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UNITS
Measurement of any physical quantity involves its comparison with a certain
basic, reference standard called unit.
Any standard unit must have two properties
(a) Invariability
(b) Availability
The result of measurement of a physical quantity is expressed by a number
(numerical measure) accompanied by a unit.

Measurement = nu
Fundamental quantities : The units for these quantities are called
fundamental or base units. Length, mass, time, electric current etc. are some
of the fundamental quantities.
Derived quantities : They can be expressed in terms of fundamental
quantities. Tthe units of derived quantities are expressed in terms of
fundamental units and they are called derived units. e.g., velocity, force,
impulse etc. are derived quantities.
International system of units (SI) :- This system of units was introduced in
1971 by the general conference on weights and measures and was
internationally accepted. It has seven fundamental units along with two
supplementary units.

DIMENSIONS
All the physical quantities represented by derived units can be expressed in
terms of some combination of seven fundamental quantities. These seven
fundamental quantities are called seven dimensions of the physical world. They
are denoted with square brackets [ ].
The dimensions of a physical quantity are the powers (or exponents) to which
the base quantities are raised to represent that quantity. Note that,
1. In this type of representation the magnitudes are not considered. It is the

quality of the type of the physical quantity that enters.
2. The expression which shows how and which of the base quantities

represent the dimensions of a physical quantity is called dimensional
formula of the given physical quantity.

3. An equation obtained by equating a physical quantity with its dimensional
formula is called the dimensional equation of the physical quantity.
e.g. [S] = [M0L2T–2K–1] …(i)
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DIMENSIONAL ANALYSIS AND ITS APPLICATIONS

Principle of Homogeneity of dimensions : It states that in a correct equation, the dimensions of each term
added or subtracted must be same. Every correct equation must have same dimensions on both sides of the
equation.

Conversion of units : The numerical value of a physical quantity in a system of units can be changed to
another system of units using the equation n[u] = constant i.e., n1[u1] = n2[u2] where n is the numerical value
and u is the unit.

By knowing the conversion factors for the base quantities and dimensional formula of the derived quantity, one
can convert the numerical value of a physical quantity from one system of units to other system of units.
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12  where the dimensional formula of the physical quantity is [MaLbTc].

To find a relation among the physical quantities. If one knows the quantities on which a particular physical
quantity depends and guesses that this dependence is of product type, method of dimensions are helpful in
deducing their relation.

Suppose we want to find the relation between force, mass and acceleration. Let force depends on mass and
acceleration as follows.

F = Kmbac when K = dimensionless constant b and c are powers of mass and acceleration.

According to principle of homogeneity.

[F] = [K] [m]b [a]c

 [MLT–2] = [M0L0T0] [M]b [LT–2]c

 [MLT–2] = MbLc T–2c

Equating the dimension on both sides we get 1 = b, 1 = c, –2c = –2.

 b = 1 and c = 1.

Now putting the values of b and c in our required equation we will get a mathematical equation F = Kma.

The value of K can be found experimentally.

LIMITATIONS OF DIMENSIONAL METHOD

1. Dimensional method cannot be used to derive equations involving addition and substraction.

2. Numerical constants having no dimensions cannot be obtained by method of dimensions.

3. Dimensional method fails when number of variables is more than number of equations obtained from the
exponents of fundamental quantities.

4. Equations using trigonometric, exponential and logarthmic functions can not be deduced.
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 Some Important Points :

1. If name of unit is the name of scientist, then for e.g., 5 Ampere is wrong, correct is 5 ampere. Also 5a
is wrong, correct is 5A.

2. Pure numbers are dimensionless.

3. All trigonometrical ratios, powers, exponential and logarithmic functions are dimensionless.

4. All ratio of physical quantities having same dimensional formula are dimensionless. e.g. relative density,
relative permeability, dielectric constant, angles, refractive index etc.

5. Dimensions do not depend upon magnitude.

ACCURACY AND PRECISION

Accuracy
The closeness of the measured value to the true value of the physical quantity is known as the accuracy of
the measurement.

Precision
It is the measure of the extent to which successive measurements of a physical quantity differ from one
another.

Suppose the true value of a measurement is 35.75 and two measured values are 35.73 and 35.725. Here 35.73
is closest to 35.75, so its accuracy is more than 35.725 but 35.725 is more precise than 35.73 because 35.725
is measured upto after 3 decimal places.

SIGNIFICANT FIGURES

The number of digits in the measured value about the correctness of which we are sure plus one more digit
are called significant figures.

Rules for counting the significant figures

Rule I : All non-zero digits are significant.

Rule II : All zeros occurring between the non zero digits are significant. For example 230089 contains six
significant figures.

Rule III : All zeros to the left of non zero digit are not significant. For example 0.0023 contains two significant
figures.

Rule IV : If a number ends in zeros that are not to the right of a decimal, the zeros are not significant.

For example, number of significant figures in

1500 (Two)

1.5 × 103 (Two)

1.50 × 103 (Three)

1.500 × 103 (Four)

Length of an object may be represented in many ways say 5 m, 5.0 m, 500 cm, 5.00 m, 5 × 102 cm. Here
5.00 m is most precise as it contains 3 significant figures.
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Rules for Arithmetic Operations with Significant Figures
Rule I : In addition or subtraction, the final result should retain as many decimal places are there are in the
number with the least decimal places.

Rule II : In multiplication or division, the final result should retain as many significant figures as are there in
the original number with the least significant figures.

Rounding Off of Uncertain Digits
Rule I : The preceding digit is raised by 1 if the insignificant digit to be removed is more than 5 and is left
unchanged if the later is less than 5.

Rule II : When the insignificant digit to be removed is 5 and the uncertain digit is even, 5 is simply dropped
and if it is odd, then the preceding digit is raised by 1.

ERRORS IN MEASUREMENT
1. Mean Absolute Error :- It is given by

n
aaaa n ||......|||| 21 
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......21  = is taken as the true value of a quantity, if the same is not known.

a1 = am – a1

a2 = am – a2

.....................

an = am – an

Final result of measurement may be written as :

a = am ± a

2. Relative Error or Fractional Error : It is given by

tmeasuremenofvalueMean
ErrorabsoluteMean
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3. Percentage Error %100
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4. Combination of Errors :

(i) In Sum : If  Z = A + B, then Z = A + B, maximum fractional error in this case
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i.e. when two physical quantities are added then the maximum absolute error in the result is the sum
of the absolute errors of the individual quantities.

(ii) In Difference : If Z = A – B, then maximum absolute error is Z = A + B and maximum fractional

error in this case 
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(iii) In Product : If Z = AB, then the maximum fractional error,

B
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where Z/Z is known as fractional error.

(iv) In Division : If Z = A/B, then maximum fractional error is
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(v) In Power : If Z = An then 
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In more general form if 
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Applications :

1. For a simple pendulum,  T  l1/2 
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2. For a sphere
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3. When two resistors R1 and R2 are connected

(a) In series

  Rs = R1 + R2

 Rs = R1 + R2
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MEASURING INSTRUMENTS AND LEAST COUNT
The error in the measurement by an instrument is equal to least count of the instrument.

For example, a meter scale has smallest division 1 mm. This represents the least count or the absolute error
in the measurement.

Let a length measured by the meter scale = 56.0 cm

This implies that x = 56.0 cm

Absolute error x = 1 mm = 0.1 cm

Relative error = 0.56
1.0



x
x

Vernier Callipers
It consists of two scales viz main scale and vernier scale.
Vernier scales moves on the main scale. The least count of the
instrument is the smallest distance between two consecvtive
divisions and it is equal to 1 MSD – 1 VSD.

In the figure shown, 1 MSD = 0.1 cm

1 VSD = 0.09 cm

0.9 cm

1 cm
0 1

vs

main scale

Least count = 1 MSD – 1 VSD = 0.01 cm

For the commonly used instruments, least counts are given below :

Least count of Vernier callipers = 1 MSD – 1 VSD

Screw Gauge
It contains a main scale and a circular scale. The circular scale is divided into a number of divisions. In other
words, the complete rotation of circular scale is divided into a number of parts. The least count of a screw
gauge is pitch/no. of circular scale divisions.

If reading on main scale is 5 cm (say) and reading on circular scale is 25 divisions, then the reading is
5 cm + 25 × least count.

Least count of spherometer and Screw Gauge = 
CSDofNo.

Pitch

FUNDAMENTAL QUANTITIES, THEIR UNIT AND DIMENSIONAL FORMULA

  Sl. No. Fundamental Quantity Fundamental Unit Unit Symbol Used     Dimensions

1. Mass kilogram kg [M]

2. Length metre m [L]

3. Time second s [T]

4. Temperature Kelvin K [K]

5. Electric current Ampere A [A]

6. Luminous Intensity candela cd [cd]

7. Amount of Matter mole mol [mol]

Aakash Materials Provided By - Material Point Available on Learnaf.com



Units and Measurement IIT - JEE/NEET

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(7)

SUPPLEMENTARY QUANTITY AND UNIT
Sl. No. Supplementary 

Physical Quantity 
Supplementary 

Unit 
Unit Symbol 

Used 
1. Plane angle radian rad [180º =  radian] 
2. Solid angle steradian sr 

 

Table : SI Units and Dimensions of Some Important Physical Quantities

S.No. Quantity SI Unit Dimensional Formula

1. Volume m3 [M0L3T0]

2. Density kg m–3 [M1L–3T0 ]

3. Velocity ms–1 [M0L1T–1]

4. Acceleration ms–2 [M0L1T–2]

5. Angular Velocity rad s–1 [M0L0T–1]

6. Frequency s–1 or hertz (Hz) [M0L0T–1]

7. Momentum kg ms–1 [M1L1T–1]

8. Force kg ms–2 or newton (N) [M1L1T–2]

9. Work, Energy kg m2s–2 or roule (J) [M1L2T–2]

10. Power kg m2 s–3 or Js–1 [M1L2T–3]

or watt (W)

11. Pressure, Stress Nm–2 or pascal (Pa) [M1L–1T–2]

12. Modulus of Elasticity Nm–2 [M1L–1T–2]

13. Moment of Inertia kg m2 [M1L2T0]

14. Torque Nm [M1L2T–2]

15. Angular Momentum kg m2 s–1 [M1L2T–1]

16. Impulse Ns [M1L1T–1]

17. Coefficient of Viscosity kg m–1 s–1 [M1L–1T–1]

18. Surface Tension Nm–1 [M1L0T–2]

19. Universal Gravitational Nm2 kg–2 [M–1L3T–2]
Constant

20. Latent Heat J kg–1 [M0L2T–2]

21. Specific Heat J kg–1 K–1 [M0L2T–2K–1]

22. Thermal Conductivity J m–1 s–1 K–1 [M1L1T–3K–1]

23. Electric Charge As or coulomb (C) [M1L0T1A1]

24. Electric Potential JC–1 or volt (V) [M1L2T–3A–1]

25. Electric Resistance VA–1 or ohm () [M1L2T–3A–2 ]

26. Electric Resistivity m [M1L3T–3A–2 ]

Aakash Materials Provided By - Material Point Available on Learnaf.com



IIT - JEE/NEET Units and Measurement

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(8)

S.No. Quantity SI Unit Dimensional Formula

27. Electric Conductance –1 or siemens (S) [M–1L–2T3 A2 ]

28. Electric Conductivity –1 m–1 or S m–1 [M–1L–3T3 A2]

29. Capacitance  CV–1 or farad (F) [M–1L–2T4 A2]

30. Inductance Vs A–1 or henry (H) [M1L2T–2 A–2]

31. Electric field NC–1 or Vm–1 [M1L1T–3 A–1]

32. Magnetic Induction NA–1 m–1 or tesla (T) [M1L0T–2 A–1]

33. Magnetic Flux Tm2 or weber (Wb) [M1L2 T–2A–1]

34. Permittivity C2 N–1 m–2 [M–1 L–3 T4A2]

35. Permeability Tm A–1 or Wb A–1 m–1 [M1L1T–2 A–2]

36. Planck's Constant Js [M1L2 T–1]

37. Boltzman Constant JK–1 [M1L2 T–2 K–1]

38. Stefan Constant W m–2K–4 [M1L0T–3K–4]
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POSITION AND FRAME OF REFERENCE
Position of an object is specified with respect to a reference frame.

In a reference frame, an observer measures the position of the other object
at any instant of time, with respect to a coordinate system chosen and fixed
arbitrarily on the reference frame.

for example : The position of particle at O, A, B and C are Zero, +2, +5 and
–2 respectively with respect to origin (O) of reference frame.

0 1 2 3 4 5 6–3 –2 –1

A BC O
X X-axis

DISPLACEMENT AND VELOCITY

Displacement
1. The change in position of a body in a certain direction is known as

displacement.
2. The distance between the initial and final position is known as

magnitude of displacement.
3. Displacement of an object may be positive, negative or zero and it is

independent of the path followed by the object.
4. Its SI unit is meter and dimensional formula is [M0L1T0].

Velocity
1. Average velocity : [<v>] :

If x is displacement in time t, then average velocity in time interval t
will be

if

if

tt
xx

t
xv








 .

Here xf and xi be the position of particle at time tf and ti (tf > ti) with
respect to a given frame of reference.

2. Instantaneous velocity (v) : It is the velocity of particle at any instant
of time
Mathematically,

dt
dxxvv

tt






 t00

LimitLimit

2Description of Motion
in One Dimension
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DISTANCE AND SPEED

Distance
1. The total length of actual path traversed by the body between initial and final positions is called distance.

2. It has no direction and is always positive.

3. Distance covered by particle never decreases.

4. Its SI unit is meter (m) and dimensional formula is [M0L1T0].

Speed
1. Average speed : It is defined as distance travelled by particle per unit time in a given interval of time.

If S is the distance travelled by particle in time interval t, then average speed in that time interval is t
S

.

2. Instantaneous speed : The magnitude of instantaneous velocity at a given instant is called instantaneous
speed at that instant.

ACCELERATION

Time rate of change of velocity is called acceleration.

1. Average acceleration : If v is change in velocity in time t, then average acceleration in time interval
t is

< a > = 
if

if

tt
vv

t
v








.

2. Instantaneous acceleration : The acceleration at any instant is called instantaneous acceleration.
Mathematically

a = dt
dv

t
vLimitaLimit

tt






 00

.

Uniform and variable acceleration :

If the change in velocity of the particle is equal in equal intervals of time, then the acceleration of the body is
said to be uniform. Neither direction, nor magnitude changes with respect to time.

If cnange in velocity is different in equal intervals of time, then the acceleration of the particle is known as
variable. If either direction or magnitude or both magnitude and direction of acceleration changes with respect
to time, then acceleration is variable.

EQUATIONS OF MOTION
General equations of motion :

  vdtdxvdtdx
dt
dxv

  adtdvadtdv
dt
dva

  adxvdvadxvdv
dx

vdva
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Equations of motion of a particle moving with uniform acceleration in straight line :
1. v = u + at

2. 2

2
1 atutS 

3. v2 = u2 + 2aS

4. )12(
2
1

 nauS thn

5. 2
0 2

1 atutxx 

Here
u = velocity of particle at t = 0
S = Displacement of particle between 0 to t
   = x – x0 (x0 = position of particle at t = 0, x = position of particle at time t)
a = uniform acceleration
v = velocity of particle at time t

thnS  = Displacement of particle in nth second

Average Speed and Velocity
1. If a body covers s1 distance with speed v1,  s2 with speed v2, then its average speed is

vav =  







v
s
s

v
s

v
s

ss

2

2

1

1

21

2. If a body coves first half distance with speed v1 and next half with speed v2, then

Average speed = 
21

212
vv
vv


  (Harmonic mean)

3. If a body travels with uniform speed v1 for time t1 and with uniform speed v2 for time t2, then average speed

= 






t

vt

tt
tvtv

21

2211 .

If t1 = t2 = 
2
T

 then 
2

21 vvv 
av  [T = time of journey] (Arithmatic mean)

4. If body covers first one third with speed v1, next one third with speed v2 and remaining one third with speed

v3 then 
133221

3213
vvvvvv

vvv
vav 

 .

5. If a body moves from one point (A) to another point (B) with speed v1 and returns back (from B to A) with

speed v2 then average velocity is 0 but average speed = 
21

212
vv
vv
 .
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GRAPHS
The important properties of various graphs are given below :
1. Slope of the tangent at a point on the displacement-time graph gives the instantaneous velocity at that

point.



P

(  - ) curvex t

D
is

p l
ac

em
en

t

Time ( )t

( )x

   v
dt
dx

tan  (Instantaneous Velocity at point P)

2. Slope of the chord joining two points on the displacement-time graph gives the average velocity during the
time interval between those points.



(  - ) curvex t
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tan

3. Slope of the tangent at a point on the velocity-time graph gives the instantaneous acceleration at that point.

Time ( )t


P

(  graph)v-tTangent

v
a

dt
dv

tan (Instantaneous acceleration at P)

4. Slope of the chord joining two points on the velocity-time graph gives the average acceleration during the
time interval between those points.

tti tf



vf

vi

v

 



 av
if

if a
tt
vvtan Average acceleration in time interval tf – ti

5. The area under the acceleration-time graph between ti and tf gives the change in velocity (vf – vi) between
the two instants.

tti tf

a

Shaded area = vf – vi  = change in velocity
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6. The area under speed-time graph between ti and tf gives distance covered by particle in the interval tf – ti.

time  t ti tf

v
V e

lo
ci

t y

Shaded area = displacement in time (tf – ti)

7. The area under the velocity-time graph between ti and tf gives the displacement (xf – xi) between the two
instants.

ti tf

V
speed

t (time)

       Shaded area = distance covered in time (tf – ti)

8. The displacement-time graph cannot take sharp turns because it gives two different velocities at that point.

9. The displacement-time graph cannot be symmetric about the time-axis because at an instant a particle
cannot have two displacements, but the graph may be symmetric about the displacement-axis.

10. The distance-time graph is always an increasing curve for a moving body.

11. The displacement-time graph does not show the trajectory of the particle.

Applications
1. If a particle is moving with uniform acceleration and have velocity VA at A and VB at B, then velocity of

particle midway on line AB is 
2

22
BA VV

V


 .

2. If a body starts from rest with acceleration  and then retards to rest with retardation , such that total
time of journey is T, then

(a) Maximum velocity during the trip vmax. 
T.












(b) Length of the journey 
2

2
1 TL 













vmax

 

1 t2

x1 x2

t1 t2

T

v

(c) Average velocity of the trip = )(22
.max





Tv

    &     (d)  
2

1

2

1

t
t

x
x





 .

MOTION UNDER GRAVITY
Whenever a particle is thrown up or down or released from a height, it falls freely under the effect of
gravitational force of earth.
The equations of motion :
1. v = u + gt

2. 2
0 2

1 gtuthh     or 2
0 2

1 gtutshh 

3. v2 = u2 + 2g(h – h0)  or  v2 = u2 + 2gs

4. )12(
2

 nguh thn

where h = vertical displacement,  thnh  = vertical displacement in nth second
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Following are the important cases of interest.
1. A particle is projected from ground with velocity u in vertically upward direction then

(a) Time of ascent = Time of descent = 822
flightofTime uT



(b) Maximum height attained = g
u
2

2

(c) Speed of particle when it hits the ground = u

(d) Graphs

a

t
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(Parabolic)
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Timeu
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(e) Displacement of particle in complete journey = zero  average velocity vav = 0

(f) Distance covered by particle in complete journey =  g
u 2

  Average speed in complete journey = 
2
u

2. A body is thrown upward such that it takes t seconds to reach its highest point.

(a) Distance travelled in (t)th second = distance travelled in (t + 1)th second.

(b) Distance travelled in (t – 1)th second = distance travelled in (t + 2)th second.

(c) Distance travelled in (t – r)th second = distance travelled in (t + r + 1)th second.
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3. A body is projected upward from certain height h with initial speed u.

(a) Its speed when it acquires the at same level is u.

(b) Its speed at the ground level is

v u gh =     +22

t    T = 

h

t = 0
u u

B0
t   T =



–

A t = 2
T

C

x

Here  = 0 
particle follows

same path during 
ascent and descent

xghuv 22 

(c) The time require to attain same level is

T = g
u2

(d) Total time of flight (T) is obtained by solving

– h = + uT  + 2

2
1

gT  or 
2

82

g
hTT

T


 , where 
g
uT 2



 Some Important Points :

1. During free fall distance increases by equal amounts i.e., g during 1st , 2nd, 3rd seconds of fall, i.e.,
4.9m, 14.7m, 24.5m are the distances travelled during 1st, 2nd and 3rd seconds respectively.

2. From the top of a tower a body is projected upward with a certain speed, 2nd body is thrown downward
with same speed and 3rd is let to fall freely from same point then

213 ttt 

where, t1 = Time of flight of body projected upward

t2 = Time of flight of body thrown downward

t3 = Time of flight of body dropped.

3. If a body falls freely from a height h on a sandy surface and it buries into sand upto a depth of x, then
the retardation with which body travels in the sand is

x
gha 

4. If u and v are velocity of particle at t = t1 and t = t2, which is moving with uniform acceleration, then

average velocity of particle during time interval (t2 – t1) is   
2

vuV 
av .

5. For a body starting from rest and moving with uniform acceleration, the ratio of distances covered in
1s, 2s, 3s, etc. is 12 : 22 : 32 etc., i.e. 1 : 4 : 9 etc.

6. A body starting from rest and moving with uniform acceleration has distances covered by it in 1st, 2nd
and 3rd seconds in the ratio 1 : 3 : 5 etc. i.e., odd numbers only.

7. A body moving with a velocity v is stopped by application of brakes after covering a distance s. If the
same body moves with a velocity nv, it stops after covering a distance n2s by the application of same
brake force.

8. In the absence of air resistance, the velocity of projection is equal to the velocity with which the body
strikes the ground.

9. In case of air resistance, the time of ascent is less than time of descent for a body projected vertically
upward.

10. For a body projected vertically upwards, the magnitude of velocity at any given point on the path is same
whether the body is moving in upwards or downward direction.
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RELATIVE MOTION IN ONE DIMENSION
1. If two bodies A and B are moving in straight line same direction with velocity VA and VB, then relative velocity

of A with respect to B is vAB = vA – vB. Similarly vBA = vB – vA

 A BvA vB

2. If two bodies A and B are moving in straight line in opposite direction then

A B

vA vB
vAB = vA + vB (towards B)

vBA = vB + vA (towards A)

vAB = – vBA

Same concept is used for acceleration also.

3. If two cars A and B are moving in same direction with velocity vA and vB (vA > vB) when A is behind B at a
distance d, driver in car A applies brake which causes retardation a in car A, then minimum value of d to avoid

collision is 
a
vv BA

2
)( 2

 i.e., 
a
vvd BA

2
)( 2

  .

4. A particle is dropped and another particle is thrown downward with initial velocity u, then

(a) Relative acceleration is always zero

(b) Relative velocity is always u.

(c) Time at which their separation is x is u
x

.

5. Two bodies are thrown upwards with same initial velocity with time gap . They will meet after a time t
from projection of first body.

g
ut 




2
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SCALARS AND VECTORS

Scalars
Scalars are physical quantities which are completely described by their
magnitude only. For example: mass, length, time, temperature energy etc.

Vectors
Vectors are those physical quantities having both magnitude as well as
direction and they obeys vector algebra (eg. parallelogram law or triangle law
of vector addition). For example: displacement, velocity, acceleration, force,
momentum, impulse, electric field intensity etc.

TYPES OF VECTOR

Axial and Polar Vectors
Vectors, which have some starting point or point of application are called polar
vectors. E.g., displacement, force but those vectors representing rotational
effects and are always along the axis of rotation in accordance with right
hand screw rule are axial vectors.
E.g., angular velocity, angular acceleration, angular displacement, torque etc.
Unit Vector : A vector having unit magnitude is called a unit vector. Thus, unit

vector of a vector V  is 
||

ˆ
V

VV   = 
V
V


 where ||V  = V = Magnitude of V .

kji ˆandˆ,̂ are unit vectors along x, y and z axis respectively..

1|ˆ||ˆ||ˆ|  kji .

Unit vector along a direction is unique and have no unit.

Coplanar vectors are vectors lying in same plane.

I

I J and    are in the plane of paper so they are Coplaner
J

3Description of Motion in
Two and Three Dimensions

C H AP T ERAIEEE Syllabus

Scalars and Vectors, Vector addition and Subtraction, Zero Vector,
Scalar and Vector products, Unit Vector, Resolution of a Vector. Relative
Velocity, Motion in a plane, Projectile Motion, Uniform Circular Motion.

THIS CHAPTER
COVERS :
 Scalars and

Vectors

 Types of Vector

 Vector Addition

 Vector Subtraction

 Resolution of
Vectors

 Scalar and Vector
product

 Relative Motion

 Projectile Motion

 Circular Motion
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Collinear vectors are vectors having common line of action. These are of two types
(i) Parallel or like (angle between them is 0°)

B 

A

A B  and are parallel vectors (  = 0°)

Parallel vectors having equal magnitude are known as equal vectors

(ii) Antiparallel or unlike (angle between them is 180°).

C

D

C D and   are antiparallel vectors (q = 180°)

Antiparallel vectors of equal megnitude are known as negative vectors of each other.

Null vector ( 0


) : Two opposite vectors added to form a null vector it has zero magnitude. If A


 and B


 are

two negative vectors then 0


 BA  vector

VECTOR ADDITION

1. Triangle Law of Vector Addition : If a  and b  are two vectors represented as sides of a triangle in
same order then other side c in opposite order is the resultant.

c a b
 =  + 

a

b

2. Polygon Law : If a number of vectors are represented as sides of a polygon in same order then the
side which closes the polygon in opposite order in the resultant.

a

b

c

C = a 
+ b 

+ c

Vector addition obeys commutative law )( ABBA   and associative law CBA  )( = )( CBA 

3. Parallelogram Law of Vector Addition : If two vectors having common origin are represented both in
magnitude and direction as the two adjacent sides of a parallelogram, then the diagonal which originates
from the common origin represents the resultant of these two vectors. The result are listed below:

(a) BAR  .






R

A

B

(b) 2/122 )cos2(||  ABBAR

(c)









cos

sintan,
cos

sintan
AB

A
BA

B

(d) If (say)|||| xBA  , then  R = )cos1(2 x  = 
2

cos2 x  and 
2


  i.e., resultant bisect

angle between A  and B .
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(e) If |||| BA   then  < 
(f) Rmax = A + B, when  = 0 and Rmin = |A – B| when  = 180°.

(g) ,222 BAR   if  = 90° i.e., A  and B  are perpendicular..

(h) If |||||| RBA   then  = 120°.

(i) If R  is perpendicular to A , then 
B
A

cos  and A2 + R2 = B2.

(j) For n equal vectors acting at a point such that angle between them are equal 







n
360

, the resultant

is zero.

VECTOR SUBTRACTION

Subtraction of vector B  from vector A  is simply addition of vector B  with A  i.e., )( BABA 

Using parallelogram law

–B

AO 

( ) – A–B

B



Result : R =  









cos

sin
)cos(

sintan,cos2|| 22

BA
B

BA
BABABA

Note : If (say)|||| xBA  , then  R = )cos1(2 x  = 
2

sin2 x .

RESOLUTION OF VECTORS

Any vector V  can be represented as a sum of two vectors P  and Q  which are in same plane as

QPV  , where  and  are two real numbers. We say that V  has been resolved in two component

vector P  and Q  along P  and Q  respectively..
Rectangular components in two dimensions :

22,̂ˆ, yxyxyx VVVjViVVVVV 

yx VV and  are rectangular component of vector in 2-dimension.

Vx = V cos                            Vy

Vx

V


X

Y

O

Vy = V sin  = V cos(90 – )
Vz = zero.

jViVV ˆsinˆcos 

Note : Unit vector along jiV ˆsinˆcos 
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Rectangular Component in Three Dimension :
A vector V  is in a space which is making ,  and  with x-axis, y-axis and z-axis respectively..

zyx VVVV 

Vx

Vz

Vy

Z

X

Y

 


V

2
1222

)(|| zyx VVVV 

kVjViVV zyx
ˆˆˆ 

V
VlVV x

x  coscos

V
V

mVV y
y  coscos

V
VnVV z

z  coscos

kvjViVV ˆcosˆcosˆcos 

l, m, n are called direction cosines of vector V .

,1coscoscos 222222  nml  .2sinsinsin 222 

Unit vector along kjiknjmilV ˆcosˆcosˆcosˆˆˆ  .

SCALAR AND VECTOR PRODUCTS

Scalar (dot) Product of Two Vectors : The scalar product of two vectors a  and b  is defined as

 cos. abba
           



a

b

ab
ba


.cos 

If a  and b  are perpendicular, then 0. ba


If  < 90° , then 0. ba


 and if 0. ba


, then  > 90°.

Projection of  vector a  on b  is 
2).(

b
bba .

aaa .2 

.1ˆ.ˆˆ.ˆˆ.ˆ  kkjjii

Scalar product is commutative i.e., abba ..  .

Vector Product of two Vectors :

Mathematically, if  is the angle between vectors 

A  and 


B ,  then

nABBA ˆsin


…(i)

The direction of vector 


BA  is the same as that              A

AB B

A
A

B
B

×
×

(a) (b)

 

of unit vector n̂ . It is decided by any of the following two rules :
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(a) Right handed screw rule : Rotate a right handed screw from vector 

A  to 


B  through the smaller angle

between them; then the direction of motion of screw gives the direction of vector 
BA  (Fig.a)

(b) Right hand thumb rule : Bend the finger of the right hand in such a way that they point in the direction

of rotation from vector 

A  to 


B  through the smaller angle between them; then the thumb points in the

direction of vector 


BA  (Fig.b)

 Some Important Points :

1. The cross product of the two vectors does not obey commutative law. As discussed above

)(.,.)(


 ABBAeiABBA

2. The cross product follows the distributive law i.e.,


 CABACBA )(

3. The cross product of a vector with itself is a NULL vector i.e.,

0ˆ0sin)()( 


nAAAA

4. The cross product of two vectors represents the area of the parallelogram formed by them,

(Figure., shows a parallelogram PQRS whose adjacent sides PSPQ and  are represented by vectors


A  and 


B  respectively..

Now, area of parallelogram = QP × SM = QPAB sin Because, the magnitude of vectors 


BA  is AB
sin , hence cross product of two vectors represents the area of parallelogram formed by it. It is worth

noting that area vector 


BA  acts along the perpendicular to the plane of two vectors 

A  and 


B .

5. In case of unit vectors ,ˆ,̂,̂ kji we obtain following two important properties:

(a) 0)ˆ(0sin)1()1(ˆˆˆˆˆˆ  nkkjjii

(b) kkji ˆ)ˆ(90sin)1()1(ˆˆ 

where, k̂  is a unit vector perpendicular to the plane of ji ˆandˆ  in a direction in which a right hand

screw will advance, when rotated from ji ˆtoˆ

Also, kkij ˆ)ˆ(90sin)1()1(ˆˆ 

Similarly, jkiikijkkj ˆˆˆˆˆandˆˆˆˆˆ 

6. Cross product of two vectors in terms of their rectangular components :

)ˆˆˆ()ˆˆˆ( kBjBiBkAjAiABA zyxzyx 


        kBABAjBABAiBABA xyyxzxxzyzzy
ˆ)(ˆ)(ˆ)( 

        
zyx

zyx

BBB
AAA
kji ˆˆˆ
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7. Multiplication of a vector A
  with a real number m

If m is positive real number then a parallel vector is obtained having magnitude m times the magnitude of A


If m is negative real number then antiparallel vector is obtained having magnitude m times the magnitude
of A


8. If angle between A  and B  is , then angle between BA


and  or between BA and  is (180° – ).

RELATIVE MOTION IN TWO DIMENSIONS
Relative velocity :

Velocity of object A w.r.t. object B is ABBABAAB vvvvvv


 ,

1. Direction of Umbrella : A person moving one straight road has to hold his umbrella opposite ot direction

of relative velocity of rain. The angle  is given by 
R

M

v
v

tan  with vertical in forward direction.

vR

vM
 –vM


vRM

vR

Umbrella

2. Closest approach : Two objects A and B having velocities Av  and 
Bv  at separation x are shown in

figure

vA

A B

vB

x

The relative velocity of A with respect to B is given by

BAAB vvv  vA

-vB

vAB

-vB


B

A

v
v

tan

The above situation is similar to figure given below

y is the distance of closest approach.

Now, 
x
y

sin

y

v = 0
A x B



(D
ire

cti
on

 of
 m

oti
on

 of
 

w.r.t
.

)

A 
 B vAB

 y = x sin

222tan1

tan

AB

A

VV

xVxy
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3. Crossing a river :

v = velocity of the man in still water.

= angle of which man swims w.r.t. normal to bank such that

vx = – v sin , vy = v cos 
D

B

y

v cos 
dv

v sin  A u x

Time taken to cross the river is given by 



cosv
d

v
dt
y

Velocity along the river

 sinvuv x

Distance drifted along the river  xvtD

)sin(
cos




 vu
v

dD

Case I :

The Minimum time to cross the river is given by

v
d

min  (whencos  = 1, = 0°, u v)

Distance drifted is given by

u
v
dD 

Case II :

To cross the riven straight v
u

v   u2 2-


drift D = 0  u – v sin  = 0

v
u

sin  (v > u)

Time to cross the river straight across is given by

22cos uv

d
v

dt







PROJECTILE MOTION

An object moving in space under the influence of gravity is called projectile. Two important cases of interest
are discussed below :

1. Horizontal projection :

A body of mass m is projected horizontally with a speed u from a height h at the moment t = 0. The path
followed by it is a parabola.

It hits the ground at the moment t = T, with a velocity v


 such that
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g
HT 2



jgTiugHuv ˆˆ22 


t = t0

t = T
R

H

t = 0

x

v

x-axix

y-axix
y

The position at any instant t0 is given by

x = ut0

y 2
02

1 gt

y 2

2

2u
gx



The velocity at any instant t0 is given by

jgtiuv ˆˆ
00 

2. Oblique projection : A body of mass m is projected from ground with speed u at an angle above
horizontal at the moment t = 0.

It hits the ground at a horizontal distance R at the moment t = T.

t = T2v
uy

t = 0 
H t = T

u ucos  =  x

ux



R

u

1. Time of flight g
u

g
u

T y 


sin22

2. Maximum height
g

u
g

u
H y

2
sin

2

222




3. Horizontal range g
u

g
uu

TuR yx
x




2sin2 2

4. Equation of trajectory; 


 22

2

cos2
tan

u
gxxy

  or 





 

R
xxy 1tan

5. Instantaneous velocity   sin)(2)( 22 gtugtuv

and direction of motion is such that, 



cos

tantan
u

gt v sin

v cos


v

(a) 



cos
cosuv  [ Horizontal component is same every where]

(b) v sin = u sin – gt
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(c) When v
  (velocity at any instant ‘t’) is perpendicular to u


 (initial velocity)

  = 90° – 

(i) 



 cot

)90cos(
cos uuv

u




v(ii)



sing
ut

Applications :
1. The height attained by the particle is largest when  = 90°. In this situation, time of flight is maximum

and range is minimum (zero).

2. The horizontal range is same for complimentary angles like (, 90 – ) or (45 + , 45 – ). It is maximum
for  = 45°.

3. When horizontal range is maximum, 
4
maxR

H 

4. When R is range, T is time of flight and H is maximum height, then

(a)
R

gT
2

tan
2



(b)
R
H4tan 

5. If A and B are two points at same level such that the object passes A at t = t1 and B at T = t2, then

h h

y

t = 0 x

t t= 1 t t= 2

t T= 

u



A B

(i) 21
sin2 tt
g

uT 




(ii) 212
1 tgth 

(iii) Average velocity in the interval AB is

vav = ucos [ vertical displacement is zero]

CIRCULAR MOTION
An object of mass m is moving on a circular track of radius r. At t = 0, it was at A. At any moment of time

‘t’, it has moved to B, such that AOB . Let its speed at this instant be v and direction is along the tangent.

In a small time dt, it moves to B such that  dOBB .

The angular displacement vector is kdd ˆ

The angular velocity vector is k
dt
d ˆ




.

Aakash Materials Provided By - Material Point Available on Learnaf.com



IIT - JEE/NEET Description of  Motion in Two and Three Dimensions

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(26)

At B, the speed of the object has become v + dv. y

x
O A



d
r

B
B

v+dv
The tangential acceleration is 

dt
dvat 

The radial (centripetal acceleration) is r
r

vac
2

2


The angular acceleration is 
dt
d



Relations among various quantities.

1. rv




2. tc aar
dt
d

dt
rd

dt
vda 









3. vac




4. rat
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FORCE
Force is the action of one body upon another.
It is a vector quantity with units newton (N).

Types of Forces
Weight : Weight of a body is the force with which earth attracts it. It is also
defined as force of gravity or the gravitational force.
Contact forces : Whenever two bodies come in contact they exert forces on
each other, that are called contact forces.
(a) Normal reaction (N or R) : It is the component of contact force normal to

the surface. It measures how strongly the surfaces in contact are pressed
together.

(b) Frictional force (f ) : It is the component of contact force parallel to the
surface. It opposes the relative motion (or attempted motion) of the two
surfaces in contact.

(c) Tension : The force exerted by the end of a taut string, rope or chain is
called the tension. The direction of tension is always pulling in nature.

(d) Spring force : Every spring resists any attempt to change its length, the
more you change its length the harder it resists. The force exerted by a
spring is given by F = –kx, where x is the change in length and k is spring
constant or stiffness constant (units N/m).

MOMENTUM

Momentum of a body is defined to be the product of its mass m and velocity v .
It is a vector quantity and is represented by P

 ,

vmP




NEWTON’S LAWS OF MOTION

First law (Law of inertia)
It states that a  body continues to be in its state of rest or of uniform
motion until and unless it is acted upon by some external force

If  F = 0,   v = Constant,    a = 0

i.e. The body opposes any change in its state of  rest or of uniform
motion, it is also known as the law of inertia.

4Laws of Motion
C H AP T ERAIEEE Syllabus

Force and Inertia, Newton’s First Law of motion; Momentum, Newton’s
Second Law of motion; Impulse; Newton’s Third Law of motion. Law of
conservation of linear momentum and its applications, Equilibrium of
concurrent forces. Static and Kinetic friction, laws of friction, rolling friction.
Dynamics of uniform circular motion: Centripetal force and its applications.

THIS CHAPTER
COVERS :
 Force

 Momentum

 Newton’s laws of
Motion

 Frame of Reference

 Conservation of
linear momentum

 Rocket propulsion

 Applications of
Newton’s laws of
Motion

 Friction

 Motion in a
horizontal circle
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Equilibrium of Contact Forces

If three forces P , Q  and R  action on an object such that forces are concurrent and object is in

equilibrium then

 



R

P
Q







 sinsinsin
RQP

Second Law of Motion
It states that the net force acting on a particle or a system of particles is directly proportional to the rate
of change of its linear momentum.

Mathematically 
dt
dpF 



1   where  k
dt
dpkF



)( vm
dt
dF




If the mass of the system is constant, then

dt
dvmF 



maF 


     

instinst amF


     

avav amF




t

vv
m

if 













Third Law of Motion
To every action there is equal and opposite reaction

Mathematically 2112     


 FF

Here 12F  is force acting on body 1 due to 2 and 21F  is force acting on body 2 due to 1.
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IMPULSE
Impulse of a force is defined as the change of linear momentum imparted to the body

)( 1212 vvmPPJ




If the body is acted upon by a variable force as shown in figure, then
Impulse acting on the body in the interval t1 to t2


2

1

t

t
12 dtFPPJ


t1 t2
t

F

= Area below the F ~ t graph.

FRAME OF REFERENCE
It is a set of co-ordinate axes with respect to which the position, velocity and acceleration of a particle or a
system of particles can be measured.
There are two types of reference frames:

(a) Inertial frames of reference
If two frames of reference are either at rest or moving with uniform relative velocity, then they are said to
be inertial frames of reference.
All Newton's laws are valid in inertial frames of reference.

(b) Non-inertial frames of reference
Accelerated frames are known as non-inertial frames of reference.
Newton's laws are not valid in non-inertial frames.

Pseudo forces (fictitious forces): It is a slight adjustment which enables us to apply Newton's laws in Non-
inertial frames of reference.
If an observer is into a linearly accelerating non-inertial frame, then in order to use Newton's laws of motion
to explain the behaviour of a particle or a system of particles, a pseudo force is applied opposite to the
acceleration of the observer.

Mathematically, amFpseudo




m = mass of the particle
a = acceleration of the observer

General expression for force :

As vmp





dt

vmdv
dt
dmvm

dt
dF 


)(

Case - I :

When mass = constant, 0
dt
dm

am
dt
vdmF




Case - II :
In variable mass system like Rocket propulsion, firing of bullets etc.
Relative speed is constant in these cases

dt
dmvF
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CONSERVATION OF LINEAR MOMENTUM
According to Newton's third law

dt
dpfext






If net external force acting on the particle or system of particles is zero then the total momentum of the
particle or system of particles remain conserved.

constant   or   0 




p
dt
dp

Applications of Conservation of Momentum
1. A block of mass m is at rest in a gravity free space suddenly explodes into two parts in the ratio 1 : 3, if

lighter particle has a speed of 9 m/s just after explosion, then the speed of heavier particle can be
calculated as shown.

0 initial

p

 
4

3ˆ9
4final















 vmimp

finalinitial  


 pp

 
4

3ˆ9
4

0


 vmim

m/s ̂3 iv 


2. A man of mass M standing on a frictionless floor, throws a ball of mass m with a speed u as shown in
figure. The velocity of man, after he throws the ball is v

0initial 

p

 ˆ final


 vMimup

M
m

u
v

As finalinitial  


 pp

M
imv
ˆ

 




3. A ball of mass m moving with constant speed of u m/s is caught by man of mass M standing on a
frictionless floor. The velocity acquired by the man is v

iup ˆm initial


 )(final


 vMmp

m M
u

finalinitial  


 pp

)(

ˆ
 

Mm
imuv






4. If a gun of mass M fires a bullet of mass m with speed v, then recoil speed of the gun is given by
V = mv/M.
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ROCKET PROPULSION
It is an example of variable  mass-system.
In a rocket, combustion chamber carries fuel and oxidising agent. When the fuel burns, a hot jet of gases
emerges out forcefully from the small hole in the tail of the rocket.
Let u be the velocity of emerging gases relative to the rocket and (M/t) be the rate of fuel  consumption,
then the upthrust on the rocket is F = u (M/t).
Let M0 be the initial mass (rocket + fuel), M and v be the mass and velocity of the rocket at any instant t,

then 







M
Mu e

0log


APPLICATIONS OF NEWTON’S LAWS OF MOTION
1. A machine gun fires n bullet per second with speed u and mass of each bullet is m.

The Force required to keep the gun stationary is
m,u

M
vnmF




2. Bullets moving with a speed v hit a wall

(i) When the bullets come to rest in wall m

v
Force on wall Fwall = nmv

(ii) When the bullets rebound elastically

Fwall = 2nmv

3. Liquid jet of area A moving with speed v hits a wall



A v

(i) Force required be a pump to move the liquid with this speed is

dt
dmvF   = v × Av = Av2

(ii) As jet hits a vertical wall and does not rebound, the force exerted by it on the wall is, Fwall = Av2

(iii) When water rebounds elastically,  Fwall = 2Av2

(iv) For oblique impact as shown, Fwall = 2Av2 cos

 
v v

wall

Liquid jet

4. The blocks shown are being pushed by a force F. F1, F2 are contact forces between M1 & M2 and M2 &
M3 respectively

M1 M2 M3

a

F
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321 MMM
Fa


 FBD of M3 

a

F2 M3

 F2 = M3a

F1 – F2 = M2a  F1 = (M3 + M2)a FBD of M2  

a

F1 M2
F2

or F
MMM

MMFF
MMM

MF 















321

32
1

321

3
2 ,

5. The strings are massless. Let T1 and T2 be the tensions in the two strings and ‘a’ be the acceleration.

321

3
2

321

32
1

321
,,

MMM
FM

T
MMM

MM
T

MMM
Fa










 F
M1 M2 M3

T1 T2

6. Tension in the block at x from left end is given as

(a)
L

Fx
M
F

L
MxTx 

L

FM

x

(b)
L

xLFTx
)( 



L

F M

x

(c)
L

xLF
L
xFTx

)(21 


L

F2 M

x

F1

7.

M

massless
string

T

T

ceiling

M

T

Mg

 FBD of M w.r.t. ground

(a) When system is stationary
T – Mg = 0

(b) System moves up with acceleration ‘a’
T = M(g + a)

(c) System moves down with acceleration a
T = M(g – a)

8. Uniform rope of mass Ms. FBD of lower portion

x

L

Tx

M gx
L
s 

x
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(a) Stationary system

L
gxM

T s
x 

(b) If the rope is accelerating upwards, then )( ag
L

xMT s
x 

(c) If the rope is accelerating downwards, then )( ag
L

xM
T s

x 

IMPORTANT PROBLEMS
Pulley mass systems

(i) Stationary pulley

g
MM
MMa

12

12






g
MM

MMT 










21

212

M1

M2

massless

T
T

a a

M g1 

M g2 

(ii) Pulley is moving upward with acceleration a0

)(2 0
21

21 ag
MM

MMT 











)( 0
12

12 ag
MM
MMa 











r

M1

M2

T
T

M g1 

M a2 0 (pseudo)

a0

ar ar

M a1 0
M g2 

a2

a1
a1 = – (a0 + ar)

a2 = ar – a0

ar = relative acceleration of M1 and M2 w.r.t. pulley

a1, a2 are accelerations of M1 and M2 w.r.t. ground.

(iii) )sin(sin
21

21 



MM

MMT

g
MM
MMa 













12

12 sinsin
M1 M2

smooth

T T
a a

 

(iv)  
B

T

T
T

A

M gA

aA

2T

aB
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2aA = aB …(i)

MAg – 2T = MAaA …(ii)

T = MBaB …(iii)

Two block system :

Case - I :

Let ‘m’ does not slide down relative to wedge ‘M’

The force required is given by

F = (M + m)g tan

a = g tan  (in horizontal direction w.r.t. ground)

F

M

m


smooth
Wedge

a

Contact force R between m and M is




cos
MgR

Case - II :

Minimum value of F so that ‘m’ falls freely is given by

F = Mgcot
F

M

m


smooth
WedgeWedge M moves with acceleration = gcot

Contact force between M and m is zero.

FRICTION
Friction force is of two types

1. Static frictions ‘fs’

2. Kinetic friction ‘fk’

Static Friction
The static friction between two contact surfaces is given by fs < s N, where N is the normal force between
the contact surfaces and s is a constant which depends on the nature of the surfaces and is called
‘coefficient of limiting friction’.

Static friction acts on stationary objects. Its values satisfy the condition

fs < s N

s –  Co-efficient of limiting friction

Static friction takes its peak value (fs(max) = sN) when one surface is ‘about to slide’ on the other. Static friction
in this case is called limiting friction.

Kinetic Friction (k)
It acts on the two contact surfaces only when there is relative slipiry or relative motion between two contact
surfaces.

fk = kN

The relative motion of a contact surface with respect to each other is opposed by a force given by
fk = k N, where N is the normal force between the contact surfaces and k is a constant called ‘coefficient
of kinetic friction’, which depends, largely, on the nature of the contact surfaces.
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mg

kN

N

v

fs (max) Applied
 force

Friction
 force

Static 
friction

Kinetic
friction

45º

Graphical representation of variation of friction force 
with the force applied on a body

Angle of Repose
Consider a situation in which a block is placed on an inclined plane with co-efficient of friction '' then the
maximum value of angle of inclined plane for which the block can remain at rest is defined as angle of repose.

 mg
mg cos 

  s sN mg =   cos 

mg sin 

N

Two blocks placed one above the other
Case - I :

(a) F  (M1 + M2)g

Both blocks move together with same acceleration 
21 MM

Fa




' '

F

M2

M1

Smooth   amax = g

(b) F > (M1 + M2)g

M2 moves with constant acceleration a2 = g

M1 moves with acceleration 
1

2
1 M

gMFa 


M2 slips backwardon M1.

Case - II :

(a) g
M

MMMF
1

221 )( 
 , both blocks move together with acceleration 

21 MM
Fa


  with g
M
Ma

1

2
max


 .
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(b)
1

221 )(
M

gMMMF 
 ,

M2

M1



F

Smooth

M1 moves with constant acceleration g
M
Ma

1

2
1




M2 moves with acceleration 
2

2
2 M

gMFa 


M2 slips forward on M1.

Minimum force required to move a body on a rough horizontal surface
F cos  > R





sincos

mgF

R F sin 

M
 F cos  R

F

2min
1 




mgF  at  = tan–1()

Block on Inclined Plane
1. If µ  tan , the block will remain stationary on the inclined plane; and the frictional force acting on the

block will be equal to mg sin and static in nature
f = mg sin 

mg sin
 

f

µ

2. If a block slides down an inclined plane with constant velocity, the frictional force acting on the block is
kinetic in nature and is equal to mg  sin 
 f = mg sin 



v

f

3. If µ < tan , the block will slide down the plane with acceleration a equal to
a = g sin  – µ g cos 
Frictional force is kinetic in nature and is given by f = N =  mg cos  (less than mg sin )



a
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4. If a block is projected up the plane, retardation a is given by a = g sin  + µ g cos .



a µ

v

5. If mg sin  exceeds frictional force, the block tends to slide down. The minimum force required to prevent
sliding is  Fmin = mg sin  – µ mg cos 

mg sin
 

f

F

6. If you try to push a block up the plane, frictional force and mg sin both opposes the upward motion of
the block, hence, the minimum force required to move up is given by

Fmin = mg sin  + µ mg cos 

mg sin
  f

F

Note : In case 5-6, if F lies between mg sin  =  mg cos  and mg sin  +  mg cos , the block
remains stationary on the inclined plane.

DYNAMICS OF CIRCULAR MOTION
Neglecting Gravity



T
r

m
O

axis

v
   T = Centripetal force = rm

r
mv 2

2


Considering gravity (Conical pendulum)
Tsin = m2r …(1) T cos

O

T sin

T
l

mg

r C



Tcos = mg




cos
mgT …(2)

(a) For  to be 90º (i.e., string to be horizontal)

T = 

 It is not possible.
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(b) Tsin = m2r = m2lsin

 lmT 2

(c) Time period = g
l 


cos2

Vehicle negotiating a curve on a banked road

The maximum velocity with which a vehicle can safely negotiate a curve of radius r on a rough inclined road
is





tan1

)tan(rgv

N cosN 

f
 f sin

mg

 = /v R2

       



N cosN

N cos

f sin

f 
f sin

mg



For a smooth surface  = 0     tanrgv

For a horizontal surface,  = 0  rgv 
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CONCEPT OF WORK
Work (W) is energy transferred to or from an object by means of a force
acting on the object. If Energy is transferred to the object, work is positive
and if energy is transferred from the object, work is negative.

Mathematically


2

1

.
s

s

dsfW







If the force is constant, then

sfW . )( 12 sss




   = f s cos

= s (fcos)  f cos

s

f


KINETIC ENERGY
Kinetic energy is associated with the state of motion of an object.

Mathematically

2

2
1K.E. mv

WORK-ENERGY THEOREM
It states that, the work done on a particle or on a system of particles by the
resultant force is equal to change in its kinetic energy. This is called work-
energy theorem.

K.E.Total W

or

K.E.intext. WW

where Wext = Work done by the external forces on the system and
Wint = Work done by the internal forces on the system.

5Work, Energy and Power
C H AP T ERAIEEE Syllabus

Work done by a constant force and a variable force; kinetic and
potential energies, work-energy theorem, power, Potential energy of a
spring, conservation of mechanical energy, conservative and non-
conservative forces; Elastic and inelastic collisions in one and two
dimensions.

THIS CHAPTER
COVERS :
 Concept of Work

 Kinetic Energy

 Work-Energy
Theorem

 Potential Energy

 Conservative and
non-conservative
Forces

 Principle of
conservation of
Mechanical Energy

 Power

 Collision

 Motion in a vertical
circle
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Work Done by a Spring
When a spring is extended or compressed, the restoring force of the spring does some work.

Let l0 be the natural length of a spring and k be the spring constant. When the length of the spring is changed
from l0 + x1 to l0 + x2, the work done by spring force is given by

)(
2
1 2

1
2
2

2

1

xxkkxdxW
x

x




 

when x2 > x1 , W < 0

when x2 < x1 , W > 0

POTENTIAL ENERGY

The potential energy of a system of particles is the work the system of bodies can do by virtue of the relative
position of its parts, that is, by virtue of its configuration.

In mechanics, two types of the potential energy are of particular importance : Gravitational Potential Energy
and Elastic Potential Energy.

1. Gravitational Potential Energy (GPE)

An object of mass m at a height of h above the earth’s surface is said to have a potential energy given
by the relation

U2 – U2 = mgh

where U1 and U2 are the respective potential energies at position 1 and 2.

m
U2

hm
U1 (Position 1)

(Position 2)

2. Elastic Potential Energy of a Spring

For a spring that obeys Hooke’s law, F = kx, the elastic potential energy is given by

,
2
1 2kxU 

where k is the force constant of the spring and x is either its compression on extension, measured
relative to its natural length.

– x0 x0

1
2

kx0
2

compression extension
x

U
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CONSERVATIVE AND NON-CONSERVATIVE FORCES

Conservative Forces
The work done by a conservative force in displacing a particle from one point to another depends only on
the position of the two given points and is quite independent of the actual path taken.

e.g. : Gravitational forces, electrostatic forces, etc.

The following table gives the expression for the potential energy function associated with four conservative forces

Force Potential Energy Function

Spring force, kx

Weight (Gravitational force), mg

Gravitational force between two particles, 

(Negative sign shows attractive force)

(1/2)kx2

Mgh

–Gm m
r

1 2
2

–Gm m
r

1 2

Electrostatic force between two points charges,
q q
r
1 2

2K
q q

r
1 2

K

Potential Energy Function U(x) and Associated conservative force :
If we know the potential energy function U(x) for a system in which a one dimensional force F(x) acts, we can
find the force as

F(x) = dx
xdU )(

 , for one dimension 


















 k
z
Uj

y
Ui

x
UF ˆˆˆ dimension three In

The expression says,

(i) The conservative force acts in the direction of decreasing potential energy.

(ii) The force is equal to the rate of decrease of Potential Energy.

Equilibrium Points
At equilibrium positions, the force is to be zero.

 0
dx
dU

 (for equilibrium)

There are three types of equilibrium
1. Stable Equilibrium

The equilibrium is stable at a point if the potential energy at that point is minimum. For minimum potential
energy at equilibrium point x0

0
0

2

2












xxdx
Ud

2. Unstable Equilibrium
At unstable equilibrium position, potential energy is maximum.

3. Neutral Equilibrium

If potential energy is constant with respect to distance, the equilibrium is said to be neutral.
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Non-Conservative Forces
Work done by the conservative forces depends upon the actual path taken. Also the forces which are velocity
dependent i.e. the force which depend upon the magnitude and direction of velocity like frictional force and viscous
forces are in general non-conservative forces.

PRINCIPLE OF CONSERVATION OF MECHANICAL ENERGY
When only conservative forces are present in a system, the sum of potential energy and kinetic energy for a particle
of a system of particles remains constant at all times during the motion of the particle.

Mathematically

P.E. + K.E. = constant

or P.Ei + K.Ei = P.Ef + K.Ef

POWER
Time rate of doing work or time rate of dissipation of energy is called power.

The unit of power is watt defined as 1 watt (W) = 1 J/s

 VFP .  It is the power generated because of force F , where V  is the velocity of point of application of force

in the frame considered.

Applications
If the angle of an inclined plane is greater than angle of repose, the block reaches the bottom of the inclined plane
starting from rest, with a speed v calculated as shown

mgHWmg  zeroNW      

B

f



m

H

A N

mg H cosec 
)cosec()cos(  HmgWfr

  cotmgHmgHWTotal

θmgHmgHmv cot
2
1 2    )cot1(2  gHv

(1) A particle of mass m is dropped with zero initial velocity from the top of a frictionless curved surface.

Total mechanical energy initially at height h is

h

Reference

M.Ei = mgh + 0 ...(i)

Total mechanical energy finally is

2

2
10M.E ff mv ...(ii)

Equating equation (i) and (ii) we get

mghmv f 2

2
1

ghv f 2
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(2) A car and bus of mass M1 and M2 respectively are mocing on a straight road. They are stopped by
application of same retarding force such that there respective stopping distances are x1 and x2. Consider
the following situations.

(a) They are moving with same velocity,

xFMv .
2
1 2   2

2
V

F
Mx  x  M

or
2

1

2

1

M
M

x
x



(b) They are moving with same kinetic energy

xFMv .
2
1 2 

 x1 = x2

(c) They are moving with same momentum

xF
M

p .
2

2
   (

M
pMvk
22

1 2
2  )


1

2

2

1

M
M

x
x



(3) A body moving with speed v is stopped in time ‘t’ by delivering constant braking power.

P.t = 2

2
1 mv

t  v2

(4) Let 
n
1

 the part of the chain is hanging at the edge of table. Taking the horizontal surface of table as

zero potential energy position,

l n/

ln






 

1
1

(a) Potential energy of the chain is 22n
mgl

(b) Work done against gravity to pull the hanging part on the table = 22n
mgl

(5) Two springs have spring constants k1 and k2

(a) They are pulled by same force,

F = k1x1 = k2x2

1
2
111 2

1
2
1 FxxkU  , 22 2

1 FxU 


1

2

2

1

2

1

k
k

x
x

U
U
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(b) They are pulled to same extension ‘x’,

F1 = k1x F2 = k2x  
2

1

2

1

k
k

F
F



2
11 2

1 xkU   2
22 2

1 xkU 


2

1

2

1

2

1

F
F

k
k

U
U



(6) A block of mass m is connected with a spring of force constant k
as shown in figure. If the block is released from rest with spring
relaxed,  then the maximum extension in the spring is given by

k
mgx 2



k

m

(7) A body starts with speed v on a rough surface. The distance moved
before it stops is given by

g
vx



2

2

 



  xmgmv )(

2
1using 2

        

x

m

µ

v = 0
v

  Note : The stopping distance does not depend on the mass of body.

COLLISION

One dimension

m1

u1

m2

u2

m1

v1

m2

v2

   (u1 > u2 and v2 > v1)

Following two results should be used to deal with collision problems.

(a) Conservation of linear momentum

m1u1 + m2u2 = m1v1 + m2v2 …(1)

(b) Coefficient of restitution

21

12

uu
vve






During the collision, there may be a loss of kinetic energy given by

)1()(
2
1KE 22

21
21

21 euu
mm

mm





Following are the important cases

1. Elastic collision e = 1

 v2 – v1 = u1 – u2 …(2)

From (1) and (2)

21

22
1

21

21
1

2
mm
umu

mm
mmv









12

11
2

12

12
2

2
mm

umu
mm
mmv









KE = 0  Final KE = Initial KE
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Following are the commonly asked cases for an elastic collisions.

(a) In an elastic collision, kinetic energy during the collision is not conserved. It is converted into elastic
potential energy. But KE before collision = KE after collision.

(b) M m

u1

u2

(Before collision)

M m >>   M m

u1

– u u2 1+2

(After collision)

(c) Mm

u2

u1

(Before collision)

M m >>    
Mm

2 + u u1 2

u1

(After collision)

(d) m

u

wall

elastic collision

 m

u

(e) m

u

 m

eu

(f)
 

u u
m

Elastic collision

m

2. Coefficient of restitution = e ( 1)

u sin  = v sin  …(1)

 

u v
m

eu cos  = v cos  …(2)

  222 cossin euv

e



tantan

3. A ball of mass m is dropped from height h0 on an inelastic floor.

m

h0

h1 h2

t = 0 u = 0

Coefficient of restitution = e
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(a) Height after nth bounce hn = e2nh0

(b) Speed of rebound after nth bounce = 02ghen

(c) Total distance travelled before the body comes to rest

= 















2

2

0 1
1

e
eh

(d) The time after which the body comes to rest

= 










e
e

g
h

1
1.2 0

(e) Average force exerted on the ground = mg

(f) Displacement of ball when it stops = h0

4. Oblique elastic collision

(a)  +  = 
2


…(1)

(b) v1cos  + v2cos  = u …(2)

m m
u u = 0

v1

v2





(c) v1sin  = v2sin  …(3)

(d) u2 = v1
2 + v2

2 …(4)

MOTION IN A VERTICAL CIRCLE
A particle of mass m is tied to a string of length l whose other end is fixed. The particle can revolve about O
in a verticle circle. when it is a position L (lowest point), it is given a speed VL. Following results are useful
in describing its motion.

1. aT = g sin  …(1)

2.
l

v
m

mgT
a pp

C

2cos





3.  cos
2

mg
l

mv
T p

p …(2)


H

vPTP

vH

TH

M M

mg

P
mg cos 

mg sin vLL
mg

l

O

TL4.
l

mvmgT L
L

2


5.
l

mvmgT H
H

2


6. TL – TH = 6 mg (always)

7. When glvL 5 , it completes vertical circle (Also vH > gl )

8. glvL 2 , it oscillates between M and M 

9. glvgl L 52  , it will leave the circular path somewhere between M and H.
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CENTRE OF MASS
It is point in a system which moves as if whole mass of the system is
concentrated at the point and all external forces are acting on it. Its position
is given by

M

xm

mmm
xmxmxmx

n

i
ii

n

nn






 1

21

2211
cm ..............

.........

M

ym

mmm
ymymymy

n

i
ii

n

nn






 1

21

2211
cm ..............

.........

M

zm

mmm
zmzmzmz

n

i
ii

n

nn






 1

21

2211
cm ..............

.........

( , , )x y z3 3 3m3

( , , )x y z2 2 2
m2( , , )x y z1 1 1

m1 c.m.

y

x
O

CENTRE OF MASS OF A RIGID BODY
Mathematically position coordinates of the centre of mass of rigid body are
given by




dm

xdm
xcm ; 


dm

ydm
ycm ; 


dm

zdm
zcm

6Rotational Motion and
Moment of Inertia

C H AP T ERAIEEE Syllabus

Centre of mass of a two-particle system, Centre of mass of a rigid body;
Basic concepts of rotational motion; moment of a force, torque, angular
momentum, conservation of angular momentum and its applications;
moment of inertia, radius of gyration, Values of moments of inertia for
simple geometrical objects, parallel and perpendicular axes theorems
and their applications. Rigid body rotation, equations of rotational
motion.

THIS CHAPTER
COVERS :
 Centre of mass

 Centre of mass of a
rigid body

 Velocity and
acceleration of
centre of mass

 Rotational kinetic
energy and moment
of inertia

 Theorems for
moment of inertia

 Moment of inertia of
different objects

 Rolling of a body

 Angular momentum
and its conservation
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VELOCITY AND ACCELERATION OF CENTRE OF MASS

Velocity of Centre of Mass
The instantaneous velocity of centre of mass is given by

M
vmvmvm

v nn....2211
cm


 ; or

M
P

v system
cm 

Where systemP  is the total linear momentum of centre of mass.

Acceleration of Centre of Mass

Differentiating cmv  w.r.t. time we get cma  as

M
amamam

a nn....2211
cm


 ; or

M
F

a ext
cm




Where extF  is the vector sum of forces acting on the particles of system.

 Some Important Points :
(1) The centre of mass of a system of particles lies in the region where majority of mass of the system

lies.

(2) The centre of mass of a body may lie outside the body or on the body. e.g., The centre of mass of
a ring lies at its centre not on its body.

(3) For a symmetrical body of uniform density, the centre of mass lies at its geometrical centre.

(4) For a two particle system, the centre of mass lies on the line joining them and closer to the greater
mass. The position co-ordinates of the centre of mass of a system of two masses as shown in the
figure.

21

21
cm

)0(
mm

dmmx



 =
21

2

mm
dm


m1  (0, 0) COM

( , 0)xcm

m2

( , 0)d

y

x

(5) The centre of mass is a point such that the mass of the system M multiplied by the acceleration
(d2Rcm/dt2) of the centre of mass of the system gives the resultant of all forces acting on the system.

(6) The centre of mass of a system of two particles lies in between them on the line joining the particles.

(7) If we take the centre of mass as the origin, then the sum of the moments of the masses of the system

 mi 


ir is zero.

(8) During translatory motion, the position of the centre of mass changes with time.

(9) In the absence of an external force, the velocity of the centre of mass of a body remains constant.

(10) The location of the centre of mass depends on the shape and nature of distribution of mass of the body.
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Applications
1. The position co-ordinates of the centre of mass of a system of three particles of equal masses which

are placed on the vertices of an equilateral triangle of side a are calculated as shown.

m
amammx

3
)2/()()0(

cm




23
2/3

cm
a

m
amx 

y

m (0, 0) m x

( , 0)a

m










aa

2
3,

2

323

2
3)0()0(

a
m

ammm
ycm 















Co-ordinates of the centre of mass of the system are 








32
,

2
aa

.

2. A small square is removed from a uniform square plate of side a, as shown in the figure. The position
centre of mass of remaining plate relative to the original centre. Can be calculated as shown

a/2

The remaining body can be assumed to be a superposition of two masses, one mass is the original
mass and the other is the negative mass of the body which has been removed.

–

+

Removed
square

Original
square

Here, the area of removed square will be taken negative and that of original square positive.

By taking the mass (or area) of removed square as negative, the coordinates of centre of mass of the
remaining portion are

21

2211
cm AA

xAxAx



 and
21

2211
cm AA

yAyAy





Here, A1 = a2 = area of first body (original square)

A2 = –a2/4 = area of second body (removed portion)

The remaining body has a line of symmetry, so its centre of mass must lie on this line. Choose the
line of symmetry as x-axis with origin at the centre of original square. Now, the x coordinates of the
two bodies are as shown in figure.

Line of 
symmetryOriginal

square

y x

+

(0, 0)

Body 1

–

y x

(0, 0)

Body 2

Removed
square









0,

22
a
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224
)0()(

2
2

2
2

21

2211
cm

aa

aaa

AA
xAxAx


26

cm
ax  ; the centre of mass of remaining body lies on negative x-axis at a distance of 26

a

from origin.

3. A man (of mass m) stands at the left end of a uniform sled of length L and mass M, which lies on
frictionless ice. As the man then walks to the other end of the sled, the sled slides on the ice by a
distance x calculated as shown.

The net external force on the system (man + sled) is zero. The centre of mass of the system is to be
at the same position while their movements. Obviously, the sled will shift towards left.

Let the displacement of sled relative to ground = x

The displacement of man relative to ground = L – x

As the centre of mass remains stationary,

0)(






mM

xLmMx

Frictionless ice
ML

c.m.
m

L – x

M L
c.m.

m
x Mx = m (L – x)


Mm

mLx




SOME BASIC CONCEPTS OF ROTATIONAL MOTION

Rotation of a Rigid Body
When a rigid body rotates about a fixed axis, following parameters are needed to describe its motion :

1. Angular velocity ( ) : It is defined by the relation dt
d

 . All the particles in the rigid body move in

circular paths about axis of roation with angular velocity . Its direction is along the axis of rotation.

2. Angular acceleration ( ) : It is the rate of change of angular velocity. It is given as 
dt
d




.

3. Tangential acceleration (at) : It is the rate of change of speed of a point on the rigid body. It is related
to angular acceleration  as t = r.
Here, r is the distance of particle or point from axis of roation.

4. Moment of inertia (I) : It is the opposition offered by a rigid body to its state of rest or of uniform
rotational motion.

5. Angular momentum ( L


) : It is defined by the mathematical relation 


IL .

6. Torque (  ) : It is the action of a force which produces a change in its state of rest or of uniform rotational
motion. By Newton’s 2nd law,

dt
Ld



  or 


I

If a force F


 acts on the rigid body at a point whose position vector with respect to axis of rotation is

r
 , the torque is given by Fr


  or  F

  distance from axis of rotation.
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For uniform angular acceleration

(i) t 0

(ii) 2
0 2

1 tt 

(iii)  22
0

2

(iv) t






 


2
0

 = Angular velocity after t time
0 = Initial angular velocity

ROTATIONAL KINETIC ENERGY
Consider a rigid body rotating about an axis with angular velocity ‘’. Various particles of the body are all
rotating on a circle with radius r1, r2 ........ with angular velocity ‘’. The total kinetic energy

r1 m1

m2
r2

m3
r3



K.E. = 2

2
1
I

I = m1r1
2 + m2r2

2 + .... is called moment of inertia and 2

2
1
I  = kinetic energy of rotation.

MOMENT OF INERTIA
A body free to rotate about an axis opposes any change in its state of rest or of uniform rotation,  this inherent
property of a body is called moment of inertia.

Moment of inertia, in rotation motion, is the analogue of mass in linear or translational motion.

For System of Particles :





N

i
ii rmI

1

2

mi = mass of i th particle

ri = radius of the i th particle

For Rigid Bodies :

Moment of inertia of a rigid body about any axis of rotation.

Mathematically  2rdmI
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THEOREMS FOR MOMENT OF INERTIA

Parallel Axis Theorem
It states that the moment of inertia of a body about an axis is equal to its moment of inertia about a parallel
axis through its centre of mass plus the product of the mass of the body and the square of perpendicular
distance between the two axes.

I = Icm + md 2

Icm = Moment of inertia of the body about its centre of mass

d
Parallel axis

cm
I = Moment of inertia of the body about a parallel axis

m = Total mass of the body

d = Perpendicular distance between two parallel axes.

Perpendicular Axis Theorem (Applicable only to plane-laminar bodies)
The moment of inertia of a plane lamina about an axis perpendicular
to the plane of the lamina is equal to the sum of the moment of
inertia of the lamina about two axes perpendicular to each other, in
its own plane, and intersecting each other at the point where the
perpendicular axis passes through it.

Iz = Ix + Iy     

z

y

x

O

Where Ix, Iy and Iz are the respective moment of inertia of the body
about x, y and z-axes.

Note : The point O need not be the centre of mass of the body.

MOMENT OF INERTIA OF DIFFERENT OBJECTS
For an axis perpendicular to the plane of the ring

I MRc = 2

R

R M

I MRc = 2

A hollow cylinder

The axis perpendicular to the plane of the disc.

A disc A solid cylinder

2

2

cm
MRI 

      2

2

cm
MRI 
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A thin rod A rectangular plate

L


M L, 

    

M

L

12

2MLI c      
12

2MLI c

A thin rod about a perpendicular A rectangular plate about one edge

axis through its end

L



M



3

2MLI 
3

2MLI 

A Rectangular Plate

(a)
12

2MbIx 

(b)
12

2MlIy 

Mass = M

x

b

y

l

z

O
(c) Iz = Ix + Iy

(d)
12

)( 22 blMIz




A Thick Rod

The axis is perpendicular to the rod and passing through the centre of mass

412

22

cm
MRMLI 

ML
OR
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A Solid Sphere    A Hollow Sphere

About its diameter      About its diameter


M R, 


2

5
2 MRIcm  2

cm 3
2 MRI 

RIGID BODY ROTATION

In this section, rotation of a body about a stationary fixed axis has been discussed

1. Rotating Disc

A tangential force F is applied at the periphery
F

A

O
R

R

r
C

 = F × R [about O]

2

2
1 mRI 

MR
F

I
2






(1) Linear acceleration of A is 
M
FRaA

2
  (along horizontal)

(2) Linear acceleration of B is 
M
FRaB

2
  (vertically downwards)

(3) Linear acceleration of C is 
MR
FrraC

2
  (along horizontally opposite to A)

2. Hinged Rod

The rod is released from rest from horizontal position

2
Lmg   (about A)

NA
C B

mg2
L

2
L

3

2MLI 

L
g

I 2
3






(1) Linear acceleration of COM C is 
L
gLacm 2

3
2



(2) Linear acceleration of point B is 
2

3gLaB 
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ROLLING OF A BODY
Rolling is combination of Translation and Rotation

R



RR

R

R
R

Pure rotationPure translation

vcm

vcm
vcm

vcm

vcm

R





vcm

R



RR

R

R v + Rcm 


vcm

vcm

vcm

vcm

vcm

180 – 

vcm

O O O

Mass = m



vcm

Rolling

Case - I : Forward slipping

vcm > R

friction v Rcm– 


vcm

Case - II : Backward slipping

vcm < R

frictionR– vcm

vcm

Case - III : Pure Rolling

vcm = R

R

2R

v = 0

2R


2 R

(instantaneous centre of rotation)
I




R

2
sin

/2

R




v = 0

2
co

s 
/2

R




(instantaneous centre of rotation)
I



Kinetic energy of the body during pure rolling (E)

E = Translational KE + Rotational KE

= ET + ER

= 2
cm

2
cm 2

1
2
1

 Imv

= 


















 2

2
2
cm

2
cm2

cm 1
2
1

2
1

R
Kmvv

R
I

m   (where k is radius of gyration)
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 2

2
1

R
KEE T

Similarly, 









 2

2
1

K
REE R

5:2%6.28286.0
7
2%4.71714.0

7
5

5
2sphere Solid.4

2:1%33.33333.0
3
1%67.66666.0

3
2

2cylinder
 solid orDisc3.

3:2%404.0
5
2%606.0

5
3

3
2Shell Spherical2.

1:1%505.0
2
1%505.0

2
1

cylinder
hollow orRing.1

1rotational

energy  total of Fraction

1 naltranslatio

energy total of Fraction

body of Type 1

2

21

2

2


































R

R

R

R

X
Y

K
RY

R
KX

K

Note : Above values X and Y are independent of mass and radius of the body. They only depends on the
type of body.

Applications
1. A force is applied at the distance h from centre of mass as shown in figure

F

fr

h



















 



2

2
1

1

R
KM

R
hF

a

N
RK
hRKFfr 




 22

2 )(
(must be less than mg for Rolling)

If
R

Kh
2

  friction is backward

R
Kh

2
  friction become forward

2. If force is applied at centre of mass then (h = 0)

So,















2

2
1

R
KM

Fa  and 


















2

222

2

1
K
R

F
RK

FKfr
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3. If force is applied at highest point (h = R)















2

2
1

2

R
KM

Fa

F
RK
KRfr 














 22

22
 forward direction

4. This case is equivalent to case when object is pulled from CM an Rough surface so

mg

T

T

2

2

2 1
  and  

K
R

mgT

R
Im

mga







5. g

R
IMM

MMa























212

12

M1

M2

T1 T2a
a

M I, R

T2 > T1

M2 > M1

6.
R
a

R
IM

Mga 


 ,

2

I = mK2
T

I R, m, 

M
a



mg

7. The rod is released from unstable equilibrium position

(a) When at B, 2
2

32
1)cos1(

2












MLLMg

2
cos6 


L
g

O

L

L

P

B


u = 0

(b) at C,  = 0°

l
g6



(c) at P,  = 90°, 
l
g3
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Rolling of a Body on an Inclined Plane
By conservation of energy

ry)(Translato

2

(Rotatory)

2

energy)(Total
2
1

2
1

cmmvImgh 

Let  21
MR

I
  = 2

2
1

R
K

  (where k is radius of gyration)

1.
2

sin

R
IM

mgacm



 =

2

2
1

sin

R
K

g





2. 


ghvcm
2

 = 2

2
12

R
Kgh    

vcm



R

f

mg sin


rough (no slipping)



h

mg co
s

3. g
h2.

sin
1Time 


  Force of friction 

2

2
1

sin

K
R

mgf





i.e., t

4. Force of friction 

2

2
1

sin

K
R

mgf





5. Instantaneous power P = (mg sin )v

6. Maximum angle of inclination for pure rolling, 






















 

2

2
1

max

1
tan

K
R

Ring : max = tan–1 (2),

Spherical Shell : max = tan–1(2.5 )

Disc : max = tan–1 (3)

Solid sphere : max = tan–1(3.5 ).

ANGULAR MOMENTUM AND ITS CONSERVATION
L = MvcmR + I

Case - I : Pure translation

hMVL cmO ||


LC = 0 z

x

M

h
O

vcm
C
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Case - II : Rolling Body

Lc = Ic

LA = IC + MvcmR

LO = Ic + Mvcmb

C

b

O

vcm

R


A

z

x
Case - III : Pure rotation

Put vcm = 0 in the above results so L0 = LA = LC = IC

Case - IV

Lc = – Ic

LA =  – IC + MvcmR

LO = – Ic + Mvcmb

C

b

O

vCM
R 

A

z

x

Case - V

Lc = Ic

LA =  IC

LO = Ic – Mvcmb

C

b
O

vCM

R 

A

z

x

Conservation of Angular Momentum
In an isolated system (no external torque) the angular momentum of the system is conserved.

dt
Ld

ext






If Oext


  O

dt
Ld 
  constantL
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Applications
1. Before After

R



Disc
(moment of inertia )

 = 
I

L I1 

R



(Picks two particles at 
diametrically opposite points)

 = ( 2 )L I + mR2
2 

mm

 22mRI
I






2. Before After

R



Moment of inertia of platform 
 = mass of man at rest 
at edge w.r.t. platform

I
m

m



The man starts walking along the edge 
with speed  in opposite sense w.r.t. the 

platform then new angular velocity
of the platform is 

v

  mvR
I mR + 2

R

v

3. A rod is hinged at A and can rotate freely in a vertical plane. A particle of mass m moving with speed u
hits and sticks to the rod.

a

m

A M( )

L
u

Only conservation of angular momentum can be applied as the rod is hinged at A.













 2

2

3
maMLmua
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UNIVERSAL LAW OF GRAVITATION

Newton’s Law of Gravitation

Gravitational force between two points masses or spherically symmetric m1

and m2 separated by distance r is 
2

21

r
mGmF  .

G = Universal gravitational constant

   = 6.67 × 10–11 Nm2kg–2, [G] = [M–1L3T–2]

 Some Important Points :

1. Applicable for point masses

2. Gravitational force is conservative in nature

3. Gravitational force is always attractive and central

4. Gravitational force describes the teresterial phenomena

5. Gravitational force between two bodies is due to exchange of a
elementary particle known as graviton

6. It is a long range and weakest force

ACCELERATION DUE TO GRAVITY

Acceleration produced in a body due to earth’s gravitational pull is called
acceleration due to gravity.

As gravitational force on a body of mass m placed at the surface of earth is

2R
GMmF 

2R
GM

m
Fg 

Relation between g and G :




 GR
R

RG

R
GMg

3
43

4

2

3

2

 density of earth = 5.5 × 103 kg/m3

7Gravitation
C H AP T ERAIEEE Syllabus

The universal law of gravitation. Acceleration due to gravity and its
variation with altitude and depth. Kepler’s laws of planetary motion.
Gravitational potential energy; gravitational potential. Escape velocity.
Orbital velocity of a satellite. Geo-stationary satellites.

THIS CHAPTER
COVERS :
 Universal law of

gravitation

 Acceleration due
to gravity

 Gravitational
potential

 Gravitational
Potential Energy

 Escape Velocity

 Kepler’s laws

 Satellites

 Binary Star System
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Variation in the value of g :

1. At height ‘h’

2

1 











eR
h

gg  and 









eR
hgg 21  if h << Re

If h = Re , 4
gg 

2. At depth ‘x’










eR

xgg 1 , at the centre of earth g = 0, weight = 0

Note : Mass is intrinsic property and it is not affected by variation of gravity.

3. Due to Rotation of Earth :

g = g – Re
2cos2

  angle of latitude

gpole  maximum and unaffected from rotation.

gequator  minimum and becomes maximum if earth stops rotation.

GRAVITATIONAL FIELD INTENSITY AND POTENTIAL (V) :
1. Gravitational field intensity at a point is the force experienced by a unit mass placed at that point

r
r
GMI ˆ

2




2. Gravitational potential at a point is the amount of work done in bringing a unit mass from infinity to that
point in the gravitational field.

r
GMV

m
WV 

  (units J/kg)

Variation of Intensity and Potential

1. For a spherical shell of mass M and radius R

Case-I : r < R (internal point)

Ii = 0, Vi = 
R

GM


Case-II : r < R (on the surface

Is = R
GMV

R
GM

s


 ,2

Case-III : r > R (outside the shell)

Io = r
GMV

r
GM

o


,2
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I

r R = rO r R = r

V

O

GM
R

2. For Uniform solid Sphere

Case-I : r < R (internal point)

Ii = )3(
2

, 22
33 rR

R
GMV

R
GMr

i 


  At centre sc V
R

GMV
2
3

2
3



Case-II : r = R (on the surface)

R
GMV

R
GMI ss


 ,2

Case-III : r > R (outside the surface)

r
GMV

r
GMI oo


 ,2

I

O r

I   r

r = R

r

VS

O

hyperbolic

parabolic
Vc

V

2r
I

1


Imax

r = R

`

3. Gravitational intensity and potential on the axis of uniform ring of mass M radius R at distance x from
centre.

2222
,

)( 2
3

xR

GMV
xR

GMxI








At centre I = 0 and I is maximum at 
2

Rx  ; Imax =  233
2

R
GM

I

x

2
R

2

R

V x

R
GM-

4. The point P at which gravitational field is zero between two heavenly bodies.

2
2

2
2

1

1

r
M

r
M

         

M1 M2P

r1 r2
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GRAVITATIONAL POTENTIAL ENERGY
Gravitational potential energy of a body at a point w.r.t earth is defined as negative of work done by gravity in
bringing that body from infinity to the point of consideration.

At earth surface 
e

e

R
mGM

U  , At height h, 
hR
mGM

U
e

e






If a body of mass m is raised to a height h from the surface of earth, then gain of its potential energy is

hR
mgRhU


 .

Energy required to escape = Escape energy = + 
e

e

R
mGM

ESCAPE VELOCITY
Escape velocity on the surface of planet is the minimum velocity required to escape the body from the
gravitational field of planet.

To escape a body its mechanical energy should be greater than or equal to zero.

0
2
1 2 







 


e

e
e R

mGMmv

 ee
e

e
e gRGR

R
GMv 2

3
82 2 

At earth surface ve = 11.2 km/s

Note : Escape velocity is independent of mass of object and direction of projection.

KEPLER’S LAWS
(1) All planets revolve around the Sun in elliptical orbit having the Sun at one focus.

If e = eccentricity of ellipse then distance of the planet from the Sun at perigee.
rp = (1 – e)a
and distance of the planet from the Sun at apogee
ra = (1 + e)a (a = semi major axis)
Ratio of orbital speeds at apogee and perigee are

e
e

r
r

v
v

a

p

p

a





1
1

Ratio of angular velocities at apogee and perigee are
22

1
1






















e
e

r
r

w
w

a

p

p

a

Sun

Apogee Perigee

2a

ra

rp

a

vp

va

ea
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(2) A planet sweeps out equal area in equal time interval i.e. Areal speed of the planet is constant

m
Lvr

dt
dA

22
1

  = constant (L = mvr = angular momentum of planet about the Sun)

Angular momentum about the Sun ‘L’ of all planets and satellites is constant

(3) Square of time period is proportional to cube of semi-major axis of the elliptical orbit of the planet.

i.e., T 2  a3

SATELLITES
Important results regarding satellite motion in circular orbit.

1. Orbital Velocity (v0) : Gravitational attraction of planet gives necessary centripetal force.

r
mv

r
GMm 2

0
2 


r

GMv 0

hR
gR

r
GMv

e

e




2

0 (h = height above the surface of earth)

e
e R

GMgRv 0 (If Re >> h)

Since 
e

e R
GMv 2



  02vve 

2. Time Period : The period of revolution of a satellite is





GM

rr
v

rT 22

0 GM
r 3

2

For a satellite orbiting close to the earth’s surface (r ~ Re), the time period is minimum and is given by

g
R

GM
RT ee  22

3

min

For earth Re = 6400 km,

       g = 9.8 m/s2

    Tmin = 84.6 min.

Thus, for any satellite orbiting around the earth, its time period must be more than 
g
R

2  or

84.6 minutes.
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3. Potential Energy (U), Kinetic Energy (K) and Total Energy (E) of satellite

r
GMmU 

r
GMmK

2


r
GMmE

2
  [K = –E & U = 2E]

Bound and Unbound Trajectories
Imagine a very tall building on the surface of the earth from where a projectile is fired with a velocity v parallel
to the surface of the earth. The trajectory of the projectile depends on its velocity.

Hyperbola

Parabola

Ellipse

Circle

Earth v > ve

ve

v < 0 v < ve

v0

v < v0

(ve = escape velocity)

(v0 = orbital velocity, ve = 02v )

Velocity Trajectory

v v < 0 Projectile may not orbit the earth in an ellipical path, 
or it may falls back on the earth’s surface.

v v = 0 Projectile orbits the earth in a circular path.

v v v0 e <  < Projectile orbits in an elliptical path.

v v = e Projectile does not orbit. It escapes the gravitational 
field of earth in a parabolic path.

v v > e Projectile does not orbit. It escapes the gravitational 
field of earth in a hyperbolic path.

Geostationary Satellites

(1) The plane of the orbit lies in equatorial plane of earth.

(2) Height from the earth surface is 36000 km. This orbit is called parking orbit.

(3) Orbital speed is nearly 3 km/s.

(4) Time period is equal to that of earth rotation i.e., 24 hours.

Polar Satellite
Used for remote sensing, their orbit contains axis of rotation of earth. They can cover entire earth surface for
viewing.
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BINARY STAR SYSTEM
Two stars of mass M1 and M2 form a stable system when they move in circular orbit about their centre of mass
under their mutual gravitational attraction.

r1 r2

M1

V1

V2

M2cm

 Some Important Points :

(1) 2
21

r
MGMF  , where r is distance between them (i.e., r = r1 + r2)

(2) M1r1 = M2r2

(3)
1

2
11

2
21

r
VM

r
MGM



(4) 2
2

2
22

2
21

r
VM

r
MGM



(5)
21

1
2

21

2
1 ,

MM
rMr

MM
rMr







 ,
)( rMM

GMV
21

21 


rMM
GMV

)( 21
12 



when M1 = M2

r
GMVV
221 

r1 = r2 = 
2
r

Applications
1. If a body is projected with velocity greater than escape velocity, the intersteller speed is given by

22
given. eSI vvv 

2. If a body is projected upwards with velocity v = Kve, where K < 1, maximum height attained from centre

of earth ‘r’ = 21 K
R
 .

From surface of the earth 
2

2

1 K
RKRrh


  = 22

2

vv
Rv

e 
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3. If a body is dropped from rest form height h comparable to radius of earth, then maximum velocity with

which it strikes the ground 
hR

hvv e 


4. Time period of satellite is independent of mass of the satellite.

5. Atmosphere on a planet is possible only if vrms < ve. Where vrms = rms speed of gas molecules.

6. If angular velocity of earth is made 17 times, object placed at equator fly off.

7. As we move from pole to equator, gravity decreases by 0.35%.

8. If orbital velocity of any satellite very close to Earth surface increases by 41.4%, then the satellite will
escape to infinity.

9. If gravitation force rn, time period of a satellite r(1 – n)/2.
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Surface energy and surface tension angle of contact application of surfactonsia
drops, bubbles and capilars rise.

INTERATOMIC AND INTERMOLECULAR FORCES
1. The force between molecules of a substance is called intermolecular force.

2. U

Umin

r

r0

F

rr0

The above graphs show the variation of potential energy and force with
interatomic or intermolecular separation.

(a) For r = , F = 0, U = 0

(b) r > r0, F is attractive as r decreases from  to r0, potential energy
decreases.

(c) r = r0, potential energy U = Minimum, F = 0. This is equilibrium position.

(d) r < r0, F is repulsive, therefore, potential energy increases.

Elasticity : Property of a solid by which it tries to restore its original shape
by developing a restoring force in it.

Stress : Restoring force developed/Area.

Strain : Change in dimension/original dimension.

    Modulus of Elasticity = Strain
Stress

Greater is modulus of elasticity greater is the stress developed i.e., greater
is the restoring force. Such a body will be more elastic.

That is why steel is called more elastic than rubber because its modulus
of elasticity is more than that of rubber.

8Solids and Fluids
C H AP T ERAIEEE Syllabus

Elastic Behaviour, Stress-Strain relationship, Hooke’s Law, Young’s modulus,
Bulk modulus, Modulus of rigidity. Pressure due to a fluid column; Pascal’s
law and its applications. Viscosity, Stokes’ law, terminal velocity, streamline
and turbulent flow, Reynolds number. Bernoulli’s principle and its
applications. Surface energy and surface tension, angle of contact,
application of surface tension - drops, bubbles and capillary rise.

THIS CHAPTER
COVERS :
 Inter-atomic and

Inter-molecular
forces

 Hooke’s law

 Moduli of Elasticity

 Cohesion and
Adhesion

 Surface tension and
surface energy

 Capillary action

 Bernoulli's theorem

 Viscosity and
terminal velocity
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Types of Stress

(1) l
l

‘ ’ (area)A

F
(2) 

r
A  r= 4 2

Longitudinal Stress (Tensile) = F/A Volumetric Stress (Compressive) = P (pressure)

(3) 
L

L

A(area)

F

Tangential Stress or shear stress = 
A
F

Types of Strain

(1) Longitudinal strain = 
l
l

(2) Volumetric strain = 
V
V



(3) Shear strain = 
L
L



Stress - Strain Curve :

Proportional
limit

Elastic
limit

Stress

Breaking
strength

StrainO

P
E

B

HOOKE’S LAW
Within the proportional limit stress is directly proportional to strain.
Stress  strain

constantElastic 
Strain

 Stress


(1) In region OE, material returns to original position after removal of stress.
(2) For deformation beyond E, material does not return to original size.

This phenomenon is known as elastic hysteresis.
(3) At B, fracture of the solid occurs.
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  Some Important points :

(1) A material having smaller value of Y is more ductile. It can be easily drawn into a wire.

(2) A material having smaller value of K (bulk modulus) is more malleable.

(3) A solid possesses all the three modulii of elasticity Y, K or .

(4) A liquid or gas possesses a finite value of K only.

(5) For a gas, K depends on the processes by which gas expands/compresses.

For a process PVN = constant

NP
VdV

dPK 
/

(i) For isothermal process N = 1  K = P

(ii) For adiabatic process N =   K = P

(iii) For isobaric process N = 0  K = 0

(iv) For isochoric process N =   K = 

PRESSURE
Pressure is defined as the force acting on a surface per unit area. It is a scalar quantity.

A
FP           SI unit Nm–2

PASCAL LAW
It states that if effect of gravity is neglected, then the pressure at every point of a liquid in equilibrium is same.

The increase in pressure at any point of the enclosed liquid in equilibrium is transmitted equally to all other
points of the liquid and also to the walls of the container.

Pressure difference between two points :

The pressure difference between two points, which are at different horizontal level is given as, P2 – P1 = hg

h
P1

P2
 P2 > P1 & P2 – P1 = hg

Following cases illustrate the common problems related to pressure difference :

1. P = P0 + hg

h

P0(atmospheric pressure)

P
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2. PB – PA = hg

PC – PB = 0
A

BC

L h
Stationary Fluid

3. PB – PA = hg

PC – PB = La A

BC
L

h a
Accelerated Fluid

4.
L
h

g
a 2tan  At rest

h a

h

L



At rest
h a

h

L





Hydraulic Lift :
It is an arrangement to lift heavy objects by applying a small force. For equilibrium of the weight W, pressure
at M should be equal to pressure at N,

gh
a
F

A
W



Area A
Area = a

h

F

W

N M

Equilibrium of Different Liquids in a U tube

1. PA = PB (as A & B are at same level)

 P0 + h11g = P0 + h22g (where P0 is atmospheric pressure)

h11g = h22g

h2 h1 1

2

P0 P0

A B
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2. When the U tube accelerates, difference of levels of liquid satisfies the relation,

L
h

g
a
tan

h a

L



Buoyancy
When a body is immersed wholly or partially in a fluid, it experiences a loss of weight, due to an upward force
called upthrust or buoyant force.

Archimedes Principle
It states that when a solid body is immersed wholly or partially in a liquid, then there is some apparent loss
in its weight. This loss of weight is equal to weight of liquid displaced by the body.

Buoyant Force
Consider a body (assumed cylinderical) of density  and volume V
immersed completely in a liquid of density .

As P2 – P1 = hg

 F2 – F1 = hgA

 Fupward = Vg = loss of weight h

P1
Area = A

P2




Following cases are possible depending on the relation between  and .

Case - I :
 < 

The body will float in the liquid with some part inside and
remaining out side.

V = volume of body

Vi = volume of body inside liquid

V0 = volume of body outside liquid



VO

Vi
Vig = Vg

 



V
Vi





V
V0
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Case - II :
 = 

Body floats, completely immersed in the liquid.

V0 = 0




Body remains at rest wherever it is left

Case - III :

 > (Body will sink to the bottom)

For figure-1,

R = Normal reaction between body and bottom of container

V g

R

Figure-1



V g

R = Vg – Vg

MODULI OF ELASTICITY

(1) Young’s modulus of elasticity 
lA

FlY



strain alLongitudin

stress Tensile

(2) Bulk modulus of elasticity V
PVK





strain  Volumetric

stress ecompressiv or Normal
 or, dV

dPVK 

Compressibility = 
K
1

(3) Modulus of rigidity  or  
LA

FL
A
FG







strainShear
stressShear

 Some Important Points :

For a wire 
lA

FlY


  l
l

YAF 

i.e. a wire behaves like a spring with spring constant

l
YAk  






 

l
kei 1.,.

When this wire is stretched by applying an external force F, and l is extension produced, then

(1) Work done by external force = Fl

(2) Work done by restoring force = lF
2
1

(3) Heat produced = lF
2
1

(4) Elastic potential energy stored = lF
2
1

Energy density 
Al

lFlFU 





2
1

volume2
1

= 
2
1

 stress × strain = 2
2

)strain(
2
1)stress(

2
1 Y

Y


Aakash Materials Provided By - Material Point Available on Learnaf.com



Solids and Fluids IIT - JEE/NEET

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(75)

(5) A rod of mass m and length l hangs from a support

Area of cross-section = A

Extension produced due to its own weight, l

AY
Mgll
2

  = 
Y
gl
2

2
 ( = density of wire)

Thermal Stress : Rod Fixed between Rigid Support
If  = Rise in temperature

Compressive strain = 

l
l

Y A, 

l
F

Heated

F

Compressive stress = Y × strain = Y

 F = Y × A

Note : If the rod is placed on horizontal frictionless surface, then stress developed on heating is Zero.

Poisson’s Ratio

(1) Longitudinal strain = 
l
l

(2) Lateral strain = 
R
R



l

l l + 

F F
R R – R

(3) Poisson’s ratio 
ll
RR

/
/






(a) Theoretically – 1   0.5

(b) Practically 0  0.5

(c) When density of material is constant  = 0.5

(4)
KY
139






(5)
)21(3 


YK

(6) )1(2 


Y

(7)
K

K
62
23






(8) Young’s modulus of a wire is numerically equal to stress required to double the length of wire.

(9) When a pressure dP is applied on a substance, its density changes from  to  so that







 


K
P1'
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(10) The energy density of water in a lake h meter deep is

K
ghU

2)(
2
1 

  where  is density of water, K is Bulk modulus.

(11) In case of a rod of length L and radius r fixed at one end. Angle of shear  is related to angle of twist
 by the relation L = r.

COHESION AND ADHESION

The force of attraction between similar molecules is known as cohesive force. It is very strong in solids, weak
in liquids and very weak in gases.

The force between dissimilar molecules is known as adhesive force. Corresponding phenomenon is known as
adhesion.

SURFACE TENSION AND SURFACE ENERGY

1. Property of a liquid due to which it behaves like a stretched membrane. A free liquid drop tries to acquire
spherical shape (minimum surface area) due to surface tension.

2. Surface tension is force/length. 
l
FT   (N/m)

F1

F2

F1

F1

a

b

(Two surfaces)F = T × l

F1 = T × a × 2

F2 = T × b × 2

3. Surface energy = T × surface area

(a) Liquid drop of radius R   Surface Energy = T × 4R2

(b) Soap bubble of radius R  Surface Energy = 2 × T × 4R2

Angle of Contact
It is the angle between solid surface inside the liquid and the tangent drawn to the liquid surface at the point

of contact.
It depends on
1. Relative cohesive and adhesive force of solid liquid pairs
2. Temperature

Application of Surface Tension
1. Work done to blow a soap bubble of radius r = 2 × T × 4r2

2. A drop of radius R breaks up into n identical drops

work done = S.E. = [n × 4r2 – 4R2]T …(1)

R3 = nr3 …(2)

 Work done = 4R2T [n1/3 – 1]

3. n identical drops coalesce to form a single drop

Heat produced = 4R2T [n1/3 – 1] = mc 

where, c = Specific heat, m = mass =  3

3
4 R ,  = Rise in temperature.
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4. A needle floats on the surface of a liquid due to surface tension.

5. Surface tension decreases with rise in temperature.

6. Surface tension decreases by adding sparingly soluble impurities like detergents.

7. Surface tension increases by adding soluble impurities like NaCl, sugar.

Excess pressure
If Po = Atmospheric pressure

Pi = Inside pressure

then Pi – Po = Excess pressure

(1)

Po

r
Pi

Liquid drop

r
T

PP oi
2

+=

(2)  Pi
Po

Soap bubble

r
T

PP oi
4

=-

(3)  r Pi
Po

Air bubble

r
T

PP oi
2

+=

(4) Capillary tube, concave meniscus

(a) 
R
TPP oi

2


Capillary tube, 
Concave Meniscus

Pi

R
O

POr

(b) 2
c

a
F

F 

(5) Capillary tube, convex meniscus.

(a) 
R
TPP oi

2


(b) 2
c

a
F

F 

Convex Meniscus

Pi

PO

R
r

o

Combining of Bubbles

1. If the soap bubble coalesce in vacuum, then Po = 0

 r2 = r1
2 + r2

2

2. If two soap bubbles come in contact to form a double bubble then

r = radius of interface, r1 > r2

12

111
rrr
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The interface will be convex towards larger bubble and concave towards smaller bubble because
P2 > P1 > P0.

Radius ‘ ’r

r2

r1

P2

P0
P1

CAPILLARY ACTION
Rise or fall of liquid in a tube of fine diameter.

Ascent formula

gr
T

gR
Th








cos22


R

O

r


where,  = angle of contact (as shown in figure)

 Some Important Points :

1. hR = constant and mass of liquid raised is proportional to r.

2. h > 0 for concave meniscus ( < 90°) i.e. rise

3. h < 0 for convex meniscus ( > 90°) i.e. fall

4. For water glass interface  = 0° i.e., meniscus is nearly hemispherical.

5. For mercury glass interface  = 135°.

6. Two capillary tubes of radius r1 and r2 (r2 > r1) are joined to form a U-tube opened at both ends. This
U-tube is filled with water. The level in the two limbs will not be same due to capillary action.

(a) Difference in level 






 





21

12cos2
rr

rr
g

Th

(b) Liquid in tube of lower radius will be at higher level.

Stream Line Flow or Steady Flow
The flow of a fluid is said to be steady if all particle of the fluid passes through or cross-section with same
velocity.

Turbulent Flow
Above a certain critical speed, fluid flow becomes unsteady. This irregular flow is called turbulence.

Equation of Continuity
It is based on conservation of mass. According to it,

mass entering per second = mass leaving per second
P a1 1, P a2 2, 

v2v1

That is, 1 a1 v1 = 2 a2 v2

For incompressible liquid 1 = 2  a1v1 = a2v2  
a

v 1
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Energy of a Liquid
Various energies per unit mass :

1. Potential energy/mass = gh

2. Kinetic energy/mass = 2

2
1v

3. Pressure energy/mass = 
P

Energy Heads
Various energy heads per unit mass :

1. Gravitational head = h

2. Velocity head = g
v
2

2

3. Pressure head = g
P


BERNOULLI’S THEOREM
It is based on conservation of energy.

For an ideal, non-viscous and incompressible liquid,

2

2
22

1

2
11

22
ghvPghvP







 = constant

Applications of Bernoulli’s Theorem
(1) To find rate of flow of liquid Q = av [area × velocity]. Value of Q in various cases is given by

Case - (a) :

)(
)(2

2
2

2
1

21
21 aa

PPaaQ





P a2 2, 
P a1 1, 

v1 v2

Case - (b) :
Venturimeter

2
2

2
1

21
21

)(2
aa
hhgaaQ






a1

h1

h2

a2v2v1

(2) Hole in a tank problem

(a) Speed of efflux ghve 2  (If a << A)

Aakash Materials Provided By - Material Point Available on Learnaf.com



IIT - JEE/NEET Solids and Fluids

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(80)

22

2

e 2

then  to comparable is  If

aA
Aghv

Aa




Hole area = ‘ ’a

h
H

Area = A

ghve 2

(b) Time taken by water level to fall from h1 to h2

 21
2 hh
ga

At 

(c) Time taken to completely empty the container by a hole at bottom

Ht  [Put h1 = H, h2 = 0]

(d) 











2

11
22

h
hgve  in the situation

h2

h1

ve

1

2

shown in figure

(e) Range of liquid

h
H



R

)(2 hHhR 

Rmax = H when 
2
Hh 

(f)

h

H

h

)(2 hHhR -= for both holes

(3) If A0 = area of cross-section of mouth of tap
A0

A
h

A = area of cross-section of water jet at a depth h

A0v0 = Av = Q [rate of flow]
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By Bernoulli’s theorem 
22

2
1

2
0 vgh

v
  [ pressure is atmospheric at both points]


22

0
0

2
AA

ghAAQ




Reynold’s Number

forceViscous
ForceInertial







vDNR

Value of NR for various cases :

(1) NR < 2000, flow is streamline

(2) NR > 3000, flow is turbulent

(3) 2000 < NR < 3000, flow is unstable

(4) When NR = 2000, flow is critical

2000


vD   D
vc 


 2000  (Critical velocity)

Viscosity & Viscous Force
1. The property of the liquid by virtue of which, it opposes the relative motion between its adjacent layers is

known as viscosity. Fluid friction is due to viscosity.

2. Fluid in contact with the plate is moving with velocity v.

Stationary plate Fluid at rest

v

y

FPlate

Viscous force is given in this case by,

dy
dvAF 

 = coefficient of viscosity & dy
dv

 = velocity gradient

Units of  : SI  1 Pa-s = 10 poise = 1 decapoise

C.G.S  1 dyne/cm2-s = 1 poise

Poiseuille’s Equation

Volume flow rate across a tube with pressure difference between its ends is,

l
Pr

dt
dVQ





4

8
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Where, P = P1 – P2 = pressure difference

P1 P2
Q

l

r
Comparing with 

R
VI    (V  P1 – P2 & I  Q)

 Resistance to fluid flow 
4

8
r

lR





Series combination of two tubes
Two tubes of radius r1, length l1 and radius r2, length l2 are connected in series across a pressure difference
of P. Length of a single tube that can replace the two tubes is found using,

4
2

2
4

1

1
4 r

l
r
l

r
l



STOKES LAW
When a small spherical body of radius r is moving with velocity v through a perfectly homogeneous medium
having coefficient of viscosity , it experiences a retarding force given by

F = 6rv.

Important cases :
(1) A body of radius r released from rest in a fluid

If  = density of body

 = density of liquid or fluid

V g

6rv V g

v




Terminal velocity is given by,

)(
9
2 2





grvT

Thus, velocity increases from 0 to vT .Variation of velocity is shown by the graph.
V

vT

t
(2) A body is thrown downwards with speed greater than vT then its speed decreases, becomes equal

to vT .

vT

v

t

 Some Important Points :

1. With increase in temperature of water  decreases, terminal velocity increases.

2. When  < , body will move upward with terminal speed.

3. When water is replaced by glycerine, terminal speed decreases.
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HEAT
When a hot body is kept in contact with a cold body, there is a transfer of
energy from hot body to cold body. The energy transferred is called heat.

ZEROTH LAW OF THERMODYNAMICS : If a body A is separately in thermal
equilibrium with body B and body C then B and C are also in the thermal
equilibrium.

“Two bodies which are in thermal equilibrium are said to have equal temperatures”.

Thermal Expansion
When the temperature of a body increases, its size increases.

(1) Coefficient of linear expansion is given by

TL
L





L = L0 (1 + )

(2) Coefficient of superficial expansion is given by

TA
A





A = A0 (1 + )

(3) Coefficient of cubical expansion is given by

TV
V



 or V = V0 (1 + )

)1(
0θ







mm
 0(1 – )

An Isotropic body expands equally in all directions and we can obtain the
following relations

 = 3,  = 2or  321








9Heat and Thermodynamics
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Applications
(1) If x, y, z are coefficient of linear expansion along x-axis, y-axis and z-axis, (i.e., for anisotropic body)

then  = x + y + z.

(2) For water  is negative between 0°C and 4°C

(3) Density of water is maximum at 4°C. Therefore water at the bottom of lake in winter is warmer than that
at the surface.

(4) Two rods of length L1 and L2
 are kept side by side. If with increase in temperature, the difference in their

lengths does not change i.e. 1212 LLLL   where )1( 112 tLL   and )1( 212 tLL 

then  L11 = L22 or 
12

2

21

1





 LL
L

.

L , 1 1

L2 2, 

(5) A vessel is completely filled with a liquid

Glass container ( )
of volume 

v

V0

Liquid of volume
( )V0  l

v = coefficient of linear expansion of vessel

l = coefficient of cubical expansion of liquid

With increase in temperature, the volume of liquid
flown out is given by

V = V0[1 + (l – v)] = V0[1 + (Vl – 3v)]

 V = V0[1 + a], where

a = coefficient of apparent expansion = l – v = l – 3v

(6) Variation of moment of inertia with temperature

I' = I(1 + )

Also, 





I
I

 (When Angular momentum L = I = Constant)

(7) As an annular disc is heated, all the dimensions (including cavity) increase.
r1

r2

Annular disc

Thus, we have

r1 = r1 (1 + )

r2 = r2 (1 + )

In other words, you can say that the thermal expansion is photographic i.e. as when a photograph is
enlarged, all the dimensions of the photograph increase.

(8) Coefficient of volume expansion of an ideal gas at constant pressure is given by

T
1



(9) A meter scale callibrated at T1°C is used for measurement at T2°C. Let  be the coefficient of linear
expansion for scale, and gives a reading L, then error in the reading is L = L(T2 – T1).
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CALORIMETRY

Specific heat capacity : 
Tm

Qc



  (cal/g/°C)

Molar heat capacity : 
Tn

QC



  (cal/mol/°C)

Note : Molar heat capacity = (Mol. mass) × Specific heat capacity

Latent heat

(1) of fusion 
m
QLf 

(2) of vaporisation 
m
QLv 

Water
Specific heat C = 1 cal/gm/°C = 4.2 J/gm/°C = 4200 J/kg/°C

Lf = 80 cal/gm = 336 J/gm

Lv = 540 cal/gm = 2268 J/gm

Application
(1) To convert m mass of ice at 0°C into steam at 100°C, amount of heat required is

80 m + 100 m + 540 m = 720 m cal

(2) (a) Two objects having masses m1, m2, specific heat capacities c1, c2 and temperatures t1 and t2 are
mixed. If there is no change in state during mixing, then resulting temperature of mixture,

2211

222111

cmcm
tcmtcmtmix 




(b) Specific heat of the mixutre, 
21

2211

mm
cmcmcmix 




(3) w gm of water at T°C is mixed with m gm of ice at 0°C.

(a)
T
mw 80

  Whole of ice melts. Final temperature = 0°C.

(b)
T
mw 80

  Whole of ice will not melt. Final temperature = 0°C

Amount of ice melted, 
80
wTm 

Amount of ice left = m – m

(c)
T
mw 80

  Whole of ice melts. Final temperature = C080





mw
mwT
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KINETIC THEORY OF GASES
Assumptions for ideal gas are

(i) Kinetic theory of gases is applicable for large number of molecules.

(ii) Intermolecular forces between two molecules is negligible.

(iii) The force due to gravity on the molecules is neglected.

(iv) The separation between the molecules is much larger as compared to their size.

(v) The molecules are perfectly elastic and all collisions between the molecules and a wall are considered
to be perfectly elastic.

All gases at high temperature and low pressure behave like an ideal gas.

Pressure Exerted by the Gas
The pressure of the gas is due to continuous bombardment of the gas molecules against the walls of the
container. According to kinetic theory, the pressure exerted by an ideal gas is given by

2

3
1 v

V
MP 

M = Mass of the enclosed gas

V = Volume of the container
2v  = Mean square speed of molecules

Or  2

3
1 v

V
NmP  N = Number of molecule

m = Mass of the molecule
2v  = Mean square speed of molecules

Types of speed defined for a gas :

(i) Root mean square speed, rmsv  = 
wM

RT3
 = 

n
vvvvP n

23
3

2
2

2
1 .......3 



(ii) Avgv  = n
vvvvP

M
RT n

w








.........88 321

(iii) vmp = Most probable speed is defined the speed corresponding to which there are maximum number of
molecules.




P
M
RTv

w
mp

22
    = Density of gas

 = Molecular weight
   = Gas constant
   = Pressure of gas

M
R
P

w

Order of magnitude : vrms > vavg > vmp

2:8:3::


mpavrms VVV

Kinetic Interpretation of Temperature

Translation Kinetic Energy = nRT
2
3
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THERMODYNAMICS

Internal Energy : Every bulk system consists of a large number of molecules. Internal energy is simply the
sum of the kinetic energies and potential energies of these molecules. It is a macroscopic variable.

For gases )(
22 1122 VPVPfTnRfU 

Law of equipartition of energy :

According to law of equipartition of energy, the total kinetic energy of a Thermo dynamical system
consisting of a large number of particles is equally distributed among its degree of freedom and hence

the average kinetic energy of a molecule associated with each degree of freedom is kTEK
2
1..   where

k is Boltzmann constant and T is absolute temperature.

Gas Degrees of 
freedom (f) TnRfU 

2
 

Tn
UCV 


  CP=CV + R 

V

P
C
C

  

Monoatomic 3 
(Translational) TnR

2
3  R

2
3  R

2
5  

3
5  

Diatomic or 
Linear 

Polyatomic 

3(Trans) + 
2(Rot) TnR

2
5  R

2
5  R

2
7  

5
7  

Non-Linear 
Poly atomic 

3 (Trans) + 3 
(Rot) 3nRT 3 R 4 R 

3
4  

 
Meanfree Path ()

The meanfree path is the average distance covered by a molecule between two Successive collision.

nd 22
1


  n = No. of molecules per unit volume

It is inversely proportional to density of gas.

In closed container it temperature is increased  remain same.

First Law of Thermodynamics : It is law of conservation of energy.

Let Q heat is supplied to gas. It is used in two ways.

(1) Increasing internal energy (i.e., increasing temperature).

(2) Work done by the gas during expansion (W)

 Q = U + W

 Note : (1) Q and W are path functions. They depend on the type of process.

(2) U is state function. It depends only on initial and final state of system.

U = nCVT (Always applicable, whatever may be the process. Here CV is Molar heat capacity
at constant volume)
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Thermodynamic Process
(1) Melting process : (Change of state, solid to liquid)

Q = U + W

mLf = U + 0 [W = 0 as volume remains nearly constant]

(2) Boiling process : (Change of state, liquid to gas)

mLv = U + P[V2 – V1]

V2 = volume of vapours

V1 = volume of liquid

When 1 g of water vapourises isobarically at atmospheric pressure. U = 2091 J, P = 1.01 × 105 Pa,
V1 = 1 cm3, V2 = 1671 m3.

(3) Isochoric process :

dV = 0  W = 0 [dV = change in volume]

Q = nCVT = U


Tn

UCV 




(4) Isobaric process :

P = constant, dW = PdV

 W = PV = nRT

Q = nCPT = U + W

nCPT = nCVT + nRT

 CP = CV + R







 











2
21

2
f
QW

f
U

  or  





 QWU
11

Fraction of total heat converted to internal energy = 


 1
Q
U

Fraction of total heat converted to work is, 



1

Q
W

(5) Isothermal process :

PV = K T = 0 U = 0, C = 

To calculate the amount of work done by the gas in an isothermal process.

as PV = nRT (Constant)

So
V

nRTP 

Work done

1

2
10

1

2 log303.2log
V
VnRT

V
VnRTQW e 
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(6) Adiabatic process :
PV  = K [Equation of adiabatic process]

As Q = 0, nCT = 0 or C = 0
Also, 0 = nCV T + W [by first law of thermodynamics]

Now, UW 

(7) Polytropic Process
PVn = Constant

n
TnRW





1

n
RCC V 


1

Indicator Diagram:
P-V graph of a process is called indicator diagram. Area under P-V graph represents the work done in a process.

W

P1

P2

V1 V2 V

P

Isochoric Process :

P2

P1

P

2

1

V
V

W = 0

P2

P1

P

2

1

T
T1 T2

O

V
nR

T
P

 Slope

Isobaric :

P

P 21

V1 V2

V

V2

V1

V

2

1

T
T1 T2O

P
nR

T
V

 Slope

W = P(V2 – V1) = PV = nRT
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Isothermal process :

V1 V2

P1

P2

P

V

1

2

T = constant

O

V
P

dV
dP

 Slope

Adiabatic process :

V1 V2

P1

P2

P

V

1

2

slope =       = –
dP
dV

P
V

PV K = 

Note : Slope of adiabatic curve = g (slope of isothermal curve)

Applications
(1) P-V graph for different gases for adiabatic expansion

 = 4/3
 = 7/5

 = 5/3
1

2
3

1  monoatomic
2  diatomic
3  polyatomic





P

V

(2) P.V. graph for isothermal & adiabatic expansion & compression for a given gas

Isothermal

Adiabatic
V

P

Isothermal

Adiabatic

V

P

(a) (b)

(3) Expansion of a gas under different processes

1  Isobaric
2  Isothermal
3  Adiabatic
4  Isochoric







V

P 1

2

3
4

| | > | | > | |W W W1 2 3

Aakash Materials Provided By - Material Point Available on Learnaf.com



Heat and Thermodynamics IIT - JEE/NEET

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(91)

(4) Compression

1  Isobaric
2  Isothermal
3  Adiabatic
4  Isochoric







V

P

1

2
3 4

| | > | | > | |W W W3 2 1

CARNOT ENGINE
Carnot Cycle :
In a carnot engine the working substance (an ideal gas) draws some heat from the source per cycle (say Q1)
performs some work W per cycle and rejects heat Q2 to the sink per cycle.

Source
T1

Sink
T2

Working
substance

W

Q1 Q2

1
2

3

4

P V2 2, 

P V3 3, P V4 4, 

P V1 1, 

P

V

Q2

T1

Q1

T2

1  2 Isothermal Expansion 
U = 0 

1

2
11 ln

V
VnRTQW   (positive) 

2  3 Adiabatic Expansion 
Q = 0 

r
TnRUW





12 

3  4 Isothermal 
Compression 

U = 0 











3

4
23 ln

V
VnRTQW (negative) 

4  1 Adiabatic Compression 
Q = 0 

r
TnRUW





14 

 Heat supplied = Q1
Heat rejected = Q2  Q1 – Q2 = W

100100
1

21

supplied

total 



Q

QQ
Q

W

   = 1001
1

2 









Q
Q

   = 1001
1

2 









T
T

  (for ideal engine)
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212121 :::: TTTTWQQ   or 
212

2

1

1

TT
W

T
Q

T
Q




Carnot Theorem : The efficiency of carnot engine is maximum (<100%) for given temperatures T1 and T2.
Any other engine working between temperature range T1 & T2 cannot have efficiency more than the carnot
engine working between the same temperature range.

Heat Pump : In a heat pump W work is done on the working substance per cycle, Q2 heat is absorbed by
the substance from lower temperature T2 per cycle and Q1 heat is supplied to higher temperature T1(T1 > T2)
per cycle.

Source
T1

Sink
T2

Working
substance

W

Q1 Q2

21

11

total

SuppliedHeat
QQ

Q
W
Q

W 


21

1

TT
T


  (for ideal pump)

Relation between  and , 
1

1


  and 11





Refrigerator : In a refrigerator, W work is done on the working substance, Q2 heat is absorbed from lower
temperature T2 and Q1 heat is rejected to higher temperature T1. (T1 > T2).

Coefficient of performance 
21

2

total

rejected heat
QQ

Q
W 



21

2

TT
T






Aakash Materials Provided By - Material Point Available on Learnaf.com



 
 

 

 
 

 

 

---------------------------------------------------------------------------------------------------------------------------------------------- 

 

 

   

 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

------------------------------------------------------------------------------------------------------------------------------------------------ 
Thank you for your love and support, we hope you are always being happy and get success in your life, we 

are happy to see you again. 

                                                         Regards from Learnaf team 
                                          Click on very top right corner for download and other more options. 





 

 

 

 

 

 

 

PHYSICS 
Aakash 

STUDY PACKAGE – 01 

For – JEE / NEET 



Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(93)

Heat transfer can take place from one place to the other by three different
processes namely conduction, convection and radiation.

HEAT CONDUCTION
Conduction usually takes place in solids.

Steady State
When heat conduction takes place across say a rod of certain material, the
state at which each cross-section of rod is at a constant temperature (which
is different for different sections) is called steady state. The bar does not
absorb any heat, and if the rod is completely lagged then the heat entering
one end is equal to the heat leaving other end.

Law of Conduction

l

x
dx

T1

T2


A

A

Rate of heat flow across any section is given by

dx
dTkA

dt
dQ



Here k = Thermal conductivity and dx
dT

 is known as temperature gradient

i.e. rate of change of temperature with distance.

Units of thermal conductivity are

Watt (metre-kelvin)–1 or Wm–1K–1

Important Results
(1) In steady state, rate of heat flow is same across any section








 


l
TTkA

dt
dQ 21

10Transfer of Heat
C H AP T ERAIEEE Syllabus

Heat transfer-conduction, convection and radiation, Newton’s law of
cooling

THIS CHAPTER
COVERS :
 Heat Conduction

 Steady State

 Thermal Resistance

 Series and Parallel
Rods

 Formation of Ice
Layer

 Convection

 Radiation

 Kirchhoff's Law

 Stefan's Law

 Newton's Law of
Cooling

 Wein's
Displacement Law
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(2) If temperature at every cross section remains constant, temperature at a distance x from T1 end is

x
l

TTTTx 






 
 21

1
Tx

T1 T2

x
l

(3) Graphical Variation of Tx with x

(a) Lagged rod 
T2

T2

T1 T1

x dx

x

(b) Unlagged rod 
T2

T2

T1 T1

x dx

x

Decreasing Order of Conductivity
For some special cases it is as follows :

(a) KAg > KCu > KAl

(b) Ksolid > Kliquid > Kgas

(c) Kmetals > Knon-metals

THERMAL RESISTANCE OF A ROD

In steady state l
TTkA

dt
dQ )( 21 



kA
lR  











A
l

A
lRyelectricitcurrentinas A

T1 T2

k dQ dt/

l
Weidman – Frenz law

constant
T
k

Where  is electrical conductivity

Composite Rod :
(1) Series

In steady state

kA
ll

Ak
l

Ak
lR 21

2

2

1

1 


Where k = effective thermal conductivity given by

dQ dt/ dQ dt/
k1 k2

A
T1 T2

A

l2l1 T
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2

2

1

1

21

k
l

k
l

llk





Temperature of junction 

2

2

1

1

2
2

2
1

1

1

l
k

l
k

T
l
kT

l
k

T



 . For same geometrical dimensions,

21

2211

kk
TkTkT






(2) In parallel

dt
dQ

dt
dQ

dt
dQ 21 

T1 T2

dQ
dt

1

l

A1

A2

k1

dQ
dt

2k2

21

111
RRR

  
l
Ak

l
Ak

l
AAk 221121 )(






where k = effective coefficient of thermal conductivity given by

21

2211

AA
AkAkk






Applications
(1) If number of conductors having identical dimension are in series then equivalent thermal conductivity is harmonic

mean of individuals,

neq KKKK
n 1...........11

21


(2) If number of conductors having identical dimension are in parallel then equivalent thermal conductivity is
arithmatic mean of individuals,

n
KKKK

K n
eq




...321

(3)

3

33

2

22

1

11

3
3

33
2

2

22
1

1

11

l
Ak

l
Ak

l
Ak

T
l
AkT

l
AkT

l
Ak

T





A1

A2

‘ ’T 

A3

T2

T1

l1

l2

l3 T3

321

332211

kkk
TkTkTk

T



 [l1 = l2 = l3, A1 = A2 = A3]

(4) kA = k1A1 + k2A2

If R1 = R & R2 = 2R, then   
4
3 21 kkk 


k1

k2

R1

R2

Aakash Materials Provided By - Material Point Available on Learnaf.com



IIT - JEE/NEET Transfer of Heat

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(96)

(5) Formation of ice

If temperature of water just below the ice layer = 0°C

– °C

x ice

0°C

water

dQ dt/
dx

0°C

 Rate of formation  thickness ousinstantane
1

Time taken to deposit x thickness, t = 
2

2x
k
L



  t  x2

(6) Let there be a hollow sphere of inner radius r1 and outer radius r2, having inner surface temperature T1
and outer surface temperature T2, To calculate radial rate of flow of heat 'H', assume a spherical shell of
radius r and width dr. The heat flow rate through this section is given by

r1

r
dr

H

r2

12

2121 )(4
rr

TTrKrH





12

21

rr
rrH




CONVECTION

D

Burner

F

A

E

B C

In this process, heat is transferred from one place to the other by the actual
movement of heated substance.

To understand the convection process consider a beaker in which some liquid
is placed as shown in the figure. When liquid is heated at the bottom, the liquid
expands and hence pressure at that point (A) reduces. So liquid from B & C
moves toward point A. Now to take position of liquid at B & C liquid from D &
E moves towards B & C respectively. At D & E liquid is supplied from region F
and to fill the vacant place F liquid moves from A to F. In this way convention
currents set up on the whole beaker.

Natural Convection : This type of convection results from difference in densities
due to difference in temperature.

Forced Convection : Here, heated fluid is forced to move by a blower.
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RADIATION
The process by which heat is transferred directly from one body to another, without requiring any medium is called
radiation.

1. Radiation is the fastest mode of heat transfer as in this mode, heat energy is propagated at speed of light,
i.e., 3 × 108 m/s.

2. As all bodies radiate energy at all temperatures (more than K) and at all times, radiation from a body can
never be stopped.

3. Heat radiations are invisible, travel in straight line, cast shadow, affect photographic plate and can be reflected
by mirrors and refracted by glasses.

4. Blue star is hotter than red star.

5. A medium which allows heat radiations to pass through it without absorbing them is called diathermanous
medium. e.g. dry air.

6. A medium which partly absorbs heat rays is called athermanous medium. e.g. moist air, metals, wood, glass
etc.

Glass and water vapours transmit shorter wavelengths through them but reflects longer wavelengths. This concept
is utilised in Green House Effect. Glass transmits those waves which are emitted by a source at a temperature
greater than 100ºC. So heat rays emitted from sun are able to enter through glass enclosure but heat emitted
by small plants growing in the nursery gets trapped inside the enclosure.

Perfectly Black Body
A body which absorbs all the radiations incident on it is called perfectly black body.

Absorptive Power (a) : Absorptive power of a surface is the ratio of the radiant energy absorbed by it in a given
time interval to total radiant energy incident on it in the same time interval. Absorptive power of a black body is
maximum i.e. unity.

Emissive Power (e) : Emissive power of a surface is defined as the radiant energy emitted per second per unit
area of the surface.

Spectral Emissive Power : The radiant energy/second/area corresponding to a definite wavelength is called
spectral emissive power.

If e is spectral emissive power and e is emissive power then




 
0

dee

Emissive power of a surface depends on its nature and temperature. Its units are W/m2.

KIRCHHOFF’S LAW
The ratio of emissive power to absorptive power for a given wavelength is same for all surfaces at the same
temperature, and is equal to the emissive power of a perfectly black body for that wavelength at that
temperature.

This implies that a good absorber is a good emitter. Following points must be remembered.

(1) Sand is rough and black. Therefore it is a good absorber as well as good emitter.

(2) A polished metal plate has a black spot. When the plate is heated strongly and taken to a dark room,
spot will appear brighter than the plate.

(3) In sodium absorption spectrum, two dark lines in yellow region are found. If emission spectrum of sodium
is observed, it is found to emit the corresponding lines.

(4) Fraunhoffer lines are dark lines in spectrum of sun and are formed because, the elements present in outer
atmosphere absorb their characteristic wavelengths.
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STEFAN’S LAW
The radiant energy emitted by a perfectly black body per second per unit area (emissive power) is directly
proportional to the fourth power of the absolute temperature of the body.

R  T 4 R = T 4

Area
Power

R   P = AT 4

For other bodies P = AT4,  is emissivity of the body.

Rate of heat loss

For a sphere of radius r at a temperature T placed in a surrounding of temperature T0, the rate of heat loss

is )(4 4
0

42 TTr
dt
dQ

 , Where  is emissivity..

Rate of cooling

It is rate of fall in temperature, It is given by sr
TT

dt
dT





)(3 4

0
4

Newton’s Law of Cooling
If the temperature T of a body is not much different from surrounding temperature T0, then rate of cooling of
a liquid is directly proportional to the difference in the temperature of liquid T and temperature of surroundings
i.e.

Rate of cooling )( 0TT
dt
dT



Results

(1) Tf = T0 + (Ti – T0)e
–t, where Ti is initial temperature, Tf is temperature after time t.

(2) Another form   
0

0log
TT
TTt

f

i






(3)
































emissivity
areasurface
heatspecific
bodyofmass

),(4
0

3
0

A
c

m
TT

mc
TA

dt
dT T0

Ti

t

(4) Another approximate formula is








 





0
2121

2
TTT

t
TT

t

ln T T(  – )1 0

Above formula gives time ‘t’ taken by the body to cool from
T1 to T2. T0 is temperature of surrounding.
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Thermometric Conductivity or Diffensivity
It is defined of the ratio of thermal conductivity to the thermal capacity per unit volume of material.

c
KD




K  thermal conductivity
  density
c  specific heat

Practical examples :
(1) Hot water loses heat in smaller duration as compared to moderate warm water.
(2) Adding milk in tea reduces the rate of cooling.

WEIN’S DISPLACEMENT LAW
This law states that the wavelength corresponding to maximum intensity for a black body is inversely proportional
to the absolute temperature of the body

T
b

m 

where b is a constant known as Wein's constant

Results

T1

T2

1 2

1

2

2

1

T
T





(1) max T = b

(2) b = 2.898 × 10–3 m-K

(3) Area under e –  graph = T 4

(4) If the temperature of the black body is made two fold, max
becomes half, while area becomes 16 times.

(5) Temperature of the Sun,

If T = temperature of sun, then total energy radiated by sun per second = T4 (4R2)

R

r

The Sun
The Earth

Intensity at distance r from the sun (i.e., on earth)

I = S (Solar constant) = 2

24

r
RT

 [S = 1.4 KW / m2]

So, 
41

2

2

























S
R
rT
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12Waves
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Wave motion. Longitudinal and transverse waves, speed of a wave.
Displacement relation for a progressive wave. Principle of superposition of
waves, reflection of waves, Standing waves in strings and organ pipes,
fundamental mode and harmonics, Beats, Doppler effect in sound

THIS CHAPTER
COVERS :
 Types of waves

 Wave function

 Velocity of wave

 Sound waves

 Superposition of
waves

 Standing waves

 Free oscillation

 Forced oscillation

 Beats

 Interference

 Doppler’s effect

TYPES OF WAVES

A wave is disturbance that propagates in space, transports energy and
momentum from one point to another without the transport of matter.

The ripples on a water surface, the sound we hear, visible light, radio and TV
signals are a few examples of waves.

There are two types of wave.

(1) Mechanical Waves : Require material medium (elasticity and inertia)
for their propagation. These waves are also called elastic waves, water
waves and sound waves are example of mechanical waves. They are of
two types : Transverse and longitudital. Comparison between the two is
given there :

Transverse Longitudinal

Particles of the medium vibrate at right 
angles to the direction of wave motion

Particle velocity is always 
perpendicular to wave velocity

Particles of the medium vibrate 
in the direction of wave motion

Particle velocity is parallel or 
antiparallel to wave velocity

Waves on strings are always transverse Can not be produced on stretched
 strings 

These can be polarised Can not be polarised

Do not exist in gases as 
do not possess shear modulus or 
modulus of rigidity

they Can exist in a solid, liquid or gas

(2) Electromagnetic or non-mechanical Waves : Do not require any
material medium for their propagation, such as light and TV signals.
Important points regarding these waves are :

(a) Elasticity or inertia do not affect their propagation.

(b) They are always transverse in nature.
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WAVE FUNCTION
Various functions and their implications :
1. If y = f (x + vt), then wave is moving in negative x-direction with velocity v.
2. If y = f(x – vt), then wave is moving in positive x-direction with velocity v.

3. y = f (x ± vt)2,  vtxfy   or f (x ± vt)3 are valid wave equation.

4.  tvxfy  , y = f (x2 ± v2t) or f (x3 ± v3t) are not wave equation.

Here y, x, v, t stand for displacement, position, speed of wave, time respectively.

Differential Equation of Travelling Wave

2

2
2

2

2

dx
ydv

dt
yd


Speed of Wave Motion

(1) Speed of non-mechanical i.e., electromagnetic wave in vaccum is 
00

1


c

where 0 = absolute permeability and 0 = absolute permittivity
(2) Speed of mechanical waves :

(a) Transverse wave in a stretched string
T = tension in the string
 = mass per unit length

W
D = diameter of pipe
 = density







T
D

Tv 2
density
stress





4

2DAd

(b) Transverse wave in a solid

(i) In a long bar 



Yv where Y = Young’s modulus,  = Density of material

(ii) In an extended solid 





 3
4Y

v  where  = modulus of rigidity,  = Density of material

(c) Longitudinal Waves

(i) In liquid 



Kv K = bulk modulus of elasticity

 = density

(ii) In gases 



Kv . For gases, K depends upon the process.

Case - I :

[Suggested by Newton] Taking isothermal process K = P  



Pv

Put P = 1 atm,  = 1.23 kg/m3  v = 280 m/s (more than 15% error)
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Case - II :
For Adiabatic k = P [Corrected by Laplace]

 



Pv . Taking  = 1.4, we get, Tv 20 air For 

v = 330 m/s

Note : Propagation of sound in air is adiabatic.

Factors affecting speed of sound :
If temperature is kept constant.

(1) v is independent of pressure

(2)



1v  or 

M
v 1


(3) Velocity of a wave depends on medium.

(4) Tv 

(5) Velocity of sound in humid air is more because its density is very less.

(6) Velocity of sound in humid hydrogen is less than in dry hydrogen due to similar reason.

 Some Important Points :

Now v = 
   = frequency of wave, which is a constant.
   = wavelength
   v

As a wave changes medium its speed and wavelength changes but frequency remains same.

Reflection of Waves
If a wave travelling in a medium of high velocity gets reflected from the surface of a medium of low velocity, it
suffers a phase change .
(1) At the interface of a rarer and denser medium.

(a) Wave is moving from rarer to denser medium.
v1 v2

Incident 
wave

v2

v1
Reflected wave Transmitted wave

  v2 < v1

(b) Wave is moving from denser to rarer medium

v1
v2

Incident 
wave

v2v1

Reflected waveTransmitted wave

 v2 < v1

The transmitted wave is always in phase with incident wave.
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(2) Reflection from fixed end :

Incident 

v Fixed

Fixed
v

(3) Reflection from free end :

frictionless
ring

v


v

Refraction of waves
Media can be classified as
1. Rarer Medium : A medium in which speed of wave is greater.

2. Denser Medium : A medium in which speed of wave is smaller.

For example, in case of light, air is  rare medium and water is denser medium as speed of light is more
in air than in water.

Water

Light
waves

Sound
waves

But in case of sound air is denser medium and water is rarer medium as speed of sound in
air is less than in water.

Harmonic Wave and Various Terms
If the source of the wave is a simple harmonic oscillator, then the function f (x ± vt) is sinusoidal and it
represents a harmonic wave. This function, in general, can be written as,

y = A sin[k(x ± vt) + ]

or y = A sin(kx ± t + )

Various terms used to describe wave are :

1. Amplitude (A) : It is the maximum displacement of a particle in the medium from its equilibrium position.

2. Wavelength () : It is the distance between the two successive points with the same phase.

3. Propagation constant or Angular wave number (k) : 




2k

4. Wave velocity (v) : 
k

f
T

v 





5. Phase : kx ± t + 

6. Initial phase : 

7. Wave number : 

1
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Relation between phase difference and path difference





 x
x

2

 = Phase difference

x = Phase difference

Analysis of harmonic waves
1. For a transverse wave y = A sin(t – kx)

at t = 0, photograph of the wave is For the particle at x = 0

A

B

C

D

x

y

R S

P Q
E

v

t

y

t = 0

y = A sin(–kx) y = A sint

Particles at A, P, S, E are moving upwards This particle is moving upward at t = 0

Particles at Q, C, R are moving downwards

Particles at B and D are at rest

2. For wave y = A sin(kx – t)

at t = 0, photograph of the wave is For the particle at x = 0

A

B

C

D

x

y

R S

P Q
E

v

y A kx = sin 

t

y

t = 0

y A t = sin(– )

Particles at A, P, S, E are moving downwards This particle is moving downward at t = 0

Particles at Q, C, R are moving upwards

Particles at B and D are at rest

 Some Important Points :

1. Particle velocity, 







dx
dyVVPa   where V = wave velocity and dx

dy
 = slope of the wave

2. In general, points with positive slope 







dx
dy

 move downward.

3. The points with negative slope move upward.

4. The points with maximum slope (A, C, E) have maximum velocity.

5. The points with zero slope are at rest.
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SOUND WAVES
They are mechanical and longitudinal waves. They propagate in form of compressions and rarefactions. Particle
displacements can be represented by wave function

S = A sin(t – kx)

As particles oscillate, pressure variation takes place according to the wave function.

P = P0 cos(t – kx), P0 = maximum pressure variation

Note : Points where displacement is maximum, pressure variation is zero i.e. there is a phase difference
of 90° between pressure wave and displacement wave.

Characteristic of Sound
1. Loudness

Sensation of sound produced in human ear due to amplitude. It depends upon intensity, density of
medium, presence of surrounding bodies,

(a) Intensity of Wave

I = 22f 2A2v

I  f 2 and I  A2

24 r
PI


 P = Power of point source

2
1

r
I  (for a point source)

r
I 1
 (for a line source)

(b) Intensity Level or (Sound Level) ()

(dB)log10
0

10 









I
I

        













 

intensity measured 
W/m10  sound audible ofintensity  minimum 212

0

I
I

Sound level range for audible sound [0 dB to 120 dB]

2 – 1 = 10 log10 








1

2

I
I

, Unit of sound level  is decibel (dB)

2. Quality : Sensation produced in human ear due to shape of wave. Quality is that characteristic of sound
by which we can differentiate between the sound of same pitch and loudness coming from different
sources.

3. Pitch : Sensation produced in human ear due to frequency.

(a) Pitch is the characteristics of sound that depends on frequency.

(b) Smaller the frequency smaller the pitch, higher the frequency higher the pitch.

(c) Humming of mosquito has high pitch (high frequency) but low intensity (low loudness) while the roar
of a lion has high intensity (loudness) but low pitch.
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Classification of Waves based on Frequency :
1. Infrasonic Wave : Longitudinal waves having frequencies below 20 Hz are called infrasonic waves. They

cannot be heard by human beings. They are produced during earth quakes. It can be heard by snakes.

2. Audible Waves : Longitudinal waves having frequencies lying between 20-20,000 Hz are called audible
waves.

3. Ultrasonic Waves : Longitudinal waves having frequencies above 20,000 Hz are called ultrasonic waves.
They are produced and heard by bats. They have a large energy content.

4. Shock Waves : A body moving with speed greater than speed of sound (supersonic speed) produces a
conical disturbance called a shock waves.

SUPERPOSITION OF WAVES
If number of waves are travelling through a medium then resultant displacement of a particle of medium is sum
of individual displacements produced by individual waves in the absence of other.

Only Wave I y1

Only Wave II y2

Wave (I + II) y = y1  +y2

Standing Waves
When two waves identical in all respects, but travelling in opposite direction along a straight line, superimpose
on each other, standing waves are produced.

Let y1 = A sin(t – kx) and y2 = A sin(t + kx)

 +

 y = y1 + y2 = 2A coskx sint

2A coskx represents the amplitude of particle located at ‘x’.

 Some Important Points :

1. For x = 0, 


 ,
2

x  and so on, amplitude is maximum i.e., 2A. These points are called antinodes.

2. For 
4

3,
4


x , ...... and so on amplitude is minimum i.e., O. These points are called nodes.

3. Distance between consecutive nodes = distance between consecutive antinodes = 
2


.

4. Distance between adjacent node and antinodes = 
4


.

5. All the particles in same loop i.e., between two adjacent nodes vibrate in same phase.

6. Particles on the opposite side of a node vibrate in opposite phase.
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7. Node is always at rest. There is no transfer of energy across a node.

8. In longitudinal stationary waves, a point where displacement node is formed, pressure is maximum i.e.
pressure antinode is formed.

9. All the particles of medium pass through their mean position simultaneously twice in each time period.

A
B C E

B
C

D

DA'

A, B, C, D, E are nodes.

A, B, C , D are antinodes.

(1) Sonometer : In this case, transverse stationary waves are formed.

l


Mg

T = Mg 
(tension in wire)

The wire vibrates in n loops, then

2



nl  or 

n
l2



velocity 



Tv  where ‘’ is mass per unit length of wire.

 





T
l

n
l

nvv
n 22

If the wire vibrates in simplest mode,




T
l2

1
1 [Fundamental mode, Ist harmonic]

For nth harmonic,




T
l

n
n 2 [(n – 1)th overtone, nth harmonic]

Case : A wire is to be divided in three parts whose fundamental frequencies are f1, f2 and f3.
l1 + l2 + l3 = l …(1)

l1 : l2 : l3 : : 
321

1:1:1
fff

…(2)

From (1) & (2), we get,

l
ffffff

ff
l

313221

32
1 


l1 l2 l3

f1 f2 f3

l
ff

ffl
ff
lff

l
21

21
3

21

31
2 ,
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(2) Organ Pipe : In this case, longitudinal stationary waves are formed
(a) Open organ Pipe :

l

Displacement
Node

Pressure antinode

l l

2


l  or  = 2l l = 
2

3
l

l
VV
21 


 12

l
V

3
2l



1st harmonic or 2nd harmonic 10 3
2
3


l

V

Fundamental mode Ist overtone 3rd harmonic

2nd overtone

(b) Closed organ pipe :

l

ll 4
4





3
4

4
3 ll 



4

5
l

5
4l



l
V
4


l

V
4
3


l

V
4
5



Fundamental mode Ist overtone 2nd overtone

Ist harmonic 3rd harmonic 5th harmonic

l
V
4



l
V


l

V
2



Pipe 
length ‘’l

Fundamental 
Mode

Ist Overtone

Open

(n – 1)  overtoneth

Closed

I  Harmonicst 2   Harmonicnd nth Harmonic

1 : 2 : 3 : 4

I  Harmonicst 3  Harmonicrd (2  – 1)n th Harmonic

1 : 3 : 5 : 7

l
V

n
2



l
V
4
3


l
V

n )12( 

Note : Even numbered (i.e., 2nd, 4th .....) harmonics do not exist in close organ pipe.
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End correction :
As the antinodes are formed slightly out side the open end.
e = 0.6r = end correction. Thus, we have,
For closed organ pipe For open organ pipe

l e + 

e

l e + 2

e

e

)(4
)12(
el
Vn





)2(2 el

nV




Resonance Tube:
If resonance is obtained first at length l1.

then at length l2, then

 = 2(l2 – l1)

 distance between two successive lengths is 
2


l1

‘ ’

l2

BEATS
It is the phenomenon of periodic variation in intensity at a particular position on account of superposition of
wave of nearly equal frequencies. When two waves of same amplitude and nearly equal frequencies 1 and 2
superimpose on each other.

(1) The amplitude at a given position varies with frequency 2
21 

.

(2) The intensity at a given position varies with frequency |1 – 2|. This frequency of variation of intensity is
called beat frequency.

(3) Frequency of the resulting wave is (v1 + v2)/2.

Note : To observe the phenomenon of beats, beat frequency should be less than 10 Hz.

Interference

Consider two waves of same frequency and wavelength,

y1 = a1 sin (t – kx), I1 = Ca1
2

y2 = a2 sin (t – kx + ), I2 = Ca2
2

Equation of resultant wave is,

y = y1 + y2 = A sin (t – kx + ), where  cos2 21
2
2

2
1 aaaaA  and 











 

cos
sintan
21

21

aa
a

Resultant Intensity is given by

 cos2 2121 IIIII
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Max. Int. : 2
21max )( III   where phase difference  = 2n, path difference = 

2
2 n

Min. Int. : 2
21min )( III   where phase difference  = (2n + 1), path difference = 

2
)12( 

n

2

2

1

2

12

21

21

2

2

1

2

12

21

21

min

max

1

1

1

1
















































































a
a
a
a

aa
aa

I
I

I
I

II

II
I
I

For equal intensity Imax = 4I0, Imin = 0, I = 4I0 cos2 
2


.

DOPPLER’S EFFECT
If a wave source and a receiver are moving relative to each other, the frequency observed by the receiver (f) is
different from the actual source frequency (f0) given by,








 


svv
vvff


0

0 Where v = speed of sound, v0 = speed of observer, vs = speed of source

Various cases :

1. Source at rest, observer moves

(a) Observer moves away from source, 






 


v
vvff 0

0

(b) Observer moves towards source, 






 


v
vvff 0

0

2. Observer at rest, source moves

(a) Source moves towards observer, 










svv

vff 0

(b) Source moves away from observer, 










svv

vff 0

3. Both move

(a) Both approaching each other













Svv

vvff 0
0 S vS v0 O

(b) Source following the observer













Svv

vvff 0
0 S vS v0O

(c) Observer following the source

0
0 f

vv
vvf

S











 SvS v0

(d) Both moving away from each other

0
0 f

vv
vvf

S











 SvS v0O
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Application of beats and Doppler Effect :
Case - I :

f = frequency of source vs = velocity of source
f  = frequency of direct sound v = velocity of sound
f  = frequency of reflected sound

O
S
vs

Cliff/Wall
at rest

f
vv

vf
s










 (source moving away)

f
vv

vf
s










 (source moving towards)

Beat frequency = f
vv
vv

f
vv

v
vv

vff
s

s

ss




























 22
2

Case - II :
A source of frequency ‘f ’ is revolving in a circle of radius R with speed vs. An observer is standing at a
distance x from the centre.

vs

vs

R
O

P

vs

vs

C

D
x

B

Q

At B and D, observed frequency is ‘f ’ . At ‘P’ frequency is maximum as OP  PR, i.e.,

f
vv

vf
s










 2222 RxPROROP 

At Q frequency is minimum as OQ  QR, i.e., f
vv

vf
s












Case - III :

OS1

( )f1

v1 v0

S2

( )f2

v = velocity of sound
(rest)

1
1

0
1 f

vv
vvf 













2
0

2 f
v

vvf 






 
   beat frequency = f1 – f2

Case - IV :
Direct frequency = f

Reflected frequency = f
vv
vv















           

O
S

‘ ’f 
v (movable reflecting wall)

v = velocity of sound

(rest)

Beat frequency = 































vv
vf

vv
vvf 21
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Choose the correct answer :

1. If x = k sin(klt), where x is displacement and t is
time then dimensional formula for l will  be
(k,  l = constant)

(1) [M0L0T0] (2) [M0L1T0]

(3) [M0L–1T–1] (4) [ML–1T–1]

2. If y represents mass and x represents velocity,

then dimensional formula for 3

3

dx
yd

 will be

(1) [M0L0T0] (2) [ML–3T3]

(3) [M3L–3T3] (4) [M3L3T–3]

3. If length of a rectangle is 2.1 m and width is
1.62 m then its area will be

(1) 3.402 m2 (2) 3.4 m2

(3) 3.40 m2 (4) 3 m2

4. The dimensions of the ratio of angular to linear
momentum is

(1) [M0LT0] (2) [MLT–1]

(3) [ML2T–1] (4) [M–1L–1T–1]

5. If percentage error in area of a cube is 4 then the
percentage error in volume of cube will be

(1) 6 (2) 3
8

(3) 8 (4) 4

6. Dimensional formula for 
CR

L
2  is (symbols have

their usual meaning)

(1) [M0L0T] (2) [M0L0T2]

(3) [M0L0T0] (4) None of these

7. If 
LV
ty

0
  where t is time, L is length, V is

potential and 0 is permittivity, then dimension of y
is same as that of
(1) Resistance (2) (Current)–1

(3) (Voltage)–1 (4) Charge

8. A new system of unit is chosen in which the unit
of mass is taken as 10 kg, unit of length is taken
as 1 m and unit of time is taken 10 second.
1 Joule in this new system is numerically equal to
(1) 1 (2) 1000

(3) 10 (4) 10
1

9. Which of the following relations cannot be deduced
using dimensional analysis?
a. y = Asin(t + kx)

b. mghIK  2

2
1

c. N = N0e
–t

(1) a only (2) a and b

(3) a, b and c (4) c only

10. If the number of particles crossing per unit volume
perpendicular to x-axis per unit time is given by N
= D(N2 – N1) (x2 – x1) where N2 and N1 are
number of particles per unit area at x2 and x1

respectively, then dimensional formula for t
Dx

 is,

(where t is time)
(1) [M0L2T–1] (2) [M0L–2T1]
(3) [M0L–1T–2] (4) [M0L–1T0]

11. The position of a particle at time t is given by the

relation )1(0 tCvx 


 . The dimensional formula

for 2v0
3 will be

(1) [L3T–4] (2) [L3T–5]

(3) [LT–2] (4) [L2T–3]

12. If energy stored (E) in capacitor is 
C

Q
2

2

, where C

is capacitance and Q is charge on it and error in
measurement of C and Q are 1% and 0.5%, then
maximum percentage error in energy stored (E),
will be

(1) 2 (2) 2.5

(3) 1.5 (4) 0.5

ASSIGNMENT
Objective Type Question

1.  Units and Measurement
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13. In the relation 





 k
z

eP  if P is pressure. z is

distance, k is Boltzman’s constant and v is

temperature. The dimensional formula of 


 is

(1) [ML–1T–2] (2) [M0L2T0]

(3) [M0L2T–1] (4) [ML2T–1]

14. A quantity x is defined by the equation x = 3CB2

where C is capacitance and B is magnetic field,
then dimension of x are

(1) [ML–2]

(2) [ML–2T–2A]

(3) [ML–2T–2 A2]

(4) [L–1A–1]

15. Dimensional formula of a physical quantity is
[M–1L3T–2]. The errors in measuring quantities
M, L and T respectively are 2%, 3% and 4%. The
maximum percentage error that occurs in
measuring the quantity is

(1) 9 (2) 10

(3) 14 (4) 19

16. Displacement of particle in nth second moving in
straight line is given by Sn = u + a(2n – 1). This
equation is

(1) Numerically correct only

(2) Dimensionally correct only

(3) Both numerically and dimensionally correct

(4) Neither numerically nor dimensionally correct

17. The volume V of water passing any point of a
uniform tube during t seconds is related to the
cross-sectional area of the tube (A) and velocity of
water (v) and given by V Aavbtc, then which of
the following will be true?

(1) a = b = c

(2) a  b = c

(3) a = b  c

(4) a  b  c

18. Choose the incorrect statement

(1) 0.0037218 has five significant digits

(2) 4.3500 has three significant digits

(3) 1560 has three significant digits

(4) 7.650 has four significant digits

19. If F = ax + bt2 + c where F is force, x is distance

and t is time. Then what is dimension of 2bt
axc

?

(1) [M L2 T–2] (2) [M L T–2]

(3) [M0 L0 T0] (4) [M L T–1]

20. Which of the following is dimensionless? Here

µ0 = permeability 0= permittivity

B = magnetic field E = electric field

(1) 2

2

00 B
E

 (2) 2
0

2
0

B
E





(3) 2
00

2

B
E
 (4) 2

0

2
0

B
E





21. If  force, time and velocity are treated as
fundamental quantities then dimensional formula of
energy will be

(1) [FTV] (2) [FT2V]

(3) [FTV2] (4) [FT2V2]

22. In a new system of units, unit of mass is 10 kg,
unit of length is 100 m, unit of time is 1 minutes.
Then magnitude of 1 N force in new system of
units will be

(1) 36 (2) 60

(3) 3.6 (4) 0.06

23. Error in measurement of volume of sphere is 1%.
The error in calculation of surface area of sphere
will be

(1) %
3
2

(2) %
2
3

(3) 3% (4) %
3
1

24. The period of oscillation of spring pendulum is given

by 
k
mT  2  where m is 100 gm and is know

to have 0.1 gm accuracy. The period is about 2 s.
The time of 100 oscillations is measured by a stop
watch of least count 0.1 s. The percentage error in
k is

(1) 0.1%

(2) 1%

(3) 0.2%

(4) 0.8%
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25. A physical quantity X is related to four variables a,

b, c and d as fol lows, 
dc
baX

32
 . Errors in

measurement of a, b, c, d are 1%, 3%, 2% and
2% respectively. What is percentage error in
quantity X?
(1) 12% (2) 8%
(3) 14% (4) 5%

26. The inner diameter and outer diameter of a hollow
cylinder are measured to be (5.3 ± 0.1) cm and
(6.8 ± 0.1) respectively. Thickness of cylinder will
be

(1) 0.8 ± 0.2 (2) 1.5 ± 0.1

(3) 1.5 ± 0.2 (4) 0.8 ± 0.1

27. Number of significant figure in 6.020 × 1023 is

(1) 3 (2) 24

(3) 4 (4) 1

28. Unit of self inductance is

(1) amperecoulomb
second newton



(2) amperecoulomb
secondjoule




(3) coulomb
metrevolt 

(4) ampere
metre newton 

29. Dimensions of luminous flux are

(1) M L2 T–2 (2) M L2 T–3

(3) M L2 T–1 (4) M L T–2

30. If x = 2.220 cm and y = 2.1 cm then x – y =

(1) 0.120 cm (2) 0.12 cm

(3) 0.1 cm (4) 1.2 × 10–1 cm
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Choose the correct answer :
1. Equation of motion of a body moving along

x-axis at an instant t second is given by
x = 40 + 12t – t3 m. Displacement of the particle
before coming to rest is

(1) 16 m (2) 56 m

(3) 24 m (4) 40 m

2. Velocity-time graph for a particle is shown in figure.
Starting from t = 0, at what instant t, average
acceleration is zero between 0 to t?

t
0 1 2 3 4 5 6 7 8 (second)

(m/s)

v

(1) 1 s (2) 3.5 s

(3) 6.3 s (4) 7.3 s

3. If a particle is thrown with velocity more than 10 m/
s vertically upward, then the distance travelled by
the particle in last second of its ascent is

(1) g (2)
2
g

(3)
4
g

(4) 8
g

4. A car starts from rest travelling with constant
acceleration. If distance covered by it in 10th

second of its journey is 19m, what will be the
acceleration of car?

(1) 4 m/s2 (2) 3 m/s2

(3) 2 m/s2 (4) 1 m/s2

5. A boat takes time t1 hour to cover certain distance
between two spots in a river in downstream and t2
hours in upstream. The ratio of speed of boat to
that of river is

(1)
2

1

t
t

(2)
12

21

tt
tt




(3)
2

1

1

2

t
t

t
t

 (4)
21

12

tt
tt




6. A stone is dropped from the top of a tower and travels
24.5 m in the last second of its journey. The height
of the tower is

(1) 44.1 m (2) 49 m

(3) 78.4 m (4) 72 m

2.  Description of Motion in One Dimension

7. Figure shows the position of a particle moving on
the x-axis as a function of time. Choose the wrong
statement

(s)t0 2 4 6 8

10

20
x (m)

(1) The particle has come to rest 4 times

(2) The maximum speed is at t = 4 s

(3) The average velocity is zero for t = 2s to
t = 6s

(4) Motion of particle is non-uniformly accelerated
accelerated

8. The two ends of train moving with constant
acceleration pass a certain point with velocities u
and 2 u. The velocity with which, the middle point
of the train passes the same point is

(1) 2.5 u (2) 1.5 u

(3) 5 u (4) 5.2 u

9. A body is started from rest with acceleration
2 m/s2 till it attains the maximum velocity then
retards to rest with 3 m/s2. If total time taken is
10 second then maximum speed attained is

(1) 12 m/s (2) 8 m/s

(3) 6 m/s (4) 4 m/s

10. A body moving with constant acceleration on a
straight path travels 200 cm in the first two seconds
and 220 cm in the next four seconds. Its velocity
after 7th second from the start is

(1) 220 cm/s (2) 100 cm/s

(3) 50 cm/s (4) 10 cm/s

11. If a particle starting from rest has an acceleration
that increases linearly with time as a = 2t, then the
distance travelled in third sec will be

(1) 9 m (2) 3
8

m

(3) 3
19

 m (4) 3
11

m
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12. A particle starts with velocity v0 at at time t = 0 and
is decelerated at a  rate proportional to the square
root of its speed at time t with constant of
proportionality . The total time for which it will move
before coming to rest is

(1) 0v (2)


2
3

0v

(3)


2
3

02v
(4)


02 v

13. Two balls X and Y are thrown from top of tower one
vertically upward and other vertically downward
with same speed. If time taken by them to reach
the ground is 6 sec and 2 sec respectively, then
the height of the tower and initial speed of each
ball are (g = 10 m/s2)

(1) 60 m, 15 m/s (2) 80 m, 20 m/s

(3) 60 m, 20 m/s (4) 45 m, 10 m/s

14. For the velocity ~ time (v ~ t) graph as shown in
figure, the incorrect statement is

2

+10

4 5 6

–10

0
t (in second)

v (in m/s)

(1) The average velocity for the entire journey is
2.5 m/s

(2) The average acceleration from 1 s to 4 s is 5 m/s2

(3) The average speed for the first 4 s is zero

(4) The acceleration at t = 3 s is 5 m/s2

15. A body moves along curved path of a quarter circle.
The ratio of magnitude of displacement to distance
is

(1) 22


(2)
2


(3)

22

(4) 22
3

16. The velocity of a particle moving along positive
X-axis varies as xv   where  is a constant. If
particle is at x = 0 at t = 0, what will be the average
velocity of particle during the time it move a distance S?

(1) S
2


(2) S

2

(3) S (4)

S

17. A ball is released from certain height h reaches
ground in time T. Where will it be from the ground

at time 
4

3T
?

(1) 16
9h

(2) 16
7h

(3)
4

3h
(4) 64

27h

18. A particle moves along x-axis in such a way that
its x-co-ordinate varies with time according to the
equation  x = 8 – 4t + 6t2. The distance covered

by particle between t = 0 to t = 3
2

 sec. is

(1) Zero (2) 3
8

 m

(3) 8 m (4) 3
4

 m

19. Draw a-x graph corresponding to given v-x graph
v

xO

(1)

a

x (2)

a

x

(3)

a

x (4)

a

x

20. A ball is dropped from rest from a bridge of
122.5 metres above a river. After two seconds,
another ball is thrown straight down after it. The
initial velocity of second ball, so that both hit the
water at the same instant is
(1) 49 m/s (2) 55.5 m/s
(3) 26.1 m/s (4) 9.8 m/s

21. Velocity of  a particle changes with position
according to following curve. Acceleration of the
particle at x = 1 m

30

10

v
(m/s)

s (m)

10

(1) 24 m/s2 (2) 2 m/s2

(3) 20 m/s2 (4) 3 m/s2
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22. A particle is moving along a straight line. Select the
correct statement
(1) The sign of acceleration does not indicate that

the particles speed is increasing or decreasing
(2) The zero velocity of the particle at any instant

imply zero acceleration at that instant
(3) The sign of acceleration clearly indicates that

the particle speed is increasing or decreasing
(4) All of these

23. A ball is thrown vertically upward with a velocity u
from the balloon descending with a constant
velocity v. The ball will pass by the balloon after
time

(1) g
vu

2


(2) g
vu 2

(3) g
vu 22 

(4) g
vu )( 

24. A particle passes through point A and B which are
90 m apart. It takes 6 s to cover this distance with
uniform acceleration. Velocity of particle when it
passes through B point is 20 m/s. What is partial
velocity at point A?
(1) 10 m/s (2) 30 m/s
(3) 15 m/s (4) 20 m/s

25. If acceleration of a particle is varying with x
according to curve. Velocity of particle at A is 2
m/s. What is the velocity of particle at point B?

10

8

a (m/s )2

5

6
x (m)

A

B

(1) 4 m/s (2) m/s34

(3) m/s28 (4) 7 m/s

26. A particle when thrown vertically upward, moves
such that it passes from same height at t = 2 s
and t = 10 s, the height is

(1) g (2) 2g

(3) 5g (4) 10g

27. A particle is thrown vertically upward. It is known
that distance travelled in 6th second and 7th
second is same then

(1) The particle was thrown with 40 m/s

(2) The particle was thrown with 70 m/s

(3) Total vertical height is 245 m

(4) Total vertical height is 180 m

28. Two cars are moving in the same direction with
same speed 30 km/h. They are separated from
each other by 5 km. A third car moving in the same
direction meets the two cars after an interval of
4 minutes. The speed of the third car is

(1) 30 km/h (2) 105 km/h

(3) 140 km/h (4) 45 km/h

29. Velocity of particle starting from rest varies with
position according to equation xv  . What is
distance travelled by particle in t second from
start?

(1) 2

2
1 t (2) 2

4
1 t

(3) 3

3
1 t (4) 3

6
1 t

30. Two particles A and B are moving with equal speed
V but in opposite direction such that distance
between them remains constant which is D. After
how much time A will reach the initial position?

(1)
V
D2

(2)
V
D

(3)
V

D2
(4)

V
D

2
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Choose the correct answer :

1. If speed of water in river is 4 m/s and speed of
swimmer with respect to water is 3 m/s, then in
which direction the swimmer must swim so that
he will reach directly opposite end?
(1) 127° with direction of river flow
(2) 90° with direction of river flow
(3) 143° with direction of river flow
(4) Swimmer will never reach directly opposite end

2. Uniform circular motion is not a type of
(1) Uniform motion
(2) Non-uniform motion
(3) Curvilinear motion
(4) Variable accelerated motion

3. In case of an oblique projectile, the velocity is
perpendicular to acceleration
(1) Once only (2) Twice
(3) Never (4) Four times

4. If the sum of two unit vectors is also a unit vector,
then magnitude of their difference and angle
between the two given unit vectors is

(1) 90,2 (2) 120,3

(3) 120,2 (4) 60,3

5. The angle turned by a body undergoing circular
motion depends on time as  = 0 + 1t + 2t

2,
the ratio of angular acceleration and initial angular
velocity is

(1)
1

22



(2)
1

2




(3)
2

1

2


(4) Zero

6. Choose the correct statement related to a
non-uniform circular motion

(1) Tangential acceleration 
dt
vd



(2) Tangential acceleration 
dt

vd ||


(3) Centripetal acceleration 
dt
vd



(4) Acceleration is independent of the radius of
circle

3.  Description of Motion in Two and Three Dimensions

7. For a given speed of projection, maximum range of
a projectile is R. What will be the maximum height
attained by projectile when it is projected with
double speed by making 60° with vertical?

(1)
2
R

(2)
4
R

(3) R (4)
2

3R

8. A particle is projected with velocity )ˆ4ˆ3( ji  m/s

from horizontal. What will be the height attained by
it when velocity becomes perpendicular to
acceleration?

(1) 0.8 m (2) 5 m

(3) 0.4 m (4) 1.6 m

9. The speed of a particle moving along a circular
path is decreasing at the rate of 3 m/s2. If the
radius of circle is 4 m, then what will be the
instantaneous acceleration of particle when its
speed is 4 m/s?

(1) 4 m/s2 towards center

(2) 3 m/s2 along tangent

(3) 5 m/s2 by making 37° with tangent

(4) 5 m/s2 by taking 53° with tangent

10. A ball is projected so as to pass a wall at a
distance a from the point of projection at an angle
of 45° and falls at a distance b on the other side
of the wall. If h is height of wall then

(1) 2ah  (2) 2bh 

(3)
ba

abh



2

(4) ba
abh




11. The speed of boat is 5 km/h in still water. It
crosses a river of width 1 km along shortest
possible path in 15 min. The velocity of river water
is

(1) 1 km/h

(2) 3 km/h

(3) 4 km/h

(4) 5 km/h
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12. A projectile is thrown with velocity v at an
angle  with horizontal. When the projectile is at
a height equal to half of the maximum height, the
vertical component of the velocity of projectile is

(1) vsin (2) 3vsin

(3) 2
sinv

(4) 3
sinv

13. When a person walks on a straight road with a
speed 10 km/h, rain appears to fall verticlly
downward. As he stops, the appears to fall at an
angle 30º with vertical. The speed of rain with
respect to ground and with respect to the person.

(1) 20 km/hr (2) 310  km/hr

(3) 10 km/hr (4) 320  km/hr

14. A stone is thrown at an angle  to the horizontal
reaches a maximum heigth H. What will be the
time of flight of stone?

(1) g
H2

(2) g
H22

(3)
g
H sin22

(4)
g

H sin2

15. A projectile has a time of flight T and range R. If
time of flight is doubled keeping angle of projection
same, then what will be the new range?
(1) R (2) 2 R

(3)
2
R

(4) 4 R

16. A particle moves along the positive part of the

curve ,
2

2xy   where 
2

2tx  . What wil l  be

velocity of particle at t = 2 sec.

(1) ji ˆ4ˆ2  (2) ji ˆ4ˆ2 

(3) ji ˆ2ˆ4  (4) ji ˆ2ˆ4 

17. Two projectiles A and B are projected with same
speed at angles 30° and 60° to horizontal, then
choose the wrong statement? (symbols have their
usual meaning)
(1) RA = RB

(2) HB = 3HA

(3) AB TT 3
(4) All of these

18. A particle is dropped from a tower in a uniform
gravitational field at t = 0. The particle is blown
over by a horizontal wind with constant velocity.
Slope of trajectory of particle (tan ) with horizontal
varies according to

(1)
x

tan

(2)
x

tan

(3)
t

tan

(4) t

tan

19. The X and Y co-ordinates of a particle are

x = A sin t and y =2 





 


2

sin tA , then the

motion of the particle is
  (1) Circular (2) Parabolic

(3) Rectilinear (4) Elliptical clockwise
20. A ball B is at 300 cm distance from origin on a line

37° above horizontal. Another ball A is projected
directly aiming B with init ial velocity
700 cm/s. At the same instant B is released from its
position. How far will B has fallen when it is hit by A?

37°
A

B

AB

 

 = 
30

0 cm

(1) 90 cm (2) 80 cm

(3) 70 cm (4) 60 cm

21. A particle is moving towards East with velocity V
after some time it is moving with velocity 2 V towards
North. What is magnitude of change in velocity?

(1) V (2) V3

(3) V5 (4) 3 V
22. A particle is projected from ground at angle of 60º

with horizontal. After one second its velocity is at
angle of 45°. After one more second velocity
become horizontal. With what speed the particle is
projected? (g = 10 m/s2)

(1) 10 m/s (2) m/s
3

40

(3) m/s510 (4) 30 m/s
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23. An object moves in x-y plane such that it starts from

origin with initial velocity jiu ˆ4ˆ3 


 (m/s) and an

acceleration ia ˆ2


 (m/s). It’s position at t = 1 s.

(1) ji ˆ4ˆ23  (2) ji ˆ40ˆ30 

(3) ji ˆ4ˆ31  (4) ji ˆ4ˆ4 

24. A ball, thrown by a boy, is caught by another boy in
2s. What is the maximum height attained by the
ball?
(1) 10 m (2) 5 m
(3) 20 m (4) 7.5 m

25. A stone projected with a velocity of u at angle 30°
with horizontal reaches maximum height x. When
it is projected with velocity u at angle 30° with
vertical it reaches maximum height y. Then range
of particle is

(1) 4(x + y) (2) xy4

(3) yx
xy


2
(4) 4(x – y)

26. A ball is projected with momentum p at angle .
What is the change in momentum till it reaches
highest point?

(1)
2

sinp
(2) p cos 

(3) p sin  (4)
2

cosp

27. A particle starts with initial velocity is .m/s)ˆˆ2( ji 

Uniform acceleration )ˆ3ˆ( ji   m/s2. What is
y component of velocity at the instant when
x component of velocity becomes zero?

(1) 5 m/s (2) 7 m/s

(3) 6 m/s (4) 10 m/s

28. A particle is projected in such a way that, taking
point of projection as origin, y = 8t – 5t2 and
x = 6t. What is the range of projectile?

(1) 48 m (2) 4.8 m

(3) 9.6 m (4) 24 m

29. A particle of mass M describes a circle of radius 1 m.
The centripetal acceleration of the particle is 4.
What will be the momentum of the particle?

(1) 4 M (2) 2 M

(3) 8 M (4) M

30. A projectile is thrown with an initial velocity

)ˆˆ3( jai   m/s. If range of projectile is doubled, the
maximum height is reached by it, value of a is

(1) 1.5 m/s (2) 6 m/s

(3) 3 m/s (4) 12 m/s
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Choose the correct answer :
1. If co-efficient of friction between a fixed incline plane

and the block is 1, then the acceleration of the block
shown in the following figure is (g = 10 m/s2)

37º

m

(1) Zero (2) 2 m/s2 upward
(3) 2 m/s2 downwards (4) 4 m/s2 downwards

2. If the net external force on a body is zero, then
according to Newton’s second law
(1) The body must remain at rest
(2) The body must have non-zero acceleration
(3) The body must move with uniform velocity
(4) The momentum of the particle must remain

unchanged
3. A cracker rocket ejecting gases at a rate of

0.02 kg/s with a velocity of 500 m/s. The force on
the rocket because of the ejecting gases is
(1) Zero (2) 10 N
(3) 50 N (4) 500 N

4. The necessary condition for a particle to be in
circular motion is
(1) A non-zero tangential force must be present
(2) A non-zero centripetal force must be present
(3) Zero net force can also keep the particle at

rest
(4) All of these

5. Which of the following is incorrect about friction?
(1) If two bodies slip over each other than the force

of friction is given by fk = kN
(2) If two bodies do not slip over each other then

maximum force of slatic friction that can act
between the two bodies is ‘fs =sN’.

(3) Friction force acting on a body is proportional of
normal reaction between the interacting surfaces

(4) None of these
6. Internal forces can change

(1) The linear momentum but not the kinetic
energy

(2) The kinetic energy but not the linear momentum
(3) Linear momentum as well as kinetic energy
(4) Neither linear momentum nor the kinetic

energy

7. A block of mass m moves in a horizontal uniform
circular motion (as shown in the figure) during the
motion block is not in



(1) Non-uniform acceleration

(2) Rotational equilibrium

(3) Accelerated motion

(4) Uniform motion

8. If the two blocks collide head on and stick
together, on a frictionless horizontal surface, then
the interacting impulse between the two blocks is

v = 10 m/s

3 kg 2 kg

Smooth

v = 0 

(1) 30 Ns (2) Zero

(3) 18 Ns (4) 12 Ns

9. Three blocks of masses 2 kg, 3 kg and 4 kg are
placed one over the other as shown in the figure.
Calculate the force exerted by the blocks of mass
2 kg and 4 kg on the 3 kg block (g = 10 m/s2)

4 kg

3 kg

2 kg

(1) 20 N, 50 N (2) 20 N, 90 N

(3) 20 N, 70 N (4) 20 N, 30 N

10. A block of mass 5 kg is placed on a horizontal
surface with co-efficient of friction ‘ = 0.2’, then
the maximum and minimum value of force F for
which the block remains at rest (g = 10 m/s2)

5 kg
15 N

F

(1) 15 N, 10 N (2) 25 N, 5 N

(3) 10 N, 25 N (4) 5 N, 25 N

4.  Laws of Motion
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11. The adjoining figure shows a block of mass 10 kg
connected to free end of a rope of mass 10 kg
and length 10 m. The tension of the rope at point
A. is (g = 10 m/s2)

10 m

3 m

10 kg

A

(1) 170 N (2) 30 N

(3) 130 N (4) 70 N

12. In the given arrangement two blocks are placed on
a horizontal surface such that co-efficient of friction
between the blocks and the floor is  = 0.2, then
tension in the thread connecting the two blocks is
(g = 10 m/s2)

3 kg F = 12 N5 kg

(1) Zero (2) 2 N

(3) 4 N (4) 6 N

13. Two blocks of mass 4 kg and 6 kg are placed one
over the other. If a force of 10 N is applied
on the block of mass 4 kg, then the accelerations
of  the two blocks at the instant shown is
(g = 10 m/s2)

6 kg

4 kg 10 N

1 = 0

2 = 0.2

(1) a(4 kg) = a(6 kg) = 0

(2) a(4 kg) = 0.5 m/s2  a(6 kg) = 0

(3) a(4 kg) = 2 m/s2  a(6 kg) = 0.5 m/s2

(4) a(4 kg) = 1 m/s2  a(6 kg) = 1 m/s2

14. The whole set up shown in the figure is rotating
with constant angular velocity  on a horizontal

frictionless table then the ratio of tensions 
2

1

T
T

is

(Given 
1
2

1

2 
l
l

)

m1 m2

l2

T1 T2

l1

w

(1)
2

1

m
m

(2)
2

21

2
)2(

m
mm 

(3)
1

2

m
m

(4)
2

12 )(
m

mm 

15. Two friends A and B each having a mass 40 kg are
playing with a ball of mass 5 kg, on a frictionless
surface A throws the ball towards B with a speed
of 4 m/s. Then the speeds of A and B after B
catches the ball for the first time are

(1) m/s 
15
4  m/s, 

2
1

 BA VV

(2) m/s 2  m/s, 
11
4

 BA VV

(3) m/s 
9
4  m/s, 

9
4

 BA VV

(4) m/s 
9
4  m/s, 

2
1

 BA VV

16. Force is applied on an object of mass 2 kg at rest
on a frictionless horizontal surface as shown in the
graph. The speed of object after 1 s will be

10

20

5 10

F(N)

t s( )

(1) 7.5 m/s (2) 12.5 m/s

(3) 10 m/s (4) 25 m/s

17. A pendulum with a bob of mass 2 kg is hanging
from the ceiling of a trolley as shown in the figure.
The trolley is uniformly accelerating with an
acceleration a, then (g = 10 m/s2)

a

37º

(1) a = 6 m/s2

(2) a = 7.5 m/s2

(3) a = 4 m/s2

(4) a = 2.5 m/s2

Aakash Materials Provided By - Material Point Available on Learnaf.com



IIT - JEE/NEET Laws of Motion

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(134)

18. The acceleration of blocks of mass 2 kg and 4 kg
are respectively (Pulleys and threads are
massless) (g = 10 m/s2)

4 kg

2 kg

F = 60 N

(1) a1 = 5 m/s2; a2 = 2.5 m/s2

(2) a1 = a2 = 0

(3) a1 = a2 = 6
20

 m/s2

(4) a1 = 20 m/s2; a2 = 5 m/s2

19. A man is hanging from the free end of a massless
rope of length 40 m. The mass of the man is
20 kg and the maximum tension that the rope can
bear is 300 N. Then starting f rom rest, the
minimum time in which man can reach the other
end of the rope is (g = 10 m/s2)
(1) 2 s (2) 4 s
(3) 6 s (4) 8 s

20. A disc of radius 4 m is rotating about its fixed
centre with a constant angular velocity
 = 2 rad/ s (in the horizontal plane). A block is
also rotating with the disc without slipping. If co-
efficient of friction between the block and the disc
is 0.4, then the maximum distance at which the
block can rotate without slipping is (g = 10 m/s2)

4 m



x

(1) 1 m (2) 2 m
(3) 3 m (4) 4 m

21. The magnitude of friction force acting on the block
if the block is in equilibrium is (g = 10 m/s2)

2 kg

y

30º

(1) N320 (2) 20 N

(3) N310 (4) 10 N

22. The block shown in the figure is under equilibrium
on smooth surface. Spring force and contact force
by ground on the block are


k

m

F

(1) K.Fsin, mg + Fsin respectively

(2) Fcos, mg – Fsin respectively

(3) Fcos, Fsin respectively

(4) Fsin, Fcos respectively

23. Force F is double the minimum force required to
keep the block moving with constant speed on a
smooth incline. Acceleration of the block is



m
F

(1)
m
F

(2) gsin

(3) gcos (4) gtan

24. For the arrangement shown in the figure. The
extension in the spring, for which the block
remains at rest is (g = 10 m/s2)

10 kg

K =10  N/m3

(1) 20 cm (2) 25 cm

(3) 15 cm (4) 30 cm

25. Choose the incorrect statement

(1) Limiting friction is slightly greater than kinetic
friction

(2) According to Newton’s third law, forces exist
in pairs

(3) Friction force is a fundamental force

(4) Electromagnetic force between two charged
particle depends on the medium between them

Aakash Materials Provided By - Material Point Available on Learnaf.com



Laws of Motion IIT - JEE/NEET

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(135)

26. Minimum value of F to hold the block (see figure)
in place at rest is

1 kg F

 = 0.1

Wall

(1) 10 N (2) 100 N
(3) 50 N (4) 500 N

27. Calculate the tensions T1, T2 and T3 in the three
threads shown in the following figure. (All threads
are mass less) (g = 10 m/s2)

4 kg

T1 T3

T237º

(1) 30 N, 40 N, 50 N
(2) 50 N, 30 N, 40 N
(3) 35 N, 45 N, 40 N
(4) 30 N, 50 N, 40 N

28. Magnitude of force F is double the magnitude of
spring force at the instant shown. If acceleration of
block B is a, then acceleration of block A is
(surface is smooth)

m m
k

Block A Block B

F

(1)
2
a

(2) 2a

(3) 3
2a

(4) Either of a or 3
a

29. If a car topples over while turning
(1) Outer wheels of the car leave the road first
(2) Inner wheels of the car leave the road first
(3) Either inner or outer wheels may leave the

road first depending upon the direction in
which car is turning

(4) Both inner & outer wheels leave the road
simultaneously

30. Block A is placed on a smooth horizontal surface.
Another block B is placed in contact with A as
shown in figure. The coefficient of friction between
A and B is 0.5. The minimum acceleration of block
A so that block B does not fall

A
B

a

(1) 10 m/s2

(2) 20 m/s2

(3) 15 m/s2

(4) 5 m/s2

31. A block of mass m is placed on smooth triangular
block as shown in the figure. The triangular block

is moving horizontally with uniform speed 32  m/
s. The acceleration of block of mass m with
respect to the triangular block is

30º

m 2  3  m/s

(1) 5 m/s2

(2) 8 m/s2

(3) 4 m/s2

(4) 6 m/s2

32. The force exerted on 10 kg block by floor of lift, as
shown in the figure is (take g = 10 m/s2)

10 kg

5 kg 3 m/s2

(1) 180 N

(2) 150 N

(3) 195 N

(4) 135 N
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33. Consider the figure, pulley and strings are
massless and frictionless. The horizontal surface is
smooth. The acceleration of the block

5 kg

10N

(1) 2 m/s2

(2) 1 m/s2

(3) 0.5 m/s2

(4) 4 m/s2



34. When a force of  5 N acts on a body, the
acceleration produced in the body is 5 m/s2. If two
forces of magnitude 5 N each are acting on this
body as shown in the figure. The acceleration of
body is

5N

5N

= 120º

(1) Zero (2) 5 m/s2

(3) 4 m/s2 (4) 3 m/s2

35. A block of mass m is at rest on a rough inclined
plane of inclination . The force exerted on plane
by the block is

(1) mg sin (2) mg cos

(3) mg (4) Zero
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Choose the Correct Answer:
1. If a stone is thrown up vertically, returns to ground

then
(1) During the upward journey its potential energy

is maximum at all points
(2) At maximum height its potential energy is

maximum
(3) During the returns journey its potential energy

is maximum at all points
(4) At the bottom potential energy is necessarily

zero
2. The total work done on a particle is equal to the

change in its kinetic energy. This is applicable
(1) Only if the conservative forces are acting on it
(2) Only in inertial frames
(3) Only when the observer is in non-nertial frame

of reference
(4) Always

3. A uniform chain of length L and mass M is lying on
a smooth table and half of its length is hanging
vertically down over the edge of the table. If g is
acceleration due to gravity, then the work required
to pull the hanging part on to the table is

(1) 8
MgL

(2) 3
MgL

(3) 9
MgL

(4) 18
MgL

4. A ball is allowed to fall from rest on a horizontal
floor from a height of 10 m. If there is 20% loss of
energy due to impact, then after one impact ball will
go upto
(1) 10 m (2) 8 m
(3) 4 m (4) 6 m

5. The speed at the final vertical position B of the bob
of simple pendulum, when the bob is released from
initial position A from rest is (g = 10 m/s2)

B

A

37°
4 m

(1) 14 m/s (2) 12 m/s
(3) 4 m/s (4) 6 m/s

6. A motor boat is travell ing with a speed of
3 m/s. If the force on it due to flow is 500 N, then
the power of the boat is

(1) 150 kW (2) 3
500

(3) 1.5 kW (4) 5
300

7. A space craft of mass M is moving with velocity V
and suddenly explodes into two pieces. A part of it
of mass m comes to rest then the velocity of the
other part will be

(1)
mM

MV


(2)
mM

MV


(3)
mM

mV


(4)
m

VMm )( 

8. A car of mass m has engine which can deliver
power P. The maximum speed that the car can
attain in t seconds is

(1)
m
Pt

4
3

(2)
m
Pt2

(3)
m
Pt2

(4)
m
Pt

9. A particle is dropped from rest from a height h0 on
a horizontal floor. The coefficient of restitution
between the floor and particle is e. Maximum height
attained by the particle after first collision is

(1) eh0 (2) e2h0

(3) e3h0 (4) e4h0

10. A block of mass m is pulled along a circular arc,
by means of a constant horizontal force F as
shown. Work done by this force in pulling block
from A to B is

37°

F

F

R

R

(1)
2

FR
(2) 5

3
 FR

(3) FR
2
3

(4) mgR

5.  Work, Energy and Power
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11. A particle of mass 10 kg is subjected to a force F
which varies with distance x as shown. If it starts
its journey from rest at x = 0, then its speed at
x = 12 is

(1) m/s54

(2) 220  m/s

10 N

x = 4 x = 8 x = 12

F(N)

x(m)
(3) 320  m/s

(4) 40 m/s
12. A bullet of mass a and velocity b is fired into a

large block of mass c. Then the final velocity of the
system is

(1) ca
ab
 (2) ba

cb


(3) c
aba )( 

(4) b
a

ca 

13. A body is moved along a straight line by a machine
delivering constant power. The kinetic energy
associated with the body in time t is proportional to
(1) t1/2 (2) t3/2

(3) t (4) t2

14. A stone of mass 1 kg is tied with a string and it
is whirled in vertical circle of radius 1 m. If tension
at the highest point is 50 N then velocity at lower
most point will be (g = 10 m/s2)
(1) 10 m/s (2) 4 m/s
(3) 6 m/s (4) 8 m/s

15. A beagle of mass m = 4 kg runs from the left end of
a curved ramp with speed V0 = 8 m/s at height 8 m
above the ground. It then slides to the right and
comes to rest when it reaches a height 10 m from
the ground. The maximum increase in thermal
energy of the beagle -ramp system because of sliding
is (g = 10 m/s2)

h = 8m

v0 10 m

(1) 0 (2) 22 J
(3) 48 J (4) 32 J

16. Two springs A and B (KA = 2KB) are stretched by
applying forces of equal magnitudes if the energy
stored in B is E then the energy stored in A is

(1)
2
E

(2) 2 E

(3) E (4)
4
E

17. The force acting on a particle of mass 1 kg which
starts from rest is f = t3 then the power associated
with the particle is proportional to
(1) t5 (2) t6

(3) t7 (4) t8

18. In a vertical spring mass system a block of
mass m is initial ly at rest when there is no
extension. Now if the mass is released suddenly,
then the maximum elongation in the spring is

(1)
k
mg2

(2)
k

mg

(3) k
mg
2

3
(4) k

mg
2

19. A body of mass M1 collids elastically with another
mass M2 at test. There is maximum transfer of
energy when
(1) M1 > M2

(2) M1 = M2

(3) M1 < M2

(4) Some for all values of M1 and M2

20. The given graph represents the variations of force
acting on a particle  (starts from rest) of mass 2 kg
as a function of time, then  the kinetic energy of the
particle is

t (s)

f (N)
20

10

0 1 2 3 4

(1) 200 J (2) 400 J
(3) 800 J (4) 1600 J

21. If a particle of mass m resting at the top of a
smooth hemisphere of radius R is displaced, then
the angle with vertical at which it looses contact
with the surface is

R

m

(1) 







3
1tan 1 (2) 








3
1cos 1

(3) 







3
2tan 1 (4) 








3
2cos 1
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22. A particle of mass m attached to the end of string
of length l is released from the initial position A as
shown in the figure. The particle moves in a vertical
circular path about O. When it is vertically below
O, the string makes contact with nail N placed
directly below O at distance  h and rotates around
it. If the particle just complete the vertical circle
about N, then

(1)
5
3lh 

(2)
5
2lh 

m
N

h

O

l 60°
A

(3)
5
lh 

(4)
5
4lh 

23. A particle is moving along a vertical circle of radius
R. The velocity of particle at P will be (assume
critical condition at C)

(1) gR
5
7

(2) gR2

(3) 5
3gR

37°

C

P

R
BD

A(4) gR
2
3

24. The position of a particle moving on a straight line
under the action of a force is given as x = 50t – 5t2.
Here, x is in metre and t is in second. If mass of the
particle is 2 kg, the work done by the force acting
on the particle in first 5 s is
(1) 2500 J (2) –2500 J
(3) 5000 J (4) –5000 J

25. What minimum speed should   

um

be given to a particle of mass
‘m ’, t ied to one end of  a
massless rod fixed at another
end, so that it completes a
vertical circle? The length of
the rod is ‘L’ and initially it is
in vertical position with fixed
end above the free end.

(1) gL5 (2) gL3

(3) gL2 (4) gL2

26. A bike is moving up the inclined plane with
constant speed of 10 m/s. If angle of inclination is









50
1sin 1–

 and engine is working at 4 × 105 watt.

Then what is the resistance force to the motion of
bike?

(Let mass of bike is 1 × 105 kg)

(1) 1 × 104 N

(2) 2 × 104 N

(3) 3 × 104 N

(4) 4 × 104 N

27. A car is moving on a road such that engine delivers
power, proportional to velocity of the body. If initial
velocity is zero then distance travelled by the car
is proportional to

(1) 2
1

v (2) v3

(3) 2
3

v (4) v2

28. A block of mass m is moving on smooth horizontal
surface. A spring of spring constant K is arranged
as shown. Then maximum force applied by spring
is proportional to

 = 0

m
v k

(1) v2 (2) v3

(3) v4 (4) v

29. A force, jixF


22  , acts on a particle placed
at origin. What is the work done by this force in
moving particle from origin to P(1, 1)

(1) 3 J (2) 4 J

(3) 5 J (4) 6 J

30. A particle is released from top of a smooth inclined
plane of inclination . Let v be the speed of the
particle after moving a distance s. Then the
quantity which is constant is

(1) sin2–2 gsv

(2) sin2–2 gsv

(3)  sin22 gsv

(4)  sin22 gsv
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Choose the correct answer :

1. A cuboidal block of height a and width b is placed
on the horizontal surface with sufficient friction
then for a given force

b

a

f

(1) Probability of toppling is more of b > a

(2) Probability of toppling is more of a > b

(3) Probability of toppling is more of a = b

(4) Block will not topple

2. Calculate the velocity of the center of mass of the
system of two particles each of mass 2 kg as
shown in figure

Smooth surface
2 kg2 kg

25 m/s 5 m/s

(1) 5 m/s (2) 10 m/s

(3) 2.5 m/s (4) 15 m/s

3. A disc is undergoing in pure rolling on a horizontal
surface, then which of the statement about angular
momentum of the disc is incorrect?

B

A

vcm

(1) Angular momentum about A is conserved
under any situation

(2) Angular momentum about B is conserved only
if surface is smooth

(3) Angular momentum about any point on the
disc is conserved

(4) None of these

4. A rod of length 2 is bent as shown in figure.
Coordinates of centre of mass are

y-axis

x-axis

(1) 







3
,

3
2 

(2) 







8
,

8


(3) 







4
3,

4


(4) 







6
,

3


5. A man is standing at the centre of a rotating disc
of radius R, hinged at its center. When the man
starts walking f rom the centre towards the
periphery of the disc, then

(1) Angular momentum of the system starts
decreasing

(2) Kinetic energy of the system starts increasing

(3) Angular velocity of the system starts decreasing

(4) Kinetic energy first increases then decreases

6. A stick of length L mass M initially upright on a
frictionless floor, starts falling, then

(1) Center of mass will fall vertically down

(2) Center of mass will follow a circular path

(3) Center of mass will follow any curve path

(4) All of these

7. A disc of radius R and mass M is under pure
rolling when a force f is applied at the topmost
point (as shown in figure) and there is sufficient
friction between the disc and the horizontal
surface, then

f

(1)
M
fa cm (2)

M
fa cm

(3)
M
fa cm (4) None of these

6.  Rotational Motion and Moment of Inertia
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8. A shell following a parabolic path explodes
somewhere in its flight. The centre of mass of
fragments will move in

(1) Tangential direction (2) Radial direction

(3) Horizontal direction (4) Same parabolic path

9. If torque acting on a system about an axis of
rotation is zero, then the quantity that remains
constant about that axis is

(1) Force (2) Linear momentum

(3) Angular momentum (4) Angular velocity

10. A ring of mass m and radius R is acted upon by a
force F as shown in the figure, there is sufficient
friction between the ring and the ground then
the force of friction force necessary for pure rolling
is

R

F

(1)
2
F

 forward (2) 3
F

 forward

(3) Zero (4)
4
F

 backward

11. An elliptical disc shown in the figure is rotated in
turn about x-x, y-y and z-z axes passing through
the centre of mass of the disc. Moment of inertia
of the disc is

x'

y
z

x

y'
z

(1) Same about all the three axes

(2) Maximum about z-z axes

(3) Maximum about y-y axis

(4) Same about x-x and y-y axis
12. A particle of mass m = 3 kg is projected at angle

of 45° with the horizontal with a speed of
m/s220 . The angular momentum of the particle

at the highest point of  tragectory about an
horizontal axis passing through the origin and
perpendicular to the plane of motion is

(1) 1200 Js (2) 1600 Js
(3) 1500 Js (4) 2000 Js

13. Moment of inertia of a rod of mass m and length

l about an axis at a distance 
4
l

 from one of the

ends of the rod and perpendicular to its length is

(1) 2

48
19 ml (2) 2

38
7 ml

(3) 2

48
7 ml (4) 2

38
19 ml

14. A rod of length L is hinged at one end. It is
brought to a horizontal position and released. The
angular velocity of the rod when it is in vertical
position is

(1) Lg /3 (2) Lg /2

(3) Lg 2/ (4) Lg /

15. If a spherical ball is under pure rolling on a table,
then the f raction of  its total kinetic energy
associated with rotation is

(1)
5
3

(2)
7
2

(3)
5
2

(4)
7
3

16. An automobile engine develops 105 W power when
rotating at a speed of 1800 rad/minute. The
average torque delivered by the engine is

(1) mN10
3
1 2 (2) mN10

3
1 4

(3) mN10
3
1 6 (4) mN10

3
1 8

17. A wheel starts from rest and attains an angular
velocity of  20 rev /s af ter being uniformly
accelerated for 20 s. The total angle in radian
through which it has turned in 10 s is
(1) 200  (2) 40 
(3) 150  (4) 100 

18. A solid cylinder, a solid sphere and a hollow
sphere each of mass m and radius r are released
from the top of a smooth inclined plane. Then
which of the bodies has minimum acceleration
down the plane?
(1) Solid cylinder
(2) Solid sphere

(3) Hollow sphere
(4) All have same acceleration
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19. A solid cylinder of mass m and radius r is rolling
with angular speed  on a horizontal plane.
The magnitude of its angular momentum about
origin O is

O

y

x
M



(1) mr2

(2) 1.5 mr2

(3) 2mr2

(4) 2.5 mr2

20. Choose the incorrect statement

(1) The centre of mass of a two particle system
lies on the line joining the two particles, being
closer to the heavier particle

(2) In rolling, the point of contact of the rolling
body remains at rest relative to the surface on
which it is rolling

(3) Parallel axis theorem is applicable only for
laminar bodies

(4) A particle moving on a straight line may have
non-zero angular momentum about a point

21. Two rigid bodies A and B rotate with angular
momentum LA and LB respectively such that
LA/LB = 2. If their moment of inertia about axis of
rotation are IA and IB respectively such that
IB/IA= 4, then the ratio of their kinetic energies
KA/KB is

(1) 25 : 4 (2) 5 : 4

(3) 4 : 1 (4) 16 : 1

22. John is standing with folded hands at the centre of
a platform rotating about its central axis. The
kinetic energy of the system is K. Now, John
stretches his arms so that moment of inertia of the
system doubles. Kinetic energy of the system now
is

(1) 2K (2) 4K

(3) K/4 (4) K/2

23. A sector is cut out of a disc of mass m and
radius r. It is made to rotate about a l ine
perpendicular to its plane and passing through the
centre as shown. Its moment of inertia about the
axis rotation is

60°

(1)
6

2mr
(2)

2

2mr

(3)
12

2mr
(4)

24

2mr

24. A solid cylinder of mass m and radius r is rotating
about its logitudinal axis (vertical with angular
speed ‘’. If a disc of mass 2m and radius 2r is
gently placed on it coaxially, then the new angular
velocity of the system is

(1)  (2)
4


(3) 8


(4) 9


25. A cubical block of  side l rests on a rough
horizontal surface with coefficient of friction . A
horizontal force F is applied on a block as shown.
If there is sufficient friction between the block and
the ground, then calculate the torque due to
normal reaction about its centre of mass

l
F

(1) Zero (2) Fl

(3)
2
Fl

(4)
2

3Fl

26. Calculate the torque acting on the disc in the given
arrangement (Radius of disc 1m and mass m)

m

R
Hinged

(1) 2 mg/3 (2) mg/3

(3) mg (4) 4 mg/s
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27. The speed of centre of mass of a homogenous
sphere after rolling down an inclined plane of
vertical height h from rest without sliding is

(1) gh (2) 5/gh

(3) 3/4gh (4) 7/10gh

28. A rod of mass 4m and length l hinged at its centre
is placed on a horizontal surface. A bullet of mass
m moving with velocity v strikes the end A of the
rod and gets embedded in it. The angular velocity
with which the system rotates about its centre of
mass after the bullet strikes the rod

v
m A

(1)
l
v

7
6

 (2)
l
v

4
5



(3) l
v

3
2

 (4) l
v
3





29. Magnitude of angular momentum of a wheel
changes from 2L to 3L in 5 sec. by a constant
torque acting opposite to initial direction of rotation.
What is the magnitude of the torque?

(1) 5
L

(2) L

(3) 5
2L

(4) 5
3L

30. A solid cylindre is rolling without slipping with
velocity of its centre of mass v and angular
velocity about its centre of mass  on a horizontal
frictionless  surface as shown in figure. If it collides
with a frictionless vertical wall X, then after collision
its velocity and angular velocity respectively
become

(1)
2

,
2

v

(2) –v, –
v



X

(3) –v, 
(4) v, –
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Choose the correct answer :

1. A planet is revolving around the Sun in an elliptical
orbit. When it is at A and B at two different
instants, which quantity remains constant ?

S

A

B
(1) Angular velocity (2) Momentum

(3) Tangential velocity (4) Areal velocity

2. Assume the Earth a homogenous uniform solid
sphere of mass M and radius R. Which of the
following represents the variation of gravitational
potential (V) with distance r from centre ?

(1)
R r

V

(2)

R rV

(3)
R r

V

(4)

V R r

3. Force of gravitation between two masses is found
to be F, in vacuum. If both the masses are dipped
in water then, new force will be

(1) Greater than F

(2) Less than F

(3) F

(4) Cannot say

4. The gravitational force on a body of mass 1.5 kg
situated at a point is 45 N. The gravitational field
intensity at that point is

(1) 30 N/kg (2) 67.5 N/kg

(3) 46.5 N/kg (4) 43.5 N/kg

7.  Gravitation

5. The magnitudes of the gravitational f ield at
distances r1 and r2 from the center of a uniform
solid sphere of radius R and mass M are F1 and
F2 respectively. Then which of the following
statements is/are correct?

I.
2

1

2

1

r
r

F
F

 ; if r1 < R and r2 < R

II. 2
1

2
2

2

1

r
r

F
F

 ; if r1 > R and r2 > R

III.
2

1

2

1

r
r

F
F

 ; if r1 > R and r2 > R

(1) I and III (2) II only

(3) I only (4) I and II

6. The time period of a satellite in a circular orbit of
radius R is T. The period of another satellite in a
circular orbit of radius 4R is

(1) 4T (2)
4
T

(3) 8T (4) 8
T

7. A small satellite is revolving near the Earth’s
surface. It’s orbital velocity be nearly

(1) 8 km/s (2) 11.2 km/s

(3) 4 km/s (4) 6 km/s

8. If R is the radius of the Earth and g is the
acceleration due to gravity on the Earth’s surface,
then the mean density of the Earth is

(1) gR
G

3
4

(2) gG
R

4
3

(3) RG
g

4
3

(4) G
Rg

12


9. If the radius of the Earth shrinks by 1.5% (mass
remaining same), then the value of gravitational
acceleration ‘g’ changes by

(1) 2% (2) –2%

(3) 3% (4) –3%
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10. A particle is projected vertically upward from the
surface of Earth (radius R) with a kinetic energy
equal to half the minimum value needed for it to
escape. The height to which it rises above the
surface of the Earth is

(1) R (2)
2
R

(3)
4
R

(4) 2
R

11. A body at rest starts from a point at a distance r
(>R) from the center of the Earth. If M and R stand
for the mass and the radius of Earth respectively,
then the speed of the body when, it reaches the
Earth surface is

(1)
R
GM2

(2)
rR

GM


2

(3)
Rr

RrGM )(2 
(4) Zero

12. The escape velocity of a body from the Earth is
about 11.2 km/s. If the mass and radius of the
Earth to be about 81 and 4 times the mass and
radius of the Moon, then the escape velocity in
km/s from the surface of the Moon will be

(1) 0.54 (2) 2.48

(3) 11 (4) 49.5

13. A satellite of the Earth is revolving in a circular
orbit with a uniform speed v. If the gravitational
force suddenly disappears, then the satellite will

(1) Continue to move with velocity v along the
original  orbit

(2) Move with a velocity v, tangentially to the
original orbit

(3) Fall down with increasing velocity

(4) Ultimately come to rest somewhere on the
original orbit

14. A satellite is revolving around the Earth in a circular
orbit of radius r, then the correct statement is

(1) Linear momentum varies as 
r
1

(2) Angular momentum varies as r
1

(3) Frequency of revolution varies as 3

1

r
(4) None of these

15. What should be the angular speed with which Earth
have to rotate about its own axis so that a person on

the equator would weighs th
5
3  as much as present?

(1) R
g

5
2

(2) g
R

5
2

(3) g
R

5
2

(4) R
g

5
2

16. If density of a planet is double that of the Earth
and the radius is 1.5 times that of the Earth, then
the acceleration due to gravity on the surface of the
planet is

(1)
4
3

 times that on the surface of the Earth

(2) 3 times that on the surface of the Earth

(3) 3
4

 times that on the surface of the Earth

(4) 6 times that on the surface of the Earth

17. A body is thrown with a velocity equal to n (> 1)
times the escape velocity (ve). Velocity of the body
at a very large distance away will be

(1) 12 nv e (2) 12 nv e

(3) 21 nv e (4) None of these

18. The change in potential energy when a body
of mass m is raised to height nR f rom the
Earth’s surface is (R = radius of the Earth,
g = acceleration due to gravity)

(1) 







1n
nmgR (2) nmgR

(3) 







1n
nmgR (4) 











12

2

n
nmgR

19. Three particles each of mass m are placed at the
three corners of an equilateral triangle of side a.
The work which should be done to increase the
sides of the triangle to 2a is

(1)
a

Gm23
(2)

a
Gm
2

3 2

(3)
a

Gm
2

2

(4)
a

Gm2
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20. Assume earth as a uniform perfect sphere of
radius R as shown

A B C

R2
R

2
R

A, B and C are three points on a frictionless tunnel
through earth. If a body is placed successively at A,
B and C, then ratio of  respective normal reactions
is at these points
(1) 2 : 3 : 6 (2) 3 : 2 : 6
(3) 1 : 1 : 1 (4) 4 : 2 : 1

21. Gravitational field at a distance 2R from the centre
of a spherical shell of inner radius R, outer radius
3R and density d is equal to k(G..R.d), where G
is universal gravitational constant and k is
(1) 7/3 (2) 5/3
(3) 3 (4) 4/3

22. A system consists of a solid sphere of mass m
and radius r surrounded by a concentric shell of
mass m and radius 3r. Gravitational potential at a
point distant 2r from the common centre is (G is
universal gravitational constant)

(1)
r

Gm
2

 (2) r
Gm
3



(3) r
Gm
6

5
 (4)

r
Gm
4



23. Time period of a simple pendulum of length l at a
height 2R from the earth’s surface is (where R is
radius of the earth)

(1)
g
l

2 (2)
g
l

3
2

(3)
g
l

6 (4)
g
l

6


24. Choose the incorrect statement
(1) Gravitational field at the centre of the earth is

zero
(2) Gravitational potential at the centre of the earth

is 1.5 times the potential on its surface
(3) Radius of earth at poles is lesser than the

radius at equator
(4) Distance of a geostationary satellite from

earth’s centre is 36,000 km

25. A system consists of two fixed particles of mass
m each distant r from each other. What is the
escape velocity at a point mid-way the line joining
the two particles?

(1)
r

Gm
(2)

r
Gm2

(3)
r

Gm22 (4)
r

Gm
2

26. An artificial satellite moving in a circular orbit
around the Earth has kinetic energy E0. Its
potential energy is
(1) –E0 (2) –2E0

(3) 2E0 (4)
2
0E



27. Binding energy of a satellite of mass m moving
with linear momentum p around earth in a circular
orbit is

(1)
m
p2

(2)
m

p
2

2

(3)
m

p
3

2

(4)
m

p
4

2

28. Gravitational potential energy of a particle of
mass m at centre of the earth, if reference of the
potential energy is at earth’s surface, is (where
R = Radius of the earth, g = Acceleration due to
gravity on earth’s surface)
(1) – mgR (2) mgR

(3)
2

– mgR
(4)

2
mgR

29. A planet moves on an elliptical path around sun,
with sun at one of its focii (as in figure). If kinetic
energy of the planet is K when it is at a point A
on the major axis of the ellipse, its kinetic energy
at B the other point on the major axis is

r 3r
Sun

A B

(1) 3
K

(2) 3 K

(3) 9
K

(4) 9 K

30. Consider earth as a uniform solid sphere and
difference between acceleration due to gravity at poles
and at equator as d. If the earth starts rotating with
double the angular speed, the difference becomes
(1) 2d (2) 3d
(3) 4d (4) 9d

Aakash Materials Provided By - Material Point Available on Learnaf.com



Solids and Fluids IIT - JEE/NEET

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(147)

Choose the correct answer :

1. The following four wires are made of the same
material. Which of these will have the largest
extension when the same tension is applied?

(1) Length 50 cm, diameter 0.5 mm

(2) Length 100 cm, diameter 1 mm

(3) Length 200 cm, diameter 2 mm

(4) Length 300 cm, diameter 3 mm

2. A wire can sustain a maximum weight of 50 kg
before breaking. If the wire is cut into two equal
parts, then each part can sustain a maximum
weight of

(1) 25 kg (2) 50 kg

(3) 40 kg (4) 80 kg

3. The Poisson ratio cannot have value

(1) 0.7 (2) 0.2

(3) 0.1 (4) 0.5

4. Figure shows graph between stress and strain for
a uniform wire at two different temperatures. Then

T1

T2Stress

Strain

(1) 21 TT  (2) 12 TT 

(3) 21 TT  (4) None of these

5. The potential energy U between the atoms in a
diatomic molecule as a function of the distance x
between the atoms is shown in figure. The atoms

U

O A
B

C
x

(1) Attract each other when x is between A and B

(2) Attract each other when x is between B  and C

(3) Attract each other when x is at B

(4) Repel each other when x is at B

6. An incompressible liquid travels as shown in the
figure. The speed v of the liquid in the lower
branch is

0.12 m2 3 ms–1 1.5 ms–10.12 m2

0.18 m 2

v

(1) 1 ms–1 (2) 1.5 ms–1

(3) 2.25 ms–1 (4) 3 ms–1

7. The addition of soap changes the surface tension
of water to 1 and that of salt changes to 2 then

(1) 1 > 2 (2) 1 < 2

(3) 1 = 2 (4) Unpredictable

8. A spherical ball contracts in volume by 0.02 %,
when subjected to a normal uniform pressure of
5 × 106 N/m2 atmosphere. The Bulk modulus of its
material is

(1) 1 × 1011 N/m2 (2) 2 × 1010 N/m2

(3) 2.5 × 1010 N/m2 (4) 1 × 1013 N/m2

9. As shown in figure, by combining together copper
and steel wires of same length and same diameter,
a force F is applied  at one of their end. The
combined length is increased by 2 cm. The wires
will have

Fe Cu
F

(1) Same stress and same strain

(2) Different stress and different strain

(3) Different stress and same strain

(4) Same stress and different strain

10. If in case A, elongation in wire is l. Then for same
wire, elongation in case B will be

A B

W W W

(1) 4l (2) 2l

(3) l (4) l/2

8.  Solids and Fluids
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11. Two different types of rubber are found to have the
stress-strain curves as shown. Then

St
re

ss

Strain

A

St
re

ss
Strain

B

(1) A is suitable for shock absorber

(2) B is suitable for shock absorber

(3) B is suitable for car tyres

(4) None of these

12. The upper end of a wire, 1 m long and 6 mm
radius, is clamped. The lower end is twisted by an
angle of 30°. The angle of shear is

(1) 18° (2) 1.8°

(3) 0.18° (4) 0.018°

13. A liquid flows in the tube from left to right as shown
in figure. A1 and A2 are the cross-sections of the
portions of the tube as shown. Then the ratio of

speed 
2

1

v
v

 will be

A2 2,vA1v1

(1)
2

1

A
A

(2)
1

2

A
A

(3)
1

2

A
A

(4)
2

1

A
A

14. A tank is filled with water to a height H. A hole is
made in one of the walls at a depth D below the
water surface. The distance x from the foot of the
wall at which the stream of water coming out of
the tank strikes the ground is given by

(1) x = 2 [D (H –D)]1/2

(2) x = 2 (gD)1/2

(3) x = 2 [D (H + D)]1/2

(4) None of these

15. The surface tension of a liquid is 5 N/m. If a film
is held on a ring of area 0.02 m2, its surface
energy is about

(1) 5 × 10–2 J (2) 2.5 × 10–2 J

(3) 2 × 10–1 J (4) 3 × 10–1 J

16. On putting a capillary tube in a pot filled with
water, the  level of water rises upto a height of
4 cm in the tube. If a tube of half the diameter is
used instead, the water will rise to a height of
nearly

(1) 2 cm (2) 4 cm

(3) 8 cm (4) 11 cm

17. A wire suspended vertically from one end is
stretched by attaching a weight 200 N to the lower
end. The weight stretches the wire by 1mm. The
elastic potential energy gained by the wire is

(1) 0.1 J (2) 0.2 J

(3) 0.4 J (4) 10 J

18. Two spherical soap bubbles of radii r1 and r2 in
vacuum coalesce under isothermal condition. The
resulting bubble has radius R such that

(1)
2

21 rrR 


(2) 2
2

2
1 rrR 

(3)
2

21 rrR 


(4)
21

21

rr
rrR




19. Length of a copper wire is increased by 0.05% on
applying a force. If its poisson’s ratio is 0.4, then
its diameter

(1) Increases by 0.02%

(2) Decreases by 0.02%

(3) Increases by 0.01%

(4) Decreases by 0.01%

20. Load versus elongation graph for two wires A and
B of same length and made of same material is
shown. Ratio of radii of wire A to that of wire B is

30º 60º

Load

Elongation

B

A

(1) 1 : 1 (2) 1 : 3

(3) 1:3 (4) 3:1
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21. Stress-strain curves for two materials A and B are
shown. If two rods of equal areas, lengths l and 3l,
made of materials A and B respectively are equally
strained, potential energies stored in the rods are
in the ratio

30º
30º

Strain

A

B

St
re

ss

(1) 1 : 3 (2) 3 : 1

(3) 1 : 1 (4) 9 : 1

22. A bar is subjected to axial forces as shown. Find
the total elongation in the bar. (E is the modulus
of elasticity of the bar and A is its area of cross-
section)

l l

3 F F
2 F

(1)
AE
Fl

(2)
AE
Fl2

(3)
AE
Fl3

(4)
AE
Fl4

23. Load-elongation curves for two rods A and B of
same dimensions are shown. If E and D represent
elasticity and ductility respectively, then

Lo
ad

Elongation

B A

(1) EA = EB (2) EA < EB

(3) DA = DB (4) DA > DB

24. A pressure P is applied on a sphere. By how
much should its temperature be raised to maintain
its original volume? The material of sphere has Q
and B as its thermal coefficient of superficial
expansion and its Bulk’s modulus respectively

(1) QB
P

(2)
B

PQ

(3) QB
P

3
2

(4) B
PQ
3

2

25. There are two wires of same material and same
length while the diameter of first wire is half the
diameter of  the second wire, then ratio of
extensions produced in the wires by applying
same load will be

(1) 1 : 8 (2) 4 : 1

(3) 1 : 1 (4) 2 : 1

26. If breaking force and breaking stress for a given
wire are x and y. Breaking force & breaking stress
for another wire of same material and double the
thickness are,

(1) 4x, 4y respectively

(2) x, 4y respectively

(3) x, y respectively

(4) 4x, y respectively

27. A metal rod of length l and cross-sectional area A
is clamped between two rigid supports. Y and 
represent Young’s modulus and coefficient of linear
expansion respectively. If the temperature of the
rod is increased by t Kelvin, the force exerted by
the rod on the supports is

(1) YALt (2) YAL(t + 273)

(3) YAt (4) YA(t + 273)

28. A cubical block of side 1m of specific gravity
K(K > 1) is placed at the bottom of a vessel
containing water. Normal force (in newton) by the
stands of the vessel on the block is
(Take g = 10 m/s2)

(1) 104 (K + 1)

(2) 104 (K – 1)

(3) 103 (K + 1)

(4) 103(K– 1)

29. A body floats in a liquid contained in a beaker. The
beaker starts accelerating upwards with 20 m/s2.
Part of the body immersed in the liquid

(1) Decreases

(2) Increases

(3) Remains same

(4) Depends on the density of the body
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30. A spherical ball of radius r is dropped from a
height. falling vertically in air with speed v. The air
drag acting on the ball is proportional to

(1) vr (2)
r
v

(3)
v
r

(4)
vr
1

31. In the figure, an ideal fluid flows through a tube of
uniform cross section. If V and P represent
velocity and pressure respectively

B

A

(1) VA > VB (2) PA < PB

(3) PA = PB (4) VA = VB

32. A non-volatile liquid of thermal coefficient of cubical
expansion ‘x’ is contained in a vessel of thermal
coeff icient of  cubical expansion y. If  the
temperature of the system is increased, pressure
on the base of the vessel

ve
ss

el

(1) Increases if x > y

(2) Decreases if x > y

(3) Remains same irrespective of values of x & y

(4) Decreases irrespective of values of x & y

33. Choose the incorrect statement

(1) A piece of ice is floating is water. The level of
water does not change if the ice melts

(2) A fluid flowing out of a small hole in a vessel
applies a backward thrust on the vessel

(3) To float, a body must displace liquid whose
weight is greater than the weight of the body

(4) Bernoull i ’s theorem holds only for
incompressible non-viscous fluids

34. Two soap bubbles of different radii are connected
to each other as shown. Choose the most
appropriate alternative

r2r1

(1) Size of the bubbles remains unchanged
(2) Larger bubble bursts instantly
(3) Air flows from larger bubble into the smaller one
(4) Air flows from smaller bubble into the larger

bubble

35. When two water drops coalesce to make a bigger
drop

(1) Energy is absorbs

(2) The surface area of bigger drop is greater than
the sum of the surface areas of both the drops

(3) The surface area of bigger drop is smaller than
the surface areas of both the drops

(4) Both (1) & (3)
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Choose the correct answer :
1. In the following indicator diagram, the net work

done in one complete cycle is
V

P
(1) Positive (2) Negative
(3) Zero (4) Infinity

2. In a Carnot engine, when heat is rejected to the
sink, temperature of sink
(1) Increases
(2) Decreases
(3) Remains constant
(4) May increase or decrease

3. In an isothermal process 30 joule of work is
perfomed by gas, the amount of heat supplied to
the gas is
(1) 30 J (2) –30 J
(3) 15 J (4) 60 J

4. “Heat cannot by itself flow from a body at lower
temperature to a body at higher temperature” is
(1) Claussius statement of  second law of

thermodynamics
(2) Kelvin-Plank statement of second law of

thermodynamics
(3) First law of thermodynamics
(4) Law of conservation of heat

5. If n is the degree of freedom of a gas, then the ratio

of two principal specific heats 








P

V

C
C

 is given by

(1)
2

1 n
(2)

2
2 n

(3)
2n

n
(4)

n
11

6. The thermal capacity of 200 g of aluminium
(specific heat 0.2 cal g–1 °C–1 ), is

(1) 40 cal °C–1 (2) 4 cal °C–1

(3) 8 cal °C–1 (4) 160 cal °C–1

7. Select incorrect statement about the molar
specific heat of a gaseous system

(1) Specific heat in an adiabatic process, Ca = 0

(2) Specific heat in an isothermal process, Ci = 

(3) Specific heat in an isobaric process, 
1




RCp

(4) Specific heat in an isochoric process, 



RCv

8. A certain amount of an ideal monoatomic gas
needs 200 J of heat energy to raise its temperature
by 10°C at constant pressure. The heat needed for
the same temperature rise of the same gas but at
constant volume will be

(1) 300 J (2) 120 J

(3) 2000 J (4) 400 J

9. The volume of a diatomic gas is reduced to

32
1

 times of its initial volume in an adiabatic

process. If initial temperature of the gas is 227°C,
then its final temperature is

(1) 2000°C (2) 1727°C

(3) 1000°C (4) 727°C

10. The molar heat capacity of chromium at room
temperature is x J K–1 mol–1 and atomic mass is
52. Specific heat capacity of chromium is

(1) 52
x

 J kg–1 K–1 (2) 26
x

 J kg–1 K–1

(3) 26
1000x

 J kg–1 K–1 (4) 52
1000x

 J kg–1 K–1

11. A gas mixture contains 8 moles of oxygen and
2 moles of argon at room temperature T. The total
internal energy of the mixture is

(1) 11 RT

(2) 23 RT

(3) 22 RT

(4) 26 RT

9.  Heat and Thermodynamics
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12. Two cylinders contain ideal diatomic gas. As
shown in figure Same amount of heat is given to
the two cylinders. If temperature rise in cylinder B
is T0 then temperature rise in cylinder A will be

Heat Heat

piston is
movable

piston is
not movable

A B

(1) 05
7 T (2) 2T0

(3) 05
3 T (4) 07

5 T

13. An ideal gas absorbs Q heat in an isobaric
process. If adiabatic exponent of the gas is , then
what fraction of heat is used to perform work?

(1)

1

(2) 
 1

(3) 1


(4) 1
1


14. The change in volume (in cm3) of a metal sphere
of  radius 10 cm, when its temperature is
increased from 10°C to 60°C is (Given that
coefficient of volume expansion of the sphere is
6.9 × 10–5 °C–1)

(1) 2.3 

(2) 4.6 

(3) 6.9 

(4) 9.2 

15. A pendulum clock has a steel rod to suspend a
bob in its pendulum. The clock is calibrated at
25°C. When the temperature is increased to
125°C, the percentage change in its time period is

(steel = 1.2 × 10–5 / °C)

(1) 0.06%

(2) – 0.01%

(3) 0.03%

(4) Zero

16. 100 g of ice (latent heat 80 cal g–1) at 0°C is mixed
with 300 g of water (specific heat 1 cal g–1ºC–1) at
80ºC. The final temperature of the mixture will be

(1) 0° C (2) 40° C

(3) 80° C (4) < 0° C

17. A copper block of mass 80 g is heated to 100°C
and placed on a block of ice at 0°C. The specific
heat of copper is 0.1 cal g–1 °C–1 and latent heat
of ice is 80 cal g–1. The amount of ice melted is

(1) 4 g (2) 10 g

(3) 12 g (4) 16 g

18. A diatomic gas undergoes a process given by the
equation P = KV where K is a constant. The molar
specific heat of the gas for the process is

(1) R (2)
2

5R

(3) 4 R (4) 3 R

19. 8 g of He at T0 is mixed with 32 g of O2 at 3.2 T0
at constant volume. The temperature of the mixture
is

(1) T0 (2) 2 T0

(3) 2.5 T0 (4) 4 T0

20. If Qiaf = 80 cal, Wiaf = 60 cal and W = –30 cal for
the curved path f  i, then value of Q for path
f  i, will be

P

V

a f

i

(1) 50 cal (2) 30 cal

(3) –30 cal (4) –50 cal

21. The P-V diagram of 2 g of Helium gas for a certain
process A  B is shown in figure. Heat given to
the body during process A  B  is

4P0

2P0

P

O V2V0 3V0

B

A

(1) 4 P0 V0 (2) 12 P0 V0

(3) 6 P0 V0 (4) 15 P0 V0
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22. An ideal heat engine operates in Carnot
cycle between 227°C and 27°C. It absorb
5 × 104 cals per cycle at the higher temperature.
The amount of heat converted into work per cycle
is

(1) 2 × 104 cals

(2) 4 × 104 cals

(3) 1.6 × 104 cals

(4) 1.2 × 104 cals

23. For the process as shown below the heat supplied
to the system is 30 kJ per cycle. The efficiency of
the cycle is

A

B

C

P(kPa)

V m( )3

O

2

62

8

(1) 40% (2) 60%

(3) 50% (4) 30%

24. When an ideal diatomic gas is heated at constant
pressure, the fraction of the heat energy supplied
which increases the internal energy of the gas is

(1)
7
5

(2) 5
2

(3) 5
3

(4)
7
1

25. A body is placed in a liquid in just immersed
condition. If the temperature of the system is
increased, then Bouyant force will

(given that L > 3s)

(1) Decrease

(2) Increase

(3) First increases and then decreases

(4) Remains same

26. The P-V diagrams of two different masses m1 and
m2 for an ideal gas at constant temperature T is
given in figure. Then

P

V
m2

m1

(1) m1 = m2 (2) m1 > m2

(3) m1 < m2 (4) Data is insufficient
27. Two mole of an ideal monoatomic gas is expanded

in such a manner that it absorbs heat of 5R and
increase in temperature is 1ºC where R is universal
gas constant. The work done by the gas is equal to
(1) 5R (2) 3R
(3) 2R (4) –8R

28. The root mean square speed of hydrogen molecule
is v1 at temperature T K. The most prabole speed
of Oxygen molecule is v2 at same temperature.

Then 
2

1

v
v

 is equal to

(1) 62 (2) 4

(3) 63 (4) 2

29. P-V diagram of an ideal gas is given in the figure

C

B
A

20 40
P (N/m )2

V (m )3

4

3

Work done on the gas in process CA is
(1) 60 J (2) 70 J
(3) 30J (4) 20 J

30. The number of degrees of freedom for a diatomic
gas, taking into account. Vibrational mode, is
(1) 2 (2) 5
(3) 6 (4) 7
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Choose the correct answer :

1. Woolen clothes are used in winter season because
woolen clothes

(1) Absorb heat from surrounding

(2) Are good sources for producing heat

(3) Transfer heat from surroundings to body

(4) Trap air which is bad conductors of heat

2. For a body the ratio of absorptive power to the
reflective power is

(1) Always greater than 1

(2) Always less than 1

(3) Always 1

(4) May be more than 1 or less than 1

3. If a polished plate with rough black paintings is
heated to a high temperature and taken to a dark
room, then

(1) Paintings will appear brighter than the plate

(2) Paintings will appear darker than the plate

(3) Both will appear equally bright

(4) Both will not be visible

4. One can determine the temperature of a star

(1) Using Kirchhoff’s law

(2) Using Ohm’s law

(3) Using Wein’s displacement law

(4) Using Kepler’s law

5. The S.I. unit of Stefan’s constant is

(1) W m–2 K–1

(2) W m–2 K–4

(3) J m–2 s–1 K4

(4) J m–2 K–4

6. For cooking the food, which of the following type
of utensils are suitable?

(1) Having high conductivity and low specific heat

(2) Having low conductivity and low specific heat

(3) Having high conductivity and high specific heat

(4) Having low conductivity and high specific heat

10.  Transfer of Heat

7. Select correct statement related to heat

(1) Heat is possessed by a body

(2) Hot water contains more heat as compared to
cold water

(3) Heat is an energy which f lows due to
temperature difference

(4) Heat is a fluid

8. Two identical rods of a metal are welded as shown
in figure (1). A certain amount of heat flows through
them in 16 min. If the rods are welded as shown
in the figure (2) then the same amount of heat will
flow in

0°C 100°C 0°C 100°C

(1) (2)

(1) 1 minute (2) 4 minutes

(3) 16 minutes (4) 2 minutes

9. In which of the following process, convection does
not take place primarily?

(1) Boiling of water

(2) Heating of air above a furnace

(3) Heating of a car placed in sunlight

(4) Sea and land breeze

10. A black body, which is at a high temperature T,
radiates energy at the rate of E. If the temperature
falls to T/2, then the rate of radiated energy will
be

(1) E (2) E/4

(3) E/64 (4) E/16

11. Star A emits radiation of maximum intensity at a
wavelength of 5000 Å and it has temperature
1227°C. If star B has temperature 2727°C, then
the maximum intensity would be observed at

(1) 4000 Å (2) 3500 Å

(3) 3000 Å (4) 2500 Å

12. A black piece of iron is heated continuously, which
of the following is the correct sequence of its
observed colours?

(1) Red, yellow, orange (2) Red, yellow, black

(3) White, yellow, red (4) Red, yellow, white

Aakash Materials Provided By - Material Point Available on Learnaf.com



Transfer of Heat  IIT - JEE/NEET

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(155)

13. According to Kirchhoff’s law

(1) Good reflectors are good emitters

(2) Good absorbers are good reflectors

(3) Good reflectors are good absorbers

(4) Good emitters are good absorbers

14. A body cools from 70°C to 50°C in 20 minutes.
The time it takes to cool from 50°C to 30°C will be
(Given that temperature of surroundings is 30°C)

(1) 20 minutes (2) 60 minutes

(3) 180 minutes (4) Infinite

15. A sphere, a cube and a thin circular plate, all made
of the same mass and finish are heated to a
temperature of 800°C. Which of these objects will
lose heat at minimum rate, when left in air at room
temperature?

(1) The sphere

(2) The cube

(3) The circular plate

(4) All will radiate heat at same rate

16. Four rods with different radii r and length l are used
to connect two reservoirs of heat at different
temperatures. Which one will conduct heat at
maximum rate?

(1) r = 1 cm, l = 1 m (2) r = 2 cm, l = 2 m

(3) r = 3 cm, l = 3 m (4) r = 4 cm, l = 4 m

17. A slab consists of two layers of A and B of same
thickness and having thermal conductivities in the
ratio 1 : 4 in series. If the free face of B is at
150°C and that of A at 25°C, the temperature of the
interface is

(1) 125°C (2) 50°C

(3) 100°C (4) 75°C

18. Three rods made of the same material and having
the same cross-section have been joined as
shown in the figure. Each rod is of same length.
The temperatures of free ends are shown in the
figure. The temperature of the junction will be

0°C

90°C

60°C
(1) 50°C (2) 30°C

(3) 20°C (4) 75°C

19. The spectra of a black body at temperatures 273°C
and 546°C are shown in the figure. If A1 and A2 be
the areas under the two curves respectively, the

value of 
1

2

A
A

 is

546°C
E



273°C

(1) 16
81

(2)
1

16

(3) 8
27

(4) 81
16

20. Two metal spheres A and B have radii r and 4r
respectively. They are heated to 4000 K each and
allowed to cool down. The respective ratio of their
rates of cooling is

(1) 1 : 4 (2) 4 : 1

(3) 1 : 256 (4) 1 : 16

21. Space between two thin spherical concentric shells
of radii r1 and r2 (r1 < r2) is filled with material of
thermal conductivity K. Inner and outer shells are
maintained at temperatures T1 and T2 respectively
(T1 < T2). Rate of heat flow radially through the
material is

(1)
12

21
2
2 )(4

rr
TTKr




(2) 
21

2121 ))((4
rr

TTrrK 

(3)
12

2121 )(4
rr

TTrKr




(4)
)(

)(4

212

21
2

1

rrr
TTKr




22. Choose the incorrect statement

(1) Newton's law is a special case of Stefan's law

(2) A hot metal ball in vacuum can loose heat
only by radiation

(3) Heating by convection is not possible in solids

(4) Thermal conductivity of a rod depends on its
length
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23. Three rods of identical dimensions are arranged as
shown.

l/2 l/2

l

l

A B

C D

Conductivity of the material of rods is k, area of
cross-section of rods is A, length of each rod is l.
Thermal resistance of the system between points
A and D is, (Assume there are no losses due to
radiation)

(1) Ak
l3

(2) Ak
l

3

(3) Ak
l

2
5

(4) Ak
l

2
3

24. A solid and a hollow cube of same side, made of
same material are heated to equal temperature

(1) Both cubes emit different amount of radiation
per unit time in the beginning

(2) Both cubes absorb equal amount of radiation
from the surroundings in the beginning

(3) Only initial rate of cooling is same for both the
cubes

(4) Rate of cooling at any time is same for both
the cubes

25. A body radiates energy at a rate of 20 W at
temperature 127°C. If the temperature of the body
is increased by 800°C, then it will radiate at the
rate of

(1) 1620 W (2) 1500 W

(3) 410 W (4) 81 W
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11.  Oscillations

Choose the correct answer :
1. The correct variation of acceleration ‘a’ with

displacement x from mean position of a particle
executing SHM is

(1)

a

x (2)

a

x

(3)

a

x (4)

a

x

2. A simple pendulum suspended from the ceiling of
a stationary lift has period T0. When the lift
descends at steady speed, the period is T1. When
it descends with constant downward acceleration,
the period is T2. Which one of the following is true?

(1) T0 = T1 = T2 (2) T0 = T1 < T2

(3) T0 = T1 > T2 (4) T0 < T1 < T2

3. A particle is executing S.H.M. between x = ±a. The

time taken to go from 0 to 
2
a

 is T1 and to go from

2
A

 to A is T2
, then

(1) T1 < T2 (2) T1 > T2

(3) T1 = T2 (4) T1 = 2T2

4. A simple harmonic motion has amplitude A and
time period T. The maximum velocity will be

(1) 4AT (2)
T
A2

(3)
T
A

2 (4)
T

A2

5. The kinetic energy and potential energy of a
particle executing S.H.M. will be equal when
displacement in terms of amplitude ‘a’ will be

(1)
2
a

(2) 2
a

(3)
3

2a
(4) 2a

6. Two identical pendulums oscillate with a constant

phase difference 
4


 and same amplitude. The

maximum velocity of one is v. The maximum
velocity of the other will be

(1) v (2) v2

(3) 2v (4) 2
v

7. A particle is executing SHM with time period T.
Starting from mean position, time taken by it to

complete 8
5

 oscillations, is

(1)
12
T

(2) 6
T

(3)
12
5T

(4)
12
7T

8. The motion of a particle is given by
y = A sin t + B cos t.
The motion of the particle is
(1) Not simple harmonic
(2) Simple harmonic with amplitude A + B

(3) Simple harmonic with amplitude 
2

BA 

(4) Simple harmonic with amplitude 22 BA 
9. Acceleration of a particle (of mass m) executing

SHM is given by a = –bx where x is the displacement
from mean position and b is a positive constant.
The time period of vibration is

(1)
m
b

2 (2) b
2

(3) b
2

(4) b


10. A block of mass m hangs from three light springs
having same spring constant k. If the mass is
slightly  displaced vertically, time period of
oscillation will be

(1) k
m
3

2

(2)
k
m

2
32

m

k

k

k

(3) k
m

3
22

(4)
m
k32
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11. A 100 gm mass stretches a particular spring
9.8 cm. How large a mass must be attached
to the spring if its period of vibration is to be
6.28 sec?
(1) 1000 gm (2) 105 gm
(3) 107 gm (4) 104 gm

12. If a second’s pendulum is moved to a planet where
acceleration due to gravity is 4 times, then the
length of the second’s pendulum on the planet
should be
(1) 2 times (2) 4 times
(3) 8 times (4) 15 times

13. A rod of mass m and length l is suspended from
its end. Time period of oscillations is

m,l

(1) g
l

2 (2) g
l22

(3) g
l

3
22 (4) g

l
3

2

14. A body executes S.H.M. with an amplitude A. The
displacement from the mean position at which
potential energy of the body becomes one-fourth of
its total energy is

(1)
4
A

(2)
2
A

(3)
4

3A

(4) Some other fraction of A
15. A simple pendulum with a metallic bob has a time

period T. The bob is now immersed in a
non-viscous liquid and oscillated. If the density of
the liquid is 1/4 that of metal, then the time period
of the pendulum will be

(1) 3
T

(2) 3
2T

(3) T
3
4

(4) T
3
2

16. The amplitude and the periodic time of a SHM with
initial phase zero are 5 cm and 6 sec respectively. At
a distance of 2.5 cm away from the mean position
the phase will be

(1) 6


(2)
4


(3)
12
5

(4) 3


17. The given figure shows the displacement-time graph
of a simple harmonic oscillator. The amplitude, time
period and initial phase of the oscillator are
respectively

1 2 3 4 5 6
0

–1

–2

1

2

Time (s)

D
is

pl
ac

em
en

t (
cm

)

(1) 1 cm, 2 s, 
2


(2) 2 cm, 4 s, 
4


(3) 2 cm, 4 s, zero (4) 2 cm, 2 s, zero
18. Select wrong statement about simple harmonic

motion
(1) The body is uniformly accelerated
(2) The velocity of the body changes harmonically

at all instants
(3) The amplitude of oscillation is symmetric

about the equilibrium position

(4) The frequency of oscillation is independent of
amplitude

19. Two masses M1 and M2 are suspended from the
ceiling by a massless spring of force constant K.
Initially the system is at equilibrium of M1 is gently
removed, then amplitude of vibration of the system
will be

(1)
K

gMM )( 21 

(2)
K

gM1
K

M1

M2

(3)
K

gM2

(4)
K

gMM )( 12 

20. Two simple harmonic motions are given by

y1 = 5 sin(t + /3), y2 = 5(sin t + 3 cos t)

Ratio of their amplitudes is
(1) 1 : 2 (2) 1 : 4
(3) 1 : 5 (4) 1 : 8
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21. Two pendulum of length 1.21 m and 1.0 m start
vibrating from their mean position in same phase.
After how many vibrations of the longer pendulum,
the two will be in phase
(1) 10 (2) 11
(3) 20 (4) 21

22. A particle of mass 4 kg moves simple harmonically
and its PE (U) varies with position x is as shown.
The period of oscillation is

(1)  s
25
2

(2)  s
5

2

Joule

(3)  s
5
4

(4)  s
5

22

23. If a graph is plotted between velocity (v) and
displacement (y) of a particle executing SHM from
mean position, then the nature of the graph is
(1) Straight line
(2) Parabola
(3) Ellipse
(4) Hyperbola

24. In the figure shown, if length of liquid column is l,
then time period will be

(1)



cos2

2
g

l

(2)



sin2

2
g

l

(3)
g

l
)cos1(

2




(4)
g

l
)sin1(2

2




25. Starting from the origin a body oscillates simple
harmonically with a period of 2 second. After what
time will its kinetic energy be 75% of the total
energy?

(1) 6
1

 s (2)
4
1

 s

(3) 3
1

 s (4)
12
1

 s

26. In given figure. If spring is light and pulley is
massless, then time period of oscillations of block
of mass m suspended will be

k

m

(1)
k
m

2 (2)
k
m

4

(3)
k
m

 (4)
k
m22

27. Two particles executing SHM of same frequency,
meet at x = +A/2, while moving in opposite
direction. Phase difference between the particles is

(1) 6


(2) 3


(3) 6
5

(4) 3
2

28. A spring of spring constant k is cut into n equal
parts. A block of mass m is attached to these
parts of the spring as shown

m

Time period of the oscillation of the block will be

(1)
k
m

2 (2)
nk
m

2

(3)
k
m

n
2

(4)
k

nm
2

29. Instantaneous displacement of  a harmonic

oscil lator is given by 





 


6

cos tAy . Its

speed is maximum at time

(1)



3 (2)



3
4

(3)



6 (4) Both (1) & (2)
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30. A cylindrical cork piece of density , base area A
and height h floats in a liquid of density . The
cork is slightly depressed and then released. The
cork oscillates

(1) Simple harmonically with time period 
g
h




2

(2) Simple harmonically with time period 
g
h




2

(3) With time period ,2
g
h




  non harmonically

(4) With time period ,2
g
h




  non harmonically

31. Displacement time graph for a particle executing
S.H.M. is as shown

y

t

3
4
T

T
4

5
4
T

(1) Velocity of  the particle is positive for

4
3

4
TtT



(2) Velocity of  the particle is negative for

TtT


2
(3) Acceleration of the particle is positive for

4
3

4
TtT



(4) Acceleration of the particle is positive for

TtT


2
32. Which of these represents oscillatory motion?

(F, k, x represent force on the particle, a positive
constant quantity and displacement of the particle
respectively)
(1) F = kx2 (2) F = –kx2

(3) F = –kx3 (4) F = kx3

33. A spring-mass system and a simple pendulum are

taken in a tunnel at a depth 
4

3Rd   down the
earth f rom the surface of the earth, where
R = radius of the earth. Time periods of the
spring-mass system and the simple pendulum
become n and m times respectively

(1) 3
4,1  mn

(2) 2,
3
4

 mn

(3) n = 1, m = 2

(4) 3
4,2  mn

34. A simple pendulum has bob made of material of

specific gravity .
3
4

 Its time period of oscillation in
air is T. When it is made to oscillate in a liquid,
its time period of oscillation is double. Specific
gravity of the liquid is

(1) 1 (2) 2

(3)
2
1

(4)
4
3

35. The simple pendulum shown here has time period
T if the cart moves with constant speed. With what
acceleration should the cart move so that the time

period is ?
2

T
 (g is acceleration due to gravity)

cart

(1) g (2) g2

(3) g3 (4) 2 g
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12.  Waves

Choose the correct answer :

1. A wave transports

(1) Medium (2) Velocity

(3) Energy (4) Temperature

2. The phenomenon of sound propagation in air is

(1) An isothermal process(2) An adiabatic process

(3) An isobaric process (4) None of these

3. Beat frequency is defined as

(1) The sum of frequencies

(2) The number of times intensities become
maximum or minimum in one second

(3) The average of frequencies

(4) Both (1) & (2)

4. Which of the following characteristics of sound help
us in identifying two persons taking in a room without
seeing them ?

(1) Loudness (2) Pitch

(3) Quality (4) Intensity

5. In a standing wave particles at the positions A and
B, have a phase difference of

A B

(1) 0 (2)
2


(3) 6
5

(4) 

6. A transverse wave pulse is generated at lower end
of a hanging rope of uniform linear mass density
and length L. Time taken by pulse to travel from
lower end to the ceiling is

(1) g
L

(2) g
L2

(3) g
L

2

(4) g
l3

7. Identify the figure, which correctly represent the
given wave function at t = 0 ?

 txy 32sin32 

(1) x

y

2 3
(2) x

y

3
32

32

(3) x

y

3
32

32
(4) x

y
2 3

–2 3
–3

8. A wave is represented by 





 

2
8cos4 ytx , where

x and y are in metre and t in sec. The frequency
of the wave in Hz is

(1) 
4

(2) 
8

(3)

2

(4)
4


9. The temperature at which the velocity of sound in
air becomes double its velocity at 0°C is

(1) 435°C (2) 694°C

(3) 781°C (4) 819°C

10. Ten tunning forks are arranged in increasing order
of  f requency in such a way that any two
consecutive tunning forks produces 4 beats/s. The
highest frequency is twice that of the lowest.
Possible highest and lowest frequencies (in Hz) are

(1) 80 &  40 (2) 100 & 50

(3) 44 & 22 (4) 72 & 36

11. A tunning fork of unknown frequency produces
4 beats per second when sounded with another
tunning fork of frequency 254 Hz. It gives the same
number of beats/s when loaded with wax. The
unknown frequency is

(1) 258 (2) 254

(3) 250 (4) Can’t be determined

Aakash Materials Provided By - Material Point Available on Learnaf.com



IIT - JEE/NEET Waves

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(162)

12. A train moves towards a stationary observer with
speed 40 m/s. The train sounds a whistle and its
frequency registered by the observer is f1. If the
trains’s speed is reduced to 20 m/s, the frequency
registered is f2. If the speed of sound is 340 m/s,

then the ratio of 
2

1

f
f

 is

(1) 16
15

(2)
2
1

(3) 2 (4) 15
16

13. A tunning fork vibrating with a sonometer having
20 cm wire produces 5 beats/s. When the length
of the wire is changed to 21 cm the beat frequency
does not change. The frequency of the tunning fork
must be

(1) 200 Hz (2) 210 Hz

(3) 205 Hz (4) 215 Hz

14. A closed pipe of length 10 cm has its fundamental
frequency half that of the second overtone of an
open pipe. The length of the open pipe must be

(1) 10 cm (2) 20 cm

(3) 30 cm (4) 40 cm

15. The string of a violin has a fundamental frequency
of 440 Hz. If the violin string is shortend by one
fifth, its fundamental frequency will be changed to

(1) 440 Hz (2) 880 Hz

(3) 550 Hz (4) 2200 Hz

16. The speed of  sound in hydrogen at NTP is
1270 m/s. Then the speed in m/s in a mixture of
hydrogen and oxygen in the ratio 4 : 1 by volume
will be

(1) 635 (2) 318

(3) 158 (4) 1270

17. Two identical sources of sound S1 and S2 produce
intensity I0 at a point P equidistant from each
source. If intensity of S1 is reduced to 64 % of
initial value, then resultant intensity at P would be

(1) 0.25I0
(2) 0.01I0
(3) 0.81I0
(4) 0.64I0

18. A dog is barking at the rate 4 mW in a spherical
distribution. Sound level at distance 100 m from the
dog is

(1) 5 dB (2) 20 dB

(3) 50 dB (4) 70 dB

19. Two strings of same material are stretched to the
same tension. If their radii are in the ratio 1 : 2,
then respective wave velocities will be in ratio

(1) 4 : 1 (2) 2 : 1

(3) 1 : 2 (4) 1 : 4

20. In a resonance tube two successive positions of
resonance are obtained at 15 cm and 48 cm. If the
frequency of the fork is 500 Hz, then the velocity
of sound is

(1) 330 m/s (2) 300 m/s

(3) 1000 m/s (4) 360 m/s

21. The sound intensity level at a point 4 m from the
point source is 10 dB, then the sound level at a
distance 2 m from the same source will be

(1) 26 dB (2) 16 dB

(3) 23 dB (4) 32 dB

22. If velocity of sound in a gas ( = 1.5) at STP is
600 m/s then rms velocity of the gas molecules at
STP will be

(1) 400 m/s (2) 600 m/s

(3) 2600  m/s (4) 2300  m/s

23. A transverse wave has amplitude A, maximum
particle speed B, angular wave number C. Speed
of the wave is

(1) AC
B

(2) BC
A

(3) C
AB

(4)
A

CB

24. Two waves given by : y1 = 5 sin t m and y2 = 5
sin (t + ) m superimpose to give resultant wave
of amplitude 5 m. Then  is equal to

(1) 3
2

(2)
2


(3) 3


(4)
3
2

3
4tan 1 
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25. Strings A and B of a guitar produce 4 beats in
2 seconds. If the tension in string B is slightly
decreased beat frequency is found to be 4 Hz. If
the frequency of A is 300 Hz, then the original
frequency of B is

(1) 296 Hz

(2) 298 Hz

(3) 302 Hz

(4) 304 Hz

26. A string vibrates according to the equation

),20(cos
3

2sin10 txy 





 

  where x and y are in

cm and t is in sec. The distance between two
adjacent nodes is

(1) 1 cm (2) 1.5 cm

(3) 2 cm (4) 2.5 cm

27. If consecutive frequencies emitted from an organ
pipe are 50 Hz, 75 Hz, 100 Hz, 125 Hz, then the
frequency of the 10th overtone is

(1) 200 Hz

(2) 250 Hz

(3) 275 Hz

(4) 300 Hz

28. The diagram shows portion of a transverse wave
travelling in +x direction. Choose the correct option

y

x
A

B
C

D E

(1) Point D has acceleration in negative
y direction

(2) Point C has acceleration in negative
x direction

(3) Point A and point C have velocities in opposite
directions

(4) Point A and point E have velocities in opposite
directions

29. An organ pipe closed at one end is in resonance
in its fifth harmonic with fork of frequency f1. Now
it is opened at one end and the frequency of

tuning fork is decreased slowly from f1 and again
resonance is obtained at frequency f2. In this
case, the organ pipe vibrates in nth harmonic then

(1) 12 4
5,2 ffn 

(2) 21 4
5,3 ffn 

(3) 12 5
4,3 ffn 

(4) 21 4
5,2 ffn 

30. A source of sound is moving in horizontal x-y plane
on a circle of radius R with centre at origin. A wind
is blowing along negative x-direction. An observer
at x = 2R will hear the actual frequency of the
source when the source is at

(1) (± R, 0)

(2) y = + R, –R (0, ± R)

(3) Depends on the wind velocity

(4) Will never hear the actual frequency

31. A source of sound is moving towards an observer
then

(1) Velocity of sound in the medium is increased

(2) Wavelength of  sound in the medium is
decreased

(3) Frequency of the sound source is decreased

(4) Amplitude of the vibration of the particles is
increased

32. A train moving towards a hill with speed of 110
m/s sounds a horn of frequency 700 Hz. If the
velocity of sound in air is 330 m/s, the frequency
of reflected sound as heard by the driver of the
train is

(1) 1200 Hz

(2) 1300 Hz

(3) 1400 Hz

(4) 1500 Hz

33. Standing waves can’t be produced

(1) When incident wave gets reflected from a wall

(2) On a string clamped at both the ends

(3) On a string clamped at one end and free at
the other

(4) When two identical waves with a phase
difference of  are moving in same direction
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34. Two uniform strings P and Q made of copper are
vibrated under same tension. If the second overtone
of P is equal to fourth harmonic of Q and if the
radius of P is twice that of Q, the ratio of lengths
of the strings is

(1)
4
3

(2) 8
3

(3)
4
5

(4) 8
5

35. Power of a sound from the speaker of a stereo is
25 × 10–3 W. By turning the knob of the volume
control, the power of the sound is increased by
25 × 10–2 W. The power increase in decibels
compared to the original power is approximately
(1) 90 dB
(2) 10 dB
(3) 100 dB
(4) 20 dB
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1.  Units and Measurement

1. (3) 2. (2) 3. (2) 4. (1) 5. (1) 6. (3) 7. (2)

8. (3) 9. (3) 10. (4) 11. (2) 12. (1) 13. (1) 14. (1)

15. (4) 16. (2) 17. (1) 18. (2) 19. (2) 20. (1) 21. (1)

22. (3) 23. (1) 24. (3) 25. (1) 26. (3) 27. (3) 28. (2)

29. (2) 30. (3)

2.  Description of Motion in One Dimension
1. (1) 2. (3) 3. (2) 4. (3) 5. (2) 6. (1) 7. (2)

8. (4) 9. (1) 10. (4) 11. (3) 12. (4) 13. (3) 14. (3)

15. (3) 16. (1) 17. (2) 18. (4) 19. (1) 20. (3) 21. (1)

22. (1) 23. (3) 24. (1) 25. (2) 26. (4) 27. (4) 28. (2)

29. (2) 30. (2)

3.  Description of Motion in Two and Three Dimensions
1. (4) 2. (1) 3. (1) 4. (2) 5. (1) 6. (2) 7. (1)

8. (1) 9. (4) 10. (4) 11. (2) 12. (3) 13. (2) 14. (2)

15. (4) 16. (2) 17. (3) 18. (2) 19. (2) 20. (1) 21. (3)

22. (2) 23. (4) 24. (2) 25. (2) 26. (3) 27. (2) 28. (3)

29. (2) 30. (2)

4.  Laws of Motion
1. (1) 2. (4) 3. (2) 4. (2) 5. (3) 6. (3) 7. (4)

8. (4) 9. (1) 10. (2) 11. (3) 12. (2) 13. (4) 14. (2)

15. (4) 16. (3) 17. (2) 18. (1) 19. (2) 20. (1) 21. (4)

22. (2) 23. (2) 24. (1) 25. (3) 26. (2) 27. (4) 28. (4)

29. (2) 30. (2) 31. (1) 32. (3) 33. (2) 34. (2) 35. (3)

5.  Work, Energy and Power
1. (2) 2. (4) 3. (1) 4. (2) 5. (3) 6. (3) 7. (1)

8. (3) 9. (2) 10. (2) 11. (4) 12. (1) 13. (3) 14. (1)

15. (3) 16. (1) 17. (3) 18. (1) 19. (2) 20. (2) 21. (4)

22. (4) 23. (1) 24. (2) 25. (3) 26. (2) 27. (4) 28. (4)

29. (1) 30. (1)

ANSWERS

Aakash Materials Provided By - Material Point Available on Learnaf.com



IIT - JEE/NEET Answers

Aakash IIT-JEE
 
-
 
Corporate Office : Aakash Tower, Plot No. 4, Sector-11, Dwarka, New Delhi-75 Ph.: 45543147/8 Fax : 25084119

(166)

6.  Rotational Motion and Moment of Inertia
1. (2) 2. (2) 3. (3) 4. (3) 5. (3) 6. (1) 7. (3)

8. (4) 9. (3) 10. (3) 11. (2) 12. (1) 13. (3) 14. (1)

15. (2) 16. (2) 17. (4) 18. (4) 19. (2) 20. (3) 21. (4)

22. (4) 23. (3) 24. (4) 25. (2) 26. (2) 27. (4) 28. (1)

29. (2) 30. (3)

7.  Gravitation
1. (4) 2. (4) 3. (3) 4. (1) 5. (4) 6. (3) 7. (1)

8. (3) 9. (3) 10. (1) 11. (3) 12. (4) 13. (2) 14. (3)

15. (1) 16. (2) 17. (1) 18. (3) 19. (2) 20. (3) 21. (1)

22. (3) 23. (3) 24. (4) 25. (3) 26. (2) 27. (2) 28. (3)

29. (3) 30. (3)

8.  Solids and Fluids
1. (1) 2. (2) 3. (1) 4. (3) 5. (2) 6. (1) 7. (1)

8. (3) 9. (4) 10. (3) 11. (2) 12. (3) 13. (2) 14. (1)

15. (3) 16. (3) 17. (2) 18. (2) 19. (2) 20. (4) 21. (3)

22. (4) 23. (4) 24. (3) 25. (2) 26. (4) 27. (3) 28. (2)

29. (3) 30. (1) 31. (4) 32. (4) 33. (3) 34. (4) 35. (3)

9.  Heat and Thermodynamics
1. (1) 2. (3) 3. (1) 4. (1) 5. (3) 6. (1) 7. (4)

8. (2) 9. (2) 10. (4) 11. (2) 12. (4) 13. (2) 14. (2)

15. (1) 16. (2) 17. (2) 18. (4) 19. (2) 20. (4) 21. (4)

22. (1) 23. (1) 24. (4) 25. (4) 26. (2) 27. (3) 28. (1)

29. (3) 30. (4)

10.  Transfer of Heat
1. (4) 2. (4) 3. (1) 4. (3) 5. (2) 6. (1) 7. (3)

8. (2) 9. (3) 10. (4) 11. (3) 12. (4) 13. (4) 14. (4)

15. (1) 16. (4) 17. (1) 18. (1) 19. (1) 20. (2) 21. (3)

22. (4) 23. (3) 24. (2) 25. (1)

11.  Oscillations
1. (2) 2. (2) 3. (1) 4. (4) 5. (2) 6. (1) 7. (4)

8. (4) 9. (3) 10. (2) 11. (4) 12. (2) 13. (3) 14. (2)

15. (2) 16. (1) 17. (3) 18. (1) 19. (2) 20. (1) 21. (1)

22. (4) 23. (3) 24. (2) 25. (1) 26. (2) 27. (4) 28. (3)

29. (4) 30. (1) 31. (4) 32. (3) 33. (3) 34. (1) 35. (3)
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12.  Waves

1. (3) 2. (2) 3. (2) 4 (3) 5. (4) 6. (2) 7. (1)

8. (1) 9. (4) 10. (4) 11. (1) 12. (4) 13. (3) 14. (3)

15. (3) 16. (1) 17. (3) 18. (3) 19. (2) 20. (1) 21. (2)

22. (3) 23. (1) 24. (1) 25. (2) 26. (2) 27. (3) 28. (3)

29. (4) 30. (1) 31. (2) 32. (3) 33. (4) 34. (2) 35. (2)
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