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11" PHYSICS MINIMUM STUDY MATERIAL VOL -1

(For slow learners)

1. Explain basic forces of nature.
Gravitational Force:
e It is the force between any two objects in the universe.
e Itis directly proportional to the product of masses and inversely proportional to the distance between
them.
e Itis the weakest force among the fundamental force of nature.
e |t has the greatest large - scale impact on the universe.

Electromagnetic Force:

e Itis the force between any two charged particles.

e ltisattractive for unlike charges and repulsive for like charges.
e It obeys inverse square law.

e Itis very strong compared to the gravitational force.

e Itisthe combination of electrostatic and magnetic forces.

Strong Nuclear Force:
e Itis the strongest of all the basic forces of nature.

e It has the shortest range of the order of 10°m
e It holds the protons and neutrons together in the nucleus of an atom.

Weak Nuclear Force:
e It isimportant in certain types of nuclear process such as p='decay.
e Itis not as weak as the gravitational force.

2. What are the rules and conventions to be followed for writing Sl units and their symbols?
1) The units named after scientists should be written in small letter only.

2) Symbols of the units named after scientists should be written by a capital letter.

3) Small letters are used as symbols for units not derived from a proper name.

4) No full stop or any other marks should be used within or at the end of the symbols.

5) Symbols of the units do not take plural form.

6) When temperature is expressed in kelvin, the degree sign is omitted.

7) Not more than one solidus is used.

8) Some space is always to be left between the number and the symbol of the unit.

9) Some space is always to be left between the symbols for compound units such as force, momentum.,
10) Only accepted symbols should be used.

11) Numerical value of any physical quantity should be expressed in scientific notation.
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3. How will you convert a physical quantity from one system of units to another by using dimensional
analysis?

cgs system Sl system

Gegs = 6.67 x 1078 dyne cm* g™ G =?

Miy=1g M; =1kg

Li=1cm L,=1m

T,=1s T,=1s

Dimensional formula for G = [M;* L,¥ T;?] Dimensional formula for G = [M,* L,Y T,?]

here, x =—-1, y=3, z= -2
G[sz Lzy Tzz] = Gcgs [M1xL1yT1Z]

o=cuslie] [2] [

G=667x10"° [1 kg] [1 cm] [

G=6.67x10"11 Nm? kg2

4. Obtain the relation between the physical quantities in an equation using dimensional analysis method.
o Txm*lYg*
o T=km*lYg*
° [Tl] — [Mx L_V+Z T_ZZ]
® X = 0’ y = 1,
1
e T=km®lzg~
111/2
» T=k[]

e k=27

° TZZE\/Z
g

5. Derive equations of motion.
(i) The acceleration of a body is given by the first derivative of the velocity with respect to time.

e a=% (or) dv =adt
dt
. f;dv=af0tdt

e v=u-+tat
(i1) The velocity of the body is given by the first derivative of the displacement with respect to time.
ds
e v=— (or) ds=vdt
dt
o ds=(u+at)dt
e s=ut+ %at2
(iii) The acceleration of a body is given by the first derivative of the velocity with respect to time.
dv 1
e a=— (or) ds=-vdv
dt a
_ 1.2 2
* s= (ve —u)
e 2as=v*—-u?
e v2=u?+2as
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6. Explain different types of vectors.
Equal vectors:

e Two vectors having same magnitude and same direction, whatever be their initial postions.
Like vectors: The vectors of same direction but different in magnitude.

Opposite vectors: The vectors of same magnitude but opposite in direction.

Unlike vectors: The vectors of different magnitude acting in opposite directions.

Unit vector: A vector having unit magnitude.
Zero vector: A vector whose magnitude is zero.
Proper vector: All the non zero vectors are proper vectors.

Co-inial vector: Vectors having the same starting point.

Coplanar vectors: Vectors lying on the same plane.

7. State triangle law of vectors and parallelogram law of vectors.

Triangle law of vectors:

e |f two vectors are represented in magnitude and direction by the two adjacent sides of a triangle taken

in order, then their resultant is the closing side of the triangle taken in reverse oreder.
P Q _ R
sin B T sina sin(180°-6)

Parallelogram law of vectors:

e If two vectors acting at a point are represented in magnitude and direction by the two adjacent sides of
a paralleiogram, then their resultant is represented in magnittide and direction by the diagonali passing

through the common tail of the two vectors.

e R=,P2+Q2+2PQcosh
8. State and prove law of conservation of linear momentum.
e When the impulse due to external forces is zero, the momentum of the system remains constant.
o [ =mv—mu
e IfJ=0, thennmv—mu=20
® MV =mu

Uo—Uu
FlszX(Zt 2)

o F2 =m, X (v1—uq)

[ ] Fl = _FZ
L] m1u1 + mzuz == mlvl + mzvz
e [nitial momentum = Final momentum

- F, | F.
.[Il -lE L . - @L .‘i L.
Before Collision During Collision After Collision
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9. Obtain an expression for centripetal acceleration.

The acceleration is directed towards the centre of the circle along the radius and perpendicular to the
velocity of the particle.

Change in velocity along the horizontal direction =0

Change in velocity in the vertical direction dv = vsin6 do

If dO is very small, sin6 = dé6

dv = v.d6
dv do
—_— v._
dt dt
a = vw
V=Trw
12
a=—

10. Obtain an expression for the critical velocity of a particle revolving in a vertical circle.

Net force on the body, T = mg cos 6

2

T=mgcos€+mv
2
2
tu =l
v, =vevdpy; Tg =0

Uc:\/a

(Potential energy at A + Kinetic energy at A) = ( Potential energy at B + Kinetic energy at B)

Vp = /Sra

T, = 6myg

11. Explain one dimensional elastic collision.

Initial momentum = Final momentum
m1u1 + mzuz == mlvl + mzvz
1 1 1 1
Smyu? + -myus = -myvi +-myvs .
2 2 2 2
my(uy —vy) = my(v, — vy)
(g —up) = (v, —vy)
mqi—m, 2m1u2 _h-
v1 == u1 +
m1+m2 (m1+m2)

‘,]2 — uz [mz—ml] 2m1u1

mqi+mo, (m1+m2)

12. Derive rotational equations of motion.

w— Wy
t
w= w,+at
_ o+ w,
9_[ 2 ]t
0= w,t+-at?
2
t:(w—wo)
a

w? = w2 + 2ab

a =
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13. Prove that the moment of inertia of a body is equal to twice the kinetic energy of a rotating rigid body.
e Kinetic energy of the first particle = %mlrfa)z

e Kinetic energy of the second particle = %mzrzzwz

1
o Ep= sz(mlrf + myrf + -+ mpr?)

n X X.-'
o Ep =% w?| 2mr?
i=1
e | =mass x (distance)?
o Eg =% w?I
e w=1rads™!, then
L] I = 2 ER

14. State and prove parallel axes theorem.
Parallel axes theorem:
The moment of inertia of a body about any axis is equal to the sum of its moment of inertia about a

parallel axis through its centre of gravity and the product of the mass of the body and the square of the
distance between the two axes.
nka;g;gpj;jy;:

e [,=Ymr?

o 72= x?+2xh+ h%?+ AP?
o y% = h?+AP?

o r?= x%+ 2xh +y?

e [, =Mx?*+My?+2xYmh
o My’=I;

e Ymh=0

o I,=Mx2+1I,

15. State perpendicular axes theorem.

Perpendicular Axes Theorem:
The moment of inertia of a plane laminar body about an axis perpendicular to the plane is equal to the

sum of the moments of inertia about two mutually perpendicular axes in the plane of the lamina such that
the three mutually perpendicular axes have a common point of intersection.
o 7r?2= x?24y?
o [, =Ymr?
o I, =YXmy?

o I, =Ymx?

o L=1I+I,
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16. Obtain an expression for the angular momentum of a rotating rigid body.

Linear momentum of the first particle = m, (r, )

Angular momentum of the first particle = m;r2w

Angular momentum of the second particle = m,r?w

Angualr momentum of the third particle = myriw

Angualr momentum of the rotating rigid body = Sum of the angular momenta of all the particles.

L = w[mrf + myrf + mgré + - + my1]

L=w

17. Obtain an expression for escape speed.

Escape speed:

It is the minimum speed with which a body must be projected in order that it may escape from

the gravitational pull of the pianet.

| GMm
EP T R
1 2
Ex =S muv;
_1 2 GMm
E; = 2 Ve R
GM
EP = - mn
(R+h)
1
Ex = -mv?
2
1 2 _ GMm
Er = 2 (R+h)
E; = E
fh=w,v=
1 GMm
Lz —Mm _ g
2 R
. 2GM
e R
Ve =+/29R
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18. Derive an expression for orbital velocity.
e The horizontal velocity that has to be imparted to the satellite at the determined height so that it makes

a circular orbit around the planet is called orbital velocity.

e r=R+h
mvg
e Centripetal force, F = —
R+h
o GM
e Gravitational force, F = n
(R+h)2

mvj GMm

R+h  (R+h)?

e For the stable orbital motion,

o vo= |2 [(R+h) = R]vd:f

° UOZ\/Q_R

19. Derive an expression for the orbital radius of the geo - stationary satellite.

271r
o —_—
T
. ammir
e Centripetal force, F = =10
L\ ) GMm
e  Gravitational force, F/=——
T

4
e For the stable orbital motion, p- =

5 _ gR2T?
T 4m2

1/3
. gR?T?
* = < 472

e 1 =142400 km

LI

e h=r—R=36000km
20. Write the Kepler’s laws of planetary motion.
Law of orbits:
Each planet moves in an elliptical orbit with the Sun at one focus.
Law of areas:
The line joining the Sun and the planet sweeps out equal areas in equal intervals of time.
Law of periods:
The square of the period of revolution of a planet around the Sun is directly proportional to the cube of

the mean distance between the planet and the Sun.
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21. Write a note on Milky Way galaxy.

22,

Shape and size:

e Milky Way is thick at the centre and thin at the edges.
e The diameter of the disc is 10° light years.
e Thickness at the centre is 5000 light years.
e Thickness at the position of the Sun is 1000 light years.
e Thickness at the edges is 500 light year.
e The Sun s at a distance of 27000 light years from the galactic centre.
Interstellar mater:
e The interstellar space in the Milky Way is filled with dust and gases called interstellar matter.
e It consists 90% of hydrogen.
Clusters:
e Groups of stars held by mutual gravitation force in the galaxy are called star clusters.
e Galactic cluster: — A group of 100 to 1000 stars.
e Globular cluster: — A group of about 10000 stars.
Rotaion:
e The galaxy is rotating about an axis passing through its centre.
e The velocity of the Sun revoives around the centre is 250 km/s.
o/ The period of revolution of the Stin is about 220 millian years.

Mass: The mass of the Milky Way is estimated to be 3 x 10*" kg

10° Light vears

-

|
™~

S Galactic centre

27,000
Light years

Obtain an expression for the total energy of per unit mass of flowing liquid.
Pressure Energy:

e |tisthe energy possessed by a liquid due to its pressure.

* P=hpg

e m=axp

e W =Pax

e Pressure energy per unit mass of the liquid = %
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Kinetic Energy:
e Itisthe energy possessed by the liquid due to its motion.

e Kinetic energy of the liquid = %mv2

2
e Kinetic energy per unit mass of the liquid = %
Potential Energy:
e Itisthe energy possessed by the liquid due to its height above the ground level.
e Potential energy per unit mass = gh

2
e Total energy per unit mass of the flowing liquid = S + % + gh

23. State and prove Bernoulli’s theorem.
e Bernoulli theorem: For the streamline flow of a non-viscous and incompressible liquid, the sum of
the pressure energy, kinetic energy and the potential energy per unit mass is a constant.

P v?
- t5+ gh = constant.
L4 a1U1=a2v2=%=V

e Net work done per second on the liquid by the pressure energy = P,V — P,V
e Increase in potential energy per second of the liquid = mgh, — mgh,

2 2
. . . P mv muv
e Increase in kinetic energy per second of the liquid = TZ — Tl

2 2
e PV—-PJV = (mgh,—mghy)+ (mvz - ﬂ)

2 2

P v?
e gh = constant.

Gronmd lewel
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11™ PHYSICS MINIMUM STUDY MATERIAL VOL -2
(For slow learners)

1. Obtain the expressions for displacement, velocity and acceleration in simple harmonic motion.
e Displacementin SHM:y = asin wt
e VelocityinSHM :v = w m
e AccelerationinSHM : a = — w? asinwt = — w?y

2. Deduce an expression for the time period of oscillations of a mass attached to a horizontal spring.

[ ] = —kx
’ m
/]
e F=ma y —_ X
000000000 !
—k 1
° a=—Xx R, o -~
m 1
1
m
e a=-—wx y e
e ~000000000M ! |
k 1 L
° w = —_ T LR, = \.‘\-\I"-'\'\.
m e—>

X

° T=27T\/E
k

3. Deduce an expression for the time period of oscillation of a torsional pendulum or angular harmonic

oscillator.
o 7=l n
q S
[ o = ——9
1
e a=-—w’y

e a=-w?0 (fy=0,a=a)

C .l‘
.w=7 @
A B

o T=2TI.'\/Z : o
c

4. Obtain an expression for the time period of oscillations if two springs are connected in parallel.

e F=-ky WP IPIIIIIII IV

o F=—kyy

e F+F=—(khi+k)y Fll IFQ
m

e I'=2m kq+ks

o (ki =ky=k)

m m
° T=27r\/:
k
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5. Obtain an expression for the time period of oscillations if two springs are connected in series.
e F=—ky
e F=-ky,

. 3’1+)’2=—F[ki1+kiz]

[ ] F:—ky

F

k
_ kik;
kqi+k;

° T — 27_[ m(k1+k2)

6. Obtain an expression for the time period of oscillations of liquid column in U - tube.

m

e F=-2ypgA

o F=IlApa

(] a=_2_gy
l

® a=—a)2y

(] w = Z—g

T =2m ’7:,_
A\ 29

7. Obtain an expression for the time period of osciiiations of a simpie pendulum.
e F=-mgsinf

e sinf=ao

e F=-mgb

° F=—mg§

e (= 9x
!

o a=-—wx

e w= |2

T=27t\/Z
g

8. Deduce an expression for the total energy of a vibrating particle in SHM.

e v=w,a*—y?

e Kineticenergy: K = %m w? (a? — y?)
e Potential energy : U = %m w? y?

e Totalenergy:E=K+U = %m w? a?

P'%ﬁ&%“%%i%ﬂ? p%gZ%'r%woﬁ(?"}e)%ﬁ'a{)&lﬂgﬁysstiﬁdeqﬁnsgtepra}8 s%?gr%ull ! aoh avr%rengfls?wz?ﬁ%ss%% htm"’\ge 2



www.Padasalai.Net
9. Derive the equation of plane progressive wave.
e y=a sinwt
e y=a sin(ot—¢)

. 21X
® y=a Sll’l((Dt-T)

e y=a sinzf (vt —x)

t X

e y=ua sinZn(T I)

e y=a sin2n(%+§)

10. Write the characteristics of progressive wave.

www.TrbTnpsc.com

» Each particle of the medium executes vibration about its mean position.

» The particle of the medium vibrates with same amplitude about their mean positions.

» Each successive particle of the medium performs a motion similar to that of its predecessor along the
propagation of the wave, later in time.

» The phase of every particle changes from 0 to 2m.

> No particle remains permanently at rest.

» Transverse progressive waves are characterized by crests and trough and Longitudinal waves are
characterized by compressions and rarefactions.

> | There is a transfer of energy across the medium in the direction of propagation of progressive wave.

» All the particies have the same maximum velocity when they pass through the mean position.

» The displacement, velocity and acceleration of the partice separated by mA are the same, where m is

an integer.

11. Obtain the expressions for fundamental frequency and frequencies of harmonics of closed and open organ

pipes.

CLOSED ORGAN PIPE

OPEN ORGAN PIPE

There is a node at the closed end and an antinode
at the open end.

Antinodes are formed at the ends and a node is
formed in the middle of the pipe.

/11=4‘l /11=21
v v

™mT Y
4] A, =1

){3=§ 2

nz = 3ny n, = 2n,

The frequency of P™ overtone is 2P+ 1)n,

The frequency of P™ overtone is P+ 1ny

The frequencies of harmonics are in the ratio of
1:3:5...

The frequencies of harmonics are in the ratio of
1:2:3..
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12. Deduce an expression for a stationary wave.

When two progressive waves of same amplitude and wavelength travelling along a straight line in

opposite directions superimpose on each other, stationary waves are formed.
yi=a sin2n(%—§)

Y, =a sin2n(%+§)

2nx . 2wt
y = ZaCOSTSIHT

13. Write the characteristics of stationary waves.

The wave form remains stationary.

Nodes and Antinodes are formed alternately.

The points where the displacement is zero are called nodes and the points where the displacement is
maximum is called antinodes.

Pressure changes are maximum at nodes and minimum at the antinodes.

All the particles except those at the nodes, execute simple harmonic motions of same period.
Amplitude of each particle is not the same.

The velocity of the particles at the nodes is zero.

. . . . A
Distance between any consecutive nodes or antinodes is equal to 5

There is no transfer of energy.
Particles in the same segment vibrate in the same phase and between the neighbouring segments, the
particles vibrate in opposite phase.

14. Derive Mayer’s relation (or) prove that Cp — C,, = R.

dQ =dU =1xC,xdT
dQ = dU + dw

dQ =C,dT

Cp dT = C, dT + dW

dW = PdV

Cp dT = C, dT + PdV
PdV = RdT

Cp dT = C, dT + RdT
Cp—C, =R

15. Explain the working of Carnot’s engine.

Carnot engine is a device which converts heat energy into mechanical energy.
Parts of Carnot engine:
1. Source:

e Itisahot body which is kept at a constant higher temperature.

e It has infinite thermal capacity.

e Its temperature will remain even after drawing any amount of heat drawn from it.
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2. Sink:

e Itisacold body which is kept at a constant lower temperature.

e It has also infinite thermal capacity.

e Any amount of heat added to it will not increase its temperature.
3. Cylinder:

e Itis made up of non conducting walls and conducting bottom.

e A perfect gas is used as a working substance.

e It is fitted with a perfectly non conducting and frictionless piston.
4. Insulating stand:

e Itis made up of non conducting material so as to perform adiabatic operations.
Working stages:

e 1. Isothermal expansion 2. Adiabatic expansion

e 3. Isothermal compression 4. Adiabatic compression.

15. State and prove Newton’s law of cooling.

e The law states that the rate of cooling of a body is directly proportional to the temperature difference

between the body and the surroundings. .ﬁ T
I
. Heat energy lost [
Rate of cooling = -
’ g Time taken a \
Q. (TL#T \ e A
o S A% 72\ ’]’0 )\ ;/ \ L

t N 2 ) [ | :
\ J
|

/u / 0 ¢_j '

16. Prove that % +% = % or Obtain mirror equation.

1" _ PI
00"~ PO
' IF
¢ — =—
00' PF

e [F=PI—-PF

PI _ PI-PF
PO~ PF

e PO=-uPl=-v,PF= —f

+

[ ]
Ik
QR

= % , This is called mirror equation.

PHRAE AR Mt A8 oT FRGA- T T bRusGR R SRR THRBIRIE M, RFRERERTER nefefiee °



www.Padasalai.Net www.TrbTnpsc.com

17. Explain total internal reflection.

si
18. Deduce an expression for the refractive index of the prism or prove that yu = T
sin

The angle of incidence in the denser at which the refracted ray just grazes the surface of separation is
called critical angle c of the denser medium.

If i is increased further, refraction is not possible and the incident ray is totally reflected into the same
medium itself. This is called total internal reflection.

Conditions to take place total internal reflection

e light must travel from a denser medium to a rarer medium.

e i>c
Ug __ Sini
Ud sinr
1 _ sini
Ud sinr

r=90°,i=c

. 1
¢ = sin 1(—)
I

2
d=(i;+i) —(r+717)
A+|QOR = 180°
r 7 +|QOR = 180°
ntr=A4

A+d:l1+l2

2

e

.. (A+D
Sll’l(—)

19. Write the formation of rainbow.

One of the spectacular atmospheric phenomena is the formation of rainbow during rainy days.

When the Sun light falls on small water drops suspended in air during or after rain, it suffers
refraction, total internal reflection and dispersion.

Primary rainbow:

It is formed by the light from the Sun undergoing one total internal reflection and two refractions and
emerging at minimum deviation.

Secondary rainbow:

It is formed by the light from the Sun undergoing two total internal reflections and two refractions and
emerging at a minimum deviation.
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20. Obtain an expression for the magnetic induction at a point due a bar magnet on its axial line.

21.

—Ho_m
1™ 4m (a-1)2

=t _T
27 4w (d+1)2

B:Bl_BZ

_ ﬂOmI: 1
" arm l@-n2

4ld

— Hom [
41T

_ Ko 2Md
T 4m (d2-12)2
l«kd

_ Mo2M
T 4w a3

—Ho_ M
1™ 4m (a2+12)

—fo_Mm
2 7 4m(d2+12)

N (d-:l)z]

(d2—12)2]

(+ M =mx2l)

B =B, cos@ + B, cos @

B = 2B;cosf

_ Mo 2ml

T 4m (d2+12)3/2

Ho M

] ==

l«d

— oM
41 d3

amr (d2+1%)3/2

(+ By =By)

(M =mx2l)

Obtain an expression for the magnetic induction at a point due to a bar magnet along the equatorial line

22. Compare the properties of dia, para and ferro magnetic materials.

Magnetllc Dia magnetic substances | Para magnetic substances | Ferro magnetic substances

properties

1. Susceptibility | low negative value low positive value very large positive value

2. Xm With independent of 1 1
respect to T temperature T Xm &7 Xm & T

3. Relative less than 1 greater than 1 very greater than 1
permeability (for iron it is 200,000)

4. Innon— they get magnetized in the | they get magnetized in they strongly magnetized in
uniform opposite direction of the the direction of the field | the direction of the field
magnetic field | field

5. Inuniform they set themselves they set themselves they set themselves parallel
magnetic field. | perpendicular to the parallel to the direction to the direction of the field.

direction of the field. of the field.
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23. State and prove tangent’s law.

Tangent’s law:

A magnetic needle suspended, at a point where there are two crossed magnetic fields acting at right
angles to each other, will come to rest in the direction of the resultant of the two fields.
e 7, =MB;cos0
e 7, =MB,sin0
¢ 71 =12

o Bl =thar19

Wish you all the best students.....
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