equal in length
to the radius, as shown in Fig. 1.1 {a}.

Steradian
WMMEMHHMMMM}

equal to the square of radius of the sphere. {Fig. 1.1 b),

r measuring all other physical quantilies are

mmuﬂhﬂmm}mﬁammﬁ Some of
Ihe derived units are given in Table. 1.3,

sclenlhic Notation

5 ssed in standard form called scientific
mmﬂm.wmmmnﬂuﬁmmnfmmmmn!y
accepted practice is that there should be only one non-
mdigﬂlﬂﬁnfdanﬁ'nﬂl Thus, the number 134.7 should
ba#gunaﬂﬂ?ﬂﬂ andgmzanhuuhdbammad
- 8s23x10°

Conventions for Indicating Units
L

Following points should be kept in mind while using units,

() Full name of the unit does not begin with a capital
Wmuﬂmmm_wng Jnewton.
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i) The symbol of unit named after a scientist has
Initial capital letter such-as N for newlon.

(i The prefix should be written before the unit without
any space, such as 1 % 10° m Is written as 1 mm.
‘Standard prefixes are given in table 1.4,

 Tabie 1.4 o (W) A combination of base units is written each with
o one space apart. For example, newton metre is
written as N m.

.. _:.:..I. L o -I i I.I....._
-ﬁl : lﬂ P (v) Compound prefixes are not sllowed. For example,
:'-"f: ’ﬂ’ . ; 1upF may be written as 1pF.
16°  neno n () A number such as 5.0 x 10° cm may be expressed
i:: w;n W in scientific notation as 5.0 x 10° m.
iy canti. ': (vil)  When a multiple of a base unit is raised 1o a power,
S decl d the power applies to the whole multipie and not the
10 % da base unit alone. Thus, 1 km® = 1 (km)* = 1% 10" m",
g w ; (i) Measurement in practical work should be recorded
10 s # = o immediately in the most convenlent unit, e.g.,
i ey micromeler screw gauge measurement in mm, and
g pea P the mass of calorimeter in grams (g). But before
g el e calculation for the result, all measurements must be

converted to the appropriale S base units.

All physical measurements are unceriain or Imprecise lo
same axtent. It is very difficult to eliminale all possible emors
or uncertainties in a measurement. The error may occur due
to (1) negligence or inexperience of a person (2) the faulty
apparatus (3) inappropriate method or technigue. The
uncerainty may ocour due 1o inadequacy or limitation of an
instrument. natural variations of the object being measurad
or natural imperfections of a person’s senses. However, the
uncerainty is also usually described as an emror in 2
measurement. There are two major types of errors.

(i) Random error (ii) Systematic emor

Random eror is said to occur when repestad
measurements of the quantity, give differsnt yalues under



the same conditions. Il is due o some unknown causes.
Repeating the measurement several times and taking an
average can reduce the effect of random errors,

Eyntm'nnthzmnrnﬁfﬂatnanmmatlnmmmall
measurements of a particular quantity squally. It produces
amMMhmdirﬁgnnmmmm

ule. It may occur dug {o zero error of instruments,
pm:ri:a bration of Instruments or incorrect markings ste.
Systemalic eérror can be reduced by comparing the
instruments with another which is known to be more
accurate. Thus for systematic error, a correction factor can
be applied,

As stated earlier physics is based on measurements. But
unfortunately whenever a physical quantity is measured,
there is inevitably some uncertainty about its: determined
value. This uncertainty may be due to a number of
reasons. One reason is the type of instrument. being used.
We know that every measuring instrument is calibrated to
a certain smallest division and this fact put a fimit to the
degree of accuracy which may be achieved while
mw&lgwﬂhitﬁupmmmwawmmwmumm

of a straight line with the help of a metre rod
calibrated in millimetres. Let the end point of the line lies
between 10.3 and 10.4 cm marks. By convention, if the end
of the line does not touch or cross the midpoint of the
smallest division, the reading is confined to the previous
division. In case the end of the line seems to be touching
or have crossed the midpoint, the reading is extended to

By applying the above rule the position of the edge of a line
recorded as 12.7 em with the help of a metre rod callbrated
in millimetres may lie between 12.65 cm and 12,75 cm.
Thus in this example the maximum uncertainty is + 0.05 cm.
It is, in fact, equivalent to an uncerainty of 0.1 om equal io
ﬂuhuﬂmuntnfthu?nwmmmmmhaﬁ
mmmwmmmmm N

The mﬂiwmwlnmmmamw
quantity can be indicated conveniently by using significant
figures. The recorded value of the length of the straight line
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L&, 12.7 cm contains three digits (1, 2, 7) out of which two
digits (1 and 2) are accurately known while the third digit
Le. 7 Is a doubtful one. As a rule: A

In other words, a significant figure Is the one which s
known to be reasonably reiiable. If the above mentioned

measurement is taken by a better measuring Instrument
which is exact upto a hundredth of a centimetre, it would
have been recorded as 12.70 cm. In this case, the number
of significant figures is four. Thus, we can say that as we
improve the quality of our measuring Instrument and
techniques, we extend the measured result to more and
more significant figures and correspondingly Improve the
experimental accuracy of the resull While calculating a
result from the measurements, it is important to give dué
attention to significant figures and we must know the
following rules in deciding how many significant figures.
are to be retained in the final result, :

() All digits 1,2,3,4,5,6,7,8.9 are significant. However,
zeros may or may nol be significant. In case of
zeros, the following rules may be adopted.

a) A zero between two significant figures is itself
significant,

b} Zeros to the left of significant figures are not
significant, For example, none of the zeros in
0.00467 or 02.59 is significant.

¢) Zeros to the right of a significant figure may or
may not be significant. In decimal fraction,
zeros to the right of a significant figure are
significant, For example, all the zeros in 3.570
or 7.4000 are significant. Howsver, in integers
such as 8,000 kg, the number of significant
zeros |s determined by the accuracy of the
measuring instrument. If the measuring scale
has a least count of 7 kg ihen there are.four
significant figures written in scientific notation






For your information

Following this rule, the comrect answer of the computation
given in section (i) is 1.46 x 10°.

(1) In adding or subtracting numbers, the number of
decimal places retained in the answer should egual
the smallest number of decimal places in any of the
guantities being added or subtracted. In this case,
the number of significant figures is not important. |t
Is the position of decimal that matters. For example,
suppose we wish to add the following quantities
axpressed in metres,

i T2.1 i) 2.7543
3.42 4. 10
0.003 1.273
75523 8.1273
Correct answer: 755m 813 m

In case (i) the number 72,1 has the smallest number of
decimal places, thus the answer is rounded off to the same
position which is then 755 m. In case (i), the number4.10 has
the smallest number of decimal places and hence, the answer
is rounded off to the same decimal positions which is
then 813m.

In measurements made in physics, the terms precision
and accuracy are frequently used. They should be
distinguished clearly. The precision of a measurement Is
determined by the instrument or device being used and the
accuracy of a measuremenl depends on the fractional or
percentage uncertainty in that measurement.

For example, when the length of an object is recorded as
25.5cm by using & metre rod having smallest division in
millimetre, it is the difference of two readings of the initial
and final positions. The uncerainty in the single reading as
discussed before is taken as £ 0.05 cm which 15 now
doubled and s called absolule uncertainty egual to
+01cm. Absolute uncertainty, in fact, is equal to the least
count of the measuring instrument.

Precision or absolute uncertainty (feast count) = £ 0.1 cm






ol gorial inborenda s

Accadamia del Cimanis HIHF
1687} in Fiosncn, Thay contained
nicoliol, some lmes: coitumd med
oraaslar mading.

_For addition and subtraction
Absolute uncertainties are added: For example, the

distance x detarmined by the difference betwean two
saparate position measurements

Y=10520.1 cmand x, = 26.8 £ 0.1 ¢m |s recorded as

X=x-~%=163+£02cm

‘2. For multiplication and division

Percentage uncertainties are added. For example the
maximum possible uncertainty in the value of resistance R
of & conductor determined from the measurements of
potential difference V and resulting current flow I by using
R = V/1is found as follows:

V=020V
=084 £0.054
The 9 e By A 8
e Yeage unceralntyfor Vis = =5 X 100 = about 2%
The %age unceraintyforf s = _g_%:jli_ % 100 = aboul 8%

Hence total uncertainty in the value of resistance R when V
is divided by [ is 8%. The resuil is thus guoted as

R =22V =619 VA" =6.19 ohms with a % age
' uncertainty of 8%
that is R=862% 0.50chms

The result is rounded off to two significant digits because
both V and R have two significant figures and uncertainty,
being an estimate only, is recorded by one significant
figure.

3: For power factor

Multiply the percentage uncertainty by that power. For
example, in the calculation of the volume of a sphere using






Trave time of light
MoonwEsn  Tmin20s

i Earh 8 miin 208
-Piiso i Earth 5 h 20

1.20+1.22+ 1;23+1.1EI +1.22 +1.21
e e

Then Average =

=121 mm

The deviation of the readings, which are the difference

without regards to the sign, between each reading and
average value are 0.01, 0.01..0.02, 0.02, 0.01, 0,

0.01+0.01+0.02 +0.02+0.01+0

Mean of deviations = g

=[0.01 mm

Thus, likely uncertainty in the mean diametre 1.21 mm is
0.01 mm recorded as 1.21 + 0.01 mm.

| =

5. For the uncertainty in a timing experiment

The uncertainty in the time perod of a vibrating body Is
found by dividing the- least count of timing device by the
number of vibrations. For example, the time of 30
vibrations of a simple pendulum recorded by a stopwatch
accurate upto one tenth of a second is 54.6 s, the period

T= 5“3;35— 1.82 s with uncertainty E-unnas

Thus, period Tis quoted as T= 182+ 0003 s

Hence, it is advisable to count large number of swings ta
reduce timing uncertainty.

Emmi.:t. The length, breadth and thickness of a
sheat are 3.233m, 2105 m and 1.05 cm

respactivaly.
Calculate ’thll_ volume of the sheet corect uplo ihe

Eniuﬂun* Ghmn Iumlhi E,Eﬂﬂm
Thmh 1.066m =1.05x 107 m
~ Volume V=ixbxh __
: =3.233m x 2,106m x 106 x 10°m.
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‘Each base quantity is considered a dimension denoted by

a specific symbol written within square brackets. It stands
for the qualitative nature of the physical quantity. For

._mnplu.dﬁfumtqmnﬂﬂ&aamhmlwﬁh.hmadm

diameter, light year which are measured in metre denote
the same dimension and has the dimension of length [ L ].
Similarly the mass and time dimensions are denoted by
[M] and [ T] respectively. Other quantities that we
measune have dimension which are combinations of these
dimensions. For example, speed is measured In metres
per second. mﬂmmmmm
tmwdh}dﬁdhymm:alWFMerﬂu "

Dimensions of speed = Dimension “;';%

e LT =0

1)
V1= 15

Similarly the dimensions of acceleration are
[a]=[L][ T =[LTH
and that of force are ;
[Fl=(m]la)=[M]ILT?)=(MLTY
Using the method of dimensions called the dimensional

analysis, we can check the correctness of a given formula
oran oquuﬂunandmalmmm Dimhrmimﬂarﬂydl
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Solution:
The relation for the time period T will be of the form

T=mx®xxg
or T = constant m® | ® §° g 2 oA g e
where we have 1o find the values of powers a, b, cand d.
Writing the dimensions of both sides we get '

[ T]=constantx [MP[LF [LLFLT ?J°

Do You Know?
Comparing the dimensions on both sides we have
(T1=(77
[MPP=[M]
LI =[Lpe
Equating powers on both the sides we gel
=5 3 _ri
-2d =1 ar d :
a=0 and b+d=0
or h‘ﬂ—ﬁH% -Bnd B':[LL“FE[Ln]E:'l

Substituting the values of a, b, 8 and d in Eq. 1.1
T=constant x m® x 1 " x 1 xg

The device which made tha
pandulem clock praciical 4
Or T = conslani J%

The numerical value of the constant cannot be determined
by dimensional analysis, however, it can be found by
experiments.

Example 1.6: Find the dimensions and hence, the S
units of coefficient of viscosity n in the relation of Stokes'
law for the drag force F for a spherical object of radius r
moving with velocity vgivenas F=6 =mnrv

Solution: 6ris a number having no dimensions. It is not
accounted in dimensional analysis. Then

18
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1.8
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1.2

1.3

QUESTIONS

Name several repetitive phenomenon occurring In nature which could serve as
reasonable ime standards.

Give the drawbacks to use the period of a pendulum as a time standard.

Why do we find it useful to have two units for the amount of substance, the
kilogram and the mole?

Three students measured the length of a needle with a scale on which minimum
division is 1mm and recorded as (1) 0.2145 m (i) 0.21 m (lil) 0.214m. Which record
is comect and why?

An old saying is thal “A chain is only as strong as its weakest link™, What
analogous statement can you make regarding ﬂnp&rirrmntal data used in a
computation?

The period of simple pendulum is measured by a stop watch. What type uf eIrTors
are possibie in the time perod?

Does a dimensional analysis give any information on constant of proportionality
that may appear in an algebraic expression? Explain,

Write the dimensions of (i) Pressure (i) Density

The wavelength j, of a wave depends on the speed v of the wave and its frequency
f. Knowing that

[3=[ L]. [vls[ L T and [F]1=(T"]
Decide which of the following is correct, f=vik or f= il

NUMERICAL PROBLEMS

A light year is the distance light travels in One year. How many metres are there in
one light year: (speed of light =3.0 x 10° ms").

(Ans: 9.5 x 10"%m)
a) How many seconds are there in 1 year?
b) How many nanoseconds in 1 year?
¢) How many years in 1 second?
fAns.(a)3.1536 % 10s, (b) 3.1536 % 10"z (€) 3.1 x 107 y1]

The length and width of a rectangular plate are measured to be 15.3 cm and 12.80 cm,
respectively. Find the area of the plate.

(Ans: 196 cm?)
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.:-hwm quantities that have both numerical and directional properties are called
vectors. This chapter is concerned with the vector algebra and its applications in problems
of equilibrium of forces and equilibrium of torques.

As we have studied in school physics, there are some physical quantities which require
both magnitude and direction for their complete description, such as velocity, acceleration

22




and force, They are called veclors. In books, vectors are
usually dencted by bold face characters such-as A, d, r and
v while in handwriting, we put an amowhead over the letier
e.g. d. If we wish to refer only to the magnitude of a vector d
we use light face type such as d.

A vector is represented graphically by a directed line
segment with an arrowhead. The length of the line
segment, according o a chosen scale, corresponds (o
the magnitude of the vector.

{iil) Rectangular coordinate system

Two reference lines drawn at night angles to sach other
as shown in Fig. 2.1 (a) are known as coordinate axes and
their point of intersection is known as origin. This system
of coordinate axes Is called Cartesian or rectanguiar
coordinate system.

‘One of the lines is named as x-axis, and the other the y-
axis. Usually the x-axis is taken as the horizontal axis, with
the positive direction to the right, and the y-axis as the
vertical axis with the positive direction upward.

The direction of a vector in a plane is denoted by the angle
which the representative line of the vector makes with
positive x-axis in the anti-clock wise direction, as shown in
Fig 2.1 (b). The point P shown in Fig 21 (b) has
coordinates (a.b). This notation means that if we start al
the origin, we can reach P by moving ‘a’ units along the
positive x-axis and then b’ units along the positive y-axis.

The direction of a vector in space requires another axis
which is at right angle to both x and y axes, as shown in
Fig 2.2 (a). The third axis is called z-axis.

The direction of a vector in space s specified by the three
angles which the representative line of the vector makes
with x, y and z axes respectively as shown in Fig 2.2 (b).
The point P of a vector A is thus denoted by three
coordinates (&, b, c).

(iii) Addition of Vectors

Given two vectors A and B as shown In Fig 2.3 (a), their sum
is obtained by drawing their representative lines in such a
way that tail of vector B coincides with the head of the vector
A. Now if we jain the tail of A to the head of B, as shown in
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the Fig. 2.3(b), the line joining the tail of A 1o the head of B 1.-u'I-I'III

A reprasent the vector sum (A+B) in magnitude and direction.
The vector sum Is also called resultant and s indicated by R

B © Thus R = A+B. This is known as head lo tall rule of vactor

»  addition. This rule can be extended 1o find the sum of any

Fig. 2.3 number of vectors, Similarly the sum B + A is illustrated by

black lines in Fig 2.3 (c). The answer is same resultant R as
indicated by the red line. Therefore, we can say fhat

: AEB=BEA Lt (2.1)
B So the vector addition Is said to be commutative. It means
that when vectors are added, the result is the same for any
A order of addition.
ek (iv) Resultant Vector

Theresuliant of a number of vectors of the same kind —force
Fig. 23] vectors for example, is that single vactor which would have
ihe same effect as all the onginal veotors taken together.

B (v] WVector Subtraction

- The subtraction of & vector is eguivalent to the addition of
» the same wvector with its direction reversed. Thus, to
sublrac| vector B from veclor A, reverse the direction of B
~ and acld it to A, as shown in Fig. 2.3 (d).

A-B=A+(-B) whera(-B)is negative vector of B

(vi) Multiplication of a Vector by a Scalar

The product of & vector A and A number n > 0 is defined
to be 8 new vector nA having the same direction as A
but 8 magnitude n lUmes the magnitude of A as
ustrated In' Fig. 2.4, If the veclor is multiplied by a
negative number, then iis direction is reversed,

in the event that n represents a scalar quantity, the product
nA will comespond 1o a new physical quantity and the
dimansions of the resulling vector will be the product of the
dimensions of the two quantities which were multiplied
together. For example, when veloaity is mulliplied by scalar
mass m, the product is a new vector quantity called momentum
having the dimensions as those of mass and velocity,

(vii) Unit Vector

A unit vector in a given direction is a vector with magnitude
one in that direction. It is used to represent the direction cf
Fig- 2.4 a vector,
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Let there be a vector A represented by OF making angle ¢
with the x-axis. Draw projection OM of vector OF on x-axis
and projection ON of vector. OP on y-axis as shown in
Fig.2 8. Projection OM being along x-direction |s represented

by Aiand projection ON = MP along y-direction is
represented by A,i,Ey head and tail rule

A=A +A] N, (2.4)

A i
Thus A.land A, jare the components of vector A. Since

these are at right angle to each other, hence, they are called
rectangular components of A. Considering the right angled

triangle OMP, the magnitude of A, I or x-component of A is
A, = Acosg L = (2.5)

And that of A, j or y-component of A Is

A, =Asinb (2.6)

(xi) Determination of a Vector from its

Rectangular Components

If the rectangular components of a vector, as shown in
Fig. 2.6, are given, we can find out the magnitude of the
vector by using Pythagorean theoram.

In the right angled A OMP,
OF = OM° + MF*

or A AT AT (2.7)
ar A=JA‘+Af
. Me A
i ' tang = — =Lt
and direction 0 s given by oM A,
or P L (28)

A,






Let A and B be two vectors which are representad by two

- directed lines OM and ON respectively, The vectorB is added
o A by the head to tail rule of vector addition (Fig 2.8), Thus
the resuftant vector R = A + B is given, in direction and
magnitude. by the vector OP.

f, Inthe Fig 2.9 A,, B, and R. are the x components of the
vectors A; B and R and their magnitudes are given by the
lines OQ, MS, and OR respectively, But

e —

- OR=0Q + QR
ar OR =00 + MS
G- iy T oY R R T S R 2.41)

which means that the sum of the magnitudes of
x-components of two vectors which are to be added.is
equal to the x-component of the resultant. Similarly the
sum of the magnitudes of y-components of two vactars s
equal to the magnitude of y-component of the resultant,
that is

R =A +8, sk (212}

Since R, and R, are the rectangular components of the
resultant vector R, hence

R=R.I+R,j
or H:rA.+E.Jf+rA;+E!.-Ji

The magnitude of the resultant vector R is thus given as

R= JAAEFAA+BF | e o (213)

and tha direction of the resultant veclor 1s determined from
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R 4+ 8, )

f=an = I
Al ' lan |",-I!|I = Er \
fA+8.)
and b= A St 14
A+ B,) Sk

Similarly for any number of coplanar vectors A, B, C...., we
can wnte

—— . e

R= ,‘Ilﬂﬂ,, +8,+C,+ . .Fr(A +8+ R (2.15)

s _4{AF+E}.+Cr+_...._J_
and il = tan BRETET ) i stents < ¢ LALTE)

The veclor addition by rectangular components consists of
the following steps

) Find x and y components of all given vectors.

1} Find x-componant R, of the resullant vector by
adding the x-components of all the vectors

il ) Find y-component R, of the resultant vector by
adding the y-companents of all the vectors

) Fird the magnitude of resultant vector R using

R=JR+ R

V) Find the direction of resultant vector R by using

= -'___r
8 =tan =3

where @ is the angle, which the resultant vector makes with
positive x-axis. The signs of R, and R, determine the
quadrant in which resultan! vector lles. For that purpose
proceed as given below.

Irrespective of the sign'of R, and R,, determine the value
[IH
of tan' —L = & from the calcutator or by consulting

trigonometric tables. Knowing the value of . angle 00 Is
determined as follows.

FLY
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a) If both R, and R, are positive, then the resultant lies
in the first quadrant and its directionis 8=¢

b) TR, is —ive and R, Is +ive, the resultant lies in the
second quadrant and its direction is B = 180- 4 .

c) Ifboth R, and R, are -ive, the resultant lies inthe third
quadrant and its directionis &= 180+ ¢ .

d) If R, is positive and R, is negative, the resultant lies in
the fourth quadrant and its directionis U = ‘350’111: :

Example 2.2: Two forces of magnitude 10 N and 20 N
act on a body in directions making angles 30° and 60°
respectively with x-axis. Find the resuitant force.

Solution:

Step (i) x-components

The x-companent of the first force = F., = F;cos 30°

=10Nx0B6E=866N

The x-component of second force = F3, = F; cos 60°

=20Nx05=10N
y-components

The y-component of the first force = F,, = F, sin 30°

=10Nx05=5N

The y-component of second force = Fy, = F; sin 60

; =20Nx0866=17T32N

Step (ii)

The magnitude of x component F, of the resultant force F
Fi=Frt Fa
F,=866N+10N=18.66N

Step (jii) -

The magnitude of y component £, of the resuitant force F
Fy=Fy+Fy
F,=5N+17.32N=2232N
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Scalar or Dot Product

The scalar product of two vectors A and B is written as
A . B and is defined as |

AB=ABCoS 0 ... . NEATY

where A and B are the magnitudes of vectors A and B and
il is the angle between them.

For physical interpretation of dot product of two vectors A and
B, these are first brought to a common anigin (Fig. 2,18 a),

then,  A.B = (4] (projection of B on A)
or
AB=A (magnitude of componentof B in the directionof A)

=4 (Becost)=AB cos 0
Similarly B.A=8 (Acost)=BAcaost

We come across this type of product when we consider the
work done by a force F whose point of application moves a
distance d in a direction making an angle 0 with the line of
action of F, as shown in Fig. 2.11.

Work done = {effactive componant of force in the direction
of motion) x distance moved
= (F cosh) d = Ff cos b
Using vector notation
F.d = Fd cos 0 = work done
Characteristics of Scalar Product

1. Sinca AB=ABcos( and B.A=BA cosO=ABcosl.
hence, A.B=B.A The order of mulliphcation s
irrelevant, In other words, sealar product is
commutative.

s The scalar product of twop mutgm!y perpendicular
vectors is zero, AB = ABcos%0 =0

In case of unit vectors I.j. and It since they are
mutually perpendicular, therefore,
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The result obtained can be expressed for memory In

determinant form as below:
- O]
AxB =| A, A A,
B, By B:
5. The magnitude of A x B s equal to the area of the
parallelogram formed with A and B as two adjacent

sides I_Fig. 2.12 d). .

Examples of Vector Product

i. When a force F is applied on a rigid body at a
point whose position vector is r from any poist
of the axis about which the body rotates, then
the tumning effect of the force, called the torque

t is given by the vector product of r and F,
t=rxF

ii. The force on a particle of charge g and
velocity v in a magnetic field of strength B is
given by vector product,

F=q(vxB)

We have already studied in school physics that a turning
affect is produced when a nut is tightened with a
spanner (Fig. 2.13). The turning effect increases when you
push harder on the spanner. It also depends on the length
of the spanner: the longer the handle of the spanner, the
greater is the tumning effect of an applied force. The
turning effect of a force is called its moment or torque and
its magnitude is defined as the product of force F and
the perpendicular distance from its line of action o the

5

s asioc &t 1 he spennerhesa  PIVOL which is the point O around which the body
tong handle. (spagner) rotates, This distance OP is called moment
Fig. 213 arm |. Thus the magnitude of torque represented by tis

TRl N e S
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When the line of action of the applied force passes through
the pivot point, the value of moment arm / = 0, so in this case
torque s zero.

We now consider the torque due to a force F acting on
a rigid body, Let the force F acts on rigid body at point
F whose position vector relative to pivol O is r. The
force F can be resolved into two rectangular
components, F sin 8 perpendicular to r and F cosf
along the direction of r (Fig. 2.14 a). The lorque due to
F cos gabout pivol O is zero as its line of action passes

through point O, Therefore, the magnitude of torque due -

to F is equal  to the torque dus io F sin@ only about O,
It is given by

e iipﬁ.ﬂftr F sinf permrremn

Alternatively the momentarm / is uqun! to the mngnnul:la m‘
the component of r perpendicular to the line of action of F
as lliustrated in Fig. 2.14 (b). Thus

% -&fuhﬂjF- Fsing o o (2.28)
where @ is the angle between r and F

From Eq. 2.27 and Eq. 2.28 it can be seen that the torque

can be defined by the veclor pmdum-::fpnsﬂinn vector r
and the force F. S0,

‘T=rxF

ﬁ_ g s 1 “1“* o
Where I:rF EInB} is the magnitude of the torque. The

direction of the.torque represented by nis perpendicular
to the plane céntaining r and F given by right hand rule for
the vector product of two vectors.

The Sl unit for torgue is newton matre (N m)Y

Just as force determines the linear acceleration produced
ina body, the torque acting on a body daiarn'anei‘ts angular
acceleration. Torgue is the analogous of force for rotational
motion. If the body is at rest or rotating with uniform
anguiar velocity, the anguLar acceleration will be zero. In this
case the torque acting on the body will be zero.

= .'.-JI-.
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wii,mnmwmu!:fumFmﬂ
through & point P of a hndﬁ' “whose  position

vectorinmetre isi-2j+k.f F= 21 3 ] + 4k (in newton),
determine the mmmn Eupulnt ‘A'whose position

ﬂﬂﬁnﬁ{fﬂ metre) is 2 1 + ] +k
The position vector of point A=r, =2+ j + k
The posttion vector of point P=ry=i-2] + k relative 1o O,
The position vectar of P relative to A is
AP = rfr;_'-'rl; |

 AP=(i- zﬁ@.i}-.;;zi* jKk)=-1-3]

The torque about A= rx F
=(131)x(2i-3] +4k)

=.121+4 ] +9k Nm

We have studied in school physics that if a body, under the
action of a number of forces, is at rest or moving with
uniform velocity, it is said lo be In equilibrium.

First Condition of Equilibrium

A body at rest or moving with uniform velocity has zero
acceleration. From Newton's Law of motion the vector sum-
of all forces acting on it must be zero.

This is known as the first condition of equilibrium. Using
the mathamatical symbol £ F for the sum of all forces we
can write

EFE0 e izae)
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Fig. 217

. Second Gondition of Equilibrium

Let two equal and opposite forces act on a rigid
body as shown in Fig. 2.17. Although the first condition of
equilibrium is satisfied, yet it may rotate having clockwise
tuming effect. As discussed earlier, for angular acceleration
to be zero, the net torque acting on the body should be
zero. Thus for a body in equilibrium, the vector sum of all
the torques acting on it about any arbitrary axis should be
zero. This is known as second condition of equilibrium.

~ Mathematically it is written as

Te=0 it b (2.33)

By convention, the counter clockwise torques are taken as
positive and clockwise torques as negative. An axis s
chosen for calculating the torques. The position of the axis
is quite arbitrary. Axis can be chosen anywhere which is
convenient in applying the torque equation. A most helpful
point of rotation is the one through which lines of action of
several forces pass.

We are nowina position to state the complete requirements
for a body to be in equilibrium, which are

(1) IF=0 ie IF,=0 and %F,=0
(2) =0

When 1% condition is satisfied, there is no linear
acceleration and body will be In translational equilibrium.
When 2™ condition is satisfied, there is no angular
mmmmmmmmmuquamm

For a body to be in complete equilibrium, both conditions
should be satisfied, i.e., both linear acceleration and
angular acceleration should be zero.

If a body is at rest, it is said to be In static equilibrium but if
the body is moving with uniform velocity, it Is said to be
in dynamic equilibrium.

We will restrict the applications of above mentioned
conditions of equilibrium to situations in which all the forces
lie in a common plane. Such forces are said to be
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than one object in equilibrium in a given Ii!'b_.'f
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zmﬁ-‘ﬂummwﬁwm Fﬁﬂmwmﬁmjﬁmpmmwam

22The vector sum af three vectors gives a zero resultant. memmm
of the vectors?

2.3 Vector A hﬁlnﬂmwm Huﬁmmuﬂﬁuﬂhﬂﬂ;dhw.
components be negative ? For what orientation will its compenents have mm

: Elﬂmﬂ'ﬂlﬂmmmﬂamhmm can its magnitude be
m?”m

25 Carig) v & compor sstot thon the
| LEEﬂnﬂHMMdnmrhﬁanmﬂluﬂ
1?HA+H=ﬂmﬁmmwm~mum¢nm Hhmvma?

EﬂmmmmﬂaMrmmmﬂmh
magnitude? -

2.0 1s it possible 1o add a vector quantity to a scalar quantity? Explain.
2.10 Can you add zero to a null vector?
211 Two vectors have unequal magnitudes E‘-‘nnﬂﬂrm hm?m

-112mmmmmmmﬁmmpmwmmmmmm-
also perpendicular and of the same length.
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213 How would the two vectors of the same magnitude have to be oriented, if they
were to be combined to give a resultant equal to a vector of the same magnitude?

214 The two vectors to be combined have magnitudes 60 N and 35 N. Pick the
correct answer from those given below and tell why is it the nnh.r one of the three
that is correct.

i) 100 N H)TON liy20 N

2.15 Suppose the sides of a closed polygon represent vector arranged head 1o tail.
What is the sum of these vectors?

2.16 I|dentify the correct answer,

i) Two ships X and Y are travelling in different directions at equal speeds. The actual
direction of motion of X is due north but to an observer on Y, the apparent direction of
motion of X is north-east. The actual direction of motion of ¥ as observed from the
shore will be

(A) East (B)West (C)south-east (D) south-west

il A horizontal force F is applied to a small object P of mass m at rest on a smooth
plane inclined at an angle ® lo the horizontal as shown in Fig. 2.22, The magnitude of
the resultant force acting up and along the surface of the plane, on the object is

a) Fcosb-mgsing
b) FsinB-mgcos B
c) Fcosé+mgcosd
d) Fsin@+mgsing
a) mglang

217 It all the components of the vectors, Ay and A; were reversed, how would this alter
Agx A7

218 Name the three different conditions that could make Aqx Az=0.
218  Identify true or false statements and explain the rea
a) A body in equilibrium irruplbe*hat it is not moving nor rotating.

b) If coplanar forces acting on a body form a closed polygon, then the body Is said
to be in equilibrium.

220 A plcture Is suspended from a wall by two strings. Show by diagram the
configuration of the strings for which the tension in the strings will be minimum.

221 Can a body rotate about its centre of gravity under the action of its weight?
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2.1

22

2.3

24

2.5

2.6.

2.7.

2.8,

NUMERICAL PROBLEMS

Suppose, in a rectangular coordinate system, a vector A has its tail al the point
P (-2, -3) and its tip at Q (3.9).Determine the distance between these two points.

(Ans: 13 Units)

A certain comer of a room is selected as the origin of a rectangular coordinate
system. If an insect is sitting on an adjacent wall at & point having coordinates
(2,1), where the units are in metres, what is the distance of the insect from this
comer of the room?

(Ans; 2.2m)

What is the unit vector in the direction of the vector A=4[+3?
{Ans: (a5 )
5

Two particles are located at ry =2 I+ Ti an:{r1=v2i +3] respectively. Find both the
magnitude of the vectorir;.ry and its orientation with respect to the x-axis.
[Ans: 64,2197

If a vector B is added to vector A, Iharesunlsﬂi + i.leIswbtrn-:tudfmrnA.
the resultis -4 1+7 | What is-the magnitude of vector A?
(Ans: 4.1)

Given that A =2 i+3i and B =3 -4 i find the magnitude and angle of
(aC=A+B,and(b) D=3A-2B.

(Ans: 5.1, 349°; 17,90°)
Find the angle between the two vectors, A=5 [ +jand B=21 +4 |.
(Ans: 52°)

Find the work done when the point of application of the force Ef +2i moves in a
straight line from the point (2,-1) to the point (6.4).

(Ans: 22 units)
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2.8

210,

2.11

212,

2.13

214

2.15

Show that the three u&ctchf+i+|'r..2i ~ﬂi+ k and 4i+j-5l.: are mutually
parpendicular, i

Gilven that A=ia2i+3;: and B=3;-¢;{, find the projection of
A on B.

.
(Ans: 5 )
Vectors A, B and C are 4 units north, 3 units west and B units east, respectively.
Pescribe carefully (5) AxB (h)Ax C () BxC
[Ans: (a)12 units vertically up (b) 32 units verticallydown (c) Zero]

The torque or turning effact of force about a given point is given by r x F where r is the
vector from the given paint to the point of application of F. Consider a force

= —3;+i+5l; (newton) acting on the point Ti‘i‘ﬂiﬂ: {m). What Is the torque
inN m about the origin?

[Ans: 14i-38 j+16k Nm]

The line of action of force, F = e i paﬁs-es through a point whose position
vector is {-i K ) Find (a) the moment of Fabout the origin, {b) the moment of F

about the point of which the pﬂsiﬁun vector is | +k.

[Ans: (a)2i+]+k,(b}3k]

The magnitude of dot and cross products of two vectors are 643 and 6
respectively. Find the angle between the vectors

{Ans: 30°)

A load of 10.0N Is suspended from a clothes line. This distorts the line sa that it
makes an angle of 15° with the horizontal at each end. Find the tension in the

" clothes line.

[Ans: 18.3N]



ChapterJR,
. MOTIONANDFORCE

Learning Objectives
At the end of this chapter the students will be able to:

Understand displacement from its definition and illustration,

Understand velocity, average velocity and instantaneous velocity.

Understand acceleration, average acceleration and instantaneous acceleration.
Understand the significance of area under velocity-time graph.

Recall and use equations, which represent uniformly accelerated motion in a
straight line including failing in a uniform gravitational field without air resistance.

6, Recall Newton's Laws of motion.

i B Dﬂwﬁﬂﬂﬂmasmmﬂhwufmuﬂmasmtﬂufdmgﬂufmm
8. Define impulse as a product of impulsive force and time.

9. Describe law of conservation of momentum.

10. Use the law of conservation of momentum In simple applications including slastic
collisions between two bodias in one dimension.

11. Describe the force produced due to flow of water.

12. Understand the process of rocket propulsion (simple treatment),

13. Understand projectile motion in a non-resistive medium.

14. Derive time of flight, maximum height and horizontal range of projectile motion.
15. Appreciate the motion of ballistic missiles as projectile motion,

0 e oA

- e live in a universe of continual motion. In every plece of matter, the atoms are in a

state of never ending motion. We move around the Earth's surface, while the Earth moves in
its orbit around the Sun. The Sun and the stars, too, are in motion. Everything in the vasiness
of space is in a state of perpetual motion.

© 48



Every physical process involves motion of some sort.
Because of its importance in the physical word around us,
It is logical that we should give due attention to the study
of motion.

We already know that motion and rest are relative. Here, in
this chapter, we shall discuss other related topics in some
more details,

: > 9 = " 1;1";'.... .__I- i
- lr-I. '_i. N | -.I 'f .-ll:':'-:'.l"tdd_";l' '.-
= = [¥ SN

Whenever a body moves from one position to another,
the changein its position is called displacement. The
displacement can be represented as a vector that
describes how far and in what direction the body has been
displaced from its original position. The tail of the
displacement vector is located at the position where the
displacement started, and its tip or arrowhead is located at
the final position where the displacement ended. For
example, if a body is moving along a curve as shown in
Fig. 3.1 with A as its initial position and B as its final
position then the displacement d of the body Is
represented by AB. Note that although the body is maving
along a curve, the displacement is different from the pathi
of motion.

If ry is the position vector of A and r; that of point B then by
~ head and tail rule it can be seen from the figure that

d=r;-r

The displacement is thus a change in the
position of body from its initial position to its
final position. \ : e

Its magnitude is the straight line distance between the
initial position and the final position of the body,

When a body moves along a straight line, the displacement
coincides with the path of as shown in Fig. 3.2.(a)
ocITY PR At '

§Flin . Til
1A S e 1 : r .

We have studied in school physics that time rate of change
of displacement is known as velocity. Its direction. is along
the direction of displacement. So if d the total
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Far Your Information

Fig.2.2(b}

displacement of the bady in time ¢, then ils average velocity

during the interval { is defined as

A "'??"!'?",.%f s A

- Average velocity does not tell us about the motion between

A and E.Th&pmhmaypamaightnrmrm and the
mation may be steady or variable. For example if a squash.
hall comes back (o its starting point after bouncing off the
wall several times, its total displacement is zero and so
alsa is its average velocity,

In such cases ihe motion is described by the
instantaneous velocity. . )
In order to understand the concept of inslantaneous .
velocity, consider a body moving along a path ABC in xy
plana. At any time |, let the body be at peint A Fig.3.2(b).lts
position is given by position veclor ry. Afler a short time
interval At following the Instant f, the body reaches the
point B which is described by the position vector ry. The
displacemant of the body during this shor time interval is
given by

Ad=ry—-n

The notation A (delta) is used o represent a uar,r small
d'nanga,_
The instantaneous velocity at a point A, can be found by

‘making At smaller and smaller. In this case Ad will also

become smaller and point B will approach A. If we continue
this process, letting B approach A, this, allowing At and Ad
1o decrease but naver disappear compietely, the ratio
Ad/At approaches a definite limiting value which Is the
instantaneous velocity. Although Al and Ad become
extremely small in this process, yet their ratio’ is not
necessanly a small quantity. Moreaver, while decreasing
the displacement vector, Ad approaches a limiting direction

~along the tangent at A. Therefore,
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If the velocity of a body is increasing, its acceleration is
positive but if the velocity is decreasing the acceleration is
negative. If the velacity of the body changes by equal amount
in equal intervals of time, the body Is said to have uniform
accaleration. For a body moving with uniform acceleration, its
average acceleration is equal to instantaneous acceleration,

3.4 VELOCITY-TIME GRAPH

Graphs may be used to illustrate the variation of velocity of
an object with time. Such graphs are called velocity-lime
graphs. The velocity.time graphs of an object making three
different journeys along a straight road are shown in
figures 3.4 to 3.6. When the velocity of the car is constant,
its velocity-time graph is a horizontal straight line (Fig 3.4).
When the car moves with constant acceleration, the

velocity-time graph is a straight line which rises the same
height for equal intervals of time (Fig 3.5).

The average acceleration of the '
car during the interval t is given by
the slope of its velocity-time graph.

When the car moves with increasing acceleration, the
velocity-time graph is a curve (Fig 3.6). The point A on the
graph comesponds to time [ The magnitude of the
instantaneous acceleration at this instant Is numerically
equal to the slope of the tangent at the point A on the
velocity-ime graph of the object as shown in Fig 3.6.

The distance moved by an object can also be determined
by using its veloclty-time graph. For example, Fig 3.4
shows that the object moves at constant velocity v for time £.
The distance covered by the object given by Eg. 3.1 is
v ¥ L. This distance can also be found by calculating the
area under the velocity-time graph. This area is shown
shaded in Fig 3.4 and is equal to v x & We now give
another example shown in Fig 3.5. Here the velocity of the
object Increases uniformly from 0 to v in time £ The
magnitude of its average velocity is given by

i O+v 19

=y

I'u',,,
2 2
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UNIFORMLY ACCELERATED MOTION
In school physics we have studied some useful equations
for objects moving at constant acceleralion,

Suppose an object is moving with uniform acceleration &
along a straight line. If its imitial velocity s v and final
velocity after a time interval f 15 . Let (he distance
covered during thisinterval be § then we have

e T I R TR S RLERa )
s = Mrvid,, i e
2
i 1 i
-5'=|.-'.al'+Ea.! .......... {(3.7)
R e 2 N SR AN (3.8)

These equations are useful only for hinear motion with
uniform acceleration. When the object moves along a
straight line, the direction of motion does nol change. In
this case all the vectors can be manipulated like scalars. In
such problems, the direction of initial velocity is taken as
positive. A negative sign is assigned 1o quantities where
direction is opposite to that of initial velocity.

in the absence of air resistance, all objects in free fall near
the surface of the Earth, move towards the Earth with a
uniform acceleration. This acceleration, known as
accaeleration due to gravity, |s denoted by the lelter g and
its average value near the Earth surface is taken as
9.8 ms*in the downward direction.

The equations for uniformly accelerated motion can also be
applied to free fall motion of the objects by replacing & by g.

3.6 NEWTON’'S LAWS OF MOTION

Newton's laws are empircal laws, deduced from
experiments, They were clearly stated for the first time by
Sir lsaac Newton, who published them in 1687 in his
famous book called “Principia”. Newton's laws are adequate
for speeds that are low compared with the speed of light.
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Distance covered = average velocily x time = %v Xt

Now we calculate the area under velocity-time graph which
is equal to the area of the triangle shaded in Fig 3.5. Its
value is equal o 1/2 base x height = 12 v x &
Considering the above two examples it Is a general
conclusion that

The area between the velocity-time graph

‘and the time axis is numerically equal to
the distance covered by the object.

Example 3.1: The velocity-time graph of a car moving
on a straight road is shown in Fig 3.7. Describe the motion
of the car and find the distance covered.

Solution: The graph telis us that the car starts from rest,
and its velocily increases uniformly to 20 ms’ in 5
seconds. Iis average acceleration is given by

% |
=—= =4ms™
At 68
The graph further tells us that the velocity of the car
remains constant from 5" to 15" second and it then
decreases uniformly to zero from 15™ to 18" seconds. The
acceleration of the car during last 4 seconds is

J AV _-20mel Lo
al 4
The negative sign indicates that the velocity of the car
decreases during these 4 seconds.

The distance covered by the car is equal lo the area
between the velocity-time graph and the time-axis. Thus

Dhtan:abavaﬂnd=haaufﬂAEF+Aman!mﬂbanﬁnECEFl

+ Area of ACDE

% x20ms'x55+20ms' x 10s+ ExEﬂn‘m xds
=50m+200m+40m=290m
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Interesting Information

Paoint to Ponder

WI‘H'!!HHMMH

We ara aware nf the facl that moving nhpect pOSSEsses d

quality by virtue of which il exerts & force on anything that
tries to stop it. The faster the object is travelling, the harder is
to stop it. Similarly, f two objects move with the same
velocity, then it is mare difficult to stop the massive of the two,

This quality of the moving body was called the quantity of
mation of the body, by Newton. This term is now called
linear momentum of the body and is defined by the relation.

Linear momentum =p = m v (3.10)

In this expression v is the velocity of the mass m. Linear
momentum s, therefore, a vector quantity and has the
direction of velocity.

The Si unttufm::m&nll.lm Is kilogram metre per second
(kgm "), It can also be expressed as newton second (N s).

Momentum and Newton's Second Law of Motion

. Consider a body of mass m maoving with an initial velocity v,

Suppose an external force F acts upon it for time { after which
velocity becomes v, The accelerationa produced by this force
is given by

By Newton's second law, the acceleration Is given as

F
A s—

m

Equating the two expressions of acceleration, we have

L S
m t
or Fxf=mw-=mvyy  ....... (3.11)

whare mv, is5 the initial momentum and mw is the final
‘momentum of the body
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The equation 3.11 shows that change in momentum is
aqual 1o the product of force and the time for which force s
applied. This form of the second law is more general than
the form F = ma, because It can easily be extended lo
account for changes as the body accelerates when ils
mass also changes. For example, as a rocket accelerates,
it loses mass because its fuel is bumt and ejected to
provide greater thrust.

_m’*mi
o

Thus, second law of motion can also be stated in terms of
momentum as follows 1

From Eg. 2.11, F

Time rate of.change of momentum
of a body equals the applied force.

Sometimes we wish to apply the concept of momentum to
cases where the applied force is not constant, it acts for very
short time. For example, when a bat hits a cricket ball, the
force certainly varies from instant to instant during the
collision. In such cases, it is more convenient to deal with the
product of force and time (F x ) instead of either quantity
alone. The quantity F x 1 is called the impulse of the force,
where F can be regarded as the average force that acts
during the time t. From Eq. 3.1

Impulse =F xt=mw-mv, ... (3.12)

Exampla:i.:: A 1500 kg car has its velocity reduced from
20 ms”' to 15 ms” in 3.0 s. How large was the average
retarding force?!
Solution: Using the Eq 3.11
Fxt=my-mu _ e
Fx3.0s=1500kg x 15 ms"' - 1500 kg x 20 ms™
or F =-2500kgms®=-2500N -25kN
The negative sign indicates that the force is retarding one.
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Point to Ponder

Which huft you in the above
situations {a) or (b} and think why?

Falint to Ponder

. a moving object

Co You Know?




Law of Conservation of Momentum

Let us consider an isclated system. It is a system on which
no external agency exerts any force. For example. the
molecules of a gas enclosed in a glass vessel at constant
temperature constitule an isolated system. The molecules
can collide with one another because of thelr random
mation but, baing enclosad by glass vessel, no extemal
‘agency can exert a force on them.

Consider an isolated system of two smoaoth hard interacting
balls of masses m, and m., maving along the same straight
line, in the same direction, with velocilies v and v
respectively, Botfi the balls collide and after collision, ball of
mass m; moves with velocity v'y and m; maves with velocity
v’; in the same direction as shown in Fig 3.8,

To find the change in momenturm of mass m;, using Eg 3.11
we have,

Fat=mwv =my ¥y
Similarty for the ball of mass m;, we have
Fxl=mavs—maVz
Adding these lwo expraessions, we gel '
(F+F J={my vy - msv)+ (me v = mg ve)

Since the action force F Is equal and opposita 1o the
reaction force F, we have F = - F, so the left hand side of
the equation 1s zero. Hence,

O=(mi vy My ¥ ) ® (M -My Vi)

In other words, change in momentum of 1st ball + change
in momentum of the 2™ ball = 0

Or (movy +mava)=(mivi *mzvz) tiven (@13)

Which means that total inittal momentum of the system
before collision is equal to the total final momentum of the
system after collision. Consequently, the tolal change in
momentum of the isoclated two ball system |8 zero.

For stich a group of objects, If one object within the group
experiences a force, there must exist an equal bul
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opposite reaction force on some other object in the same
group. As a result, the change in momentum of the group
of objects as a whole is always zero, This can be
expressed in the form of law of conservation of momentum
which states that

The total linear momentum of an
isolated system remains constant.

in applying the conservation law, we must notice that the
momentum of a body is a vector quantity.

Example 3.3: Two spherical balls of 2.0 kg and 3.0 kg

masses are mnuh'lg lowards each other with velocities of

6.0ms" and 4 ms™' respectively. What must be the velocity of
ﬂﬁmaﬂarhnﬂaﬁmmmmn if the velocity of the bigger
ball is 3.0 ms™'?

Solution: As both the balls are moving towards one

another, so mawvahﬂﬁﬁamnfuppudtﬂsgﬂ Let us
that the direction of motion of 2 kg ball is positive and

SuUppose
thatof the 3 kg is negative,
The momentum of the system before collision = m, v, +m s v;
= 2kgx Bms’+ 3kgx (4 ms’) = 12kgme' - 12kgms' =0
Momentum of the system aftercollision= m, vi+mave

=2kgx v: +3kgx {-3)ms’

From the law of conservation of momentum

Mormentum of the system | _ | Momantum of the system
before collision after colligion

0=2kg s v, -9kgms"’
2kgvi=9kgms’
vi=4.5ms’
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Do you wear seat belts?

d'ntlm 1IJ!'nl forces of nullﬂn
preven| the passsngers from
marving. Thus the chanoe of inury is
greatly reduced.

A molorcyela’s  safely, balmel i
paddesd o s 1o axiead the ma of
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v, v,
©O0
iy ity
Bafore collision
L ¥,
——» L=
m, Hiy

After collision
Fig. 3.0

When two tennis balls collide then, after collision, they will
rebound with velocities less than the velocities before the
impact. During this process, a portion of K.E is lost, partly
due to friction as the molecules in the ball move past one
another when the balls distort and partly due to its change
into heat and sound energies.

] RS

A collision in which the K.E of the system is
not conserved, is called the inelastic collision.

Under certain special conditions no kinetic energy is lost in
the collision.

In the ideal case when no K.E is lost, the
collision is said to be perfectly elastic.

For example, when a hard ball is dropped onto a marble
floor, it rebounds to very nearly the initial height. It looses
negligible amount of energy in the collision with the floor.

It is to be noted that momentum and total energy are
conserved in all types of collisions. However, the K.E. Is
conserved only in elastic collisions.

Elastic Collision in One Dimension

Consider two smooth, non-rotating balls of masses m; and
m3, moving initially with velocities v; and v, respectively, in
the same direction. They collide and after collision, they
move along the same straight line without rotation. Let their
velocities after the collision be v; and v; respectively, as
shown in Fig. 3.9.

We take the positive direction of the velocity and momentum
to the right. By applying the law of consenation of
momentum we have

My Wi ¥ Mz Ve =My Vi * M2 Ve
mylvy; - vi JEmalva-va) (3.14)
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Sase i 2m
W " -‘I.;I“:l Mk M""’i i V= : vy
! » B f'l'i‘.I = J'TIE. rr:r1 -+ m'.,_
0 0 When m, = m; then ball of mass m, after collision will come
m, m, to a stop and m; will take off with the velocity that m,
Bators oaliision originally has, as shown in Fig 3.11. Thus when a billiard

, _ ball my, moving on a table collides with exactly similar ball
wE=D vimvo st rest, the ball my stops while m; begins to move with
o o the same velocity, with which m, was moving initially.

m, m, (ili) When a light body collides with a massive body at rest

After collision In this case initial velocity vy = 0 and m == m,. Under these

Fig, 314 conditions m, can be neglected as compared to m,. From
. equations 3.17 and 3.18 we have v, =-v; and v>=0

case (iii) The result is shown in Fig 3.12. This means that m; will

v, =0 bounce back with the same velocity while m; will remain

% ° stationary. This fact Is made used of by the squash player,
Th m, (iv) When a massive body collides with light
Belore collision stationary body
In this case my == my and v; = 0 so m; can be neglected in
o il equations 3.17 and 3.18, This gives v = vy and vz = 2 v,
A : Thus after the collision, there is practically no change in the
"] 0 velocity of the massive body, but the lighter one bounces off
m - in the forward direction with approximately twice the velocity
Aiar ooltalon.’ of the incident body, as shown in Fig. 3.13.
g 212 Example 3.4: A 70 g ball collides with another baﬂ
mass 140 g. The initial velocity of the first ball is 9 ms™ to
case (iv) the right while the second ball is at rest. If the collision were
T perfectly elastic what would be the velocity of the two balls
a o after the collision?
e Solution:
Bafore collizsion m, = 70 g V? = _9_1‘"3’-1 uz- =0
e m, = 140 g =1 V=7
Q  We know that vi= Do,
m, L : m, + m;
After colliskon
Fig. 353
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Thus force can be calculated from the product of mass of
water striking normally per second and change in valn-:ﬂh_.r
Suppose the water flows uutfrmna pipe at 3 kgs' and its
velocity changes from 5 ms'' to zero on striking the ball, then,

Force = 3 kgs” x (5mis' —0) = 15kgms*= 15N

Phaﬁ A hose pipe ejects water at a speed of

ﬂ.:ima through a hole of area 50 cm”. If the water strikes a
wall normally, calculate the force on the wall, assuming the

- velocity of the water normal to the wall is zerp after striking.

Solution:
The volume of water per
sacond striking the wall

Mass per second striking the wall = volume x density
=0.0015 m® x 1000 kgm™= 1.5 kg

: Velocity change of water onsriking the wall=0.3ms'-0=0.3ms’

w Force = Momentum change per second
h = 15kgs' x 0.3 ms" = 0.45 kgms® = 045 N

=0.005m*x0.3m=00015m"

Tm are manyr axamp&es wh&m mumanh.lrn changes are
produced by explosive forces within an isolated system
For example, when a shell explodes in mid-air, its
fragments fly off in different directions. The tofal
momentum of all its fragments equals the initial momentum
of the shell. Suppose a falling bomb explodes into two
pieces as shown in Fig. 3.14. The momenta of the bomb
fragments combine by vector addition equal to the original
momenlum of the falling bomb.

Consider angther example of bullet of mass m fired from a
rifte of mass M with a velocity v. Initially, the total
momentum of the bullet and rifie is zero. From the principle
Fig. 3.14 of conservation of linear momentum, when the bullet is
fired, the total momentum of bullet and rifle still remains
zero, since no external force has acted on them. Thus if v'
is the velocity of the rifle then
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where M is the mass of the rocket. When the fuel in the
rocket is bumed and ejected, the mass M of rocket
decreases and hence the acceleration increasas:

Upﬂﬂmwmhawhaansmwm;mamnﬂmufapankﬂa
along a straight line i.e. motion in one dimension. Now we
~ consider the motion of a ball, when it is thrown horizontally
¥ from certain height. It is observed that the ball travels forward
as well as falls downwards, until it strikes somathing.
Suppose that the ball lsaves the hand of the thrower at point
A (Fig 3,16 a) and that its velocity at that instant is complately
horizontal, Let this velocity be v, According to Newton's first
law of motion, there will be no acceleration in horizontal
direction, unless a horizontally directed force acts on the ball.
ignoring the air friction, only force acting on the ball during
flight is the force of gravity. There is no harizontal force acting
on it. So its horizontal velocity will remain unchanged and will
be v,, until the ball hits something. The horizontal mation of
ball is simple. The ball moves with constant horizontal
Fig.3.16{a} velocity component. Hence horizontal distance x is given by

X= 'I&.:l;f ++++++ e {3-22}

The vertical motion of the ball is also not complicated. It
will accelerate downward under the force of gravity and
hence a = g. This vertical motion Is the same as for a

freely faling body. Since initial vertical velocity is zero,
hence. vertical distance y, using Eq. 3.7, is given by

BT
y=_ g

it is not necessary that an object should be thrown with
some initial velocity in the horizontal direction. A football
kidcaduﬂbyaplﬂy&nabalimmmbynmidmmranda
missile fired from a launching pad, all projected at some
angles with the horizontal, are called projectiles.




In such cases, the motion of a projectile can be studied
easily by resolving it Iinto horizontal and vertical
components which are Independent of each other
Suppose that a projectile is fired in a direction angle 6 with
the horizontal by velocity v as shown in Fig. 3.16 (b). Let
components of velocity v, along the horizontal and vertical
direclions be v, cos Band v, sin firespectively. The horizontal
acceleration Is a, = 0 because we have negiected air
resistance and no other force is acling along this direction
whereas vertical acceleration a, = g. Hence, the horizontal
component v, remains constant and at any time f, we have

Vg =V = HMEH sashEbEE R {3-.23}

Now we consider the vertical motion. The initial vertical
component of the velocity is v sin@ in the upward direction.
Using Eq. 3.5 the vertical component v, of the velocity at any
instant ¢ is glven by

Viy = vsind-gl {3.2“}

The magnitude of velocity at any instant is

W= v+ (3.25)

The angle ¢ which this resultant velocity makes with the
horizontal can be found from

tan § = :_: (3.26)

In projectile motion one may wish to determine the height
to which the projectile rises, the time of flight and horizontal
range. These are described below.

Height of the Projectile

In order to determine the maximum height the projectile
attains, we use the aquation of motion

ZaS=wi-u?

As body moves upward, so a = - g, the initlal vertical
velocity v, = v, sinfl and v, = 0 because the body comes to
resl after reaching the highest point. Since
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Point 1o Pandor

S = height = h

So -2 gh=0-v, sin*d
. i '-I"]lﬂ-ﬂlﬂ
or e (3.27)

The fime taken by the body to cover the distance from the
place of its projection to the place where it hits the ground
at the same level is called the time of fight.

This can be cbtained by taking § = h = 0, because the
body goes up and comes back to same level, thus
covering no vertical distance. If the body is projecting with
velocity v making angle § with a horizontal, then its vertical
companent will be v sink. Hence the equation is

S=v i+ Yagt’
(0 = v sind t - Y gt*

g= 2V S8 (3.28)

g

where 1 is the time of flight of the projectile when it is
projected from the ground as shown in Fig. 3.16 (b).

Range of the Projectile

Maximum distance which a projectile covers in the
horizontal direction is called the range of the projectile.

To determine the range R of the projectile, we multiply the
horzontal component of the velocity of projection with total
time taken by the body after leaving the point of projection.
Thus

R=v,xt using Eq. 3.28

R ims[}x? v, sing
g

]
R= %‘E ginf cosh

At



But, 2 sinBeosf = sin2 8, thus the range of the projectile
d&pﬂnﬂaupuntmvdm&yufpm}mﬂmwﬂﬂumm
projection.

]
Therefore, R= %vslﬂ 20........ (3.28)

For the range R to be maximum, the factor sin20 should
have maximum value which is 1 when 20= 80" or = 45°

Application to Ballistic Missiles

A ballistic flight Is that in which a projectile is given an initial
push and is then allowed tc move freaely due to inertia and
under the action of gravity. An un-powered and un-guided
missile is called a ballistic missile and the path followed by
it is called ballistic trajectory.

As discussed before, a baliistic missile moves in a way that is | _

the result of the superposition of two independent motions: a
straight line inertial flight in the direction of the launch and & ~
vertical gravity fall. By law of inertia, an object should sail
straight off in the direction thrown, at constant speed equal to
its initial speed particulary in empty space. But the downward
hmn!gmuhywﬂalhrshﬂwmmwuanmmuajmmy

For short ranges and flat Earth approximation, the trajectory For an an
is parabolic but the dragless ballistic trajectory for spherical g e e
Earth should actually be elliptical, At high speed and for 10D sngls of projsctile s larger o,
trajectories the air friction is not negligible and some times the g 1 atainad will be more bu
force of air friction is more than gravity. It affects both S el
horizontal as well as vertical motions. Therefore, it is

completely unrealistic to neglect the aerodynamic forces.

The shooting of a missile on a selected distant spot is a
major element of warfare. It undergoes complicated
motions due to air friction and wind etc. Consequently the
angle of projection can not be found by the geometry of the
situation at the moment of launching. The actual flights of
missiles are worked out to high degrees of precision and
the resull were contained in tabular form. The modified
aquation of trajectory is too complicated o be discussed
here. The ballistic missiles are useful only for short ranges.
For long ranges and greater precision, powered and
remote control guided missiles are used.
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3.13

QUESTIONS

What is the difference between uniform and variable velocity? From the
explanation of variable velocity, define acceleration. Give S| units of velocity and
acceleration.

An cbject is thrown vertically upward. Discuss the sign of acceleration due to
gravity, relative to velocity, while the object is in air.

Can the velocity of an object reverse the direction when acceleration is constant?
If s0, glve an example.

Specify the comec! statements:

a. An object can have a constant velocity even its speed is changing.

b.  An object can have a constant speed even its velocity is changing.

c. An object can have a zero velocity even its acceleration is not zero,
An object subjected lo a constant acceleration can reverse its velocity,

A man standing on the top of a tower throws a ball straight up with initial
velocity v and at the same time throws a second ball straight downward with the
same speed. Which ball will have larger speed when it strikes the ground? Ignore

Q1

air friction.

Explain the circumstances in which the velocity v and acceleration a of a car are
(i) Parallel (Il} Anti-paraliel (iil) Perpendicular to one another
(W)vis zero but a is not zero (v)ais zero but v is not zero

Mation with constant velocity is a special case of motion with constant acceleration,
Is this slatement true? Discuss.

Find the change in momentum for an object subjected to a given force for a giwn
time and state law of motion in terms of momentum.

Define impulse and show that how it is related to linear momentum?

State the law of conservation of linear mnméurm.lm pointing out the imporiance of
Isolated system. Explain, why under cerain conditions, the law is useful even
though the system is not completely isolated?

Explain the difference between elastic and Inelastic collisions. Explain how would

‘a bouncing ball behave in each case? Give plausible reasons for the fact that K.E

is not conserved in most cases?
Explain what is meant by projectile motion. Derive expressions for
a. the time of flight b. the range of projectile.

Show that the range of projectile is maximum when projectile is thrown at an
angle of 45° with the horizontal.

Al what paint or points in its path does a projectile have its minimum speed, its
maximum speed?

3



3.14

3.1

3z

3.3

Each of the following questions Is followed by four answers, one of which is
correct answer. |dentify that answer.

|, What is meant by a ballistic trajectory?
a.  The paths followed by an un-powered and unguided projectile.
b. The path followed by the powered and unguided projectile.
¢ The path followed by un-powered but guided projectile.
d. Thepath followed by powered and guided projectile.
. What happens when a system of two bodies undergoes an elastic collision?
The momentum of the system changes.
The momentum of the system does not change.
The bodies come to rest after collision.
The energy conservation law is violated.

oo op

A helicopter is ascending vertically al the rate of 19.6ms’. Whenitis
at a helight of 156.8 m above the ground, a stone is dropped. How long does the
stone take to reach the ground?

{Ans:8.0s)

Using the following data, draw a velocity-time graph for a shor journey on a
straight road of a motorbike. it

Velocity (ms")| © 10 20 20 | -20 20 0
Time (s) 0 30 60 a0 120 150 180
Use the graph to calculate

(a) the initial acceleration
{ifl}l the final acceleration and
(c) the total distance travelled by the motorcyclist.
[Ans:{a) 0.33 ms?(b)-0.67ms (€} 2.7km]

A proton moving with speed of 1.0 x 10" ms”' passes through a0.020 cm thick
sheet of paper and emerges with a speed of 2.0 x 10° ms™. Assuming uniform
deceleration, find retardation and time taken to pass through the paper.

(Ans- 2.4 x 10" ms® ,3.3x10™ 5)

T4






3.12

313

3.14

3.15

A ball is thrown harizontally from a height of 10 m with velocity of 21 ms™: How
far off it hit the ground and with what velocity?

(Ans:30m,25 ms™')
A bomber dropped a bomb at a height of 490 m when its velocity along the
horizontal was 300 kmh™'.
{a) How long was it in air?

(b} At what distance from the point vertically below the bomber at the instant the
bomb mﬂmpﬂﬂ. did it strike (he gmund'? {Arm:1ﬂ5,533 H'I}

Find the angle of projection of a projectile for which its maximum height and
horizontal range are equal. (Ans: T67)

Prove that for angles of projection, which exceed or fall short of 45" by equal
amounts, the ranges are equal,

A SLBM {submarine launched ballistic missile) is fired from a distance of 3000km,
If the Earthis considered flat and theangle of launchis 45° with horizontal, find the
velocity with which the missile is fired and the time taken by SLBM to hit the

target.
(Ans: 5.42 kms 13 min )
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product of F and d.
A B -~ w: F,d = Ffﬂﬂﬁ‘ﬂ A 'E"'*” -
d

__:L..T = (Fcosd) o
“~ The quantity (F cose) is the component of the force in the
1 B dimmun ﬂﬁhﬂ displa:m‘rmntd

E,anynutail huwmu::i‘: wnrkis b-aing dunu'-"
(1) On the pail when a person holding the pail by the
force F is moving forward (Fig. 4.2 a). =

(i)  Onthe wall (Fig. 4.2 b7

When 2 constant force acts through a distance d, the avent
can be piotted on a simpie graph (Fig. 4.3). The distance is
normally plotted along x-axis and the force along y-axis. In
this case as the force does not vary, the graph will be a
horizontal straight line. If the constant force F (newton) and
the displacementd (metre) are in the same direction then the
work done is Fd (joule). Clearly shaded area in Fig. 4.3 is
also Fd. Hence the area under a force- displacement curve
can be taken to represent the work done by the force. In case
the force F is not in the direction of displacement, the graph is
o plotted between F cosland d.

" From the definition of work, we find that:
{h Woaork is a scalar quantity.

(i} 1f6 < 980" work Is done and it is said to be positive
work.

(y  1f6=90", no work is done. :
(iv) 16 >80, the work done is sald to be negative.
(v}  Slunitof work is N m known as joule (J),

u R S _-- L -t - . H s
T EWORKBONEEY AVARIABEEIFORCE]
Fia- 43 In many cases the force does not remain constant during
the process of doing work, For example, as a rocket moves

Flg. &.2{a)
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Wigsi = Limit »ﬁﬂﬂﬂﬂzéﬁ' areriens (4.3)

At in :
In this limit Ad approaches zero, the total area of the rectangles
(Fig. 4.5) approaches the area between the F cost curve and
, - d-axisfrom a to b as shown shaded in Fig. 4.6.

Thus, the work done by a variable force in moving a particie

between two points is equal to the area under the Fooso

vamﬁdmhutﬂanmﬁtmmmrsaandbanshuwnm
\ F1g 48,

WMﬁmiﬂ MMW!’I’EME ﬂtﬂ.t=#m

sﬂm“memwmmmmﬂmm
total area under the curve from x = 0 to x = 6 m. This area
.h to the area of the rectangular section from x =0 to
W m.mmm mhmm;ndmh
Eml-bmp ¢

FiM) —»

L p— Wmt&ummpi‘auurmnd !:-:r ﬂumﬁmﬂmxﬁﬂ
Fig. 4.7 =20Nm =20 J
Workdane represented by the areaof rangle = x2m x 5N
' =5Nm=5J

mﬁwmmﬂﬂﬂq!+ﬁliﬂﬁl

The space around the Earth in which its gravitational force
acts on a body is called the gravitational field. When an
object is moved in the gravitational field, the work is done L

the gravitational force. If displacement is in the direction of
gravitational force, the wark Is positive. If the displacement

is against the gravitational force, the work is negative.

Let us consider an object of mass m being displaced with
constant velocity from point A to B along various paths in
the presence of a gravitational force (Fig. 4.8). In this case
the gravitational force is equal lo the weight mg of the
objact.

)






The frictional force is a non-conservative force, because if
an object is moved over a rough surface between two
points along different paths, the work done against the
frictional force certainly depends on the path followed.

In the definition of work, il is not clear, whether the same
amount of work is done in one second or in one hour. The
rate, at which work is done, is often of interest in practical
applications. '

If work AW is done in a time interval A f, then the average
power Py, during the interval At is defined as !

RS R BR AN N s LR
e o R R
it work Is expressed as a' function of time, the
instantaneous power P at any instant is defined as

Pl TN T ANk i i

e e e
ﬁ?i:i“ LT g Tis <ia "ﬁﬁﬁﬁ:‘.—#{ - "-i&ﬂ%.

Where AW is the work done in short interval of time At
following the instant L

Power and Velocity

It is, sametimes, convenient to express power in terms of &
constant force F acting on an object moving at constant
velocity v, For example, when the propeller of a motor boat
mmmmmmmﬂ'mmmmFunmmn
maves with a constant velocity v. The power delivered by
the motor at any Instant s, then, given by |

=it Y
ar—»0 At
we know AW=F Ad
50 p=Limit T29
s> Al
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whére m Is the mass of the body moving with velocity v.

The potential energy s possessed by a body because of
its position in a force field e.g. gravitational field or because
of its constrained state. The potential energy due to
gravitational field near the surface of the Earth at a height
h is given by the formula ] ,

=
i

ol &

" P J £
L J i
Lhap g Rl L T

Y PTEORE L L TN L e o
This Is called gravitational potential energy. The
gravitational PE. is always determined relative to some
arbitrary position which is assigned the value of zero PE. -
in the present case, this reference level is the surface of °
the Earth as position of zero P.E, In some cases a point at
infinity from the Earth can also be chosen as zero reference
level, ' :
The energy stored in a compressed spring is the potential
energy possessed by the spring due to its compressed or
stretched state. This form of energy is called the elastic
potential energy.

Work-Energy Principle -

Whenever work is done on a body, it increases iis energy.
For example a body of mass m is moving with velocity v. A
force F acting through a distance ¢ Increases the velocity
to v, than from equation of mation

From second law nfm.‘_:ﬂ_ml

| l-,.'.i'.'i-'—l:; = .I_ - '.:".* i_--.'1f-'-*l_-.'b'-“ll ::.llrtln ;-.. I T
= b TS e PR ey

Multiplying equations 4.9 and 4.10, we have

e
= Emfv: A 'l'f,i




where the left hand side of the above equation gives the
work done on the body and right hand side gives the .
increase or change in kinetic energy of tha body. Thus

] 2
— |
I
[

This is known as work-energy principle. If a bedy is raised
up from the Earth's surface, the work done changes the
gmﬁhﬂuﬁpﬂﬂﬁﬂﬂlun&g Similarly, if a spring is
compressed, the work done on it equals the increase in its

elastic phiential energy.

Absolute Potential Energy

The absolute gravitational potential energy of an object at
a certain position is the wark done by the gravitational
force in displacing the object from that pnamm o infinity
~where the force of gravity becomes zero. The relation for
the calculation of the work done by the gravitational force
or polential energy = mgh, is true only near the surface of
the Earth where the gravitational force is nearly constant.
But if the body is displaced through a large distance In
space from, let, point 1 to N (Fig. 4.10) in the gravitational
field, then the gravitational force will not remain constant,
since It varies inversely to the square of the distance.

In erder to overcome this difficulty, we divide the distance

between points 1 and N into small steps each of length Ar 440

so that the value of the force remains constant for each L
~small step. Hence, the total work done can be calculated

by adding the work done during all these steps. If r; and r

are the distances of points 1 and 2 respectively, from the

centre O of the Earth (Fig. 4.10.), the work done during

the first step i.e., displacing a body from paint 1 to point 2

can be calculated as below. s

The distance between the centre of this step and the
centre of the Earth will be

p=tlit0s
2

if f—n=Ar then = i"j +Ar
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Note that when rincreases, U becomes less negative ie. U
increases, It means when we raise a body above the surface
of the Earthits PE. increases. The chove of zero point is
‘arbitraryland orjly the difference of P.E. Frofn one point to
another is significant, wether we consider the surfase of
the Earth or the point at infinity as zero P.E. reference, the
change in P.E. as we move a body above the surface of the
Earth, will always be positive.

Now the absolute polential energy on the surface of the
Earth is found by putting r = R (Radius of the Earth)

Absolute potental snergy = Uy =~ T .. (418)
The negative sign shows that the Earth's gravitational field
for mass m |s attractive. The above expression gives the
work or the energy required to take the body out of the
Earth's gravitational field, where its potential energy with
respect to Earth is zero. :

Escape Velocity

It is our daily life experience that an object projected upward
comes back to the ground after rising to a ceriain height.
This is due to the force of gravity acting downward. With
increased initial velocity, the object rises to the greater
height before coming back. If we go on Increasing the initial
velocity of the object, a stage comes when it will not retum
to the ground, It will escape out of the influence of gravity.
The initial velocity of an object with which it goes out of the
Earth's gravitational field, is known as escape velocity.

The escape velocity corresponds to the initial kinetic
energy gained by the body, which carries it to an Infinite
distance from the surface of Earth.

Initial K.E. = —;-mv.:.:

We know that the work done In lifting a body from Carth's
surface to an infinite distance is equalic the increase in

its potential energy

Gh






KE. = %m (2gx) = mgx

At position C, justhﬁhra mabudyshﬁmmuﬁmm FE. n
and KE. = Emrg,mm ve can be found out by the
following expression,

vie=vi+2gh=2gh as wvi=0
i KE. = 1nwn’=1m x 2gh = mgh

Thus at point C, kinetic energy is equal to the original value
of the potential energy of the body. Actually when a body
falls, its velocity increases |.e., the body is being accelerated
under the action of gravity. The increase in velocity results
in the increase in its kinetic energy. On the other hand, as
mmhmhmmmnammmm
an&myalﬂudaﬂm Thus we see (Fig. 4.12) that,

LﬂrsslnF'E = Gain in K.E.

o r A
R A e oL e 3
g (111 ,,r-r-.—1..," r..:r s 257 5

[ L - i T

Where vy and v> are velocities of the hu-d:-,r at heights h,
and h; respectively. This result is true nniz.f whan frictional
force is not considered.

If we assume that a frictional force fis present during the
downward motion, then a part of PE. s used in doing work
against friction equal to fh. The remaining P.E.= mgh -fh
is converted into K.E.

Hence, n‘.ﬁgﬂ—fh:-;—mirz

Loss in PE. = Gain in K.E. + Work done against friction.

90



i WW sl
mechanical mmhﬂyh&wmﬂﬁnw
g o plria Sty Ty change i Knaie

wmﬁ_ vice versa, hmﬁyﬂu fotal energy remains

'FdﬂﬂEmmy*-F.E + K.E, = Canstant
This is a special case of the law of consen
which states that: ;

of energy

mahmndthahuﬂulamuf hys

many mrnmnmﬂmﬁhm.mafnmmm
Some forms, such as electrical and chemical energy, are
more easily transferred than others, such as heat, Ullimately
all transfers result In heating of the environment and
energy is wasted. For example, the PE. of the falling object
changes to K.E., but on striking the ground, the K E. changes
Mhhnﬂmﬂmuniﬂnmmﬁgmmlwumi;ﬂfdﬁ
converted Into heat. This appears to be the fate of all

 avallable energies and is one reason why new sources of =

useful energy have to be developed.
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Land Dam  ¢amine These are the energy sources which are not very common
these days. However, it is expected thal these sources

will contnbute substantially to the energy demand of the
future. Some of these are Introduced briefly here.

mﬂﬁﬁ aqualizad Energy from Tides

One very novel example of oblaining energy from
gravitational field s the energy obtained. from fides.
Gravitational force of the moon gives rise to tides in the
sea. The tides raise the water in the sea roughly twice a
Lowtide: day. If the water at the high tide is trapped in a basin by
mgmmm‘}”nm constructing a dam, then it Is possible to use this as a
source of energy. The dam is filled at high tide and water is
released in a controlled way at low tide to drive the
turbines. At the next high tide the dam is filled again and
the in rushing water also drives turbines and generates
electricity as shown systematically in the Fig. 4.13.

Energy from Waves .

The tidal movement and the winds blowing across the
surface of the ocean produce strong water waves, Their
energy can be utilized to generate electricity. A method of
hamessing wave energy is to use large floats which move up
o bt and down with the waves. One such davice invented by
Warter ix allowed bo fow back Professor Salter is known Salter's duck (Fig. 4.14). It consisls
indc the hagin, diiving urtines.  of two parts (i) Duck float. (ii) Balance float.

[

Do Your Know"

Fig. 4.14

e The wave energy makes duck float move relative to thﬁ
and  balance float. The relative motion of the duck float is then
used to run electricity generators.

o2



The Earth receives huge amount of energy directly from
the: Sun each day. Solar energy at normal incidence
outside the Earth's atmosphere is about 1.4 kWm™ which
is referred as solar constant. While passing through the
atmosphere, the total energy Is reduced due to reflection,
scattering and absorption by dust particles, water vapours
and other gases. On a clear day at noon, the intensity of
solar ehergy reaching the Earth's surface is about 1kWm™,
This energy can be used directly to heat water with the help
af large solar reflectors and thermal absorbers. It can also
be converted to electricity, In one method the flat plate
collectors are used for heating water. A typical collector is
shown in Fig. 4.15 (a). It has a blackened surface which
absorbs energy directly from sclar radiation. Cold water
passes over the surface and is heated upto about 70°C.

Much higher temperature can be achieved by
concentrating solar radiation on to a small surface area by
using huge reflectors (mirors) or lenses to produced
sleam for running 2 turbine.

The other method is the direct conversion of sunlight info

electricity through the use of semi conductor devices called

solar cells also known as photo voltaic cells. Solar cells are .
thin wafers made from silicon, Electrons in the silicon gain Y
energy from sunlight to create a voltage. The voltage

produced by a single voltaic cell is very low. In order to get

sufficient high voltage for practical use, a large number of

such cells are connected in series forming a solar cell panel,

For cloudy days or nights, eléctric energy can be stored
during the Sun light in Nicke! cadmium batteries by
connecting them to solar panels. These batteries can then
provide power to elecirical appliances at nights or on
cloudy days.

Solar cells, although, are expensive bul last a long time and
have low running cost. Solar cells are used lo power
satellites having large solar panels which are kep! facing the
Sun (Fig. 4.15 b). Other examples of the use of solar cells
are remote ground based weather stations and rain forest
communication systems. Solar calculators and watches are
also In usa now-a-days.

Fig. 4.15{b)
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For your information

The rapid growlh of Khuman
population has pul & strein on oar
nalural resources, A susiainable
sociaty minimizes waste ond
maximizes the benefit from each
resource. Minimizing the use of
gnergy is an olher method of
consarvalion \We can save anergy by,

{iy turning off lights and alectrical
appliancas when nol in use.
{1} using flugrescent buibs instead
of incandescent bufbs
(i) vsing sunfight in offices,
commercial canbers and
houses during daylighl hours
{iw) Taking shar ot shawers.

g

Fig. 4.16

Do you know 7

Poliution can be reduced if

O o

" hydroelectrical and wind snergy
a% altamative forms of energy,

Energy From Biomass

Biomass is a potential soufce of renewable energy. This
includes all the organic materials such as crop residue,
natural vegetation, treées, animal dung and sewage. Biomass
anergy or bio conversion refers to the use of this material as
fuel or its conversion into fusls.

There are many methods used for the conversion of
blomass Into fuels. But the most common are

1. Direct combustion 2. Farmentation

Direct combustion method is usually applied o get energy
from waste products commonly known as solid waste. It
will be discussed in the next section,

Biofuel such as ethanol (alcohol) is a replacement of
gasoline. It is obtained by fermentation of blomass using
enzymes and by decomposition through bacteriat action in
the absence of air (oxygen).

The rotting of biomass in a closed tank called a digester
produces Biogas which can be piped out to use for cooking
and heating (Fig. 4.16).

The waste material of the process js a good organic
fertilizer, Thus, production of biogas provides us energy
source and also solves the problem of organic waste
disposal.

Energy from Waste Products

Waste products like wood waste, crop residue, and
particularly municipal solid waste can be used fo get
egnergy by direct combustion. It is probably the most
commonly used conversion progess in which waste
material is burnt in a confined container. Heat produced in
this way is directly utilized in the boiler to produce steam
that can run turbine generator.

Geothermal Energy

This Is the heal energy extracled from inside the Earth in
the form of hol water or steam. Heat within the Earth is
generated by the following processes.

L]



1. Radioactive Decay

The energy, heating the rocks, is constantly being released
by the decay of radioactive elements. '

© 2, Residual Heat of the Earth &

At some places hot igneous rocks, usually within 10 km of
the Earth's surface, are in a mollen and partly malten state.

They conduct heat energy from the Earih's interior which is

stlll ‘very hot. The temperature of these rocks is about
200°C or more.

3. Cumq{ﬂnhn of Material

The compression of material deep inside the Earth also
causes generation of heal energy.

In some place water beneath the ground is in contact with
hot rocks and is raised fo high temperature and pressure. It
comes to the surface as hot springs, geysers, or steam
vents. The steam can be directed to tum turbines of
electric generators.

At places water is not present and hot rocks are not very

deep, the water is pumped down through them loget

steam (Fig. 4.17). The steam then can be used fo drve
turbines or for direcl heating.

An interesting phenomenon of geothermal energy is &
geyser. It is a hot spring that discharges steam and hot water,
intermittently releasing an explosive column into the air (Fig.
4.18), Most geysers erupt at irregular intervals. They usually
occur In voleanic regions. Extraction of gecthermal heat
energy often occurs closer to geyser sights. This extraction
seriously disturbs geyser system by reducing heat flow and
aquifer pressure. Aquifer is a layer of rock holding water that
allows water to percotate through it with pressure.

SUMMARY

935

Fig. 417

Fig. 4.18
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4.1
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QUESTIONS

A person holds a bag of groceries while standing still, talking to a friend. A car is
stationary with its engine running. From the stand point of work, how are these two
situations Eini}ar?

Calculate the work done in kilo joules in lifing @ mass of 10 kg (at a Ehﬂd?
velocity) through a vertical height of 10 m.

A force F acts through a distance L. The force Is then increased to 3 F, and then acts
through a further distance of 2 L, Draw the work diagram to scale.

In which case is more work done? When a 50 kg bag of books is I‘I'tndmmughﬁﬂnn
or when a 50 kg crate is pushed through 2m across the floor with a force of 50 N7

Annh]nntl‘ms 1 J of potential energy. Explain what does it mean?

A ball of mass m is held at a height h, above a table. The table top is at a height h;
above the floor. One sludent says that the ball has potential energy mgh, but
another says that it is mg (b, + hy). Wha is correct?

When a rocket re-enters the atmosphere, its nose cone becomes very hol. Where
does this heat enargy come from?

What sort of energy is in the following:
a)  Compressed spring
bj  Water In a high dam
c) A moving car

A girl drops a cup from a certain height, which breaks into pleces. What energy
changes are involved?

A boy uses a catapult to throw a stone which accidentally smaahusagmnhuusu
window. List the possible energy changes.

NUMERICAL PROBLEMS

A man pushes a lawn mower with a 40 N force directed at an angle of 20°
downward from the horizontal, Find the work done by the man as he cuts a strip of
grass 20 m long.

(Ans: 7.5 x 10° J)

A rain drop (m = 3.35x10" ka) falls vertically at a constant speed under the influence
of the forces of gravity and friction. In falling through 100 m, how much work is I:Inna by
(a) gravity ~and  (b) friction

[Ans: (a) 0.0328 J (b) - 0.0328 )
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4.4

4.5

4.6

4.7

4.8

4.9

4310,

Ten bricks, each 6.0 cm thick and mass 1.5 kg, lie flat on a table.How much work is

‘required to stack them one on the top of another?

(Ans: 40 J)

A car of mass 800 kg travelling at 54 kmh is brought to rest in 60 metres. Find the
average retarding force on the car. What has happened to original kinetic energy?

{Ans: 1500 N)

A 1000 kg automobile at the top of an incline 1Dmatr& high and 100 m long is
released and rolls down the hill, What is its speed at the bottom 'of the incline if the
average retarding force due to friction is 480 N7 (Ans: 10 ms")

100 m® of water |s pumped from a reservoir into a Tanl: 10 m higher than the
rasarvoir, in 20 minutes. If density of water is 1000 kg m, find
{a) the increase in P.E.
{b) the power delivered by the pump.
[Ans: (a) 9.8 x 10° J (b} 8.2 kW]

A force (thrust) of 400 N is mqulrad to overcome road friction and air resistance in
propelling an automobile at 80 kmh™. What power (kW) must the engine develop?

(Ans: 8.9 kW)

How large a force is required to accelerate an electron {m = 9.1 x 107 kg) from
rest to a speed of 2.0x10'ms™ through a distance of 5.0 cm?

(Ans: 3.6 x 107" N)

A diver weighing 750 N dives from a board 10 m above the surface of a pool of water.
Use the conservation of mechanical energy to find his speed at a point 5.0 m above
the water surface, neglecting air friction.

(Ans: 9.9 ms™)

A child starts from rest at the top of 'a slide of height 4.0 m.(a) What is his speed at .
the I:rm'tm‘l if the slide is frictionless? (b) if he reaches the bottom, with a speed of

6 ms”, what percantage of his total energy at the top of the slide is lost as a result
of friction?

[Ans: (a) 8.8 ms™ (b) 54%]
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Learning Objectives
Al ihie 8nd of s chipfer the students wil be abls o

[+~ NI - |

i

Describe angular motion,

Define anguiar displacement, engular velocily and angulsr accelsration,
mm-mmmmtwmnmmmmm“
Use the eaqusition 5= Band v = ra,

Describe gualitatvely motion & Gwved path due (o & perpendicular foroe and
mﬂmﬂn‘dhmﬂhﬂﬂhiﬂmﬁuﬂﬂnln:ﬁuduﬂhmmmﬁmﬂhl:ﬁdﬂ

Darve ths squation &, = re = Virand Fo=ma’ r=mv'ir
Understand and describe momant af inertia of & body.
Understand the concepl of angular momentum.

Describa rxamgples of consaration of angular mementum,

Undarstand and express rotational kinstic onefgy of a dise and @ hoop on an
incined plana.

Destribe the mation of andicial satetites.

Untarstand that tha objects In salaiites appeer to b welghiless,
Uncteyrstiand that how mnd why anificiol gravity is produced,

Calculate the radius of gec-stationary arbits and arbital velocity of satellies.
Descrita Newton's and Emstsin's views of gravitation,

W & hive sudied valooty, accaferation and i lews of moton, mosily @a they are

irvalvad In raclilinear molian. Heweer, many objects move in crcuiar psthe and Thalr
direstian 1§ confinually changing. Since valodity is a vecior quantity, this change of draction
maarns that their velocities are nol constant. A atone whired around by a string, & car uring
around & cormer and sabelliles in-orbits aroend the Earh aro all exemples-of this kind of
muation.
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Conaldar the motion of & single paricle P of mass.m in'a

r. Suppose thés motion ts taking place
by aftaching i paricls P &l the end of & masskess rgld rod
of length r whose oiher and is plvoted & the centre O of the
clroular in Flg, 5.1 (a). As the particle is
maving on the cicular path; the rod OF relales in the plane
of the circla. The axis of rotation passas through the pivat O
and & normad 1o the: plane of mietion. Consider 8 sysiam of
axes 2= shown in Fig: 5.1 (b). The z-awds is teken akng the
axm of rofalion with the pivel O &8 origin of coordinates:,
Axes ¥ and v am takon in'the plane of retaton. While OF s
rotating, supposs at any instant £ k= position is OF, making
angle B with x-axis. AL loter fima [+ AL lef fis position be
QP making ange 8+ A0 with x-axis (Fig 51c).

Thres  units ame generaily used |0 express  angular
digplacemant, namely degrees, revolullon and redian, We

L)



and mtready Familiar with fhe first two. As regards radian
which s 51 unit, comaider an arc of length 8 ol & sicle of
radess 1 (Fig 5.2) which sublends an angle 11 at the cenire
of the circle. It valus in radians (red) s given as

_ arciangth
# =22 rad

-|I.|-"_5..

R

Htﬂ*umuw m;ﬂileﬂnﬂ-s-!#h

ana revalufion of 2. In radian & would B
§_Imr
A r

g
:
g

ﬂ-mmmanghm;hhlhrﬂﬁlﬁ
mMInanmmrmhm

In the limih when Al approaches zero, thi angular
twoikd ba nfindesmally small, 5o it would be a
veclor quaniity and the angular velocity as defined by

L
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Fig- B.X

Eq. 5.5 would also be a vector, s direction ls along the axls
al retation and Is gwm I:I&r nuh'l hand fule as deacrbed earlier,

| ;rﬂh' B It
.:I‘-“:"-“\ﬁ_fur‘-:":- 1..4"" 'I.a;'-'lﬂr

When we switch on an elechi fan, wea notoe 1hat s
angular walocity goes on increasing, ¥We say hal | has an
angufar acosleration. Wa define Bngulir acceleralion as
the rate of change of angular velocky, W, and o ane the
yalues of instantapeous velooity of 8 moteting body at
instands | and fy, fhe aversss angoelsr accaleration during
the irterval & - & iz given by

LS e T
= ~ = o,

ﬂ--fl: AF '
The Instananeous angulsr acceleration s he Sl of e
ralio %uﬂwmﬂmmmmnﬁm

angular acceleration ks given by
- ] d-c:F ;‘-‘— _.i.-u-l.. By
e &

The anpulsr acceleralion & also 8 vecior guanbily whosa
rragnitude is-ghven by Eg. 5.5 and whose diraction |5 along
the axis of rodstion, Angular aocelarsbon i axprossed in
unfis of rads?

T niow we have been considering the mobion of 3 paricis
P on a cireular path. The point P was fleed at the end of &
rolaking masaless rgid rod. Now we consices the rotation
of ‘& rigid body as shown in Fig. 5.3, Imagine a polnt P on
Ehwr nigicd body. Ling OF is the perpendicular dropped from
P on the axis of rotabon, | is usually refered as referance
lina. As the body rotates, Bne OF also rodates with it with
tha =ame angular velocity and angular accalargtion. Thus
the rotation of & figed body can be cascribed by the rotation
of tha refecence line OP and sl the terme thel we defined
with the help of rotating Bne OF are alzs vald for the
rotational motion of &8 rigid body. In future while_dealing

inz



with rotation of rigid body, we wil replace i by it relerence
line OF:

Consider & rigid body rotating sbout z-axis wilf aa ahgular
waloalty m &8 shiwn in Fig. 5.4 (a).

tmagive a point P in the Agid body -at & perpendicular
distenca r from the sxis of miston OF represents the
raference ling of the righd body, Az the bady roEtes, tha
painl P moves along @ circle of radius «with a lincar
wiEsily v whensas the ling OF rotabes with angular velocity
m 8% ghown in Fig, 5.4 (b Wa ane interestad in finding out’
the refalion babween o and ¥ As the axis of rolation &=
fixed, so tha direction of « always remame the sams and
o can be manipidaled ag 8 scalar As regands the linear
waloclly ‘of the poiml P, we consider (ks magnitude only
wiich can also be Ireatad an a scakar

Supposs dwing fhe cowrse of ik maton, the peint P moves
Throwgh o distance PP, = Agina time mierval A during
which reference line OF has an angular dsplacemant Al
ragian during this inbsrval, A4 dnd A0 are relatsd by Eg. 5.1

AS= ralk
Drividing both aides by af

in Ihe fimsd when At =% 0-1he ratio ASIAL reprasants v he
magnifuce of thevalocity, wilh ‘which paint P 18 moving on
thee cemumfarence of the cicle, Similady ABA] represants
the angular welooity o of the reference line OF. So
aquation 56 becomes

ey gaGR HHIMMI'JIPBMHHE

along the arc PP, In the Fmit whan A¢—» 0, tha langth of
arc:PiPy becomes wery small and jia deeclion representa-
ihe grcle af point P, This the
widoaily with which point P s moving on thae circumisrenca

Lo
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Paiid 10 Pondoed

Do Yo Knaw

ol this circhs hies & megnifuge v end s direction s abways along
the tangend to: tha circla at that point. That is. why the finsar
velocity of tha point Pis aiso known as langentisl velocity,

Samilarly Eq 57 shows thal i the relerence lne OF is
ridaling with an angular accalération o, the point P will also
have a Enaar or lengentinl acoeleration &y, Using Eq 5.7 it
can be shown thal the o stcalerations ame ralated by

a=ia AT

Egs 5.7 and 5.8 show ihal on a rotabng body, poinis that
are al diffarant destapces from the axs do oot hioee the
sama spesd or acoeleraiion, bul all points on & mgid bady
rolating aboud 8 fwed axis do heve the sama angulss
displacement, anguler spesed and sngulsr accelarabon at
any instant, Thiss by the use of éngular variables we can
discri tha midion of be endine body In & simple wy

Equations Of Angular Motion

The aquations (5.2, 5.3, 5.4 and 5.5) ol angular malion are
exacily anafogous fo those i linsar molion excepd thad &,
w Bnd @ have replaced 5, v and &, raspectvaly As fhi
other equeations of lineer mofion were  obisined by
migebraic manpulstion of these equetions, it follows that
analoqpous epelions Wil atso apply o anguiss mobion.
Given balow are angular equations. together with thisic
limear countarparts.

Linveepr Anguilar
v e o =i, v af asmne e {5.8)
2050 - ! Zalend -of L (510)
S=w+ % st 0 =,:..¢+"E af’. s BATY

The angular equatons-5.9 10 5.11 hold trua only in the
case whieh thie axls of rotalion B fioed, 8o that all the
angadar waciors have the Sime difechon. Henoe Bhey can
be manipulabed as scalars.

Example 5.1: An séeciric fan miafing at 3 rey 5" is

witched off. ] Jn 180 5. Assuming
deceleration 9 be uniform. find tﬁ;mm



‘Solution: in iy protiem we have -
M =30rey s =0 (=1B0s and 4=? , 0=7
From Eq. 5.4 we huve

a .o -*F":‘:L’:"'-‘ =~ 0187 rév

and from Eq 5.11, wa hava
feoipeaf’

=30 mavs X 1a.ﬂ|,+;11 (0167 ruy 5%) X (18.0 8 = 27 ray

b L3

The moticn of & partcle which s consirained o move ina

ciroular path = quite intereating. |E has direct beartng on the
muofion of such things as adificial and nabeal salslliios,
nuclaar paricles n -Bocsderators, bodies whirling at the
ands of the siings and fywheels spinning on tha shafts,

Wia all know that a ball whided in & horizontal elrcle 8l the
end of a shing wolld ndl conbinmie in a8 ciccular path f thoe
string |s snapped, Caraful observaton shows gt onca thel
it e mbring snaps, when the ball is 8t he point A, in
Fig. 5.5 (b, the ball will foliow lhe sbraight fine path AB,

Tha facl is that unless a siring or some othdr mechanism
jpults the ball towsrds the centre of the cirde with 8 force,
&3 shpwn B Flg, 55 (&), ball will not confinua Biong the
circular path,

If the particla moves from A to B with uniform spead v as
shown in Fig. 56 (8], e velocy of the paricle charges i
demction bul nal s magnilude The change in velocity i
shown in Fig. 5.6/ (b). Hence, the acoslaration of the particle is

Av
e
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Fig. 55{n)
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Py B Bwi

Thd:laits

where A0 is he tme 1aken by the particle o travel from & o
B. Supposa the elociies al A and B ere vy and Wy
respectively Sincetha speed of the parficle & v, & ha e
faken o iraval A digtance &8s shown in Fig. 5.6 {alls

|

Al =—
W

:'_Hi al I. -ilﬂ_% ] a.._...u-i i _":ﬁf_fig

Let us now desy & Iriangle POR such thet PO s peralal
and equal to w and PR s garallel and egual t v, as
ghown in Fig. 5.6 (b} W know that tha mdius of a cirda =
perpendicular 1o B8 langenl, 8o OA |8 parpendicular to v,
and 08 ig perpendicular o ws (Fag, 5.8 a], Tharedons, anghe
ACE equals the angle OPR betwesn v and vy Further, as
¥ =¥y = i and OA = OB, both riangles are isososles.
From geomeiry, we know “two woscalos inangkes are
wmilar, il the angies babwesn ther equal arms: arg. eqgual”
Henca, the irangle OAB of Fig. 5.6 (a) s simiar 1o ihe
trigngie POR of Fig. 5.6 (&) Hence, wa can wrila

M _ A8

L) r

i tha point B is closa ot polnl A an Thecircis, a5 wil be tha
casewhen Af—+ 0, the aro AR s of nearly tha sama lenglh as
s limwe BB, T thal approsimation, we can write AB = g, and
afiarsubstituling and rearranging e, we have,

' avagy
i V

Futling this value far S i e Eg: I5.12.wegﬂi

AT A A .
where & i3 the InslanBneous  accelerstion. Az this
accaleration s causad by he cantripetal force, It is called e
centripetal accalaration dencied by a. This accelaration is
direcied along the radiud toiwarnds the centrs of the cirde, In
Fig. 5.6 (a} and (b}, since PQ & perpendicular io OA and PR
i perpandiculario OB, 30 OR = perpandiculario AB. & may
ba noted that QR is paralial to the perpendiculsr beector of
AR As the acoalerafion of the objocl moving in tha crcle is

Lty



parailel 10 Av when A8 - 0, 2o caniripatsl gocalaration |
directad afong radius bowmrds the cantra of the cincie. It can
iharefors, be concluded that

The Instantaneous acceleration of an object
travalling with uniform in A girchs in
dirsciad towards the contre of the circle and
ia called gentripetal accelsration.

Tha centripalal force. has the same di;ection a5 the
centripeial acceleration and fts value |5 given by

v’

F. =ma, = {5.14)
In angulsr measuns, this squation becomes
F. = mro* (5.15)

Example 5.2: 4 1000 kg oar is tuming round & comer &t
10ms" a& it fravels along an arc of a cifcle. IF the radis of
the circoler pain = 10 'm. how lerge 8 force’ must be
axarted by the pavemant on the tyres o hold the car in tha
ciraular path?

Solution: Tha force required s the ceniripetal force.

56
¥
Fz-r-'!:' 1“‘91’3:""" 8 1 Dx10'kgi? =1 DRI0N
This force misd ba supplied by the foclional force of the
pavamant on the whaals,
1

Example §.3; b ball tied to the end of & siring, is swung
I @ vartical cirgle of radiis runder the sction of gravily &
shown in Fig. 57. Whal will be he lension 0 fhe siring
when the bal {2 at the point & of the path and iis speed = v
i this point?

Solution: For the ball 1o trével in & cnda, the force
acting on the ball musl provide the meguined conlripatal
force: in this case, at posnt A, fwo forces act on the ball, tha
pull ol the sting and the weiglhl w of the ball, Thess forces
got along the radiums-21 & and 50 their veclor sum must
furmdah the required centripatal force, We, ihemafore, have

a7
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Fig 58

This Foron F causae @ gL B
e auie O End gves the maee
an engubir scaEration abt the
et pon.

Tﬂ'# - BE W= Mg
v R
i) 'F .-—-F---l‘wi I‘HI Lr i]

u"f'—:f =g. than T will be zero-and the centripetal force is
just squal 1o the weight.

1
i

Conskder @ mass m atiached 1o the end of -8 massiess rod
as. shown in Flg. 5.8, Le1 us gssume (hat the bearing at the
pivot paint O'is frictionless. Lat ihe sysiem be na horigonial
plane. A force F = Bcting on the mass perpendicutarto the rod
and hance, Mg will acoslersle he mMass sooordng 1o

F=ma

in doing so the force will causs the mass o rofale about O
Sinca tangential accelerstion & i3 releted Lz engular
accelaration o by the equaton.

&y -=ro

50, = mra

Ag furming effect Is produced by forgue T, I would
therafore, be bether to write the egualion for rolaton o
ierms of torque, This can be dona by maultiplying both sides
of ihe above equation by r. Thus

fF= t=tomque = mrh
which is rotational anslogue of the Mewdon's sacand biw of
muobon, F = ma.

Here F is replaced by t, 5 by @ and mby mr® The quantity
mria known &s the moment of inartia and is represented by
I, The momenl of el plays: the same role in angular
motion as the mass in finear mobkon, 0 may be moled Hal
moment of Inertia depends not anly on mass m but also on r’
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Moal rigid bodees have different mass concaniration sl
differant distances fram the axis of roblion, which e
the mass distribufion is nof uniform. &2 showm I.nFIq:.E.H![IL

the rigit body = made up of n small pleces of masses m

Fig. 58 =
Each small plece of mass within a large, rigid body underpoes F;
the sirme angular scoslaralion about the pivel paint. Thit ring o Hoso

MMy, My, .. My 8l digtances f, ry,....0, from (he axis.of rotation O,
Let the body be raafing with the angular acceleration o
45 |he magnitude of the jorqua aciing on m; = il

Ty = @
Samilarty, the torque on m; s

tymmnleg
and g0 on;

Swnce the body is rigid, 50 all the masses are rotabng with (O
the same angular sscelerafion o,

ToEl 1ongue T e 15 hen gheen by

[ Tww S ment w4 Amy e

= (Smr?)
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ar T=in bbb {5,168}

mrlnlhamnmﬁufmmﬂﬂmhudrwu
axpressed a5

mma&mdymmllﬂ“mnm plays an
important role in transiational motion of bodies. Similary,
anoiher quanbly known &8 angular momenium hEs
important rala in the study of rotational matian.

Aphﬂﬂiila to posses an angular
ﬂnﬂmmﬂi
Hﬂ angular position

muﬂwuﬁt

AN R

Tha angpular momentum L of & parlicke of mass m mgsIng
with veiocily v and momanium p (Fig. 5.10) relativa i the
arigin £ is definad a5

L=rxp e )

whare 1 is the position vector of the particle &t that Instem
relaive 10 e origin O Angulir momsnlum =-8 wacior
guanbty. s magnide is

L =msind= i fv sing

whane 0 s the angle babeean r and p. The direction of L =
perpandicular to the plane formed by Fand p and s sense
s givan by ﬂnrﬂnhmhinlanfvadcrpmduut 5 upit of
angular momentum e kg m's " or J &

i the particle s moving in a circle of radies ©with unifoam
angular valocily @, then angle belween r and langential
yelncity s 907, Hence

L = mnesin 90° = mne

But ¥ = ri

1ia



Hencn L=mrim

Mow consider o Syrmmalria figid body rotating aboul & fixed
aues through the oeptre of mass as shown n Fig 511,
Each particie 'of tha rigld body miates ghoul he same axis
iff i circhs with on angular velacily. o The magnidude of the
angular momantum- of fhe partcle of mass m, & movr
abput the orgin O, The direction of L, s the same ag thal
of ‘m, SN o= oo the apgular momentum of the ith
particke is m,r’m. Summing this over all particles gives the
ioted-argular momenhum of the Agid body.

i)
- L={%m %) in=fm

Where [ 8 the momant of ingrila of the ngid body aboul the
axis of rotation,

Physicists usually make a distinction between spin anguiss
momsstum (L] and orbital angular memenbem (L.}
The spin angular momediturm is the angular momantum of
a spinning  body, while: orbital angufar momentum s
asgociated with the motion of & body along @ circular path. |

The difference s llusirabed n Fiy. 512 In the osueal
cifcumsiancas concaming orbital angular momantum, tha
orbitsl radies s lArge ascompared fo the size of the booy,
hence, the body may be considensd o be a point object,

ﬂ'rl':w_mauiir momeriurm of the Earth = L, = e

Il




Fig 813

A mun ding toem o dreng boant

Wty dosts B coaddding eoTEng

i

_2nrim
i T
TS0 %10" M)’ {600 X10%hg)

318%10"s
=287 10 kg ' 5
The sign is positive because the revolution is counter
e . .

The law of consarvaton of angular momanbum slates thal
If no'extemal longuee acis on & system, the fotsl engular
momantum of the system memaing constant,

Ligsa = Ly * Ly #+ .= congtan

The law of consarvation of angular momentum g one of
the fundamantal principlas of Physics. 11 has been vorified
from the coemological to the submicroscopic leval. The
effect of the law of conservation of anguiar momantum |s
readdy apparen If & single isciated spinning body-alters =
momen of inerla, This s Dusbrsied by e diver in
Fig-813 Tha diver pushes off the board with a smallangular
valocily about @ hosizontal axis through his capie of
gravity. Upon Bfting.  off from . the bosrd, he divers legs
and arms are fully sxtendad which maans that the dheer
hes o large momenl of inertia f; sbowt this 2= The
morment of inerfia is considerably reduced 1o & new valus
{5 when the legs end arms are drawn inlo the dosed fuck
position, Ag the angular momenium s consanved, so

QLR ]

Hence, the daver must apin faster when moment of inaria
becomes smaller o conserve angulds momentim, This
aenabies the diver lo lake extra somearsaults.

Tha angular momeantum is a vector quantily with dimecton
aslong the awxls of rotston. In e above example, wa
discussed the conservation of magniiude of enguiar
mamantum, The dimction of angular momantum along: the

L



wxis of rotation aleo remain fined. This |8 Bustraled by the
e ghvan bakow

The ads of rlaon f an cbec wil ot change NS

its orlentation unless an exiemal torque causes m’."‘w‘“' e ...,,,"'
itto dogo. ‘aperts, puiticdnry I dhing
gyTrres ho - ard - shatng

This fact is of great importance.for By Eanh as it moves
around the Sun. No other sizeable forque is axpenenced by
tha Earth, becausa the major foroe acting on it ia the pull of
the Sun. The Earth's ais of rotsbion, therelone, remains fioed
I o direction with referance 1o tha Lniveree sround us.

If&hudyhiﬂrﬂtg.ﬂ:mﬂmmmmmm-mulur
valocly m, sich poist of the body Is moving In a circular
path and, thersfore, has some K.E. To determine the toisl
K.E. ol & spinning body, we-imagine § to be composed
ol lny pleces of mass fmy, My, .. a8 piece of mass m s
al a disance n fiom the axs of roistion, 83 shown in
Fig, 5.4, 1t ls-marving In a drcle with speed

W m

Thus the K.E of this plecs is

HE.—% m{rma‘
1 ot
ok Gl

The rotational H.Eullh-wl'-nhbudylsﬂusmnurlha
kinetic enargies of all the parts. 5o we have

H.:"Em it % Umry "t & s, L !

" % |:.|'||'|'||"r'z +|"|']?|"7'?"" ........ }II.I'I oy

Y2 ai onoe recognize ihat the quantity within ihe brackets
15 the mamend of inerla ! of fhe body. Henoe, rolational  (b)
kinedic anergy is-gevan by
Roraibosn! oobitie — W saich

I3



Whens v is the orbital velocity and & is ihe mdivs of the
Earth (6400 km}). From Eq. 525 wa gef,

v JoR

= Jodms? w6 d x10% m
=79 kg

This is the minimum veiocity necessary b pul & saielliE
into the orbit and is called cotical velocly, The paripd T s
given by

2=H;Euﬂ.‘ll :.Eﬂﬂﬂll'n

¥ T89%me
= 5060s = B4 min appros;

i, however, & ealallite in a circular-orbil @5 at an appreciabla
distance b gbove the Earth’s surface, wa musi taks inlo
acomn  the  expsnmenisl fact that the  prastational
ncoelerafion decreases invarsaly ag the square al 1he
distahce from fhe contrs af (ha Earth (Flg. 518},

T higher e salellite, the slower will tha reguired spead
and lomger || will iake to complate one revalullon amund
tho Earth,

T=

Close orbling =atedites ol the Earth at a height of sbout
400 kem, Twendy four soch satsllités form the Globel
Pasifioning Sydlem. An-alrine pliod, sailor or any olher paraon
OAR now use B pockel Sige insblument or mobie phone to find
hi= position on the Easih's surfaca jo within 10em ascurady,

UL AU AFEARENT YIENIT

We oftan hear thal objects appsar to be waighlless m-a
.Bpacaship circling round the Earth. In order boaxaming the
effect i some datadl, let us first define, wihat do we mean
by the weight? Thareal waighl of an object “la the
gravitational pull of the Earth on the cbiect, Similarky e
weighl of an object on the surface of the Moon is Iskan b
" b the gravitational pull of the Moon on fhe object.

Generally the weight of an object is messuned by 2 spring
balance. The force exaried by the object on the scale s

[ 16



aqual fo the pull dus bo gravity on the object L&, tha
wilght of this object, This & nob sheays Irue, as will be
gxplpined a it later, 50 we call the roadng of he scale

as-apparamt weight

To lusirmte this point. |ot @5 donsider fwe apparent weight
of mn object of mass m, suspended by & string and spring
Balante, inoa Il g8 shown in Fig. 517 [a), When tha lift is
at rest, Newion's sscond law tels us lhat thie accalaration
of the objecl & zem, Hw resultant foros on 0 i alao 2een. |
w s the gravitational force acling on If and T is the fension
in the-string then we have,

T—w=ma
S a=1
hence, L e ey {5.26)
This siuplion will remaln s lohg az & = 0. The scale thus

shows the raal weight of tha objecl. The wesghi of the
object seams to:@ person in the IR & vary, depanding on
i mticn.

Whan the [if 5 moving upwands with an acceleration a,
then

fT—w=ma
or T=w+ma iRl (527}

the obsct will then weigh more than is real welght by an
B

Wow suppose, the Wil and hence, he object |58 moving
domwards with an acseleralion o (Fag. 617 b), then we
have

w—T=ma
which shows thal
T=w-ma {5.28)

The tension m the string, which s the- scale reading, =
less. then w by &n amount . To 8 person in the
acoalamting |ifl, the obsact appears 1o weigh less than w,
HE spparent wesght 35 then [w - ma).

117
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Fig. 418
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e

Let us now consider thal the §R is falling frealy wnder
grivity, Then & = g, and hencs,

T = = g
As the weighl w of the body is agual to mg 5o
T=mg-mg=10

Tha apparent waight of B objeci will be: shown oy tha
scale 1o be zem,

It is understood from these considerations thal apparant
welghl of fhe object |8 nol eguel fo ks trus waight inan
accalarating systam, It i agqual and opposda o the force
required to stop it from Talling & lhat frame of referenca.

‘When a satelie s falling fresly In spaca, swerything within
this freely falling system will appear bobe welghtieas. It doas
not maher whene the object is. whather # is Eafing under the
farce ol attraction of tha Earth, the Sun, or some distant star.

An Earth's saloflite: is Troaly falling objecl. The Stalaman
may be surprising at first, but it is easily sean o be cormect.
Consider the behaviour of a projectbe shol parallal 1o the
horizonkad surface of the Earth in ihe absence of air friction.”
if e projectile &= throwrs 8t seccessvely largsr speads,
then during s free fall lo the Eadh, the curvabere of he
path decreases with increasing horrontal speads. Il e
obpect (& Mwown fast enough parallel o the Earh, lhes
cundtiure of is path will malch the curalure of he Earlh
&3 shown in Fig. 518 In thes case the space:ship wil

| gimply cincle rotnd e Eardh

I

The space-ship is atceleraling fowards tha:-cantre of the
Earth al all lirmes sinta i cecles round the Earln. Ns reded
accaleration & simply g, the free fall sccelaraton. In ol
the spaca ship is felling towards the centre of the Eanh at
all iha firses bul dus to sphencal shape of 1ho Earh, A
nevar -sinkes the swrlace of e Earth. Since: ihe space
ship & in freefall, all the objecis within 0 -appear 10 be
woightless; Thes no forca 1 regquired 1o hold an objec
falling in the frame of raference of he space -crafi or
sateflite. Such B system s called gravity ree syalerm,




The Eanh and some u-lhar ﬂlalmH reeiivi mound 1he Sun
in nearly clrewsr paths. The anificial saisllites (sunched by
man Al sdopl mesdy girddsr course around the Earth,
This hypa of mation is caled orbital mation

Fig: 518 shows A saisllile going oound the: Earh in &
gircular path. Thie mass of the satellite 5 m, and v is s
orbéal speed. Tha mass of the Eart Mund Freprasedis
the radius of the orbit. A centripatal foroe myy'fr is thoquined
in hold the aatefite In arbit This force |s provided by the
gravitational force of alfraction bebyveen Ihe Earth snd the
aale®ie Equating the grevistional force to the mguined
canbrigedal foros, gves

G M i
iy
o I | (520

r

This shows thal the mass of the satellite is unimporant in
deacnibing the satellite’'s orbit, This oy saleiibe ortifmsg a1
digtanga ¢ from Eanh's ceptre must have the eebitad spoed
ghen by Eg. 529, Any speed kess than thes will bring the
satedlite tumbling back 15 the Earth

Example 5.6: An Earth satoliibi is in circolar st ol a
distance of 382000 km from the Eshs surface. What s i
paricd of one revblution In days? Take mass of the Earth
M = 6.0 10 kg and e radis 7= 5400 km

Solution:
A r= § o fyw (G400 = 3B4000) = 00400 km

: rsu fﬂ.ﬁ?:m'ﬁ_um'hi"' x & x10™ kg
uﬂhﬂ W —r— 1' TGNA00

= 101 k!

Aisp

L
T=t¥ 253 T4 X300000 k- Sy
L |

10 kme | A0 KB K2
» 275 days
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Fig B

o IR AT BLATI ST Rt ol 38N
hagm'ﬂtyﬁ'aaapmmlﬂﬂtuﬂmﬂhmfﬂmﬁﬂ
will lorce any body io-any s of the spacecrafl if this
salallite is bo stay in orbit over an extended period of time,
this weighBessnsss may affect the perfsmance of the
asfronauts peasenl In that spacecrafl. To over coms s
difficadity, an adificial grovily is created in the spacecradt
This could enabla the crew of the space ships to function
in an almost pormal mannes. For s siuaton to prenail,
the space ship is sel inho rolalion arcwnd s own axis. Fha
astronaut then is pressed towands the outar im and exerts
a forcw on the ficos’ of the spaceship in much-ihe same
way as on tha Earth.

Consider a spacecrafl of the shape as shown in Fig. 520,
The culer radius of the spaceship is A and it rofetes
around s own contral axis with anguisr speed o, then s
angular soceleration & s =

o -

é”m_?i:': where T is the period of revalubion of spaceship

Z2af _dn
He  =REIL LR
M a; = >

As frequency = 1T, tharelore 8. = R4x"

[ 1 fa
of [0 o Foit ok
all anl R

Tha frequency § & increased 1o such an extend that &
wguals b0 g, Thoralors,

&g
ang ERET (5.30)
When ihe spasce ship misles with this frequency, the

arfificial gravity like Earth is provided 1o 1he inhabitants of
ih& space: ship.

A infiresting and useful examgls of satalite motion s the
gec-synchronmes of geo-staionany satelila; This fypa of
sabedits is the one whoss oribktsd motion s synchronized with

120



{ha fotation of the Earb. In this way lhe synohwonous
satelie remalns alweys over the same poind on the egualos
as tha Earih apins on ils axis. Such 5 satelits iz very usefil
for waordwide communicalion, woaalher  obagrvalions
navigalicn, and othar miitary uses.

¥hat should the orbisl redius of such & satllilE ba ao hal
il could st&y over the same painl on e Eanh stidace? The
apead hecessary for the ciroular arbll, given By Eg, 5.29, s

G
¥
F

buf fhis speead must be equal 1o the average spsad of the
satndele in one day, L8,

8 @ar

~hate T s ihe petiod of mvoldion of fhe satsllits, thai 1s
edqual io one day, This means Bt the salile muael moye
in one compbela ofbl in-a me of exaclly one day. As ihe
Earth rolales i one day and he salelite will rovalng
around tha Earth in ome day, the satelbis at A will abyays
shay tver 1he sama painl A on the Earth, as showmn in
Fig. 521, Eguating the above fwo equatiang, we gel

e _ [Gi
t r

Sguaring both sides

an'r?  GM

g
]

e A _BMT
4’

From thiz we get the orbtal mydius

1

GMT 13 2
= - F 531}
oy :
Suasiuting the values for the Earth into Eg. 5.31 we gt
r=4.23 % 10" km

A puabitionady weisilin orhie the
Earth oo par - i mear - e
Bl o F oAppearh o b
piobormry. U B used hew e
bl inel prtrniestalione



Fig. B2k

Thm wheols Earth ean Ba covand
By jusl, thrae  joo-slalhmany
aruHag

1614y = #0F Hz

which 15 the orbital radius messurad from e cenlre of the
Eash, for a geostationary satellite. 4 saiellibe at this haight
will ahways stoy direcily above a particular point on the
surface of the Earh This. height above e adquator comas
1o e G000 k.

| | JT 3 A1 E:

A satelliis: communication sysbem can be st up by placng
gavers gecatationgry sateililes @ orbit over diffsnent poinis
on the surface of the Earlh, One such satsilite covers 1207
of longitude, 50 fhat whole of the populalad Earth's surpon
can be covared by three comactly positioned sateStes aa
shown in Fig. 522 Sinoe hese geostalionary salelfes
seam to hover over ona place on the Earh, confnoous
ommunication with eoy place on the surlsce of the Earth
can be made. Microwaves am used Becauss they inmal in a
niarrow besam, inoe siraightl line and pass aasily through the
atmasphare of ihe Earth, The enengy needed 1o-amplfiy and
retranamit the sgnaks is provided by large solar coll panals
fitted on the saielliles. These ae over 200 Earh stations
which transmil slgnals bo sateliles and receive signals vil
satellites from other countnes. You asn also pick up fhe
sageal from the aateliE using a dish antenna on your houss
The larges] salsllite sysiom s mansged by 120 coulnes,
infemeticral  Telecommunicabon  Satafite  Organization
(INTELSAT) An INTELZAT VI satallite iz shown in the
Fig:5.23. i oporates’al michowave frequences of 4,611 and
14 EHz and has 8 capaciy of 30, KK bwo way telaphone
gircuits plus three TV channels.

Example 57T: Radio and TV signals bounce from a
synchronous sajstide, This satslile croles he Earth once in
24 hours. S0 i the safelite crcles eastward above the
aquator, || stays over the same spot on e Earh becausa
fhwe Eairth is rotnling #d the Same rate, (a) What |s e orbital
radius for a synchronous satallite? (b} What is il speed?

Solution:

FromEg 5,31 = B‘q";‘
whers G=687 « 10" Nm kg, Mu 60 x 10y
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and T=24 & 80w Ee
Tharefone : on.subsiiuton. we g .

ool BET L N b K80 w107 kg 4124 000 008
I FYL P i o

i)

= 4.2%% 10m

b}  Substituling the value of r in equatien v - ?_TE

WE g8l

..... = =1
. 31 ms

Agoonding fo Mewion, the greviietion & fhe infrinsic
progeny of matier thal every paricle o matier attrecks
evary othor partcle with o force thist 15 direcily proportional
fo tha product of their masses and is iInversaly progorional
io the aquare of the distance batween them, ’

According o Einstein's Mecsy, space limn s curved,
aspocally krally near massive bodies. To vissalize this,
wa mighl think of spaca es & thin rubber shest; if & heawy
weight i hig from i, # curves as shown in Fig 5.24. The
waighl comesponds (o 8 huge mass (hat causes -space
imalf o eurve. Thus, In Einsl=in's theory wes do nob spesk
of the Torce of granvity acling on bodies; insiead we say hal
bodies anid fight rays move along geodesics (equidalent fo
siraight lines In plane geomatry) In curved spece time.
Thius, @ body al rest or moveng slowdly near the graal mass
of Fig: 5.24 would foliow 8 geodess: ioward that body

Einsigin's theory gives us 8 physical picturs-of how gravity
wiorks, Mewion discoversd e inverse squere aw of gravily;
but expliciily sald thal he offared no explanation of why
gravity hould follow an inverse squarse iew. Enatein’s theory
also says thal graveily fallows an Inverss square b (excaptin
sirong gravitational frefds), but it tells us'why this should be
s That s why Einsiein's theory s batter than hewion's,
evan oo L inchudes Newlar's theory within #aall and
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gives 1he same enowers 55 Mewlon's theory avenpwhemn
Eept whens fhe grendtalional fieid i vary sirong.

Einstein infemed that # gravitabional acoseration and
marttal accelaration am precialy equedebant, gravity must
and Bght, by & precisa amount that could be calcufated,
This was nol enlirely-a  sierlling - supgeston: Newion's
iheory, based on B idea of lght 88 a stream of finy
particles, also seogested that @ Hght baam would be
daflecta<d by grwily, Bul in' Einslains Meory, (e
deflection of fight = prodicied o bo exboelly  wios
preat g3 It 8 eocording 1o Mewlon's thaory, When  the
bending of siardighl cawsed by the gravity of tha Sun
weirs reazuned during A salar eclipse in 1918, and found to
malch Emslein's prediciion rather. han MNewion's, Then
Eirstain's theary was hailed as a scienlific tdemph,

SUMMARY

Anguiar-dieplacement is tha angle subkénded al the cenire of & circde by & parlicis
moying along the cirumfarence in a gren tima.

Sl unit of angular measuremant ks radian.

=  Angular acceleration is the rate of change of angular valocity.

*  Ralationship batwesn anguly and tangertial or inear quantitiss.

L og=rk i wefm Ml #ysra

T farce needad to move a body encund a cireilar path s caillisd centripsial foroe
fad

and iz calcutated by tho oxphesson E .r.-mh-_

hioment of inerila |s the rotatioss! analogue urrnmhhmrnﬂﬂm it deupands on
tha mass ond the dizifbulion of mazss from the axs of rotation.

Angular momenim B the analogue of linesr momentum and & defined as the
product of mofmen of inerlia and angular velocity.

Total angular momantum of all the bodies in & systsm remains canstant in this
absence of an external orgue.

Artificial satelites are the objects that orbit around the Earth dus to gravily,
Orbital velocity i the tangential velocity 1o put & satellite in orbit around the Earih,
Artffical gravity & e grevity ke effect prodwced in an orbiling spaceship o
mmmmmhmﬂpMMmﬁm
Geo-siationary satellits is the one whose orbital matian |5 synchronized with the
roietion of the Earh.
Mwmwmhnm;nﬂumm“m.
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QUESTIONS

Explan he difference bebwsen langential vesacily and ths angular velocity, f one of
fhese & given for 8 wheel of known radils, boswdll you find the ofhar?

Expiain what i mesant by cenmpetal force and wihy (L mas! be fumistsd o an object i
the objact i to foliow 8 circudar patir?

Whal & meant by moment of inerta? Explain fis significance,
What = maant by sngular momantum? Explen the taw of consarvation o angubar
TTiCHmET L.

Shesw that orbital angulss momenbum L, = e

Degciba whal should ba the misimum velocity, Tor @ sadellie, b orbit ciose to the
Earth around |t

Siales ha direction of the following wecioms i simple sluations; angular momanium
and engular velocty,

Explain why an obpct, obiing the Earth, 5 said o ba fresly faling. Lss your
axplanation ko point out why objects appear welghtess undes cenain circumatanogs.
‘When mud ffies ofl the tyre of 8 moving bieyels, In whal deeclion does | 7
Expdain

5 10} A disg and a hoop start moving down from the4op of an indined planse &t the same

fima, Which one will be moving fasier on reaching tha botiom?

517 Why does a divar changs hes body positions beforn and afler diving in the poal?
5 12 A student holds two dumb-balls with stredched arms while  sifing on & fum ahie. Ha

k5 grven @ push untll he s rotaling at caran angular veiocity. Tha esudant then pulls B
dumb-beks towards his chest (Fag. HE}.T‘Matwlbu the effect on rate of rotation 7

L2

Ty, 1.0

515 Explain how many minimum number of gec-stationary satalliles ame required for giobal

coverage of TY iransmission

Bl
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NUMERICAL PROBLEMS

A by laser baam (8 deectad from the Earth 1o the Moon. i the beam s to have a
diametar of 2,50 m al the Moon, how small must divergence angle be lor the
baam? The déstance of Moon from the Earth is 3.8 x 10°m i
(Ane B8 %107 rady
A gramophone recond lumtable accelerates from rest 10 an anguiar velocilty of
450 ray min in EB0s What I5 5 average angusisr actalaraln (s 2,86 raid 57

A body of mament of inertia { = 0.80 kg m° about 8 fixed aiis, rotstas with a

constant angular valocity of 100 rad s, Caloulats its angufar momenturm L and ihe
in thiz mothon.

iorgue 1o susiain (Ans: B0 Js, 0

Consided the rofating cylinder shown in Fig, 5.26,
Suppose that m = 5.0 kg, F =0.00 N and r=0,20 m.
Calculate (p) the lorque acting on the cylinder, (b tha
angutar accederation of the cylinder,

{Mament of Inerta of cylindar = | mr")

{Ans: 0.12 Nm, 1.2 g 57

Calculate the angular momenturn of & star of mass 2.0 x 10% kyp and radius
T.0°% 10% k. I it mskes one complete rotation about ils axis once in 20 deys, what

I5 itz kinabc :
& (= kinabic anergy? {dns! Tdx 10% s 25 10™ )

A 1000 kg car ravelling with 8 spesd of 144 km 1 round & curve of radiss 100 m:
Find the necessary centripetal force. AR TR0 5 30 N)

YWt is the least speed at which an asroplana can execuls 5 verlical doop of 1.0 km
radiiis g0 that ihere will be o endency far the pliol 1o (63 dewn &t the highest point?
(Ans: #ims)
The Moon orbits: the Esarih so thal the same side shways faces the Earth,
Diglarming the rallo of Ws spin angular momentum (about fis own axis) and |k
orbital angular momentem, (In this case, reat the Moon 8% & particle orbiting (he
Earth). Distance between the Earth and the Moon |s 3.85 ¢ 10* m. Radius of the
s 1.74 )
Moan fs 1.74 x 10%m {Ans: B2 x 109

The Earth ratates on fls axis once & day. Supposs, by some process: the Earth confracts
50 that its radius is anfy hall a5 targe as ol present, Hew tast will il be rotating hen?

{ For sphere - [ = 25 MR"), {Ang: The Eanh would cormplete is rotation In 6 hours)

510 Whal should be the orbiiing speed o lsunch & salslite In & circular orbit 800 km

above the surface of the Earth? (Take mass of the Eafth as 6.0 % 10" and s radius
a5 5400 lam. (Ans: T4 km &)
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6
Learning Objectives

Af the end of tms chapier he sudents will e ablo o

1. Understznd that viscous forses hrﬂurﬂmumnmnnmm}aﬂ maving
through it

2 Uuﬂpﬁa‘lwuﬂﬁmmaﬂeﬁhhhmlmluﬂnﬁtydummﬁ
talling fhroagh & wiscous fuld wndss laminer condidons

4. Understand ihe benms slaady (wminds, streamiine) Now, incompressitie Now, non
vissous flow as appiat fo the malion of an ideal fuid

4, Apprecigle thal al a 2ufficanty high wvalocity, lhﬂmﬂvkmuuﬂuldmn
fransiion from lamanar 1o furbulence conditions,

& hppac:lﬂameaquﬂhnnfmmwmlw ﬂu—ﬂnnmuﬁrﬂmﬂun:lanﬂaﬂtmﬂ
incomprassibis fuid

& Apprecisls fhat B squslion of contimuily 15 & km of the prncple of consasvalion of
mass,

7 Lndarstand that the pressure differance can arise fram dffarent rates of flow of &
fluld (Barooulli affact),

8. Derive Barnoulli's eguation In form P + Hpv' +pgh = conslant.

i Explain how Bernoolll efect = oapplled 0 the filler pemp, atomizers, 0 lhe
fiow of nir over anasmlall Yentuimeler ond in Sood physics

10 Give qualitalive aeplanations for the swing of a spinning tsall

.ha siudy of fyids in moson 15 ralainety comphcated, but malyss can b simpified by

migking & fesl assumplions; Tha analysis s furhar simglifed by the use of two imporand
consenvation principles: tha consarvalion of mass and {hie cortsarmatian of mnergy, Thielaw o
consarvation of mass gives ws: the-agqualion of continuity whiles he law of conservatmn of
anergy 6 e bigis of Bernoullls eouadicn. Thik aquation of canlinudy and the Bamaullls
anumtian nlong with Deir spoliastions o aamsane and blood coodiatonare dissnased in -|'u:
phapbar

[Z7



Tha fictional effect between diffamnd layers of Ihﬂh‘m

fluid is described in tarms of viscosity of the fusd, Vescosity
maasures, how much force is reguired io slide one.layer of
the bquid over another layer. Subslances lhutdl:l ng

eagily, swech as theck far and honey eic: have large
coaflicients of wiscosin. usdally denoled by gresk latiar 'y
Substances wihech flow easlly, ke water, hava small
poaffifients ol viscodity. Since liguids and gases 568 have non
rarg viscosty, 8 force s required i an object i 1o be
maved fhrossh them. Even the small viscosity of the air

air. These are typical examplas of the following fact,

An object moving through a fluid expariences a
ratarding force called a drag force. The drag force
Increases as the speed of the object increases,

Even in the simplest cases {he exact valus of the drag
faorcm is dlMicull 1o calcukate, However, the case of a ephars
moving throusgh @ Busd (5 of greal importance.

The drag lonoe + on & aphers of radius rmomang sloedy with
spaad i Ihrough & fusd of viscosit' 1 i3 given by Stokes” law
6 under

Befsnei: Lun 8.4}
At high sperads B forch & no longer imphy progodicnal (o

Emmﬂnramﬁurdrm:dﬂ such as ial of log Ealing
vertically, the ar drag on fhe waler droplel ncreases with
gpead, The droplet sccelerates mpidly dnder the owar
powering force of gravify which pulis the droplat dowrward.
Herweyvar, the upevard drag force on it increases as e
spied of he droplel incresses. The mel force on fhe
droplal is

128



Mol force = Weight ~ Dragforoe. ... (B2)

Ag e spead of the dioplst continues o ncreasa, the drag
foroe evantusly approaches the waight in B magniteds.
Finally, when the magniiude of he drag fores becomes
equal b the welght, e net force soling o the droplol is

To findt iha terminal wahurrwnﬂ'ﬂsma We Lge Stoke
Law for the dreg force. Equating @ 1o the
o, we hava

mg =& =nry)

wak S

The mass of the droplet is pV,

wheno volums V= % (=)

Subsbitufing this valie i e sbove squation, we gel

o
wr B (6.4]
Example 6.1 A tiny walsr dropiet of radius 0010 em Alshin iyt
dascends through air from a high building. Calculsts s %‘ﬂ' ﬁ
terminad vedocity. Given that n for ar = 19 x 10%kg m" 5" RN
and density of water P = 1000%gm™>, :
Solution:

r=10x107"m, P=1000km”, =192 10%gm's"

Pustting the abtws valuss m Eq, 8.4

e LX0E s x (110 M) 5 1000 kgm
x13x10  kgm'e?

Weget  Terminal veloolty = 1,1 m s’



Far Yaur nfarmaticn

10 ramind B mrvrmin! in medin

Ml:l-u'ing ﬁuiﬁ arey of gresd i'l'lpﬂ'I:HnE-E To learn sbout the

- behaviour of fhe fluid = motion, we oonsider thelr fow

thiough the pipes, Whan & fluid is in mation, i Now can Bea
ghefsraamline of kifbulant.

in this case each pariche of the fukd moves along & smooth
path called a streswmifing as shown in Fig. 6.1 {a) The
differeny skreamlines can nol oross  each olher, This
condition = called steady flow condtcn. Tha dimeclion ol e
sireamiines is the same a8 the direction of the welocity of the
fluid af that poid, Above & canain welocty of the fied flow,
the motion of e fuid becomes unsiasgdy and megular.

Undir fhis oondition the velocity of the fluld changes
sbrupiy as shown n Fig &1 (B} In thes casa tha exact path
of the particles of the fAukd can nol be prediclad.

Wa can understand rrany features of the fluld In motion by
considenng fhe bohaviowr of a fMuld which zatislies tha
foowing conditions

The fuid is non-vscoug &, them = po I!t‘l-islr:»ell
Trictional foron batwesn adjacant layers-of fuid

The flukd | Incompressible, o, i densily & constant
Thia fluld miation ks steady,

64 EQUATION OF CONTINUITY
Consider a Musd dwing irough 2 plpe of non-uniform size

The paricles in the fud move along e streamines n a
steady siale flow as shown in Fig. 6.2,

13



In & small me Al e fluld at the lower snd of the  fube
mioves & distence A ¥, wilh a valooity v, A s the area of
cross “gochion of fhis end, then the mess af the fuid
containgd in - the shaded region &

Amy= FI1AI| AR = pnﬂlrﬁ AL

Whate 0 is the density of tha fluid, Similardy the fuld that
merves wilth walocity v through the uppsr end of the plpe
{aras of cross seclion Ay) in b sama ime Al has @ mess

Ay = Prds e XAl a

If the fuid I8 ncomprassiblo and tha ow |5 steady, he Fig KT
mass of the fluid Is consarved. That is, tha mass thal flows

ino-the: battom of the pipe threugh Ay in a time At must be

equal 1o mibss of the ligukd thal fiows: gut through &3 Inthe®

sama tme Therefore,

Ay =40

o Py = Patipvg

This equation -is called the egusfion of comfinuity, Since
density I5 constant for the siepdy fow of incompressibie
fluid, th sqlmﬂmu# nunﬂm.l"rrbmm

L= T -F'b-- T = IO
'!_1__.",41..1.. '-r':'.- "‘.1.1:.]‘.]".-"‘[’ e ipumibyce:
' e g L !

Example: 6.2: A water hose with aninlernal damstor of -
20 mm 8t the outis! discharges 30 kg of waler in 60 s
Mhmwﬂwmmhm_

¥
albwataris 1000 kgm "and its Bow is stesdy. Bi |l owwer Tels B oo
EMH: —_— u-{h:ununmnudiﬂhlﬂ-
=Ry drpendinm

Mass flow parsacond = % =05 kgs"

Cross sectional Brea A = =¢”
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Tha mass-of waber discharging per second through erea A s

mass
M!Jl.....,..-.

oF r=%

pA

. osue
1000 Kgm™ x 3. 44% (10 x10 My

=1gms’

-\."\1_- "Er-'-l'

Az the fluid moves through a plpe of varying cross section
and hefght, the pressure will change alang the pips.
Bernoulll's eguation B the fundamenal eguabon in fluid
dyriamics that refates. pressurs o fiuid speed and height.

In deriving Bamoulli's eglafion, wo assume Bl (he fuld s
incompesssible; non viscowus and fows in o skeady state
manner. L&l us consider the fiow of the fiuid through the
plpa in Hma §, as shown in Fig. 8.3,

The foros an the upparand of the fuid is P4, whar P, the
prasaure-and Ay ks the-ares of cross section &l the upper
endl The wark done on the fiid, by e fuld bahind &, in
moving A through a distance Ax;, will ba

W= F|£'||I1 = Pr.A1 A
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Similany tha work done on ha lod at he kewer end is
“"I: = -F; A¥y= - PJ-‘_'\-."!.]'_-

Whare P; i the pressure, Ay Is fhe eea of cross ssallon af
lenwar end snd Ax; i the distance maved by this Bud In the
gamoe Bmae intorval £ The work W 15 taken o ba —va as
this work (8 done @gainst the fluid force

The nal work done = W =W, = W,"
ar WPl Ady— Pl ARy ai. (BB)

Il vy and vy Ere the velocities at Ihe uppor and lower ands
maspaciivaly, han

W Bl vl = P:.lq: wal
From egusation af pontinully (egusion 6.5)

A = Ay

Hence,  dAayxi=dApgpxley {WW%EHMH}

50, we have

H"HEF. —P’l-v e

P I tha mass and &5 the dansiy then ¥ = Lﬂ

S4 equation B,7 becomes
W=(P,—Fy 2 A

Part of this work |5 ulired by the flusd 0 chenging i KE,
and & part Is usad inchenging its gravitations PE

Change InKE. = aRE) = g - Tmd' . 169)

Change In PE. = 4PE) =mghe-mah, .. (610)
Whoms &y and h: are the heighls of the upper and lower
ends respactively

Applying, the law of corservation of engrgy to this, wolume
off Ehe fluld, e g
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'i.'i: i b :- },.-’h
rearranging the eguafion (6,11)
F"H'% oV, * pghy = Poe %F""; Ypuy

Thiz is Bemoulli's equaton and &5 often expressed as!

- ., A : i P

Torricelli’'s Theoram

A simpbe applicason of Bamoulli's egusetion 5

Fn Fig. B4, Suppose @ large tank of Fud has- two
orfices A and B on it, a8 shown in the figure, Let us
i e wilh which the watsr flows from the onfice

A
Singe the onfices are so-small, the effux speeds vy and wy
will b mush langer. than B speed v of the top surfacs of
waler, Wa can therefora, take w a5 approximalely seno,
Henee, Bemoulli's equakion can be wrillen as:

shown in

P+ pol =Pyt %F'-g * pahs

[




top teval of the fank has moved down a liifle and tha PE
haz baen irersfermed inlo KLE. of the offfux of fud. If fhe
orifice had been poinbed upward a= 8t B shown in Fig. 6.4,
fhas KE would aliow the liquid fo rse o the:level of
watnr iank, In praclics, vaoous-enargy losses woukd altar
fhe rasull in somie axienl.

Relation botween Speed and Presswurg of bhe

Flinid

A result of the Barnoulll's aquation s thal e pressune will
ba low whare e Spised of the Ok s high, Supphae Bl
water flows through a pipe syste . as shown in Fig, 8.5
Clegrty, the weler will flow fasier at B than il dogs al & or C,
Azsiiming the fow speed al A io ba 0,20 ms™ and af B o be
2.0 ms", we compare e pressae at B with that at A,

Applying Barnowlli's aquation and noling that fhe sormops
PE Istm-ﬂamaalh::lﬁwlaﬂas.%hm.

i e 5 _.._1'_“ '
Subslitiiling  ve = 020 ms™ . ¥e = 2.0 ms
Al P w10k kgm
Wa gat Py = Pa= 1980 Mm

This afows that the pressore n the namow pips whare
abroamlines ane cliser ingather s much smalssr than i the
widar prpay. Thus,

The lift on Bn seroplens (5 dus o this effect. The fow of air
around an saroplame wing s iustrated in Fig. 8.8, Tho wing i
designed o deflect the ar s0 thal stmamiines orm cosar
togather abova ha wing thai balow i e have seen in
Fig 5.6 that whars the Sirearmfines are- foroed closer logedher,
. the spead is fasber. Thus, & 18 travelling fastar on the uppar|
sidn af tha ving ihan on ihe lowei. The pressure will be ioesr
alihis 1op of ta wirg. and the wing will ba foroed upwand.

Similarly, when o tanmds ball 8 b by & rackst insuch-a way
that Ik spins as wall @5 moves koo, tha velocity of tha

L35

e

). LR



& St b
e ——
- -
- -
- -
- -
- -
- -
- e—
" i pr—

|rihierdenbing Ml id e
Ak

ATTRLphR
[ e

L
e
(il o]

gir on one side of tha ball Increases (Fig, 6.7) dus 1o sgpin
and air &pead inthe same direction as al B and hance, the
prassung decreases. This gives an exim curvalure o tha
ball knonan &8 swing whish decerves an opponant playear.

Venturi Relation

It ane of the pipes has 8 much smallar diameter than the
oifwer, a3 shown in Fig, 8.8, we wrils Bemoullls egquation in
a mom convaniend form. I is assumed thal the pipes are
heosizontal 50 that oph s bécome egesl and @in,
thersfore, be droppad. Then

R e R TR

As the ooss-sociional area A is amall a8 companesd o he
area A, than from eqetion of confinuily ¥, = (A0 vs, will
be small as compared to ve. Thaes for flow from a large pipe
io & small pipa we can neglec v, on tha nghi hand side of
equation §.15. Hanca,

P.-P,=_;.r.|.'a} ilains (818)
This iz known as Ventur miation, which is wsed in Vanlur-
raher, @ devics used io messure speed of Bguid flow. -

Example 6.3;: Water Nows down hill through a closed
vartical funnel. The flow speed at the top is 12.0 cms ', Tha
e speed al the botlom |5 twice the speed &t the top, i
tha funined s 40,0 cm long snd the pressure at e lop &
1.013 x10° Nm™, what Iz the pressure at the bottom?

Solution: Using Bamoulli's aquation
Ps"l‘ﬂl‘lr*%m"l' = Pyt pohy ‘;n“ff

or Py=Py+ogh+ 2 o (v -4 )

~ where h=h- hy=tha langth of the funnsl
Py = {1.013 x 10* Mm™) + (1000 kigm® x 9.6 ma* x 0.4m}
* 5 (1000kgm) x {(0.12 " - (0:24 msf )

=1.05 110" N m®
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A glathoocome detects the inetant at which e exterml
pressure becomes agual o the systolic pressum. Al this
point the firel surges of bleod fiow througn fhe namow
sdriciure produces @ high fiow speed; 48 a8 mesul the flow is
initiaily urbobent,

Ag the pressire drops, the exlomal prsgsame eyvantually
equals ihe déastolic preesum. From fhis ponl. tho vessed
niz fanger collapse during any portion of tha flow oyde. This
flow swibchas. from furbubert to laminar, and the gurgie in

{ho sbefhoscope digappears. This i the signal o recond
diasinlic pras=uhs.

(SUMMARY,

: #fin oipect mosng throwgn 8 loid expeniences 8 retarding force known as dreg-foroe;
It increases aa the spesd of object Increases.

A:aphere of fedaus rmoving with speed ¥ through-a NMuid of viscosity 1 expefionces-o
viscous drag farce F given by Stokes' law F =@ nnrv.

The maKimrm and constant vetocity of an object falling verdically downwaed b callod
fenminl velooity:

An iheal Muld s Incompressidea and has no viscosdy, Bolh & and waler al ow
speds approxhmate 1o Weal fuld behaviour,

An larinas flow, lavers of fluld side smoothly past each othar.
Ini hurbralent Bow-thera is greal distodar snd & conatandly changing Row pattarn.
Consanvation of mass in an incompresedle fluld is expressad by the equation of

- conlinuity A= Agvs = constant

Apphwﬂumm-ﬂmnmﬂmﬁmﬂmmammm tha steedy fiow. ol &n
idaal fiud 'eads o Bamoulis equation.

(=1 i_pv’- pgh = constant

The effoct of the decrease |n pressure wish the Incredse in speed of 1ha Muid i@
harizontal pipa s known ol Yantur efiect
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Blood Flow

Blood 2 an Incompressible fiuld having B density

squal to that of water. A hgh concantration (~50%) of red
blood colls increases i viscosity from three bo e times
thial of waler. Blood vessals dre nol fgid, They siretch ke
8 rubbar hose. Undar normiad cirasmsiances tha volume
of iha blood is sufficiant to keap the vessals inflated at all
times, evan In the relaxed state batwesn heart beats, This
e ihere {8 tension n lthe walls of the blood vessets
and conssquéently the pressune of bood [naide s grester
than the axiemal atmospheis prassure, Fig. B8 ahows
the vanalion in blood pressure as the heart beats, The
prezsana vanies from a high (sysiolic prassase) of 120 tor
{11afr = 133.3 Nm™} io-a kow disstolic prassure] of about
T5-80 toer between beats in nomal, healivy person. The
rumbars tend io ncrease with age, coresponding o the
decraase in he Texibility of the vessel walls.

The unil torr or mm of HY s opled instead of 21 unit of
prassune besause ol ils exiengie uss in medicsl squiprments,

An Instument called a sphygmomanomater measures
koo pressure dynamacally (Fig. 6,10

™

gasiiibud

; sniEBRN

An infatable bag s wound amnund the amool 8 pasent and
oxiamal pressune on the anm s increased by inflating the ban,
The effect |5 In squeeis the arm and compress e bload
wviessels inside. Whan the exiemal pressure applied becomeas
larger than the sysiolic presswme, the vessals collapes, cufling
off the fiow of the blood. Ogening the refaasa valve on Bwe bag
gradualydecreasas the Buternal pres'

B 5,




QUESTIOMNS

{11 Explain whil do'you undarstand by S tarm vigoosity?
* 2 Whal is maanl by drag foree? Whal aro the faclors upon which dmg fance acling
upon & smad sphong ol radius r, moving down throbgh e liguld, depend’?
i Why fog droplets appesr to be suspanded In air’?
¢ 4 Expizn the diferance babwean lmminar flow and urbulent flow.
Sute Bamoulll's relaton for s liquid in motlon and describe some of | applicatlons:
06 A parson s standing nest-& faal moving raan. [s there any dangar thal e will fall
towiardds 17
[ Idéntify the comect answar, What do you infar from Bamoulli's theonem7?
Whesa tha speaed of tha Muld is high the prassure will be kow,
Where the spead of the fluid s high he pressure s also high,
U1 This theorem |s valid only for lurbolant Now af the iguid.

50 Two row boats moving pasallal in the sarme disclion ane pulled towssds each olhar.
Explain

£ Explain, how fe swing is preduced m a fasl moving crickat ball,

10 Explain tha working of a carburetor of 8 motorcar using by Bameilli's principle,

.11 For which position will- the masimum biood pressungin the hava ihe smalies!

valug, {8} Standing up rght (b) Sitting () Lying horizontally (d) Standing on'one's

hreene?

12 0n mn orbilng space stabion, would the bleod preasure in meor aferes (n the leg

evar bo graater ban he biood pressune n major areres B e neck?

NUMERICAL PROBLEMS

01 Cerain globular prmpam:h has & dansity of 1246 kg m™. It fa8s through plrs
waber (=80 % 107 | with & lemminel speed of 3.0 em b’ Find the redios: of

thir particde
{Ang: 1.8 % 10" m)

4.2 Waler lows through o hose, whoss el diameter s Tom 8l & spood I:H' s,
VWhat should be the diamater of tha nozzie if the water is o ermerge ‘at 21ms "7

{Ars; 0.2 cm)
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i The plpa near the kewer and of g lange wabor storage tank dovelogs a small leak and
& stream of water shoots from i The top of water in the tank is 15m atove the point
of k.

a} With what spesd doas the water rush from the hole?
b} If the hoto has an area of 0.060 em®, haw much weter fows out in one second?
{ana: (@) 17 m s, (b] 102 em™)

114 Water = fowing smoothly through & closed pipe system. At ona paink (he spead of

waler iz 3.0ms’} while &l another point 3.0 m highar, the speed is 4.0 ms", ¥ the
prassune |5 BO kKFa &l the lower poind, whal is pressurg at the uppes point?

{Ans: 47 kPa)

.5 .qnummnqmdusgmdwmmmmmmmmrwmmdm
wing = 450 ms, ﬂmmdu!mbﬂmﬂ“mghhﬂmi Wil |8 the pressine
mﬂmmﬂmmmﬂhﬂnmnfmquﬂ{ﬂmﬂynfih=1.2ﬁuﬂﬁ}
{Ans: 22 KPa)
. Tho-radins of the aosta s abaut 1.0 em-and the blood flowing through i has 8 spead
of about 30 cms’, Calouliks the dverage speed af tha blood in the capillaces using
the faci that althoegh sach caplilery has & dismeter of about 8 % 10 cm, there are
fitaraty milliona of theen so tat ther (otal cross section = about 2000cm*.

{Ans 5 % 10°ms")

How larpe mist a heating duct be I air moving 3.0 ms | along It can replanish the s in
& room of 300 m" volume swery 15 min? Assurme the air's denalty remains constant.

(Ane; Badius = 19 cm)

f Anahﬁhnasﬁnjnﬁllsfura“ﬁﬂ dum b the net foree of the maving &ir on tha wing of
about 1000 nfudr!gama.ﬁ.saummhliakhﬁmﬂhmuranmﬁﬂh
streamiing flow, If the epeasd of flow past the lower wing surface is 160ms”, what is
mnmuMWMmuWWHQMBﬂWﬂIMWWMN

airis 1.79 kgm™ and asswrs maximum thickmess ol wing 1o be one matne.
{Ane: 165 ma™)

i What gauge pressure is requined in he oy mams for a siream from a8 fire hosa
conneciad to the mains o reach a vertical haight of 15.0m?

[Ana: 1.47 €107 Pa)
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B Chapter 7

MWEnmwﬂmmawdmuﬂmhmamﬂmw;ﬁdhm

a mean poestion, 11 |e called oecilltory or vibratory motion. Tha oécitlaiory motion is calied.
periodlc when it repeats aself affer equal intervais of time.

Emﬁ'nimmﬂnnmdm“ﬂmlnﬁu 74, I Isou common obesrvation that

a] & mass, suspended fram @ spring, mtnwlmmmmﬂmm
oscillating (Fig. 7.1 a),

b) the bos of & simpls pendulom when displaced from its rest posifion and roleased,
‘vibrates (Fig. 7.1 )



¢} & steol ruler champsd-al one end io a bench cecillabes
whan the fres and is displaced sideways (Fig. 7.1 c),

iy 2 staal ball roffing in & cursed dish, oscillabes about its
rest posiion (Feg 7.1 d).

Thies 1o get oscillations, & body |5 pulied awsy from (62 est
or eguilibrium position and fhen released, The body oscillates
dua 1o & restorng farce, Undar e aclion of tés restoring
forue, lhe body accalerales and i overshooks tha rest
positon due o mertia. The restordng force  then  pulls i§
batk. The restorng force is always direcied  bowands
ine rest positon and so the acceleration is aiso direcied
towards the resi of mean posiion.

It i pbserved ihat the vibraling bodles produce waves.
For example, & violin string produces sound waves in alr,
Thers are many phenomana in nature whose explimation
requires 1he understanding of the concepts of vibrations
and weves, Although many large stnsclures, such as
skyscrapers and bridges, appear o be rigid, they ectually
vibrale. The architecls. and the engineers who design and
bl iham, (ke ihis facl indo aceaun.

Latus ﬂ:lrrsh:lara mass m attached (o ona and of an alastic
spring which can move frealy on g frictionless horizontal
surface &3 shown in Flg: 72 {a). Whan the mass s
disptaced towsrds right throogh a datancs x [Fig. 7.2 b),
ihe force F ol thad instant is given by Hooke's law F = fal
whong & @ a8 consian! known as spring onstant. Dus &
alasticity, spring opposes the applied force which produces
ihe deplecamant. This opposing force is called resionng
force F, which |5 equal and opposits to the applied (dree
within, etastic limit of ma- a.pring Hunm

i MY oty 5 S C O R .
The negative sign IﬂleEEn!Bi 1J1£|t F: = directed opposits t

x. L&, lowards the squilibeium position. Thus we see thiat
in & system obsying Hooks's faw, B restoring force F is
dirgcily proporfional o the dsplacemant x of the systam
from s aguilibrium posilion and s always drecied wards
if. When lha mass is relsased, d beging o oscillate about
the equilibrium position (Fig. 7.2 o). The osolfatory motion
ieking phkace under the action of ‘such a restoring forcs (B

42



knpwn 25 simple armonio motion (SHM) The acoeleration
8 producad in e mass mrdue o resbordng force can be
calculated using second law ol motion

Furma
Thien, -h® = A

W will now discuse varous lerme which ars wery offan
used in describing SHM.

It zan be seen in Fig. 7.2 thal whan a body |5 Wibrating, its
dmplecamant from the mean position chenpes with time.
The velue of (Is distnce from (he mean posiion at any 53
fima is known as is instantaneous displacement. It is pern
ai tha instant whan the body Is-al Ihe mean positon and is
magimum at the exireme positions. The maximiem yalua of
dsplacement s known as amplifeda.

The arrangemant shown in Fig. 7.3 can ba used io record
the varialions in displacomant wilh line for & Mass-spring
systam. Tha sirip of papoer = moving al & cnstant speed
from right 1o left, thus prowiding a time scale an thia sirip,
A pen attached with the wbrating mess records is
digplacament Bgainst-tima g5 shown in Fig. T30 It can
be apen Dl the e showing  1he | yariston of
displivcament wilh fime /s a sine - curye, It s usually
known  as  wavedorm of C3HM. The points B and D

| correspond to the exirama poaitions of the vibrating mass
and point= A, C and E show s maan position. Thas tha lins
ACE rapregents the level of mean positon of the mass on
the-slrip. The ampiiuds of vibralion |8 haes 8 measure of
ihe Bne Bb or Dd In Fig, 7.3
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{ii} Vibration

A vibrabion means one compseie round trig of the body n
mabian. In Flg, 7.3, 1 Eihe malion of mass rom s mean
posiion o he upper sdlmeme posilon, from upper axirems
positon o lowar axiroma posilion and back te 45 mean
position. In Fig, 7.3, the oave ABCOE comespond o the
differant positions of the pen during one complate
vibration. Altermatively the vibration can also ba dadined as
maban of the body from 12 oné exirems posifion back o
the sarme exireme posilion, This will cormegpond b the
portion of ciires Fom polnts B o F or from poinks D o W

(i)  Trme Period
It | the time T required io complete ons vibretion,

{iv) Fregquancy

Fraquency f is tha number of vibrations executed by & body
in one second and is expressad as wibrations per second
or cycles par second or herz {Hz).

Tha definitions of 7 and f show fhal the two quantifies ame
relatod by the eguafion

. e T
f T a e {r.a)

(v) Angular Fregquency

it Tz the fime perod of & body executing SHM, ita Bagular
frequency will be

= By e

Angular frequancy m s basically a charackenslic of circular
maolion. Hore il has been intredoced in SHM becausa i
providas @n  easy method by which the wals of
instantansous displacemsnt and nsiantaneows valocity of
A body execuling SH can be computad,

y ¢
|
il\jﬂil'\r D phats it Lo L oy

Let 8 mass m, ateched with the end of 8 varbcslly
suspended spring, vibrate simple harmonically with period
T Irpguency Fand ampliude: 5. The malion of the mass is
displayad by the poindar Py on the line BC with A a5 mean
position and B, C 85 . extreme posifions. (Fig. 7.4a).
Assuming A es e posiion of the -pointer &t
t =0, it will move go thal it s &t BAC and back 1o A at

144
;r".?""r__ |||-



malants T, TR 3TM_and T respectivedy. This wil
complela one cycls of vibrabion with amplitude of vibretion
being &= Al =AC

The concept of drooier mohon (8 ntoduced by considornga
pein] P mavinig-on-s-croke of rdius ¥, with a uniform angular
frequency & = 2:/T, whare T & the lime period of he
wibmatian of the polrter, It may be nobed fhat the radius of the
crcly 8 egual 1o e emplude of e pointer's mobion,
Cansider the motion of tha point N, the projaction of P on the
dismatar DE dravan paralisl o tha fne of dbrstion 'of tha
poiniar in Fig.: 7.4 (b Mote that the level of poinls O and E

(4 ) (e

5 the sams a3 the poinls B end C, As P describes
undioim eircular motion with & constant angular speed o, W
ecillates by and fro on the diarmaier DE with fime perdod T,
Azzuming Oy, 1o be te posilion of P &t f =0 ihe position of
tha point M ai tha instants 0, T4, T2, 374 end T will be ai
the painis 00, 0L E and O raspadively. & comparison of the
mioton of ‘M with that of the pointar Py shows ihat It & o
raplica of the pointer's motion, Thes the expressions of
dizpiscarmend, welooly and ncoblaration for fe mofion of N
ila held good fof the poinbar Py, sxoscoling SHM.

Displacemant
Ralaring bo Fig, 7.4 (b) 1 we count T tima (= 0 from tho
inalanl wion P is passing through G4, the angln which tha
radius OPF swaaps oul in Bme | & 2 0,0P = o §, Ty
displacarmant & of N ad the instant § will be

x = 0N = OF gin £10,0P
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-1

or J'::l'uﬁ"g

o askEeot T o T8)
mmlmmmmammmmmm# oy oo
instant I

Th walue af x as a lunctions of 1) is ghawn In Flg. 7.4 (¢
This is the wave-form of SHM. In Fig, 7.3, the same wave-
form was treced exparmantzlly bul hara, we have raced i
thearatically by lnking SHM with circular motion throwgh
the concept of angular frequency. Tha angle 0 gives he
siales of tha system in.its vibrational oydie, For akamgle, at
tha sian of tha cycle §=10, Hall way ihrough the cycle, s
1B0° { w radiang), When 0 = 270° (or 3nf2 redians) the
cycle s threa-fourh completed. We call §# as the phasa of
the vibration. Thus when quafier of the cycls is complated,
phase of yibrmdion s 00° {or 2 redian), Thus phaes iz also
redatad with the circtlar molion aspect of SHM,

{lijf Instantaneous Velocity

Thea valocity of pomt P, at tha instant § will b direched siong
H:atanpmﬂh:ﬂ‘ramrﬂaaanndrt&magnrruduﬂllhu

s e
.Aam&nmﬂnnnfﬂmﬂmdmmanf[ﬁlimmmhiﬁp
on the circle, the velocity of N iz actually the compomant of
i veloolly ve in 8 direction parslis o the diameter DE. As
shown in Fig. 7.5 (&), ihis component |5

¥ BIN (B0 - B} = ve 'CO5 & = ¥, o0 OB
Thiss the magnibude of the velocily of N or s zpead vis
e st o S
The direction of the valocty of N depends upon tha valee
of tha phase angle B, When 8 & between 0° ko 907 the
dirgction & from O to D, lar @ between 80% 1o 270° 5

directlon g from D to E. When § = batesen 2707 o 2807, the
dirsction of motion |8 from E 1o O

: e
From Fig. 7.5, cos 8= cos ZNPD = NPIOP = _“’*'x

Eubsiituting the value o cas in Eg, 7.7

TR

[
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Mmawﬂmdﬂmhmmmhmmmﬂ
the mobon of the poleer exesiding SHM (Fiug. 745 &0

the velocity of any body
T.Tand 7.8 in tarms
. 'Eq. T.B shows Hhal at the
Ihu 5 maximem and
il tha axirema positions whare ¥ = &, fhe valocity I= zer,

i
=
i
-39
Fae

Bl

WmﬁmpmlPhnmmmmﬂm it has an
acceleration &, = X, sways directed towards the centre O
af tha circle.

Al Instant fits direclion will e along PO, The accaleration of
the point N will be companant of the acosaration s, slong the
diamater DE on which N moves due to motion of P, As
sham in Fig. 7.5 (bl the valus of this componant is

8y sinf = xm® RN

Thus the accelerationa of Nis &= x w® sini

and |t k= dirgcted from M io O, Le,, direclnd fowards the
meean: position O (Fig. 7.5 b) In ihés figure sin d = DNOP =
2/, Theradare,

a5t 2 =plk

Compariase of Flg. 7.5 (b} and 7.4 (b) shows that the
direction of sooclésation a and  displacement K ae
appoaita. Eﬁm#gﬂhdlmmmur:mmhmmﬂm
amalaullmnuﬂmmmuny

QR T

El: 7.8 shows that dhe acooleration mpmp:rrﬁnnal w the

displacamant and s direcied towards the mean  position
which I5 the charsclerisiic of SHM. Thus the point M is
expruting - SHM With  the zame ampliude, period and
inataptaneous  displacement as the poinier Py, This
canfiems our assartion thol the mation of N is just 8 replica
of thi paipler's mokion,

Equations ?‘5 a'u:l- 7.7 Indicate thal displacement and
valocity of the paint exsculing SHM are delermined by the
engle 8 = mf. Mote het this angle |s obiainad whan SHM is
" retaded with circulas motion, I isthe angin. which (he rotafing
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radies OF makes with the referance directlian OO, gt any
Instand [ (Fig. 74 ),

In Fig. 7.4 (b}, wa have assurmed that to start with at 1 = 0,
the position of the ratating radius OF s along 0O, so that

4 the paini M i= at (5 mean position and the dsplacemant al

=0, lmThmrthﬂparJalcma in‘ganeral st

lo, " will rokate by wi . Sonow the radius OF would make

angla (mf+9) with OO, at tha (nstant
displacemant ON = x at  (nstant ! would be given

EH'-I=::='EIP1||"| [NI"'H

Mow the phate angle s of =8 e,

B= ol

when £=0, B=g. So pis the infial phase. Il we take initial
phiss as =2 or 80°, the displacement as given by Eg 7.10
is

Iﬂxnt-ij'll_uI"FEﬂ"':l

E4H



Thaes Eq. 711 mm displacamant af SHM, bul in this
caen tha poind N ﬂ-'lm is molion from tho exirome P
pasition instaad of the mean position as shown i Fig. 7.8 (b). E{.‘f__f'_ .

Practically, fﬂ*lunpiunuim Hlﬂl |
»  wibraling mess aftached fo 8 spoing as shown in Fig, 7.2 (a, b
-m‘wﬁmmmwwmmw&.m

L

.i'ﬁ.x

Aa#andmmwﬂm,ummﬂhmu
propofional to deplacemant ¥, andits direction is lowdrds
the mean position. Thus the mass m executes SHM
between A and A with x; -as ampitude. Comparing
ihe above aguafion with Eg. 7.6, the wibrational angulsr
fraquency s

The lime persd of he mass &

Eﬁ'!?ﬁ.mu displacement & of the masa 88 given by
o x = it i ml

mmmvdmmmnm by

Eq. uh
r--.J:_?--" =1E ;'—r‘!

Eq 7.15 shows that the velocily of the mass gets maximurm
aquat o v, whan x =0, Thus

ET



[1E=g] el " Iy {7171

Tha formala danvied for Gapiacemant ard vslocily ars also
vakd for verfically susprnded mass-sonng sysiam prosdded
alr Fiction i ol corsdersd.

8 7.1: A block wighing 4.0 kg eutends & speing
by 0.46 m fom is urstreichad posfcn. The block s
e and pﬂﬂmmhmmnmw
W i spring ks now stretchad and then relessed, what & s
prand of vibration ¥
E

Appiled shredching Yo F=hx o k=l

"
E=mg=4kg 9 8ms® = 30 kgma® = 02 N

x = [ 18m, K= M:mnf
0.tm
Hcrw fene peod T=2x 4
- n'ﬂh =
oF T=@n YT o2l s

i

simple perdulum consists ol & small heasy mass m
by & Aghl siring of lengih ( fwed &t s uppar
ug shown m Fig T.7. When such a pendulum is
froen 8 mean posson teugh & small angle & o
postion Boand released, it siars asdllating Bo and fm
ik game gath. Tha weighl mg of tw mass can ba
rEsnied inlo feo ComEponants; nag sin & along the langonk
&l B and mig cos 8 @long CB 1o balance tha tonsion of the
adring. Ty matoring forcs &t Bowill ba

|

|

i

F == mgainil
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W 0 s mmmll, aindl = d

=g
Are a8
i

=

But
Wb s small  Arc AB = DB = 1, hance et

Al mparticutar piace 'y & corate and for o ghwan perdulum
¥ i nlen a conainnd

* Thooafcra, nj'.n {m canstani]

ard the maticn of S Bimpdes perdubim & smpis harmee
Ciomparing Eq. 719 with Eq. 7.5 '

= JE
!

AslUmapaipd  T= 2T
(E]
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oo DAmaiaae? ;
-*" = Tweane 080

Frequancy  f=d=lsthe

Lat Br Iha CREE |:|F | 'mrﬂhrq; M5~ SR
sysiam. When e mass m i@ pulled slowly, the sping ia
stretched by an smourt ¥, &gsinst the slasiic redbomng
force F, N 6 sssurmed that strebching s done slowsy oo thal
accalaration is oorg. Adconding o Hooke's law

F = kir, :
When wsplacemant = 0 force =10
Wihean dsplacamant = i, forca = ki,
fAvaraga forca F=%=%kﬂ.

Woark done in displecing the mgss m haugh X, 5
= :l " =1 L
W=Fg= k= ok
ﬂ'uwmiqmaamanduﬂnpuﬁml]ulenﬂrmnfthespﬂng.

Tl‘u Eq;. ?.21 g|'.rEE| 1ha rn.n:lmum P_E at ﬂ'tE: axirams
position, This

L;;'g

=21
PE = = k)

At gy instant £, i the displacemend s x, then PE. at thel
Instand s ghven by

kx



The velocity st that instant i given by Eq. 7.5 which is

Henca the K.E at thal instant is

KE. af the mass = 1 m» | m;.’[l] F;J_:]

s maamom whan x = 0, ke, whan the
rrmu*-ﬂuqu LIFT OF MTesan pmlﬁmmu T.8)

Furanylﬁplununml: the ensrgy i partly PE. and parily ] st ey
K.E. Hance,
Eii = PE. +KE =
i ;
i
¥ e -] B e

P 0

Thas the total energy of the vitrating. mass and spring is

The varallon of PE snd KE wih I:HHMM

essential for maindalring  oscillaions.  This - periodic
axchangs of energy ie 8 basic propery of all caclllatory
systems. In fhe oass of sbmple pendulum graviational PE,
of the mass, whan dispiaced, is sonverted into K.E. af the
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aquilibrium positon. Tha K.E. Is comaded inlo P.E. as tha
mass fees 1o 1hes op of the swing, Becausa of tha frctianal
farcas, anemgy is desipated and conaequantty, tha syetems
do nok pecilate indofinBaly.

Example 7.3: A sprng, whose spring constant s
80,0 Nim " yerticaly. supports a of 1.0°hg In the rest
poaltin, Find the dis@nce tey which the mass mus
pudled ‘diown, =2 ihal on boing raleesad. | may pase
mpan ponlion with & velocty of 1.0 ms”.

Solution:: X

= B0 e ; m=1.0 kg
-Slnes of = —:: ar P Jni_'r

be
ha

Banm!  [eekgme Ty m T
-1. = 1iﬂ' a948
Lal the ampliicde of visraticn be &,
Than ¥ = igm ar :¢=—:

an Ve ms" ared o= gl g

mwmmam-unﬁ%-a.ﬂm

A bty = sald 1o bo coeouting free vbrilons when | oscibdes
withowst e inlerarance of an axtamal force. Th froquancy
af thess fres vibralians & known a8 it nalurad frequancy,

For exampht. g simple panditum whan sbghily displaced

fram its rasn posiion vibratas reedy with s nafuml sy
ifsal deperels anly upan e kergth of (ke penduum.

O the othar Nant, It & reely oscllating system 8 subjscied
o an axbemal  periocic force; Men forced whrations wil
uam?hu Eﬂasﬂmnﬂmmnfnﬂtmihg
pendulum i5 giruck repasledly, then forced vibrslions arg
produced;
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The l.[hﬁhnus ufu whu,lr hml-z.' mlmll h:.-' !h= nmnrrm ¢-E
engine is an example of forced vibrations. Another example
of - Fwted. vibration s Toud sl produced by sounding
wooden biands of string instrnnents.

Associated with the motion of & drivan harmonic ceciliador,
thene 18 a very sinking phanomanon, known as rEsonance.
It grizas if the externsl driving forca- |s-perodic wilh- 8
pafiod comparabls to the natursd parod of the caclilsior.

In & resonence slbestion, the driving force may. ba laable,
the ampliude of the motion may becoms extra ardinarlly
inrge, In the case of osdllating simpie pandalum, i1 wa
blow to push the pendulum whensver || comes in' fronl of
oair mouth, it is found thal the amgplitude steadily increases.

To demonsimale this resonance offect, an apparalus s
shown im Fig. 7.8 A horizondal rod AB 18 supporisd by e
alringe Sy &nd &;. Thres pairs af pendileme ag, bb'and oo’
are suspandsd 1o this rod. The Bngth of aach pair-is ha
aame but i3 different for diferent pairs. If one of lhesa
poendulums, say ¢, s deplaced n 8 dirsclion pempandiculsn
io the plano of tha paper, then b resuianl oscilton
rm&_unnwmmrm.lﬂlkﬂﬂ}n‘htdmm.
whose parfod B ltha seme as that of ¢ Due fo this slight
motion of the rod, aach of the remaining pendulumes (ae]
o' &nd g2} under go & slight perodc. motion. This casses
the pendulum o, whese length and, hence, perod la
axpcly the same as thal of ¢, to osclilale back and forth
with simadily Intreasing amplifedé, Howewes, the
ampStudes of the other pendulums remain small Bwough
cut the subsequent mobions of 0 and ¢ beosusa o
nabural pesbods are not the same as ihat of the disturbing
lorge dus 1o fod AB. I
The ansngy of the csciiabon comes from B driving source:
ﬂmmma ﬂmbaﬁfu'ﬂfurmwlsnm!h‘rm

=
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Adventages And Disadvantages of Resonance

We - oome aoross many examples of asonancs in avary
day He. A swing 2 & good example of mechanical
rasonancs. | s ke s peodulum with nseagle natural neguancy
dapanding on 4= lEngth. I a sanes of rogular pushes ame
givien to the =wing, & motion can be bullt up enormously.
pushes ara given iregulary. the sving wall hehdy wbrats
T column of soldiors, whie marching on & bridge al long sgpan
are pvis=d o bresk thieir sleps. Thaeir rivthmic marh rm'glhr
sl up oacilatiors of dangerously larges smpluds In the
bridiga sbrsthira:;

Tuning & radio | the best sxampis of alscircal msonance,
Whan we turn 1ha knob ol 8 redio, o tine 8 slation, we an
changing the nabzal frequancy’ of th ahedric cincuil of tha
recever, o maks it equsl to the transmission freguency of
the radio stafian. YWheh the twi requenced match, enargy
absorption is maximum and His is the onby stafion wae haar

Ancther good example of rescnanca B the heabng and
cooking of feod very sficenily and evenly by microwaie
owan (FigaT 101 The waves produced = thig ype of owven
nEve 5 wn_?;ﬁingtli of 12 o gt a freguency of 2450 MHz
Al (ke frequency) thie wisyes ane  absorbed  die o
respnance by water and fal molecibes in e food, beating
ihem up-and &5 cooking the food:

b il B ] e z =
D OSCILL, V=T T

- e L <) Pt it

i

This s @ oommon observation thal the amplilude af ‘an
oaciating simpla pondulim dedreases gradudlly wilh Henm
Py T 00 Wl 1t becomes 2ero. Such  osdillaBons, o which the
amplifits decrépses-atapdily with time, ene called demped
oscillations:

Wa know from our &veryday papanence thad the motion of

Pi amy WBLfoACOPIC ByEten 48 sccompanied by frictional
4 offscis; Whiks desaribing the malion of & simple pendulum
g_n i_ " this efiect was complately ignored. As the bob of the
Pl phovias Ioend fro, then in addibon 1o-the weight

~¥e of tha bob-and e lekion in The siring, bob exparisncas
wiscous drag due t its motion throdgh the- air. Thus smple

TS harmonlo modion = an idealization (Fig. .11 8} In praciica,

yijul the -empliude of ihis mofion gradually  bacoinas smallar

i



pnd smiller becauss of icdion.and alr resistancs Decauss
the energy of the osciftabor |5 Used wp in dolng wik samsl
the resistive forces. Fig, 7,11 (hishows bow  the amplibads
of a damped simple harmonic wave changes with lime &3
comparad with an idesl un- demped harmons wave Thus
we gae Thal

an  ppolicalion of damped osclisliony | & the shock
absorber of ‘@ car which providens a damiping force
prevant excesalve oaclllatons (Fig. 712}

The affecl of damping can be ohasrved by aitaching &
peRdulem hawing  bghi mazs: swoh asa pih el o ik Bob
and anather of the Eame lenglh camymg & beavy mese
such, &5-5 Bad bob of equal ales, v 8 md As shown n
Fig. 7.8, Thay are set into vibratons by 8 third pendulum
of equal-length, sitached o e sema fGd I s obsannd
that ampliiuse of tha lead bob 98 much geoodar B Gt
of The pith-ball, The darmping effec) ke the pltball dus
io:eir resiatance | moch greater than for the eod  bob

Safpaiks
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SUMMARY
Ciscillabony molion |8 1o'and ko motion about s mean posiion.
Periadic mobion i the ans Ihel sepeats Asail afler squalintervals of fima;

Restonng force opposes the-change in shape or ngth of a-body and is-equal and
opposile 1o applied force,

A vibratory mobion inwhich scoelarslion = direclly proporional 1o displacermssnt from
h.mpnﬂmnwﬂhﬂyudmﬂudmﬂhimpuﬁm uhmnw
rmonic mollan

The: projection of a particle moving in & clrcle executes SHM. It Ume period Tis E.

mmmnhmmmmm:immamm
particle ganeralty refemed by the phass angle.

mmmunmw to-an elastic spang ls SHM and Itz time
parludh‘-"-ilr:iF—'—
The vibratory mation of the bob of simpis pendulum i also SHM irﬂllﬁnupui:!

i given by
T=12n F
#

I @n cscllisting aystem PE. and K.E. intarchange and Yotal enargy is tonserved,

Abnbhaddmhaumﬂnghaammﬁmn:mﬁmtnuhmwum'
freqioancy without the inferference of & axiemal lores.

" When 2 fealy osoilating sysiem 5 subjected o an exiernal parodic force; than”
farced vibrations take place,

Hﬂmﬁ“ﬁhnﬂﬂ:mmﬁ&ﬁﬂﬁfﬂhﬁnupﬂmhmm with the
natueaf vibrating pariod of the system.

Bamping |a the process wheraby ensrgy s dissipated from the osclllating systam.

(QUESTIONS

! Mame two characienisbes of simple harmonk: masdion,

Do roquency depands on amplibude for karmonic osciasoes?

Coan we roalize an ideal simgle pendulum?

; i
P / 134
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7.4 WWhat Is the 1213l distanca travelled by an object maving with SHM I8 a tima aquat to
|t pariod, it e amplibeds is 47

55 Whal happens 't the period of & simple pendulum if s lenglh s doubled? Whai
hiappans it the suspended mass 8 doublad?

TE Doms the acceleration of & simplé hemonio oscliaior remain consism during its:
mtion? |5 the accalemlion ever 2em? Explain

77 What is meant by phase angin? Does It define angle between masimum
dispiacamanl and the drving forea?

f8 Undarwhal condiions duaﬂ'm addition of two simpls harmonic moting producs &
resultant, which 2 also simple harmonlc?

19 Bhow Bt i SHM the poosleraton is zem when e velocily s grealest and tha
walocily |8 2ang when the acceleralion is greatasi?

7. 10n relation io BHM, mmpiain e equalions,
4 y=AEm o l+p]
{i) a=-p'x
¢ 11 Explnin the relation babwesn total energy, patential energy and kinetic enengy for a
Body oncillating with SHM, x
712 Describa some comman pheénomiena in which resonance plays an important role,

7131 & mass spring sysiem s hung verfically and sel inlo oscllafions, why does e
ration aventually stop?

HUMERICAL FROBLEMS

{1 A 004 g body hung an a sping alongatas the spong by 4,0 cm. When a cefain
object ia hung on e spring end set vibrating, its penod is-0.588 = Whal is the
mags ol ihe obaal pulling the spang?

{Ans.20 kg)

3 A loed of 15,0 alongaies @ spring by 2.00 cm. If body of mass 284 g is aftachad 1o
the spring and B sai into whration with an ampliide of 100 ¢m, what Wil ba s
1} peariod {7) spring constant (i mazimum spoad of is vibration

fomea: (1) 1. 26, (U} T35 Mm '.£:=J 480 ams’}

T3 An B0 ko boady execules SHM with empliteds 30 cm: The restorng force & 80 N
wihnn the displacament is-30 om. Find

i Periad

(i} Acceleration, speed, kineBc enongy and polenfial energy when e
displacarment s 12 cm.

fAna: () 13 5000 30 ms®, 1. 4ms, 7.6, t44d]
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E Ahhd'nrm-lﬂl:gta dropped from-a heght of 0.B0 m on ta 8 sprngof spring

constant k= 1860 N, Find the maximum defance Shrough which the spring will
b Compressed

(A0 18 m)

ﬂt!iﬂphpﬂmmrm: 50,0 om long. What will ba Iis freqoency of whrabon &l & place
whire g = &8 ms™7

iAns G0N0 Ha)

* 5 A blook of mass & kg is-atschad io 8 mnng.n'ﬂ.:hapnnn constant 1000 -Mm', s

showr in Fig, 714, The' aprirey b5 comprasaed thesipgh o distance of 2.0cm-and tha
block is released from rest. Calculate the velogily of the block @s it passes through
thve aquilibrium pogitkn, & = 0, If the surfaces is frictiontless.

(s 0GR M)
o
L
Fig, 7.4 K=
=] 4 AR
i i!.
—_
r.._-

X o= 2om

A car of mess 1300 kg 8- conslrucied Lrﬂrrgahrrrusuwunadhrfuurﬂprhm&
Each spring has & speng constant 20,000 Nm'', If teo peopla riding in the car have
a combirsd masms af 180 kg, find tha' Fagquancy of vibrafion of the car, when L s
drivéin ¢vnr @ pod hole in the mad. Assuma the weighl 18 evanly disir@ubed

{Ans 1,18 Hz)

4 Find the amplitude, frequency and perod of an objsst vibrating &l the and of a

spring, If the equation for A5 positon, @2-a funclion of Bmo, is
: (%]
=025 cos i._;_l i
Whal is the displacament of the object afier 2.0 57

(Ars: 0,25 m, % Mz 165 x=018m)
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Uindersiang vt describe Newton's kemuta of speed of sound,
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Fecognlne wnd describi the factors sn whish spoed of sourd in air depends.
Expiain et iisa thn princigds of superpasition

0. Undarstand tha tema intederence ang bests.

1 mmmnmmmmnm mmmﬁndm

12 Unﬂmr-nand d::-u-lbu refaction of m

13 Describe axperiments, which mmummhm uh.-ﬁ-m:
and vibrating air colimm

14, Explain the Saomation of & statianary wave uihqgm;ﬂi:il nﬂ:ﬂ.
16 Unoerstand the berms node snd aniknode.

i, UWEMWHMHmﬂm

17, Upﬂmﬂmhml:wwum-ﬂmm

T Aecognize thve npplicatonss dmmﬁm’:m lrr:'nﬁr sphar; ﬂlﬂh‘h‘l:mr, satgliits
and radar spaed frapn

~ T e -
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W aves transport enengy withoul fransporiing mabier,
The energy transportafion ks camad by a disturbance, which
spreads out from s source. We sne wall lamiliar with different
hypes of waves such as watey in thia ccean, or ganily
formed ripples on 8 sl pond due to rain drop. YWhen a
muEetcian plucks B gatar-string, sound wivies frg gimveratod
wiilch on reaching our ear, produce the sansation of music.
Wave desturbances may slso come in 8 concenirated bundis
likem ther shock wives fram an aeraplane lying &l suparsonic
apaed. - Whatever may ba the nature of wans, ha
machanism: by which It fransports snargy 5 the sams. &
spccession of pecillatory modions are always imicived. The
wave is penoratod by an osciltation in the worating body and
propagaton  of wave: through space & by maans  of
osclllations. The wavaes which propagsls by the oscllation of
mteral particles are knewn B8 mechaenical waves

There & anothar class of wawes which, instand of mataral
pasticles, propegste out in space dus to opscillations of
edaciric and magnefic fields, Such waves &am keown as
eleciromagnetc waves. We will underiake the study ‘of
eleciromagnetic waves at 3 later stage Here we will
cansidar the mochanical waves anly, The wives genermbed
W ropes, sinings, codl of springs, waier and air ars all
machanical waves '

S0 e owe hove beon comsidering motion ol indevisheal
pariicles bul in case of mechunlenl waves, we seidy the
gollective mothon of partleies. An cxample will help: us
here, 1T you® look ab o biock: god white piciuse moo
newspaper-with o magnifying-glass, sou will diseover: that
the picture i made up of many closely spaced  dotn, 11" you
oo not use the magnifier, o do ool sge the dors. Wi v
soe i the collective effect of dots A the Torm of & e
Thus-what we'see oy niechanicsl wive is sctuilly the elloct
of mscilintions of & very large number of particies. of the
mediam througshw bigh the wavis s passing,

Drop @ pebble Into water, Ripples will be produced-and
spread out ecross the water. The npples are the sxamplss
ol progpressive wisves - bockusn ey STy SR BCroEs
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the waler suflisce. A wies, which Gansfers enargy by
moving Sway fmm the soure of disturbanos, |8 called a
progressive o travelling weve Thers are fwo kinds of
progresshl waves - lanaverse waves and longitudinal
WEWEE:

Transverse and Longludinal Waves

Consider bwo persans holding opposie ends of & rope or 8
hosappe. Suddenlyona: person gives o up and dowm jork o
the rope. This disfunts the ropes and createsa hump in § which
travalsatong the rope owandsthe oiter person (Fig . 8.1a & b)

= -
1) if—‘f‘h % i

{ly

b1l

R
b

Fig- LT

Whan s hump esaches (he other person, it causes his
hand io;move up (Fig,. B:1 o), This e energy and
momenium jmpaned (o the and of tha rope. by the firg
paraon has reschsd the other end of the rope by travelling
through the rops |@., &8 wawe has besn sl up on the rops
iry thig Borm of @ mowving hump. We call this type of wawe &
puten. Thix forward medion af the putse from one end of the
rops to the othar B an sxample of progressive wive. The
hamd jerking the end of the mpe is the source of the
wave, The ropd s thi medium in which ha wave maves.

1%



Fig L3aj

A large and kndse spong cofl {slinky springh cen boe uped o
demonsirae the efecd of the moiion of tha source in
Eﬂﬂm WavEs- n & mesdiom. s batier el he

= -spring i& laid on a smooth Iable vath its one end fised

=0 fhat the sprng dose not gag undar gravily.

If nhee Free. end of the sprmgis vifwmicd from slide b sde; nopuls:
of wive hoving: @ displacemem pattermn Kb me Fip 82 (a)
will h.:wnurrﬂl.'li whiclewall e alingg the sy

I the and” of tha spring i5-moved beck and forhs along the
direction of the spring B=all a8 shown in Fig: 8.2 (bl & Wwipve
with back and forifh displacerment will travel along the sprng.
Wayvas like- thoss in Flg. B.2 (&) in which dizplacament of the
spring &= perpendicilar the direclion o he wavis om
called framsversn waves. Waves lika those in Fig, 82 (b) in

« which displacements are in the directicn of propagation ol
wayee are called longitudinal wabes. In ihis emmpls e coil
of springis the madium; o i goenaral we can say that

Both types of waves can be sal up In -solide- In fulds
howevar, imnsverss woves dis ool very  guickly and
usually cannod be produced & &8l Thai & why, sound
WEVES [N air are longibedingd In naellire

Liphes rtwe ' hanvs consdoned wave 0 Whe form of a pulse
wihich |5 sat up by & single disturbance in & medgam ik the
snapping of one end of i rope or 8 coil sping. Gonfmueaus,
respular and rhyihmic distorbances in a madiom resull rom
perisdic vibrations of & source which causs panodle wayes
ini thal rediaem, & good exarmphe of o periodic vibralor is-an
oEcilating mass-spring sysiem (Fig 8.3 8], We have sisady
studsed i Ihe previous chapter that the mass of such a
Byhlem Baacubes SHM,

Ind



Transvarse Perodic Waves

Irmmging nn exporimacl whers one snd of o repe in fEstened
o mass Epeng vibrator Az fhe maes  dibialies up and
doeT, W chanrvs B ENEVEras pardic. Wi trarvnlling
wlang tha langih of mpe (Fig. 5.3 B). The wave consisds of
crests and troughs, Tha creslis & patemn o owhich e ope

g displachd atiove s pquilibrium podaition, and in lroughs,

Wi @ digpiaoamant holow ik aquilibrium possion:

A e SRUce sxnces Bamime inoln igrand dovn wih
mmplibucie A and fregquenioy | desiy svsry poind alang the
l=npih of the oo exenutes SHM 0 lum, with e sama
dmipilitce ang froquendy, Tha wive Uaals oeamds dght

a8 crests and troughs In fum; roplaos one-anotfier, but the-

poants on i mope almply oscillales o and down,. The
armpiilude of the wave is Ow masemum valoe of the

displacement In = cresl e roogh-and B egusl o e

ampiliude of the vibrsior, Thie distanse bisbssen any fwo
phngegilive oreEe o Fought B ihe 'same: all’ slong e
length of therope This distance = caliad he wavelangth
of the perindio wave and s dsuslly denobed by e Greak
tatiar lambida s [Fig &3 6)

In prnciple, he speed of he wave can be messured by
fiming the madion” o & wave cresi oder 8 messtned
distancs Gul It 1s ool shways cowvenen 1o ohsane ke
madion of The crest An discussod’ bolow, howivar, the
spoad of 0 penodis’ wavs can be found mdrectly. from Bs

froguenay and wavssngi

As @ wave piogresses, each point in.the medium csclllates
penipdically with the Trequenty and penod of the sourca;
Figh, 8.4 Muntrales o porcafic wmyvae moving to the dghtl; as=:it
might ook, 0 phoipgraphic snapshols faken  swery 14
penod. Follgw By progress of e cresl el stared ouf
fromy Eha extrarme tafl &l § = 0. The time that this crest iakes
fo move a dislance of one wavalength & egual b the me
required for a paint Inihe midum o po.through one
complaie. osollalion, That s the opest moves. | one
waalangih L in one paniod of geclllaton ‘|“'FhaI speed ¥ of
ihee Gt s el

sdilange moved =
muuup-urﬂ'rgh‘rrmhhmuj T

L5

TN

s
D o

T
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- 5.5

Al parts. of e wave patbam mova with the same spoed, So
ihe speed of avy one crest iz |ust the speed of the wive,
Wa can therafore. say thal the specd v of the waves is

ye—=  mNa 1y {a-l”

hl.l‘l.%=f.'nﬂ"r!fef|5ﬂ!ehemlﬂt¥ﬂllhuﬂam_ltl:ﬂm

same as the frequancy of fhe wbrator, genersiing e
waves. Thus Eg. 8.1 bacomes

v=Fl e

Phasa Relationship between two Points on a Wave

The profs of penodic weves genarated by a sourca
axptuling SHM s regresenled by a sine curve. Figure 8.5
shows the enapshot of a periodic wave pesaing through o
medium. |n this' figure, et of points am shown which as
moving in unisen a8 the perodic wave passea, The pointa
Cand G, ae they move up and down, are dhiays in the
zame state of wibraton ie., they atways have identical
dEplacements and velocities. Alternativaly, we can say that
a5 the wave passes, the points C ad ©° mowe in phass
We may also say thal ' Ieads C By one hmé panod or 2
radian. Any point al o datance 1, C fags behind by phasa
angla P "If'.‘t'

So Is the case with polnls D and O . Indeed Ihers are
infinitaly many  such points along the medium whidh am
vibeating 0 phase. Points saparated from one- another
ihrough distances of &, 2%, 34, ... ara all m phasa with
mach other. These points con be anywhars along the wave
and need nod comespond with only the highest and owas!
points. For example, points such as P P, PY .
arm ol in phase, Each |8 segaraied from the next by B
dlistance L,

Bomea of the points am exaclly ol of Step Fol examhe
when point C reaches its maximum upward displacemant,
al the same Uma O meaches s meximum dowssward
displacamenl. Al the insiant thal C bagins fo-go down, D
begins o move up. Points such as these am called one
half period oul of phase, Any wo points separaied from
ane anathar by %:ﬂg.ﬁ%, ........ are oul of phasze.
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Longliudinal Periodic Waves

I fh pravious section we have considerad e gansrabion
ol Immnswiiis penodic waved, M we will see how the
lopgitudingl penodic waves can bi genarated

Cowratder @ ocoll of spring &5 shown in Fig. 88 It &
mispendad by hreads $0 hal |t can wisale hirgontally,
Suppees an oscillatng force F s appboed bo i and 88
indicatad, The force wil aismaiely stield and compress
tha sprng, theraby sanding a seres ol stetched reglons
icalled rarsdaction) and comprossons aown the-spring: Wa
will mEa this oscilitiling force caukes o kagitedingl weve 1o
mard down o spring. Thin type of wasve genarabsd in
earings s also called & compressional wave. Claarly in a
romprissional wave, the padicies in the path of wiave move
biack and forfh alang tho line of propggidtion of B wavae,

Medica if Fiy. ‘B:6, (he supporing threeds woald be exactly
vartical I the spring were undmturbed. The dishobencs
pessing down e spring causes displacemonis of the
glaments of e speing fom fhelr eguilibrivm: possione. In
Fig.-B.E, the dsplacoments of the thigad from the vartical
are & direct measure of the dispiecemants of the spring
olomants, 1L i, herefora, BnoEEey way io graph the
dispiacemants of the spring elements from their edquilibriom
positions and ihis & done In the lower par of the figure

Sommd waves @ lhe most imporanl esamples of
Ionpiuidingl or compressional weves: The speed of sound
wawns dopands on The ‘compressibility and inaria of the
medium throogh wihach they-are fieveling. Il the madiem fes
th= alastic modulus E and density o then, speed iis ghean by

F:E L] ﬁ.a'}

A gesn from the ble 8.1, e speed of sound = much
highe in solids than in gases, This mskes sanke Decauks
thé molecules in & solld sre closer than in 5 gas aml
hencs, rigand more guickly to Ssturbance.

in general, sound revets mone. slowly nogases than in
golids because gases ahe o comprassible and hence

FG7

nﬂ-mﬁﬂq.-m
o 1k =
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o 130
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heve & smaller sastc modulus. For the calculation of
alastic modulus for air, Wewion sssumed that when a

sound wave Iraveis through air, e lemperature of the air
during  comprassion  momaEs constanl  and | pressuns
chiingas from P o (P+4F] and tharefone, e volume
changes fom W be [V - AV) Acoonding 15 Boyle's law

PN {PRARNV. AV Ll )
& PV = P . PAY ¢ UAP - APAY 4

Tha product AR & s vary samall and can be neglacted. 50,
ihie: above egustion becommes

AR AR
AV =\apP o PrM-'r'- :l.'::/‘ =E
W
Tha sxpression |’an'_| Is tha efasbc modulus £ at consban
R4

tamperature. ﬂn. subatiuting F for E in equafion 823, we
gel Mewdon's farmuila for ihe spaed of sound in air, Hencs

.Ft.g -|l-|-|-r||r.l'| hﬁﬁ‘}

O gubstibiting the valuss of sfmosphero predsuns  and
dermity of alr 91 ST 0 equation 8.5, we find 1hal the
spead of sound waves In gir comes crut 1o ba 280 ma-;
whersas iz axperimentsl value & 332 ma

To-aceount for this-difference, Lanisos pointad out that the
compressins and mrelscions oooar o rapidly et hest of
CoMmpresEons rmmaing confinod 1o e reglon whara i s
penanaind ' and doss not have Bme o fiow o ihe
neighbodining  cotber feglons which have  undengone -an
Sxpuaisian. Hianoo he iemperatung of ha madium aoss mol
mnaln:una.mt anm mﬂuﬂa"s Iawhheuhhehnn

AR Mala =pul:.rﬁl; hqr-'l nfuﬂﬂm‘lmﬂ ERELE
Walpr spocfic hogl of ges &l constant volume

i By prasiura of @ given maes of 8 gas & changed from &
bo (P AH) e volume chapges from Vg (W < AV, then
gsing Eq. 8.6
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P =P+ 4P IV = av)

' 1
PV = P Ay | o -"—v‘i

Applying Binomis! iheomem
AV At
| e B B et T s TR Ly
W, I
[ &
Hamce F=|:F’+5FJ|'|'T'F£
AV AW
ar P=foyp + A= p A
W W

AW
whara | T ae —I'__- | 15 pegligible. Hende, we hifve

1|
U= =FP i +a
¥
AP
oT “J._-' uyFak
¥
i
Thus elestic modulus T | aquals T#H
= .l'!.u'_.

Hencesubatituning the value of s moduss n Eq 8.3,
win gal Laptace expresdsion for the speed of sound & gas

i".l —!LE i . IB?}'

Far alr =14 sonl 3. TP

Poybd a0 ma " X"

This value & very closs to thl axparimantal valia
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Effect of Variation of Pressure, Density and

Temperature on the Speed of Sound in a Gas

1. Effect ol Pressurs: Since dansity is proportional
by el prasdure, the speed of sound |8 nol affeciad by o
waration in the pressure of he gas

2. Effect of Density: At tha same lompenslure - and
prazsura for the gases having tha same value of 1, the
speed B inversely proportional b the-sqoans root ol
their densites £q. 8.7 Thus the speed of soand in
hydrogen s four fimes Hs speed i oXygen @5 density
of prygen & 16 Himes thisl of hydrogen.

1. Effect of Temparature; Whan 8 gas is healed al
constanl pressure, s wolume |8 increesed and henos
s dansty is decriased, As

. F
fa)

B, the spsed is increased with rize in iemparatum

Lt

v, = Spied of sound 8l 0°C | & = Densiy of gasat 070

v, = Spead of sound @l (°C | P, = Density of gas al £ °C

fhan = 28 and i
-|1. b L

O ' I
Harcs, T % (B.8)

We hawe sludied the volemo expaneen of gases in
previsess classes. W W s tha wolume of 8 gas ai
tempEriuee 0 0 @nd W is volums 8L FUE, fhen

Vim W (1 » pn
Whais [l i the coalficient of volume axpanzion of the gas
For &l gases; #8 valus |8 about 2_11‘3 -Hanca

P |
273

Vi=W

i



Since Volume = ——— —
density
moomf,ot )
Harce I ol e
i .:-.J| zr3_|
L,
ar g Ay |._:I+ ?_?3|

Putfing tha valum of i, in equnlion BB we have.

;:..F% RS
R L

whare T and T, @ the absolulg amperalures
comespanding 1o ¢ "2 and 0 0 nespactively, Thus, the
gpeed af wound: varies dieclly as the squesre ool of
ahealube Mrparaiure

Expanding e RHES. of equabon {8.9), using Bmomial
theorem and neglecting higher powsn, we have

Elwnr Ihme [he apisd of stioed

:: = |1+3;_ﬂ] OF b =y + ;:;
As v, =332 me’
putting this valug in the 2* factos
Thian W E I
E4E
or W= v+ 0811 {B.11)

Example 8.1: Find the temperstirs al which the velocity
af saund | sir is twe tmes its velocity at 10 °C.
Solution: 10°C=10'C+273=283K :
Supposa.al TK, e velociy is two times iis valus a1 283 K

M
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TR : Y T
Theralcre, ey =
=% ~< B Vo V3R
Fig 87 ar T= 1132 K or 859 0
_,.-""F""‘-,_____-:"_'.f S0 far, v have considered singla winves. Wit happans

whan btwo waves ancounter esch pther i e sames

T wxend madivmY Supposa o waves approach asch oihar on-a
coll of spring, one travelling iowamds fne rghl s the oihisr

‘\_____./ travelling iowards laff. Fig: 8.7 shows whal you would ses

T TS mappaning on the spiing. The weiven pass through sach
athar without Being modifisd. Aftsr the ancourar, sach
/‘T‘\ winvn, Stape looks sl a5 il did babora and i bavelling
¥

et SHOND just 85 0 was befors.

Ny iy \\_// This Phanomenon Ol passag  Whrougi each olhar
unchanged :can be observed with af types of waves You
s nl manss  CANC-@EEY Sae thit 1 15 8rue Tof surfacn rpples

Bul whal is going on-during the Ume whon (ha beo waves

overtap? Fig. 8.7 (o} shows thad the displacenents fhay
¥ = produce jusl add wp, AL each inglanl  the spring's

disgeacement ol amy point in the ovarap region fisl tha
surm of the cisptacemiants that would b csiizss by each of

\\_./ ihecbwin vaves soparately,
L
S

Thus I & pariicle of a medivm & smullaneously scled
wpon IJF n waves such that s deaplacemeant dus o each of
the individisl n'waves Be L W , Ve PeEn Ine

restiltant . displacsmen! of the particd, undes  the
simultenecas gation of thesen waves (s 1he plosbrsic sum
jol &l the dEsplacements Le.

Winwen i porzad '
ared ] Al -'r=:.._.. s

rei T il

sparaiion of ten wwe of This is'calied prinetide of superponlyon
R

|-|-|




dgden, 1 tap oweves  whicgh omss -each oiher have
oppdaiie  pisase.  their tesuliant  displacement will  be

LS T

Parboulardy = 5 theo resull dmpscement Yo 0
Principbe of - superposdtion  legds o many  interesting
phanomssnsa - wath  wavas,

1§ Two wives  having same frequency. and
traveliing in the same diredlion (Inkefersnce),

il T v of ahightly difterent frequencas ana
trevulling in the seme direction [Basiu)

il Two waves of eouil Peguency Gravelling @
appsite direction tStationany wavee)

5 : e
EEINESECEI

. Powerampliier 27
Suparposifion of hao waves havend (he same equency -3

and ImveBing 0 the weme  direchon  rosuils 0 a8
pheromanon calied Interarenpe.

“An mpanimantal -gat Up bo ohserve ntederence effect in
-Baund waves:is shown in Fig, 8.8 {a)

P BE D

hitmpteenee of sl e
Flomim |17 P P ik of ou i ool i v ifaoer.
Porm P g ., pig gonis of esns e g b e L

Two loled spoakers S, and 8; act #s by sources | of
harmonic sound waves of a fixed frequency produged by

7



Fig, 8.8(c)

Coneiractia e
.. .ﬂﬂhull'ill:‘l_'p-_ini

i

EE

mthnpligtet cn

;

An andio generator. Since the two speakers are driven from
the same generator, they vibeate in phase, Such sources ol
waves are called -coherent sources, A microphone attached
o @ sensitive cathode may oscilloscops (CROY) Scls s o
detecior of sound waves. The CRO 15 8 dovice to display
the fpat signal inte waveloem on s screen., The
microphone (s placed at various points, tum by e, in
frant of the loud speakers a5 shown in the Fig 8.5 (b,

Af points Py, Py and P. & langs signal is sean on the CRO
iFig. A:8(g), whereas =l poleds F; and Py no signal =
displayed on CRO screen [Fap 8.5 (d)i This. afecl is
axplained im Fg. 8.8 (b} In which compressions Bnd
rarefaciions are aliemalely emifled by bolh speakers,
Contmuous lines show compeession - and  dotted  Fnas
show ramefactions; At pomnts Py, Py end P we find that
compression. mesls with a osmpression and farelaction
meats & rarefaction, So, Ihe displacemant of wo waves
gre pdded up &t lhesse polnts and 8 large resultant
dEsplacement s produced which & ssen on lhe CRO
sorsen Fig. 8.8 ()

Wow from Fig, 8.8 (b}, ¥ find-fhat the path difference AS
sebween the waves & tha point Py is

AS= 51F1-E1F| or -53541.1?'. v JJ.'}n=ﬁ.

Similarly sl painks Py and Ps, path differance is 2em amd -3,
risapeclively,

Whanever path diferance s an in tipls of

wavelengih, the two wavesd are added to. This eflect is

Tharalore, the conditon for mnﬁu:liw interfarance can
b writien g3

II:|E'=|"|jl FhAd
n=0 a1 2283, ...

{8.12)
wiing
At points Py and P, compmassion madts with a rerelachion,

an’ that they cancel each other's effect. The resullant
dispiacarnent becormes pam., a5 shown in [Fig.B.8]d)]

MW lel ws calculate the palh. dffamns
wawvas at polnis Py and ;. For point P

batwaan ha
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Therefors, the condiion for destructive stederance can be
wrilken am

AS = e 1) % e TN

wihiri P2 T Ty N T S R

Turiing farks give oul pure notes (smgie fregquency), If twe

tuning forka A and B-of the same fequency say 32Hz are |'|"|ﬁ" 'Llnll,l. '"UrIU?nr'
sounded saparately, they will give oul pure notes, If they ars gy
eounced simuliansously, it will te difficult to differantate tha

l._l_
B

riabe of arus funing m al he alhar soand
ol g fark from that af The '._LH. U |'4 ||_
wisves of ihe bwo will be siperpased on each olber and wiE v "
be heard by the human ear 282 singla pure note. if the

tuning fork B losded with some wax or plasticane, s 17 Il:l‘“n"
Fresguisncy will be Iowersd shightly, say § bocomes 30k ""l!! T
If e, thes Pdins bundng forks are soundad together, & nols of b TR
allarnalsly ingraagsing and decressing intensity will be hedrd. AL

This -note is callod beat note or 2 beal which = dus 10 Fig 18

njerference bebwesn the sound waves from luning forks A ¥ o

and B. Fig, 8.9 {a) shows ths wavalorm of e note emited F-

from a8 tuning fork A Similardy Fig. 8.8 (b) shows the

wavelorm of the note-emited by uning:fork, B. Whan both

thir tuning forks A and B afe soundod fogether, B resultan

wavatorm ta-shown in Fig. 8.9 fc).

Tig. 8.8 () shows hipw doss he beal nole occar. Alsama insant

X the dispiacamant of [he beo waves |\ e sgma drscion.

Tha resulfant displacement is large and a loud sound (s hesrd,

ivs



Afier 145 the displacement of tha wawa dus (o one uning fork
i oppokite iy the displacerment of the wave due io the other
funing fork resulting o & minmum deplacament 81, henos,
imintzolnd or no soundis haarm.

Anciher 14 s laler the displacaments are. again In. e
sama direclion &nd & lowt sownd |2-heard Bgain 2t £ i

This means a-loud sound 1s-heard fwo times In each
aocond, As the difference of he fréquency of the o
tuning forks is ales 2 Hz =0, we find that

sounds & maore than abool 10 Hz, than |t becomes dificull
fo recognize tha baats

One can use beats b2 lune & siring mstrument, sech as plano
ar violin, oy beating 2 nole aperist & noks of known requancy,
The-siring can fhan be adjusied It ihe desired frequancy by
tighieningor lndesaning & undif no baats ar keard

Example 8.2: A turing fork A . 4 beats per
second wilh mﬂiwa-ind,m B. i = found that by
N!-:_!mﬂﬂmmm w.-.mu

in an extenshe medim, & wave travels inall direclions
from s sourcs  with & walocily depanding upon e
propenias of the modum, Howenes, when e wayes comas

el



#oross the boundary of beo medis, a pan of B i refecied
back, The refiectad wave has the same wavelength and
frequency bul iz phasa mey change depanding upon e
nafure of the boundary,

Mow we will dfiacuss two mosl common cases of relecton
ol the boundary, Thess cases will be explained with fha
help of waves travelling i slnky spring, (A sinky spring is
& looss spring which hes small il isnglh bul & relabively
large extended langth).

One and of the slinky spring |5 ted 58 rgid support on &
smuooth honzontal abée. Whan a sharp jerk s givenup 1o he
free —and ol the slinky epring towerds (e side & o
digptacaiment of o cheal will travel from free end 1o the
boundany (Fig. 810 &) It will exert & force on bound end
towards the side A Since this &nd i rigasty bound and acts.
A & danges modium, |l will sxerl & reachon force onthe
spring in opposita dirsction:. Thia force will produce
digplacemeni ‘downwards B ond 8 brough  will  travel
hackwards along the spong (Fig 810 B),

From tha above discussion i can be concluded tha
wiEnever 3 iransverss wave, itavalling in a rarer madum,
ancountsrs & denser mediem; | bounces back such el (he
direction of s displacement is reversod. An incidant crest
an reflechon becomes a fmugh:

This-expenment s repasaied with & i vanaton by machng
ond end of a light 8iring 1o 8 sinky spring and theother ard o
the nigid suppoet as shown in Fig 8,19, IF now the spring &
given B shinp jerk lowands A, 3 onest irasls along (he spong
ag shown in Fig 811, When this crest reachas the spnng-
slring boundary, it exert & force on 1he sifng lowards e side
A Zince [he sbing has a small mass as compared 1o apring,
it dogs rml oppoke the molion of the spring: The and of the
spring, Ehefefone, contindes is daplacamant lowards 4 The
Spieg behavas as 1L has Boan plucksd up. in other wonds &
orest iz again created ai the boundsry of e spang-airing
syslam. which traveis backwands along e Spring. From this
it chr ba concludad tat whan a tansverse ware travefing in
a densar medium, |s reflected from he bowndaty ofa rares
medium, tha direction of &8 displacerment mmans the same
An scioeni cresd B mdlected 55 a oest. We are already
farniliar with 1he fack thal the difecsion of dsplacemant is

177
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ravarsed when ther is change of 1807 in the phases of
m&.mmmmgnhﬂuﬂmuﬁm.

Il & transverse wave travelling In 8 ranes mediom
I5 incident on a densar mediim, £ = eflecied

such that it undergoes & phasze changs of 1807
if 8 transverse wave iravelling In 8 denser
medium (8 Incideni on & rarer madium, i is
rﬂﬂ*ﬂﬂdﬁﬂnﬂmﬁdmhphm

Hnwuuumnaid-r haupmwlmnn -:'rtmwn
moving Blong & string In opposite directions. Fig. B.12
(b} shows the profile of b such waves at Instants
{=0, T4, 34T and T, where T is the Bme pedod of the
wave, We are Infaresiaed In finding oul the displacements
of the points 123456 and 7 & these instants &3 the
waves superpose. From the Fig. 812 {a bl i s obvious

BT
AT

=T 1=1T4 =T
g i e e e e e R R Tl o I
B ] ] i T ] T 5 L] LN
L 5 k-
1 mITd |;' =T J[ ey
ol 'I'"l'"'lT' s o coal, » i "1"i ]
J- T

that the points 1,2.3, elc are digtant L/4 apad, § being
the wewetangih of the waves We can delerming thi
resultant displecement of these points by applying the
principle - of superposfion. | Fig 812 (&) shows ' the
regultant displecemeant of the_points 1,2.,5 and 7 al the
instants ¢ =0, T4, T2, 3T4 and T. i can b= seen that
the resultant displacement of those poinis & always
zero, These polnts of the' medium are known as nodes
Fig. 812 (£) shows thal the dislance betwesn two
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consacutive- nodes | LM Fig. 842 (d) shows ihe
rusuliand displacamant of the poinls 24 and & at the
instante: £ =0, T, TiZ, 3T and T The figure shows
sl thess points are moving with an amplitude which s
the sum ol the ampliludes of e component waves
These poinis ans known 28 anfinodes. They' are siuated
midway Between e nodes end are glsc 172 aparl The
dislance betwean & node snd the nexd antinode (514,
Such @ paltern of nodes and anli-nodes 18 known as a
stalipnary or standing wave:

Energy in 8 wave moves becapse of the motion of the
panticies of the mediurm, The nodes aleays remaln al rest,
56 energy cannol Tow past these points. Hence enermy
remaing  “standing” In the medium betesen  nodes,
although It altemaies between potential and Kimatic farms,
¥When the anlinodes are all al their sdirems displacameants;
the ‘energy stored i wholly polanlial ‘and when they are
simultanpously passing through thair eguilibrium positions,
the snamgy is wholly kinstic,

An aasy way fo genardte a stationary wEVE & (0 SUpErpone
a wing fravelling down a slring with s reflection travelling
in cq:q:-ns.iﬂd:m!h:mau Elxpmed' mli-mne-:.‘ta.e::nnn

ﬂuruluer @ siring of rmgth / wnln:h is kepl ulfntuhuu by
ciamping i ands =0 that the tension & e sring is F {
the efring = plucked at #s middle point, two ranaverse
wiaves will orgeriaie Trom his poinl. Ono of Bwm will move
iewards the left end of ihe Eiring and the other iowards e
right end. Whan thess waves reach the hwo clamped ends,
they ana refleciod back Ihos giving rise to siationany wavas:
As tha two ends of the =ibng are clampad, no motion will
take place there. So nodas will be {ormed &1 the o ends
and one mccde of vibration of the slng will ba as shown in
Fig. B. 43 with the bvo ends &5 nodas with ong-antinode in
bebvesn. Yisuslly the string sesms o vibicate in one. ioop
fis tho distance bstwasn bwo consecutive nodes = one half
of the wavelangth of the waves sal up in the sfhing, o In

this mode of vibration, the length | of fhe =iring &S
rl:}_;. o MyERp {8.14)




whare & is the wavelength of he waves sel op in this
mode,

The speed v of Gw waves in the sirng depends upon the
tension F of the string and m, tha mass per unil lesgth of

the sting. It iz given by ?=JE ......... (8,15)
m

Knowing fhe speed v and wavelengih L, the frequency 1)
of ihe wawes is givan by

LE e
fr’: == Vi M agharr s {8.16]
1 |F
Substituting the value of v f|=§ iogh e | {B.17)

Thus In the firs! mods of vibration shown in Fig. 8.13,
waves of freguency iy onldy will be sel upin tha gven slring.
i the samea sinng s plucked from ona quarker of fis kengih,
again staflonary waves will be sat up with nodes and
anbnodes a5 shown in Fig, 8,14, Nole thal now he-string
vibraies in two loops. This parficular configuration of nodes
and antnodes has developed becauwse the siring was
plockad from the position of an anlinode. As he distance
bekwEen wo consecutive nodes is half the wavelangth, so
the Fig. 8,14 shows that ihe engih | of ating s equal 1o
the wevelength of the waves 2ol up.in Ehis mode. I 18 the
messure of wavelangth of thess waves, than,

l]="f erhbjyyia I.B..qllﬂ.l

A comparison of (his eguation with Eg. 814 shows the
wavalenoth in thie case ks hall of that |6 the firs case

Eq. B.18 shows fhat the speed of waves depends upon the
tension and mass per unit length of tha sinng. I s
incbppendenl of the polnt from wiera the string |2 plucked
io generate the waves, So the spead v of the waves will
be samea n two cases,

If & b= frequancy of vibraticn of siring in ils- second mode,
then by Eq. B2

vEfxhy = o  fi=y . (B19)
Comparing il with Eq. 816, wa gel

1)



=2

Thus when tha-siring vilvales in two-loops, its freguency
bsoomes double than when it vibretes o ons ipop.

Simitiory by plucking tha siring property, it cen be made o
vibrada in 3 loops with nodes and antinodes: a5 shown in

Fig.8.15.

In this cose the frequency of wives Wil be £ = 3 f; and tha
wavelangthwill be egual to 2073 Thus we can say thal if the
giring i made 1o wbrate in noloops, the frequancy of
Elatonasry waves S8t up on e ainng will be

A RS R -
and the wavelength
L:

= |k

I (B21)

ke -clear that &3 the atring vibrales in mose and mone
loaps, s Fequency goes on  Incraasing and  Ehe
wavalenglh gols Gornespondingly  shoroer, - Howevar the
product of fhe frequency and ‘wavelength & always egual
Iz v, the speed of waves:

Tha mbove dsousssn, clewdy esiabiishes that the
stalionary ‘Wwaves fave o discreie sal of freguencies §, 21,
A o ndh which is known ‘8 hasmionlo seres. The
fundamenisd frequency i comesponds 1o tha first hammomo,
ihe frequancy § = 2 {; comeaponds o the second harmonic
&nd so on. The siationary wived can be sel up on the
slfing  only with the frequencies of hafmonic - saros
delarminad by the lension, lengéh and mass per unit langth
ol tha siring. Waewes nol in harmonk: senes ame . guickly
damped out

The frequancy of 8 siing on 8 musical instrurment can e
changed afiher by varyng the iBnsion or by changing the
length. For aximple, e lension in gutar and viodn sinings ls
varisd by lighisning the pegs on e neck of the instrurment,
Once the insbumend & funid, Mnmmumm
Irespmanoy by moving thair fingers along the neck, hamety
changing the iangthof the vibrating parion of tha string.
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Example 8.3: A slesl wire hangs vertically from a fixed
polnt, supporting & weight of 80 N at its lower end. Tha
diametar of the wina is 0,50 mm and its. lengih from the
fixed point io the welght &5 1.5 m. Calculate Iha
fundamental frequency emillad by tha wire when it |s
pluckad?

{Density of steel wire = 7.8 x 107 kgm™)
Solution:
vidume of wirg = Lenglh & Arga of eross saclion
Mass = Vglume 1 Dansity

O You Know?

ihersfore
A saniding wave prtien o formes x
whan tho lenggth of e aling b = IMass of wire = Langth x &raa of cross sechon x Dansity
e ionmg 8. mass per unit length m is given by
wian i ol

m = Densdy x Ares of cross section

Dismater of tha wirs =0 = 0.50'mm = 0.5 x 107 m

Iflli Radms of the wire = = L:l ={.25x 10" m

| Areg ol crosscection of wire = 77" = 314 % (025 % 10° m¥
" | F=w
ineralare
m=T8% 107 kgm ' %3 14 x (025K 107 my°

| m = 1.53 & 10 'kgm
YWeight = 80 N = 80 kgms
Using thet sgusstion (B8:17 ], v gat
. ' foa . |F

=755"

r e —
r-‘ ) ~{ AOkgms

e 1 1
cxN.5m 1 BN fprm

of fi=ThHz
In g crgen pipe, lhe prrary
driang ITIIE-CthHrI'l": #imurr-q
shiend |n et o or fmam Sule-all 5 t
which immencts wth bw upper 0 Bo10 STATIONARY WAVES IN AIR COLUMNS
andd The & ogfimn. e e pips 16 .
marfisin o gisesy chcinlen Stabonary waves can be sat i other media also, sucn as gir

column, A commaon example of wibrateyg asr colimn B in the

I



ofgan pipe, Thie retalionahip betwean the ncidant wave-and
the reflected wave dapends on whether o aflecing and of
ihe pipe = opsn or closed. If the eflecting end i open, the
gir medaciies hive- comiplele fresdom of motion and this
behaves s an antinoda. I the mecling end s closed, than
il behaves &3 & noda bacause ihe movemeni of tha
molncules is restrictad, The modes of whralion af an air
colurmn i 3 pipe opan at both ends aro shown in Fig. 8,18

i figura, the ongtudinal waves sal up in the pips have been
mwmmmlndmﬂhm
ampliidie of vibraton of the alr paricies st pointa slong the
a5 of the pipe, However, il must be kopt in mind thal i

wibrations afe aiong tha length of “the pipe. The
wavelsngth's "of nth harmanic and s fregquency 1) of any
harmanic is given by
ST {.n;:i (Bz2)
AEE34 e

whese V' s the speed of sound in air and ' is the length of
B pipes. The edgeation 8,22 can sdso be writlen a8

h=ndh (8.23)

i & plpe i= closed & one end and open at the othar, the ciosed
end [s o nada. The modes of vibration in this case ae shown
in Fig. BT

i case of fundamental nole, o distencs balween 4 node
and antinoée is ona fourth of the wavelsngih,

FESEEE T

A
Hence, -'-:1 or L=4t
Sinca v=F
Henen J'I:.":.-zai
T T

M can be proved that In & pipe ciossd &t one end. only odd
harmonics se ganarated, which ane given by the aquaiion

| R3

(T L% =1
o

P 8

'I.l
mwﬁn
o= e - i

P =Bibow b=l

# L]
Fig.L1¥
Beronary ongrucinal wres na
P ko il Ol el iy (il
P A




Witurusting infurmation

whare Ry B

This shows that the pipe, which 5 open ol both ends, s
richar in harmaonics

Example B.4: A pipe has & length of 1 m, Detaming the
frequencies of the fundemental and the first bao hermonics
{a) If the pipe is opén ol bath ends and (B) If the pipe s
closed &t one and

(Spoed of sound in-air = 340 ms™)

Solution:

o ]
a:l ﬂ'“—vlm"‘?ﬂialimm

af 2 xim
=2 h=2% 170 Hz = 340 Hz

and f=3f=3x170Hz=810Hz

i1
b) e . o i el |y B T

in this casa only odd harmonics ara presant, so
hi=3f=3x85Hz =256 He
and h=6f=5x85Hx =425 Hz

8.11 DOPPLER EFFECT

An importani phenomenon observed in waves & the
Dopplar effect, Thiz effect shows thal F thers is some
relative motion between the source of wawves and lha
obaerver, an apparent change in fr&quan::'gl of the wawves is
obsenad

Thit affec! wis obsesvad by Johann Doppler while ha was
observing the frequency of light emitted from distant stars.
in zome cases, tha frequency of light emified from & siar
wats found io be slighfly diferent from thal emitbed from a
similar source on ihe Earth, He foond that the changs In
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frequency of light depends on e mobon of ster redative bo
ha Earh.

This effact can be obsarved with sound waves aiso, When
an chearver 5 slanding on & rafvmy platform, the pikch of
thes whistie of en approaching locomaolive I8 heard o be
highar. Bul when the same locomotive moves away, the
pitch ol the whistle becomes |owor.

The changa in iha frequency dus to Doppler offeci can be
celculated seely if the meistive motion between the EmFoe

and Ihe observer B Elong @ slralght line joining tham.
Supposa ¥ ik the velogily of the Sound in the madium and
MWummimﬁﬂMfwmﬂma
W both the source snd the obearver ane slationary, then the

wavas roohid by B obhener in bﬂ'lﬂﬂﬂl‘rﬂﬂfﬂ-’;—-ll

an obsarver A moves towerds the soufce with g welocihy i,
(Fig. B.16), the relative veloclty of the waves and the
obgerver |8 incroaged 1o (v = U0 ) Thﬂlhll'_rl.lﬂﬂ#ﬂ
waves receivad in one secord or modified frequancy f is

.hn e W

Pulting the valus of i = I;r.mubpwaquﬂmm

ir-|-l.|'
= d"[ z ] FrFHRES [B.25)

For an obsepssr B receding from the source (Fig. 8.14),
the retative welocity of the waves and the observer is
diminisbed o (v = W), Thus ihe obeener recaives wavas al
& meducad rate. Hunna.hmmhufrjwammm'mdh

l

one second in this case s

if the modified frequency, which the observes hears, (s
then

I#5

"

Fu. B

_m_pm'm-.ML;

by BT PR &
‘ncp-q-;m i niader D i
etV ey



Voo Vi
3 "'[T,;;‘]“'[T"] e
Mow, il B sourcs is moving lowaesds the obzerser with

valocity o, {Fig. B.20), then & one second, tho waves am
compressed by an amount krown as Doppler shifi

represantsd by A

u
Ak ow | B
r
The compression of waves is due to tha fad thai same

numiber of waves &e contained In & shorer spacs
dapanding upon the velocity of the source.

The wavelength for observer C is than
i.':z:'._ Ak

T Wil
hp=|foa]= ‘_..]
Fof =

For the obsarger 0, these will an
winvalangih geein by

:'l-n= A o+AL

*.;E+i=v‘"'
s Lr r] [:

Tha modifed freguency foe absenver © i then

v. (¥
e T e | [
fn# j;_E,FL‘..HJ

and T B abesevar D will be
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L -[.-"'- ,-]r (8.28)
Ao

¥+l
This means that the chserved frequency Increases. whan

thie source is movirg towards the obsarer and decraasas
when sourcs is maving away from the obsarvar

Example 8.5: A imain = approaching 8 stabon  at
a0 kmit’ sounding & whislle of frequency 1000 Hz. What will
be the apparent requincy of the whieslle 25 heard by .2
listenar sitting on the piatform? What will be the apparem
frequency hadrd by the sams listensr | the train moves
away from the stalion with the sama spesd?
(speed of sound = 340ms")
Solution:
Freguency of souroe-= i = 1000 Hz
Spead of sound = 340 ma™
Speed of frain = 4, = 90 kmh™" = 25 ms”'

When irain = approaching iowards tha listensr, han using
the ralaiion

.
fraf-= Jr
LIJ'—H"
=1
fre[— 20 ) 1000Hz =1078.4He
\2a0ms " —25ms '

When rain is moving away from tha lisleénar, Han using
the relation

wri 'l
f== Jf
'I-"+F.I"
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Applications of Doppler Effect

Doppler effect B also apglicable o electromagnatic waves
Ome-af ks important applications is tha radar syslem, which
usBs radio waves fo determing the alevation and spaad of
an apemplane. FRadsr = 4 devics, which transmils and
recaives radio waves. If an asroplans approgches owands
the radar, then the wavalength of the wawa reflected from
asmpiang would be shorer and Il Il moves-away. then the
wavelength would be- larger as shown in Fig. 821,
Emilary spesd of sabsllites movimg arocund the Earh can
also bo debarmingd by ihe seme pnciple.

Sonar & an asronym desivied from “Sound navigstion and
rempng”. The ganaral neme for sonic o ulkmsonic dndenastar
echo-ranging and echo-sounding system. Sonar i the nama
of & fechnigue Tor delecling lhe presence of objects
underwaiar by accastical scho.

In Sonar, “Coppler detaction” miles wpon the relative spand
ol the larget and the debector to provide an indecation of the
rgel speed. i ompioys ihe Dopplar effact, In which an
apparant change in frequency ocours whan tha Source and
the obserses ane in reditive mobon 1o one another, [ts known
military  applications include the deleclioh and location of
submanines, coninal of antisubmarnine weapons, ming hunfing
and depth measirement of sea

Atrpnoriens use The Doppber sfiect to caloulste the speads of
distand stars and galaxies By comgaring the Ene spectaum of
light from tha star with Eght from a laboraiony sounce, lhe
Doppler shift of the astar's lignt cen be measwred Then the
epaad of the star can be chloulated,

Stars moing lowsends the Earlh show -a blue shifl. This is
becawse the wemlength of Sght emitied by the star am
e fhaan if the siar had bean &t rest. So, the spectnem is
shifted lowards shorfer wavalangth, 1.8, 1o the blue-end of
the apacirum [Fig. 8.22).
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Stars mdwing away from Bw Esdh show 8 ored shil,. The
emitied waves have 3 longer wavalsngih than if the star had
boin al resl So fhe spectnem j=-shifed towards onger
wevelepgthy e, towamds the md end of the speciiim
Asironomess  have -gleo disooversd thal a8 the distant
galanes are moving awdy fioin us and by measuring (hes
red shefte they have estimated thair speeds

Another imporant applicabon ol lhe Doppler ahill waing
gecimagnetic  weves: s fhe: mdar speed  fap
Mioowaves s amilted from a irensmittas iy short bursts
Each bursf & meflecied off by any car n e path ol
microwaves in Belwean sanding ouf bursia. The transmither
it openad ko dales) reflected microwaves. Il 1he reflectan
1= caused by a moving obsfacle, the reflecied micowaves
& Doppler shifted. By messuring the Doppler shift, e
spoed Al which ihe car moves |8 caleulated by computes

programme,

B nasigane s §red food by
@it ek

Waves camy energy and this-enargy i camad oul by o distwrbance, which spreads
ot from e sourcs.

il th particies of the medium whrsle perpendicular o the direction of propagation of
the wave, then such wave I called fransvarse wave, a.q. lighl waves.

if the parficle of the mediem wbrate parallal bo the dirsclion of propegaetion of thi
wive, thamn such wave |8 caled longlludingl waves, 8.0 sound weyes.

il 8 particle of the medium = simulisneocshy scted upon by tio waves, hen tha
resulland displacemant of thi padicke = e apebraic sum of thelr Individusl
Elil:manemanlk Thisis called principha’'of superposition

When Iwo waves meel each oiher In & medium then at some painls they
reinforce the effect of each olhor and 2 some olher paints they cancel sach others
efipct This’ phensimenan o called interlemnoa;

The penpdic wanatons of sowend babween meximien gand minimum loodness 2w
callsd bests,

Stationary woves are produced in & medium, when o danlical waves traveling in
oppasite directons infarfare in that medaim

The apparent change in tha pilch of sound causad by e relatve mobion of aiher the
eourcsE of gound orthe listener is called Dopplar effect,

[5%
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CQUESTIONS

What features do longiludinal weves have n common with rensyerse waves?

The frve possible waveiorms obiained, when the outpud from a microphone 15 fed
il the Y-inpul of cathode ray osclioscope, with the time base on, ame shown in
Fig.B.Z3. Thess wavelorms ane oblained under the same adjusiment of tha
cathode ry oscilloscepe controls, Indicate the wavedomm

which trace represenis the loudest note?
which trace represents the highest requency?

SHOSOD

b5 il possible for baia identhcal waves traveling In the same diracton shong 8 string
to gwl risn o a stationany wavey

Aowave s produced along a streichar piving but some of its particles permananily
show rero displacement. What type - save (g it?

Expiain the terms crast, trough, node and anbinode.
Why des sound ravel Tagiar insslids than in gazes?
How &re beats usaful in tuneng muscal instrumants?

Whan fwo nofes of freguencies 1 and Iz are sounded fopether, baats are formed, If
fy =& . what will be the frequancy of boals?

1
1] f = Fy | El:ﬂ * f;.-'l-
Wy kg o) %:r. - )

Bz a resull of a deslanl suplosion, Bn obsepver e8nses & ground remor and than
hears thi explosion. Explain the time dffarents,

H.1A0 Explain wivy sound fraveés iaster in wamm alr than in cold air.
&1 How should & sound sowrce move with respec to an chservar 2o Bl the reguancy

af iig sound does not changa?
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NUMERICAL PROBLEMS

Thee wavalsngth of the signals from a redo trensmitteris 1500 m and the frequancy is
200 ke, Whal &= ihe waveltength for & tranamitier opesating at 1000 kHZ and with what
spead the radio waves traval 7

{Ans: 300 m, 3 x 10" ms™)
Ty apeakers ane amanged as shown in Fig. 8.24. The disnce beween homis 3 m
and ey emil & constant tone of 344 He, & microphons P 15 moved along & line
paratisl o and 4,00 m from e line connedling the hio speakers. 1 is found That lone
of maxdmum keudness i heard and displyed on the CRO wihen micophone is-on
the cantre of the line and directly opposile each speakers. Calculsls Se speed of
gronanidl.

enm

Fig 14

{Ara: 3ddms ')
A stafiohary wirve is establizhed In a slring which ts 120 cm long and feed @l both
ends, The string vibrabes in four segments, al a freguancy of 120 Hz. Dalemming (i
wavesangth and the fundamantal frequency?

{Ans: 0.6 m, 30 Hz)

The frequency of the note emattad h]rastrmd‘mdmi'h'rﬂhﬂﬂﬂHl. What will ba the
fraquency of thie note whan;

thaa length of the weve is reduced by ono-third withoul changing thé tenson
ihe tmnatan s Increased by one-third withoad changing tha-langth of the wrs
] (A 450 Hx, 348 Hz)

&n prgien plpe has a lenglh of 50 cm. Find the frequency of its fundsmental noke
and the nexlt harmonic when i s

open al both snds;
closed &l one and
(Spesd of sound = 350 ma’")
[Ans: i) 350 He, 700 He (k) 175 He, 526 He
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a)
b)

& church organ conaists of pipes, each open at one.end, of dilferenl lengths. Tha
minirmm langth is 30 mm and the longest is 4 m Calculsin the frequency rnge of
the fundamental notes,
{Speod of sound = 340 ms)
{Ansi 21 Hz o 2833 Hz)

Twe hening forks exhibit bests 1 a beat frequency of 3 He The frequency of ona
fioerk {5 256 Hz |is fraquency is than lowered slightly by adding a bit & wax o one
af im prong. The two forks than exhibit 8 beat fraquency of 1 Hz. Dedermine_the
frequeency of the secand tundng fork,

[Ams: 263 Hz)
Twe cars B and O ane trevelling along & motonawey in the eame direction. The leading
cat P \ravels al o sleady speed of 12 ma’", the othar car O, travelling &1 a sleady apeed
of 20 ms', sound #ts hom 1o emil & steady nate which P's driver estimates, has a
frequency of B30 Hz, What frequancy does OFs own drives hear?
[Speed of sound = 340 ms™)

[Ans: 810 Hz)

A tegin aounds #s hom bafore | seés off from the station and &n cbearves waling on e
plateform estimates s freguency at 1200 Hz. The traein then moves off and
accalaratas staadily. Fifty seconds afler depariume, the driver sounds the hom again
and the plaleform obzerver astimaies tha frequency al 1140 Hz, Calculate the train
‘spead &0 5 aftar departura. How far fram tha skabion is the frain afar 50 57

{Spead of soind = 330 ms")
tansr 179 me ', 448 m}

The abaorpton spactrum of faami-galaxy is measured snd the wawalength of ooe of
the lines dendified as the Caloum o ne s found io be 478 nm The sama line has
2 wisvelangih of 397 nm when measored in & laboraiory,

Is the galtasy moving lowands o away from e Esrm
|Catculate tha spaed of the gataxy relafive fo Earth.
iSpeed of light » 3.0 10° ms )
[Ans: tn) eway fram the Earh, (o) 6.1 x 10" ma™}
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9
PHYSICAL OPTICS

Learning Objectives
Al ine and af ihis chapter ihe sludents will be able

Undersiand 1he concept of wavefront,

Siate Huygen's prncigle.

Ume Huypen's princapla o explamn linsar suparposison of Bght
Lindersiand intererence of light.

Dascribi Young's doubie siit unur'imunl and the evidence it provided to suppon
thee waye thery of light,

Racognize and exprieas colour patiems in thin films:

Desrcriba ihe formeton of Mewion's nings

Lindarstand the working of Michalson's interferomeler and iE uses.
Exgiain tha meamng of the ferm difffactien :

Describe diffraction at & single alil

Dasive e pinaation foe anguiiar position of fiesh minsmuem,

e s dguadion o sindl = m.

Carmy out caloutations usang the diffraction grating formula
Dwescriba the pheanomanaon of diffraction of X-rays by crystals,
Apprecigts ine use of diffraction of K-rays by cfystale.

Understand polarizabon g5 8 phentmensn sssociabed wilh renavarss wayves.
Recognzs and expess that polanzabon is produced by a Polaroid
Lindarstand e afect of rolabon of Polansd on polarization
Undarsiand how plang pofanzed light |6 proeduosd and delecied

I— Ignt is & type of enargy which produces sensation of vislon_ But hiw does this enegy
propagata? |n 1678, Huygen's, an eminent Dulch scientist, proposed thal
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light energy from a |luminous source fravels in space-as
witves, The axpersmenal ovidence in suppord of  wava
theory i Huygen's lime wes nol convincing, Howsver,
‘foung's marferance expariment performed foe the Tinst fime
in 1807 proved waye nature af Bght and thus established ha
Huygan's wawe theon. In this chapiar vou will sludy the
properties of light, assocaled with jis wave nature,

Conzider & poind source of light at 5 (Fig. 8.1 a). Waves
emited from Bhes source will propagate outwerds in all
drections with speed c.Afler tima {, they will mach tha
surface of &n imagineny sphene with centre a5 5 and radius
as of Every paint on the surface of fhis apherm will be sal
into vibration by ihe waves reaching thame, &s the distance
of il hese points from the spurce i the =ame; their siala
of vibration will be-idanlical, |n other words, all the  poonis
an the surface of the sphere will hava the same
phiasg

Such & surface on which all the paints have the
_ same phase of vibration is known as wavefront

Thus in case of 8 point source, the wavelront = spharical
in shagee, A lne nommal bo the wavefrong, showing the
directicn of propagation of lighl is called & ray of Highl,

With tima, the wawe moves farther giving rse o naw wave-
fronts. Al these wevefronts will be concanirc sphemes of
increasing mdil as shown in Fig. 9.1 (8). Thus the wave
propagales in space by the motion of the wavelrants, Tha
digtance betwean the consecubive wevefronts i ori Yayve-
lengsh. 1| can ba Seen thal as we: move away at gresier
distance from the sporce, the wavelronts afe (s of sphenes
o wery large radll. & iméed reglon iaken on swech 8 wavelront
can bo regarded as a plars wavelront [Fig 9.1b) For example,
ight from the Sun reaches tha Earth with: plana waveinonis

In ther study of Interdference and diffraction, pana wavas and
plafe wavelronls are considered. A usual way fo obtain a
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plang wave & 1o plisce 8 poinl asurcs of light &t the foeus of
aconwes lans: Tha rmys coming eut of the fens will constie
plane waves

Knowing the shape and location of @ wavefronl af ey
instant §, Huygen's principla enables us o delermena ihe
shape and location of the npesy wavelront-al @ later time
i +AlL Thisprnciple consists of two parls:

i Evary painl of o wavelronl may be considered 86 8
gource of secondary wavelsts which sipresd out in
forward direction with a spoad equal ko the spesd.of
propagation of the wave.

i The new position of Me wavefront afler & certaln
interval of fima coan be found by comstrucling &
surface that tuchas all the sacondary wavelets.

The principls is Bustrated in Fig. 9.2 (a) AB repregenis tha |ﬂ B
wavafront: at any instant {. To determings the wavalront &t !

e i+ AL draw secondany wavalsts with cenire-al various

palnts un e wavefront AR and radius as cal wham ¢ |5 4

i of Ihe progagation of thewave as shown inFig 8.2 (a),

The new wavalont al tme F+AF & AB whichis 8 t
tangen emysiops o & the secondany wavelsls. {-eak

Figura 82 (b) shows a similar construction for a plane wave-
ront. :

Ar il film foating on water surface exhibits. beautiful |
polour paliema. This happens due o interference of hghi ie | o
wivig, the phenomanon, wWhich i baing diicussed inthis
gection.

) Plone wirsefmr

Pigd

Conditigns lar Detestable [nberforenes e o P o
It was studtied i Chapler $ ot when two waves trsvel, in m..u'ﬁ"n'?.'.:
the aime mediim, they would Inierfere constrictively pr e o ol weakni.
destructively. The amplitude of the resultont weve will e

preater then elither of the individual weves; i they interfere

construetively, In the case ol destnictive inlerference, the

5
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prphiude of the reoyltand weve Wil be less than ether
of thi individaal wavos

Interferenca of bghi waves 15 nol easy 1o obseres bacause
of ‘e random emission of lighd from a sowrce. Tha
folowing conditions maest be met, In onder 1o obsarve he
phenarmanon

1. The Interdering beams musi ba monachaomalio,
thal is. of & single wavelangih.

The interdaring beams of light must be coberan

Commider wa o mone sources af lighl waves of the same
wavalangth. if the sources send out crests or boughs at
i same instant, the indiyvidual waves maintain & constant
phase diferency.  with one anolier. The monochromalc
sources ol Hght which emil waves, having 8 constant
phasa diffarance, are called cohetienl Sourceas

A comemon method of producing bwo cohanent fight beams
1% o use a monochromatitc sounce 1o Mumingle a8 scresn
camsining hwio small holes, usually m the shapa of slits.
Tha g l:rnul‘ging from the tan slits i3 coherend DeCalse &
single source produces. the original beam and wo slifs
senve only oo split # inbo bwo pards. The poWnds on &
Huﬁpgn'ﬁ wavelron! which send oul secondary wavelels
are aleo coherent sources of fight

9.4 YOUNG'S DOUBLE SLIT |
Fig. 8.3 {8} shows tha expanmental armangermant, samilar fo
that devised by Young in 1801, for studying interfesence
effects of light. A screen having o narmow slits &=
Muminated by a baam of mopochoomatic light, The pedion
of the wavelront cident on the sl behaves 85 8 source
of secondany wavaloks (Huygen's prirciple). The secondary
wavelets [saving the slits are coherenl. Supinposition of
these wawvelsis reaull |In & senas of bright and dark bands
{Trinuns.j which arg observed on a second sorean placed a
some digtance parallel to the first screan,

Lel us now consider lhe formaten of beighl and dark
argds. As poinled oul eamer the fwo s8is beheve &s
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coherent sources of secondary wavaiets The wavelss
efmva & the screen in such a way Ihal at some points
cresis Tall on crests and froughs on trobghs resultng in
consiructive interfarance and bright fringes are formad.
There are some points on the Screan where crests meet
troughs giving fEe fo dastruciive Intlrhwl:aaml dark,
fringes are thue formed.

ik

<
Fig &3 [y, *
wmmﬂlﬂﬂﬂ

In-ordar-to denve, squations farmuurmmimﬂ]hm an
arhlh’m]rpmﬂPls.laha-nhﬂttummmmﬁﬂhnf
the cantral paint O as shown n Fig. 2.3 (c). AP and BP
aie the paths of tho rays reaching # The line AD is
drawn such that AP = DP. The separation betwaen the
canired of the two alitd s AB = d, The distance of the
screon from tha sliis s CO = L. The anglebetwesn
GP and CO g 6. H can be proyad thal the angle
BAD = @ by assuming that AD is noeary normal to BP.
Tha path difference betwesn the wawslsls, leaving the
slits and arriving a8t P, e BD. 1 & the number of
winvelangihg,  containgd  within BD, 1hat detarmings
whather tright or dark fringe will appear &t ® Il the poim
P g1 have bright fringe; the path differénce BD mist ba
on iffegral mufliphe of wavelsngih.

97,
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Thus, BO = mi, wiara m=0; iy
Singe BO-= g ginD
theéreforg dsnf =mi {8.1)

-It is obsarved hat each baght finge on_one side of O has
symemetrically locatad bright frings on the other side of O, The
caniral beight fringe is obeained whan m = 0. |f 8 dark fringe
appesra al point P, the path difference B0 mist contain

had-iregral nurnber of wavelangths.
|" !
Thus gD = Lrn P ;J i

.W- dgint= [m ra;-] i etaos e I - E

The firsl dark fringe, In this case, will obviously appeas for
m = 0 end second &ark for m = 1, The infardarance patlem
formed In the Young's expenimant i shown in Fig, B.3-(d)

Fig. BRI 1

Ay it s et By MSOOH TS By in TOmg s Suchi wis sxjwmen)

0,104 Eﬁ Equetions 8.1 and 9.2 can be applied for determining the
] linaar disfance on the scraan betwesn adiacant bright or
. 1L dark fringes. If tha angla 4 is small, thweaa

#ir B-= tand

Bmmen | =

198



Mow from Fig. 8.3 (2. lana = kL, where y Is the distance
of e point P from Q) W& bright finge = observed al P
tnen, from Eg. 9.1, wa gat,

iy Y
YEm— (8.3)

If P i5 to hayve dark frings & can ba proved that

O B
] A 4 R e ¥.5
¥ Lm EJ - (9,45

In ordar o delermeng lhe distance babyean hwo Bdjscen
trigit fringes on tha screen, mih and {m + 1] th Hnges ar
conssdered.

For the mih brgh fings, For M

and for the (m + 1)t bright frings f-~|=|:=1"+1i%

it the distsnce betwean the adacent bright fringes 84 ¥,
ihen
&L

AY= Yoney = Vo =1"‘-*”? =)

Thersfoms, ay = Ak T

Samilarly, the distance betwesn two adigcent dark fringes
can b proved 1o b AL I B, themelore, found that the
bright and dark fringes are of agqual widlh ard are squally
apaced

Eg. 9.5 meyeals thal fringe Spacing increases §  red
*lghl (long wavelengin) |8 used as compared o blue light
{shorl wanvalarghh). Tha fAnge spacing vanos dmadclly with
distance L betwesn the slits and soresn and imwarsaly with
{he separation d of the aiis,

It iy paparation o babsmean the bwo slits; 1he order m of 8
brgini-or dark fringe and fringe spacmg Ay am. knten. the
wawslengih ol ihe light uesd for Intedference slesl coan ba
detarmined by applyng Eq. 8.5
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Example 9.1: The distance betwesn the shis in Young's
double s/l ‘experment & 025 om infarference fninges are
formed on & Scrien placed al o digtance of 100°cm irom the
slits. The distance of ha third dark Trings from the central bright
fringeis 0,058 o Find tha wavalangthol the incident light.

Solutlon: Given that
d=025cm=2 5 x10°m

y=0 0BBcm=6 9% 10" m
L=100cm=1m
For the 3™ dark fringem = 2

o el
s B9 it m ::hm-‘r.l
I.:' +,;!ﬁ'h'|l11=
Therelors, L =680 107 m = 590 nm

Example 8.2: Yelow sodium kght of wavelangth 588 nm,
amitted by & single source passes through two o Raarow
siits 1,00 mm spari. The interferenca patiern B obsarved
on & screan 225 cm away. How far apan are bvo adjacend
birigihd Frirepes? :

Solution: Ghven that
A= 589 nm =588 x 10" m
! d=1.00mm= 1.00 2 10"m
L= 25 em =295m
dp=P
Using ay» -

589 X0  mu238m
1orio? m
ay=1.33 % 10"m or  1.33mm,
Thaus; the adjscent frings will be 1.33 mim apart.
2
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9.5 INTERFERENCE IN THIN FILMS

A thin Tim 12 & ransgaren] medium whoss hicsness o
compargbls wilh (e wavsiengity of bghl  Brilien] ana
besutiful colours. In soap: bubbles and ol film on the
surfach o waler ace due 1o miarference of lighl rellocies
from the two surtaces of the him 9% explaingd balow

Gansader @ thin fim of a refracling madium. A baam A of
monochromalic ighl of wavalength & s incdend on s uppar
srurface. 11 43 partty eilecied slong BC and panly refraciad
into themedium along BOL A O 08 & agam parlly rsfleciad k
faH stzipill - Eanetrariion of

Iresid= the medium sfong OF and then at £ efacled stang EF 88 rwresnce of it dus 1o a thin el
ghown in Fig 2.4 Thebaame BE and EF being tha parts of the seme n
primary baam heva a phase ceherence. A8 iha film is thin, B0 the
separation bebdesn e beams BO and £F will be very small
and fray il suparpesa and The resull ol hair intetErance
2l bis eelieated oy the eye’ I can be sean jm Figo 5.4 fhat
e omgrial aam sodis mid wa parts B and EF oo 1o THe
thin film enfer the eye after covering differsnt kengths
of pathe. Their path Sfferance dopends Lpon () fhckness
and nature of the fikm and (i) angle-:-T naidence I ihe ban
reffgcied wiavas renloroe sach othar, than the film- 85 s88n
with-the-help-of a8 paraSel beam of mopochromatic light
will ook bright, Howeyesr if the thicknese of e fim and
zngla ol incidance gra such thal e twvo rafleciad  wavas
cancel aach ofhar, the film will look dark: ol

. :!"Ililh! P e H_}q.-i::r.n.
It whibe Fght s mcident on & filrn of inregular thickness at all I’:'J'L' g g T:-.”n-'-'-p';
possible angies, we shouid consider e interfersnce  Eesd o
pattarn dus-to - sech Spactral colour fiprparataly It 15 crurle
possble thal al & cedain piace on ke film, is thicknass
ang the angle of incdente ol Ughl are seck thal the
condition of destructive intedarance of gne colour I8 baing
satsled, Hancae, thial porton of the s will Exhdbit the
ramaining conatiusnt colours af The wile kil as shown In
Fig o5

9.6 NEWTON'S RINGS |

Vhen & plano-convax l=2ns of lopg focal lesath Is placed in
coaac] with & plane glass plala (Fg. 5.6 8], & thin alr film &

Dk i Mk 7

enciosad batweer the upper surface of Ihe glass plate-and R R T

tha |lowar surface of the kens. The thickneas of the alr filrm s g

2]



a5 ane procesds towends the penphany of the lens. Thug, tha
points wherna ihe bckness of air fiim = constant, will lle on a
(i i carcle with O as canira

\'L\ By means of & sheet of glass G, a parallel beam of
oot 1 | iimteny i rcncchromate light s reflecied towards the pleno- conves

m simost zam at the point of comact O and it gradually incneases
] _—

lens L. Any ray of moncchromatio ight that strikes the
upper surface of the ar Bm neardy skong normal = portly
reflecied and partly refeced. The my mlmEced n he
L—2 1 gir fm e also reflected party at the lower surface of the

Fig. 58 n] fim. The bwo reflacied rays, Lo produced at Bwe ppaer
Expaitinestal actangumeat’ Inf and jower surfaces of the fim, are coherent and interens
sosarying Mmwtar s mge. constructively or desiruclively. When the lighl refecled

upwaerds B obsarved theough 8 microscope M which is
fotussed on the giass plate, series of dark and bright nings
ara -eaan with ‘centra at O (Fig. 96 &) These contantic
rings are known &3 Mewlon's nngs.

At the polnt of contact of the lens and the: glass plale, the
hickniess of the film = efectivaly zero bot dug o redlactan
gt the lower sudface of air Bim from denser medium, an
additional path diffarence of M2 is ntroduced. Cansequantly,
the centre of Mewion rings |5 dark due Ioo desirsctve
intarferanca,

Michalzon's mitarforomaber is @0 Instnemend (hal can be used

by measure distance. with sxiremady high pracision. Alber

- A Michalson deviesd his instrumant in 1881 asing the

i idea of interference of light rays. The essentlal fealures of a
Michelson's inlerferometar ae shown schamaticaly in Fig.a.7,

L
"
l#}_ B Monochramatic Bght from an exiended source fas on a
Boitcn "5: n

Fig. L8 |b)
A puties 0F MewdSns mgs & b
spfiarmen o FrOAnERN g

half sitvorod glass plate G, thal parlally reflects it and

partially transmits it. The reflecied portion laballed as | n

b Migare irpvels a distance L to mimor My, which reflects

the beam back fowards Gy Tha hall siverad plale Gy

? parizally  tramsmits this portion thal finally armes al thae
R e e b el aritbellacr i v

4 miig &% avals a mal L 40 mirror Mg

intarisromsier. - - reflects the beam back toward Gy, The baam [ parially
raflocted by Gy also arrives the obsarver's eye finally. The

2



plate Gy oul fromm the same plece ol glass sa Gy,
intradiecad in the path of bearn Il a6 a compansator plaje

3;, therefora, egquslizes tha path B=ngth of the baams T and
ilin glass. The lwa baans hiving ther ddlenen] pallb are
coherent. They prodice - nterderence affects whan, thay

arfive al obsarvers ayes. The chsenvaf then Ee8s 8 sefies
of perallad interersncs fringes.

in a pradlical mardammeatier, e mimes M, can ba. mavad
aiogng the direction perpondicular (o s suifoca by mesns af
a precislon screw, A s lBngth L is changed, tha pattem
of interierence . fringes ks obsecved to shilt If W, s
displaced through' & distance equad fo L2 o path dilfarehos
of double of Bes dGsplacemeant is produced, Le,, equal ok
Thue a fringe is seen shified forward acrosa fhe line of
rederenca of cross wirk in the oye piece of the telescope v
1o v The finges.

A finge s shifted, each lime e mimor B displaced
through®./2, Hance, by counding tha nusnber m of e fringes
which ame shifted by the displacemeni L of the mirme. wa can
el b Bt escuisititan;

L=m ; .......... (0.8}

Wery praciae length measurements can be made with an
rararormetar. The mobion ol mimae My by only 49 produces
& clear diffsrance bobwesn boghiness @’ disfkness. Fof

b= A0 remi, this means & high precizionof 100 pm or 107 mm.

Micheison meassined fha length of dtandscd matie i lerma
of e wevelengin of red cadmium bght and showed
tha misndard rrebte wes egoivelss] to 15531635

wavslengths of this light

9B (HEF + 1 I = | |

In 1he inbetarance palles obtsined Wil Young & double S
expariment (Fig. @3 b}, the cantral regeon of tha fange system
is beighd, |F light fraveds in a siraight ine. e central region
should appear dark La,, 1he shadow al the straen betlween
ihe teo slits, Another simple axpenment can b parformiad
for exhibiling fhe same affact

20K
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Congidar thal a small and smoath steel ball of abow 3 mm
in diamater i illuminatad by & point source of Bghl. The
shadow of the objact is received on & screen a8 shown in
Fig. 6.8 , The shadow of Iha sphenical objech 35 mol
completaly dark but has a bright spot ab s cenlrs,
According e Hoygen's: principhy, each:point on ha  mm
of the sphere behaves &5 @ source of secondary
wavelata- which Wuminale the cenitral region of ihe
shadiong

“Thess bwo expenments claary shoe thal whan bighi raveds

dlﬂtm.ldl:urh obsiacie, i does nol d cil
!iﬂlbnm past an proceed exgaclly Blong B

| | £ —

mﬂ“mwum ]

strasght path, but bends around the nlnmd&

The property of banding of light

The phenomencn & found to be prominent when (he
wavalangth of light i5 largo &8 companed with the size of
ihe obsiscle or aperiure of the elit. The diffrection of Bght
ocours, In effect, due [0 the interference bebwsan roys
caming from different parls of the zame wavefrond, .

F:v|;|I 5.8 shuwa ] a:peﬂmnﬂmangumfuramdylrg
diffraction of ight due fo 3 narow st The &l AB of width d is
illuminated by o paralsl beam of monochromatic Bght of
wavelangth i.. The screen 5 s placed parallel o tha alit for
obaarving the effects of the dffraction of Eght, A small portion
of tha mcclent wavefront passes through the namow slit,
Each point of thiz ssction of the wavefrond sands oid
SECONCEN Wwaveisla o the somsen, Those wavelsls then
intardfare (o produce. the diffrection pattemn. I becomas
simpie to deal with rays Instead of wavefronis as shown in
(he figute. In s figure, only nine rays have bean drawn
| wheroas actually thers are a large numbar of them, Laf us
conckker-. raYs: 7 Bnd- & wheh oare o in phase o (e

wavefront ABWhon thess reach the wavefroni AC, ray
5 would have & path differance ab say equal bo A2 Thus,
whan fhess lwo rays reach point P on the streen. they will
interfers destuctively, Similary, all olher pairg 2 and &, 3

2



and 7, & snd 8 diflar it path by L2 and Wit do the same
For the paies ol rays, the galh difference ab= @2 sin 0

The aquaton for the (irsl minimum s, than

d &
— Hif i,
bl

or dainit= L (4.7

In genaral, ihe condilions for diflerent srdars of minima on
elthar side of cenlng are given by

gsinAwmy whems m=% (12:3...]

The regian botween any  bao conseculve menemia - both
abovs and below O will be bright.. & narow slit, therefors,
producss 8 series of beight and denk regions with the first
bright region ot the cenire of the paliem: Such a diffraction
pﬂﬂn‘nrﬁﬂm in FI|; 8. 1ﬂ1allurrd1b}|

A, ﬂﬂtu‘aun ;rrsl}ng |E a 91555 plasa mwlng B Iaﬂ;;& numbar
of close parallel eguidistant -alits: mechanically miled on i
The bransparent spacing bebween the scraiches on the
giass plate act as glis. A fypacal diffraction gratesg has
ancut 400 b 5000 lines per cenlimedre.

In eederio understand how 3 grating diffracts lighl, consider
& parallel beam ol monochromabc lighl Buminating the
grating at normal incidance (Fig: 5.11). A few of the equally
spaced narmow slits are ahown 0 he ligese. The distance
bebween two adlacent sits is o called graling alament. Iis
valne s cbfamed by dividing the length L of the grating by the
total number Moof the lines ruled on L The saclions of wave-
Fond Bl pess dhroogh the glits bohave a5 sources: of
sacondany wavelets acconding fo Huygen's pincpls.

In Fig. 819, consider the parmllel meys which after
dgiffraction through the grabing make an angke 8 with AB,
ihé morral b graling. They are then brogght 1o focus on
ihe screen af P by a commax lans. If tha path differanca
batwman rays 1and 2 is one  wavelangth b, thay will
relnfiorca ach other &t P As the Incident beam consiats of
parallel rays tha mys from any bao consacutive slibs will ditfer
in gy by & when thay armive at P.They will, tharafora, intarfens
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Coan You Tall?

——

Ciffractior. of whing Tght by
& Bk el raling

pHERT
are ‘hitsenn e baeds ot

conabrgctively. Hence, the condilion for constodiva
imterfarance = thal ab, the pah differance befween hwe
conzeculive raye, should be egual 19w La,,

= e B e (aa)
From Flg. 9,11
ab = o gind 18:10)

d haing the grating elament. Substituling the value of &b In
Eg. 4.2

dalmE=al . e L RER

Acconding to Eq: 810, when i = 0 e, algng e dinsdhon
of ‘normal i the grating, the path difference between the
rEye coming ouwl from the shits of the gratng will ba #am. So
wa will gt a bright mmage in thes direction. Thes is known as
zarn ordes imagn fdemod By e gratng. [T we increasds 0
oo gither side of this direction, & valus of # will ba arrived
al which dsintwill be equal iz L and sccording to. Eq. #8:11,
wa will again gel a bright mage, This & Known as el
ordier Ifnage of the grated, In thls way it we confinue
incrasing i, we will get the second, third, slc. images-on
eithar side of the zeroorer mage with derk mgions in betveen

The second, thirgd ardse beghl images woddd oooer aoconing
a5 d'sin § becoming aqgual 1025, 35, ete. Thus Eg. 811
e b weiltan In mons general form as

g Bin -=mnu (e12)
where =021 52+3 9k

Howevar. I @& Incident | lighl  conbains diffarsn
wavilengths, the image of each wavelengsh for 8 cenain
value of n & diffrected in A different ditecBon, Thus,
peparate mages am obtsined cormsaponding to each
wavalength or colour, Eq. 8,12 shows that the value of
depands upon 0, 80 tha nages of diferent colours: ars
much separabed in highseg ondaes.

¥-rays s a Wpe of eectromagnatic radiation of much shorer
wavelangth typically of the omder of 107 m.

i,



In arder to observe e sffecin of diffrecion, B graling
spacing musl ba of he order of the wawvelsngth of the
radigtion used, The regular amsy of sioms in 3 crysial
forma & najural diffraction grating  with spacag  thal is
typically= 107" m. The scatisring of X-raya from the alome
in a crysielling lathce gives rise o diffrection sffects very
simiar to those obsarved with visdble light Incldent on
ordinary grating

The swdy of ajomic siniciure of crystals by Xerays wis
mdtiabed In 19742 by WH, Bragg apnd W.L Bragg with
remarkable  achievements. They fownd  thet &
monochromets beam of X.omys was refleciesd from o
crystal plann as {0 acied ke mirmor. To undoerstand fes
effact, a series of stomic planes of constsni inferplanar
spacing o parsllel 1o 8 crystal fece ane shown by nes PR
P|P :.F_zFI = and sa o, i F.u 812

Suppose an X-rays banm ks Fxidont af an angle 8 on ane of
the planos. The baam can be reflected from both the upper
and the lower planes of aloms, The baam reflected fram
lovwes plEne irvels goime axim dishnos as cmpaned 2 the
beam rafectad from the upper plane. The sfectve path
diference betwesn the two reflected beams is 2d sind,
Themetons, for rendorcement, the path diffarence should be an
inbegeal mulliple of B wavalongth, Thus

2EBRERL T e 15.13)

Tre vakies of n' is refemed to a8 the ander of reflsction, Thi
ogquitcn 9.13 is known-as the Bragg equation.. | can ba
upsd o detsemine imerplenar specing betwaan similar
parallel planes of & crystal il X-rays of Knmwn warvelangih
are albdwad 1o diffrect from the crysial

H-ray  diffraclion has beon very uselul in determining the
structure  of . beologically #mportent molecules  sich 85
hasmdglpbin,which & B imporisn] constiuent of biood
and dauble halix structure of DA

Example 9.3: Light of wavetength 450 nm is Incident

_mﬂﬂhﬁ:ﬁ_m grating an which 5000 inealcm have besn

) How many orders of spectra can be obsenved on
eltherside of e direct bEam?
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[y Dieteeming tha anglEl ED”EEI:L-IFI'H“'-‘? foaach order
Interesting Mustratinn Solution: (1) Given that :

fo 2450 nm = d50% 1 m

f= . Em = '-I
BOOO.  GOHEIO0
Formaximun numbes of ardsr of apeclrs sintl =1
~Erina o Sind=n;,
]
|||}-E'ru=|'_|l-'\-3I iu|:|$!1|1rn'|5| hie ya&ses iy the sbove EqIJEIJI:II'I.
We @et -
1 ¥ 1
mxi=n 246l x 107" m of n=

= - -
This is @ pichues of o when- g G006 SC0000 i 450k 10
iy} Al afol Troudl @ Plios

i figntty wowen ricth o S

Henca, ihe masimus order ol apsctrum is 4
il For the first onder of apactrum, n =1

of SR E=g glwes
Difeaction pammm ol & sings 1 - F
hiian Rl unded leser  beam e M M/ GINE= T 0 4BDH 107 m
imjpralian SOULCES

aint={500000) (450 %107

m‘”ﬂ!— 4 sifn= 0228 ar i =13
LS ial SR

Forsecond order specium.n = 2, wsing Eg. dsind =né

st m| glnf=2 X {450 ¥ 10" m)
marn ) = 45
or b="20.7"
The third créer spectrum (n=3)will be observedai =42 5"
sinfi=3 x 500000 m" x 450 x 10%m
=06ETS e B H=425
Loierg Prmaigh e entartrn, v 810 N8 SOUrtH order spectrum {n = 4) will ocour at @ = 64.2
it B el sin =4 x BO0000 m* x 450 % 107 m
Enil=09 ghves O=f42°
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In transverde mechanicsl waves, such os produced in o
srofcind ateng, the vibrations of the particles of the mediem
are - perpendiciia 1o the diretlicn &f propbgition of the
waves. The vibralion can:be:onented atong vertiosl,
horizontal of any other dirdefion (P, 8.13) In each of thesa
czi=as, ke transverse - mechanicel wave |8 Bakd o be
polarzed, The plape of poiarization i the plans condaining
lhe direciion of vibration of the padticles of the madium and
he direclion of propiaalion of ha wave,

A light wave produced by psollfaling charge consists of a
paridis vanation: of slectnc Teld vector acoompanied by
themagnetic field vector &l right angl to sach o, Ordinary
lighi- ras compaonents of vibralion in el possible planes, Such &

g jsinpofarzed. On the othér. harel, il the vibrotions anp

ourfingd only in one Blane, ha lighl k5 said 1o be polarzed.

Production and Detection of Plane Polarized Light

Tha light emided by-an oranary incendescent bul (and atsg
by trvie Sun) |8 ungalivrized, because |13 alacircal) wirations
=re ranpomly aremed in-spage (Flg. 814, It s possinls o
obtam plane polarzed baam ol light from un-polanzed Sghi
by pemcving all witves from e beam @xdceg thoss having
vibraliess along one  paficuler deection. This can ba
achbvid by various - protasses sudh o oas. selectve
#psorpton, reflection from different sarfaces, refraction
throwugh crystals and scatierng by smadl partiches

Tre seiecths shaorphion mehod |5 tha most common
mathod to oblEmn plang palanzed hight by useng cadain ypas
of materials called  dichroin substsnces, Thesa materials
tranzmut cndy fhoss waves, whose vibrations are parallelto a
parteular direction antl will ahsorb those waves whose
vibrations. are in other directions: One-such commercis!
polarfzing maloral & polaroid.

W un-polanzed bght s mada incident on 8 sheet of polaroid,
the franamitted (ight will be plane polarzed. Il a Second
wheeal ol polaroid esplaced & sich. & way hat the'axes o
ine polamlds. shown by sirasghl lings drwn on' them, are
pirallel (Fig, S.15a), the light & Hansmited theodgh e
aecond polaroidasg. if ihe second polarmid i skawly rotated
aboul the beam of hohd, as aela of felation, the” light
amesging oul of Ihe second polaroid gels dimmet and
dimmer and dissppears whan ihe ples become mulually
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T — parpandicutar (Fig. 9,15 b). The light resppears: on furties
rotation and- becomes brighiast whon the nxes are again
parallel 1o each ather,

This- expeniment proves thal light waves am Fansverse
wavies: I fho lighl waves were longidudinal, - they would
nevar disappear even if the peo polarmids wers mulually
parpendicular

Reftecton of light from wader, glass, snow and rough road
rafemed wrnoh miface
wale 1 T:ur, polartimd  Surfaces, lor largar angles of incidences, produces glare.
bl i D Since ihe mfected light is parkally polarised, glie Gan
considerably be reduced by using polamid sunglasses.

Sunlight alzo becomes partafly polorzed because of
seaittering by ar molecules of the Earths atmoaphere. This
affect can be obeervad by looking dirsally up throwsh i pair ol
asunglasses made of polanzing glass. At cerain orantations
of fvi bares, los lighl passes thraugh than af cthes,

Opficaltalion
When a plana polarized fight is . passed ihrough  ceriain
O cryatels, ey roleie the  plane of poladzation. (e

and sodidm chlorata crystals: are typical mamples, which
are lermed as opbically aclive crystals,
-*"’"-'!"' A fersy millimeter hackmness of such crystsis will motate he
Sugai st il he ploes of  plane of polancabon by many degrees. Cerdain arganic

e st . BUDStances, such as sugar and larfaric acid, show optical

nyle Tha mayey s sipe the | (obation whan they ane inaolution, This property of opltcally
:"'.“‘""""E s bem i S aofive  substances  can be used 10 delermine e
concaniration in the solutons.

L3
e S S e e
* mhm:hmmupnmmhduutnalmﬂhnpahﬂmh
wavefronts in this case are spherical,
*  Radial ines lnaving the point sourcs in ail directions represant rays:
* The dstance betwsen wa consscullve wavelronts is calisd wavelangth

* Huygen's principle states that a8 puhm‘n & primary mﬂnﬂmhw
w B the source of secondary wavelsts
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Whan two of mome waves oveniEp each olher, there 8 a resultant wave, This
phenomenan s called Inlefersnce.

Donstruclive interference ocows when two wevas, thavalling o the same medium
wmupmﬂharrmthdﬂm resullant wave s grealor trninalﬂ‘urnl
hlﬂdﬂﬂmﬂwm

In case of destructve minrference, the ampliuds ﬂm&mulﬂlumuhumm
‘either of the individual weves.

InYoong's deuble sil expermant,
i} for baght fringe. d siné = mi,

) for dark fings, d sing =(m+ %M

(i}  the mmmmﬁmmm o dark fringes is
LE
ﬂ"ln 7

Ham’sﬂngamdrmurﬁnpmhnmmnrﬂﬂh'ﬂmamtmwm
wmnmmmnmmm

HMHllmhuﬂh‘mmm MBRELFEMENS,
The distance L of the moving mirrar when m fringes move in view s mi/z2.

Bending of kgit around obslacikes s dun 1o diffracton of light
Far & diffristagd grubing:
dsind=ni whers n stands for nih order of marima.

' For difraction of X-rays by erystals

‘2dsing =na  whers n i the onder of refloction.
Puwlzum_'l of Mgt proves Ml light consists of transverse elsciromagnatic waves.

Undes what conditlons two of more soufces of hal behave a8 coherant sources’

Hioww [= the dislance beiween inlerferance fnngas atlected by (he saparabon bahseen
tru alfts-of Young's axparmant? Can fnnges disappasar?

Can vaible ighl producs inlerfarence fringesT Explam,
Ire thie Younp's auperimant, ane of the slils s covered with blue fiiker and other with
med filter. What would be the patiemn of light intensity on the scraen?
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f.E Ewﬁmmmwg axpariment 8 an sxpermant for studying intarierancs
or diffraction affects of light.

An gil film spreading over & wel fooipath shows colows, Explain bow does it
happan?

Could you abtain Mewlon's rings with transmitbed Gght™ H yes. would the paltem be
diffesent tram thal cbtained with reflected light?

Vs
i

e

a6 In the white Eght spectrum obtained with a diffracfion gratng. the third order image
of & wavelengih coincides with the fourth order image of @ second wavelength
Calcutie the ratio of the two wavelengths,

00 How would you manage tooget mare arders of spectra wsing o diffraction graling?

{1111 Wiy the polaroed sunglasses are betier than ordinary sunglasses?

8,11 How would you distinguish bobween un-polarzed and plane-polarized lights?

9,12 FEl in fho blanks

(1i According io principle, aach point an 8 wavefront acts a5 a saurce

of gecondery

iliy In Young's experiment, the distance betwesn bwo adjacent bright fringes o
vicdel light is ihan that for green light

i} The distance babeoan bright fringes i the inerlerence patlem 88

the wevelangth af light wsed incraases.

() A diffraction gratng s wsed o make 8 diffrection patiarm for yeliow Sght and
ther for red kghtl, The distances between the red spats will be __ than
that for yollew Bght,

(v} The phenomanon of polenzation of Bght reweals Bhal light waves ae
WaKEE,

iwi) A palanokd is 8 comemerncial ;
(141} A polarcid glass ghare of light protdeced al & road surface.

NUMERICAL PROBLEMS

.1 Light of wavelengih 546 nm is-aliowed to fiuminats the slits of Young = expenmend. The
“saparation betwean the sits is 0,10 mm and the distanca of the screen from the slita
“whare interferenca affacts are observed is 20 om, Al whal angle the frst minimuam will

fali? What will be the finear distanca on the screan babwesn sdiacen maxime’

{Ans: 0,967 1.9 mim)
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Caledale the wavelingih of light, which llluminaies wo siiis 05 mm apart and
produces an interfarance pathern on & scnien placed 200 om away from the alils; The
ﬂrs!.hrfghtfrlrrgb|Euhmhdﬂ3¢ﬁmurzdﬂmﬁmmmbmmm

[Ars: GO0 nem )
In-a double s experment he second ondor maxrmum occurs & 0 = 0.25°. The
wavelenglh s 850 nm. Delermine the siit separation,

{Ams: 0-30 mem)
A monochromatic light of A = 58 nm is-allewed 16 fall on the half silvered glass

plate Gy, in the Michedson Interdercmedar, If miror M, s moved throogh 0233 mm,
oy many iinges will ba observed bo-shifit?

fhns! TO2)

A secopd order spectrum i formed at an angle of 38 07 whan light falls normally on
a diffracton graling having 5400 lines per ganbimetie, Daterming wavelangth of ihe

gt wsied,
{ Arg. 670 nm)

A light m incident normady on a grating which has 2500 fmes per cenlimaire, Compuis
ihe wawetsngihof & apaciml line for which the devistion In second arderis 15.0°,
Az 518 )

Sadium bght (4 = 589 nm) i@ incident normally on & grating having 3000 lines per
pantimetrae Whal is B highest ordar of e spectrum oiblained with this grating?

{Ans; Sth)

Blua lghl of wavalangth 280 mm lluminates a diffmciion grating. The sacond order -

image i formed atan angle of 207 from the central image, How many lines in'a
canlirmntre of e grating have been ruled?

[Ans: 5.2 107 fines i cm)
Xerays of wavolngth 0150 mm) ane obseivad Bo undorgo & finst order reflaction &l a

Brapg angle of 132" from &5 guartz (50| coystal. What is-the interplanar spaorng of
the reflecting planes in ihe crystaly

(Anel 0326 nm)

51040 Keray bosm ol wavelength & undegoss o firgt arder reflecton from a crystal

when ils angle:of incidence io a envelal fBoe 5 285", and an X-ray beam of
wavelength (.08F nm updergoes a third order reflection when i angle of incdence
to that tace s G0.0°. Assuming that the two beams reflect fram the same famiy of
planes, calcidate{a) the mterplanar spaceng of fe planas and (0] the wavelenglh i

JAns: (a] 0.168 nm b} 0.150 nm]
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Al the end of this chapter the students will be abée 1o;

| Ricognize the term of keast distance of distinct vsion,

Fl umm&Hum'manmde
i Derive ewpressions for magnifying power of Smple microscope, compound
mﬂmﬁwﬂnﬂ

i Undumdhmﬂhgﬂm.

B Mmmmmmwmmaugu

| Understand the principles of opticat fire.

7 ldentiy the types of optical fibres.

i Appreciate the applications of optical fibres.

'l—_.n. fhes chapler, some oplical mEslruments hal ae basad on [he pl‘ihl‘.‘lp|ﬂ.ﬁ. al reflesction
and refraction, will be dscussed. The mast common of these instruments are the
megnifying glass, compound mécmscops and  ieiescopes. We shall also shidy
rmasgnificaiion and resoiving powers of thess optical instrumenis. The speciromater Bnd
an amangement for messurement of spead of light are aleo described. An introduchon o
opbical fibrea, which has developed a prest imporance in medical degnostics,
islecommunicalion and compuler netwarking, (s also iInchuded.

Thanumnalhunm'l wqcanfuwsamlmurnn nhﬂ:ﬂﬂﬂ i iy il the object is
lgcated amy wheare from miindy to a cartain poind calted he near point

The minkmum distance
mn:ﬂi—uﬂm

from the uwh-hlim ) -]
-g;!. ,l.m.ixl.%w ba
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This distance represanted by d is aboul 25 cm from the eye
I¥, bhe-oljet s Rald: cloear-to theeye Ahan this distance the
imaga formad will be blumed and fuzzy  The locatiop of
lhe negr point, howeyar, changes with sge.

P kA
The ratic of the size of fhe image to the sizs [}@
. ost ml 3 the &l

of the ohject is {a)

As e object |8 brought from & fer off point io the  focus, e
poes on increasing, The appamant size of on
objact depends on the angle subtended by it at the eyaThug, ™
this cléser ihe object |siothe eye, the: greatar is Irna:ge
subtended - and lerger appears the size of fha obj
[Fig.10.2). The maximum size of an object & sean by W AR FARnCe. i imadge o this
naked oyo is  oblained whon theobject i placed o1 the  néing of B e b gesiler. s e
Ioast distance of distinct vision. For lesser distance, the TS SIESRE e i P
imaga fonmed iooks blurred and the detalls of the object Him vt pUEety i 1 1 [t

are not visihla. & i .

}




‘The optical rescéution of 8 microscops o0 B elescope (Bl
U hiow' closs ingaihes B two point sounces of light can ba
50 fhat they are still seen aa two separaie sources. [ fuo
point sources are oo close, thay wil appear &5 one becau-
sa the optical Instrumant makes a point source ook ke &
small dise or apat af light with circular difffaction fringes

#lthough tha magnilication can be made as lage as one
desires by choosing appropriate focal lengths, but the
magnification along iz of no use unless we can ded ihe
details of tha chiject dstincy,

Fesohvng power (5 Bxpressed &8 the reciprosil of minmum sngie
wiiich two ol sources subtends At the svatroment so hal
bl imTeacEs drE Seen &5 wo disinet -gpots of Bghl roler
iman one. Rateigh showed that for light of wawelangth &
through @ ens ol diamealar D'. the reaohing power is
gienby Re] =0
Whre: i it_!.?-:& L I..I'rl—l”

The'smaliar the valug ol groabes s ihe resahing pdinr
becawse fwo distanl objects which am closs togeiher can
theri ba ‘seen’ separdted through the instrement
In the cass of 8 grating speciromater, ihe resolyng powar
R ol {he grating is defingd 8s
L [l
F’ - S i T [
S I

wham & =k, = kyand 44 =0, — & This, we ses that g
grating with high resolving. power can distinguish small
diffarance in wavilangth, IT M & the vemiber of rofings on
ihia grating, i can be shown that the resolving power i the
mih-prder diffraction squaks the product Mz m i e

R=Nxm e A



A dis : & & i
Used o hElp e eyo 1o e small objects dmsinctly. A
WaCH FEaker USEE CoivoE fedis [ repaEin he fatchos. Tho
pblect s placed walde b focal poial of Ing g The
magnitied and virual image s ormed af loawl sutences of
distimcl vislan o or mich Earhar frorm ihe lens:

Let.ijg, now, ealtudsis ibe megnifidaton of & sl
mecroscope. nCFig 10E . fad, e Enage - fenmed . by e
abjecd, whon pigted ol 0 distanca o, 90 the aye-is shown,
In Fig. 102 b & ey s placed [ust in front of the-aye and
i1 objsc le placed i frond of this knd 0 suoh & way hat o
sl imagi. of e object = frmad at a distancs o from
[ ey, THit slee of e bpege d pew mush ipmer s
withoiat ther lans

i | and o are the respedive angles subtended by ihe
oblecd when seen ihrolgh e lens (simple mitrEscope)
nnﬁnmm uimwad dirsctly, than sngular magnification M iz
delinad sz

5 o
MEs e

When angles sre amell, fren they ara nesdy agual & thel
tanganiy. From Fig. 10.3 (n) and (b), we find

i =linag = _E.‘l'l;l:l!ﬂ'_l’!_'ﬂljﬂ :E
Distanceof Ihechject O
et f=tan(i= 28rw al s Image - f

Digianze of thekmage 4

Smce Be mage 15 af o lsast Sstance of cEoanct v,

e, 7=
I ']
10 . e A
aralaig [t} 3 5
the: pngdar ragnioation. M= 20 = 1
[P ]
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Flp VELA § )
A Compound Micoacops

&g we afready know thal

! _ Bizeolthewhage _ Distance of theimege _ ¢
O Skecfthwobject  [estanceof thacbject P
m H - .%ﬂ % anasidskis 11&5!

For virtual Imsge; the lens formule is written as
§_4 -9 ¥
'r""ﬁ'a' But q—d‘
I R, | ) i)
L = F ==l =
Hepes Bl | B bty
Hente the magnification of a convex lens [simpla
MHCroscOpa ) N be axpressed as
THE L R
M i 1+ 7 {10.6)

i s thaes, Mvious that for a lens of high angular
magnification the Jocal length should ba small. f, for
axample, f = 5 cm and o = 25 cm, then M=06, the objact
would look six times |arger when viewed lhwough such alens,
‘Whenewer high magnification s desired, a compound
microscope is used, i consiste of two convex lenses, an
object lens of wery shor focal lenglh and an eye-place of

comparatively longer focal langth. The ray diagram of a
compound microscope s given In Flg. 104 (a].

iy DS :
i TR e
i =
i Dsuetha
¥ -
) I Lo
[} o =,
: _
B
-
Ay Fg 15 Aja]
Ry disgeam of § Cammpoarsd Microscops
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The object 'of heaghl b 18 pleced [ust beyond. the princpal
objective, This produces a real, magnifed
haight 'y of thir oiject al & plece siuated within
the focal point of the eye-piace. It is thon furthor magnified
ty

]
o 8
i

mh% and tan #, = 2
I B h[ d h
T ification M= = ==
&, Magn T S
ar M= fy fy

whara ratio fy/h b5 the: lnear magndication My of the

nh}at:h&.mdh,!hﬂihnmﬂmtun M. of the eyaplacs.
Hence, iotal magnification is

M =R M
By Eqg, 10.5 and Eq. 1008, My =q/pand Mo=1+ aif,
Hanos, M= .% {1 = E:..........“b’,ﬂ

It b= clstomasy o relor the vialoes of A as mifiples of 5, 10,
40 etc., and ame marked as x5, <10, x40 -afc., on the
Irsumsnt.

The limi o which & misroscope can be used B0 resches
détaily, depends-on the widlh of the objective. A widar
obieclive ond use of bus light of shor  wavalength
pricuces lesa diffraction and allows morm details to bo
BN,
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Exampla 10.1: A micrescopa has an o
A0 mm foral fength, and an eye plece of 250
length, What is the distancs batween the lensas
nagrificetion, I the object is in sham focos: when
105 mm from fhe objective?
Solution: If we cansider the objective alone
i 10 i '=i“|ﬂ'.

nsmm ¥ 10mm ol b
It we consider the aye place alona, with the virual image at
the Seast distance of digtinct vision o =-250 mm

1 1 1

e I =
P =I50mm -Z2Emm

Digtanée batwean | ensas =g +p=210mm+2L.7 mm=F33mm

an objactive long of
i

ar  p=227 mm

Magnificalion by objsclive

iia 9, 2omm

o 10.5mm

Magnification by eye piece
. < 2B
2.7 mim

=200

=110

Tosnl megnificsbon 3
M= M My
=20 (-11.0)=-220

-iwe sign indicates that the imaps is vidual.

Telescopa = an optical device used for viewing destant
abjects. The image of & distant objeci viswed through &
telescopo appears larger because § sdends @ bigger
visual angle than wihen viewad wilh the naked aya. Initialy
ihe: axienslve uge of the elescopes wes for astronomical
obsarvations. Thase lefescopes am calied asironomical
tetescopes. A sbmple ssbtonomical elescops conelsts ol
twio comvex lensis, an objecive of lang focs! length £ and

2210)



an pye piecs of short focal langth . The cbjsctive forms a
rol, Mvered and diminished imags A8'of B distant obypect
AB. This real Imape A'B’ Bcis as obecl for the eye
pimce which i weed 38 & rmsghilind aliss. The Mol Insge
egan through the eye-piace s virtiiad enfarged and mwarbad,
Fig. 10.5 shows the pell of rays through an astfonsmical
bolescope,

When a very distant object i Viewed. the reys ol lghi
poming frem any of ds poinl {say 85 lop) am coneidered
parallal &nd ihese parsllel reye &= comwverped by lha
objeciive io form p real mege ATB" ol ds focus IF R 8
desired o see tho fnal image (hrough the eye-ploca
without smy strain’ on the eye, the eye-piece must - ba
placed so thal the imags A'B" fien ol it locus.  The rays
afiar refraction through the sye-pece will bacoma: parmlial
and the final image appears to ba formed a8t infinity, In this
candilion 1he imbge &' B' foamed by he cbjsclive les at
the focus of both tha objeclive and the eye-pieoe and he
telescops |5 said io ba in normal adpstment

Let us pow compEds the megnifying power ol an
gaironomesal fslescops in noemal ad|ustment. The angle i
subtlanded al lhe unalded gye |s praciically ihe same as
sublanded af the objective and il it egual o £ 8OR" Thus

Iq_'ﬂl AIEI
B L

= tom s
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The angle [ subtanded a1 the aye by the final mage s
aqualio £ A G BY Thus

A A8
s o s
A8y
Magnilying power of the telesoope =-E- = A'E'*
7,
[, 08 M:.;! {‘llula"
-1 v

>
*

M= Facalisngshof tha abjectiva
Focad langth of tho oyonisoe

It may be noted that the disience beteesn the objectve
and aye-pince of @ lalescope in nommal adusimant is £+ 1
which equals the langth of the teleanops,

Basides having 8 high magnifying power another problam
which confronls the astronomers while designing a
teleacope 1o sea the distant planats and stars |5 that they
wioilld like io gather as much light form the object as
possible, This difficulty 5 ovorcoms by using the-objeciive
of large aperure so (hal i collscts a greal amownl of light
frien the Ssbronomical obsecks, Thus 8 good telescops has
an objective of long focal langth and large aperniure

Ty e e o

A spectromeier |s an optical device used bo study spectna
fromm  cAlfarent sources of light, With the help of a
specthomater, the deviation of light by a glass prism and
e refractive wpdex of ihe materdsl of the.prisim can be
rrsasurad quite accurabety, Using a dgilfraction grating, the
gpecirometar can e employed (o measure the wave
length of the Hahl,

Tive gssemial componants of 8 spectromaber are shown in
Fig, 10,8 [a).
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Collimator

L consists of a fixed melallic tuba with a convsx lans at one
and and an adpustabée slit, that can slide In and oul of e
lube, &l the other end, Whan the il is jusi ot the focus of

the oorvex kens, the rays of light coming ouf of the lens
becormna parallel. For this reason, | & called a collimator

Tum Table

A priem or 8 grating is placed on & tum ieble which i
capable-of rotaling aboul a fxad verichl axis, A ciroular
scale, oraduatad in hall degreas, |s attachad wilh i,

Telescope

A telescope |8 sbsched with & vemler scale and &
rotaiable-shoul thi same vertical axis 25 B um bl

Before uging a speciromelsr, one should be sixe thal the
codimalor s 50 adjustod (hat parsilal rays of ight emerge
out of #8 comvesx lens. The {alescope s adjusied In euch @
way et the rays of light antering It are focussed at the
criess wines naar the sye-pisca, Finally, the refrecting edoe
of the prism must be parelial o the axis of obation of the
Iedegcopa 30 thal the lum table s levelled. This can ba
done by using the levelling screws:

3

Fig. 106 )

) % B 8



Light trivimls an ragidly thal § & wary diffioul] 10 medssins s
spesd. Galieg was e frst person Ioomake an shempt o
meacufe s speed. Alfough fo did #ol succood in e
mgagurement of he speed al light, v&l he was convinced
that the lighl does \ake-som= time to-irasml Fom ore place
to anolher, Ghoes beiow & ona ol the acourats methods of
dedarmiming the spesd of bght which s known as
Michiilgon s expamant

In this sxpeemant, the speed of light was detemuned Gy
mEEELTING s fme i ook 1o cover 8-round trip-betasan two
mounkains, The distance. ehesen the o, mounalng was
measUred aocureiely. The experimental-sel-up ks shown
in Fig 10.7

An efghi-sided polished mirroe M s mounited oo the sheft-of
a-maior whose velocty can be vened, Suppose [T rermor
= stagionary |n e posiion shown i ihe figurs. A baam of
Pzt framm Hhe face- 1 of the meéror M Ealls of tha plane: oo
m o placed ot o distancs o from M. The beam s refistten
biack from tha mirmor m and fadis on the Tace 3 of the mirmar
M On raflection from ace 3, it snlars the tefescops.

IT iy mirror M s rotnled clockwiza| milialy e source will
ot be-wisible fhrough e lelescopa. When e mirror M
ins A Geflain spoed; the source 5 becomes visihle. This
happens wihen ne firme taken by light-= moving-from Mo
moand back o/ M s equal ko ine fime Een by Tice 2 4o
M 1ot poaiten of face 1,

Angle sublsnded by any alde of the eightsidsd mirmor at
the centre |5 258 1T Fis e froquency of this mires M,
when he source 5 (=2 visible through the (elescope, than
thatirmme tokon by e rmirmor B rotste throogh 'S0 anghe 2n

is 1/l Sa, the Ume taken oy 1he mirmee M 16 moiate through
an anqgle 2l s

T R
r: i E—=
B

i
E;ni

ar

The Ui faiken by Sabl for B pesssne om MG m and
heck = 2dc. whem ¢ 5 e spead Bf light, These two tmes
mre g

=24



(= -1 ERR=N R (100

Thin aguaban was usad o oetermine e speed uEJ'q;hi by
Michelzon. Presently acceptad value for the-apead of light
B AL IS

o'® 2967092458 x 10 ma'!
win syl round this off io:3.00 210° ms’'

The spaed of fight in other matenals |5 always |ees then ¢
In madiz ofhar than vaceum, i depensta upian the natune of
the medium. Howesver, (he Spebd of Hul‘ﬂ i air is
approaimataly eguad 10 that i vacuum and ganerally takan
£a 0 -calculations

For hundreds-of yaars men s chmmeeecabed Usng
fashes of reflected surlighl by day and tamlams by night.
Mawyy sagrabmen =l use powerfld bnker lights o fransmil
foded messages 10 alhar ahipn dusng pariods of madic-
sllence, Light communication hes nol besn oconfined 1o
-simple dobs-end dashes. |1 s an interasting Bul Mie knom
fect that Alexander Graham Bull invented a device known
ai “phioto phone” shortly after-his imiention of lelephons,
Balls photo phone used & modulsled beam of reldced
aunlighl, Tocusssd wpon o Salanium delector  several
fwintdind metres - away. With the device, Ball wes shle 1o
lramsmil' & woice messape via o beam of light. The idea
remsined dormand {or many yean. Demg e recen pest
i idea of fransmizsion of light theough thin optesl libres
has besn ravived and ls now Baing used In communication
ischnology,

The uss of bghi as a lransmission camier wase o fils
optice haz several advantages over radio wave chiriams
auch 23 8 much widss bandwidth' capabilily and mmanity
from alectramagnetc sindemnce

Paimi in Fondar




Fig. 10-04x)

W is a3k uwsed lo towsmil lighl aroend cotnam and  inlo
inacoassible places a0 thal the fopmety unobssnaibia could
b viswed, The oge of (b oplie ook 0 indogtry &5 now
vary common, aned Berr imporiance i dognoitel Bols 0
madicineg has besnproved iFig. 108 8 and b).

Recantly the fiore opiic fechnology hes oyolved ino
gomathing much more. important Bad - usshd — a
commamication sysiom ol enomaus capabiiles,

One feature of such & system & 5 abily to rensmi
throusands of teisphore conwersations, sarearal Inlievsion
programs: and nimemus dats signals - babyeen’  siatons
ane of bwo Medblg. Fair - hin hreads of apdical
fibre, With the tremandows informiaton camyng capacity
called the bandwidih, flore oobtlc syeiems heve undoubbedly
magde praclical gsch senaces-as two winy lelesasion which
was oo oostly before the dewslopment of fibm ophcs
These systems alsa Elow  wosd - procsssing,  image
framarmitfing and rpcaiving aquiprment ooperste sfhickenly,

tn-addition (o givng an exdemely wide bandwidih, tho film
oplic system has much thinner and light weight cables, An
opbical fibre wilh iis profecive case may be typicaty 8.0 mm
In dearmater, and yet it cen replace & 762 om diamster
bundie of copper wires now used o carry e same
amount of shgnais.

Propagation of lght in an optical fibre reguimes 1hal tha light
should be lokally confined within e fibre.

This ey be doms by tirtal miermgl reflesction gnd conbinusus
rafrmction

Total Internal Reflection

One of the qualities of any optically transperent matenal e
tha speed ol which ighl Imvess wanin the mamsoal, e, i
daegands upon {be refrackive Index & ol the matedal, Tha
inciax of refraction = measly the relio of he =peed of lighi
g im vaouam 1o Dhecospeed of gt @ 0 sl madesiod
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Expressed malhasmabonlly,
; " T
- L: ..... Fhid I'l__ﬂ_'rﬁ]
The boundary: betwsan two optica!l med|a, &.0. glass and alr
heving dilfarént refractivir intioen can mflect o mfsact ight

riyE. Tha anoiinl and dimclion of reflaction or refreckion -

determined by the amount of diference in Elracthe ndices
muﬂﬂiihumgh!wﬂl:hmmmimmmmﬂ
soima angla of n'rn:rm. the angle of mfracdion 5 equal o
B0 whin @ riy nrllnm Emlm through glass to alr This
nngln of - incidance i critical angie i, shown in
Fig 103l We are aready familiar wilh Snolls law

n, sin @, = n,sin 6,
From Fig. 108 (#), whan @=4, &=80"
thiizs, mEnfl =n or snkE=Ealn
Faf incident anplos equal 1o or greater than ihe oitcal angle,
the glass - gir poundary will sct-as a mirror snd no light

escapes from the glass (Fig. 108 b). For glass-air boundary,

L

we hava sin .= & A"y ™ f.=43 8

Lel u= now assuma thel the giass is formed Info & long,
round mod. We know that all the bighl rays siiking thes
|Mauﬂmﬂfﬂ'ﬁg1duﬂmmmmm

ﬂmm‘.}

E'il'lﬁl this 15 [Bss than the crllaﬁl a Ila; it will esca l'rnm
B rod dnd be loal. Rey 2 ot 42° m?lﬂh refactad hﬂklnm
the rod, ss will ray 3 at 80" Since the angle of raflection
equais the angle of inciderce, thase iwo rave will continus
b propogate down tha rpd, along paths delermined by
the original angles of Incidencs, Ray 4 i= called an Badisl
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Fag. 10,11

ray sinca its palh e pamais to the axss of tha md.
Axcial rays will Iraval direclly dewn This straighi and rgld rod
Heowever, inaflexibls gisas fibre they will ba subjecied 1o
the laws ol reflection (Fag 10.100).

Diptical fibres thal propagale light by 1atal inlemal raflisction
are the most widaly used,

Continuous Refraction

There i anofhe mode of propagaton of Bght through
opfical s in which light & confifiualsaly refracied wihin
the fibre, For this purpose canfral come has high meirackve
index (high density) and over [t B 8 layer of a Sowsr
refractive index (less density]. This layer is caffed cladding.
Such a Iyps of Mbre i called muli-mode step Index fibre
whose eross sectional view i shewn in Fig10.11ia),

Mow & days, 8 new type of opbcsl fibre = wsed in which the
cantral core has high refractive index (high density and:is
densily gradually decreasas towards its peripheny. Thes type
ol pplicad fibre is called a mulll mode graded index fibre. =
cross sactional view is shown in Fig: 10017 (B

In both thess fbves e propagation of light signael is
through conlinuous refraction. \We alresdy know thal a ray
passing from @ densar medum D @' rarer madiem bends
gway from the normal and vice wersa, In slep index or
gradad indax fora, B ray of light eniering the optical fore,
as shown n Fig. 1012, s continuously rsiracted through
these aispe and s reflectad from the surface of the ouer
lmyer, Henca light & ransmitted by conlinuows relmaction
aru bodal interrual reflection.

Thare am thma types of oplical fbres which aie classified
on the hasis of e moda by which propagate lighl. Thesa
are (fjsngle mode slep e 1%@ muilti mode step index and
() mulli mcde graded index ferm ‘e’ i5 describard
as the method by which light |s propagaited within the: fibre,
I&. thee various paths Ehai Bght can take In irvalling down
tha fibre. The optical fibre is-also coversd by a plastic
jackel for profection
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{l} Singls Mode Step Index Fibre

Single modé of munt mode step ndas fibta has @ vary thin
core of sboul § um dismater and kas 8 redatively larger
ciadding (of lass or plastic) &5 shown n Fig. 10.13. Since
i has 4 very thin sore; a sirong monbehromatic light source
im., nlaser gource has to be used o send Bght signals
throaegh 1L I can camy morg-han 14 TV channels or 14000
phana calls -

(i} Multimoda Step Index Fibre

This fype of fibire has & core of relaively larger diamelarsuch
as G0 pm. B is moeathy veed for carmying white light but dase to
dispersion affacts, || i uselul fora shor detnnce anly. The
fibre corg has a constant refracive indax ng, soch ea 1.52,
froem s centre 10 the boundary with the cladding &5 ahown
in Fig. 10.94, The-ralfmcive index ihon changes to-a jowar
wahaa ny, such as 148, which mmains constant fhmughow
the cledding,

2

Thig | calléd & sbep-nche. mufl fibre, bocause the
mefraciive indax sieps dovwn from 1.52 o 148 at
toundary with the cladding.

{iil}  Multimode Graded Index Fibro

Muli mode graded indax fire hes cors which anges In
diamater from 50 o 1000 gm. 1 has a core of relatively high
refracive ndox and he miracthe index decrsases gradually
from fhe middie o the cuder surface of the fbre. There & no
noticeable boundery bebween core and cladding, Thistype
ol i is called & mulli mode graded-indax fiora (Fig. 10.15)
and = ugsdul - for long distance appicallons n which whils
light Is used. The mode of ransmission of light through this
typa of fibre is aleo the same, Le., continuous refracton from

¥
o

i

Figg. 16.14
i A .




tho surfaces of smoathly decreasing refractive indes and tha
tolal intemal refleciion from the boundary of the outer
surfices. - o




Huchiom Naght will travel moech Tnsisr heough oplical Gbbes
fhan will githdr Vil of ulirs-violal fight The: isens - and
LEDy usad w fhis-applicatlon are tiny undi (less: than hall
The wlew, of te Dhumbngil) in order 5 malch the size of tha
fibros. To bremsmal information by lighl waves, whither it is -
dm Budio slgnal, & lshvision. algnal or & compulér dals
mignal, 1t s ieesaary. o moddse the ight wives. Tha
mosd common mathod of modulstion B called  digital
mbdulatad ln ivkich te lbses ar LED s #eshed on and off
il A wiriremaly fast fale. A pulss of light epresants fha
murmbeac 1 and e sbsence of light represents zem, Tn g
sinse, imsaed of Reshes of ligh frevediing down ha fieg,
ofies [15] and zeros (O8] s meing  denm  tha Enth

Gpeen! fhm

" Chplar st e

Fig. W0.07

Wkl ecmipunm ke exepananl, deny communication can ba
reprasented by B particulsr pafiem o code ol hese 1e-and
D& The recadver 6 programmed 15 decodn the B and (s Tus
It rmesives, the sound,, pictures or da & requimed. Dagital
modufation mexpresasd i bid. | binary digh |} of megabi
(107 bifs ) per saconad, whete o bitsa Vora 0,

Despibe the alira-purity (92.50% glazs) of the optical fibrs,
the. lighd signals syentusly pecoms e and mest - be
figenniated by desices collnd impabinte. Repealers am
typleaty  placed aboudl 30hm apar, bl in the. newsr
syatems thay may be ssparsted by as mesch 28 100 om,

Al the end af ihe fibte: 3 phoinoiods  converts (he light
nigeisiln, witch ars een nrmglfied snd decodod, If meoessany,
i Fsanssust e sgnals orginalhy imnsEmitsed (Fag, Y017,

Wheni & |ight’ sigral ' wevels song fbres by muliple
refiection, same light n atwarbed due to impurities in 1he
ghizes. Sonm of § B soattered by growpe of aboms which ane
formad sl places such a8 |pinis whén ees sre jaolned
logether Carals mandfasizamg Gan reduos Bhe powar lons
by soattenng and ab=ompiion, ;
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The Informaton received at tha other and of a fiore can be
insiccurale due to despersion or spreading of the light signal
Alsa the Sght signal may nel be parfeclly monochromatic. in
sueh & cass, a namw band of wave-lengihe am mimcied in
different direstions when, e fgnd signal entars the glaes fibre
and the Sight spraads.

Fig. 10,18 (a} shows the paties of light of ihrea diffarent
wivelangihd 1. Ly and Xy, L mests the core-cladding al
Ihe eritical angle and X, and k., at slightly graater angles. AN
the rays taval alang the fibre by multiple refections as
explainad sariisr. Bul the light paths have difforant lengths.
Sa the light of different wavelengths reachss the other end
of the fibre at diferent fimes. The sighal receved is,
H'ur&ha,hull]rmdlatnﬁﬁu.

The disadvantags of tha fizro (Fig. 10.18 &) can
be reduced graded index fibre. As
shown in Fig. 10.18 (1), the differant wavelengths still take
differerd pasths and are totefy inemally  reflecied ai
different lmyers, but st they are focussed &l the sema
paint fika X and ¥ abc. | 5 pbesible beciuse the spead
Imearsaly-proportional to- the refractive index. So the
wivalanglh i, ravéls a longer path than iy or Ay but at 8-
it aeied
inspite of tha ditfarent- ﬁparmn all the wawshongths
arrive ol the other end of the five at the same time. With 8
stap-indax fibre, tho overall mo diference may be aboul
33ns per km length of fibre, Using & graded index fibre, the
fima dffarance i reduced 1o aboid 1 ns par km.

N SLIMMARY
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QUESTIONS

11 What do you understand by linear magnification and angular mug;iﬂh&!.[nn':"
Emmhmnﬂumhnnlsuﬂulmmﬁer?

2 Explain the cifferante mmmmwmgnmmmmﬂwmmufuﬂ
aptical instrumont What lmits the magnification of 8n optical munﬁ' ¥
103 vﬂwmuhmmmmmnﬂmmhlmmw

104 tur:nMynmmhrmbrmﬂﬂﬂ:EmThlmgﬂm{nm
a micropcopa hava colourod edgess. Wiy is ihis s57
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106 Descrbe with B hefp of deegrams, bow (8] & tingle ecome B can De uasd a8
a magnifying glass; (b biconves Ienses can be arenged 1o fom a microssope,

100 118 person was - [ooking throogh & lelBacope at e Tull maon, how would ks
appaaranca of e moon be ohanged by cowenng hall ol ihe'objestys lBns

107 A magnilying 'glass pives & five times enlarped image #f & distaroe of 26 cm from
ihe lens, Find, by ray diagram, the tocal Bagih of the lens.

108 Identdy the coreot angwer,

({1} Tha reaohving powsr of a compound  MIGroscoRe dapancs oo
a. Length of the microscopa.
b Thadismaler of ibe objectve lans,
g. Tha deameter of the eyepece.
g The position of an absarver's eys wiln regard to ihe sve fans
(1] The resalving powes of an astiohomical inlescote depands on
a The focal length of the objaciive ens,
b, The kst dislance of disline wsion of the abasrasr
¢ The focal length of the eye lans.

i The dameier of the atachive lens,

0% Deaw sholchas showing the diffenent ighl paths ihrough a single-mode and & mull
e filbira, Why le the singss-micda fibre prefared in elscommunications?

10 10 How thie light slgnal is ransmilied ihrough e oplical foe?
1011 Ho'w the power & lost in aoptical fibm through d@sparsion? Exmnlain,

101 A& corwverging lens of focai-length 5.0 om i tsed 85 8 magnifving glass, | e
nedr point of the obsarver s 25 om and the leans is beld dose o the oy, caiculata (i)
the distance of the-object fram the seqs (¥) the angular magndicabion, What 1= the
angiilar magnefication when the final ¥neps (= Tormsd at infiniy?

fhng: ()42 em (6.0 50

102 Abeascope chigcihe hes focal lapgth BE crmeand dismeter 12 tm. Calcuats tha
focal kengihy ard minimum dismeler of & simple eys pisce lens for uss wilh the
iBlescops, §ihe lInsar megnificaion reguired is 24 Hmes and all B ight esnsmilbed
by the objective from 8 distant paint on i lalescops adis &t Bl an ihe o phace,

(s = 4.0 oo, o = {0 50 o)
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0.3  Adetescope s made of an obiectve of foand langth 23 crm and &n eye piecd o
S0cm, bodlv comves leTises. Fnd 1he apgulasr magnificalion,

[fums &0

104 A simple astionomicyl ilescope in normel adjustmant has an objective of focal
kenigih 100 em and an oye piece of focal lenglh 5.0 em. () Where i3 tha final image
formed ¥ (I} Cabculats the anguiar mognification.

[An: (i) tnfinity i) 20

10.5 A point object 5 placed on the axs-of and 3.8 cm fronra thin conves Bng of Tocal
lengith 3.0 om - A escond thin convex lans of focal kength T6.0 om s placed coaxing
with the first and 260 o from it on he-sida gway from the object. Find th posificn
of the fne image produced by the tao lensas,

{Ans: 16 e from second ks

b8 A compound microscops has enses of focsl langih 1.0 om @nd 3.0 cm An object
& placed 1.2 om from e object lens, Il 8 wiesl iImage 5 formad, 25 om from the
nyn, calcubiten the segarmtion of The snses gnd thea magnificationof the iInstrumant.

(s 8.7 &m, 47)

107 Sodium lght of wayslsmgih SES nm (s used io wiew an object undar & Micioscope,
IF the aporiure of the objective & 0.90cm, (1) find the limiling argie of resolubion,
{h}  using visible lght of any wavalength, whal ls the masimum lime of reschdlon for
this microecops,

[Ars: (1) 8:0x 107 rad; (i) 5.4 ¥ 107" rad]

108 An estronomical teescope havirig magnifying powar of 5 consist of two thin lenses
24 crn apan. Find the focsd lengths of the lspses

[Ans: 30 am; 4 em]

108 A glass light pipe m air will iotally intarnsty refiact a lght ray @ = angle of nodeno:
is-af feast 397, What is-the ménimamm angle for iolal mtemnal refiection if pigs s n
walar? (Risfacive ngexof water. = 1.35) .

[Ans 577

1010 The refrective indax of the core sod cladding of an opbical fre e 1.8 and 1.4
respeciively. Celeulate (i) e critizal Bnple for ths inlerface (§) the maximum angs
of incidenca in e alr of a ray which eniers the fibre and is ncidant &t he critical
e an By nteriace

' [Arez {1) B1°, {Il) 547)
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“Chapter il
| HEATANDTHERMODYNAMICS

Learning Objectives
At the end of this chapter the students will be able 10:
1. State the basic postulates of Kinetic theory of gases,

2 Explain how maolecular movement causes the pressure exerted by a gas and
derive the equation P =2/3 N.<}%mv®>, where N, is the number of molecules

~ per unit volume of the gas.

3. Deduce that the average translational kinetic energy of molecules is proportional
to temperature of the gas. :

4. Derive gas laws on the basis of Kinetic theory.

5 Describe that the internal energy of an ideal gas is due to kinetic energy of its
molecules.

§ Understand and use the terms work and heat in thermodynamics.

7. Differentiate between isothermal and adiabatic processes.

. & Explain the molar specific heats of a gas.

9. Apply first law of thermodynamics to derive C, -C, = R.
10, Explain the second law of thermodynamics and its meaning in terms of entropy.
11. Understand the concept of reversible and irreversible processes.
12. Define the term heat engine. 3
14, Understand and describe Carnot theorem.
14. Describe the thermodynamic scale of temperature.
15, Describe the working of petrol and diesel engines.
16. Explain the term entropy.
AQ

17 Explain that change in entropy AS = £ =
16, Appreciate environmental crisis as an entropy crisis,
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.hﬂrrnpcfrrwrﬂm deals with various phenomena of
energy and related properties of matter, especially the
“transformation of heat into other forms of anergy. An example
of such transformation Is the process converting heat into
mechanical work. Thermodynamics thus plays central role in
technology, since almost all the raw energy avallable for our
use Is iberated in the form of heat. In this chapter we shall
study the behaviour of gases and laws of thermodynamics,
their significance and applications.

The behavior of gases is well accounted for by the kinetic.
theory based on microscopic approach. Evidence in favour
of the theory is exhibited in diffusion of gases and
Brownlan motion of smoke particles etc,

The following postulates help to formulate a mathematical
maodel of gases.

L A finite volume of gas consists of very ’AEII'QE.
number of molecules.

ii. The size of the molecules Is much smaller than
the separation between molecules.

i, The gas molecules are in random motion and
may change their direction of motion after every
collisian.

iv.  Collision between gas molecules themselves
and with walls of container are assumed to be

v Mélecules do not exert force on each other
axcept during a collision,

Pressure of Gas

According to kinetic theory, the pressure exerted by a gas
fs merely the momentum transferred to the walls of the
container per second per unit area due to the continuous
collisions of molecules of the gas. An expression for the
pressure exerted by a gas can, therefors, be obtained as
follows:
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Let a cubical vessal of side |, contains N molecules, each of
mass m (Fig.11.1). The velocity v, of any one of these molecules
can be resolved into three rectangular components vy, vy, Viz
parallel lo three co-ordinate axes X, ¥ and z.

Initial momentum of the malecule striking the face ABCDA
is then mvy,. If the collision is assumed perfectly eiastic,
the molecule will rebound from the face ABCDA with the
same spead. Thus each collision produces a change in
momentum, which is equal to

Final momentum - Initial momentum

or change in momentum = = mvy, = My,

Changein omentum= -2 mvy, e
After recoll the molecule travels to opposite face EFGHE
and collides with It, rebounds and travels back to the face
ABCDA after covering & distance 2/, The time Af between
two successive collisions with face ABCDA Is

: g%% debeai e = “1 .E:i'

So the number of collisions per second that the molecule
will make with this face is =3;—;

Thus the rate of change of momentum of the molecule due

L ¥
to collislons with face ABCDA  =-2 mw, x iﬂ*&: i;’t-_
The rate of change of momentum of the molecule is equal
to the force applied by the wall. According to Newton's
third law of motion, force Fy; exerted by the molecule on
face ABCDA Is equal but opposite, so

Froo= —UMV) o MV
I [

Similarly the forces due to all other molecules can be
determined. Thus the total x-directed force F, due to N
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<yi> Substituting < vl> in parenthesis of pressure
BXpression

s SR L Py th‘ (114)
Eirmlariy pressure on tha h::aes parpendnmla: toy &nd z
axeswillbe Py=p <y >and P,=p < >

As there |s no preference 1o one direction or another and
molecules are supposed to be moving randomly, the mean
square of all the. mpmam velocities will beaqu&l Hence

F

{ﬂ}:{ﬁ}={ﬁ?

and from vector addition <v’> =<y > +<yi> + <y’ >

thus, syia=Japis
ar ﬁﬁ}:L%ﬁﬁ}

putting this value of < v’ > in equation 11.4
P=L<v'>

We have considered the pressure on the face
parpendicular to x-axls.

By Pascal's Law the pressure on the other sides and
everywhere inside the vessei will be the same provided the
gas is of uniform density. So

P.=Py=Pi=L <v'>

Thus in general

1 2
. f— o =
P peV
Since density P = m, H,
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_E 1 2
H.'t'i"- 3 N ﬂ--!-mv -

or Tna-té- e (11.8)
or T=constant < K.E. >
S0 Tx<KE. >

This relation shows that Absolute temperature of an ideal
gas Is directly proportional to the average translational
kinetic energy of gas molecules,

We can, therefore, also say that average translational
kinetic energy of the gas molecules shows itself
macroscopically in the form of temperature.

Derivation of Gas Laws
(I} Boyle's Law
From kinetic theory of gases (Eq. 11.5)

2 1 2
= N t— myve>
PV 3H 2!‘.I"l

If we the lumpurniura constant, average K.E. i.e,
<12 ‘> remains constant, so the right hand side of the
equation is constant.

Hence _ PV = Constant

ar P o -.}

Thus pressure P is inversely proportional to volume V at
constant temperature of the gas which is Boyle's law.

(ii) Charles' Law

Equation 11.5 can be writlen as

SN 3
¥e s p e

If pressure is kept constant

242






Uﬂmmmmmmmwuﬂamﬂ the mass m

of one molecule of oxygenis
me Molecularmass _ 329 _  3%kg
N, 8022x10°  6022x10%

Substituting the values of k, T and m, we get
i "i.ﬂa‘mﬁdﬁf‘%ﬁﬂxﬁmiﬂ“ = 2126937

The sum of all forms of molecular energies (kinetic and
potential) of a substance is termed as its internal energy. In
the study of thermodynamics, ususlly ideal gas is
considered as a working substance, The molecules of an
ideal gas are mere mass points which exert no forces on
one another. So the internal energy of an ideal gas system
is generally the transiational K.E. of its molecules. Since
the temperature of a system is defined as the average K.E.
of its molecules, thus for an kdeal gas system, the internal
energy is directly proportional to its temperature.

Lo You Bnow s

When we heat a substance, energy associaled with its
atoms or molecules is Increased i.e., heal is converted to

internal energy.

it is Important to note that energy can be added o a
system even though no heal transfer takes place. For
example, when two objects are rubbed together, their
internal energy increases because of mechanical work.
The increase in temperature of the object is an indication
of increase in the internal energy. Similarly, when an object
slides over any surface and comes to rest because of
frictional forces, the mechanical work done on or by the
system is partially converted into internal energy.

In thermodynamics, internal energy is a function of state.
Consequently, it does not depend on path but depends on
initial and final states of the system, Consider a system which
undergoes a pressure and volume change from F, and V, to
P..and V, respectively, regardiess of the process by which
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the system changes from initial to final state. By experiment it
has been seen that the change in intemal energy is always
the same and is independent of paths C, m&dﬂ;a&ﬂmwnln
the Fig. 11.2. '

Tmmmtafnalmmwmmnﬂwmma.grm#aﬂmaiﬂE So
like the potential energy, it is the change in internal energy
and nol its absolute value, which s important.

=

——— O — —

b

We know that both heat and work correspond to transfer of
energy by some means. The idea was first applied to the
sleam engine where it was natural o pump heat in and
gel work out. Consequently it made a sense to define both
heat in and work out as positive quantities. Hence work
done by the system on its environment is considered +ive
while work done on the system by the environment is laken
as —jve. If an amount of heat Q enters the system it could
manifest itself as either an increase in intemal energy or as
a resulting quaniity of work performed by the system on
the surrounding or both.

We can express the work in terms of directly measurable
variables. 'Consider the gas enclosed in the cylinder with a
moveable, frictionless piston of cross-sectional area A (Fig.
11.3 a). Inﬂqultlxh.nnﬂ'mmtnmmaphamhmmv,md
exerts a pressure P on the walls of the and its
piston. The force F exerted by the gas on the piston is PA.

We assume that the gas expands through AV very slowly,
s0 that it remains in equilibrium (Fig. 11.3 b). As the piston

maves up through a small distance Ay, the work (W) done
by the gas is

i
[
1
i
I
i
i
1
I
I
I
i
L

W=FAy=PAAy
Since Ady = AV (Change in volume)
IR '{ 1'.;_4. a2 -ﬂ'- = ,:.i‘“::hf‘ - w -] e o - c
The wnrk done can also be minﬂﬂlnd by area of tlu T
curve under P-V graph as shown in Fig.11.4, i N, MRS '
Knowing the details of the change in intemnal energy and 0 s vl

the mechanical work done, we are in a position lo describe
the general principles which deal with heat energy and its
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For Your Information

transformation into mechanical energy. These principles
are known as laws of thermodynamics.

When heat is added to a system there is an increase in the
internal energy due to the rise in temperature, an increase
in pressure or change in the state. If at the same time, a
substance is allowed to do work on its environment by
expansion, the heat Q required will be the heat necessary
to change the internal energy of the substance from U, in
the first state to U; in the second state plus the work W
done on the environment.

Thus Q=(U-U)+W
or Q=AU+W (11.10)

Thus the change in internal energy AU = U; — U, is defined
as Q-W. Since it s the same for all processes conceming
the state, the first law of thermodynamics, thus can be
stated as,

ﬂmwfﬁ In the
] T . m
P et systom

handle rapidly, it becomes hot due to
mechanical work done on the gas, raising thereby its internal
energy. One such simple arrangement is shown inFig.11.5.
It consists of a bicycle pump with a blocked outiet. A
ﬂuwmwphmmmmdmmumumumkadmuataﬂm
the air temperature to be monitored. When piston is rapidly
pushed, thermometer shows a temperature rise due lo
increase of intermnal energy of the air. The push force does
work on the air, thereby, increasing its internal energy,
which is shown, by the increase in temperature of the alr.

Human metabolism also provides an example of energy
consarvation. Human beings and other animals do work
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when they walk, run, or move heavy nhja—:‘.‘tn Work requires
o

cells and to replace old cells that have died
transforming processes that occur within an organism are
named as metabolism. We can apply the first law of
thermodynamics,

mﬁtmmamhimmlanm'gyﬂfﬂmhody

Consequently the body temperature or in other words
Internal energy is maintained by the food we eat.

Exmpliﬂa A gas Is enclosed in a container fitted

with & piston of cross-sectional area 0.10 m?. The pressure:
of the gas is maintained at 8000 Nm. When heat is slowly

transferred, the piston is pushed up through a distance of
4.0 cm, If 42 J heat is transferred to the system during the

ﬂpamim MhMMthdh

Enluﬂnn.
The work done by the gas is
W = PAV = PAAy = 8000 Nm?® x 0.10 m* x 4.0 x 102 m
=32Nm=32J
The change in intemal energy is found from first law of

AU=Q-W=42J-32J=10J

Isothermal Process

it Is a process which is camied out at constant temperature
and hence the condition for the application of Boyle's Law
on the gas is fulfilled. Therefore, when gas expands or
compresses isothermally, the product of its pressure and
volume during the process remains constant. If Py, V; are
initial pressure and volume where as P;, V> are pressure
and wvolume after the isothermal change lskes place
(Fig11.6 a), then

F','l.ﬁ = Fﬂ‘vi
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Flg. 11.6(k)

In case of an idesl gas; the PE. associated with its
molecules is zero, hence, the internal energy of an ideal
pas dapaﬂds only on its temperature, which in this case
remains constant, therefore, AU =0.Hence, the firsl
law of thermodynamics reduces to

Q=W

Thus if gas expands and does external work W, an amount
of heat O has to be supplied to the gas in order to produce
an isothermal change. Since transfer of heal from one place
to another requires time, hence, to keep the temperature of
the gas constant, the expansion or compression must lake
place slowly. The curve representing an isothermal process
is called an isotherm (Fig. 11.6a).

Adiabatic Process

An adiabatic process is the one in which no heat enters or
leaves the system. Therefore, Q= ﬂ and the first law of

thermodynamics gives
i =y U

Thus if the gas expands and does exiernal work, It is done
at the expense of the internal energy of its molecules and,
hence, the temperature of the gas falls. Conversely an
adizbatic compression causes the temperature of the gas to
rse because of the work done on the gas.

Adiabatic change occurs when the gas expands or is
compressed rapidly, particularly when the gas is contained
in -an insulated cylinder. The examples of adiabatic

processes are
(i) The rapid escape of air from a burst tyre.

(i) The rapid expansion and compression of air through
which a sound wave is passing,

(il)  Cloud formation in the atmosphare.
In case of adiabatic changes it has been-seen that

Py "= Constant
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S O (11.12)

Derivationof G, - C, =R

When one mole of a gas is heated al constant pressure, the
internal energy increases by the same amount as at
constant volume for the same rise in temperature AT, Thus
from Eq. 11.11

AU=C, AT |
Since the gas expands to keep the pressure constant, so it
does work W = P AV, where AV is the increase in volume.

Substituting the values of heal transfer Q,, intemal energy
Al and the work done W in Eq.11.10, we get

Co AT =C, AT +PAY .......... (11.13)
Using equation 11.6 for one mole of an ideal gas,
PYsRT O elasne (11.14)

At constant pressure P, amount of work done by one mole
of a gas due to expansion AV (Fig. 11.7 b) caused by the
rise in temperature AT is given by Eq. 11.14

PAV=RAT
Substituting for P AV'in Eq. 11.13
Cy AT=C, AT+R AT
or C.=C.+R
or IR R SRS T (11.15)

It Is obvious from Eq. 11.15 that C, > C, by an amount
equal to universal gas constant R.

A reversible process is one which can be retraced in
exactly reverse order, without producing any change in the
surroundings. In the reverse process, the working
substance passes through the same stages as in the direct
process but thermal and mechanical effects at each stage
are aexactly reversed. If heat is absorbed In the direct
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process, it will be given oul in the reverse process and if
work is done by the substance in the direct process, work
will be done on the substance in the reverse process.
Hence, the working substance s restored to its original
conditions.

Although no actual change is completely reversible but the
processes of liquefaction and evaporation of a substance,
performed slowly, are practically reversible. Similarly the
slow compression of a gas in a cylinder is reversible Do You Know?
process as the compression can be changed fo
expansion by slowly decreasing the pressure on the
piston to reverse the operation. :

H:mm nﬂ:rlrm__hh
mmuhm”m

Tha steam angine is a

All changes which occur suddenly or which involve friction
or dissipation of energy through conduction, convection or
radiation are irreversible. An example of highly irreversible
process Is an explosion,

A heal engine converts some thermal energy Io
mechanical work. Usually the heal comes from the buming
of a fuel. The eariest heat engine was the steam engine. It
was developed on the fact that when water is bolled In a
vessel covered with a lid, the steam inside tries to push the
lid off showing the abllity to do work. This observation
helped to develop a steam engine.
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Basically & heat engine (Fig. 11.8) consists of hot reservoir
or source which can supply heat at high temperature and a
cold reservoir or sink into which heat is rejected at a lower
temperature. A working substance is needed which can
absorb heal Q, from source, converts some of il into work
W by its expansion and rejects the rest heat Q; to the cold
reservoir or sink. A heat engine is made cyclic to provide
a confinuous supply of work

First law of thermodynamics tells us that heal energy can
be converted into equivalent amount of work, but it is silent
about the conditions under which this conversion takes
place. The second law is concemed with the
circumstances in which heat can be converted into work
and direction of fiow of heat.

Before initiating the discussion on formal statement of the
second law of thermodynamics, lel us analyze briefiy the
factual oparation of an engine. The engine or the system
represented by the block diagram Fig. 11.8 absorbs a
quantity of heat Q; from the heat source at temperature T,.
It does work W and expels heat Q- to low temperature
reservolr al lemperature 7. As the working substance goes
through & cyclic process, in which the substance eventually
retums o its initial state, the change in internal energy is
zaro. Hance from the first law of thermodynamics, net work
dane should be equal to the net Heat absorbed.

W= ﬂ,—ﬂ:

In practice, the petrol engine of a motor car extracts heat
from the burning fuel and converts a fraction of this energy
to mechanical energy or work and expels the rest to
atmosphera. It has been observed that petrol engines
convert roughly 25% and diesel engines 35 to 40%
available heat energy into work.

The second law of thermodynamics is a formal statement
based on these observations. It can be stated in a number of
different ways. ,
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According to Lord Kelvin's statement basad nnihﬂ working
of a heat engine

This means that a single heat reservoir, no matter how
much energy It contains, can not be made to perform any
work. This is true for oceans and our atmosphere which
contain a Ia:gaaﬂmmtafhaatunargybutuannmuu
converted into useful mechanical work. As a consequence
ufmmndhwnfﬂmwmdmmm. two bodies: at different
temperatures are essential for the conversion of heat into
work. Hence for the working of heat engine there must be
a source of heat at a high temperature and & sink al low
temperature to which heat may be expelled. The reason for
our inabllity to ulilize the heat contents of oceans and
atmosphere is that there is no reservoir al a temperature
lower than any one of the two.

Sadi Carmot in 1840 described an ideal engine using only
isothermal and adiabatic processes, He showed that a
heat engine operating in an ideal reversible cycle between
two heat reservoirs at different temperatures, would be the
most efficient engine. A Carnot cycle using an ideal gas as
the working substance is shown on PV dlagram (Fig. 11.9).
It consists of following four steps.

1. The gas is allowed to expand isothermally al
temperature T, absorbing heat Q; from the hot
. reservolr. The process |5 represented by curve AB.

2. The gas Is then allowed to expand adiabatically unti
s lemperature drops 16 T, The process s
represented by curve BC. ,

3. The gas at this stage is compressed isothermally -at

temperature T; rejecting heat Q: to the cold m:aﬂmmr
‘The process Is represented by curve CD.
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Interesting Information

4. Finally the gas is compressed adiabatically to restore
its initial state at temperature T;. The process is
represented by curve DA.

Thermal and mechanical equilibrium is maintained all the
time so that each process is perfectly reversible. As the
working substance retumns to the initial state, there is no
change in its internal energy l.e. AU =0.

" The net work done during one cycle equals to the area

enclosed by the path ABCDA of the PV diagram. It can
also be estimated from net heat Q absorbed in one cycle.

_ Q=0,-Q;
Fram 1% law of thermodynamics
Q=AU+ W
W=0,-@;
The efficiency n of the heat engine is defined as

Output (Work)
Input (Energy)

“E

thus, n= ﬂf&f“! =1 %1 .......... (11.16)

The energy ftransfer in an isothermal expansion or
compression turns oul to be proporiional to Kelvin
temperature. So Q, and Q» are proportional to Kelvin
temperatures T, and T; respectively and hence,

= ety o T

R .

The efficiency is usually taken in percentage, in that case,

percentage efficiency = E* _1];1'_] 100

T

Thus the efficiency of Camot engine depends on the
temperature of hot and cold reservoirs. It is independent of
the nature of working substance. The larger the
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temperature difference of two reservoirs, the greater is the
efficiency. But it can never be one or 100% unless cold
resarvoir is at absolute zero temperature (T; = 0 K).

. Such reservoirs are not avallable and hence the maximum
efficiency is always less than one. Nevertheless the Camot
cycle establishes an upper limit on the efficiency of all heat
engines. No practical heat engine can be perfectly
reversible and also energy dissipation is inevitable. This
fact is stated in Camotl's theorem

mmmmummm-rm
ngine operating between the same to femperatrs.

The Earpm'ﬁ thearem can be extended to state that,

Hmmmmmm
have the same

two temperatures
muhmﬁmﬂm

Inmost practical cases, the cold reservoir is rmaﬂ;.r at room
temperature. So the efficiency can only be increased by |
raising the temperature of hot reservoir. All real heat
engines are less efficient than Eamut angine due to frlr.:ﬂnn

and other heat losses.

Example 11.4: The turbine in a steam power plant takes  Arsirigerator ransfers heatfrom a
steam from a boiler at 427°C and exhausts into a low  '9#-emperaiure compariment o

temperature reservoirat 77°C. What is the maximum possible :ﬁh" "h..,“ ﬂml m'“ n"n.'
afficlency? mﬂmmhm

Solution:

Maximum efficiency for any engine operating between
temperatures T, and Ty is

neTlt
T

where Ti=42T+27T3=TOOK
and Ta=77 +273=350K
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Generally & lemperalure scale is established by two fixed
points using certain physical properties of a matenal which
varies linearly with temperature. The Camot cycle provides
us the basis to define a lemperature scale that |s
independent of materal properties, According to it, the ratio
;/Q. depends only on the temperailure of two heat
resarvoirs. The ratio of the two temperatures T,/ T, can be
found by operating a reversible Camol cycle between these
two temperaiuras and cargfully measuring the heat transfers
Q. and Q, The thewnodynamic scale of lemparature is
defined by choasing 273.16 K as the absolute temperature
of the triple point of water as one fixed point and absolute
zero, as the other, The unit of thermodynamic scale |s
kelvin. 1 K is defined as 1/273.16 of the thermodynamic
temperature of the triple point of water, It is a state in which
ica, water and vapour coaxists in equillbrium and It ocours
uniquely at one particular pressure and temperature. If heat
0 is absorbed or rejected by the system at corresponding
temperature T when the system is taken through a Camot
eycle and 0. s the heat sbsorbed or rejected by the syslem
when It s at the lemperature of iriple point of water, then
unknown temperature T In kelvin is given by

I'=273.16 ‘gj- R 11_119_;}

Since this scale 1= independent of the property of the
working substance, hence, can be applied at very low
tempearaiure.

Although different sngines may differ in their construction
Fig. 11.10(a) technology but they are basad on the principle of a Camaot

aycle. A typical four stroke petrol engine (Fig. 11,10 a) also
undergoes four successive processes in each cycle,
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1. The cycle starts on the intake stroke in which piston
moves outward and petrol air mixture is drawn through
an inlet valve into the cylinder from the carburetor at
atmospheric pressure.

Z.  On the compression stroke, the inlet valve is closed and
the mixture is compressed adiabatically by inward
movement of the piston.

3. On the power stroke, a spark fires the mixture causing a
rapid increase in pressure and temperature, The burning
mixture expands adiabatically and forces the piston to
maove outward. This is the stroke which delivers power to
crank shaft to drive the flywhesls.

4. On the exhaust stroke, the outlet valves opens. The
mndualgaﬁmammcpaﬂudandphtnnmmasimmd

The cycle then begins again. Most motorblkes have one
cylinder engine but cars usually have four cylinders on the
same crankshafl (Fig 11.10 b). The cylinders are timed to fire
turn by turn in succession for a smooth running of the car. The
aclual efficiency of properly tuned engine is usually not more
than 25% to 30% because of friction and olher heat losses.

Diesel Engine

No spark plug is needed in the diesel engine (Fig. 11.11).

Diesal is sprayed into the cylinder at maximum compression.
Because air is al very high temperature immediately after
compression, the fuel mixture ignites on contact with the air in
the cylinder and pushes the piston outward. The efficlency of
diesel engine is about 35% to 40%.

ﬂmmnmptufunhugywnsinh'ndumd into the study of
thermodynamics by Rudolph Clausius in 1856 to give a
quantitative basis for the second law. It provides ancther
mmﬁamdusmmﬂmumaufaa}ﬁamtngnahmw
pressure, volume, temperature and internal energy. If a
wﬂmurﬂmuamﬁﬁﬂammﬁgMMH
absorbs a quantity of heat AQ at absolute temperature T,
ﬁmhuinﬂm&ln&m&t&hvﬂhﬁmﬂaﬂmﬁmﬁd
the system is given by

ﬁs = I'9.‘»—1-?- srmrmrenes {'1-1'-.1-9}




Like potential energy or internal energy, it is the change in
entropy of the system which Is important.

Change in entropy is positive when heal is added and
regative when heat is removed from the system. Supposa,
an amount of heat Q flows from a reservoir at temperature
T, through a conducting rod to a reservoir al temperature
T. when T, > T. The change in entropy of the reservoir, at
temperature Ty, which loses heat, decreases by Q/T, and
of the reservoir at temperature T which gains heat,
increases by @/T,. As T, > T so Q/T; will be greater than
QT le. Q/T>Q/ Ty,
Q Q

Hence, nel change in entropy = A g s positive.

2 1
it follows that in all natural processes where heat flows
from one system to ancother, there is always a net increase

in entropy. This is another statement of 2" law of
thermodynamics. According to this law

il %‘p:,_" P T E

Il is observed that a natural process tends to proceed
towards a state of greater disorder. Thus, there is a
relation between entropy and molecular disorder. For
gxample an imeversible heat flow from a hot to a cold
substance of a system increases disorder because the
molecules are Initially sorted out in hotter and cooler
regions. This order is lost when the system comes 10
thermal equilibrium. Addition of heat to a system increases
its disorder because of increase in average molecular
speeds and therefore, the randomness of molecular
motion. Similarly, free expansion of gas Increases its
disorder because the molecules have greater randomness
of position after expansion than before. Thus in both
examples, entropy is said to be increased.

We can conclude that only those processes are probable
for which entropy of the system increases or remains
constant, The process for which entropy remains constant
is a reversible process; whereas for all irreversible

processes, entropy of the system increases.
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The second law of thermodynamics provides us the key for
both understanding our environmental crisis, and for
understanding how we must deal with this crisis.

From a human standpoint the environmental crisis results
from our attempts to order nature for our comforls
and greed. From a physical standpoint, however, the
environmental crisis is an entropy or disorder crisis
resulting from our futile efforts to ignore the second law of
thermodynamics. According to which, any increase in the
order in a system will produce an even greater increase in
entropy or disorder in the ‘environment. An individual
impact may not have a major consequence but an impact
of large number of all individuals disorder producing
activities can affect the overall life support system,

The energy processes we use are not very efficient. As a
result most of the energy is lost as heat to the environment.
Although we can improve the eficiency but 2™ law eventually
imposes an upper limit on efficiency improvement, Thermal
pollution is an inevitable consequence of 2™ law of
thermodynamics and the heat is the ultimate death of any
form of energy. The increase in thermal pofiution of the
environment means increase in the entropy and that causes
great concem. Even small temperature changes in the
environment can have significant effects on metabolic rates in
plants and animals. This can cause serious disruption of the
overall ecological balance.

In addition to thermal pollution, the most energy
transformation processes such as heat engines used for
transportation and for power generation cause air pollution.
In effect, all forms of energy production have some
undesirable effects and in some cases all problems can
not be anticipated in advance.

The imperative from thermodynamics is that whenever you
do anything, be sure to take into account its present and
possible future impact on your environment, This is an
ecological imperative that we must consider now if we are
to prevent a drastic degradation of life on our beautiful but
fragile Earth.
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11.3 A system undergoes from state PV, to state P:V; as shown in Fig 11.12. What
will be the change in internal energy?

11.4 Variation of volume by pressure is given in Fig 11.13. A gas is taken along the
paths ABCDA, ABCA and A to A, What will be the change in internal energy?

D ) = <
e V—3 V—p
Fig H.134n) Fig.11.13(b] Fig. 11.13(c)

11.5 Specific heat of a gas at constant pressure is greater than specific heat al constant
volume. Why?

11.6 Give an example of a process in which no heat is fransferred to or from the system
but the temperature of the system changes.

11.7 Is it possible to convert internal energy into mechanical energy? Explain with an
example.

11.8 Isit possible to construct a heat engine that will not expel heat into the atmosphere?

119 A thermos flask containing milk as & system is shaken rapidly. Does the
temperature of milk rise?

11.10What happens to the temperatureof the room, when an airconditioner 'mlaﬁrumingnﬁ
a table in the middle of the room?
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11.4 A thermodynamic system undergoes a process in which its intenal energy
decreases by 300 J. If at the same time 120 J of work is done on the system, find
the heat lost by the systam.

(Ans: - 420 J)

11.5 A camot engine utilises an ideal gas. The source temperature is 227°C and the sink
temperature is 127°C. Find the efficiency of the engine. Also find the heat input from
the source and heat rejected to the sink when 10000 J of work Is done.

(Ans: 20%, 5.00 x 10°J, 4.00 x 10'J)

11.6 A reversible engine works between two temperatures whose difference is 100°C. If
it absorbs 746 J of heat from the source and rejects 546 J to the sink, calculate the
temperature of the source and the sink.

{Ans: 100°C, 0°C)

11.7 A mechanical engineer develops an engine, working between 327°C and 27°C and
claims to have an efficiency of 52%. Does he claim correctly? Explain.

{Ans: No)

11.8 A heat engine performs 100 J of work and at the same time rejects 400 J of heat
energy to the cold reservoirs. What is the efficiency of the engine?

(Ans: 20%)

11.9 A Carnot engine whose low temperature reservoir is at 7°C has an efficiency of
50%, It is desired to increase the efficiency to 70%. By how many degrees the
temperature of the source be increased?

(Ans: 373°C)

11.10 A steam engine has a boiler that operates at 450 K. The heat changes water lo
steam, which drives the piston. The exhaust temperature of the oulside air is about
300 K. What is maximum efficiency of this steam engine?

(Ans: 33%)

11.11 336 J of energy is required to melt 1 g of ice at 0°C. What is the change in
entropy of 30 g of water at 0°C as it is changed-to jce at 0°C by a refrigerator?

(Ans: -36.8JK")
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between two fines marked en the bar of an alioy of platinum (80%) and indium (10%) kept under
controfied conditions at the Intermational Buresu of Weights and Measures in France. The 11"
General Conference on Weights and Measures (1960) redefined the standard metre as follows:
One matre is a length equal to 1,650,763.73 wave lengths in vacuum of the orange red radiation
amitted by the Krypton B6-atom. Howaever, in 1883 the metre was redefined 1o be the distance
traveled by light In vacuum during a time of 1/298,782 458 second. In effect, this |atest definition
establishes thal the speed of ight in vatuum is 299,792 458 ms™'.

Kilogram: The unit of mass is known as kilogram, It is defined as the mass of a platinum (0%)
and iridium (10%:) alloy cylinder, 3.9 cm in diameter and 3.9 cm in height, kept 81 the Intemational
Bureau of Weights and Measures in France, This mass standard was eslablishedin 1201

Second: The unit of time is termed as second, It Is defined as 1/86400 part of an average day of the
year 1900 A D. The recent time standard is based on the spinning motion of electronsin atoms. This is
since 1967 when the Intemational Committee on Weights and Measures adopted a new definition of
second, making one second equal to the duration in which the outer most electron of the cesium-133
atom makes 9,192,631770 vibrations:

Kelvin: femperature s regarded as a thermodynamic quantity, because its equality
determines the thermal equilibrium between two systems. The unil of temperature is kelvin. It is
the fraction 1/273.16 of the thermodynamic temperatura of the triple point of water. It should be
nated that the triple point of a substance means the temperature at which solid, liquid and vapour
phases are in equilibrium. The tripie point of water is taken as 27316 K. This standard was
adopted in 1867. '

Ampere: The unit of electric current is ampere. It Is thal constant current which if maintained in
two straight paraliel conductors of infinile length, of negligible circular cross-section and placed a
matre apart in vacuum, would produce batween thase conductors & force equal in 2 x 107 newton per
metre of length. This unit was establishedin 1971,

Candela: The unit of luminous intensity is candela. It is defined as the luminous intensity in the
perpendicular direction of a surface of 1/B00000 square metre of a black body radiator at the
solidification temperature of platinum under standard atmospheric pressure. This definition was
atiopted by the 13" General Conferance of Waights and measuresin 1967

Mole: The moie is the amount of substance of a system which contains as many elementary
entities as there are atoms in 0.012 kg-of carbon 12 {adoptad in 1971). When this unit L.e. mole &
used, the elementary entities must be specified; these may be atoms, molecules, ions, electrons,
other particles or specified groups of such particles. One moke of any substance contains
6.0225 x 10* entities.
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Appendix 2
Possible Error in A Compound Quantity -

m . ERROR IN THE COMPOUND QUANTITY z=x+y

If the errors in the quantities x and y are Ax and Ay raspecﬂvah-,r, the possible sum is then;
XxtAx+ yt Ay

The maximum possible error s when we have
X+Ax+y+ Ay

ar X-Ax+y- Ay

Hence, the quantity can be expressed as  x+ y (Ax + Ay)

.., the errars are added. i

Ty ."=_-"“-..1|' P e e

Henca, :,-mﬁrmx*ﬂfmhf 32 :;- 'i::;w'-, 2 1}

(i)  ERRORIN THE COMPOUND QUANTITY z=3xy

If the errors in the quantities x and y are Ax and Ay respectively, the compound
quantity could be as large as (x + Ax) (y + Ay) or as small as (x - Ax} (y - Ay). The product is
thus betwaen about xy + x Ay + y Ax +Ax Ay and xy - x Ay - yAx +Ax Ay If we neglect Ax Ay,
as being small, then the ermor is between

XAy+yAx and -{x Ay+yAaAx)
or £ (x Ay + ¥ Ax)
The possible fractional error is thus '
o SIXENRFAY f:llr’ .ﬁx]

N +--|-|-|-
xy U"' X
which is the sum of possible fractional errors. Since the fractional error is generally
written as percentage error, hence the possible percentage error is the sum of the
percentage ermors for the product of the two physical quanHlJas

ie., %ME#%MEMHT;H- R, ‘_ .. Eﬁm

[
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Fig. A 11
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A. LINEAR EQUATION
A linear equation has the general form

y=ax+b (A3.1)
Where a and b are conslants. This equation is referred o
as being linear because Whe graph of y versus x is a
straight line, as shown in Fig. A3.1. The constant b, called
the intercept, represents the value of y at which the straight
line intersects the Y-axis. The constant a is equal to the
slope of the straight line and is also equal to the tangent of
the angle that the line makes with the X-axis. If any two
points on the straight line are specified by the coordinates
(%1, 1) @and (xo, ¥2), @s in Fig. A 3.1, then the slope of the
straight line can be expressed

s T S |
Slope a=-2 1= -0 (A3.2)
o e

Note that & and b can be either positive or negative,

B. QUADRATIC EQUATION
The general form of a quadratic equation is

ac+bx+e=0 - (A3.3)

where x is unknown quantity and a, b and ¢ are numerical
factors referred to as coefficients of the equation. This
equation has two roots, given by

2 R o

3 (A 3@1}
If b* > d4ac, the roots will be real,
C. THE BINOMIAL THEOREM

ax2 %1
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{vl) Sphare
Surface area = 44r

According to our definitions, the trigonometric functions are
limited to angles in the range [0, 90°]. We extend the
meaning of these functions to negative or larger angles by
a circle of unit radius, the unit circle (Fig.A 3.2). Theangle is
always measured with respect to the positive x axis
counter clockwise positive and clockwise negative. The
hypotenuse of the right angled triangle OAB is the radius
of the unit circle. Its length is equal to 1, and It is always
positive. Theﬂerhmaﬁdmumasaim&dnaim
according to the usual conventions i.e., positive to the right
of the x-axis, and so on, With these conventions the
irigonometric functions in each of the four quadrants have
the signs listed in Table A 3.3.

If @ exceeds 360°, the whole pattern of signs and values
repeats itself on the next pass around the circle. Thus,
sine, cosine, and tangent are periodic functions of an
angle with period 360°.
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Adiabatic process

Angular acceleration
Angular displacement

Angular momentum

Angular velocity
Antinode
Artificial gravity

Average acceleration

Average velocity

Base quantities
Blue shift

Bulk modulus
Centre of mass

Centripetal force
Cladding

Compression
Conservative field
Constructive
interference

Core

Crest
Critical angle
CRO

GLOSSARY

A completely Isolated process in which no heat transfer
can take place.

The rate of change of angular velocity with time.

Angle subtended at the centre of a circle by a particle
moving along the circumference in a given time.

The cross product of position vector and linear momentum.
Angular displacement per second.
The point of maximum displacement on a stationary wave.

The gravity like effect produced in orbiting space ship o
overcome weightlessness.

Ratio of the change in velocity, that occurs within a time
interval, to that time interval.

Average rate at which displacement vector changes with

Certain physical quantities such as length, mass and time,

The shift of received wavelength from a star into the
shorier region.

Ratio of volumetric stress to volumetric strain.

The point at which all the mass of the body is
assumed to be concentrated,

The force needed to move a body around a circular path.

A layer of lower refractive index (less density) over the
caniral core of high refractive index (high density).

The region of maximum density of a wave.
The field in which work done along a closed path is zero,
When two waves meet each other in the same phase.

The central part of optical fibre which has rélatively high
refractive index (high density).

The portion of a wave above the mean level,
The angle of incidence for which the angle of refraction ks 90°.
A device used to display input signal into waveform.
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Damping

Densar medium
Derived guantities

Destructive
imterference

Diffraction
Dimension

Displacement

Doppler shift

Drag force

Elastic collision

Energy
Entropy

Escape velocity

Forced oscillations
Free oscillations

Freely falling body
Fundamental mode

Geo-stationary
satellite

Harmonics

Heat engine

Ideal fluid
Impulse
Inelastic collision

A process whereby energy is dissipated from the
oscillatory system.

The medium which has greater density.

The physical quantities defined in terms of base quantities.
When two waves overlap each other in opposite phases.

Bending of light around obstacles.

One of the basic measurable physical property such as
length, mass and time.

The change in the position of a body from its initial position
to its final position.

The apparent change in the frequency due to relative
mofion of source and observer,

A retarding force experienced by an object mm!in;.:
through a fluid.

The interaction in which both momeantum and kinetic
energy conserve.

Capacity to do work.

Measure of increase in disorder of a thermodynamic
system or degradation of energy.

The initial velocity of a body to escape from Earth's
gravitational field,

The oscillations of a body subjected to an external force.

Oscillations of a body at its own frequency without the
interference of an external force,

A body moving under the action of gravity only.
Statlonary wave setup with minimum frequency.

The satellite whosa orbital motion is synchronized with the
rotation of the Earth.

Stationary waves setup with integral multiples of the
fundamental frequency.

A device that converts a part of input heat energy into
mechanical wark.

An incompressible fluid having no viscosity.

The product of force and time for which it acts on a body,
The interaction in which kinetic energy does not conserve.
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Instantaneous
acceleration

Instantaneous velocity
Internal energy

Isothermal process
Kinetic energy
Laminar flow

Least distance of
distinct vision

Line spectrum
Longitudinal wave

Magnification

Modulus of elasticity

Molar specific heat at
constant pressure

Molar specific heat at
constant volume

Hnmant Arm

Moment of inertia
Momentum

Multi-mode graded
index fibre

MNode
Mull vector
Orbital velocity

Oscillatory motion
Periodic motion
Phase

Acceleration al a particular instant of time.

Velocity at a particular instant of time.

The sum of all forms of molecular energies in a
thermodynamic system.

A process in which Boyle's law is applicable.

Energy possessed by a body due to its motion,

Smaoth sliding of layers of fluid past each other.

The minimum distance from the aye at which an object can |

“be seen distinctly.

Set of discrete wavelengths.

The wave in which the parficles of the medium vibrate
paraliel to the propagation of the wave.

The ratio of the angle subtended by the image as seen
through the optical device to that subtended by the object at
the unaided eys.

Ratio of stress and the strain.

Amount of heat needed to change the emperature of one
mole of a gas through 1K keeping pressure constant.

Amount of heat needed to change the tempearature of one
mole of a gas through 1K keeping volume constant.

Perpendicular distance between the axis of rotation and
lina of action of the forca.

The rotalional analogue of mass In linear motion.
The product of mass and velocity of an object.

An optical fibre in which the central core has high refractive
index which gradually decreases towards its periphery.

The point of zero displacement,
A vactor of magnitude zero without any specific direction.

The tangential velocity to put a satellite in orbit around the
Earth.

To and fro motion of a body about its mean position.
The mation which repaats itself after aqual intervals of time.

A quantity which indicates the state and direction of motion
of a vibrating particle.
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Pitch

Plane wavefront
Polarization
Position vector
Potential energy
Power
Progressive wave
Projectile

Radar speed trap

Random error
Range of a projectile

Rarefaction
Rarer medium

Rays
Red shift

Resolving power
Resonance
Restoring force

Resultant vector

Root mean square
velocity

Rotational equilibrium
Scalar quantity

Scalar product
Significant figures

The characteristics of sound by which a shrill sound can be
distinguished from the grave sound.

A disturbance lying in a plane surface.

The orientation of vibration along a particular direction.

A vector that describes the location of a point.

Energy possessed by a body due to its position.

The rate of doing work.

The wave which transfers energy away from the source.

An object moving under the action of grauityr and moving
horizontally at the same time.

An instrument used to detect the speed of moving object
on the basis of Doppler shift.

Error due to fluctuations in the measured quanfity.

The horizontal distance from the point where the projectile
i launched to the point it returns to its launching height.

The region of minimum density.
The medium which has relatively less density.
Radial lines leaving the point source in all directions.

The shift in the wavelength of light from a star towards
longer wavelength region.

The ability of an instrument to reveal the minor details of
the object under examination.

A specific response of vibrating system to a periodic force
acting with the nalural period of the systemn.

The force that brings the body back to its equilibrium
position,
The sum vector of two or more vectors.

Square root of the average of the square of
molecular velocities.

A body having zero angular acceleration.
A physical quantity that has magnitude only.
The product of two vectors that results into a scalar quantity.

The measured or calculated digits for a quantity which are
reasonably reliable,
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Simple harmonic
muotion

Slinky spring

Space time curvature
Spherical wavefront

Stationary wave

System Intnmatlnnal

(S1)
Systematic error

Terminal velocity

Torque

Total internal
reflection

Trajectory
Translational

equilibrium

Transverse wave

Trough
Turbulent flow
Unit vector
Vector quantity
Vector product

A motion in  which acceleration Is directly
proportional to displacement from mean position
and Is always directed towards the mean position.

A loose spring which has small initial length but a relatively
large extended length.

Einstein's view of gravitation.

When the disturbance is propegated in all directions from a
point source. -
The resultant wave arising due to the interference of two

=identical but eppositely direcled waves.

The intemationally agreed
almost wdrld over.

Error due to ncomrect -design ﬂl’ calibration of the
measuring device,

Maximum constant velocity of an nu'::im:t falling vertically
downward.

The tuming effect of a force.
When the angle of incidence Increases by the critical

system of uniis used

angle, then the incident light is reflected back in the same

material,
The path through spaca followed by a projectile.
A body having zero linear atceleration.

The wave in which the particles of the medium vibrate
perpendicular 1o the propagation of wave.

The lower portion of a wave below the mean leval.
Disorderly and changing flow pattern of fluids.

A vector of magnitude one used to denote direction.

A physical quantity that has both magnitude and direction,
The product of two vectors that results into another vector.

A surface passing through all the points undergoing a
similar disturbance (i.e., having the same phase) at a
given instant.

The distance between two consecufive wavefronis,

The product of magnitude of farce and that of
displacement in the direction of force.
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