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UNIT - 06 GRAVITATION
TWO MARKS AND THREE MARKS:

O1. State Kepler’s three laws.

1. Law of orbits: Each planet moves around the Sun in an elliptical orbit with
the Sun at one of the foci.

2. Law of area:
The radial vector (line joining the Sun to a planet) sweeps equal areas in
equal intervals of time

3. Law of period:
The square of the time period of revolution of a planet around the Sun in its
Elliptical orbit is directly proportional to the cube of the semi-major axis of
The ellipse.

02. State Newton’s Universal law of gravitation.

Newton’s law of gravitation states that a particle Qﬁm‘lass M, attracts any
other particle of mass M, in the universe with an attractive force. The strength
of this force of attraction was found to be dir proportional to the product
of their masses and is inversely proportlonadfl@ he square of the distance
between them. =

03. Will the angular momentum of a p@e conserved? Justify your answer.
Yes, Because T = F x F ; rxg mr =0

Sincet =rt, (PxF) = O =—=0

It implies that angular entum is a constant vector. The angular momentum
of the Earth about tP%) un is constant throughout the motion.

04. Define the gravitational field. Give its unit.
The gravitational force experienced by unit mass placed at that point.

. F21 . 5 Gm
Unit E; = ™ in equation we get, E = — r21

T . its unit is N kg (or) m s2 .
05. What is meant by superposition of gravitational field?
Consider ‘n’ particles of masses, m; , m, ...m, distributed in space at
positions Ty, T, T3 ....etc, with respect to point P. The total gravitational field at
a point P due to all the masses is given by the vector sum of the gravitational

field due to the individual masses. This principle is known as superposition of
gravntatlonal fields.

—
Eeotal = E; + By + .....E,

tmy > am; - Gmy > n Gm;

= - N ——"1 —.. —5 1, = —2i=1——T1

r12 1 7‘22 2 rrzl n- i=1 riz i
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06. Define gravitational potential energy.
Gravitational potential energy associated with this conservative force
field. The gravitational potential energy is defined as the work done to bring
the mass m, from infinity to a distance ‘r’ in the gravitational field of mass m;.
[ts unit is joule.

07. Is potential energy the property of a single object? Justify.

Potential energy is a property of a system rational than of a single object
due to its physical position. Because gravitational potential energy depends on
relative position. So, a reference level at which to set the potential energy equal
to zero.

08. Define gravitational potential.
The gravitational potential at a distance r due to a mass is defined as the

amount of work required to bring unit mass from infinity to the distance r.

09. What is the difference between gravitational potq@jg;oand gravitational
potential energy? A\g‘\\"

Gravitational potential: & X

The amount of work done in bringi’qg\abody of unit mass from infinity to
that point without acceleration. V =-A—\\§§?“

N

Gravitational potential Energy: Q\?*

The energy stored in the y at that point. If the position of the body

changes due to force acting-on it, then change in its potential energy is equal to

the amount of work d@on the body by the forces acting on it. U = — gMm

R
S
10. What is meant by escape speed in the case of the Earth?
The minimum speed required by an object to escape from Earth’s gravitational
field.
ie. Ve = \/2gRg ; Ve = 11.2 kms!
11. Why is the energy of a satellite (or any other planet) negative?

The negative sign in the total energy implies that the satellite is bound to
the Earth and it cannot escape from the Earth.

As h approaches, oo the total energy tends to zero. lts physical meaning is
that the satellite is completely free from the influence of Earth’s gravity and is not
bound to Earth at large distances.
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12. What are geostationary and polar satellites?

Geostationary satellites:

The satellites revolving the Earth at the height of 36000 km above the
equator, are appear to be stationary when seen from Earth is called
geo-stationary satellites.

Polar satellites:

The satellites which revolve from north to south of the Earth at the height
of 500 to 800 km from the Earth surface are called Polar satellites.

13. Define weight

The weight of an object is defined as the downward force whose
magnitude W is equal to that of upward force that must be applied to the
object to hold it at rest or at constant velocity relative to the earth. The
magnitude of weight of an object is denoted as, W=N=mg.

14. Why is there no lunar eclipse and solar eclipse every 1 nth?

Moon’s orbit is tilted 5° with respecQﬁ}Earth’s orbit, only during
certain periods of the year; the Sun, Earth and n align in straight line leading
to either lunar eclipse or solar eclipse dependﬁ(g on the alignment.

15. How will you prove that Earth itself wgzmnmg?

The Earth’s spinning moti Q-can be proved by observing star’s position
over a night. Due to Earth’s spi % motion, the stars in sky appear to move in
circular motion about the polestar.

)

16. What is meant by state ightlessness?
When down acceleration of the object is equal to the acceleration

due to the gravity of the Earth, the object appears to be weightless

17. Why do we have seasons on Earth?
The seasons in the Earth arise due to the rotation of Earth around the
Sun with 23.5° tilt. Due to this 23.5° tilt, when the northern part of Earth is
farther to the Sun, the southern part is nearer to the Sun. So when it is summer
in the northern hemisphere, the southern hemisphere experience winter.

18. Water falls from the top of a hill to the ground. Why?
This is because the top of the hill is a point of higher gravitational

potential than the surface of the Earth. i.e. Vhill > Vground.

19. What is the effect of rotation of the earth on the acceleration due to gravity?
The acceleration due to gravity decreases due to rotation of the earth.
This effect is zero at poles and maximum at the equator.

http://www.trbtnpsc.com/2018/06/latest-plus-one-1ith-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnpsc.com

X1 STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS ,
SRMHSS, KAVERIYAMPOONDI, THIRUVANNAMALALI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

20. A satellite does not need any fuel to aide around the earth. Why?
The gravitational force between satellite and earth provides the
centripetal force required by the satellite to move in a circular orbit.

21. Why does a tide arise in the ocean?
Tides arise in the ocean due to the force of attraction between the moon
and sea water.

22. Water falls from the top of a hill to the ground. Why?
This is because the top of the hill is a point of higher gravitational
potential than the surface of the Earth. i.e. Vyy > Vgouna.

23. When a man is standing in the elevator, what are forces acting on him.
1. Gravitational force which acts downward. If we take the vertical direction

as positive y direction, the gravitational force acting on the man is ﬁG = —mgj
2. The normal force exerted by floor on the manQX;blch acts vertically

[ON
upward, N = Nj \g\'.)
24. Find the distance between Venus and Sun. (‘$<
1) The distance between Venus and S}m;\The distance between Earth and Sun
is taken as one Astronomical umt\\'{AU)

2) The trigonometric relation sa \d by this right angled triangle is Sin 8 = E

3) Where R = 1 AU. r = R Sin® = (1 AU) (Sin 469). Here sin.46° = 0.77.
Hence Venus is at a dls&m of 0.77 AU from Sun.

25. Find the expression o rbltal speed of satellite revolving around the earth.
Satellite of s M to move in a circular orbit, centripetal force must be
acting on the satellite. This centripetal force is provided by the Earth’s
gravitational force.
MVZ — GMMg
(Rg+h) — (Rg+h)?
GME
(Rg+h)
GME
(Rg+h)
As h increases, the speed of the satellite decreases.

2 =

b

V =

26. What are the points to be noted to study about gravitational field?
Casel: lf r <1/
Since gravitational force is attractive, m, is attracted by m;.Then m, can
move from r’to r without any external work. Here work is done by the system

spending its internal energy and hence the work done is said to be negative.
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Case 2: If r > 1/
Work has to be done against gravity to move the object from r’to r.
Therefore work is done on the body by external force and hence work done is
positive.

27. What is meant by retrograde motion of planet?
1) The planets move eastwards and reverse their motion for a while

and return to eastward motion again. This is called “retrograde motion” of
planets.

2) To explain this retrograde motion, Ptolemy introduced the concept
of “epicycle” in his geocentric model. According to this theory, while the planet
orbited the Earth, it also underwent another circular motion termed as
“epicycle”. A combination of epicycle and circular motion around the Earth
gave rise to retrograde motion of the planets with respect to Earth.

CONCEPTUAL QUESTIO

O1. In the following, what are the quantities which th?é\ﬁgré conserved?
a) Linear momentum of planet b) Angular momentum of planet
c) Total energy of planet d) Eé;(e tial energy of a planet
Ans. (b & d) Angular momentum of B@I&J Potential energy of a Planet.
02. The work done by Sun on Earth ir@'re year will be
a) Zero b) Non zero QQ?C) positive d) negative Ans. : Zero

L
03. The work done by Sun w;th at any finite interval of time is
a) positive, negative ero b) Strictly positive
¢) Strictly negative d) It is always zero
Ans. d) it is always zero

04. If a comet suddenly hits the Moon and imparts energy which is more than the
total energy of the Moon, what will happen?
If a comet hits the moon with large mass and with large velocity may
destroy the moon completely or its impact makes the moon, go out of the orbit.

05. If the Earth’s pull on the Moon suddenly disappears, what will happen to the
Moon?
If the gravitational force suddenly disappears, moon will stop revolving
around the earth and it will move in a direction tangential to its original orbit
with a speed with which it was revolving around the earth.
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06. If the Earth has no tilt, what happens to the seasons of the Earth?
If the Earth has no tilt, there will be no season as like now and the duration
of day and night will be equal throughout the year.

07. A student was asked a question ‘why are there summer and winter for us? He
replied as ‘since Earth is orbiting in an elliptical orbit, when the Earth is very far
away from the Sun(aphelion) there will be winter, when the Earth is nearer to the
Sun(perihelion) there will be winter’. Is this answer correct? If not, what is the
correct explanation for the occurrence of summer and winter?

No, The seasons in the Earth arise due to the rotation of Earth around the Sun
with 23.5° tilt. Due to this 23.5° tilt, when the northern part of Earth is farther to
the Sun, the southern part is nearer to the Sun. So when it is summer in the
northern hemisphere, the southern hemisphere experience winter.

08. The following photographs are taken from the recent lunar eclipse which
occurred on January 31, 2018. Is it possible to prove that Earth is a sphere from

these photographs?

No. the moon goes around the earth in’am{‘@\mptical orbit. This means its
distance from us varies periodically as it gQ’%‘xé’round us.
'\\~

/‘\\}i‘/
FIV. RKS:
O1. Discuss the important features of the law of gravitation.
Important features of gravita | force:

1) As the distance betw w,'two masses increases, [F|
the strength of t orce tends to decrease

because of inverse ndence on r2. Physically it

implies that Ex. The planet Uranus experiences less G (m,m,)

gravitational force from the Sun than the Earth since [F| = ——%
r

Uranus is at larger distance from the Sun compared
to the Earth.
2) The gravitational forces between two particles
always constitute an action-
reaction pair. It implies that the gravitational force exerted by the Sun on the
Earth is always towards the Sun. The reaction-force is exerted by the Earth on
the Sun. The direction of this reaction force is towards Earth.

3) The torque experienced by the Earth due to the gravitational force of the
Sun is given by

?=Fxf;?x(mr+mf) =0

Sincet = rf, (ixf) = 050,%=%= 0

It implies that angular momentum is a constant vector. The angular momentum

nf the Farth ahninit the Cin ic ranctant thranochnint the mntinn
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4) Earth orbits around the Sun due to Sun’s gravitational force, we assumed
Earth and Sun to be point masses. This assumption is a good approximation
because the distance between the two bodies is very much larger than their
diameters.

5) To calculate force of attraction between a hollow sphere of mass M with
uniform density and point mass m kept outside the hollow sphere, we can
replace the hollow sphere of mass M as equivalent to a point mass M located at
the center of the hollow sphere.

6) If we place another object of mass ‘m’ inside this hollow sphere, the force
experienced by this mass ‘m’ will be zero.

02. Explain how Newton arrived at his law of gravitation from Kepler’s third law.

Newton’s inverse square Law:

Newton considered the orbits of the planets
as circular. For circular orbit of radius r, the
centripetal acceleration towards the center is

&

2
v
@ = — e 1

|
M

- :
Here v is the velocity and r, the distal@z‘of

the planet from the center of the orbit. Thﬁ(

velocity in terms of known quantltnes erde is

2
v S
Here T is the time perio @Tevolutlon of
the planet. Substituting this of v in equation (1) we get,
2Ttr
4m2r

a= = —
T2
Substituting t@alue of ‘@’ from (3) in Newton’s second law, F = ma,
where ‘m’ is the mass of the planet.
4Ttmr

F= 4
T2
From Kepler’s third law,
3
Tz = k (Constant) ----------- 5
r k
E = r_2 ------------------ 6
By substituting equation 6 in the force expression, we can arrive at the law of
. 4m?mk
gravitation. F=— 7
r

Here negative sign implies that the force is attractive and it acts towards
the center. In equation (7), mass of the planet ‘m’ comes explicitly. But
Newton strongly felt that according to his third law, if Earth is attracted by
the Sun, then the Sun must also be attracted by the Earth with the same
magnitude of force. So he felt that the Sun’s mass (M) should also occur
explicitly in the expression for force. From this insight, he equated the
conctant 412k to GGM which tirned ot to be the law of eravitation.
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GM
F=-"00
r
Again the negative sign in the above equation implies that the
gravitational force is attractive.

03. Explain how Newton verified his law of gravitation.

1) Newton verified his law of universal gravitation by comparing the
acceleration of a terrestrial object to the acceleration of the moon.

2) He knew that the distance from the center of earth to the center of
two spheres of known mass at either end of a light rod suspended by a then
fiber from the center of the rod.

3) He had earlier found the small force that was needed to twist the
fiber.

4) By bringing a third sphere close to one of the suspended spheres.

5) He was able to measure the force of gravity between the spheres and
hence gravitation.

04. Derive the expression for gravitational potential eg@

1) Two masses m; and m, are initially se fed by a distance r’.
Assuming my to be fixed in its position, wo;\l((ﬁ(ust be done on m; to move the

distance from r’to r as shown in Figure \a:) = i m,
“\\ - k3 i
‘ 11
1‘\\ [

N

W\ R
Q(}\?% (a) v

2) To move the mashmghrough an infinitesimal displacement d7 from r

to 7 + d7 (shown in wre (b), work has to be done externally.

This infinitesim k is given by 0 0
e T 1 o— &
3) The work is done against the m p dr
gravitational force, therefore, : .
Gm;m | A
Fo| = [Fo| =<2 5 :
Substituting equation (2) in (1), we get ( rtdr
dw = TEEEF dF  df = drf
Gmim;, . > A A . .
— 1 .dr ; 7.7 =1 (Since both are unit vectors)
r

4) Thus the total work done for displacing the particle from
rtorisW = [[dw = [, g

T"
Gmim
W = — (;2) rr

1'2
W = -

Gm1m2 + Gmlmz
!

r r
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W =U(r)-U(r)
Where U (r) = Smymy

5) This work done W gives the gravitational potential energy difference
of the system of masses m; and m, when the separation between them are r

and r' respectively.

05. Prove that at points near the surface of the Earth, the gravitational potential
energy of the object is U = mgh.

1) Consider the Earth and mass system, with r, the distance between the
mass m and the Earth’s centre. Then the gravitational potential energy,

U= 1
2) Here r = Re+h, where Re is the radius of the Earth. h is the height
above the Earth's surface, U = — G —¢> ~2
(Ret+h)
If h << Re, equation (2) can be modified as

em Mem
U=—Gm, U=-G— \R%) ..........

3) By using Binomial expansion and nq@éctlng the higher order terms, we
getU=-G Mgm (1 —ﬁ) ............ 4 x\
e Re (

We know that, for a mass m on th \\E‘aﬁh s surface,
Mem

= mgR, --------- @‘ 5

e
Substituting equation (5) in @’we get, U = —mgR.+ mgh
It is clear that the first te@%un the above expression is independent of the

height h. For exampl% e object is taken from h and it can be omitted.
U = mgh

06. Explain in detail the idea of weightlessness using lift as an example.

i) When the lift falls (when the lift wire cuts) with downward acceleration
a = g, the person inside the elevator is in the state of weightlessness or free
fall.

ii) As they fall freely, they are not in contact with any surface (by neglecting
air friction). The normal force acting on the object is zero. The downward
acceleration is equal to the acceleration due to the gravity of the Earth.

i.e (@ = g). From equation N =m (g —a) we get,
a=g~N=m(g-g) = 0. This is called the state of weightlessness.
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07. Derive an expression for escape speed.
1) Consider an object of mass M on the surface of the Earth. When it is
thrown up with an initial speed v;, the initial total energy of the object is

E = 15 My — SME 1
E
Where Mg, is the mass of the Earth and Rg- the radius of the Earth.

Mg

The term — o s the potential energy of the mass M.

E
2) When the object reaches a height far away from Earth and hence
treated as approaching infinity, the gravitational potential energy becomes zero
[ U (c0) = 0] and the kinetic energy becomes zero as well. Therefore the final
total energy of the object becomes zero. This is for minimum energy and for
minimum speed to escape. Otherwise Kinetic energy can be non-zero.

Er = O, According to the law of energy conservation, E; = Eg -------- 2
Substituting (1) in (2) we get,
1 Mviz— GMME -0
Rg
Vo MV2 = “oE 3 O
RE N

3) The escape speed, the minimum spes v%quired by an object to
escape Earth’s gravitational field, hence rte< e, V; with V.. i.e,

., GMM o O
15 MV,2 = ——= &
Re AN
\y,_ GMMg 2 L, 2GME
Ve2 = = R 4
REg M Rg

Ve = 2gRE%.Ve N TV R 6

From equation (6) the§b e speed depends on two factors: acceleration due
to gravity and radiuz& e Earth. It is completely independent of the mass of
the object.

08. Explain the variation of g with latitude.
Variation of g with latitude:

Whenever we analyze the motion of objects
in rotating frames, we must take into account the
centrifugal force. Even though we treat the Earth as
an inertial frame, it is not exactly correct because the
Earth spins about its own axis. SO when an object is
on the surface of the Earth, it experiences a
centrifugal force that depends on the latitude of the
object on Earth. If the Earth were not spinning, the
force on the object would have been mg. However,
the object experiences an additional centrifugal force
due to spinning of the Earth.
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This centrifugal force is given by mw?R’
R'=RcosA --—--mmmm- 1
Where A is the latitude. The component of centrifugal acceleration
experienced by the object in the direction opposite to g is a. = w?R’ cos A
= w?R cos2 1 sinceR’ = Rcos A Therefore,

B R 5 < et Iy Rp— 2
From the expression (2), we can infer that at equator, A =0;

'’ = g — w?R. The acceleration due to gravity is minimum. At poles A = 90;

" = g, it is maximum. At the equator, g’ is minimum.

09. Explain the variation of g with altitude.

Variation of g with altitude:
Consider an object of mass m at a height h from the surface of the

Earth. Acceleration experienced by the object due to%arth is g’ (RG_&)Z
e
, GM . o _GM h \%‘ ",
¢ = iy ¥ e (T
e e/

If h << R, We can use Binomial ex;kgitgron
Taking the terms upto first order

g = 1—2—%%

5(1- 2\@
We find that g’ < g.-This means that as altitude h increases the acceleration
due to gravity g decreases.

10. Explain the variation of g with depth from the Earth’s surface.

Variation of g with depth:
Consider a particle of mass m which is in a
deep mine on the earth. Ex. Coal mines —
Neyveli). Assume the depth of the mine as d.
To Calculate g at a depth d, consider the following
points. The part of the Earth which is above the
radius (R. — d) do not contribute to the acceleration.

The result is proved earlier and is given as g’ =
GM'
(Re—d)?
—d). Assuming the density of earth p to be constant,
f— M, . M, M [ - !

p=— ; —=— and M V

xrl Y o~/ X7

Here M is the mass of the Earth of radius (R.
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3 R3> (R, — d)?)
M= ’”’3 - dy
r—p M .
g =G R_g ( d)3 (R d)Z ’
Re(1-7)
g' = GM P
(1‘1) d
g'=CM —%thusg' =¢ (1—R—). Here also g'<g .

As depth i lncreases g’ decreases.

11. Derive the time period of satellite orbiting the Earth.

Time period of the satellite:
The distance covered by the satellite during one rotation in its orbit is

equal to 2 (Rg +h) and time taken for it is the tm@@ iod, T. Then
Distance travelled 271' (RE +h) M\_
Time taken T

. [(GMe_ _ 2nRE+h) (~$<\<
From equation, . -1
(Rg +h) T M\

A\\:&/
\/W (I‘E + h)Z Q~ 2
Squaring both sides of the equé& (2), we get T2 =

4m? Q
= Constanf\gy‘ R o (2 P O S — 3

GMEg
Equation (S@ies that a satellite orbiting the Earth has the same
relation between time and distance as that of Kepler’s law of planetary
motion. For a satellite orbiting near the surface of the Earth, h is negligible
T2 = 4m?
= GMg

2
RE

compared to the radius of the Earth Rg . Then, T2 = ;\7;
E

2 = AT e GME _ . — R
T 4 R R§ g 5 T 21 P

12. Derive an expression for energy of satellite.
Energy of an Orbiting Satellite
The total energy of a satellite orbiting the Earth at a distance h from the

surface of Earth is calculated as follows; The total energy of the satellite is the
sum of its kinetic energy and the gravitational potential energy. The potential

o _ GMsMg
energy of the satellite is, U = Reth)
Here M - mass of the satellite, Mg- mass of the Earth, Rg - radius of the Earth.
The Kinetic energy of the satellite is KE = V2 M¢V? ---eneeeeee- 1
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GM
Here v is the orbital speed of the satellite and is equal to v = R +B;1)
E
Substituting the value of v in (1), the kinetic energy of the satellite becomes,
1 GMgMg
KE==—"X
2 2(Rg+h)

Therefore the total energy of the satellite is E = 2 GMsMe  GHsME
2 (Rg+h) (Rg+h)

GMsME
E=——7—=
2(Rg+h)
The negative sign in the total energy implies that the satellite is bound

to the Earth and it cannot escape from the Earth.

13. Explain in detail the geostationary and polar satellites.
Geo-stationary and polar satellite
1) The satellites orbiting the Earth have different time periods
corresponding to different orbital radii. Can we calculate the orbital radius of a
satellite if its time period is 24 hours is calculated below. Kepler’s third law is

used to find the radius of the orbit. G
T2 o 4 R by s (R by = SMETE
= o, (Re 5 (Re = @\
! S
GMET™ 3 X

2) Substituting for the timt{%?é’rtiod (24 hrs = 86400 seconds), mass,
and radius of the Earth, h turns o@&o be 36,000 km. Such satellites are called
“geo-stationary satellites”, sinc(él}\ y appear to be stationary when seen from
Earth. R

3) geo-stationar “Satellites for the purpose of telecommunication.
Another type of satelli @ah is placed at a distance
of 500 to 800 km f the surface of the Earth orbits the Earth from north to
south direction.

4) This type of satellite that orbits Earth from North Pole to South Pole
is called a polar satellite. The time period of a polar satellite is nearly 100
minutes and the satellite completes many revolutions in a day.

5) A Polar satellite covers a small strip of area from pole to pole during
one revolution. In the next revolution it covers a different strip of area since the
Earth would have moved by a small angle. In this way polar satellites cover the
entire surface area of the Earth.

14. Explain how geocentric theory is replaced by heliocentric theory using the idea
of retrograde motion of planets.
1) To explain this retrograde motion, Ptolemy introduced the concept of
“epicycle” in his geocentric model. According to this theory, while the planet
orbited the Earth, it also underwent another circular motion termed as
“epicycle”.
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2) A combination of epicycle and circular motion around the Earth gave
rise to retrograde motion of the planets with respect to Earth.

3) But Ptolemy’s model became more and more complex as every planet
was found to undergo retrograde motion. In the 15% century, the Polish
astronomer Copernicus proposed.

4) The heliocentric model to explain this problem in a simpler manner.
According to this model, the Sun is at the center of the solar system and all
planets orbited the Sun.

5) The retrograde motion of planets with respect to Earth is because of
the relative motion of the planet with respect to Earth.

15. Explain in detail the Eratosthenes method of
finding the radius of Earth.

During noon time of summer solstice the
Sun’s rays cast no shadow in the city Syne which
was located 500 miles away from Alexandria. At
the same day and same time he found that n\
Alexandria the Sun’s rays made 7.2 degree

local vertical as shown in the Figure. is =
difference of 7.2 degree was due to the < ture
of the Earth. 3 \

The angle 7.2 degree is equm@[@ht to  radian. So, 0 = = racl

If S is the length of the a é ween the cities of Syne and Alexandria,
and if R is radius of Earth, the R 8 = 500 miles, so radius of the Earth

R = 3% miles . R :e,goo miles

= 4000 miles.

1 mile is equal to 1.60 So he measured the radius of the Earth to be equal
to R = 6436 km, which is amazingly close to the correct value of 6378 km.

16. Describe the measurement of Earth’s shadow (umbra) radius during
total lunar eclipse
1) It is possible to measure the radius of shadow of the Earth at the
point where the Moon crosses.

2) When the Moon is inside the umbra shadow, it appears red in color. As
soon as the Moon exits from the umbra shadow, it appears in crescent shape.
3) By finding the apparent radii of the Earth’s umbra shadow and the
Moon, the ratio of the these radii can be calculated.
4) The apparent radius of Earth’s umbra shadow = R, = 13.2 cm
The apparent radius of the Moon = R,= 5.15 cm

The ratlo = ~2.56.
The radlus of the Earth’s umbra shadow is R, = 2.56 x R,,..
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UNIT — 07 PROPERTIES OF MATTER

T™WO MARKS AND THREE MARKS:
01. Define stress and strain.

Force _ F

The force per unit area is called as stress. Stress, g = or =

The SI unit of stress is N m2 or Pascal (Pa) and its dimension is [ML1T2].
The fractional change in the size of the object, in other words, strain
measures the degree of deformation. Strain, e = Change InStze _ 2
original size l

02. State Hooke’s law of elasticity.

Hooke’s law is for a small deformation, when the stress and strain are
proportional to each other.

03. Define Poisson’s ratio.
The ratio of relative contraction (lateral strain) to relative expansion

(longitudinal strain). It is denoted by the symbol u.(%)

Poisson s ratio, Y = Lateral strain / Longitudinal strain
R
04. Explain elasticity using intermolecular forc §

In a solid, inter-atomic forces bl ‘W’wo or more atoms together and the
atoms occupy the positions of st *equnlnornum When a deforming force is
applied on a body, its atoms pulled apart or pushed closer. When the
deforming force is removec? ter-atomic forces of attraction or repulsion
restore the atoms to their@’q ilibrium positions. If a body regains its original
shape and size after th noval of deforming force, it is said to be elastic and
the property is called icity.

prop COQ\

05. Which one of these is more elastic, steel or rubber? Why?
Steel is more elastic than rubber because the steel has higher
young’s modulus than rubber. That’s why, if equal stress is applied on
both steel and rubber, the steel produces less strain.

06. A spring balance shows wrong readings after using for a long time. Why?
When the spring balances have been used for a long time they
develop elastic fatigue in them and therefore the reading shown by such
balances will be wrong.

07. What is the effect of temperature on elasticity?
If the temperature of the substance increases, its elasticity decreases.
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08. Write down the expression for the elastic potential energy of a stretched wire.

Consider a wire whose un-stretch length is L and area of cross section is
A. Let a force produce an extension [/ and further assume that the elastic limit of
the wire has not been exceeded and there is no loss in energy. Then, the work
done by the force F is equal to the energy gained by the wire.

The work done in stretching the wire by dI, dW = F d/

The total work done in stretching the wire from O to /s

T i | S—— 1
5 o e F L Y Al
From Young’s modulus of elasticity, Y = TXT> F= — 2
Substituting equation (2) in equation (1), we get
ly Al Y A2
W=fonl =7 =1/2Fl
o (YAl VAL _var _igvany, 1
\X/—del _LZO_LZ_Z(L)l = F

W = % Fl = Elastic potential energy.

09. State Pascal’s law in fluids. CQSO

. . g e M . .
If the pressure in a liquid is changed at a particular point, the change is
transmitted to the entire liquid without bei?&\&'minished in magnitude.
N

10. State Archimedes principle. ! \{‘f}‘
It states that when a body "\Sgrtially or wholly immersed in a fluid, it
experiences an upward thrust e @\ho the weight of the fluid displaced by it and

its up-thrust acts through the ggﬁ(re of gravity of the liquid displaced.

)

11. What do you mean by rust or buoyancy?

The upward €§=\ce exerted by a fluid that opposes the weight of an
immersed object in a fluid is called up-thrust or buoyant force and the
phenomenon is called buoyancy.

12. State the law of floatation.

The law of floatation states that a body will float in a liquid if the weight
of the liquid displaced by the immersed part of the body equals the weight of
the body.

13. Define coefficient of viscosity of a liquid.

The coefficient of viscosity is defined as the force of viscosity acting
between two layers per unit area and unit velocity gradient of the liquid. Its
unit is Nsm+2 and dimension is [MLT].
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14. Distinguish between streamlined flow and turbulent flow.

Streamlined flow: When a liquid flows such that each particle of the liquid
passing through a point moves along the same path with the same velocity as
its predecessor then the flow of liquid is said to be a streamlined flow.

The velocity of the particle at any point is constant. It is also referred to as

steady or laminar flow.

The actual path taken by the particle of the moving fluid is called a
streamline, which is a curve, the tangent to which at any point gives the
direction of the flow of the fluid at that point.

Turbulent flow: When the speed of the moving fluid exceeds the critical
speed, v. the motion becomes turbulent.

The velocity changes both in magnitude and direction from particle to
particle.

The path taken by the particles in turbulent flow becomes erratic and
whirlpool-like circles called eddy current or eddies.

15. What is Reynold’s number? Give its significance.
Reynold’s number(Rc) is a dlmenSlonless n\gﬁb r, which is used to find out

the nature of flow of the liquid. Rc = —

Where, p- density of the llquud wg\ l'he velocity of flow of liquid.
D- Diameter of the pipe, A'wa'coefﬁaent of viscosity of the fluid.

Q\
16. Define terminal velocity. Qg\?\

The maximum const&nt%elocnty acquired by a body while falling freely
through a viscous medu(gy‘called the terminal velocity.

17. Write down the e@ession for the Stoke’s force and explain the symbols
involved in it.

Viscous force F acting on a spherical body of radius r depends directly on
i) radius () of the sphere
ii) velocity (v) of the sphere and

iii) coefficient of viscosity n of the liquid F = émnrv

18. State Bernoulli’s theorem.

According to Bernoulli’s theorem, the sum of pressure energy, kinetic
energy, and potential energy per unit mass of an incompressible, non-viscous
fluid in a streamlined flow remains a constant.
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19. What are the energies possessed by a liquid? Write down their equations.
A liquid in a steady flow can possess three kinds of energy. They are
(1) Kinetic energy, (2) Potential energy, and (3) Pressure energy, respectively.
KE = V2 mv2 -----mm-mme- 1
PE = mgh ------emmemeee- 2 Fxd=w = PV = pressure energy -------------- 3

20. Two streamlines cannot cross each other. Why?
No two streamlines can cross each other. If they do so, the particles
of the liquid at the point of intersection will have two different directions
for their flow, which will destroy the steady nature of the liquid flow.

21. Define surface tension of a liquid. Mention its S.l unit and dimension.

The surface tension of a liquid is defined as the energy per unit area of the
surface of a liquid. (or) The surface tension of a liquid is defined as the force of
tension acting perpendicularly on both sides of an imaginary line of unit length
drawn on the free surface of the liquid. Cy

&

Its unit is N m and dimension is [MT=] .

22. How is surface tension related to surface ené:téw

Consider a rectangular frame walre ABCD in a soap solution. Let AB
be the movable wire. Suppose the fva%ﬂe’ is dipped in soap solution, soap film is
formed which pulls the wire AB ards due to surface tension. Let F be the
force due to surface tension, t = (2T)/

Here, 2 is introduced because it has two free surfaces. Suppose AB is
moved by a small distan x to new a position A’B’. Since the area increases,
some work has to be@ against the inward force due to surface tension.

Work Done ‘= Force x distance = (2T)[ (Ax)

Increases in area of the film AA = (2/) (Ax) = 2/Ax
Work Done

Increase in Surface area

Therefore, Surface energy =
2TlAx

21Ax
Hence, the surface energy per unit area of a surface is numerically equal

to the surface tension.

23. Define angle of contact for a given pair of solid and liquid.
The angle between the tangent to the liquid surface at the point of
contact and the solid surface is known as the angle of contact.
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24. Distinguish between cohesive and adhesive forces.

The force between the like molecules which holds the liquid together is
called ‘cohesive force'. When the liquid is in contact with a solid, the molecules
of the these solid and liquid will experience an attractive force which is called
‘adhesive force .

25. What are the factors affecting the surface tension of a liquid?

(1) The presence of any contamination or impurities considerably affects
the force of surface tension depending upon the degree of contamination.

(2) The presence of dissolved substances can also affect the value of
surface tension. For example, a highly soluble substance like sodium chloride
(NaCl) when dissolved in water (H,0) increases the surface tension of water.
But the sparingly soluble substance like phenol or soap solution when mixed in
water decreases the surface tension of water.

(3) Electrification affects the surface tension. When a liquid is electrified,
surface tension decreases. Since external force acts on the liquid surface due to
electrification, area of the liquid surface incre which acts against the
contraction phenomenon of the surface tension. e, it decreases.

(4) Temperature plays a very crucial ro&n\gltering the surface tension of
a liquid. Obviously, the surface tension ng\éreases linearly with the rise of
temperature. A

«
oD

26. What happens to the pressure insid ’i\*ﬁép bubble when air is blown into it?
Pressure is greater inside the sma uild.

<

27. What do you mean by capi[lﬂal% or capillary action?
The rise or fall of a li in a narrow tube is called capillarity or capillary

action.
S

28. A drop of oil placed on the surface of water spreads out. But a drop of water
place on oil contracts to a spherical shape. Why?

A drop of oil placed on the surface of water spreads because the force of
adhesion between water and oil molecules dominates the cohesive force of oil
molecules.

On the other hand, cohesive force of water molecules dominates the
adhesive force between water and oil molecules. So drop of water on oil
contracts to a spherical shape.

29. State the principle and usage of Venturimeter.

Bernoulli’s theorem is the principle of Venturimeter.
Venturimeter is used to measure the rate of flow or flow speed of the
incompressible fluid flowing through a pipe.
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30. What are the applications of surface tension?
1) Oil pouring on the water reduces surface tension. So that the floating
mosquitoes eggs drown and killed.
2) Finely adjusted surface tension of the liquid makes droplets of desired size,
which helps in desktop printing, automobile painting and decorative items.
3) Specks of dirt are removed from the cloth when itis washed in detergents
added hot water, which has low surface tension.
4) A fabric can be made waterproof, by adding suitable waterproof material
(wax) to the fabric. This increases the angle of contact due to surface tension.

31. What physical quantity actually do we check by pressing the tyre after
pumping?
After pumping the tyre, we actually check the compressibility of air

by pressing the tyre. For smooth riding, rear tyre should have less
compressibility than the front.

S
32. Give some examples for surface tension. R &
Clinging of painting brush hairs, when takem&b}‘ofwater
Needle float on the water, Camphor boa{{(

33. How do water bugs and water strider “éﬁ’k on the surface of water?

When the water bugs or water. gﬁcers are on the surface of the water, its
weight is balanced by the surf:—@ sion of the water. Hence, they can easily

walk on it.

34. What are the applicatn@?%f viscosity?

1) Viscosity of liquids helps in choosing the lubricants for various machinery
parts. Low viscous lubricants are used in light machinery parts and high
viscous lubricants are used in heavy machinery parts.

2) As high viscous liquids damp the motion, they are used in hydraulic brakes

as brake oil.

3) Blood circulation through arteries and veins depends upon the viscosity of
fluids.

4) Viscosity is used in Millikan’s oil-drop method tofind the charge of an
electron.

35. Explain the Stoke’s law application in raindrop falling.

According to Stoke’s law, terminal velocity is directly proportional to
square of radius of the spherical body. So that smaller raindrops having less
terminal velocity float as cloud in air. When they gather as bigger drops get
higher terminal velocity and start falling.
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36. Define Young’s modulus. Give its unit.
Young’s modulus is defined as the ratio of tensile or compressive stress to

the tensile or compressive strain. Its unit is N m- or pascal.

37. What are the applications of elasticity?
Elasticity is used in structural engineering in which bridges and buildings are
designed such a way that it can withstand load of flowing traffic, the force of
winds and even its own weight.
The material of high Young’s modulus is used in constructing beams.

38. Define Pressure. Give its unit and dimension.
The pressure is defined as the force acting per unit area. Its unit is N m= or

pascal and dimension is [ML'T-2].

39. What is elasticity? Give examples.
Elasticity is the property of a body in which it regains its original shape and
size after the removal of deforming force. Ex: RubB% etals, steel ropes.

\-
40. What is plasticity? Give an example. %Q\
Plasticity is the property of a body in wt ichit does
not regains its original shape and size a t:g,‘i‘%:“bhe removal of deforming force.

Ex: Glass. "{\

CONCI@&L QUESTIONS

01. Why coffee runs up into a sqgﬂump (a small cube of sugar) when one corner
of the sugar lump is hel \Q%ihe liquid?

The coffee runs up the pores of sugar lump due to capillary action of the
liquid.

02. Why two holes are made to empty an oil tin?
When oil comes out from a hole of an oil tin, pressure inside it decreased
than the atmosphere. Therefore, the surrounding air rush up into the same hole
prevents the oil to come out. Hence two holes are made to empty the oil tin.

03. We can cut vegetables easily with a sharp knife as compared to a blunt knife.
Why?
Since the stress produced on the vegetables by the sharp knife is higher
than the blunt knife, vegetables can be cut easily with the sharp knife.
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04. Why the passengers are advised to remove the ink from their pens while going
up in an aero-plane?
When an aero-plane ascends, the atmospheric pressure is decreased.

Hence, the ink from the pen will leak out. So that, the passengers are advised to
remove the ink from their pens while going up in the aero-plane.

05. We use straw to suck soft drinks, why?
When we suck the soft drinks through the straw, the pressure inside the
straw becomes less than the atmospheric pressure. Due to the difference in

pressure, the soft drink rises in the straw and we are able to enjoy it
conveniently.

FIVE MARKS

01. State Hooke’s law and verify it with the help of an experiment.
1) Hooke’s law is for a small deformation,

when the stress and strain are proportional to ea%%
other. 405')
2) It can be verified in a simple wzab/\\by
stretching a thin straight wire (stretches Ikl&\'épring)

}

e
—— Wire

GEIEIT

8

4) The extension proﬁb ed on the wire is

of length L and uniform cross-secti&ﬁg}" area A - 02 “*—:l;"—!’aa.n.ae.»
suspended from a fixed point O. Scaie -Ei— "5

3) A pan and a pointer a '/\aﬁ%ached at the | n Pan
free end of the wire as shown i %re (a). us — Weight

measured using a verni cale arrangement. The
experiment shows tha a given load, the corresponding stretching force is F
and the elongation uced on the wire is AL.

5) It is directly proportional to the original length L and inversely
proportional to the area of cross section A. A graph is plotted using F on the

X- axis and AL on the Y- axis.

=
6) This graph is a straight line passing through =
the origin as shown in Figure (b). =
2
Therefore, AL = (slope)F 3 R
\A;lliltjflging and dividing by volume, 0 Stretching force (F)

F (slope) = %AL

Rearranging, we get, - [ L ]E Therefore, , - a E]
A A(slope)l L A L

Comparing with stress equation and strain equation, we get o «a ¢
i.e., the stress is proportional to the strain in the elastic limit.
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02. Explain the different types of modulus of elasticity.
There are three types of elastic modulus.

(@) Young’s modulus, (b) Rigidity modulus (or Shear modulus)
(c) Bulk modulus

Young’s modulus:
When a wire is stretched or compressed, then the ratio between tensile
stress (or compressive stress) and tensile strain (or compressive strain) is

defined as Young’s modulus.
__ Tensile stress or compressive stress ot or Y = Oc

Tensile starin or compressive strain &t &c
The unit for Young modulus has the same unit of stress because, strain has
no unit. So, S.l. unit of Young modulus is N m-2 or pascal.

Bulk modulus:

Bulk modulus is defined as the ratio of volume stress to the volume strain.
Normal (Perpendicular)stress or pressure
Bulk modulus, K = (Perp ) P

. F
The normal stress or pressure is g, = — = Ap (C’J

Volume strain

AV AA \c -
The volume strain is &, = — \g\ @)
' . R
Therefore, Bulk modulus is K = — =% = _ﬁ&h
o ~‘\“17‘
The negative sign in the equ | means that when pressure is applied

on the body, its volume decr@é{ Further, the equation implies that a
material can be easily comprgI if it has a small value of bulk modulus.

The rigidity modulus ear modulus:
The rigidity modulus is qg—med as Rigidity modulus or Shear modulus,

Sheari ress
Mg =

Angle of sh ﬁ} shearing strain
Sy

Trangential force _ Ft

The shearing stress is g, =
g S Area over which itis applied Y

The angle of shear or shearing strain 5 = % =6

Ft Ft

Therefore, Rigidity modulus is n=? =44 = %
L x
h

Further, the equation (7.9) implies, that a material can be easily twisted
if it has small value of rigidity modulus. For example, consider a wire, when it

is twisted through an angle 6, a restoring torque is developed, that is
Tx 6
This means that for a larger torque, wire will twist by a larger amount
(angle of shear 8 is large). Since, rigidity modulus is inversely proportional to
angle of shear, the modulus of rigidity is small.
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03. Derive an expression for the elastic energy stored per unit volume of a wire.

When a body is stretched, work is done against the restoring force
(internal force). This work done is stored in the body in the form of elastic
energy. Consider a wire whose un-stretch length is L and area of cross section is
A. Let a force produce an extension /and further assume that the elastic limit of
the wire has not been exceeded and there is no loss in energy. Then, the work
done by the force F is equal to the energy gained by the wire.

The work done in stretching the wire by dI, dW = F d/

The total work done in stretching the wire from O to /s

LUE i | S— 1

From Young’s modulus of elasticity, Y = %x % > F=— -eeeee 2
Substituting equation (2) in equation (1), we get

W= [-—dl =— =1%.F

L L.2
Lo_rar _1van, _1
0 L 2 _Z(L)l _zFl
1 . .

W = 5 Fl = Elastic potential energy. C\CSO
Energy per unit volume is called energy sity,

1 N
U= Elastic potential energy _ ZF_I l%g(\i 1 (Stress x Strain)

Volume AL L 2

_val”?
L 2

S
Y
04. Derive an equation for the total pr%g@\t‘é at a depth ‘h’ below the liquid surface.

Consider a water sa of cross
sectional area in the form o ylinder. Let

h; and h; be the depths J‘n the air-water b
interface to level 1 level 2 of the

cylinder, respectivel own in Figure (a).

Let F1 be the forcgbacting downwards on | Femg

level 1 and F;, be the force acting upwards on
level 2, such that, F; = Py Aand F, = P, A | -
Let us assume the mass of the sample to be
m and under equilibrium condition, the total upward force (F,) is balanced by
the total downward force (F; + mg), in other words, the gravitational force will
act downward which is being exactly balanced by the difference between the
force. F, - F
F, - Fi= mg = Fe

Where m is the mass of the water available in the sample element. Let p
be the density of the water then, the mass of water available in the sample
element is m=pV = pA (hy—h;) V=A (h,—h;)

Hence, gravitational force,

Fc=pA(h-h) g
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On substituting the value of W in equation
F2=F1+m g= PzA = P]A‘l‘ pA(hz - h])g

Cancelling out A on both sides, P, = P; + p(h, — hy)g

If we choose the level 1 at the surface of : -
the liquid (i.e., air-water interface) and the level 2 at a ,A” B N,
depth ‘h’ below the surface (as shown in Figure (b), Wase, 1
then the value of h1 becomes zero (h; = 0) and in turn E

P1 assumes the value of atmospheric pressure (say Pa). ® ----- ,ﬂ

In addition, the pressure (P,) at a depth becomes P. = o=

Substituting these values in equation, we get T R -
P = Pa + pgh

Which means, the pressure at a depth h is greater than the pressure on
the surface of the liquid, where Pa is the atmospheric pressure which is equal
to 1.013 x 10° Pa. If the atmospheric pressure is neglected or ignored then

P = pgh
S

05. State and prove Pascal’s law in fluids. ~

Hydraulic lift which is used to lift a heavy load with a small force. It is a
force muitiplier. It consists of two cylind@r ‘A and B connected to each other by
a horizontal pipe, filled with a liqui /\(thure). They are fitted with frictionless
pistons of cross sectional areas A; aﬁ&%\"z’ (A; > Ay). Suppose a downward force
F is applied on the smaller pist%BNgThe pressure of the liquid under this piston

increases to P(where,P = %96(/
1

pressure P is transmitted @ggfminished in all directions. So a pressure is exerted
on piston B. Upward f on piston B is

F A
F, = PxA,; = 2$F2=—2XF1
A, A,

ut according to Pascal’s law, this increased

Therefore by changing the force on the smaller piston A, the force on the

piston B has been increased by the factor % and this factor is called the

1
mechanical advantage of the lift.

06. State and prove Archimedes principle.

It states that when a body is partially or wholly
immersed in a fluid, it experiences an upward thrust
equal to the weight of the fluid displaced by it and its
up-thrust acts through the centre of gravity of the
liquid displaced.

Up-thrust or buoyant force = weight of liquid
displaced.

Buoyant &
Force £

— S

.
X

http://www.trbtnpsc.com/2018/06/latest-plus-one-1ith-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnpsc.com

X1 STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS , | 26
SRMHSS, KAVERIYAMPOONDI, THIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

07. Derive the expression for the terminal velocity of a sphere moving in a high
viscous fluid using stokes force.

Expression for terminal velocity:
Consider a sphere of radius r which falls freely through a highly viscous

liquid of coefficient of viscosity n. Let the density of the material of the sphere

be p and the density of the fluid be a.

Gravitational force acting on the sphere, Fg = mg = %nr3pg
(downward force)

Up thrust, U = gnr3ag (upward force) - -

Viscous force F = 6TtnNru
At terminal velocity u, downward force = upward force

Fc-U=F> gm‘3pg - = gm‘3ag = 61N

2(p—
V=2 = Yoor?

Here, it should be noted that the ter %-P speed of the sphere is
directly proportional to the square of its radi ‘CiPB is greater than p, then the
term (p - 0) becomes negative leading to a negative terminal velocity.

08. Derive Poiseuille’s formula for the volun’j%?%f a liquid flowing per second
through a pipe under streamlined flow:
Consider a liquid ﬂowiz&‘Ll dily through a horizontal capillary tube. Let

v= (%)be the volume of the id flowing out per second through a capillary

tube. It depends on (1) gg;dﬁcient of viscosity (n) of the liquid, (2) radius of the
tube (r), and (3) thecéie sure gradient(?) . Then, v a nr? (E)C ;

l
P\¢ . . .
v=Fkn%4? (7) where, k is a dimensionless constant. Therefore,

v = time

[n] = IML'T"] and [r] = [L]

Substituting in equation, So, equating the powers of M, L, and T on
both sides, we geta+c =0, —a+b —2c =3, and —a —2c = —1
We have three unknowns a, b, and c. We have three equations, on solving,
wegeta=—-1,b=4,andc =1

Volume Pressure

= LT, 2] = = [ML2T2],

distance

1
Therefore, equation becomes, v= kn~1r* (?)

nr4p
8nl

Experimentally, the value of kis shown to be g, we have v =
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09. Obtain an expression for the excess of pressure inside a i) liquid drop
ii) liquid bubble iii) air bubble.
i) Excess of pressure inside air bubble in a liquid.

Consider an air bubble of radius R inside a liquid ;{7‘7‘77_'\*
having surface tension T as shown in Figure (a). Let P, . O\
and P, be the pressures outside and inside the air bubble, .~ ~_ A
respectively. Now, the excess pressure inside the air //;(/ Lo
bubble is 7/ P

,_/ s/ p ’/

AP = P; — P,. To find the excess pressure inside the air

bubble, let us consider the forces acting on the air bubble.

ii) Excess pressure inside a soap bubble.

Consider a soap bubble of radius R and the surface tension of the soap
bubble be 7 as shown in Figure (b). A soap bubble has two liquid surfaces in
contact with air, one inside the bubble and other outside the bubble.
Therefore, the force on the soap bubble due g:g@urface tension is 2X2mRT.
The various forces acting on the soap bubble are,” -

i) Force due to surface tension Fr = 4mRT \\{vards right ,’/-% R
ii) Force due to outside pressure Fp= P ?"towards right
iii) Force due to inside pressure sz--\d{‘h“R‘ towards left

As the bubble is in equilibrium, F@*‘ + Fp
P,mR2 = 4nRT + PymR2 :(P@?“) mR2 = 4mRT
Excess pressure is AP = P%:.@_ -

iii) Excess press side the liquid drop
Consider a li drop of radius R and the surface tension of the liquid

—» (2P

is T as shown in F%?Jre. The various forces acting on the

i) Force due to surface tension Fr = 2nRT towards right
ii) Force due to outside pressure Fp= PmtR2 towards right
iii) Force due to inside pressure Fpo,= P,mR2 towards left

As the liquid drop is in equilibrium, Fpy=F1 + Fp
P,mR2 = 2nRT + PymR2 = (P, — P; ) mR2 = 2nRT

2T

Excess pressure is AP = P, — Py = -

10. What is capillarity? Obtain an expression for the surface tension of a liquid by
capillary rise method.
Consider a capillary tube which is held vertically in a beaker containing
water; the water rises in the capillary tube to a height A due to surface tension.

The surface tension force Fr, acts along the tangent at the point of contact
downwards and its reaction force upwards. Surface tension T, is resolved into

(IP“;;-}F‘_’::‘;
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two components i) Horizontal component T sin@ and ii) Vertical component

T cos@ acting upwards, all along the whole circumference of the meniscus.

Total upward force = (7 cosB) (2mr) = 2mnr 7 cosd
Where 0 is the angle of contact, ris the radius of the tube. Let p be the

density of water and /A be the height to which the liquid rises inside the tube.
Volume of liquid of

the volume of Volume of the liquid _ _

. . . radius r and height
Then, | liquid columnin | = | column of radiusr | +

. r — Volume of the
the tube, V height h . )
hemisphere of radius r
V=nrih+ (nrzxr - %nr3) = nrlh + % mr3
The upward force supports the weight of the L * o
liquid column above the free surface, \ A
therefore, 21r 7 cos6 = mr? (h + ér) pg = i Wi
_ r(h+%r)pg St U

2cos0 I , A7
If the capillary is a very fine tube of g e

. . . . r Pt
radius (i.e., radius is very small) then jcn U

-)I'

) Ca piiary
be neglected when it is compared to the - QN7
height A. Therefore, {&\\ :

_ rpgh A%;\‘/

" 2cosf \2%

— _
= T -

11. Obtain an equation of continuif <<%)r a flow
of fluid on the basis of co %%ation of mass.
Consider a pipg% of varying cross
sectional area a; and%b such that a; > a;. A
non-viscous and incompressible liquid flows
steadily through the pipe, with velocities v and v, in area a; and a», respectively

as shown in Figure.

G

B
Let m; be the mass of fluid flowing through section A in time At, m; = (a\viA?) p

Let m, be the mass of fluid flowing through section Bin time Azm;, = (a;v.AH p
For an incompressible liquid, mass is conserved m; = m,

aiVi At P = 82V2At P
aivi = apvy = a v = constant
which is called the equation of continuity and it is a statement of conservation

of mac in the flow of fliidc
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In general, a v = constant, which means that the volume flux or flow
rate remains constant throughout the pipe. In other words, the smaller the
cross section, greater will be the velocity of the fluid.

12. State and prove Bernoulli’s theorem for a flow of incompressible, non-viscous,
and streamlined flow of fluid.

Bernoulli’s theorem :
According to Bernoulli’s theorem, the sum of pressure energy, kinetic
energy, and potential energy per unit mass of an incompressible, non-viscous
fluid in a streamlined flow remains a constant.

§+ %vz + gh = Constant, this is known as Bernoulli’s equation.

Proof:
Let us consider a flow of liquid
through a pipe AB as shown in Figure.
Let V be the volume of the liquid
when it enters A in a time ¢ which is o
equal to the volume of the liquid
leaving B in the same time. Let aa, va S
and PA be the area of cross section of )
the tube, velocity of the liquid and
pressure exerted by the liquid at /\x'

respectively. '

Let the force exerted by t ‘{%\wd at Ais Fao = Paaa

Distance travelled by th idintimetis d =vat

Therefore, the work done is W = Fad = Paaava t

But aavat = axd = olume of the liquid entering at A.

Thus, the wor @e is the pressure energy (at A), W = Fad = P,V

Pressure energy _ PaV p
Volume v A

Pressure energy PaV Pp _ Pp

Pressure energy per unit mass at A = = =
Mass m

Pressure energy per unit volume at A =

P

Since m is the mass of the liquid entering at A in a given time, therefore,
pressure energy of the liquid at A is Epa = PAV = PaV x (g) =m P?A

<l

Potential energy of the liquid at A, Pg4 = mg ha,
Due to the flow of liquid, the kinetic energy of the liquid at A,
KEA =1 I'TIVA2
Therefore, the total energy due to the flow of liquid at A,
EA = EPA + KEA + PEA
EA = mP7A+ %) mVA2+mghA
Similarly, let ag, vg, and Pg be the area of cross section of the tube,
velocity of the liquid, and pressure exerted by the liquid at B. Calculating the

total energy at Eg, we get Eg = m PTB + Y2 mV2 + mghg
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From the law of conservation of energy, Ex = Eg
EA= mP7A+‘/z mVa? + mghay = Eg = mPFB+‘/2 mVz? + mghg

A+ V2 + gha = —B + V2 Vg2 + ghg = constant
2
Thus, the above equation can be written as é + i % + h = constant

13. Describe the construction and working of venturimeter and obtain an equation
for the volume of liquid flowing per second through a wider entry of the tube.

Venturimeter

This device is used to measure the rate of flow (or say flow speed) of
the incompressible fluid flowing through a pipe. It works on the principle of
Bernoulli’s theorem.

Let P; be the pressure of the fluid at the wider region of the tube A. Let

us assume that the fluid of density ‘p’ flows from the pipe with speed ‘v;" and

into the narrow region, its speed increases to ‘v,’. According to the Bernoulli’s
equation, this increase in speed is accompanie< a decrease in the fluid
pressure P, at the narrow region of the t 5 B. Therefore, the pressure
difference between the tubes A and B iscnoted by measuring the height

difference (AP = P,—P;) between the surﬂ'@({es of the manometer liquid.
From the equation of contmluxtqzﬁxe can say that
Av; = a v, which means th@z = -V

2
Using Bernoulli’s equat@\?\Pl + p— =P+ p— =P+ p-=- (A )
From the above e n the pressure dlfference

AP = P,— §> Az‘“
Thus, the sp flow of fluid at the wide end of the tube A
vf _ 2(AP)a? = 2(AP)a?
p(AZ2-a?) p(AZ—aZ)
The volume of the liquid fl owing out per second is

2(AP)a?

2(AP)

= aA p—(AZ—az)
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14. Write any two applications of Bernoulli’s theorem.

(a) Blowing off roofs during wind storm
1) In olden days, the roofs of the huts or houses were designed with a
slope. One important scientific reason is that as per the Bernoulli’s principle, it

will be safeguarded except roof during storm or cyclone.

2) During cyclonic condition, the roof is blown off without damaging the
other parts of the house.

3) In accordance with the Bernoulli’s principle, the high wind blowing
over the roof creates a low-pressure P;.

4) The pressure under the roof P, is greater. Therefore, this pressure
difference (P,— P;) creates an up thrust and the roof is blown off.

(b) Aerofoil lift

1) The wings of an airplane (aerofoil) are so designed that its upper
surface is more curved than the lower surface and the front edge is broader than
the real edge.

2) As the aircraft moves, the air moves fas&egc%ove the aerofoil than at
the bottom.

3) According to Bernoulli’s Principle, ﬁ‘é\%ress ire of air below is greater
than above, which creates an up-thrust checdtthe dynamic lift to the aircraft.

S
A\\\‘ 9

15. Write the applications of elastncnty

1) The elastic behavnor@ such property which especially decides the
structural design of the columns.and beams of a building.

2) As far as the structural engineering is concerned, the amount of stress
that the design could withstand is a primary safety factor.

3) A bridge has to be designed in such a way that it should have the
capacity to withstand the load of the flowing traffic, the force of winds, and
even its own weight.

4) The elastic behavior or in other words the bending of beams is a major
concern over the stability of the buildings or bridges.

5) To reduce the bending of a beam for a given load, one should use the
material with a higher Young’s modulus of elasticity (Y).

6) The Young’s modulus of steel is greater than aluminium or copper. Iron
comes next to steel.

7)This is the reason why steel is mostly preferred in the design of heavy
duty machines and iron rods in the construction of buildings.

http://www.trbtnpsc.com/2018/06/latest-plus-one-1ith-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnpsc.com

X1 STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS , | 32
SRMHSS, KAVERIYAMPOONDI, THIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

UNIT — 08 HEAT AND THERMODYNAMICS

TWO MARKS AND THREE MARKS:
O1. ‘An object contains more heat’- is it a right statement? If not why?

Heat is not a quantity. Heat is energy in transit which flows from higher
temperature object to lower temperature object. Once the heating process is
stopped we cannot use the word heat. When we use the word ‘heat’, it is the
energy in transit but not energy stored in the body. An Object has more heat is
wrong, instead object is hot will be appropriate.

02. Obtain an ideal gas law from Boyle’s and Charles’ law.

1) Acceleration to Boyle’s law P « %

2) Acceleration to Charle’s law V a T. By combining these two equations we
have PV = CT. Here C is a positive constant.
3) So we can write the constant C as k times the number of particles N.

Here k is the Boltzmann constant (1.381x10-2% JK=1) and it is found to be a
universal constant. So the ideal gas law can be state ‘as follows PV = NkT

03. Define one mole. ) (;g\{

A
One mole of any substance is thggﬁ}ount of that substance which
contains Avogadro number (N,) of;&}iﬁdes (such as atoms or molecules).

Ny

04. Define specific heat capacity a%@?& its unit.

Specific heat capacitzyﬂo a substance is defined as the amount of heat
energy required to raise .tti@*femperature of 1kg of a substance by 1 Kelvin or 1°C
AQ = ms AT @

180

Therefore, s = ——
m AT

Where s — Specific heat capacity of a substance and its value depends only
on the nature of the substance not amount of substance.
AQ - Amount of heat energy ; AT - Change in temperature ;
m — Mass of the substance ; The SI unit for specific heat capacity is Jkg'K-

05. Define molar specific heat capacity.

Molar specific heat capacity is defined as heat energy required to increase
the temperature of one mole of substance by 1K or 1°C. C = %i—g
Here C is known as molar specific heat capacity of a substance and p is number
of moles in the substance.

The S1 unit for molar specific heat capacity is J mol! K.
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06. What is a thermal expansion?

Thermal expansion is the tendency of matter to change in shape, area, and
volume due to a change in temperature.
All three states of matter (solid, liquid and gas) expand when heated. When a solid
is heated, its atoms vibrate with higher amplitude about their fixed points. The
relative change in the size of solids is small.

07. Give the expressions for linear, area and volume thermal expansions.
Linear Expansion:

AL
aL = AT ; Where, alL = coefficient of linear expansion.

AL = Change in length; L = Original length ; AT = Change in temperature.

Area Expansion:

A4
an = —— ; Where, aA = coefficient of area expansion.

AA = Change in area; A = Original area ; AT = C@%e in temperature

\ S
Volume Expansion: "\2\

ay = VAAV- Where, aV = coefficient of vqh{%b expansion;

AV = Change in volume; V = Orlg)aétxroiume AT = Change in
temperature. Unit of coefficient o@ar area and volumetric expansion of solids

is °C1 or K- Q
C K Q<<’

&

08. Define latent heat capaci ive its unit.

Latent heat ca y of a substance is defined as the amount of heat
energy required to change the state of a unit mass of the material.

Q=mxL;L= %
Where L = Latent heat capacity of the substance; Q = Amount of heat;
m = mass of the substance. The Sl unit for Latent heat capacity is J kg .

09. State Stefan-Boltzmann law.

Stefan Boltzmann law states that, the total amount of heat radiated per
second per unit area of a black body is directly proportional to the fourth
power of its absolute temperature.

Ea T4+ or E = oT*% ; Where, g is known as Stefan’s constant.
Its value is 5.67 X 10-8 W m~2 k4
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10. What is Wien’s law?

Wien’s law states that, the wavelength of maximum intensity of emission
of a black body radiation is inversely proportional to the absolute temperature of

b
the black body.4,, a@ = or Am = = Where, b is known as Wien’s constant.
[ts value is 2.898x 103 m K

11. Define thermal conductivity. Give its unit.

The quantity of heat transferred through a unit length of a material in a
direction normal to unit surface area due to a unit temperature difference under

steady state conditions is known as thermal conductivity of a material.

KAAT
% = I ; Where, K is known as the coefficient of thermal conductivity.

The S1 unit of thermal conductivity is J sT m1 K1 or W m1 K-,

12. What is a black body?

A black body is an object that absorbs all @gtromagnetlc radiations. It
is a perfect absorber and radiator of energy with m@§r‘eﬂectmg power.

13. What is a thermodynamic system? Give examQT‘és.
Thermodynamic system: & -

A thermodynamic system is a \Yﬁ% part of the universe. It is a collection
of large number of particles (a s’ and molecules) specified by certain
parameters called pressure (P), V e (V) and Temperature (T). The remaining
part of the universe is called s@nding. Both are separated by a boundary.

Examples: A thermodynaalc tem can be liquid, solid, gas and radiation.
Bucket of water, Air n\%%;ules in the room, Human body, Fish in the sea.

14. What are the dlfferen%bypes of thermodynamic systems?

Open system can exchange both matter and energy with the environment.
Closed system exchange energy, but not matter with the environment.
Isolated system can exchange neither energy nor matter with the
environment.

15. What is meant by ‘thermal equilibrium’?

Two systems are said to be in thermal equilibrium with each other if they
are at the same temperature, which will not change with time.

16. What is mean by state variable? Give example.

In thermodynamics, the state of a thermodynamic system is represented
by a set of variables called thermodynamic variables.
Examples: Pressure, temperature, volume and internal energy etc.
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The values of these variables completely describe the equilibrium state of a
thermodynamic system.

17. What are intensive and extensive variables? Give examples.

Extensive variable depends on the size or mass of the system.
Example: Volume, total mass, entropy, internal energy, heat capacity etc.
Intensive variables do not depend on the size or mass of the system.
Example: Temperature, pressure, specific heat capacity, density etc.

18. What is an equation of state? Give an example.
Equation of state:

The equation which connects the state variables in a specific manner is
called equation of state. A thermodynamic equilibrium is completely specified
by these state variables by the equation of state. If the system is not in
thermodynamic equilibrium then these equations cannot specify the state of the

system.

Example of equation of state called vander %als equation. Real gases
obey this equation at thermodynamic equnllbr . The air molecules in the
room truly obey vander Waals equation of stgg%\ ut at room temperature with
low density we can approximate it into an(z@@ gas.

« N
,w

19. State Zeroth law of thermodynamics. <

The zeroth law of thermo%}\mlcs states that if two systems, A and B,
are in thermal equilibrium wnt@ rd system, C, then A and B are in thermal
equilibrium with each other.

O

20. Define the internal ene c% the system.

The internal gy of a thermodynamic system is the sum of kinetic and
potential energies of all the molecules of the system with respect to the center
of mass of the system.

The energy due to molecular motion including translational, rotational
and vibrational motion is called internal kinetic energy (Ex) The energy due to
molecular interaction is called internal potential energy (Ep).

Example: Bond energy. U = Ex + Ep

21. Are internal energy and heat energy the same? Explain.

No, but they are related. If heat energy is added to substance, its
internal energy will increase. Internal energy is a means are of the amount of
kinetic and potential energy possessed by particles in a substation.

Heat energy concerns only transfer of internal energy from the hotter to a
colder body.
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22. Define one calorie.
The amount of heat required at a pressure of standard atmosphere to
raise the temperature of 1g of water 1°C.

23. Did joule converted mechanical energy to heat energy? Explain.

1) Yes, In his experiment, two masses were attached with a rope and a
paddle wheel. When these masses fall through a distance h due to gravity, both
the masses lose potential energy equal to 2mgh.

2) When the masses fall, the paddle wheel turns. Due to the turning of
wheel inside water, frictional force comes in between the water and the paddle
wheel.

3) This causes a rise in temperature of the water. This implies that
gravitational potential energy is converted to internal energy of water.

4) The temperature of water increases due to the work done by the
masses. In fact, Joule was able to show that the mechanical work has the same
effect as giving heat. S

24. State the first law of thermodynamics. A\g‘\ -

Change in internal energy (AU) of tI@ésttem is equal to heat supplied to
the system (QQ) minus the work done b)/gg’re system (W) on the surroundings.
A\\Q‘/
25. Can we measure the temperature @e object by touching it?
fi

1) No, When you stan@a e feet with one foot on the carpet and the
other on the tiled floor, your foot on tiled floor feels cooler than the foot on
the carpet even thoughéﬁ the tiled floor and carpet are at the same room
temperature.

2) ltis becaﬁg‘the tiled floor transfers the heat energy to your skin at
higher rate than the carpet. So the skin is not measuring the actual temperature
of the object; instead it measures the rate of heat energy transfer.

3) But if we place a thermometer on the tiled floor or carpet it will show
the same temperature.

26. Give the sign convention for Q and W.

System gains heat - Q is positive

System loses heat - Q is negative
Work done on the system - W is negative
Work done by the system - W is positive
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27. Define the quasi-static process.

A quasi-static process is an infinitely slow process in which the system
changes its variables (P,V,T) so slowly such that it remains in thermal,
mechanical and chemical equilibrium with its surroundings throughout. By this
infinite slow variation, the system is always almost close to equilibrium state.

28. Give the expression for work done by the gas.
In general the work done by the gas by increasing the volume from V;
to V; is given by W = f\yfl PdV

29. What is PV diagram?

PV diagram is a graph between pressure P and volume V of the system.
The P-V diagram is used to calculate the amount of work done by the gas
during expansion or on the gas during compression.

30. Explain why the specific heat capacity at constant &Qm is greater than the
specific heat capacity at constant volume. A \

A0
Because when heat is added at cons{g@ﬂ pressure the substance, expands
and work. i.e. more amount of energy ha be supplied to a constant pressure
to increase the system’s temperature b}@}ﬁé same amount. Some of this energy is

lost due to expansion work done b&"ﬁﬁé\‘system.
XS

31. Give the equation of state for %ﬁ%othermal process.
The equation of state foaggjﬁthermal process is given by PV = Constant

32. Give an expression fo@rk done in an isothermal process.
- (Vs
W = uRT in (Vi)
33. Express the change in internal energy in terms of molar specific heat capacity.
If Q is the heat supplied to mole of a gas at constant volume and if the

temperature changes by an amount A7, we have Q = uC AT ------------- 7
By applying the first law of thermodynamics for this constant volume
process (W=0, since dV=0), we have Q = AU — 0 ------------, 20
By comparing the equations (1) and (2), AU =uC,ATor C, = %i—:
1dU

If the limit A7 goes to zero, we can write C, = Lar

Since the temperature and internal energy are state variables, the above
relation holds true for any process.
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34. Apply first law for (a) an isothermal (b) adiabatic (c) isobaric processes.
Isothermal : Q = W ; Q — Heat ; W — Wire
Adiabatic : AU = W Change internal Energy; Isobaric: AU = Q — PAU

35. Give the equation of state for an adiabatic process.
The equation of state for an adiabatic process is given by
PVY = Constant. Here y is called adiabatic exponent (y = i—:) which depends
on the nature of the gas. The equation implies that if the gas goes from an

equilibrium state (P;,V;) to another equilibrium state (P;,Vf) adiabatically then
it satisfies the relation.

36. Give an equation state for an isochoric process.
The equation of state for an isochoric process is given by P= (E)T,

Where, (ﬂ) = Constant V

37. If the piston of a container is pushed fast inward. ‘&&Hhe ideal gas equation be
valid in the intermediate stage? If not, why? A\Z\

Decrease in volume leading to mcree% in temperature work is done on
the gas. ldeal gas equation PV = R}' \\K/’Ben piston be pushed further the
parameters V and R are taken as con;te\m/ The equation becomes

P=kT.i.ePaT N\
@%

38. Draw the PV diagram for ; Q

l

a. Isothermal proces gj

[) 1P
{(F V)
P
" -mal <
%(‘ Isotherma <, Isothermal
T 00‘,,’ Expansion 25, Compression
B(P
.
¥
Vi oV
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b. Adiabatic process
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i
v
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39. What is a cyclic process?

This is a thermodynamic process in which the thermodynamic system
returns to its initial state after undergoing a series of changes. Since the system
comes back to the initial state, the change in the internal energy is zero. In cyclic
process, heat can flow in to system and heat flow out of the system.
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40. What is meant by reversible and irreversible processes?

Reversible process: A thermodynamic process can be considered
reversible only if it possible to retrace the path in the opposite direction in such
a way that the system and surroundings pass through the same states as in the
initial, direct process. Example: A quasi—static isothermal expansion of gas, slow
compression and expansion of a spring.

Irreversible process: All natural processes are irreversible. Irreversible
process cannot be plotted in a PV diagram, because these processes cannot have
unique values of pressure, temperature at every stage of the process.

41. State Clausius form of the second law of thermodynamics

“Heat always flows from hotter object to colder object spontaneously”.
This is known as the Clausius form of second law of thermodynamics.

42, State Kelvin-Planck statement of second law of thermodynamics.

Kelvin-Planck statement: It is impossible to struct a heat engine that
operates in a cycle, whose sole effect is to coQogrt the heat completely into
work. This implies that no heat engine iJ\:\\< e universe can have 100%

efficiency. C{(

&
43. Define heat engine. ‘<~\

Heat engine is a device w \‘takes heat as input and converts this heat
in to work by undergoing a cyle ocess.

44. What are processes mvolveggn% Carnot engine?

e

e

45, Can the given heat energy be cgnplé ey converted to work in a cyclic process?

If not, when can, the heat can completely converted to work?

1) No, In a cyclic process, the complete heat energy is not completely
converted to work. The whole heat cannot be converted into work, as it will
violate second law of thermodynamics.
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2) In an Isothermal process the whole heat can be converted into work.
For an isothermal process dQ = dT, which shows that whole heat can be
converted into work.

46. State the second law of thermodynamics in terms of entropy.

“For all the processes that occur in nature (irreversible process), the
entropy always increases. For reversible process entropy will not change”.
Entropy determines the direction in which natural process should occur.

47. Why does heat flow from a hot object to a cold object?

Because entropy increases when heat flows from hot object to cold
object.

48. Define the coefficient of performance.

COP is a measure of the efficiency of a refrigerator. It is defined as the

ratio of heat extracted from the cold body (sink) to(tge external work done by

QL
the compressor W. COP = 8 = W \c\.

\-
49. Can water be boiled without heating? \z\
Yes, at low pressure, the water E&fast at low temperature below the
room temperature, when the pressung,“?s made low, the water starts boiling
without supplying any heat. /{\\

QR

50. As air is a bad conductor of he QBI\W do we not feel warm without clothes?
This is conductor when we are without clothes air carries away heat from
our body due to convecti?_(;ﬁnd hence we feel cold.

51. Why is it hotter at thgﬁe distance over the top of a fire than in front of it?
At a point in front of fire, heat is received due to the process of radiation
only, while at a point above the fire, heat reaches both due to radiation and
convection.

52. Define Triple point.
Triple point the triple point of a substance is the temperature and
pressure at which the three phases (gas, liquid and solid) of that substance
coexist in thermodynamic equilibrium. The triple point of water is at 273.1 K

53. Write the applications of thermal conversion.

1) Boiling water in a cooking pot is an example of convection. Water at
the bottom of the pot receives more heat. Due to heating, the water expands
and the density of water decreases at the bottom.

2) Due to this decrease in density, molecules rise to the top. At the same
time the molecules at the top receive less heat and become denser and come to
the bottom of the pot.
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3) This process goes on continuously. The back and forth movement of
molecules is called convection current.

4) To keep the room warm, we use room heater. The air molecules near
the heater will heat up and expand.

5) As they expand, the density of air molecules will decrease and rise up
while the higher density cold air will come down. This circulation of air
molecules is called convection current.

54. Write the main features of prevost theory?

1) Every object emits heat radiations at all finite temperatures (except O
K) as well as it absorbs radiations from the surroundings. For example, if you
touch someone, they might feel your skin as either hot or cold.

2) A body at high temperature radiates more heat to the surroundings
than it receives from it. Similarly, a body at a lower temperature receives more
heat from the surroundings than it loses to it.

3) Prevost applied the idea of ‘thermal equilibrium’ to radiation. He
suggested that all bodies radiate energy but hot bodies radiate more heat than
the cooler bodies. At one point of time the rate of exchange of heat from both
the bodies will become the same. Now the bodies are said to be in ‘thermal
equilibrium’. Only at absolute zero temperé\aQ‘r@ a body will stop emitting.

% X
55. Draw and explain the distribution of ra : t\ion intensity.

1) It implies that if temperat “&%/f the body increases, maximal intensity

wavelength (Am) shift s tow lower wavelength (higher frequency) of

electromagnetic spectrum.
2) From the graph it'is clear that the peak of the wavelengths is inversely
proportional to temp re. The curve is known as ‘black body radiation

curve’. 03‘
FIVE MARKS:

O1. Explain the meaning of heat and work with suitable examples.

Meaning of work:

1) When you rub your hands against each other the temperature of the
hands increases. You have done some work on your hands by rubbing. The
temperature of the hands increases due to this work. Now if you place your
hands on the chin, the temperature of the chin increases.

2) This is because the hands are at higher temperature than the chin. In
the above example, the temperature of hands is increased due to work and
temperature of the chin is increased due to heat transfer from the hands to the
chin.

3) By doing work on the system, the temperature in the system wiill
increase and sometimes may not. Like heat, work is also not a quantity and
through the work energy is transferred to the system . So we cannot use the
word ‘the object contains more work’ or ‘less work’.
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4) Either the system can transfer energy to the surrounding by doing
work on surrounding or the surrounding may transfer energy to the system by
doing work on the system. For the transfer of energy from one body to another
body through the process of work, they need not be at different temperatures.

02. Discuss the ideal gas laws.

Boyle’s law, Charles’ law and ideal gas law:
1) For a given gas at low pressure (density) kept in a container of volume
V, experiments revealed the following information.
When the gas is kept at constant temperature, the pressure of the gas is
inversely proportional to the volume.

Pa % It was discovered by Robert Boyle (1627-1691) and is known as
Boyle’s law.

2) When the gas is kept at constant pressure, the volume of the gas is
directly proportional to absolute temperature. V o T . It was discovered by
Jacques Charles (1743-1823) and is known as Cha@ law.

By combining these two equations we have Plsz’\ CT. Here C is a positive
constant.

3) C is proportional to the numbe&e\ﬁparhcws in the gas container by

considering the following argument. < "~

=\

4) If we take two containers @)ame type of gas with same volume V,
same pressure P and same tempe@:}fe T, then the gas in each container obeys
the above equation. PV = CT. \3\

5) If the two contain <<Of gas is considered as a single system, then the
pressure and temperature-of thls combined system will be same but volume
will be twice and nu fpartlcles will also be double as shown in figure.

KRR

PVTN PAVT.2N
PV TN

N

Two Separate systems Single system
For this combined system, V becomes 2V, so C should also double to match
P2V)
= 2C.

6) It implies that C must depend on the number of particles in the gas
and also should have the dimension of [PT—V] = JK.

with the ideal gas equation —=

7) we can write the constant C as k times the number of particles N.
Here k is the Boltzmann constant (1.381x10-23 JK-') and it is found to be a
universal constant. So the ideal gas law can be stated as follows PV = NkT
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03. Explain in detail the thermal expansion.

1) Thermal expansion is the tendency of matter to change in shape, area,
and volume due to a change in temperature.

2) All three states of matter (solid, liquid and gas) expand when heated.
When a solid is heated, its atoms vibrate with higher amplitude about their
fixed points. The relative change in the size of solids is small. Railway tracks are
given small gaps so that in the summer, the tracks expand and do not buckle.
Railroad tracks and bridges have expansion joints to allow them to expand and
contract freely with temperature changes.

3) Liquids, have less intermolecular forces than solids and hence they
expand more than solids. This is the principle behind the mercury
thermometers.

4) In the case of gas molecules, the intermolecular forces are almost
negligible and hence they expand much more than solids. For example in hot
air balloons when gas particles get heated, they expand and take up more
space.

5) The increase in dimension of a body .due to the increase in its
temperature is called thermal expansion. \C\'

6) The expansion in length is called\\{rfrear expansion. Similarly the
expansion in area is termed as area expane@ and the expansion in volume is

termed as volume expansion. R

NN
Linear Expansion:

s

Sl

S
q@

In solids, for a small change in temperature AT, the fractional change in

length ( ) is directly proportional to AT. 2 = a AT

AL .
Therefore, aL = AT ; Where, alL = coefficient of linear expansion.

AL = Change in length; L = Original length ; AT = Change in temperature.
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Area Expansion:

For a small change in temperature AT the fractional A A
change in area ( ) of a substance is directly - 1— T
proportional to AT and it can be written as I — 1' I',l

M = au AT
Therefore, —

aa = AAAA ; Where, aA = coefficient of area expansion.

AA = Change in area; A = Original area ; AT = Change in temperature

Volume Expansion:
For a small change in temperature AT the

fractional change in volume( V) of a substance is

directly proportional to AT. .
Y = ay AT, Theref = S
S = av erefore, av = - S

Where, aV = coefficient of volume expans 6@\2\ — A

AV = Change in volume; V = Original \«_)\PMe AT = Change in
tempexature Unit of coefficient of lme@r area and volumetric expansion of solids

°Ctor K1
@

04. Describe the anomalous expaﬁg n of water. How is
it helpful in our lives? '

Anomalous expansio water:

1) Liquids ex on heating and contract on
cooling at moderate temperatures. But water
exhibits an anomalous behavior. It contracts on
heating between 0°C and 4°C.

2) The volume of the given amount of water
decreases as it is cooled from room temperature, = " | BB P R
until it reach 4°C . Temperature” C

3) Below 4°C the volume increases and so the (@)
density decreases. This means that the water has a ~
maximum density at 4°C . This behavior of water is £
called anomalous expansion of water.

4) In cold countries during the winter season, the
surface of the lakes will be at lower temperature than 7 o
the bottom. '

5) Since the solid water (ice) has lower density
than its liquid

vater (g c

Density of
e
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form, below 4°C, the frozen water will be on the top surface above the liquid
water (ice fl oats).

6) This is due to the anomalous expansion of water. As the water in lakes
and ponds freeze only at the top the species living in the lakes will be safe at
the bottom.

05. Explain Calorimetry and derive an expression for final temperature when two
thermodynamic systems are mixed.
Calorimetry :

1) Calorimetry means the measurement of the amount of heat released or
absorbed by thermodynamic system during the heating process. When a body
at higher temperature is brought in contact with
another body at lower temperature, the heat lost =77 [1 [ surrer
by the hot body is equal to the heat gained by the
cold body. No heat is allowed to escape to the
surroundings. It can be mathematically expressed

as anin = — Qiost ;anin + Qiost=0 CCS:
2) Heat gained or lost is measured w\g}%

calorimeter. Usually the calorimeter is an i ed

container of water as shown in Figure. — [
. A Q7 2 o —

3) A sample is heated at high temp@?ature (T1)  Air Ginsulation) ¢ yorimeter cup

and immersed into water at roo *:E‘&&xperature (T2) in the calorimeter. After

some time both sample and w reach a final equilibrium temperature T; .

Since the calorimeter is insul , heat given by the

hot sample is equal to heat%med by the water. It

is shown in the Figure. .=~

anin = — Quost Q
Note the si§5) convention. The heat lost is
denoted by negative sign and heat gained is
denoted as positive.
From the definition of specific heat capacity

anin =mpys2 (Tf - TZ) T =
Qiose= mys; (Tr—T) i (insulation)  ¢lorimeter cup
Here s and s, specific heat capacity of hot sample and water
respectively. So we can write
masy (Tr—To) = — mus; (Tr—T)
mzssz - m252T2= - mlsle + mmT1
mzssz+ mlsle = szsz + m1S1T1

i mq1S1Ty+myS, T
The final temperature T; = —211—2-22
m1S1+myS,

[hermometer [ Ml Stirrer
o |
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06. Discuss various modes of heat transfer.
Conduction:

Conduction is the process of direct transfer of heat through matter due to
temperature difference. When two objects are in direct contact with one
another, heat will be transferred from the hotter object to the colder one.
Thermal conductivity depends on the nature of the material.

Convection:
Convection is the process in which heat transfer is by actual movement of

molecules in fluids such as liquids and gases. In convection, molecules move
freely from one place to another.
Radiation:

Radiation is a form of energy transfer from one body to another by

electromagnetic waves. Radiation which requires no medium to transfer energy
from one object to another.

Example: 1. Solar energy from the Sun. 2. Radiation from room heater.

07. Explain in detail Newton’s law of cooling. (C’J
Newton’s law of cooling: N
1) Newton’s law of cooling states that't
rate of loss of heat of a body is f"nectly %)
proportional to the difference in the;@ﬁ)erature
between that body and its surrouruﬁ@'gs

ae

G @ (T T) 3

2) The negative sign i?(ates that the o
quantity of heat lost by li oes on decreasing
with time. Where, T mperature of the object Vime (seconds)
T, = Temperature surrounding.

From the graph in Figure , it is clear that the rate of cooling is high initially
and decreases with falling temperature.

3) Let us consider an object of mass m and specific heat capacity s at
temperature T. Let Ts be the temperature of the surroundings. If the
temperature falls by a small amount dT in time dt, then the amount of heat

/
i
—=Jp

\ ?
T

e("C)

— T

emperatur

lost is, dQ = msdT -----mm-n-mmmmn- 2
d dT
4) Dividing both sides of equation (2) by d—f = m;t ............. 3
d
From Newton’s law of cooling d—f a —(T-Ts)
d
d_f =—a((T-Ts) ———-- 4
Where a is some positive constant. From equation (2) and (4)
dr
—a(T-Ts) = ms —
ar = — id'[" ..................... 5
(T-TS) ms

Integrating equation (5) on both sides,
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fo (T- TS) fo_dt

ms
In (T-Ts) =Et+ b+
Where by is the constant of integration. taking exponential both
sides, we get,
T=Ts+bse %’c . Here b, = eb; = Constant

08. Explain Wien’s law and why our eyes are sensitive only to visible rays?

1) Wien’s law states that, the wavelength
of maximum intensity of emission of a black body
radiation is inversely proportional to the absolute
temperature of the black body.

Ana = or/l --------- 1
T

Where, b is known as Wien’s constant.
Its value is 2.898%x 103 m K

2) The Sun is approximately taken as a
black body. Since any object above 0 K will emit c\(—
radiation, Sun also emits radiation. lIts surfaQ\\

Imtamaiey (k) mn

i
[Pt tiom

temperature is about 5700 K. By su\bstltutng(t is R
value in the equation (1). (‘& pe /é
b 2.898x 1078 L z 4 S
An=1 =" es 508rw.'\\ // s
3) It is the wavelength at maximum = fE
intensity is 508nm. Since th ’s temperature b éi?@ £|
is around 5700K, the trum of radiations \ 5 hER
emitted by Sun lie bet 400 nm to 700 nm A i}i’-g;
which is the visible of the spectrum. : .ix3§>
fs |

4) The humans evolved under the Sun by
receiving its radiations. The human eye is
sensitive only in the visible not in infrared or X-ray ranges in the spectrum.

5) Suppose if humans had evolved in a planet near the star Sirius

(9940K), then they would have had the ability to see the Ultraviolet rays!

09. Discuss the
a. Thermal equilibrium b. Mechanical equilibrium
¢. Chemical equilibrium d. Thermodynamic equilibrium.

a. Thermal equilibrium:

Two systems are said to be in thermal equilibrium with each other if
they are at the same temperature, which will not change with time.
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b. Mechanical equilibrium:

Consider a gas container with piston as shown in Figure. When some
mass is placed on the piston, it will move downward due to downward
gravitational force and after

certain humps and jumps the vViecharical equiiibrim
piston will come to rest at a &3
new position. When the |3 E g wis
downward gravitational force e — e
given by the piston is |~ Iv};}? i%} =
balanced by the upward force T E— E—
exerted by the gas, the system | =% = e
is said to be in mechanical T || Piston A ;%;f ﬁﬁ—; ‘
equilibrium. A system is said L 1 Movabi
to be in  mechanical c R = P
equilibrium if no unbalanced e
force acts on the thermo {ias
dynamic system or on the | = &
surrounding by fj ,,"{Eg e %‘i—;——f—é
thermodynamic system. ' A%\”" B —
X
¢. Chemical equilibrium: \,:\(éf
If there is no net chemical reaction between two thermodynamic

systems in contact with each other&{&ﬁ it is said to be in chemical equilibrium.

d. Thermodynamic e%&rium:
If two systems are. se to be in thermodynamic equilibrium, then the

systems are at thermal, hanical and chemical equilibrium with each other.
In a state of ther amic equilibrium the macroscopic variables such as
pressure, volume temperature will have fixed values and do not change
with time.

10. Explain Joule’s Experiment of the mechanical equivalent of heat.

1) Joule showed that R
mechanical energy can be
converted into internal energy and
vice versa. In his experiment, two
masses were attached with a rope

and a paddle wheel. "=y
2) When these masses fall Measured mg
through a distance h due to gravity, el Y

both the masses lose potential
energy equal to 2mgh.

3) When the masses fall, the
paddle wheel turns. Due to the

Insulated
container of water
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turning of wheel inside water, frictional force comes in between the water
and the paddle wheel.

4) This causes a rise in temperature of the water. This implies that
gravitational potential energy is converted to internal energy of water.

5) The temperature of water increases due to the work done by the
masses. In fact, Joule was able to show that the mechanical work has the same
effect as giving heat.

6) He found that to raise 1 g of an object by 1°C , 4.186 J of energy is
required. In earlier days the heat was measured in calorie. 1 cal = 4.186 )
This is called Joule’s mechanical equivalent of heat.

11. Derive the expression for the work done in a volume change in a

thermodynamic system.
Work done in volume changes

1) Consider a gas contained in the cylinder fitted
with a movable piston. Suppose the gas is expanded
quasi-statically by pushing the piston by a sre‘éﬂ
distance dx. \C-)

2) Since the expansion occurs quasn-statlggﬁy\the
pressure, temperature and internal energy have
unique values at every instant. The sma!l&a@‘t‘i done by
the gas on the piston. dW = Fdx ------ ~<'-- 1 ' i '

3) The force exerted by t.ég(\on the piston F = PA. Here A is area of

the piston and P is pressure exer the gas on the piston.
Equation (1) can be rewri as dW = PA dx ------------ 2
4) But Adx = dV—al'fange in volume during this expansion process.
So the small work doneg\ e gas during the expansion is given by
dW = PdV
5) Note heF@that is positive since the volume is increased. Here, is
positive. In general the work done by the gas by increasing the volume from V;

to V¢is given by W = f;’f ) 227 1 VA 4

Suppose if the work is done on the system, then V; > V¢ . Then, W is negative.
6) Note here the pressure P is inside the integral in equation (4). It implies
that while the system is doing work, the pressure need not be constant.
7) To evaluate the integration we need to first express the pressure as a
function of volume and temperature using the equation of state.
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12. Derive Mayer’s relation for an ideal gas.
Meyer’s relation

1) Consider p mole of an ideal gas in a container with volume V, pressure

P and temperature T.

2) When the gas is heated at constant volume the temperature increases
by dT. As no work is done by the gas, the heat that flows into the system will
increase only the internal energy. Let the change in internal energy be dU.

If Cv is the molar specific heat capacity at constant volume,

dU = pCvdT wemeemememes 1

3) Suppose the gas is heated at constant pressure so that the
temperature increases by dT. If ‘Q’ is the heat supplied in this process and ‘dV’

the change in volume of the gas. Q = pCpdT ------------ 2
4) If W is the work done by the gas in this process, then
W = PdV -----emneeee- 3
But from the first law of thermodynamics, Q = dU + W --------- 4
Substituting equations (1), (2) and (3) in (4@?9(3 get,
UCpdT = pCv dT + PV —emeemen ~50
5) For mole of ideal gas, the equati <\<\\)§\s’ca’ce is given by
PV = URT = PdV+VdP =<|a\|£\ ------------ 6

. . T
Since the pressure is consta@/},\dP=O
4

~CpdT ='CvdT +RdT
~CP =Cv+R (or@‘- Cv =R e 7
This relation is called M%é; s relation

c'«'
13. Explain in detail the isot@%ﬁ‘é‘l process.
Isothermal proces
I)ltisa proceé?ln which the temperature remains constant but the
pressure and volume of a thermodynamic system will change. The ideal gas
equation is
PV = uRT, Here, T is constant for this process

So the equation of state for isothermal process is given by PV = constant ------ 7
2) This implies that if the gas goes from one equilibrium state (P;,V) to
another equilibrium state (P2,V,) the following relation holds for this process

N A 2 p . V)

3)Since P e p
PV = constant, P is inversely '\

1 - 0 [ Isothermal

proportional to P a - 1 L??.:l;ﬁ:i]:ulll - 2  Compeeti

This implies that PV | Yoo, e p
graph is a hyperbola. The o
pressure-volume graph for .
constant temperature is also ool ‘ (el :

. . (b)
called i<otherm. PV diasram ®
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for quasi-static isothermal expansion and quasi-static isothermal compression.

4) We know that for an ideal gas the internal energy is a function of
temperature only. For an isothermal process since temperature is constant, the
internal energy is also constant. This implies that dU or AU = 0.

For an isothermal process, the first law of thermodynamics can be
written as follows, Q = W ---mememmem- 3

5) From equation (3), we infer that the heat supplied to a gas is used to
do only external work.

6) The isothermal compression takes place when the piston of the
cylinder is pushed. This will increase the internal energy which will flow out of
the system through thermal contact.

14. Derive the work done in an isothermal process

Work done in an isothermal process:

1) Consider an ideal gas which is allowed to expand quasi-statically at

constant temperature from initial state (P;,V;) to the final state (P;, Vf). We can
calculate the work done by the gas during this S
process. From equation the work done by the . /7

gas, 3

R 1 ,(‘§<\<

K[ N P ’

2) As the process occurs quas:i-siﬁzskaily,

at every stage the gas is at equilibriu@i\ﬁ?ﬁth the AV

surroundings. Since it is in equilib@m at every “ ' B(P., V)
stage the ideal gas law is valid.@l ing pressure

in terms of volume and temperature,

RT ___)I/ J
p=~ 2 |
V (a)
Substituting equatie@ in (1) we get,
Vf [,lRT
W= S P
Vf dV P A(Pf' V!}
w = I’I'RT fVi 7 -------------- 3 / Shaded area = work done
. ion _ during isothermal compression
In equation (3), we take WRT out of the A £ .

O, sothermal
integral, since it is constant throughout the % Compresslon
isothermal process. ;

By performing the integration in il B T)
equation (3),
Vf i |
we get W = URT In (71) ---------------- 4 i v
3) Since we have an isothermal (b)

.V 4
expansion, ~ > 1,5 In (—f) >0.
Vi Vi

As a result the work done by the gas during an isothermal expansion is positive.
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The above result in equation (4) is true for isothermal compression also. But in
an isothermal compression v 2L <1, %0 In (V ) <0. As a result the work done on

i
the gas in an isothermal compression is negative.
4) In the PV diagram the work done during the isothermal expansion is
equal to the area under the graph. Similarly for an isothermal compression, the
area under the PV graph is equal to the work done on the gas which turns out

to be the area with a negative sign.

15. Explain in detail an adiabatic process.
Adiabatic process

1) This is a process in which no heat flows into or out of the system
(Q=0). But the gas can expand by spending its internal energy or gas can be
compressed through some external work. So the pressure, volume and
temperature of the system may change in an adiabatic process.

2) The equation of state for an adiabatic process is given by

PVY = Constant-------------- 1

Here y is called adiabatic exponent (y = Z—”) wh&s&f@epends on the nature of

the gas.

3) The equation (8.35) implies that i \t‘he gas goes from an equilibrium
state (Pi,Vi) to another equilibrium stam{~ ¢ ,Vi) adiabatically then it satisfies
the relation N

4) The PV diagram Q§3‘ an adiabatic expansion and adiabatic
compression process. The PQ) iagram for an adiabatic process is also called
adiabat.

5) Note that t C‘PV diagram for isothermal and adiabatic processes
look similar. But a y the adiabatic curve is steeper than isothermal curve.

6) To rewrite the equation (1) in terms of T and V. From ideal gas

. RT A . . .
equation, the pressure P = ”7 Substituting this equation in the equation (1),

RT T
we have ©=—Vv = Constant or — Vv = £2stant
%4 174 UR
7) Note here that is another constant. So it can be written as
T V¥ = Constant ------------ 3

The equation (3) implies that if the gas goes from an initial equilibrium
state (T;, Vi) to final equilibrium state (T, Vy) adiabatically then it satisfies the

relation TNVY1 = TMVY ccmommmeemeees 4
The equation of state for adiabatic process can also be written in terms of T

and P as TYP'Y = constant.
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16. Derive the work done in an adiabatic process
Work done in an adiabatic process:
1) Consider p moles of an ideal gas enclosed in a cylinder having perfectly

non conducting walls and base. A frictionless and insulating piston of cross
sectional area A is fitted in the cylinder. Let W be the work done when the
system goes from the initial state (P,Vi,T) to the final state (PyVyTy)

adiabatically. W = [/ PAV ---mremreeeeev 1

2) By assuming that the adiabatic process occurs quasi-statically, at
every stage the ideal gas law is valid. Under this condition, the adiabatic

Constamt can be substituted in the

equation of state is PVY = constant (or) P =
equation (]), we get Wadia = f‘;/f _ConStantd V

vy
= Constant fo vrdv

Const t[ v Vy
= Lonstan
v, \(30
)
__ Constant | Constant Constantl \8\-
- — y-1 y—-1 N
1-y Vf v; \{
But, PV, = PVy¥ = constant. X ;
Wy =t f"’ PV"] \
adia ""1_] ny =1 'Vy 1‘\\

adla : [Pfo PV] Q® 2

From ideal gas law, PeVs ag rand PV; = pRT;
Substituting in equatioqz@‘)", we get, Wagia = y“—_i [Ti— T4

3) In adiaba@pansion, work is done by the gas. i.e., Wag4i, is positive.
As T;:>Ts, the gas cools during adiabatic expansion. In adiabatic compression,
work is done on the gas. i.e., W.qia is negative. As T;<Ty, the temperature of
the gas increases during adiabatic compression.

17. Explain the isobaric process and derive the work done in this process
Isobaric process r ) <
1) This is a thermodynamic process that
occurs at constant pressure. Even though /%
pressure is constant in this process,
temperature, volume and internal energy are ;, ;
not constant. From the ideal gas equation, we [
|
{
I

have é
V= (E)T ---------- 1 Here 28 = Constant
P . P 0 7 1
2) In an isobaric process the i }
temperature is directly proportional to volume. V« T (Isobaric process) ---- (2)
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This implies that for a isobaric process, the V-T graph is a straight line passing
through the origin.

3) If a gas goes from a state (V; ,Ti) to (V¢ ,T¢) at constant pressure, then
. . . Tf T
the system satisfies the following equation =T
f i
The work done in an isobaric process: Work done by the gas W = f;f pdav
l
In an isobaric process, the pressure is constant, so P comes out of the integral,

W =P [7dV W =P [V;~V] = PAV --reereevm- 3
4) Where AV denotes change in the volume. If AV is negative, W is also

negative. This implies that the work is done on the gas. If AV is positive, W is

also positive, implying that work is done by the gas.

5) The equation (3) can also be rewritten using the ideal gas equation.

From ideal gas equation PV = pRT and V = KRz

Substituting this in equation (3) we get, W = u&')l}(l - —)

6) In the PV diagram, area under the lsobaﬁ;\'curve is equal to the work
done in isobaric process. The shaded area in t\{ llowing Figure is equal to the

work done by the gas. C{‘(

7) The first law of thermodynarr(&ﬁf‘or isobaric process is given by

AU = Q - PAV ®
18. Explain in detail the isochoric ;@ess.
Isochoric process c.’ P

1) This is a therm amic process in which the P
volume of the syste@ kept constant. But pressure,
temperature and internal energy continue to be o
variables. The pressure - volume graph for an isochoric ’
process is a vertical line parallel to pressure axis.

2) The equation of state for an isochoric process is
i = (R
given by P = ( ) b

%4

()

It that the pressure is directly proportional to
temperature. This implies that the P-T graph for an
isochoric process is a straight line passing through origin.
If a gas goes from state (P,T;) to (P,T) at v
constant volume, then the system satisfies the .

- . P Py Y
following equation — = — - d

T; Ty '

Where, (%) = Constant P, +

For an isochoric processes, AV=0 and

W=0. Then the first law becomes g E j ‘ ‘ ’

http://www.trbtnpsc.com/2018/06/latest-plus-one-1ith-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnpsc.com

X1 STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS , | 56
SRMHSS, KAVERIYAMPOONDI, THIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

AU = Q
3) Implying that the heat supplied is used to increase only the internal
energy. As a result the temperature increases and pressure also increases.
4) Suppose a system loses heat to the surroundings through conducting
walls by keeping the volume constant, then its internal energy decreases. As a
result the temperature decreases; the pressure also decreases.

19. What are the limitations of the first law of thermodynamics?
Limitations of first law of thermodynamics

The first law of thermodynamics explains well the inter convertibility of

heat and work. But it does not indicate the direction of change.
For example,

a. When a hot object is in contact with a cold object, heat always flows
from the hot object to cold object but not in the reverse direction. According to
first law, it is possible for the energy to flow from hot object to cold object or
from cold object to hot object. But in nature the direction of heat flow is always
from higher temperature to lower temperature. NS

b. When brakes are applied, a car stops d “to friction and the work done
against friction is converted into heat. But t@t&at is not reconverted to the
kinetic energy of the car. So the first la\iy ;) not sufficient to explain many of
natural phenomena. /%}

/‘\SE&/
20. Explain the heat engine and obtailgié;\efﬁciency.
Heat engine is a device which takes heat as input and converts this heat
in to work by undergoing a c&)lc process.

A heat engine has thlﬂf@éjj"m:
Hot reservoir
(a) Hot reservoir @\ orking substance T,

(c) Cold reservoir

A Schematic diagram for heat engine is given O ! Work done by

below in the figure Sy || heatengine

1) Hot reservoir (or) Source: It supplies heat to | N y

the engine. It is always —_———y W
maintained at a high temperature Ty | “Heatengine || _——» )

2) Working substance: It is a substance like T

gas or water, which converts the
heat supplied into work. Q l’ ||
i) A simple example of a heat engine is a - |
steam engine. In olden days steam engines
were used to drive trains. The working
substance in these is water which absorbs
heat from the burning of coal.

|
|

Cold reservoir
7

/

ii) The heat converts the water into steam. This steam is does work by
rotating the wheels of the train, thus making the train move.
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3) Cold reservoir (or) Sink: The heat engine ejects some amount of heat (Q,)
in to cold reservoir after it doing work. It is always maintained at a low
temperature T,.

For example, in the automobile engine, the cold reservoir is the
surroundings at room temperature. The automobile ejects heat to these
surroundings through a silencer. S e N

4) The heat engine works in a cyclic process. Exate

After a cyclic process it returns -
to the same state. Since the heat engine returns to
the same state after it ejects heat, the change in
the internal energy of the heat engine is zero.

5) The efficiency of the heat engine is defined

as the ratio of the work done (output) to the heat
absorbed (input) in one cyclic process. Let the

working substance absorb heat Qy units from the il 8 TSl
source and reject Q, units to the sink after doing Cold reservoir at temperature 7
work W units \C,%}_ .
We can write Input heat = Work dOD\eg-\K'jected heat
Q=W+ Q(<\(

W = Qu \7«‘@
M; i) w — U]
Then the efficiency of heat 9{%{1@9 n = 0117‘;;;1 TEAT QHTJHQE
_ Output _ W —1_ QL

= o @V%

6) Note here that Qu,”Q. and W all are taken as positive, a sign
convention followed in ct’?\;'expression.
Since Q. < Qu, the@‘(lency (n) always less than 1. This implies that heat

absorbed is not ‘completely converted into work. The second law of
thermodynamics placed fundamental restrictions on converting heat
completely into work.

21. Explain in detail Carnot heat engine.

A reversible heat engine operating in a cycle between two temperatures in
a particular way is called a Carnot Engine. The Carnot engine has four parts
which are given below.

1) Source: It is the source of heat maintained at constant high temperature
TH. Any amount of heat can be extracted from it, without changing its
temperature.

2) Sink: It is a cold body maintained at a constant low temperature TL. It
can absorb any amount of heat.

3) Insulating stand: It is made of perfectly non-conducting material. Heat
is not conducted through this stand.
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4) Working substance: It is an ideal gas enclosed in a cylinder with
perfectly non-conducting walls and perfectly conducting bottom. A non-
conducting and frictionless piston is fitted in it.

Carnot’s cycle:

i) The working substance is subjected to four successive reversible processes
forming what is called Carnot’s cycle.

ii) Let the initial pressure, volume of the working substance be Py,V;.

Step A to B: Quasi-static isothermal expansion from (P;,V4,Th) to (P2,Va,Th):

5) The cylinder is placed on the source. The heat (Qu) flows from source to
the working substance (ideal gas) through the bottom of the cylinder. Since the
process is isothermal, the internal energy of the working substance will not
change. The input heat increases the volume of the gas. The piston is allowed to
move out very slowly (quasi-statically).

6) Wi is the work done by the gas in expanding from volume V; to volume
V, with a decrease of pressure from P; to P,. This is represented by the P-V
diagram along the path AB.

7) Then the work done by the gas (working sub@{:&unce) is given by

2Qn = Wap = f]Zz PdKC}')

Since the process occurs quasi-statically, the is in equilibrium with the
source till it reaches the final state. The work d ne in the isothermal expansion is
given by the equation. /‘{\;';u\ _
Step B to C: Quasi-static adiabatic e;g%%{b&ion
from (P,V,Th) to (P3,Vs,Ty) A\

1) The cylinder is placed on nsulating
stand and the piston fs allowed to
move out. As %{ gas expands
adiabatically fro olume V, to

volume V3 the ure falls from P, to

Ps.

2) The temperature falls to T.. This
adiabatic expansion is represented by
curve BC in the P-V diagram. This
adiabatic process also occurs quasi-
statically and implying that this process
is reversible and the ideal gas is in
equilibrium throughout the process. The work done by the gas in an
adiabatic expansion is given by,

Wg.c = fV3 PdV = ﬂ[TH — T,] = Area under the curve BC
V2 y—1

Step C - D: Quasi-static isothermal compression from (P3,V3,T) to (P4,V4,T)):

1) The cylinder is placed on the sink and the gas is isothermally compressed
until the pressure and volume become P, and V. respectively. This is

represented by the curve CD in the PV diagram. Let Wc.p be the work
done on the gas. According to first law of thermodynamics
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Weop = fV‘:‘ PAV = uRT,In = Z— = —uRT, In = Z—

= — Area under the curve CD A
Here Vs is greater than V.. So the !
work done is negative, implying "
work is done on the gas. |

iy P
Riv

Step D-A: Quasi-static adiabatic

compression from (P4,V4,T)) to ;
(P]thTH): B 'v < i A (’ e
1) The cylinder is placed on the ‘ |

insulating stand again and the gas

is compressed adiabatically till it

attains the initial pressure P, =

volume V; and temperature Ty. O E F

This is shown by the curve DA in the P-V diagram.

T = #RrT _ =

Wpoa = fV4 PdV = y—1[TL Tu] = Area undiri%@e curve DA
2) In the adiabatic compression also work iggbne on the gas so it is negative.

Let ‘W’ be the net work done by the \(oﬁ;(r ing substance in one cycle

~W=Work done by the gas — woﬂcﬁt&ﬁe on the gas

NN A
= Wa-g+ Weoc — Weop — W%ég\%ﬁée Weoc = Wpoa
Qe

= Wa- — Weop
The net work done by tfy&arnot engine in one cycle

W=Waop — Wcop =mmemmimtmmnnnn 1
Equation (1) sho at the net work done by the working substance in

one cycle is equ%ib o the area (enclosed by ABCD) of the P-V diagram.

~
.9
1y
)

e e o g e
N

N

(]
:I: it s it 444 e e s - e |

3) It is very important to note that after one cycle the working substance
returns to the initial temperature Ty. This implies that the change in
internal energy of the working substance after one cycle is zero.

22. Derive the expression for Carnot engine efficiency.
Efficiency of a Carnot engine
1) Efficiency is defined as the ratio of work done by the working
substance in one cycle to the amount of heat extracted from the

source.
_ Workdone _ K __________ 1
n= Heat extracted - QH
From the first law of thermodynamics, W = Qu — Q.
= Q- _ %
n= QH ] QH 2
Applying isothermal conditions, we get,
Qu=pRTuIn 2 5 Q = pRT N2 comemenaen 3
4 4
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Here we omit the negative sign. Since we are interested in only the amount

_ . _ o, L Ing—i

of heat (Q.) ejected into the sink, we have, = = Ve 4
H TH Inv—l

By applying adiabatic conditions, we get, TuV, ™' - TV,
By dividing the above two equations, we get, TuV," ™' _ T,V ™!

-1 -1
By dividing the above two equations, we get, (?)y =(§)y
1 4
Which implies that, 22 = 2 --remerreeee 5

Substituting equation (5) in (4), we get, & _ I
r Qy Thy
The efficiency n - 1 - ==
Ty

Note : T, and Ty should be expressed in Kelvin scale.

23. Explain the second law of thermodynamics in terms of entropy.
Entropy and second law of thermodynamics

1) We have seen in the equation that the quang.oy u

. Is equal to gL the

quantlty is called entropy. It is a very lmpqﬂ;}n)f thermodynamlc property
of a system A

2) It is also a state variable. 22 is the en+r9p§,(recelved by the Carnot engine

\
from hot reservoir and == QL is entrop\\g< iven out by the Carnot engine to the
Ty

cold reservoir. For reversible en@?}i (Carnot Engine) both entropies should
be same, so that the change i ropy of the Carnot engine in one cycle is
zero. But for all practical evqgwes like diesel and petrol engines which are

not reversible engines, tbg:g satisfy the relation % >

Ty T1-1
3) In fact we can refo ate the second law of thermodynamics as follows

“For all the processes that occur in nature (irreversible process), the entropy
always increases. For reversible process entropy will not change”. Entropy
determines the direction in which natural process should occur.

4) Because entropy increases when heat flows from hot object to cold object. If
heat were to flow from a cold to a hot object, entropy will decrease leading
to violation of second law thermodynamics.

5) Entropy is also called ‘measure of disorder’. All natural process occur such
that the disorder should always increases.

6) Consider a bottle with a gas inside. When the gas molecules are inside the
bottle it has less disorder. Once it spreads into the entire room it leads to
more disorder.

7) In other words when the gas is inside the bottle the entropy is less and once
the gas spreads into entire room, the entropy increases. From the second
law of thermodynamics, entropy always increases.

8) If the air molecules go back in to the bottle, the entropy should decrease,
which is not allowed by the second law of thermodynamics.
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9) The same explanation applies to a drop of ink diffusing into water. Once the
drop of ink spreads, its entropy is increased. The diffused ink can never
become a drop again. So the natural processes occur in such a way that
entropy should increase for all irreversible process.

24. Explain in detail the working of a refrigerator.

REFRIGERATOR
A refrigerator is a Carnot’s engine
working in the reverse order.

Working Principle:

The working substance (gas)
absorbs a quantity of heat Q, from
the cold body (sink) at a lower
temperature T,. A certain amount of
work W is done on the working
substance by the compressor and a
quantity of heat Qy is rejected to the s
hot body (source) ie, the atmosphere  Hich —
at Ty. When you stand beneath o };:fuqf:sd; f
refrigerator, you can feel warmth ai@;\"

From the first law f

XS

thermodynamics , Q
we have Q, +W = Qt§</

- Condenser
coils

QH
(to outside)

As a result the cold res r
(refrigerator) further s down and o
. o
the surroundings ( en or : e

low
Ow D'VESSUH_,-.

atmosphere) gets hotter.
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UNIT - 09 KINETIC THEORY OF GASES

TWO MARKS AND THREE MARKS:

O1. What is the microscopic origin of pressure?
With the help of kinetic theory of gases, the pressure is linked to the

. 1N
velocity of molecules. P = 3y mV-2 m — mass of a molecule;

N - Avogadro Number ; V — Volume ; V-2 — Avogadro velocity molecules.

02. What is the microscopic origin of temperature?
Average Kinetic Energy / Molecule : KE = ¢ = S NkT

03. Why moon has no atmosphere?

The escape speed of gases on the surface of Moon is much less than the
root mean square speeds of gases due to low gravity. Due to this all the gases
escape from the surface of the Moon. (Cf)

K\
04. Write the expression for rms speed, average sp@d\and most probable speed of
a gas molecule.

3R = RT 2RT
Vims = “ > e V= _|— * s rnp = _;I_
05. What is the relation between verage kinetic energy and pressure?

The internal ene\gg’@f the gas is given by U=- NkT

The above equation@%also be written as U = E PV Since PV = NkT
2U 2

N —— 1

3v 3
From the equation (1), we can state that the pressure of the gas is equal to two

thirds of internal energy per unit volume or internal energy density. u = —
Writing pressure in terms of mean kinetic energy density using equation.

1 _
= - nmv? = -pr° -eemeemeeeeeee 2
3 3

where p = nm = mass density (Note n is number density)

Multiply and divide R.H.S of equation (2) by 2, we get P = % (g vi)

=Eﬁ ...................... 3
3

From the equation (3), pressure is equal to 2/3 of mean kinetic energy per unit
volume.
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06. Define the term degrees of freedom.

The minimum number of independent coordinates needed to specify the
position and configuration of a thermo-dynamical system in space is called the
degree of freedom of the system.

07. State the law of equipartition of energy.

According to kinetic theory, the average kinetic energy of system of
molecules in thermal equilibrium at temperature T is uniformly distributed to all
degrees of freedom (x or y or freedom will get 2 kT of energy. This is called
law of equipartition of energy.

08. Define mean free path and write down its expression.

Average distance travelled by the molecule between collisions is called
mean free path (A). We can calculate the mean free path based on kinetic
theory.

%

09. Deduce Charles’ law based on kinetic theory. . ©-
Charles’ law: From the equation P = *{ = —u we get PV = E V)

For a fixed pressure, the volumeK of the gas is proportional to lnternal

energy of the gas or average kmet:a grgy of the gas and the average kinetic
energy is directly proportional to absolute temperature.

It implies that V o T or = = C@R‘nt.
T
S

10. Deduce Boyle’s law basedén. kinetic theory.
2U 2 2
Boyle’s law: @1 the equation P = 2 = -u we get PV = - U
But the internal energy of an ideal gas is equal to N times the average kinetic
energy (€) of each molecule. U = Ne
For a fixed temperature, the average translational kinetic energy € will remain

constant. It implies that PV = ENE Thus PV = constant

Therefore, pressure of a given gas is inversely proportional to its volume
provided the temperature remains constant. This is Boyle’s law.

11. Deduce Avogadro’s law based on kinetic theory.

This law states that at constant temperature and pressure, equal
volumes of all gases contain the same number of molecules. For two different
gases at the same temperature and pressure, according to kinetic theory of gases,

N 2 N
From equation P = - mv; > mzvz 1

http://www.trbtnpsc.com/2018/06/latest-plus-one-1ith-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnpsc.com

X1 STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS , | 64
SRMHSS, KAVERIYAMPOONDI, THIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

Wherev? and vZ are the mean square speed for two gases and N; and N, are
the number of gas molecules in two different gases.
At the same temperature, average kinetic energy per molecule is the same for

1 2 _1 2
two gases. S vy = - Mav; - 2

Dividing the equation (1) by (2) we get N; = N,
This is Avogadro’s law. It is sometimes referred to as Avogadro’s hypothesis or
Avogadro’s Principle.

12. List the factors affecting the mean free path.
1) Mean free path increases with increasing temperature. As the temperature
increases, the average speed of each molecule will increase. It is the reason
why the smell of hot sizzling food reaches several meter away than smell of

cold food.
2) Mean free path increases with decreasing pressure of the gas and diameter of
the gas molecules. ((;f)
Nl
13. What is the reason for Brownian motion? R

X
According to kinetic theory, any pyﬁéﬁ‘e suspended in a liquid or gas is
continuously bombarded from all the@e\:ﬁons so that the mean free path is
almost negligible. This leads to the,z{@&ﬁon of the particles in a random and

zig-zag manner. \?%
<

14. What are the factors which afe% Brownian motion?

. . . ) Sp s .
1) Brownian motion i ses with increasing temperature.
2) Brownian motio creases with bigger particle size, high viscosity and
density of the lic(q;@ld (or) gas.

15. What is meant by rms speed of the molecules of a gas? Is rms speed same as the
average speed?

The rms speed of the molecule of a gas is defined as the square root of
the mean of the square of speeds of all molecules.

,V2+V2+V2
No, rms speed is different from the average speed. Vi, = %

= Vi+Vo+Vs
V = Average speed = —

16. Why No hydrogen in Earth’s atmosphere?

As the root mean square speed of hydrogen is much less than that of

nitrogen, it easily escapes from the earth’s atmosphere. In fact, the presence of
nonreactive nitrogen instead of highly combustible hydrogen deters many
disastrous consequences.
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17. Mention the different ways of increasing the number of molecular collisions per
unit time in a gas.

The numbers of collisions per unit time can be increased by increasing the
temperature of the gas, increasing the number of molecules, and decreasing the
volume of the gas.

18. On which factors does the average kinetic energy of gas molecular depend?

The average kinetic energy of a gas molecular depends only on the absolute
temperature of the gas and is directly proportional to it.

19. When a gas is heated, its temperature increases. Explain it on the basis of kinetic
temperature of gases.
When a gas is heated, the rms velocity of its molecule increases. As

Vims VT. So the temperature of the gas increases.

20. What is an ideal gas? (or) What is perfect gas? C\C%

An ideal gas is that gas which obeys\%\e gas laws. i.e. Charle’s law,
Boyle’s law etc, at all values of temperature and pressure. Molecules of such a

gas should be free from intermolecular atxr&t on.
o

FIVEQ@('RI\S

O1. Write down the postulates of k % theory of gases.

1) All the molecules of a gas a%
2) The molecules of differ
3) The number of mole in a gas is very large and the average

separation betwe em is larger than size of the gas molecules.

4) The molecules of a'gas are in a state of continuous random motion.

5) The molecules collide with one another and also with the walls of the
container.

6) These collisions are perfectly elastic so that there is no loss of kinetic
energy during collisions.

7) Between two successive collisions, a molecule moves with uniform velocity.

8) The molecules do not exert any force of attraction or repulsion on each
other except during collision. The molecules do not possess any potential
energy and the energy is wholly kinetic.

9) The collisions are instantaneous. The time spent by a molecule in each
collision is very small compared to the time elapsed between two
consecutive collisions.

10) These molecules obey Newton’s laws of motion even though they move
randomly.

entical, elastic spheres.
gases are different.

w
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02. Derive the expression of pressure exerted by the gas on the walls of the

o

container. ]

1) Consider a monatomic gas of N molecules each QE .
having a mass m inside a cubical container of side / as ' ;‘1. *\‘ﬂi
shown in the Figure (a). N T

2) The molecules of the gas are in random motion. | ~~ " = 4% |
They collide with each other and also with the walls of “—— =31 |
the container. As the collisions are elastic in nature, there N ‘{

-~ 1
T @A
| 4
L H
] !

is no loss of energy, but a change in momentum occurs. s

3) The molecules of the gas exert pressure on the R
walls of the container due to collision on it. During each collision, the
molecules impart certain momentum to the wall.
Due to transfer of momentum, the walls experience
a continuous force.

4) The force experienced per unit area of the
walls of the container determines the pressure ’
exerted by the gas. It is essential to determine the ©
total momentum transferred by the molecules imc%\')_ :

Coniainei

0 AAANARAC AR RO A

. . e P 4
short interval of time. ,\\2\\ el 1
- ~ o o v I
. <<:/< O TaE ]
5) A molecule of mass m moving with a d TR :
e P L Y N \ . .
velocity v having components < (Ve Vy, Vy) hits the right side wall.

Since we have assumed that the coﬂ@s’;ﬁ is elastic, the particle rebounds with
same speed and its x-component s reversed. This is shown in the Figure (b).
The components of velocity of olecule after collision are (—uvy, vy, v,).
The x-component of momen of the molecule before collision = mv,

The x-component of mo tum of the molecule after collision = —mvy

6) The change i mentum of the molecule in x direction =Final
momentum — initial mentum = —mv, —mvy = —2mv, According to law of
conservation of linear momentum, the change in momentum of
the wall = 2mv,

7) The number of molecules hitting the right side wall in a small interval
of time At is calculated as follows. The molecules within the distance of v,At

from the right side wall and moving towards the right
will hit the wall in the time interval At. This is shown
in the Figure. The number of molecules that will hit
the right side wall in a time interval At is equal to the
product of volume (Av,At) and number density of the
molecules (n). Here A is area of the wall and n is

v

) N
number of molecules per unit volume (V) We have

assumed that the number density is the same
throughout the cube.
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8) Not all the n molecules will move to the right, therefore on an
average only half of the n molecules move to the right and the other half
moves towards left side. The number of molecules that hit the right side wall in

a time interval At = gAvX At 1

In the same interval of time At, the total momentum transferred by the
n
molecules Ap = > Av, At X 2mv, = Av,2 NMAt ------------ 2
9) From Newton’s second law, the change in momentum in a small
interval of time gives rise to force. The force exerted by the molecules on the

A
wall (in magnitude) F = A—’; Y B 3

Pressure, P = force divided by the area of the wall.

F
= — = nmv,? 4
A
Since all the molecules are moving completely in random manner, they do not

have same speed. So we can replace the term v,2 by the average V2 in

equation. P = nm V2 -----ceememmmmees 5 CC_
10) Since the gas is assumed to move. tandom direction, it has no
preferred direction of motion (the effec{{f gravity on the molecules is

neglected). It lmplles that the molecule nas e average speed in all the

three direction. So, U‘ vz = v2 ( mean

square speed is written as vZ = @@;\vy = v?2

R A

O

w

1
Using this in equation ( %Je get, v,? =3 nmv? or

P =1 mu?as [n = 2
3V 14

03. Explain in detail the kinetic interpretation of temperature.
1) To understand the microscopic origin of temperature in the same way,

Rewrite the equation P = nmv?
1N — 1 —
P=--mv? ; PV = -mv? ----emmreeeees 1
3V 3

Comparing the equation (1) with ideal gas equation PV=NKT,
NKT = = Nmu? ;

Multiply the above equation by 3/2 on both sides,

SKT = Zm? 3
2 2

R.H.S of the equation (3) is called average kinetic energy of a single molecule
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(KE). Th e average kinetic energy per molecule KE = € =% KT --mmmmmmmeee- 4

2) Equation (3 ) implies that the temperature of a gas is a measure of the
average translational kinetic energy per molecule of the gas.

Equation 4 is a very important result from kinetic theory of gas. We can
infer the following from this equation.

3) The average kinetic energy of the molecule is directly proportional to
absolute temperature of the gas. The equation (3) gives the connection
between the macroscopic world (temperature) to microscopic world
(motion of molecules).

4) The average kinetic energy of each molecule depends only on temperature
of the gas not on mass of the molecule. In other words, if the temperature of
an ideal gas is measured using thermometer, the average kinetic energy of
each molecule can be calculated without seeing the molecule through naked
eye.

5) By multiplying the total number of gas moleculé\gf;’r?th average kinetic energy
of each molecule, the internal energy of thg@\ms obtained.

Internal energy of ideal ga< = N 0}15?‘)}

By using equation (3) U = 2 NKT A\\.&

From equation (5), we understa@l\that the internal energy of an ideal gas
depends only on absolute te ature and is independent of pressure and

volume.
C~
04. Describe the total degr (“? freedom for mono-atomic molecule, diatomic
molecule and tri-ato olecule. :
Mono-atomic molecule: A mono-atomic molecule the conter aroton o
by virtue of its nature has only three translational degrees z
of freedom. Therefore f = 3 } ,
Example: Helium, Neon, Argon S -

Diatomic molecule: There are two cases. ~y
1) At Normal temperature A molecule of a diatomic ()

gas consists of two atoms bound to each other by a force of

attraction. Physically the molecule can be regarded as a

system of two point masses fixed at the ends of a mass less
2 elastic spring. The center of mass lies in the center of the
T o diatomic molecule. So, the motion of the center of mass
" requires three translational degrees of freedom (figure a). In
addition, the diatomic molecule can rotate about three
mutually perpendicular axes (figure b). But the moment of
inertia about its own axis of rotation is negligible (about y
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axis in the figure). Therefore, it has only two rotational degrees of freedom
(one rotation is about Z axis and another rotation is about Y axis). Therefore
totally there are five degrees of freedom.
f=5

2) At High Temperature At a very high temperature such as 5000 K, the
diatomic molecules possess additional two degrees of freedom due to
vibrational motion[one due to kinetic energy of vibration and the other is due
to potential energy] (Figure c). So totally there are seven degrees of freedom.

f=7.
Examples: Hydrogen, Nitrogen, Oxygen.

3) Tri-atomic molecules There are two cases.

Linear tri-atomic molecule In this type, two atoms lie on either side of
the central atom as shown in the Figure. Linear tri-atomic molecule has three
translational degrees of freedom. It has two rotational degrees of freedom
because it is similar to diatomic molecule except there is an additional atom at
the center. At normal temperature, linear tri-atomic_molecule will have five
degrees of freedom. At high temperature it Q@§t&uo additional vibrational
degrees of freedom. So a linear tri-atomicA\@bTecule has seven degrees of
freedom. Example: Carbon dioxide <<\(

« O

Non-linear tri-atomic molecule/'-:ftﬁkhis case, the three atoms lie at the
vertices of a triangle as shown in the’ 7‘5{ure. It has three translational degrees of
freedom and three rotational rees of freedom about three mutually
orthogonal axes. The total de@s of freedom, f = 6
Example: Water, Sulphurdi&xi .

(‘t),,b
05. Derive the ratio of tw&\ cific heat capacities of mono-atomic, diatomic and
Tri-atomic molecules.
Application of law of equipartition energy in specific heat of a gas

Meyer’s relation Cp — Cy = R connects the two specific heats for one
mole of an ideal gas.
Equipartition law of energy is used to calculate the value of Cp — C, and the

. C . . .
ratio between them y = C—P. Here vy is called adiabatic exponent.
'
i) Monatomic molecule:
3
Average kinetic energy of a molecule = [E kT]
3 3
Total energy of a mole of gas 2 kT X Na; = 2 RT
For one mole, the molar specific heat at constant volume Gy = — = —

C\):[%R];Cp:(:v‘FR

http://www.trbtnpsc.com/2018/06/latest-plus-one-1ith-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnpsc.com

X1 STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS ,
SRMHSS, KAVERIYAMPOONDI, THIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

=3R+RrR=2R
2 2
C
The ratio of specific heats, y = C—P ;

\%
5
=R

_2 - _5 . _

= %R =3 1.67

ii) Diatomic molecule:
N . . 5
Average kinetic energy of a diatomic molecule at low temperature = 5 kT
5 5
Total energy of one mole of gas = 2 kT X Na; = 2 RT

(Here, the total energy is purely kinetic) For one mole Specific heat at

constant volume. Cy = —; —[— RT] Cy=- R
BUT Cp Cv +R
7
_ER+REER @é@

The ratio of specific heats, y = : ,\\2"\ N

Cy &

7 o\

E R ?{ N

Energy of a diatomic molecule igh temperature is equal to % RT

7
*L&'Q]'CFER
BUTCP

& R+R——R

Note that the Cy and Cp are hlgher for diatomic molecules than the mono
atomic molecules. It implies that to increase the temperature of diatomic gas
molecules by 1°C it require more heat energy than mono-atomic molecules.

The ratio of specific heats, y = tr ;

Cy
9
-R
2 9
=%£— =- y =128
zR 7
iii) Tri-atomic molecule:
a) Linear molecule:
Energy of one mole = % kT X Na; = % RT

=2 =2 |IRT|:Cy =

BUt Cp CV + R

NN
o)
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R+R=

N | ©

R

N

C
The ratio of specific heats, y = C—P ;
\

2R
—2— -2 =128
T
b) Non-linear molecule:
Energy of a mole = g kT x Na; = g RT = 3RT
du
Cv= i 3R ;
BUt,Cp = Cv+ R;
= 3R+ R =4R

. . C
The ratio of specific heats, y = C—P
'
4R 4
TR
Note that according to kinetic theory\gikjael of gases the specific heat
capacity at constant volume and cons{g:{c pressure are independent of

temperature. But in reality it is not sure. The specific heat capacity varies with
N

the temperature. D
N\TA
PN
'\\~
6. Explain in detail the Maxwell Bolt n distribution function.
1) The air molecules ar ving in random directions. The speed of each

molecule is not the same even though macroscopic parameters like temperature
and pressure are fixed. )~

2) Each molec Ilides with every other molecule and they exchange
their speed. Section wee calculated the rms speed of
each molecule and not the speed of each molecule

I'he number of molecules
having speeds ranging from v

which is rather difficult. (0 v + dv equals the arca of
3) In this scenario we can find the number of v the rectagle, N, 4.
gas molecules that move with the speed of 5 m s~! )
to10ms~'or 10 ms~'to 15 m s~! etc. ‘mp - DPavg
4) In general our interest is to find how many \ /

gas molecules have the range of speed from v to v +
dv. This is given by Maxwell’s speed distribution
3

2

m \2 mv
function. Ny = 4 N(—) v2
A P e2kT

The above expression is graphically shown as follows

5) for a given temperature the number of
molecules having lower speed increases parabolically but decreases
exponentially after reaching most probable speed. The rms speed, average
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speed and most probable speed are indicated in the Figure. It can be seen that
the rms speed is greatest among the three.

” 6) The area under the graph will give the total number of gas molecules
in the system. (ii),, Figure shows the speed distribution graph for two different
temperatures. As temperature increases, the peak of the curve is shifted to the
right. It implies that the average speed of each molecule will increase. But the

area under each graph is same since it represents the total number of gas
molecules.

07. Derive the expression for mean free path of the gas.

Expression for mean free path

1) We know from postulates of kinetic theory that the molecules of a gas are
in random motion and they collide with each other. Between two
successive collisions, a molecule moves along a straight path with uniform
velocity.

2) This path is called mean free path. Consider a system of molecules each
with diameter d. Let n be the number of-molecules per unit volume.
Assume that only one molecule is in mg\tj@h"’and all others are at rest as
shown in the Figure. 2. X

3) If a molecule moves with average .

speed v in a time t, the distance P i @ i
travelled is vt. In this time{%‘f/ won 8 — V v
consider the molecule to Q%‘ in  Dameter & () @ ' .
an imaginary cylinder A%%olume @ 0
Ttd?vt. . Q

4) It collides with any 6§tule whose ’
center s wi@is cylinder.
Therefore, the er of collisions is equal to the number of molecules in

the volume of the imaginary cylinder. It is equal to md2vtn. The total path
length divided by the number of collisions in time t is the mean free path.
Mean free path _ Distance trav?llled cA = vt _ r 1
Number of collisions nrd2vt nmd?

5) Though we have assumed that only one molecule is moving at a time and
other molecules are at rest, in actual practice all the molecules are in
random motion. So the average relative speed of one molecule with respect
to other molecules has to be taken into account. After some detailed

calculations (you will learn in higher classes) the correct expression for

Vznmaz 2
6) The equation (1) implies that the mean free path is inversely proportional

to number density. When the number density increases the molecular
collisions increases so it decreases the distance travelled by the molecule
before collisions.

mean free path. 1 =
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Casel: Rearranging the equation (2) using ‘m’ (mass of the molecule)
m

- V2rnd2mn
But mn=mass per unit volume = p (density of the gas)
1 = —=— Also we know that PV = NKT
V2md?2p
P=KT=nkT:n=—
14 kT

N P . .
Substituting n = pradll equation (2), we get
kT
"~ \2md?P

08. Describe the Brownian motion.

1) Brownian motion is due to the
bombardment of suspended particles by
molecules of the surrounding fluid.

2) According to kinetic theory, any
particle suspended in a liquid or gas is
continuously bombarded from all the
directions so that the mean free path is ~ .
almost negligible. This leads to the motion
of the particles in a random and zj,g\ifs;\ag

manner A\\ifc/

W\
Factors affecting Browniagzt‘t%tion
1) Brownian motion increas h increasing temperature.
2) Brownian motion decreases with bigger particle size, high viscosity and

density of the liquid @‘éas.

<
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UNIT - 10 OSCILLATIONS

TWO MARKS AND THREE MARKS:

O1. What is meant by periodic and non-periodic motion?. Give any two examples,
for each motion.

1) Periodic motion Any motion which repeats itself in a fixed time
interval is known as periodic motion.

Examples : Hands in pendulum clock, swing of a cradle, the revolution of
the Earth around the Sun, waxing and waning of Moon, etc.

2) Non-Periodic motion Any motion which does not repeat itself after a
regular interval of time is known as non-periodic motion.

Example : Occurrence of Earth quake, eruption of volcano, etc.

02. What is meant by force constant of a spring?
The displacement of the particle is measured in terms of linear

displacement I . The restoring force is F=- kT, @ﬁe e k is a spring constant or
force constant.
\Q\V

1) Oscillations of a loaded spring ibrations of a turning force

\x\x)
03. Define time period of simple harmonigﬁbﬂon.
. . . / g . L0
The time period is defined e time taken by a particle to complete
one oscillation. It is usually de by T. For one complete revolution, the

time takenist =T, therefore =21 =T = 2;”
&
04. Define frequency of sm@e harmonic motion.

The number o%’oscnllatlons produced by the particle per second is called
frequency. It is denoted by f. Sl unit for frequency is s~ or hertz
(In symbol, Hz).
1

Angular frequency is related to time period by f = T

The number of cycles (or revolutions) per second is called angular frequency.

It is usually denoted by the Greek small letter ‘omega’, W.
Angular frequency and frequency are related by w = 27tf
Sl unit for angular frequency is rad s'.
05. What is an epoch?
The displacement time t = O s (initial time), the phase ¢ = @ is called

epoch. (initial phase) where @, is called the angle of epoch.
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06. Write short notes on two springs connected in series.

Consider only two springs whose spring constant are k; and k, and which
can be attached to a mass m. The results thus obtained can be generalized for
any number of springs in series.

07. Write short notes on two springs connected in parallel.

Consider only two springs of spring constants k; and k, attached to a
mass m. The results can be generalized to any number of springs in parallel.

08. Write down the time period of simple pendulum.
The angular frequency of this oscillator (natural frequency of this

system) is w? = %:> w = \/% in rads

The frequency of oscillations is f = i\/% in Hz, and time period of oscillations

is T =21 \E 4°§§
\z\\

09. State the laws of simple pendulum? (&Y
Law of length: For a given va&& of acceleration due to gravity, the
time period of a simple pendulum is d{f{g‘ctly proportional to the square root of
length of the pendulum. T a V1
Law of acceleration: F@&V?lxed length, the time period of a simple
pendulum is lnversely propor al to square root of acceleration due to
gravity. T « \/—E @ ~
10. Write down the equa%bn of time period for linear harmonic oscillator.

From Newton’s second law, we can write the equation for the particle
2

. . . . d<x
executing simple harmonic motion m proie kx;

a?x K

dt? m
Comparing the equation with simple harmonic motion equation,

/k
we get, ® = [—rad s
m

Natural frequency of the oscillator is f = — = —\/7 Hertz.

and the time period of the oscillation is T = - = 2nf second.
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11. What is meant by free oscillation?

When the oscillator is allowed to oscillate by displacing its position from
equilibrium position, it oscillates with a frequency which is equal to the natural
frequency of the oscillator. Such an oscillation or vibration is known as free
oscillation or free vibration.

12. Explain damped oscillation. Give an example.

1) Due to the presence of friction and air drag, the amplitude of oscillation
decreases as time progresses. It implies that the oscillation is not sustained
and the energy of the SHM decreases gradually indicating the loss of
energy.

2) The energy lost is absorbed by the surrounding medium. This type of
oscillatory motion is known as damped oscillation.

Examples (i) The oscillations of a pendulum (including air friction) or
pendulum oscillating inside an oil filled container. (ii) Electromagnetic
oscillations in a tank circuit. (iii) Oscillations in (%dead beat and ballistic
galvanometers. C;

C '
X
13. Define forced oscillation. Give an example.

In this type of vibration, the bo (\ executing vibration initially vibrates
with its natural frequency and due tox‘;'%e presence of external periodic force,
the body later vibrates with the fr bﬁcy of the applied periodic force. Such
vibrations are known as forced tions. Example: Sound boards of stringed

instruments.
<§°

14. What is meant by maintgig%f oscillation? Give an example.

While playing.i ing, the oscillations will stop after a few cycles, this is
due to damping. To avoid damping we have to supply a push to sustain
oscillations. By supplying energy from an external source, the amplitude of the
oscillation can be made constant. Such vibrations are known as maintained
vibrations.

Example: The vibration of a tuning fork getting energy from a battery or
from external power supply.

15. Explain resonance. Give an example.

The frequency of external periodic force (or driving force) matches with
the natural frequency of the vibrating body (driven). As a result the oscillating
body begins to vibrate such that its amplitude increases at each step and
ultimately it has a large amplitude. Such a phenomenon is known as resonance
and the corresponding vibrations are known as resonance vibrations.

Example The breaking of glass due to sound.
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16. Define oscillatory or vibratory motion.

When an object or a particle moves back and forth repeatedly for some
duration of time its motion is said to be oscillatory (or vibratory).

Examples: our heart beat, swinging motion of the wings of an insect,
grandfather’s clock (pendulum clock), etc.

17. State five characteristics of SHM.

Displacement: The distance travelled by the vibrating particle at any
instant of time t from its mean position is known as displacement.
Velocity: The rate of change of displacement of the particle is velocity.
Acceleration: The rate of change of velocity of the particle is acceleration.
Amplitude: The maximum displacement on either side of mean position.
Time Period: The time taken by the particle executing SHM to complete one
vibration.
18. Will a pendulum clock lose or gain time when taken to the top of a mountain?
On the top of the mountain, the value of g is less than that on the
surface of the earth the decreases in the value of g increases the time period of
the pendulum on the top of the mountain. So thq dulum clock loses time.

19. Why are army troops not allowed to march i ‘st ps while crossing the bridge?
Army troops are not allowed to m@. in steps because it is quite likely
that the frequency of the footsteps ma m}a\ch with the natural frequency of the
bridge and due to resonance the bl"l rhay pick up large amplitude and break.

20. How can earthquakes cause dls:{v(ﬁ/é sometimes?
The resonance may ca disaster during the earthquake, if the frequency

of oscillation present wi in the earth per chance coincides with natural
frequency of some bui , which may start vibrating with large amplitude due
to resonance and m t damaged.

21. Every simple harmonic motion is periodic motion but every periodic motion
need not be simple harmonic motion. Do you agree? Give example.
Yes, every periodic motion need not be simple harmonic motion. The
motion of the earth round the sun is a period motion, but not simple harmonic
motion as the back and forth motion is not taking place.

22. Glass windows may be broken by a far away explosion. Explain why?
A large amplitude in all directions. As these sound waves strike the glass
windows, they set them into forced oscillations.
Since glass is brittle, so the glass windows break as soon as they start
oscillating due to forced oscillations.
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FIVE MARKS

01. What is meant by simple harmonic oscillation? Give examples and explain why
every simple harmonic motion is a periodic motion whereas the converse need
not be true.

1) Simple harmonic motion is a special type of oscillatory motion in
which the acceleration or force on the particle is directly proportional to its
displacement from a fixed point and is always directed towards that fixed
point.

2) In one dimensional case, let x be the displacement of the particle and
ay be the acceleration of the particle, then a, < ; a,=-bx
where b is a constant which measures acceleration per unit displacement and
dimensionally it is equal to T-2. By multiplying by mass of the particle on both
sides of equation and from Newton’s second law, the force is F,= — kx
where k is a force constant which is defined as force per unit length.

3) The negative sign indicates that displacement and force
(or acceleration) are in opposite directions.

4) This means that when the displacemen the
particle is taken towards right of equilibrium sition (x
takes positive value), the force (or acceleratioQ ill point o
towards equilibrium (towards left ) and qﬁﬁilarly, when N =F
the displacement of the particle is tal Q}i}fé'wards left of f\\\
equilibrium position (x takes negati\gg\\f}'@he), the force (or LN
acceleration) will point towards(ééqhilibrium (towards
right).

N

5) This type of force is&wn as restoring force because it always directs
the particle executing simple harmonic motion to restore to its original
(equilibrium or mean sition. This force (restoring force) is central and
attractive whose ce f attraction is the equilibrium position.

6) In order to represent in two or three dimensions, we can write using

vector notation F = — ki , where Tt is the displacement of the particle from the
chosen origin. Note that the force and displacement have a linear relationship.

7) This means that the exponent of force Fand the exponent of
displacement T are unity. The sketch between cause (magnitude of force |F|)
and effect (magnitude of displacement |T|) is a straight line passing through
second and fourth quadrant

. 1 . .
By measuring slope o one can find the numerical value of force constant k.

02. Describe Simple Harmonic Motion as a projection of uniform circular motion.

1) Consider a particle of mass m moving with uniform speed v along the
circumference of a circle whose radius is r in anti-clockwise direction . Let us
assume that the origin of the coordinate system coincides with the center O of
the circle.

http://www.trbtnpsc.com/2018/06/latest-plus-one-1ith-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnpsc.com

X1 STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS , | 79
SRMHSS, KAVERIYAMPOONDI, THIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

2) If w is the angular velocity of the particle and 0 the angular

displacement of the particle at any instant of time t, then 8 = wt. By projecting

the uniform circular motion on its diameter gives a simple harmonic motion.

3) This means that we can associate map (or a relationship) between
uniform circular (or revolution) motion to vibratory motion. Conversely, any
vibratory motion or revolution can be mapped to uniform circular motion. In
other words, these two motions are similar in nature.

4) Let us first project the position of a _—
particle moving on a circle, on to its vertical G
diameter or on to a line parallel to vertical ;o5 ' *28 [7! 2 ~ =
diameter .Similarly, we can do it for _
horizontal axis or a line parallel to horizontal
axis.

5) As a specific example, consider a —
spring mass system (or oscillation of pendulum) .When the spring moves up
and down (or pendulum moves to and fro), the mg})ion of the mass or bob is
mapped to points on the circular motion. PN,

6) Thus, if a particle undergoes unif rm circular motion then the

projection of the particle on the diameter of the circle (or on a line parallel to
the diameter ) traces straightline motion wf ich is simple harmonic in nature.
/ . ™ . . .
7) The circle is known as refejgé(} circle of the simple harmonic motion.
The simple harmonic motion ca(é\\ﬁ’lso be defined as the motion of the
projection of a particle on any ‘gﬁeter of a circle of reference.

S

03. What is meant by angular b%rnonic oscillation? Compute the time period of
angular harmonic osci n.

1) When a body is “allowed to rotate freely about a given axis then the
oscillation is known as the angular oscillation. The
point at which the resultant torque acting on the o
body is taken to be zero is called mean position.

2) If the body is displaced from the mean position,
then the resultant torque acts such that it is
proportional to the angular displacement and this
torque has a tendency to bring the body towards

the mean position. Llet 6 be the angular
displacement of the body and the resultant torque

Tacting on the body is 7' @ § ---------- 1 P S—
T =—ké 2 gaucal

k is the restoring torsion constant, which is torque per unit angular
displacement. If /is the moment of inertia of the body and & is the angular

acceleration then T = la =—-k@ .
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L, d%6
But ¢ = —= and therefore,
dt?

. d¥6 k-
G =——=—-0 - 3
dat? I
3) This differential equation resembles simple harmonic differential equation.

So, comparing equation with simple harmonic motion given in equation,

k
we have w = \/; rad s -------emo- 4
1 |k

The frequency of the angular harmonic motion is f = % =-J7 Hz...... 5

and the time period of the oscillation is T = ]; = 2nf second.

04. Write down the difference between simple harmonic motion and angular simple
harmonic motion.

f\.lo Simple Harmonic Motion A@éﬂar Harmonic Motion
The displacement of the particle is <2q\<d"splacement of the particle is
1 asured in terms of !inear sured in terms of angular
dlsplacement r o \ d:splaceme‘nt 6
5 _.)/\cceleraiion of the particle is ,{\\;;\‘/ Angular Acceleratiorl)of the
a=-w’? particle is @ = —w?0
3 |Force, F= ma where m is %(ed mass | Torque, 7 = l@ where | is called
of the particle. moment of inertia of a body.
The restoring force F)Q 7 where k is | The restoring torque T= — k 6 where k
4 restoring force conc&ﬂ is  restoring  torsion  constant.
Note: k pronounced “kappa”
5 | Angular frequency w = \/% rad’ Angular frequency w = \/? rad-!

05. Discuss the simple pendulum in detail.

1) A pendulum is a mechanical system which exhibits periodic motion. It
has a bob with mass m suspended by a long string (assumed to be mass less and
inextensible string) and the other end is fixed on a stand.

2) When a pendulum is displaced through a small displacement from its
equilibrium position and released, the bob of the pendulum executes to and fro
motion. Let | be the length of the pendulum which is taken as the distance
between the point of suspension and the centre of gravity of the bob.

3) Two forces act on the bob of the pendulum at any displaced position.
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(i) The gravitational force acting on the body (ﬁ=—m‘g’) which acts vertically

downwards. (ii) The tension in the string F which acts along the string to the
point of suspension.

4) Resolving the gravitational force into its components:
a. Normal component: The component along the string but in opposition to

the direction of tension, F,; = mg cos6.
b. Tangential component: The component perpendicular to the string i.e.,
along tangential direction of arc of swing, F,; = mg sin®.

06. Explain the horizontal oscillations of a spring.

1) Consider a system containing a block of mass m attached to a mass less
spring with stiffness constant or force constant or spring constant k placed on a
smooth horizontal surface (frictionless surface) as
shown in Figure.

2) Let xo be the equilibrium position or mean
position of mass m when it is left undisturbed. S za?e
the mass is displaced through a small displac nent x
towards right from its equilibrium position ‘and then
released, it will oscillate back and forth qcb@, its mean

N

yor
!

se - NN
Il
T

v

position Xo. 7N di
3) Let F be the restoring forcen{éde to stretching |
of the spring) which is proporti o the amount of K
displacement of block. For o imensional motion, ‘@{L.
mathematically, we have Fa J& =—-kx 0 M .

4) Where negativ c@h implies that the restoring
force will always act @osite to the direction of the vt
displacement. Noticeghat, the restoring force is linear _\
with the displacement.

I

5) This is not always true; in case if we apply a M\‘
very large stretching force, then the amplitude of 0 !
oscillations becomes very large (which means, force is
proportional to displacement containing higher powers of x) and therefore, the
oscillation of the system is not linear and hence, it is called non-linear
oscillation.

6) We restrict ourselves only to linear oscillations throughout our
discussions, which means Hooke’s law is valid (force and displacement have a
linear relationship).

From Newton’s second law, we can write the equation for the particle
. . . . d?x
executing simple harmonic motion m Tz kx;
d?x Kk

e 1

dt? m
Comparing the equation (1) with simple harmonic motion equation, we get
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k
Natural frequency of the oscillator is f = 2 = = |= Hertz -weoeemr 3
2T 2m\'m

and the time period of the oscillation is T = = = ZEI second --------- 4

Notice that in simple harmonic motion, the time period of oscillation is
independent of amplitude. This is valid only if the amplitude of oscillation is
small.

07. Describe the vertical oscillations of a spring.
1) Consider a mass less spring with stiffness constant or force constant k
attached to a ceiling as shown in Figure. —_ _

,"ﬂﬁ
|
|

|
l
|

Let the length of the spring before T =K T .
loading mass m be L. If the block of mass > >
m is attached to the other end of :;pring i ol H
then the spring elongates by a length I. \ ! & O LB '
2) Let F1 be the restoring force\di)é | b~ ad oy > H 3
i b R =0 )‘_;—"._
to stretching of spring. Due to ass m, mé o (A Y
the gravitational force acts Q@rtlcally > 1"
downward. We can dra <<f‘ree body m i
diagram for this system“as shown in
Figure. When the syste nder equilibrium, F; + mg = 0---------------- 1
3) But the spri ongates by small displacement /,
therefore, Fy x [ = Fy = — k[ -—-----—---- 2
Substituting equation (2) in equation (1), we get —k [+ mg = 0O
m
mg = ki OF —= = — -owmemeee 3

4) Suppose we apply a very small external force on the mass such that
the mass further displaces downward by a displacement vy, then it will oscillate
up and down. Now, the restoring force due to this stretching of spring (total
extension of springisy +[)isFox (y+[) F, = —k (y +1) = —ky—kl ------ 4

d2
Since, the mass moves up and down with acceleratlond , by drawing the free

body diagram for this case, we get —ky — kil + mg = m— g 5

The net force acting on the mass due to this stretching is F = F, +mg
F = — ky—kl +mg ------------- 6
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5) The gravitational force opposes the restoring force. Substituting
equation (3) in equation (6), we get F = —ky — kI + ki = —ky

dZ

Applying Newton’s law, we get md—tz = —ky
d’y _  k
mog = T Y 7

6) The above equation is in the form of simple harmonic differential

equation. Therefore, we get the time period as T = ]% = 271\/% second
The time period can be rewritten using equation (3)

T= 211\/E = 211\/z second
k g

The acceleration due to gravity g can be computed from the formula

g = 412 (Tl—z)mS"

08. Write short notes on the oscillations of liquid colt{@_)g(-g U-tube.

1) Consider a U-shaped glass tube whi ‘consists of two open arms with
uniform cross-sectional area A. Let \<pour a non-viscous uniform

incompressible liquid of density p in thec‘kl:“s"haped

] . | R
tube to a height h as shown in the Figure.

2) If the liquid and tube @qbt disturbed
then the liquid surface will in equilibrium
position O. It means the pré&fe as measured at
any point on the liquid i  same and also at the
surface on the arm @é of the tube on either
side), which balaaO with the atmospheric
pressure.

3) Due to this the level of liquid in each arm will be the same. By
blowing air one can provide sufficient force in one arm, and the liquid gets
disturbed from equilibrium position O, which means, the pressure at blown arm
is higher than the other arm.

4) This creates difference in pressure which will cause the liquid to
oscillate for a very short duration of time about the mean or equilibrium
position and finally comes to rest.

Time period of the oscillation is T = 271\/% second
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09. Discuss in detail the energy in simple harmonic motion.

a. Expression for Potential Energy
1) For the simple harmonic motion, the force and the displacement are

related by Hooke's law F = — k¢t

2) Since force is a vector quantity, in three dimensions it has three
components. Further, the force in the above equation is a conservative force
field; such a force can be derived from a scalar function which has only one
component. In one dimensional case F = — kx -----------e----- 1))
The work done by the conservative force field is independent of path. The
potential energy U can be calculated from the following expression.

au

Comparing (1) and (2), we get — Z—Z = — kx ; dU = kxdx

3) This work done by the force F during a small displacement dx stores

X
as potential energy U(x) = fox kx'dx = % (x’)2|0 = Vb k2 —omeeee 3
: K \c§-’
From equation w = — \2\\\‘_
: A : :
we can substitute the value of force congtg%t k = mw? in equation (3),
N
U(x) = m w2x? AN
(x) X X

N
4) where w is the naturakﬁsﬁuency of the oscillating system. For the

particle executing simple har. ic motion from equation x = A sin wt
ut)

U(t) = Y2 mw?A25in2t ------------- 4 2
This variation @s shown below. / \ /

Cg\ /'/ \
b. Expression for Kinetic Energy AU
inoti ax\> 0 T T
Kinetic energy KE = V2 mv,2 = /2 m (E) 7

Since the particle is executing simple harmonic motion, from equation

y = Asin wt ; x = Asin wt Therefore, velocity is v, = % A wcoswt

2
= aw 1—(5) PV =W VA% — X2 cmeeememeeee 5
A
Hence, KE = 2 mv,2 = Yamw? (A2—x2) ------------- 6
KE = Vamw?A2cos?wt -------------- 7

This variation with time is shown below.

KE(t) ' KE(t)

- - T
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¢. Expression for Total Energy
Total energy is the sum of kinetic energy and potential energy
E=KE + U —-mmmmmmeen 8 ; E = Yam w? (A2—x2) + Vam w2x?

Hence, cancelling x2 term, E = 2m w? A2 = Constant ---------- 9

Alternatively, from equation (4) and equation (7),

we get the total energy as E = 72 mw?A2Sin?wt +V2mw?A2cos?wt
E = V2 mw2A2(Sin2wt + cos2wt)

From trigonometry identity, (Sinwt + cos?wt) = 1

E = 2 mw?A? = Constant. U K
which gives the law of conservation of
total energy.

This is depicted in Figure. Thus the
amplitude of simple harmonic oscillator,

can be expressed in terms of total energy. @

_ ,25 _|2E

\‘-
10. Explain in detail the four different types of og\c(ﬂf\a?t\ions.
Damped oscillations: \x\(;\"
1) During the oscillation of a simpleﬁ?hwdulum, we have assumed that the

5 5 . . . S \:\ 5
amplitude of the oscillation ls@q‘stant and also the total energy of the

oscillator is constant. But in egﬁ‘ty in e object still oscillates
a medium, due to the presence of sinusoidally ...
- . T E AT\
friction and air drag, t Camphtude of - | a0
oscillation  decr as time £, f TTTTIT
progresses. o) s | L S
2) It implies that the oscillation is not © .4+~ V/ .
{ ... but the amplitude decreases
sustained and the energy of the SHM ' within the “envelope” of a

Lo decayi :
decreases gradually indicating the loss eeaying exponential.

of energy. The energy lost is absorbed by the surrounding medium. This type
of oscillatory motion is known as damped oscillation.

3) In other words, if an oscillator moves in a resistive medium, its amplitude
goes on decreasing and the energy of the oscillator is used to do work against
the resistive medium.

4) The motion of the oscillator is said to be damped and in this case, the
resistive force (or damping force) is proportional to the velocity of the
oscillator.
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Examples (i) The oscillations of a pendulum (including air friction) or
pendulum oscillating inside an oil filled container. (ii) Electromagnetic
oscillations in a tank circuit. (iii) Oscillations in a dead beat and ballistic
galvanometers.

Maintained oscillations:

1) While playing in swing, the oscillations will stop after a few cycles, this is due
to damping. To avoid damping we have to supply a push to sustain
oscillations.

2) By supplying energy from an external source, the amplitude of the oscillation
can be made constant. Such vibrations are known as maintained vibrations.

Example: The vibration of a tuning fork getting energy from a battery or
from external power supply.
Forced oscillations:

1) Any oscillator driven by an external perlodlc%gency to overcome the
damping is known as forced oscillator or dnve@&;l:lllator

2) In this type of vibration, the body executi Bratlon initially vibrates with
its natural frequency and due to the pr e of external periodic force, the
body later vibrates with the frequen«‘y of the applied periodic force. Such
vibrations are known as forced vwﬁ&wns
Example: Sound boards of stri instruments.

Resonance: <<<,2

1) It is a special case of &Qd vibrations where the frequency of external

periodic force (or dri force) matches with the natural frequency of the

vibrating body (dr(g&

2) As a result the oscillating body begins to vibrate such that its amplitude
increases at each step and ultimately it has a large amplitude. Such a
phenomenon is known as resonance and the corresponding vibrations are
known as resonance vibrations.

Example The breaking of glass due to sound.

11. Show that the projection of uniform circular motion on a diameter is SHM.

1) Consider a particle of mass m moving with uniform speed v along the
circumference of a circle whose radius is r in anti-clockwise
direction as shown in Figure . Let us assume that the origin of
the coordinate system coincides with the center O of the
circle. x!

2) If w is the angular velocity of the particle and O the
angular displacement of the particle at any instant of time t,
then 8 = wt.
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3) By projecting the uniform circular motion on its diameter gives a simple
harmonic motion. This means that we can associate a map (or a relationship)
between uniform circular (or revolution) motion to vibratory motion.

4) Conversely, any vibratory motion or revolution can be mapped to
uniform circular motion. In other words, these two motions are similar in nature.

12. Explain briefly about the graphical representation of Displacement, Velocity and
Acceleration in SHM.

Displacement:
1) The distance travelled by the vibrating particle at any instant of time
t from its mean position is known as displacement. Let P be the position of

the particle on a circle of radius A at some instant of P
time t as shown in Figure. Then its displacement y at _/’/ : :\;;\
that instant of time t can be derived as follows '/" /.{j"’ _
In AOPN Sin § = 2= = ON = OP Sin Ny S 47 C R
But ® = wt, ON =yand OP = A o \ /

. (_.) AN /
y = A sin Wt —-mmmmmmmmneen 1 4&3 ~_]_

2) The displacement y takes maxm@% value

(which is equal to A) when sin wt = 'l(&s maximum displacement from the

mean position is known as amplitude 3 of the vibrating particle. For simple
harmonic motion, the amplltudﬂ i nstant But, in general, for any motion

other than simple harmonic, t phtude need not be constant, it may vary
with time. Q<</
Velocity : )

1) The rate of @ge of displacement is velocity. Taking derivative of
. . dy .
equation (1) with rg%?ect to time, we get v = Py —t(A sin wt)
For circular motion (of constant radius), amplitude A is a constant and

further, for uniform circular motion, angular velocity w is a

d 2

constant. Therefore, v = d—Jt] = (A wcos wWt) ------------ 2 i ‘_’ P
0,
Using trigonometry identity, sin? wt + con? wt =1 J’I a

=cos wt = V1 — Sinfwt , we get, v = AwV1 — Sinfwt &OJ
2
From equation(1) sin wt = % ‘v =Aw [1— (Z)

A

2) From equation (3), when the displacement y = 0, the velocity
v = WA (maximum) and for the maximum displacement y = A, the velocity
v = 0 (minimum).
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3) As displacement increases from zero to maximum, the velocity
decreases from maximum to zero. This is repeated.
Since velocity is a vector quantity, equation (2) can also be deduced by

resolving in to components.

Acceleration:

The

acceleration.

_ av

The mean position(y = 0), velocity of the particle is
maximum but the acceleration of the particle is zero. At the
extreme position (y = *A), the velocity of the particle is zero

but the acceleration is maximum *Aw? acting in the opposite

Disp acement

BEANLN
rate of change of velocity is /,-/ \%3"\; v
/oy iras T

d N vike N
— = —(A wcos wt) ; %] AT
dt dt \\ II
—Ww2Asinwt = —w?2y ---------- 4 N J
d2y , s \\‘-;”/
—— _w _____________ .
dt? Y

direction. O \ B
Displacement Velocity celeration | | ™\ .
Time | wt . Q . i\ m ]
(y = Asinwt) | (v= A wcos wt)< (a= —wZAsmwt)go w1 —
t=0 | 0 0 Aw 0 \\D’
=2 | 2 +A N —Aw?
T
f=; T 0 ww 0
=3 | 31 ~A 7o Aw? o /1"
4 2 " Tj“’ T2 3T4 T t—>
t=T|2m 0 ” AW 0 2 aw
13. Explain the effective s%?ing constant in series connection and parallel connection
a) Springs connected in series
1) When two or more springs are connected in series, all the springs in
series with an equivalent spring (effective spring) whose
net effect is the same as if all the springs are in series
connection.
2) Given the value of individual spring constants ‘\-»’Wlﬁg’(j\-
ki, k2, ks,... (known quantity), we can establish a E— g
mathematical relationship to find out an effective (or "
equivalent) spring constant k; (unknown quantity). For simplicity, let us consider
only two springs whose spring constant are . v i
k; and k; and which can be attached to a - 5 " F’
F

mass m as shown in Figure.

3) The results thus obtained can be
generalized for any number of springs in

k? |
it
('

Equivalent

fo
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series. Let F be the applied force towards right as shown in Figure.

4) Since the spring constants for different spring are different and the
connection points between them is not rigidly fixed, the strings can stretch in
different lengths.

5) Let x; and x, be the elongation of springs from their equilibrium
position (un-stretched position) due to the applied force F. Then, the net
displacement of the mass point is x = X + Xp ------------ 1

From Hooke’s law, the net force
F

F= —ks(X1+X2) :>X1+X2=—k_ ------------ 2
S

For springs in series connection

—k1X1 = —k2X2 =F

Therefore, substituting equation (3) in

. . . F F F
equation (2), the effective spring constant can be calculated as T R T e
1 2 S
1 1 1 kik
—=—+—orki= —2 Nm! —eeeeeee- @S")
ks ki kg Kq+K; o)
6) Suppose we have n springs conne\&%& in series, the effective spring
. | 1 1 1 «pn 1
seri —_—= — — +.... — = P4 T mmemmmmm—ee
constant in series is ek +{k2\) e +.... + . Jui=1 = 5
If all spring constants are identical i.e, &k =k, =... = k, = k

1 n k= \\l\‘/
then — = — = k, = =/ cirmmemees 6
ks K
7) This means that the tive spring constant. reduces by the factor n.
Hence, for springs in seriesgb nection, the effective spring constant is lesser

than the individual spring constants.

8) From equ (3), we have, kix; = kyxo Then the ratio of
k
compressed distané&r elongated distance x; and x; is i—z = k—1 ------------ 7
1 2

The elastic potential energy stored in first and second springs are
1 2 1 2 .
v, = §k1X1 and v, = Ekzx2 respectively.

Then, their ratio is — = 2
\p) EkZX%
b) Springs connected in parallel
1) When two or more springs are connected in parallel, we can replace,
all these springs with an equivalent spring (effective ‘
spring) whose net effect is same as if all the springs are \
in parallel connection.
2) Given the values of individual spring ‘
constants to be k,4,4s, ... (known quantities), we can 2 .
establish a mathematical relationship to find out an
effective (or equivalent) spring constant &, (unknown - ]

quantity). X,

8
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3) For simplicity, let us consider only two springs of spring constants &
and k, attached to a mass m as shown in Figure. The results can be
generalized to any number of springs in

v A

parallel.
4) Let the force F be applied . = ovens |
towards right as shown in Figure. In this —— R

case, both the springs elongate or
compress by the same amount of
displacement. Therefore, net force for the displacement of mass m is
F=—kx ---mmmommmme- 1
where k; is called effective spring constant.
5) Let the first spring be elongated by a displacement x due to force F;
and second spring be elongated by the same displacement x due to force F,,

then the net force F = — kix — koX ===---zs---- 2
Equating equations (2) and (1), we get
kp = ki + k> 3
Generalizing, for n springs connected in par%‘k@% = 3L ky e 4
If all spring constants are identical i.e., k; \2\ 2= .. = kn =k
then k, = nk -------------- 5.

6) This implies that the effective é;ﬁf%}g constant increases by a factor n.
Hence, for the springs in parallel 'om\ction the effective spring constant is
greater than individual spring cons t@i’/

N

X

¢
)

L
>
q@

http://www.trbtnpsc.com/2018/06/latest-plus-one-1ith-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnpsc.com
X1 STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS , | 91

SRMHSS, KAVERIYAMPOONDI, THIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

UNIT - 11 WAVES
TWO MARKS AND THREE MARKS:

O1. What is meant by waves?

The disturbance which carries energy and momentum from one point in
space to another point in space without the transfer of the medium is known as
a wave.

02. Write down the types of waves.

a) Mechanical wave — Waves which require a medium for propagation are
known as mechanical waves.

Examples: sound waves, ripples formed on the surface of water, etc.

b) Non mechanical wave — Waves which do not require any medium for
propagation are known as non-mechanical waves.

Example: light

Further, waves can be classified into two types(%

a. Transverse waves b. Longitudinal waveéc}')

VaN

03. What are transverse waves? Give one exam \<
In transverse wave motion, the Q&Qﬁtuents of the medium oscillate or
vibrate about their mean positions in Eﬂ“rection perpendicular to the direction

of propagation (direction of energgéf{%%sfer) of waves.
Example: light (electromagneti@\g\‘/es)
04. What are longitudinal waves? Give one example.

In longitudinal \@\ motion, the constituent of the medium oscillate or
vibrate about their n positions in a direction parallel to the direction of
propagation (direction of energy transfer) of waves.

Example: Sound waves travelling in air.

05. Define wavelength.

For transverse waves, the distance between two neighbouring crests or
troughs is known as the wavelength.

For longitudinal waves, the distance between two neighbouring
compressions or rarefactions is known as the wavelength.

The SI unit of wavelength is meter.

06. Write down the relation between frequency, wavelength and velocity of a
wave.

Dimension of wavelength is, [A] = L;
1

Time period ’

Frequency f =
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1 =T

which implies that the dimension of frequency is, |f| = i

=[A= [A] [ = LT = [Velocity]

Therefore Velocity , Af = v

Where v is known as the wave velocity or phase velocity. This is the

velocity with which the wave propagates. Wave velocity is the distance
travelled by a wave in one second.

07. What is meant by interference of waves?

Interference is a phenomenon in which two waves superimpose to form
a resultant wave of greater, lower or the same amplitude.

08. Explain the beat phenomenon.

When two or more waves superimpose each other with slightly different
frequencies, then a sound of periodically varying amplitude at a point is
observed. This phenomenon is known as beats. E%\e number of amplitude
maxima per second is called beat frequency. If we have two sources, then their
difference in frequency gives the beat frequency.

ts = ec .

Number of beats per second n |j§@ per second

NN\
09. Define intensity of sound and ioudnezss\ ‘f,ﬁ:ound.

g

The intensity of sound is d ned as “the sound power transmitted per
unit area taken normal to the p ation of the sound wave”.

The loudness of soun efined as “the degree of sensation of sound
produced in the ear or the %'rception of sound by the listener™.

10. Explain Doppler Effe Q

When the source and the observer are in relative motion with respect
to each other and to the medium in which sound propagates, the frequency of
the sound wave observed is different from the frequency of the source. This
phenomenon is called Doppler Effect.

11. Explain red shift and blue shift in Doppler Effect.

The spectral lines of the star are found to shift towards red end of the
spectrum (called as red shift) then the star is receding away from the Earth.
Similarly, if the spectral lines of the star are found to shift towards the blue end
of the spectrum (called as blue shift) then the star is approaching Earth.

12. What is meant by end correction in resonance air column apparatus?

The antinodes are not exactly formed at the open end, we have to include

. . p) 31
a correction, called end correction. L; + e = n and L, + e = ”
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13. Sketch the function y = x + a. Explain your sketch.

i) A combination of constant and direct

ii) A fixed amount is added at regular intervals

iii) y = x + a, a suitable conclusion statement would be that,
1) Y is linear with x
2) Y varies linearly with x
3) Y is a linear function of x, y is the intercept

14. Write down the factors affecting velocity of sound in gases.
Pressure, Temperature, Density, Humidity and wind

15. What is meant by an echo? Explain.

1) An echo is a repetition of sound produced by the reflection of sound
waves from a wall, mountain or other obstructing surfaces. The speed of sound
in air at 20°C is 344 m s'. If we shout at a wall which is at 344 m away, then
the sound will take 1 second to reach the wall.

2) After reflection, the sound will take onﬁinore second to reach us.
Therefore, we hear the echo after two seconds. gf%}ﬁsts have estimated that we
can hear two sounds properly if the time g@{sr time interval between each

1\ th %
sound is(-j—(;) of a second (persistence ofp@ ng) i.e., 0.1 s. Then,

/ Distance travelled 2d ot
VEIOClty 7 Time taken N\ ;:\\%\:>
2d = 344 x 0.1=34.1m; d'=17.2m
The minimum distance from a s reflecting wall to hear an echo at 20°C is
17.2 meter. )
0\'

)
16. What is reverberation? %Qb

In a closed ro e sound is repeatedly reflected from the walls and it is
even heard long after the sound source ceases to function. The residual sound
remaining in an enclosure and the phenomenon of multiple reflections of sound
is called reverberation.

17. Write characteristics of wave motion.

1) For the propagation of the waves, the medium must possess both inertia
and elasticity, which decide the velocity of the wave in that medium.

2) In a given medium, the velocity of a wave is a constant whereas the
constituent particles in that medium move with different velocities at
different positions. Velocity is maximum at their mean position and zero at
extreme positions.

3)Waves undergo reflections, refraction, interference, diffraction and
polarization
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CONCEPTUAL QUESTIONS:

O1. Why is it that transverse waves cannot be produced in a gas? Can the transverse
waves can be produced in solids and liquids?

Transverse waves travel in the form of crests and troughs and so
involve change in shape. As gas no elasticity of shape, hence transverse waves
cannot be produced in it. Yes, solids and liquids have elasticity so, transverse
wave can be produced.

02. Why is the roar of our national animal different from the sound of a mosquito?

Roaring of a national animal and tiger produces a sound of law pitch
and high intensity or loudness, whereas the buzzing of mosquito produces a
sound of high pitch and low intensity or loudness.

03. A sound source and listener are both stationary and a strong wind is blowing.
Is there a Doppler effect?
Yes, It does not matter whether be sound source %Cge transmission media are

in motion. ,&:})
04. In an empty room why is it that a tone sou?@é\fouder than in the room having
o Ko
things like furniture etc. <N

Sound is a form of energy. T §,§£\u‘;niture which act as obstacles absorbs
most of energy. So the intensity of sound becomes low but in empty room, due
to the absence of obstacles th@%nsity of sound remains mostly same but we
feel it louder.

L4
)
05. How do animals sense i nding danger of hurricane?
Some animals believed to be sensitive to be low frequency sound

waves emitted by hurricanes. They can also defect the slight drops in air and
water pressure that signal a storm’s approach.

06. Is it possible to realize whether a vessel kept under the tap is about to fill with
water?

The frequency of the note produced by an air column is inversely
proportional to its length. As the level of water in the vessel rises, the length of
the air column above it decreases. It produces sound of decreasing frequency.
i.e. the sound becomes shorter. From the shrillness of sound, it is possible to
realize whether the vessel is filled which water. Vi, = 11.71ms"!
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FIVE MARKS

O1. Discuss how ripples are formed in still water.

1) A stone in a trough of still water, we can see a disturbance produced at
the place where the stone strikes the water surface as shown in Figure. We find
that this disturbance spreads out (diverges out) in the form of concentric circles
of ever increasing radii (ripples) and strike the boundary of the trough.

2) This is because some of the kinetic energy of the stone is transmitted to
the water molecules on the surface. Actually the particles of the water (medium)
themselves do not move outward with the disturbance.

3) This can be observed by keeping a paper strip on the water surface.
The strip moves up and down when the disturbance (wave) passes on the water
surface. This shows that the water molecules only undergo vibratory motion
about their mean positions.

02. Briefly explain the difference between travelling waves and standing waves.

NS'O. Progressive waves K ‘Stationary waves
Crests and troughs are formed in Crests Qa‘ma troughs are formed in
transverse progressive waves, and aQ erse stationary waves, and
compression and rarefaction are (<§$mpre5510n and rarefaction are

1 formed in longitudinal progressive .. \formef* in longitudinal stationary
waves. These waves move forwar;:l waves. These waves neither move
or backward in a medium i.e., forward nor backward in a
will advance in a medium w medium i.e., they will not advance
definite velocity. in a medium.

\zc\‘g*— Except at nodes, all other particles

of the medium vibrate such that
2 All the particles‘gﬁ the medium | amplitude of vibration is different
vibrate such that the amplitude of | for  different  particles.  The
the vibration for all particles is same. amplitude is minimum or zero at
nodes and maximum at anti-nodes.

3 These wave carry energy while | These waves do not transport
propagating. energy.

03. Show that the velocity of a travelling wave produced in a string is v = \/%

1) Consider an elemental segment in the string as shown in the Figure.
Let A and B be two points on the string at an instant of time. Let d/ and dm be

the length and mass of the elemental string, respectively. By definition, linear

dm

mass density, yis u = T 1
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2) The elemental string AB has a
curvature which looks like an arc of a circle
with centre at O, radius R and the arc s i o

subtending an angle 6 at the origin O as

shown in Figure. The angle 6 can be written

in terms of arc length and radius as 6=%. The

centripetal acceleration supplied by the
2
tension in the string is ac, = % ---------------- 3

3) Then, centripetal force can be obtained when mass of the string (dm) is
included in equation (3)
2
Fep = 2 4
4) The centripetal force experienced by elemental string can be calculated
by substituting equation (2) in equation (4) we get,
(dm)v? _ uvzdi 5

R R
5) The tension T acts along the tangent Qtlgré elemental segment of the
string at A and B. Since the arc length is ve.sg\\s‘t?\all, variation in the tension

force can be ignored. We can resolve Té-ﬁ$o horizontal component T c:os(g)
" s ~
and vertical component T sin(g-). \63?»
/‘\;;\‘/
6) The horizontal compo ts at A and B are equal in magnitude but
opposite in direction; theref \?’t ey cancel each other. Since the elemental
arc length AB is taken to b ry small, the vertical components at A and B

appears to acts vertical towards the centre of the arc and hence, they add up.
= 2T sin(g) ---------- 6

7) Since thec&plitude of the wave is very small when it is compared
with the length of the string, the sine of small angle is approximated as

The net radial force E

sin(g) ~ %‘ Hence, equation (6) can be written as F, = 2T xg =T86 - 7
dl
8) But 8 = = therefore substituting in equation (7),

we get Fr=T% ............ 8

Applying Newton’s second law to the elemental string in the radial
direction, under equilibrium, the radial component of the force is equal to the
centripetal force. Hence equating equation (5) and equation (8), we have

dl dl T .
T-=w?s v= \/% measured in ms?! --------- 9

R
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04. Describe Newton’s formula for velocity of sound waves in air and also discuss
the Laplace’s correction.

1) Newton assumed that when sound propagates in air, the formation of
compression and rarefaction takes place in a very slow manner so that the
process is isothermal in nature.

2) That is, the heat produced during compression (pressure increases,
volume decreases), and heat lost during rarefaction (pressure decreases, volume
increases) occur over a period of time such that the temperature of the medium
remains constant. Therefore, by treating the air molecules to form an ideal gas,
the changes in pressure and volume obey Boyle’s law,

PV = Constant = ------------ 1
3) Differentiating equation (1), we get PdV + VdP = 0 or
dp
P=-V— =By - 2

where, BT is an isothermal bulk modulus of air. Substituting equation (2) in

equation V = f the speed of sound in air is (C;o

Vr = \/]?T /— .............. 3 "\2\\-\

Since P is the pressure of air whose va %t NTP (Normal Temperature and
Pressure) is 76 cm of mercury, we hayaé\
P = (0.76 x 13.6 X102 x 9. %mz

p = 1.293 kg m-3. here \%ﬂensnty of air
Then the speed of sound in é(,at Normal Temperature and Pressure (NTP) is

3
Vr =\/0'76 x136x10 Xg'%o“ 279.80 ms' = 280 ms-1 (theoretical value)

1.293
But the speed of qﬁfﬁd in air at 0°C is experimentally observed as 332ms!
which is close upto 16% more than theoretical value

(Percentage error is M x 100% = 15.6%) This error is not small.

Laplace’s correction:

1) Laplace assumed that when the sound propagates through a medium,
the particles oscillate very rapidly such that the compression and rarefaction
occur very fast. Hence the exchange of heat produced due to compression
and cooling effect due to rarefaction do not take place, because, air (medium)
is a bad conductor of heat.

2) Since, temperature is no longer considered as a constant here, sound
propagation is an adiabatic process. By adiabatic considerations, the gas obeys
Poisson’s law (not Boyle’s law as Newton assumed), which is

PvY = Constant ----------- 4

Where, y = —, which is the ratio between specific heat at constant pressure
V

and specific heat at constant volume. Differentiating equation (4) on both the
sides, we get

http://www.trbtnpsc.com/2018/06/latest-plus-one-1ith-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnpsc.com

X1 STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS ,
SRMHSS, KAVERIYAMPOONDI, THIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

vY dP + P(yVy~1dV) = 0 or yP'= —V— Bp ----mmmmmmme- 5
where, BA is the adiabatic bulk modulus of air. Now, substituting equation (5)

in equation V = f the speed of sound in air is

vA-\F \F NV R— 6

Va = 331Ims?!

05. Write short notes on reflection of sound waves from plane and curved surfaces.
1) Sound also reflects from a harder flat surface, This is called as specular
reflection.

2) Specular reflection is observed only when the wavelength of the source
is smaller than dimensions of the reflecting surface, as well as smaller than
surface irregularities.

3) When the sound waves hit the plane wall, th&/ bounce off in a manner

similar to that of light. Suppose a loudspeaker Wave frons

is kept at an angle with respect to a wall "\~\\‘:\‘,
. - —_———

(plane surface), then the waves coming frf‘)g;Q : a—

the source (assumed to be a point source) ar Sound 7 T ‘>‘<\~£“

be treated as spherical wave front ﬁ‘say, source — |\

compressions moving like a spheric \»)wavr-’

front).

4) Therefore, the reflected @% front on the plane surface is also spherical,

such that its centre of curvatLﬁ% which lies on the other side of plane surface)

can be treated as the i of the sound source (virtual or imaginary loud

speaker) which can beéé\ﬁgd to be at a position behind the plane surface.
Reflection of sour%) through the curved surface:

1) The behaviour of sound is different when it is reflected from different
surfaces-convex or concave or plane. The sound reflected from a convex surface
is spread out and so it is easily attenuated and weakened. Whereas, if it is
reflected from the concave surface it will converge at a point and this can be
easily amplified.

2) The parabolic reflector (curved reflector) which is used to focus the
sound precisely to a point is used in designing the parabolic mics which are
known as high directional microphones.

3) We know that any surface (smooth or rough) can absorb sound. For
example, the sound produced in a big hall or auditorium or theatre is absorbed
by the walls, ceilings, floor, seats etc.
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06. Briefly explain the concept of superposition principle.

1) When a jerk is given to a stretched string which is tied at one end, a

wave pulse is produced and the pulse travels along the string. Suppose two
persons holding the stretched string on either side give a jerk simultaneously,
then these two wave pulses move towards each other, meet at some point and
move away from each other with their original identity.

2) Their behaviour is very different only at the crossing/meeting points;
this behaviour depends on whether the two pulses have the same or different
shape as figure.

3) When the pulses have the same shape, at the crossing, the total
displacement is the algebraic sum of their -
individual displacements and hence its net
amplitude is higher than the amplitudes of the -
individual pulses. P

4) Whereas, if the two pulses have same
amplitude but shapes are 180° out of phase at
the crossing point, the net amplitude vanishes at & R
that point and the pulses will recover their
identities after crossing. \2\

5) Only waves can possess such a peéghar
property and it is called superposition ,&f\waves This means that the principle
of superposition explains the net beh@l(@‘ur of the waves when they overlap.

6) Generalizing to any nu er of waves i.e, if two are more waves in a
medium move simultaneously Q n they overlap, their total displacement is

the vector sum of the individ isplacements.
7) To understand mathematically, let us consider two functions which
characterize the displa t of the waves, for example,

yi = Ay sin(kx — wt) y2 = A cos(kx — wt)

8) Since, both y, and vy, satisfy the wave equation (solutions of wave
equation) then their algebraic sum y = y; + y, also satisfies the wave equation.

9) This means, the displacements are additive. Suppose we multiply y;
and y, with some constant then their amplitude is scaled by that constant
Further, if C; and C, are used to multiply the displacements y; and vy,
respectively, then, their net displacement yisy = C; yi+ Cy y»

10) This can be generalized to any number of waves. In the case of n such
waves in more than one dimension the displacements are written using vector
notation. Here, the net displacementy isy = YL, Cy;

The principle of superposition can explain the following:

(a) Space (or spatial) Interference (also known as Interference)
(b) Time (or Temporal) Interference (also known as Beats)
(c) Concept of stationary waves.
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11) Waves that obey principle of superposition are called linear waves
(amplitude is much smaller than their wavelengths). In general, if the amplitude
of the wave is not small then they are called non-linear waves. These violate
the linear superposition principle, e.g. laser. In this chapter, we will focus our
attention only on linear waves.

07. Explain how the interference of waves is formed.

1) Consider two harmonic waves having identical frequencies, constant
phase difference ¢ and same wave form (can be treated as coherent source),
but having amplitudes A; and A,, then

yi = Ay sin(kx — wt) 1

y2 = Az sin(kx — wt+@) 2
Suppose they move simultaneously in a particular direction, then interference
occurs (i.e., overlap of these two waves),

Y = Y1+ Yy -oeeeoeeeee- 3

2) Therefore, substituting equation (1) an%\ﬁ%ation (2) in equation (3),
we get y = Ay sin(kr — ot) + Az sin(ky — ot + )

Using trigonometric identity sin (a+B) = éﬁp\% cosP + cosa sinf3 ),
AN

we get 7
y = A sin(kx — wt)+A; [sin(kx — w fcf;scp + cos(kx — wt) sinQ]

y = sin(kx — wt)(A; +A; cosp I (ORI (S AT 1) J— 4
Let us re-define Q)
A cos® =(A; + A ggzsfp) ................. 5

and A sin® =®m(p 6
then equation (4) c%h be rewritten as
y = A sin(kx—wt) cosB + A cos(kx—wt) sinB

y = A (sin(kx—wt) cosB + sinB cos(kx—wt))

y = Asin(kx—wt + 0) ------menmeeee- 7

By squaring and adding equation (5) and equation (6), we get
Az = A2+ A2 + 2A1 A; COSQ --mmmmmmmnnnnna 8

Since, intensity is square of the amplitude (I = A?),

we havel = |1+ 1, + 2@ COSP  =-mm-mmmmmmmmmm 9

This means the resultant intensity at any point depends on the phase
difference at that point.
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a) For constructive interference:

1) When crests of one wave overlap with crests of another wave, their
amplitudes will add up and we get constructive interference. The resultant
wave has a larger amplitude than the individual waves as shown in Figure.

wavel /£ N\ 7 \

w1 ) 7\ ~ ~ p—y e
T ot N/ N_“ A Y Y <+ = —_—
~= - Py ryvoo o A~ N
.+ - = L O A A N
P A 7\ P \ v A4 N/ NS
yvave & \ s N7 i _:t inso—favance
g T 2 oz LJESLIUL LY aaavsas==="
CanctruclilVe e iex e 1N
e £\ Q)
LAl A
NS

2) The constructive interference at a point occurs if there is maximum
intensity at that point, which means that cos¢p = + 1

= ¢ = 0, 2m,4m,... = 2nm, where n = 0,1,2,...

3) This is the phase difference in which two waves overlap to give
constructive interference. Therefore, for this resultant wave,

Imaximum = (\/E + \/E)Z = (Al + AZ)Z \C-)(SO
Hence, the resultant amplitude A = A \;2&\'
b) For destructive interference: .~

1) When the trough of one ﬁ\@? overlaps with the crest of another
wave, their amplitudes “cancel” eac| “other and we get destructive interference
as shown in Figure. The resultan@%litude is nearly zero.

2) The destructive inter: ce occurs if there is minimum intensity at that
point, which means cosg w' 1= ¢ =m3mn5mn,..=2n-1)mn,
where n = 0,1,2,.... This is the phase difference in which two waves

overlap to give dest ve interference.

3) Therefore, luinimum = (/11 — \/E)Z = (A, — A))?
Hence, the resultant amplitude A = A, - A,

08. Describe the formation of beats.

Formation of beats: When two or more waves superimpose each other
with slightly different frequencies, then a sound of periodically varying
amplitude at a point is observed. This phenomenon is known as beats. The
number of amplitude maxima per second is called beat frequency. If we have
two sources, then their difference in frequency gives the beat frequency.
Number of beats per second n = | f; - f,| per second
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09. What are stationary waves? Explain the formation of stationary waves and also
write down the characteristics of stationary waves.

1) When the wave hits the rigid boundary it bounces back to the original
medium and can interfere with the original waves. A pattern is formed, which
are known as standing waves or stationary waves.

2) Consider two harmonic progressive waves (formed by strings) that
have the same amplitude and same velocity but move in opposite directions.
Then the displacement of the first wave (incident wave) is

y1 = A sin(kx — wt) (waves move toward right) ------------------ 1

and the displacement of the second wave (reflected wave) is

y2 = A sin(kx + wt) (waves move toward left) --------------- 2
both will interfere with each other by the principle of superposition, the net
displacement is y = y; + yp -----msmmmmmmmnaan 3
Substituting equation (1) and equation (2) in equati@'ﬁ), we get

y = Asin(ky — WE)+A sin(kx + WE) cwoneeremeeeees 4

Using trigonometric identity, we rewrite sation (4) as
o \)
y (x, t) = 2A cos(wt) sinﬂkﬁ)\ ------------ 5
O
3) This represents a stationary‘wave or standing wave, which means that

this wave does not move either ard or backward, whereas progressive or
travelling waves will move for. or backward.

4) Further, the displggg,ment of the particle in equation (5) can be written
in more compact for , 1) = A” cos(wt) where, A” = 2Asin(kx), implying
that the particular element of the string executes simple harmonic motion with
amplitude equals to A”.

5) The maximum of this amplitude occurs at positions for which

. 3m 5
sin(kx) =1 = kx = 57“7“ m T

where m takes half integer or half integral values. The position of maximum
amplitude is known as antinodes.

Characteristics of stationary waves :

1) Stationary waves are characterized by the confinement of a wave
disturbance between two rigid boundaries. This means, the wave does not move
forward or backward in a medium (does not advance), it remains steady at its
place. Therefore, they are called “stationary waves or standing waves”.

2) Certain points in the region in which the wave exists have maximum
amplitude, called as anti-nodes and at certain points the amplitude is minimum
or zero, called as nodes.
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3) The distance between two consecutive nodes (or) anti-nodes is %

4) The distance between a node and its neighbouring anti-node is %
5) The transfer of energy along the standing wave is zero

10. Discuss the law of transverse vibrations in stretched strings.
i) The law of length:

For a given wire with tension T (which is fixed) and mass per unit length p
(fixed) the frequency varies inversely with the vibrating length.

Therefore, fa % :v’z% =l x f= C, where C is a constant.
ii) The law of tension:
For a given vibrating length [ (fixed) and mass per unit length p (fixed) the

frequency varies directly with the square root of the tension T, fa /T
=f= AT where A is a constant
%

iii) The law of mass: \E -~
For a given vibrating length [ (fixed) and te T (fixed) the frequency

varies inversely with the square root of tf(&%nass per unit length u, faﬁ

:*»f- —, where B is a constangQ\ \
VM

11. Explain the concepts of fundam \g?equency, harmonics and overtones
in detail.

1) Keep the rigid b C’" aries at x = 0 and x = L and produce a standing
waves by wiggling the g (as in plucking strings in a guitar). Standing waves

with a specific wavel are produced. Since, the amplitude must vanish at the
boundaries, therefore, the displacement at the boundary y(x = 0, t) = 0 and
y(x =L t) = 0 —----mmmmmmm- 1

Since the nodes formed are at a distance XZ—H apart, we have n[};—“]=L
2) where n is an integer, L is the length between the two boundaries and

A, is the specific wavelength that satisfy the specified boundary conditions.
2L

Hence, A, = (;) ................. 2

3) Therefore, not all wavelengths are allowed. The (allowed) wavelengths
should fit with the specified boundary conditions, i.e., for n = 1, the first mode

of vibration has specific wavelength A, = 2L. Similarly for n = 2, the second
mode of vibration has specific wavelength A, = (ZZ—L) =1L

For n = 3, the third mode of vibration has specific wavelength A; = (%L)
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and so on. The frequency of each mode of vibration (called natural frequency)

can be calculated. f, = — = n (l) ------------- 3
An 2L
4) The lowest natural frequency is called the fundamental frequency.
v v
fi=r=(5) — 4

The second natural frequency is called the first over tone.

ae2(2) -1

The third natural frequency is called the second over tone.

v 1 T
6=30) =30z 1)
and so on. Therefore, the nth natural frequency can be computed as integral (or
integer ) multiple of fundamental frequency, i.e.,
fo = nf;, where n is an integer ------------- 5
5) If natural frequencies are written as integral multiple of fundamental
frequencies, then the frequencies are called harmonics. Thus, the first
harmonic is f; = f; (the fundamental frequency is-called first harmonic), the
second harmonic is f, = 2f;, the third harmoni&&‘g} 5 = 3f; etc.

12. What is a sonometer? Give its construction \$vorkir1g. Explain how to

determine the frequency of tuning fork usfFQg"sonomeier

1) Sono means sound relate \'}hd sonometer implies sound-related
measurements. It is a device for onstrating the relationship between the
frequency of the sound produce &?ﬁ@; transverse standing wave in a string, and
the tension, length and mass p§3ﬂt length of the string.

2) Therefore, using this device, we can determine the following quantities:

a) the frequenc e tuning fork or frequency of alternating current

b) the tensio e string
c) the unknown hanging mass

Construction:

3) The sonometer is made up of a hollow box which is one meter long with
a uniform metallic thin string attached to it. One
end of the string is connected to a hook and the
other end is connected to a weight hanger
through a pulley as shown in Figure.

4) Since only one string is used, it is also
known as monochord. The weights are added to
the free end of the wire to increase the tension
of the wire.

5) Two adjustable wooden knives are put over the board, and their
positions are adjusted to change the vibrating length of the stretched wire.

http://www.trbtnpsc.com/2018/06/latest-plus-one-1ith-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnpsc.com

X1 STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS ,
SRMHSS, KAVERIYAMPOONDI, THIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

Working :

6) A transverse stationary or standing wave is produced and hence, at the
knife edges P and Q, nodes are formed. In between the knife edges, anti-nodes
are formed.

If the length of the vibrating element is [/ then [ =% =>A1=2]
7) Let fbe the frequency of the vibrating element, T the tension of in the

T
string and p the mass per unit length of the string. Then using equation v =\/% ,

<
-1

1 .
wegetf—z—z ElnHz ------------ 1

8) Let p be the density of the material of the string and d be the diameter of
the string. Then the mass per unit length p,

. npd? |y
= = 20 = - =
M = Area X density = mr2p 2 1T ’,,pdz ld /
\C

13. Write short notes on intensity and loudness. "\2\
Intensity of sound:

1) When a sound wave is emltted‘\y a source, the energy is carried to all
possible surrounding points. The ave@g,e sound energy emitted or transmitted
per unit time or per second is calle sound power.

2) Therefore, the mtensz}?&bf sound is defined as “the sound power
transmitted per unit area take rmal to the propagation of the sound wave’

3) For a particul%ggfce (fixed source), the sound intensity is inversely
f

proportional to the squ the distance from the source.

I[ = power of the source
- 4mr2

This is known as inverse square law of sound intensity.

1
ﬁI(X—Z
r

Loudness of sound:

1) Two sounds with same intensities need not have the same loudness.
For example, the sound heard during the explosion of balloons in a silent
closed room is very loud when compared to the same explosion happening in a
noisy market.

2) Though the intensity of the sound is the same, the loudness is not. If
the intensity of sound is increased then loudness also increases. But additionally,
not only does intensity matter, the internal and subjective experience of “how
loud a sound is” i.e., the sensitivity of the listener also matters here.

3) This is often called loudness. That is, loudness depends on both
intensity of sound wave and sensitivity of the ear (It is purely observer
dependent quantity which varies from person to person) whereas the intensity
of sound does not depend on the observer.
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4) The loudness of sound is defined as “the degree of sensation of sound
produced in the ear or the perception of sound by the listener™.

14. Explain how overtones are produced in a
(a) Closed organ pipe (b) Open organ pipe
a) Closed organ pipes:

1) It is a pipe with one end closed and the other end open. If one end of a
pipe is closed, the wave reflected at this closed end is 180° out of phase with the
incoming wave. :

2) Thus there is no E

displacement of the particles at ' =, '
the closed end. Therefore, nodes . — B A

are formed at the closed end and o i
anti-nodes are formed at open # ———— | — |
end. S— J 5

3) Consider the simplest
mode of vibration of the air column called the fun\{a;:pental mode. Anti-node is
formed at the open end and node at closed S%%\girwm the Figure , let L be the
length of the tube and the wavelength e wave produced. For the
fundamental mode of vibration, we have, e

L= }‘— orA, = 4L; The -requencys&\the note emitted is

£ /% = M i e
ho= 5 " which s e@‘d the .
fundamental note. 1
4) The frequencies Q%{lgher than | TN
fundamental frequency ¢ “be produced by a. _ D - -
blowing air strongly open end. Such T o A
frequencies are calle rtones. SN
. ~ /
The Figure 2 shows the second mode of 4. __ - A
vibration having two nodes and two |« A >|
L
anti-nodes. 4L = 31, L = & or )\2 = 43—L
The frequency of this f, = )\i = Z = 3f; is called first over tone, since here, the
2
frequency is three times the fundamental S S )
frequency it is called third harmonic. Y A N *
5) The Figure 3 shows third mode D e N S
of vibration having three nodes and . Ay +%:§;ﬁ
three anti-nodes. 4L = 5A; L = % or A A A !
!
37 5 N N N
The frequency of this f; = ~ = = = 5f,
A3 4L A/ A A ,
is called second over tone, and since g L '

n = 5 here, this is called fifth harmonic.
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6) Hence, the closed organ pipe has only odd harmonics and frequency
of the nth harmonic is f, = (2n+1)f1. Therefore, the frequencies of harmonics are
mtheratloﬂ fz f3 f4 =1:3:5:7:...

b) Open organ pipe :

1) It is a pipe with both the ends open. At both open ends, anti-nodes are
formed. Let us consider the simplest mode of . s
vibration of the air column called »ic 4 >
fundamental mode. Since anti-nodes are .
formed at the open end, a node is formed at .= N
the mid-point of the pipe. ‘ TN

2) From Figure, if L be the length of the e T T~
tube, the wavelength of the wave produced is * —— ' o

A
A

=

given by L = %or A =21

The frequency of the note emitted is f; = }\i =3
1

which is called the fundamental note. A )

3) The frequencies higher than _L A2 ‘
fundamental frequency can be produced by - :4—;: <>
blowing air strongly at one of the open en% \2 Ao A Ry
Such frequencies are called overtones. - <

4) The Figure shows the second:tbnode A. A >
of vibration in open pipes. It has two nodes N N

and three anti-nodes, and ther , L=hor . A
A = L. The frequency f, = %Q’z = >

=2 Xor = = 2f;i @ed first over tone. Since n = 2 here, it is called the

second harmomc

5) The Flgure?ows the third mode of vibration having three nodes and

2L
four anti-nodes L = —A3 ord; == ; s & : |

fp=r=2 =3x= =3f . .

A3 2L e = 8

is called second over tone. Since n = 3 here, it ]
is called the third harmonic.

6) Hence, the open organ pipe has all
the harmonics and frequency of nth harmonic |
is fn = nfl. Therefore, the frequencies of r L
harmonics are in theratiof; : fo : f3: f4:...=1:2:3:4: ...

I
I 1

4
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15. How will you determine the velocity of sound using resonance air column
apparatus?

1) The resonance air column apparatus is one of the simplest techniques
to measure the speed of sound in air at room temperature.

2) It consists of a cylindrical glass tube of one =
meter length whose one end A is open and another end :

'

=

B is connected to the water reservoir R through a rubber ~ el
tube as shown in Figure. This cylindrical glass tube is ™" E5 1 ==
mounted on a vertical stand with a scale attached to it. BT S— Ll

3) The tube is partially filled with water and the e |
water level can be adjusted by raising or lowering the = —————
water in the reservoir R. The surface of the water will act _
as a closed end and other as the open end. ‘ i Lo

4) Therefore, it behaves like a closed organ pipe, ”
forming nodes at the surface of water and antinodes at
the closed end.

5) When a vibrating tuning fork is brought ‘near
the open end of the tube, longitudinal waves arecfgﬁ'ned ‘ |
inside the air column. These waves move downward as @+ -
shown in Figure, and reach the surfaces of(x(@\ger and get refleded and p:oduce
standing waves.

6) The length of the air column (g arled by changing the water level until
a loud sound is produced in the“air column. At this particular length the
frequency of waves in the air co resonates with the frequency of the tuning
fork (natural frequency of th ng fork).

7) At resonance, the&re uency of sound waves produced is equal to the
frequency of the tuning . This will occur only when the length of air column

is proportional to (1 of the wavelength of the sound waves produced. Let

the first resonance occur at length L;, then i/l =L

8) But since the antinodes are not exactly formed at the open end, we
have to include a correction, called end correction e, by assuming that the
antinode is formed at some small distance above the open end. Including this

. . .1
end correction, the first resonance is ZA =L +e

9) Now the length of the air column is increased to get the second
resonance. Let L, be the length at which the second resonance occurs. Again

taking end correction into account, 2/1 =L+e
In order to avoid end correction,
let us take the difference of equation il =L,
and equatlon fiefoifzifse..=1:2:3:4:...
Z/l—z/l = (L2+e—L1+e)
=>§,1 =L-L =AL >1=2AL
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16. What is meant by Doppler effect? Discuss the following cases
(1) Source in motion and Observer at rest
(a) Source moves towards observer (b) Source moves away from the observer

Doppler effect :

When the source and the observer are in relative motion with respect to
each other and to the medium in which sound propagates, the frequency of the
sound wave observed is different from the frequency of the source. This
phenomenon is called Doppler Effect.

a) Source moves towards the observer:

1) Suppose a source S moves to
the right as shown in Figure, with a
velocity v, and let the frequency of the
sound waves produced by the source
be f,. We assume the velocity of sound
in a medium is v.

2) The compression (sound
wave front) produced by the source S
at three successive instants of time are ..
shown in the Figure. When S is at posntic@\n the compression is at C;.

3) When § is at position xa, tl\e\*efg‘mpremon is at C, and similarly for xs
and Cs. Assume that if C; reaches t 'sterver s position A then at that instant C;
reaches the point B and C; reac?(({n e point C as shown in the Figure.

4) It is obvious to see tr@; e distance between compressions C, and Cs is
shorter than distance between C; and C..

5) This means the elength decreases when the source S moves towards
the observer O (sinc d travels longitudinally and wavelength is the distance
between two consecutive compressions). But frequency is inversely related to
wavelength and therefore, frequency increases.

6) Let A be the wavelength of the source S as measured by the observer

when § is at position x; and A" be wavelength of the source observed by the
observer when § moves to position x,. Then the change in wavelength is
AN = A= N = vit, where t is the time taken by the source to travel between x;

and x,. Therefore, " = A—v, t Butt =

- <>

7) On substituting equation
’ = Y
we get A" = )\( V)

= in equation A = A-v, t,

Since frequency is inversely proportional to wavelength, we have f’'= % and

Vs

,_f . . . .
f = % Hence, f=m , Since, « 1 we use the binomial expansion and

v

retaining only first order in , = we get f'=f(1 - E)v
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b) Source moves away from the observer:
Since the velocity here of the source is opposite in direction when
compared to case (a), therefore, changing the sign of the velocity of the source

in the above case i.e, by substituting (v,— —v; ) in equation A" = A—v; t,

we get f’=(1_fﬁ)

Using binomial expansion again, we get, f'=f(1 - %)
2) Observer in motion and Source at rest.
a) Observer moves towards Source b) Observer resides away from the Source

a) Observer moves towards Source: T~
1) Let us assume that the observer O moves /////‘"“\\\\.\ Vo
towards the source § with velocity v,. The source S/ / 7 ™\ Y
is at rest and the velocity of sound waves (with [ [ [ _ '} ] | 7 Omeno

respect to the medium) produced by the source is
v. From the Figure , we observe that both v, and v
are in opposnte direction. Then, their relative
velocity is vi = v + vo. The wavelength of Llr%)"

L
1
5

sound A = A which means the fre gg@ y

observed by the observer O is f’=<- The(\a (V+V°) =f (1 + Zﬂ)
Al /@ \%
A\X/\
b) Observer recedes away the Source:
2) If the observer O is m away (receding away) from the source §,
then velocity vo and v mov the same direction. Therefore, their relative

velocity is vi = v — vo. Hence the frequency observed by the observer O is

=2 Then f=2 = (@ﬁ f(1 —7)
S

3) Both are in motion

a) Source and Observer approach each other
b) Source and Observer resides from each other
¢) Source chases Observer d) Observer chases Source

a) Source and Observer approach each

other v
1) Let v and vo be the respective 0
velocities of source and  observer % ¢ «—
approaching each other as shown in Figure. Source S Dummy (rest) — Observer O

In order to calculate the apparent frequency
observed by the observer, as a simple calculation,

2) let us have a dummy (behaving as observer or source) in between the
source and observer. Since the dummy is at rest, the dummy (observer)
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observes the apparent frequency due to approaching source as given in

equation f‘=(1_—f) as fg= (1_;) 1

Vs
v

3) At that instant of time, the true observer approaches the dummy from
the other side. Since the source (true source) comes in a direction opposite to
true observer, the dummy (source) is treated as stationary source for the true
observer at that instant.

4) Hence, apparent frequency when the true observer approaches the
stationary source (dummy source), from equation

== (B = f (142 s
A \4 v
F=f(1+2) = fa=—
A (1+70)
Since this is true for any arbitrary time, therefore, comparing equation (1) and
f f vf’ vf
S T ) T G v

2

equation (2), we get (

Hence, the apparent frequency as seen by the observer is f‘=(%)f ------- 3

b) Source and Observer resides from each othgc:&-’
. . Sl S

1) Here, we can derive the result as in t P
previous case. Instead of a detailed calculation, <«———=&
by inspection from Figure, we notice. hat the Source S Dumt (rest)
velocity of the source and the obser\{(e“'r?each point in opposite directions with
respect to the case in (a) and hene‘{&“/e substitute (vi — —vy) and (vo — —vo)
in equation (3), and therefo;&gfhe apparent frequency observed by the

L]

P
~

a

corver ()
SUTERL O

0N
Q

(==

observer when the source a bserver recede from each

other is f'=(2::°> : 4

c) Source chases O@’ver:
Only the observer’s velocity is oppositely directed when compared to
case (a). Therefore, substituting (vo — —vp) in equation (3),
we get f‘=((v_v°))f 5

(v=vs)

d) Observer chases Source:
Only the source velocity is oppositely directed when compared to

case (a). Therefore, substituting v — —v; in equation (3), we get f‘=(%)f
17. Write the expression for the velocity of longitudinal waves in an elastic medium.
1) Consider an elastic medium (here we assume air) having a fixed mass
contained in a long tube (cylinder) whose cross sectional area is A and
maintained under a pressure P. One can generate longitudinal waves in the fluid
either by displacing the fluid using a piston or by keeping a vibrating tuning fork
at one end of the tube.
2) Let us assume that the direction of propagation of waves coincides with

the axis of the cylinder. Let p be the density of the fluid which is initially at rest.
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At t = O, the piston at left end of the tube is set in motion toward the right with
a speed u.
3) Let u be the velocity of the piston and v be the velocity of the elastic wave.

In time interval At, the distance moved by the piston Ad = u At. Now, the
distance moved by the elastic disturbance is Ax = vAt. Let Am be the mass of the
air that has attained a velocity v in a time At .

Therefore, Am = p A Ax = p A (v At)

4) Then, the momentum imparted due to motion of piston with velocity u is
Ap = [p A (v At)Ju
But the change in momentum is impulse.
The net impulse is | = (AP A)At Or (AP A)At = [p A (v At)]u

5) When the sound wave passes through air, the small volume element
(AV) of the air undergoes regular compreSSIons anc(f:&efactlons So, the change

in pressure can also be written as AP = B ““*\
where, V is original volume and B is kn%&x as bulk modulus of the elastic
medium. s
N\
ButV = A Ax = AvAl;r\

AV = A Ad =A u <§§\\
At u
Therefore, AP % R 2

Comparing equation (1) alzgsxquatlon (2),

B
Wegetpvu®—orv2——:v— ; -------- 3
E
In general, the velocity of a longitudinal wave in elastic medium is v = o
where E is the modulus of elasticity of the medium.
Cases: For a solid:
i) one dimension rod (1D)
VI R L — 4 where Y is the Young’s modulus of the material of the

rod and p is the density of the rod. The 1D rod will have only Young’s modulus.
ii) Three dimension rod (3D)

The speed of longitudinal wave in a solid is v =

where n is the modulus of rigidity, K is the bulk modulus and p is the density of
the rod.

http://www.trbtnpsc.com/2018/06/latest-plus-one-1ith-study-materials-tamil-medium-english-medium-new-syllabus-based.html



www.Padasalai.Net www. TrbTnpsc.com

X1 STD. PHYSICS STUDY MATERIAL, DEPARTMENT OF PHYSICS , | 113
SRMHSS, KAVERIYAMPOONDI, THIRUVANNAMALAI
RAJENDRAN M, M.Sc., B.Ed., C.C.A., P.G. ASSISTANT IN PHYSICS

Cases: For liquids:

V= = e 6 where, K is the bulk modulus and p is the density of the rod.

18. Discuss the effect of pressure, temperature, density , humidity and wind.

a) Effect of pressure:

1) For a fixed temperature, when the pressure varies, correspondingly
density also varies such that the ratio (S) becomes constant. This means that the
speed of sound is independent of pressure for a fixed temperature.

2) If the temperature remains same at the top and the bottom of a
mountain then the speed of sound will remain same at these two points. But, in
practice, the temperatures are not same at top and bottom of a mountain;
hence, the speed of sound is different at different points.

b) Effect of temperature:
Sincevu T,
1) The speed of sound varies directly to t Euare root of temperature
in kelvin. Let vy be the speed of sound at ten;\ggr%ture at 0°Cor 273 Kand v
be the speed of sound at any arbitrary ten‘kpzﬁ ture T (in kelvin),
S

v T 273+t X
then — = |— = I
vo 273 \j 273

— 1‘\\\‘\
V= Vg /1 + 2—;3 = v (1 + #1{@}‘@ binomial expansion)

Since vo = 331m s at 0°C, \Q%/any temperature in toC is
v = (331+0.60t) ms" =~

2) Thus the s of sound in air increases by 0.61 ms' per degree
celcius rise in tem re. Note that when the temperature is increased, the
molecules will vibrate faster due to gain in thermal energy and hence, speed
of sound increases.

c) Effect of density:
1) Let us consider two gases with different densities having same
temperature and pressure. Then the speed of sound in the two gases are

3 3
vy = B s land v, = [P cooeeeee 2
P1 P2

vaP
. . . . )4
Taking ratio of equation (1) and equation (2), we get e =
V2 M VZpl
P2
v
For gases having same value of y, v—l = % ........... 3
2 1

Thus the velocity of sound in a gas is inversely proportional to the square root
of the density of the gas.
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d) Effect of moisture (humidity):

1) We know that density of moist air is 0.625 of that of dry air, which
means the presence of moisture in air (increase in humidity) decreases its density.
Therefore, speed of sound increases with rise in humidity.

From equation v = /% = JY°T

v = ,% Let pi, vi and p2, V2 be the density and speeds of sound in dry air

and moist air, respectively. Then \/7 ’ if ;1 =7
P1
P2

Since P is the total atmospheric pressure, it can be shown that L -
pl P1+0.625P2

e) Effect of wind:

The speed of sound is also affected by blowig of wind. In the direction
along the wind blowing, the speed of sound inc s wWhereas in the direction
opposite to wind blowing, the speed of soun ecreases.

19. Write the applications of reflection of sounct‘&(aves
a) Stethoscope: It works on the p;m\\lp‘[e of multiple reflections.
It consists of three main parts: A\\“/

i) Chest piece (i) Ear plece (iii) Rubber tube

i) Chest piece: It conn§83 a small disc-shaped resonator (diaphragm)
which is very sensitive to so& and amplifies the sound it detects.

ii) Ear piece: It is e up of metal tubes which are used to hear sounds
detected by the ches e.

iii) Rubber tube: This tube connects both chest piece and ear piece. It is
used to transmit the sound signal detected by the diaphragm, to the ear piece.
The sound of heart beats (or lungs) or any sound produced by internal organs
can be detected, and it reaches the ear piece through this tube by multiple
reflections.

b) Echo:

1) An echo is a repetition of sound produced by the reflection of sound
waves from a wall, mountain or other obstructing surfaces. The speed of sound
in air at 20°C is 344 m s. If we shout at a wall which is at 344 m away, then
the sound will take 1 second to reach the wall.

2) After reflection, the sound will take one more second to reach us.
Therefore, we hear the echo after two seconds. Scientists have estimated that we
can hear two sounds properly if the time gap or time interval between each

th
sound is(%) of a second (persistence of hearing) i.e., 0.1 s. Then,
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. Distance travelled 2d
Velocity = ==

Time taken t
2d = 344 x 0.1=34.1m; d=172m
The minimum distance from a sound reflecting wall to hear an echo at 20°C is
17.2 meter.

c) SONAR: SOund NAvigation and Ranging. Sonar systems make use of
reflections of sound waves in water to locate the position or motion of an
object. Similarly, dolphins and bats use the sonar principle to find their way in
the darkness.

d) Reverberation: In a closed room the sound is repeatedly reflected from
the walls and it is even heard long after the sound source ceases to function.

The residual sound remaining in an enclosure and the phenomenon of
multiple reflections of sound is called reverberation.

The duration for which the sound persists is called reverberation time. It
should be noted that the reverberation time greatly affects the quality of sound
heard in a hall. Therefore, halls are constructed with some optimum
reverberation time. C(%

R
19. Write characteristics of progressive waves: "\z\\

1) Particles in the medium vibrate about fhed‘r\%‘\ean positions with the same
amplitude. %\

2) The phase of every particle ranges. f@im 0 to 2m.

3) No particle remains at rest perm@ntly During wave propagation, particles

come to the rest position onl ice at the extreme points.

4) Transverse progressive wavé&) re characterized by crests and troughs whereas
longitudinal progressnv%%;aves are characterized by compressions and
rarefactions.

5) When the particle s through the mean position they always move with

the same maximum velocity.

6) The displacement, velocity and acceleration of particles separated from

each other by nA are the same, where n is an integer, and A is the wavelength.

20. Derive the equation of a plane progressive wave.

1) A jerk on a stretched string at time t = O s. Let us assume that the wave
pulse created during this disturbance moves along positive x direction with
constant speed v as shown in Figure .

Y

2) We can represent the shape v 3y

of the wave pulse, mathematically as

= y(x, 0) = f(x) at time t = O s.
Assume that the shape of the wave
pulse remains the same during the
propagation. After some time t, the
pulse moving towards the right and any point on it can be represented by x' (read
it as x prime) as shown in Figure. Then, y(x, t) = f(x") = f(x — vt)

(a) Pulseatf=o (b) Pulse at time ¢
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3) Similarly, if the wave pulse moves towards left with constant speed v,
then y = f(x + vt). Both waves y = f(x + vt) and y = f(x — vt) will satisfy the
following one dimensional differential equation known as the

. 0%y 1 9%
wave equation o v

4) where the symbol 9 represent partial derivative. Not all the solutions
satisfying this differential equation can represent waves, because any physical
acceptable wave must take finite values for all values of x and t.

5) But if the function represents a wave then it must satisfy the differential
equation. Since, in one dimension (one independent variable), the partial
derivative with respect to x is the same as total derivative in coordinate x, we

Zy 1 62

wrltea— = —=—
0x2 ~ v2 g2°

21. Explain the Graphical representation of the wave.
Let us graphically represent the two forms of the wave variation
a) Space (or Spatial) variation graph
b) Time (or Temporal) variation graph ((b
a) Space variation graph R
1) By keeping the time fixed, the changegt%\%hsplacement with respect to x

is plotted. Let us consider a sinusoidal gr = A sin(k x) as shown in the
Figure, where k is a constant. Slqéq‘"the JA

wavelength A denotes the distance bem,een any
two points in the same state o{go'\otlon the / |" ZU
h

displacement y is the same at bq@ e ends. 0 L_ —.\ v /x
y=xandy=x+)\,i.e.,og) y
X+h

@ X
y = Asin(ko) = A sin@%# )
= Asin(kx + k A)--- 1
The sine function is a periodic function with period 2m. Hence,
y = Assin(kx + 2m) = A sin(kx) -----------mnmenean 2
Comparing equation (1) and equation (2), we get
kx + k A = kx + 21, This implies K = 27“rad Rt 3

where k is called wave number. This measures how many wavelengths are
present in 27 radians.

The spatial periodicity of the wave is A = %ﬁ in m

Then, Att = 0 sy(x, 0) = y(x + A, O) and At any time t, y(x, t) = y(x + A, 1)

b) Time variation graph
1) By keeping the position fixed, the change in displacement with respect
to time is plotted. Let us consider a sinusoidal graph, y =A sin(wt) as shown in

the Figure, where w is angular frequency of the wave which measures how

aniclelv \wave ncrillatec in time ar niimher nf Auelec ner cecand
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2) The temporal periodicity or time period is T = %T S w= z?n
The angular frequency is related to

frequency f by the expression w = 2 ‘& VLT
! P =TIt |

ntf, where the frequency f is defined as i AT

the nun‘}ber of .osallatlons made by Y 2.—‘;_,— 9 e =

the medium particle per second. o1 m s T = >,
ll 177t [ s hS L
]

3) Since inverse of frequency is
time period, we have, T = % in

seconds
This is the time taken by a medium particle to complete one oscillation. Hence,
we can define the speed of a wave (wave speed, v) as the distance traversed by

A .
the wave per second v = o= Af in ms

22. Derive the relation between intensity and loudness.

1) According to Weber-Fechner’s law, “loudness (L) is proportional to
the logarithm of the actual intensity (I) measured with an accurate non-human
instrument”. This means that L o< Inl , L = k\g{\\% ere k is a constant, which
depends on the unit of measurement.

2) The difference between two 'ouéﬂess L and Lo measures the relative
loudness between two precisely mea;ugéd intensities and is called as sound
intensity level. ,x\\\}‘v'

3) Sound intensity lev AL = Li—Ly = kin;j—= kInly = kln[i—ﬂ

if k = 1, then sound intensity@oel is measured in bel, in honour of Alexander

Graham Bell. Therefore, S In [i—l]bel
0
4) However, is practically a bigger unit, so we use a convenient

smaller unit, called decibel. Thus, decibel = %bel ,
5) Therefore, by multiplying and dividing by 10,
we get AL = 10(In [IOD—bel AL =10 In [ ]decnbel with k = 10
For practical purposes, we use logarithm to base 10 instead of natural
logarithm, AL =10 loglo[ ]decnbel
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