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MEASUREMENT
Measurement is the basis of all experiment and research. The quantities, which can be measured

directly or indirectly, are called physical quantities.
Eg: length, mass, time, velocity, volume etc.

**NB   Units
In order to measure a physical quantity, its value is compared with the value of a standard of the same

kind. This standard is called unit.
Eg: metre is the unit of length, kilogram is the unit of mass, second is the unit of time.

Thus in the measurement of a physical quantity, two things are involved
– a number and a unit. The unit is the standard quantity with which the measured quantity is compared and the
number shows how many times the measured quantity is greater than the unit.

## A good unit will have the following characteristics.
 It should be  (a) well defined (b) easily accessible  (c) invariable  (d) easily reproducible.

**NB    Fundamental and derived units
A set of physical quantities which are independent of each other are known as fundamental quantities.
The units of fundamental quantities are called fundamental units.
       The units of length, mass and time, ie metre, kilogram and second are taken as fundamental units.

Physical quantities, which can be expressed in terms of fundamental quantities, are called
derived quantities. The units of derived quantities are called derived units.

Eg: 1. Volume is measured in metre3 or m3.
      2. Speed can be expressed in meter per second (m/s)

**NB   Rules for writing units.
1) The symbol of a unit, which is not named after a person, is written in lower letter (small letter).
     Eg: metre (m) kilogram (kg)
2) The symbol of a unit, which is named after a person, is written with a capital initial letter.
     Eg: newton (N), kelvin (K)
3) Full name of a unit, even if it is named after a person is written with a lower initial letter. Eg: newton, kelvin.
4) A compound unit formed by multiplication of two or more units is written after putting a dot or leaving a
space between the two symbols. Eg: newton metre – N.m or N m.
5) A unit in its short form is never written in plural.

Systems of units.
A complete set of units for all physical quantities with particular basic units is called a system of units.

The commonly used systems are:
1) The C.G.S. System: It is based on three basic units – centimeter, gram and second for length, mass and
time respectively.
2) The F.P.S.  System:  Here unit of length is foot, mass is pound and time is second.
3) The MKS system: Here metre is unit of length, kilogram for mass and second for time.
4) SI units: In 1960, International Committee for Weights Measures adopted a system of units for all fundamental
physical quantities and is called International system of units or SI units.

In SI system, there are seven Fundamental (basic) units and two Supplementary units.
Basic units:
1) Mass  –    kilogram  – kg
2) Length –   metre – m .
3) Time –    second – s
4) Temperature –   kelvin – K
5) Electric current –   ampere – A
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6) Luminous intensity  –   candela – cd.
7) Amount of substance–   mole    – mol
Supplementary units:
a) Angle –    radian     – rad
b) Solid angle –     steradian   – sr.
Advantages of SI units:
1) It is comprehensive.
2) The system is coherent.
3) It is internationally accepted.

**   Multiples and Sub multiples of units.
        To express magnitude of physical quantities, which are very large or small, we use prefixes to the unit.

    Multiple Name        Symbol
  10-1 deci d
  10-2 centi c
  10-3 milli m
  10-6 micro m
  10-9 nano n
  10-12 pico p
  10-15 fermi f
  103 kilo k
  106 mega M
  109 giga G

**NB     DIMENSIONS
All physical quantities can be represented in terms of fundamental quantities – length, mass and time.

        Dimensions of a physical quantity are the powers to which the fundamental units be raised in
order to represent that quantity.
For eg: we know, Area = length x breadth. Here both length and breadth are measured with the help of unit
of length (L).  Thus unit of area = L x L = L2. Since unit of mass M and time T are not being used for the
measurement of area, the unit of area can be represented by M0L2T0. Powers 0, 2, 0 of fundamental units are
called the dimensions of area in mass, length and time respectively.

**    Dimensional equation
The equation, which indicates the units of a physical quantity in terms of the fundamental units, is

called dimensional equation.
Eg: Dimensional equation of velocity is [V] = M0LT–1.

1) Area = length x breadth = L x L = L2 = M0L2T0

2) Volume = L3 = M0L3T0

3) 
volume
massDensity

 ML–3  T0

4) 
t
L

time
ntdisplacemeVelocity

 M0LT  –1

5) 
t
vonAccelerati

 
T
LTM 10 

 = M0LTT–2

6) Force = ma = MLT–2

Note: Quantities such as number, angle and trigonometrical ratio are dimensionless.
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**NB    Principle of homogeneity
An equation representing a physical quantity will be correct if the dimensions of each term on both

sides of the equation are the same. This is called the principle of homogeneity of dimensions.

**NB   Uses of dimensional analysis
(1) To check the correctness of an equation.

An equation is correct only if the dimensions of each term on either side of the equation are
equal.

Eg: Check the accuracy of the equation 2at
2
1utS 

Ans: 2at
2
1utS 

Taking dimensions on both sides,   221 TTLTTLL  
 ie    L = L + L
   \  According to principle of homogeneity, the equation is dimensionally correct.

(2) To derive the correct relationship between physical quantities.
Dimensions can be used to derive the relation between physical quantities.

For Eg: To derive an expression for period of oscillation of a simple pendulum.
The period of oscillation (T) of a simple pendulum may depend on (1) length of the pendulum (l);

(2) mass of bob (m) and (3) the acceleration due to gravity (g).
Then T = k l x my  gz.

Taking dimensions on both sides,

     
z2yzx

z2yx

TMLT
LTMLT








Equating dimensions of M, L and T,
x + z = 0
y = 0
–2z = 1

  \
2
1z         2

1x 

   g
lkgMlkT 2

1
02

1




The value of constant k cannot be found by dimensional method. The value of k is found to be 2p using some
other methods like conducting experiment.

                                    
g
l2T 

Limitations of dimensional analysis.
1) This method gives us no information about dimensionless constants.
2) We cannot use this method if the physical quantity depends on more than three other physical quantities.
3) This method cannot be used if the left hand side of the equation contains more than one term.
4) Often it is difficult to guess the parameters on which the physical quantity depends.
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NB   Significant figures:

Significant figures give the number of meaningful digits in a number.
The significant figures are the number of digits used to express the measurement of the physical quantity such
that the last digit in it is doubtful and the rest all digits are accurate.

The number of significant figures depends on the accuracy of the instrument. More the number of
significant figures in a measurement, more accurate the measurement is.

Rules to determine the significant figures
1) All zeros in between the numerals 1 to 9 are counted.
2) In a measurement involving decimal, the position of decimal is disregarded.
3) All zeros after the last numeral are counted.
4) The zeros preceding the first numeral are not counted.

Rules for rounding off to the required number of significant figures.
1) If the digit to be dropped is less than 5, the digit immediately preceding it remains unchanged.
2) If the digit to be dropped is more than 5, the digit immediately preceding it is increased by 1.
3) If the digit to be dropped is 5, then the preceding digit is made even by (a) increasing it by 1 if it is

odd, (b) keeping it unchanged if it is even.

Significant figures in calculations.
(1) Significant figures in multiplication and division.

The result of multiplying or diving two or more numbers can have no more significant figures than
those present in the number having the least significant figures.
Eg: (1) a = 10.43 [sig fig 4]
           b = 2.8612 [sig fig 5]

a x b = 29.842316 =29.84 [sig fig 4]

      (2)  a = 16000,  b = 4.580  then 3493449782.3493
580.4

16000
b
a



(2) Significant figures in addition and subtraction.
In adding or subtracting, the least significant digit of the sum or difference occupies the same relative

position as the least significant digit of the quantities being added or subtracted. Here number of significant
figures is not important; position is important.
Eg: (1) 204.9   + [ 9 is least sig.digit. Position – 1st decimal place]
               2.10 + [0 is least digit. Position 2nd decimal place]
          .    0.319 + [ 9 is least sig. Digit. Position 3rd decimal place.]
          207.319 = 207.3
In sum, the least sig. Fig should come in the first decimal place.
Eg: (2) If a = 10.43 and b=2.8612 then a – b= 10.43 – 2.8612 = 7.5688 = 7.57.

**NB     Accuracy and Errors in Measurements.
Accuracy of a measurement is the correctness with which the measurement is made. For all

measuring instruments, there is a limit up to which measurements can be taken accurately. This is called least
count of the measuring instrument.
   Least count of an instrument is the least measurement, which can be made accurately with that
instrument.
For Eg: Least count of an ordinary metre scale is 0.1 cm, 0.01 cm is the least count of vernier calipers and
0.001 cm is that for screw gauge.
     Deviation between the value obtained in a measurement and the true value of the quantity is called
error in that measurement.
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The following are the commonly occurring errors:
1) Constant error: If the error in a series of readings taken with an instrument is same, the error is said to be
constant error.
2) Systematic errors: Errors, which are due to known causes and act according to a definite law are called
systematic errors.

(a) Instrumental errors:    These errors are due to the defect of the instrument.
    Eg: 1. Zero error in screw gauge and vernier. 2.Faulty calibration of thermometer, metre scale etc.
(b) Personal error:     This is due to the mode of observation of the person taking the reading.
    Eg: Parallax error.
(c) Error due to imperfection:     This is due to imperfection of the experimental setup.
     Eg: Whatever precautions are taken, heat is always lost from a calorimeter due to radiation.
(d) Error due to external causes:      These are errors caused due to change in external conditions like

                 temp, pressure, humidity etc.
      Eg: With increase in temperature, a metal tape will expand. Any length measured using this tape

                    will not give correct reading.

3) Random Error: The errors, which occur irregularly and at random in magnitude and direction, are
called random errors. These errors are not due to any definite cause and so they are also called accidental
errors.

Random errors can be minimized by taking several measurements and then finding the arithmetic
mean. The mean is taken as the true value of the measured quantity.

Let a quantity measured n times give values a1, a2, ….an,  then the possible value a of the quantity is








n

1i
i

n321
_

a
n
1

n
a.....aaa

a

The arithmetic mean _
a is taken as the true value of the quantity..

4) Gross Errors: The errors caused by the carelessness of the person are called gross errors. It may be due
to 1) improper adjustment of apparatus (2) mistakes while taking and recording readings etc.

5) Absolute Errors: The magnitude of the difference between the true value of the quantity measured and the
individual measured value is called the absolute error.

\ Absolute error = True value – measured value.

If a1, a2,…..,an are the measured values and __

a  is the true value, then absolute error, 
1

__

1 aaa 

          
2

__

2 aaa   and so on.

6) Mean absolute error: The arithmetic mean of the absolute error of the different measurements taken is
called mean absolute error.

If Da1,Da2,…….Dan are the absolute errors in the measurements a1, a2, a3,…an, then

n
a.....aaaa n321

____ 
 .  Here the measured value lies between aaandaa

____


7) Relative and percentage errors.
The ratio of the mean absolute error to the true value of the measured quantity is called relative error.

a
aerrorlativeRe 
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           Percentage error  =    100x
a

a
__

___


 %

**NB    Combination of errors
Usually, the value of a physical quantity is obtained by measurement of other quantities. The value will

be obtained on mathematical calculations, using measured values. The error in the final result depends not
only on individual measurements but also on the type of mathematical operations performed to obtain the
result.

1) Error in a sum or difference: —
Let two quantities A and B have errors  DA  and  DB  respectively in their measured values. We have

to calculate the error DZ in their sum Z = A + B.
   BBAAZZ 

         ABBAAZZZ
BAZ 

BAZofvalueMaximum 
We will get the same result even if we take the difference.
\When two quantities are added or subtracted, the absolute error in the final result is the sum of the
absolute errors in the quantities.

2) Error in a product or quotient
Let A and B be two quantities and Z be their product. ie Z = AB.   If    BBandAA   are the

measured values of A and B, then     BBAAZZ 
                                                                  = BABAABAB 
Dividing LHS by Z and RHS by AB,

 
AB

BA
AB

BA
AB

AB
AB
AB

Z
ZZ 










ie, .smallbeing
AB

BAneglecting
B
B

A
A1

Z
Z1 









Hence the maximum possible relative error or fractional error in Z is B
B

A
A

Z
Z 







The result is true for division also.
      Therefore, when two quantities are multiplied or divided, the relative error of the result is equal to
the sum of relative errors of the quantities.

3) Error when a quantity is raised to a power.
Consider a quantity  nxX      Taking logarithm on both sides,   log X = log xn = n log x.

Differentiating, we get x
xn

X
X 




Thus if a quantity has to be raised to a power n, then the relative error of the result is n times the
relative error of that quantity.

********************************************************************************
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MOTION IN A STRAIGHT LINE
Motion
     An object is said to be in motion, if its position changes with respect to time. This is related to the
observer. If its position is not changing, the object is said to be at rest.   An object in motion for one observer
may not be so for another observer.
     The branch of physics which deals with the study of motion of objects is called mechanics. It is divided
into three:  (1) Statics - Study of objects at rest under the action of forces in equilibrium. (2) Kinematics -
Study of objects in motion without considering the cause of motion. (3) Dynamics - Study of the causes of
motion. We are dealing with kinematics in this chapter. We will introduce a few physical quantities which are
required to describe the motion of an object.
     Broadly speaking, there are three types of motion.

(1) Translatory motion: Here particles constituting the object have same displacement. Eg: Motion of a
car along a road.

(2)  Rotatory motion : Here all the particles constituting the object moves along a circular path. Eg:
Rotation of earth on its own axis.

(3) Oscillatory motion: To and fro motion. Eg: motion of the pendulum of a clock.

Translatory motion.
  While describing motion, the position of object should be specified. For that we use a reference point as
origin and a set of three co – ordinate axes designated as X, Y and Z axes. (There are other co –ordinate
systems also) The coordinates (x,y,z) of an object describe the position of object with respect to this
coordinate system. If one co-ordinate of the object alone changes with time, the motion can be called as
one dimensional motion. Two co-ordinates are changing, it can be called two dimensional and three, then
three dimensional motion.

Concept of point object or particle.
     If the distance travelled by the object is very large compared to the size of the object, then the
object can be considered as a point object or particle. For example, a train travelling from Thrissur to
New Delhi can be considered as a point object.

Also, during translatory motion, since all the particles have same displacement, the object can be considered
as a particle.

Origin, Unit and Direction for position measurement
The position of an object at different instants may be given with respect to a reference point O. The

point O is called the origin. Distances are generally expressed in centimeter, metre or kilometer.

Distances measured to the right of the O are taken as positive and to the left of O as negative. The distance
of an object form origin O is called its position coordinate at time t. [x (t)]

Motion in one dimension
If the motion of an object is restricted to a straight line, it is said to execute one-dimensional

motion.
Eg: 1) A train running on a straight track.  2) A bus running on a straight road.

*NB      Distance and Displacement
Distance traveled by an object in a given interval of time is the length of the path covered by the

object during that interval.
Displacement of an object is defined as its change in position in

a definite direction.
Let an object start from A, travel along the path ACB and finally reach B.
The distance traveled is the length of the path ACB. But displacement is AB.

O x(t)- x(t)

A

B
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**    Differences between distance and displacement

1. Distance is a scalar, while displacement is a vector.
2. For a moving particle distance can never be zero or negative while displacement can be zero,

positive or negative.
3. For a moving particle, distance can never decrease with time while displacement can. Decrease in

displacement with time means that the body is moving towards the initial position.

Speed.
The distance traveled by an object in one second is called speed. It is also defined as the rate

of change of position.

                           \ time
cetandisspeed 

Unit : m/s          Dimension: LT –1

Average Speed
It is the ratio of the total distance traveled by the object to the total time taken.

Average speed,     takentimetotal
travelledcetandistotalv 



Velocity
It is the rate of change of displacement.

Velocity has both magnitude and direction.  ie it is a vector quantity.

 time
ntdisplacemevelocity 

Unit :  m/s     Dimension :  LT –1

Average velocity
Average velocity of an object during an interval of time is the ratio of its total displacement

during that interval to the total time taken.
Let x (t1) and x (t2) be the position of an object at times t1 and t2 respectively. Then

Displacement = x (t2)  –  x (t1)       Time = t2 – t1.

        
12

12
av tt

)t(x)t(xv,velocityaverage





Instantaneous velocity
The velocity of an object at a particular instant of time is called instantaneous velocity.

 Let Dx be the displacement of a particle in a small time Dt, then

Average velocity =  t
x



td
xd

t
xLtvelocityeoustantanIns

Ot








Thus instantaneous velocity is the time derivative of displacement.

NB    Uniform Velocity
A particle is said to move with uniform velocity, if it makes equal displacements in equal

intervals of time, however small the intervals may be.

Speed and velocity
1. Speed is the rate of change of position; velocity is the rate of change of displacement.
2. Speed is a scalar quantity; velocity is a vector quantity
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3. Velocity can be positive or negative but speed can only be positive.
4. Speed is greater than or equal to velocity.
Both speed and velocity have the same unit and dimension

Position – Time  Graph.
It is a graph drawn connecting the position (taken on Y axis) and time(taken on X axis) of a particle.

Case(1): Position time graph for a stationary object.
An object is said to be stationary if its position does not
change with time.

So the position time graph of a stationary object is a
straight line parallel to the time axis.

Case (2): Position time graph for a particle moving with uniform velocity.
Here the graph will be a straight line inclined to the time axis.

                         Velocity  =  
12

12

tt
xx




  = tan q

# Thus slope of the position time graph represents
the velocity of the particles.

Velocity - time graph for uniform motion.
In uniform motion, velocity is the same at any instant of motion. Therefore,
the velocity - time graph is a straight line parallel to the time axis.
     It can be shown that the area under the velocity - time graph is equal to the
displacement of the particle.

Acceleration
     Suppose the velocity itself is changing with time. In order to describe its effect on the motion of the
particle, we require another physical quantity called acceleration.
     The rate of change of velocity of an object is called acceleration.

           i e acceleration a v t v t
t t

. . , ( ) ( )
 





2 1

2 1

X

Y

x(t)

x(0)

tO

Note: Slope of a graph = Change in Y/Change in X
Po

sit
io

n
time

A B

Cx2
x1



t1 t2

v(t)
v

A

B C

D
t1

t2 timeO

Note: A graph is drawn between two variables. Usually,
independent variable is taken along X axis and dependent
variable ( Here position) along Y axis.
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Acceleration is a vector quantity.  If velocity is increasing with time, acceleration is +ve.  If velocity is decreas-
ing with time, acceleration is -ve.   -ve acceleration is called retardation or deceleration.

Uniform acceleration
     If the velocity of an object changes by equal amounts in equal intervals of time, however small the
intervals may be, it has uniform acceleration.

.Position - time graph for uniformly accelerated motion.
The graph is parabolic in nature. The slope of the graph at any
instant gives the velocity of the particle at that instant.

Velocity - time graph for uniformly accelerated motion.

Slope of graph = tan ( ) ( )
  





BC
AB

v t v t
t t

acceleration
 

2 1

2 1
.

Average acceleration
     It is the ratio of the total change in velocity to the total time taken for it.

i.e.    Average acceleration = 
Total change in velocity

Total time
Instantaneous acceleration
     Like velocity, acceleration also need not be the same at all times. The acceleration of a particle at any
instant of its motion is called instantaneous acceleration.
     If  v  is the change in velocity of a particle in a very small interval of time t ,

then instantaneous acceleration, 


 

a t v
t

d v
d t

Limit
  




0        2

2

td
xd

td
xd

dt
da;

td
xdvSince 












Equations of uniformly accelerated motion

(i) Velocity - time relation.
     Consider a particle moving with uniform acceleration along a straight line. Let  v t and v t( ) ( )1 2 be the
velocities of the particle at instants t1 and t2 respectively.

        Then acceleration,  


 

a v t v t
t t





( ) ( )2 1

2 1

Cross multiplying, )t(v)t(v)tt(a 1212




                           Or               )tt(a)t(v)t(v 1222 


Let  v t u( )1  , the initial velocity    v t v( )2  , the final velocity and t t2 1  = t the time interval, then
                     v u at 
In scalar form, v = u + at.
(ii) Position - time relation
     Consider a particle moving along a straight line with uniform acceleration a . Let )t(xand)t(x 21

 be the

position vectors and )t(vand)t(v 21
 be the velocities at instants  t1 and t2 respectively..

-ve acceleration
time time

+ve acceleration

Ve
lo

cit
y

time
t1

t2

A B

C

v(t1)

v(t2)

O
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12

12

tt
)t(x)t(x

timetotal
ntdisplacemetotalvelocityaverageThen







Also average velocity = 2
)t(v)t(v 21




    [This is applicable only for uniformly accelerated motion]

     From these two relations, we have, 2
)t(v)t(v

tt
)t(x)t(x 21

12

12
 





           12
21

12 ttx
2

)t(v)t(v)t(x)t(x 







Substuting for )t(v 2
  from velocity - time relation,

             12
1211

12 ttx
2

)tt(a)t(v)t(v)t(x)t(x 







                                  )tt(x
2

)tt(a)t(v2
12

121 





 = 
 v t t t a t t( ) ( ) ( )1 2 1 2 1

21
2

   

      i e x t x t v t t t a t t. . ( ) ( ) ( ) ( ) ( )2 1 1 2 1 2 1
21

2
     

 

Let  x t x t S( ) ( )2 1 


 ,the displacement ;  v t u( )1  , the initial velocity and ( )t t t2 1  , then the

above equation becomes 
  S ut at 

1
2

2 . In scalar form,   S ut at 
1
2

2

(3) Position velocity relation
     From the velocity - time relation, we have v t v t a t t( ) ( ) ( )2 1 2 1  
                                                                      {we are not taking the vector form of the equation for sim-
plicity}
Squaring on both sides, v t v t v t a t t a t t2

2
2

1 1 2 1
2

2 1
22( ) ( ) ( ) ( ) ( )    

                                     





  2

121211
2

2
2 )tt(a

2
1)tt()t(va2)t(v)t(v

                                                   v t a x t x t2
1 2 12( ) ( ) ( )   from position time relation.

                                    v t v t a x t x t2
2

2
1 2 12( ) ( ) ( ) ( )

Let v t u( )1  , the initial velocity, v t v( )2  , the final velocity and x t x t S( ) ( )2 1  , the displace-

ment, then the above equation becomes, v u a S2 2 2  .
 Acceleration due to gravity.
     If a body is allowed to fall freely near the surface of earth, it moves vertically downwards with uniform
acceleration. This acceleration is due to the gravitational attraction of the earth and is called accelera-
tion due to gravity. It is  represented by g. Its value is the same for all bodies at the same place. The value
of g is nearly 9.8 m/s2 at our place.

Displacement as area under velocity - time graph.
     Velocity - time graph for uniformly accelerated motion is as shown: The area under the graph between
times t1 and t2 = Area ABCDE = Area of the triangle ADE + Area of the rectangle ABCD.

             =  (
1
2 AD x DE) + (AB x BC)

)t(v 2
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1
2 2 1 2 1 1 2 1( ) [ ( ) ( ) ] ( ) ( )t t v t v t v t t t

We have,        a v t v t
t t





( ) ( )2 1

2 1

     v t v t a t t( ) ( ) ( )2 1 2 1  

Substuting for v t v t( ) ( )2 1  in the above equation, we get

Area under the graph           
1
2 2 1 2 1 1 2 1( ) ( ) ( ) ( )t t a t t v t t t

      v t t t a t t x t x t( ) ( ) ( ) ( ) ( )1 2 1 2 1
2

2 1
1
2 , the displacement of the particles between instants t1

and t2. Thus the area under the velocity - time graph between times t1 and t2 gives the displacement of
the particle in that interval.

Relative velocity
     Relative velocity of a body w.r.to another body is the rate of displacement of the first body relative
to the second body. It is equal to the vector difference between the velocities of the two bodies as measured
by another observer.
     Let  v and vA B  be the velocities of two objects A and B. Relative velocity of A w.r.to B is    v v vAB A B 

Similarly relative velocity of B w.r.to A is   v v vBA B A  .
     Consider two objects A and B moving with uniform velocities  v and vA B along parallel straight lines. Let
 x and xA B( ) ( )0 0 be the position vectors of A and B at instant t = 0. Similarly,  x t and x tA B( ) ( ) be their
position vectors at instant ‘t’. Then,    x t x v tA A A( ) ( )  0  ..............(1)           Since   x t x v t( ) ( ) 0
Similarly,   x t x v tB B B( ) ( )  0 ....................(2).

(1) - (2)           x t x t x x v v tA B A B A B( ) ( ) ( ) ( )    0 0  ................(3)
Final distance between objects  =  initial distance between objects  +  Relative velocity  x  time interval.

Special cases.
Case (1) when  v vA B ,  From (3) we have,    x t x t x xA B A B( ) ( ) ( ) ( )  0 0
i.e. the distance between the two objects remains the same at all times.
The position time graph for such motion is as shown in fig.

Case 2: When  v vA B (  v and vA B in the same direction.
   vA - vB is +ve. From (3), we get x t x t x xA B A B( ) ( ) ( ) ( )  0 0
as time increases. The position time graph for such motion is as shown below.

Case 3: When  v vB A   (  v and vA B in the same direction). vA - vB is -ve.
From (3), we see that the value ofx t x tA B( ) ( ) first decreases, becomes zero
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and then increases in magnitude. This is the case when body B overtakes body A.
The position time graph is as shown:

Case 4: When  v and vA B are in opposite directions ( say vA in +ve X
direction and v B in the -ve X direction) the position - time graph is as shown:

********************************************************************************
MOTION IN TWO AND THREE DIMENSIONS

1. Scalar Quantities
     Physical quantities that have only magnitude and no direction are called scalar quantities or scalars.
Eg: mass, time, speed etc.
2. Vector Quantities
     Physical quantities that have both magnitude and direction are called vector quantities or vectors.
Eg: displacement, weight, velocity, force etc.
3. Representation of vectors
     A vector is represented by using a straight line with an arrowhead at one end. The length of the line
represents the magnitude of the vector and the arrowhead gives its direction.

4.Equal vectors

    Vectors are said to be equal if they have the same magnitude and same direction.                AB CD
 


5.Negative vector
      A vector having the same magnitude but direction opposite to that of a given vector is called negative
vector of the given vector.
                                                          Here, A

  =  -  B


6.Unit vector
      A vector whose magnitude is unity (one) is called a unit vector.
7.Zero vector or null vector
       It is a vector, which has zero magnitude and an arbitrary direction. It is represented by .
**  Addition of vectors.
a) When the vectors are in the same direction.

Here the magnitude of the resultant vector is equal to the sum of the magnitudes of the two vectors
and direction is same as that of the two vectors.

b) When the vectors are in opposite directions.
Here the magnitude of the resultant is the difference in magnitude of the two vectors and the

direction is same as that of the bigger vector.
c) When the vectors are inclined at an angle.
         When the vectors are inclined at an angle, the sum of vectors can be determined using two methods:
(a) Triangle law of vectors  (b) Parallelogram law of vectors.
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B
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D
A BA

Tail Head
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**NB Triangle law of vectors.

“If two vectors are represented by the two sides of a triangle, both in magnitude and in direction,
and in same order, then the third side of the triangle in the reverse order represents the vector sum of
the vectors.”

If OA represents P


 and AB represents  Q


in the anticlock wise order, then OB in the
clockwise order represents the vector sum of

 P

 andQ


.  ie   QPR




**NB   Parallelogram law of vectors.
“If two vectors are represented both in magnitude and in direction by the adjacent sides of a

parallelogram, then the diagonal of the parallelogram starting from the point of intersection of the
two vectors represent the vector sum of the two vectors”.

     Let OA  represents P


 and OB   represent Q


 . Let the angle
between the two vectors be .  Now complete the
parallelogram OACB. Join OC.

Then OC   will give the resultant R


 .
The magnitude of the resultant

 is given by  cosQP2QPR 22


The direction of the resultant is given by  



cosQP

sinQtan     ;  where  is the angle between the resultant

R


  and P


.

**  Subtraction of two vectors.

Subtraction of Q


 from P


 is defined as the addition of - Q


 to P


 . )Q(PQP.e.i




**NB   Scalar Product or Dot product of two vectors.
Scalar product is defined as the product of the magnitude of two vectors and the cosine of the

angle between them.
If  BandA


  are two vectors inclined at an angle , then scalar product is given by

        cosBAcosBABA


 . The scalar product of two vectors is always a scalar.

**NB  Vector Product of two vectors or Cross Product of two vectors.
Vector product is defined as the product of the magnitude of the two vectors and the sine of the

angle between them.
    If  BandA


 are two vectors inclined at an angle , then vector product is given by

             sinBAsinBABA


.

The direction of vector product is perpendicular to the plane containing  BandA


.

**NB  Rectangular components of a vector.
    The process of breaking one vector into two or more vectors is called resolution and the vectors so
obtained are known as components of the original vector.
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For Eg: A


 can be resolved into two components YX AandA


as in fig.

From fig, YX AAA


  ; where  YX AandA


are components of A


along X and Y axes.
I f  is the angle made by  with the horizontal,  sinAAandcosAA YX



Here, YX AandA


  are called rectangular components of the vector A


 .

NB   Relative velocity
Relative velocity is defined as the velocity of one body with respect to another body.

Thus the velocity of B with respect to A is the velocity with which B appears to move when A is imagined to
be at rest.

If two bodies A and B are moving with velocities  BA vandv    respectively, in the same direction,

then relative velocity of A with respect to B;  BAAB vvv 
 .

If they are in the opposite directions, BAAB vvv 
 .

**NB    Projectile Motion
Consider a particle projected with a velocity u making an

angle with the horizontal. The velocity can be resolved into
two components –
(a) u cos in the horizontal direction.
(b) u sinin the vertical direction.

The horizontal component remains constant throughout the flight of the body in air whereas the vertical
component of velocity changes continuously. The acceleration due to gravity is negative.

At point A, the vertical component of velocity is zero and the particle has only the horizontal component
of velocity. After A, vertical component of velocity increases in the downward direction. The particle that is
projected is called a projectile and the path traveled by the projectile is called its trajectory.

(a) Maximum height reached (H)
At maximum height, vertical component of velocity is zero.

From equation  ,Sa2vv 2
0

2
t    vt = 0,  v0 = u sin,  a = – g,  S = H.

   Hg2sinu0 22 

     .sinuhg2.e.i 22 

   g2
sinuH,heightMaximum

22 


(b) Time of flight ( T )
It is the time for which the projectile remains in air.

Initial velocity = u sin.    Vertical displacement, S = 0.     a = – g

In equation ,ta
2
1tvS 2

o             2tg
2
1Tsinu0 

              g
sinu2T 



(c) Horizontal range (R)
It is the horizontal distance traveled by the projectile.

Horizontal range, R = u cos t

A


cosA
O

O A B

v
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g
cossin2u

g
sinu2cosuR.e.i

2 





           g
2sinuR

2 
                   2sincossin2

Now, the range will be maximum when sin2 = 1.
         or 2 = 90°

                     ie 045
2

90


Thus the horizontal range will be maximum when the projectile makes an angle of  045  with the horizontal.

Special case:
Horizontal projectile.

Consider a tower of height h. A stone is thrown in the
horizontal direction from the top of the tower. As soon as the
stone is released, it is under the action of  (1) uniform velocity
u in the horizontal direction, (2) acceleration due to gravity g in
the vertical direction.

Due to these, the stone will fall at a point C at some distance
from the foot of the tower. Here BC is the horizontal range.

If t is the time taken by the stone to reach the ground,

Vertical distance, )1.(..........tg
2
1h 2  ; since initial velocity in the vertical direction is zero.

Also, BC = R = u t

               u
Rt 

Substituting in (1),     )2...(..........
u
Rg

2
1h 2

2



This is the equation of a parabola. So path traced by the projectile is a parabola.

Also,  from (2),   maximum range, g
hu2R

2



NB    Circular Motion
A body is said to be in circular motion, if it moves in such a way that its distance from a fixed

point always remains the same.
The path of the body is called a circle, fixed point, center of circle and fixed distance, the radius of

circle.

1)Angular displacement (): The angle swept over by the radius vector in a given interval of time is
called angular displacement ().
    Unit of  is radian.
2) Angular velocity (): Angular velocity is the rate of change of angular displacement.

If  is the angle turned in time t , then Angular velocity, 
t




h

B C
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Unit = radians/second = rad/s = rad s—1

Instantaneous angular velocity is the angular velocity of the particle
at an instant.

 instantaneous angular velocity, td
d

t
Lt

0t










3) Uniform circular motion: A circular motion is said to be uniform, when a particle moves along a
circular path with a constant speed.

4) Time period: It is the time taken by the particle to complete one revolution.

5) Frequency (    ): It is the number of revolutions made by the object in one second.

ie       T
1

        ** Also angular velocity, 





 2
T

2
t

NB   Relation between linear velocity and angular velocity.
Consider a particle moving round a circle of center O and radius r with uniform angular velocity .

Let its linear velocity be v. Let t be the time taken by the particle to go from A to B.

    Then Linear velocity, t
ABv 

                              )1..(..........tvAB 

    Also 



 

radius
arcangle

r
AB



             )2....(..........rAB 
From (1) and (2);  v t  =  r .

           Or   t
rv 



                    i.e.  v  =   r w

                           rv

 Therefore,  Linear velocity = radius x angular velocity.

Angular acceleration ()
Angular acceleration is the rate of change of angular velocity. If  is the change in angular velocity

in a time t, then angular acceleration, td
d

t
tL
0t

















                         Unit:  rad/ s2.

Relation connecting linear acceleration and angular acceleration.
We know, v = r; where v = linear velocity, r = radius and  = angular velocity.

Differentiating wrt time,  
 

td
dr

dt
rd

td
vd 






     





ra,e.i
td

dra,e.i

ie Linear acceleration = radius x angular acceleration.
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When a body moves in a circular path, its velocity changes continuously at every point. Hence it

experiences acceleration. The direction of acceleration is towards the center of the circle. So it is called
centripetal acceleration.
     The acceleration acting on an object undergoing uniform circular motion is called centripetal
acceleration.

Consider a particle executing uniform
circular motion along a circle of center O
and radius r, with uniform speed v and
angular velocity .

At any instant t, let the particle be
at P. Its velocity v(t) is along the tangent
PA and position vector r(t) is along OP.
   After a time t, let the particle reach Q.
Here the velocity v(t + t) is along the tangent QB and position vector r (t + t) is along OQ.

The displacement of particle in time t is rPQ 

Now, we know     r)tt(r)t(randv)tt(v)t(v 

      Now consider a vector diagram on which LM and LN represent the velocities  )tt(vand)t(v   in
magnitude and direction. Then MN = v   represents the change in velocity in time t.

Here ’s LMN and OPQ are similar.

              PO
ML

QP
NM

            i.e.,    r
v

r
v





                      )1..(..........r
r
vv 

Now,    t
r

r
v

t
v

t
)1(











               Now  v
t
randa

t
v









                       v
r
va                  

r
va

2



i.e,   the centripetal acceleration, )2.(..........
r

va
2



       )3.(..........r
r

ra,e.i 2
22






(2) and (3) gives the equations for centripetal acceleration.

Also centripetal force, 
2

2

rm
r
vmamF 

********************************************************************************
LAWS OF MOTION

Newtons laws of motion.

(i) First law: Law of inertia.
     Every body continues to be in its state of rest or of uniform motion in a straight line unless compelled
to change that state by an external unbalanced force.

O
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Q
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(ii) Second law:
     The rate of change of momentum is directly proportional to the external unbalanced force and
takes place in the direction of force.
(iii) Third law :
     To every action, there is an equal and opposite reaction.

Force and Inertia.
Force :  Force is that which changes or tends to change the state of rest or of uniform motion of a
body in a straight line.
     For Eg:- (i) A body remaining at rest cannot be moved without the help of an external force. (ii) A freely
rolling body will come to rest due to frictional force.
     So, in order to change the state of a body, we need a force. So a body by itself cannot change its state of
rest or of uniform motion in a straight line. This property of all bodies is called inertia.

Inertia: Inertia is the inability of a material body to change by itself its state of rest or of uniform
motion in a straight line.
     It can also be defined as the property of a body by which it tends to resist the change in its state of
rest or of uniform motion in a straight line.
     For Eg:- If a person jumps out of a moving vehicle, he falls forward. This is because, when he jumps, his
velocity is same as that of the vehicle. On reaching the ground, his feet are brought to rest, while the upper
part of the body is still moving, due to inertia. So he will fall forward.
     From experience it is clear that as the mass increases, more force is required to change its state. Hence,
the more the mass, the more will be inertia. In other words, mass is a measure of inertia of an object.

Linear momentum or momentum (p)
     Momentum of  a body is the product of its mass and velocity.

If m is the mass of a body moving with velocity v , then momentum, vmp 
  Or p = mv..

The unit of momentum is kg ms-1. Dimension: MLT-1.

Measurement of force    OR  To show that F = ma.
     Consider a body of mass m, moving with a velocity v. Then momentum, p = mv.
Now let a force F acts on the body for a small time t .
Then change in momentum, vmp  .
     Now according to Newton’s second law,  F  rate of change of momentum.

                     t
)mv(

t
pF.e.i








         Or   t
)mv(kF




  ; where k is a constant.

Since mass of the body remains constant,  t
vmkF




 .

     But a
t
v





, the acceleration of the body..

.makF 

The value of k is found to be 1.    .maF 

The unit of force is newton (N)
     Now, force F = ma. Here if m = 1 kg, a = 1 m/s2, then F = 1 N.
Thus,  one newton is the force required to produce an acceleration of 1 m/s2 on a body of mass 1 kg.
Dimension of force = M L T-2.
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Problem 1:  A student pushes a loaded sled whose mass is 240 kg for a distance of 2.3 m over the
frictionless surface of a frozen lake. He exerts a horizontal force equal to 130 N. If the sled starts from
rest, what is its final velocity ?                                                                                                    {1.6 m/s}
Problem 2. A constant force acting on a body of mass 3.0 kg changes its speed from 2.0 m/s to 3.5 m/s in
25 s. The direction of the motion of the body remains unchanged. What is the magnitude and direction of
force?                                                                                                                                       {0.18N}
Problem 3. A trolley of mass 1000 kg is moving with a speed of 5 m/s. Sand is dropped onto it at the rate
of 30 kg/min. What is the force needed to keep the trolley moving with a uniform speed?              {2.5 N}

##  Mass and Weight.
     Mass is the quantity of matter contained in a body.  It is a scalar quantity. It does not depend on
temperature or pressure. Mass of a body remains the same everywhere in this universe i.e, mass is independent
of location. For eg:- If a body is taken to moon, its mass won’t change  Its unit is kg.
     Weight is the force with which earth attracts a body. i.e, It is the force of gravity acting on a body.
Weight of a body changes from place to place. Weight is a vector quantity. Its unit is newton (N).

## Impulsive force
     The force which acts for a very short time is called impulsive force. It is measured as the rate of
change of momentum.
Eg: - (i)  The force on a ball when hit with a bat.  (ii) Force exerted on a bullet when fired from a gun.

Impulse (I)
     Impulse of a force is the product of the force and the time for which the force acts on the body.
i.e, impulse, I =  force x time    i.e, I = F dt ; where dt is the time for which the force F acts.
Impulse is a measure of the total effect of force.

To prove that impulse is equal to change in momentum.
     Consider an impulsive force F acting on a body for a short time interval dt.

Then force dt
dpF  .      Now impulse dpdt

dt
dpdtFI   = change in momentum.

# Thus impulse is the change in momentum of a body.
Unit of impulse  is N s.    Dimension M L T-1.

## Newton’s third law
     According to third law, whenever there is an action, there will be an equal and opposite reaction. Thus
action and reaction are equal and opposite. But they don’t cancel each other because they act on two
different bodies.
Eg: - (1) A book lying on a table exerts a force equal to its weight on the table. The table exerts an equal
reaction on the book which supports it.
(2) When we walk, we press against the ground in backward direction by our feet. The ground pushes the
person forward with an equal force.
     If a body A exerts a force on B (action) then B will exert an equal force on A in the opposite direction
(reaction).      If B is not ready to react to A, then A cannot act on B.
      Mathematically, 

 
F FAB BA   The negative sign shown that direction of force is opposite. The magni-

tude of force is same.

Equilibrium of forces
     Even under action of forces if an object is at rest, we will say that it is in equilibrium. In equilibrium,
magnitude of net upward force is equal to magnitude of net downward force. Magnitude of net force towards
left is equal to that to the right.
      Let two or more forces acting on an object produces an effect. If a single force acting alone produces the
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same effect, then that single force can be called as the resultant of those two or more forces.
     Consider a body of mass ‘m’ suspended by means of a light inextensible string from a rigid support. When
the mass is at rest, its weight ‘mg’ acting vertically downward is equal to tension on the string T.
       T = mg    OR           T - mg = 0.

Let us consider different possibilities.
1) If the mass is moving up with an acceleration ‘a’, then by Newton’s IInd law, net force on
the mass is equal to mass times acceleration experienced on it.
                   Net force = T - mg.
              T - mg = ma.
2) If the mass is moving down with an acceleration ‘a’, then       mg - T = ma.
3) If the mass is moving up or down with uniform velocity, then a = 0.
                 mg - T = 0     or      T = mg.
4) If the body is falling freely, then T = 0.    mg = ma    or    a  =  g.
5) Let the body be sliding through an inclined frictionless plane.
The weight mg of the body acts vertically downwards. This weight can be
resolved into two components  (i) mg cos     and (ii) mg sin.  The directions are as shown in fig.
          When it slides, net force in that direction = mg sin.
By Newton’s second law, this is equal to ma.
             mg sin.  =  ma
              a = g sin.

PROBLEM:  A mass of 6 kg is suspended by a rope of length 2 m from a ceiling.
If force 50 N in the horizontal direction is applied at the midpoint of the rope as
shown in fig, what is the angle the rope makes with the vertical in equilibrium.
( Take g = 10- m/s2)
     We have to find .  Let T1 be the tension in the upper half of the string and T2 on the
lower half.
     In equilibrium, net vertical upward force = net vertical downward force.
   i.e. T1 cos=  mg ..................(1)
Net force towards left = net force towards right.
           T1 sin=  50 N  ..................(2)

                 
( )
( )

sin
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2
1
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T
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                     tan 



50

6 10
5
6
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Special case:-
Motion of a body in a lift.
     Consider a body of mass m moving in a lift. Then forces acting on the body inside the
lift are: (i) the weight mg of the body acting vertically downwards and (ii) the reaction R
of the lift acting vertically upwards.
Case (i) : When the lift is stationary or moving up or down with a uniform velocity.

Then Force, F = R - mg = ma       .mgRor0mgR 

Case (ii) : When the lift moves up with an acceleration a.
  F   =  R  -  mg  =  ma.     or          R =  m (g + a)
Case (iii) When the lift moves down with an acceleration a.
 F  =  mg  -  R  =  ma      or    R  =  m (g - a)

mg s
in

mg cos

mg




T

mg



6 kg

T1

T2

50 N

R
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Case (iv) When the lift falls down freely.
Here a = g.          F = mg  -  R  =  mg     or   R  =  m (g  -  g)  =  0.
i.e, the reaction is zero and hence the body is apparantly weightless.

##  Law of conservation of linear momentum.
     If no external forces acts on a system of particles, the total linear momentum of the system
remains constant.
     Here total momentum of the system  = vector sum of the momenta of individual particles constituting the
system.
     Now let us consider  an isolated system of n particles of  masses m1, m2, m3......... mn  having velocities
v1, v2, v3 ,.........vn.
Then total momentum P = m1v1  +  m2 v2  +  ..............+ mnvn.

     If a force F acts on the system, dt
dpF  .   If   F = 0,  0

dt
dp

    or   p = constant.

Thus if external force is absent, total momentum of the system remains conserved.
     Consider the collission of  two bodies A and B of masses m1 and m2 moving with velocities u1 and u2
along a straight line in the same direction. After collision, let them move in the same direction with velocities
v1 and v2.  Let t be the time of contact during collission.

     Now, force exerted by A on B (action),   t
)uv(mF 222

1 




Force exeted by B on A ( reaction),    t
)uv(mF 111

2 




Now according to Newton’s third law,  F2  =  - F1.

                  t
)uv(m

t
)uv(m 111222








i.e,    11112222 umvmumvm 

22112211 umumvmvm 

i.e, the total momentum after collission is equal to the total momentum before collission. i.e the total mo-
mentum remains constant or conserved.

Recoil of gun.
     When a shot is fired from a gun, the gases produced in the barrel exerts a tremendous force on the shot (
action). As a result, the shot will move forward with a great velocity called the muzzle velocity. The bullet at
the same time exerts an equal force on the gun in opposite direction (reaction). Due to this, the gun moves
backwards. This backward motion of the gun is called the recoil of gun.
     Let M and m be the mass of the gun and shot respectively. After firing, let V be the velocity of gun and v
be the velocity of the shot. Then by law of conservation of momentum,
momentum after firing = momentum before firing.
   i. e,  mv  +  M V = 0.

M
vmV  . This is called recoil velocity.   The - ve sign shows that the gun is recoiling.

Rocket Propulsion
     In case of  rocket, a fuel burnt in the combustion chamber produces hot gas, which is allowed to escape
through a nozzle at the back of the rocket. This produces a backward momentum on the gas and the rocket
acquires an equal forward momentum. Thus the rocket moves forward. The force exerted by rocket on gas
is the action and that exerted by gas on rocket is the reaction.
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Problem 4. A shell of mass 0.020 kg is fired by a gun of mass 100 kg. If the muzzle speed of the shell is 80
m/s, what is the recoil speed of the gun?                                                                                { 0.016 m/s}

Friction
     When one body slides over the surface of another, there is an opposing force acting opposite to the
direction of motion. This opposing force is called friction. This force acts tangential to the surface of contact
of the two bodies.
     Friction is defined as the force which opposes the relative motion between two surfaces in contact.

Types of friction:
(i) Static friction (fs) : - The force of friction between two surfaces so long as there is no relative motion
between them. Its magnitude is equal to the external force which tend to cause relative motion.
Limiting static friction: Consider two surfaces in contact. When a force is applied on one of the surfaces,
the force of friction between them will also increase. If the force of friction is greater than or equal to the
applied force, the surface will not move. The maximum value of frictional force before the body just
slides over the surface of another body is called limiting friction.

Laws of static friction
(i) The magnitude of limiting friction is independent of area, when the normal reaction between the
surfaces remains the same.
(ii) The limiting static friction, fms is directly proportional to normal reaction R.

RforRf,e.i smsms   ; where ms is a constant called coefficient of static friction.

(ii) Kinetic friction (fk) : The force of friction which comes into play when there is relative motion
between two bodies is called kinetic friction.
These are of two types: -
(a) Sliding friction: This is the friction between two surfaces when one body slides over the surface of
another.
(b) Rolling friction: The force of friction which arises when one body rolls over the surface of other.

Note: Kinetic friction is less than limiting friction. Rolling friction is less than sliding friction.
Note: (i) The ratio of limiting value of static friction (fms) to the normal reaction R is called coefficient of static
friction between any two surfaces.

i.e, coefficient of static friction, R
fms

s   .

(ii) The ratio of kinetic friction fk to the normal reaction R between any two surfaces is called coefficient of

kinetic frictionk. R
fk

k 

Laws of kinetic friction.
(1) Kinetic friction has a constant value depending on the nature of the two surfaces in contact.
(2) The kinetic friction is proportional to normal reaction. .RforRf kkk 

(3) The kinetic friction between two surface is independent of the relative velocities between the surfaces.

Lubrication :- Deliberately applying oil or grease to reduce friction is called lubrication. Oil or grease are
called lubricants. This  lubricants forms a thin layer between the surfaces and the irregularities of the surfaces
are filled, thereby reducing friction.
Angle of friction or repose
     Consider an object of mass ‘m’ resting on a horizontal surface. The surface
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 is gradually inclined so that at one particular angle , the object just starts sliding.
     Here the weight acts vertically downwards and as the inclination increases, it can
 be resolved into two components. The sliding force is mgsin  and mgcos
balances the normal reaction R. When it just starts sliding, the frictional force is
limiting friction which is equal to mgsin. (It is due to friction, that the body
doesn’t slide till it reaches the angle ).
    f = mg sin. ...........(1)
From law of static friction,   f  =   R =    mg cos. ......(2)

             
( )
( )

sin
cos

1
2

1
 

f
f

mg
mg




          tan                   Here is called angle of friction or repose.

Therefore, coefficient of limiting friction is equal to tangent of angle of friction or repose.

Advantages of friction
1. Friction helps us to walk on the ground.
2. Friction helps us to held objects.
3. Friction helps in striking matches.
4. Friction helps in driving automobiles.
5. Friction is helpful in stopping a vehicle etc.

Problem 5:  A block of mass 2 kg is placed on the floor. The coefficient of static friction is 0.4. A force of 2.5
N is applied on the block horizontally. What is the force of friction between the block and the floor? (g = 10m/s2)
Problem 6: The rear side of a truck is open and a box of 40 kg mass is placed 5 m away from the open end.
The coefficient of friction between the box and the surface below it is 0.15. On a straight road, the truck starts
from rest and accelerated with 2 m/s2. At what distance from the starting point does the box fall off the truck?
{20 m}

Inertial and non inertial frames of reference
     In order to specify and measure the position, velocity , acceleration etc of a particle, we need a coordinate
system.
     Consider two coordinate systems S and Sl attached to an observer at
rest and another observer moving with uniform velocity v along positive X
direction. (We can consider that the second observer is in a car moving
with uniform velocity v along +ve X direction). We can now call S and Sl as
frames of reference or reference frame.
     Consider a particle P at rest relative to observer in S. For observer in Sl

frame, the particle is moving with uniform velocity v in the negative X direction.
But both will measure the force on the particle as zero, because according to both no
acceleration is experienced on the particle. The measurement is in agreement with Newton’s laws and these
frames in which Newton’s laws are valid is called inertial frames. Reference frames moving with
uniform velocities with respect to each other are inertial frames.
     Now, let the particle be at rest and frame Sl (or the car) is moving with an acceleration a in the +ve X
direction. The observer in the frame S finds P at rest whereas observer at Sl measure P is accelerating with a
in the -ve X direction. He  calculate the force F = ma   acts on it where m is the mass of the particle. Actually,
there is no net force on P, since it is at rest. But the observer in Sl measures an acceleration for particle due to
his frames acceleration or his own acceleration. The force which he measured is called fictitious or pseudo
force. Therefore Newton’s law is not valid for accelerating frames. Such frames are called non - iner-
tial frames.

mg s
in

mg cos

mg




R
f

Disadvantages of friction
1 Friction produces wear and tear.
2. Friction leads to wastage of energy in the form of heat.
3. Friction reduces the efficiency of the engine etc.

S Sl

P
Xl

Yl

Y

X
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(i) Vertical Motion
     Consider two masses m1 and m2 (m1 > m2) connected by a light inextensible
string passing over a smooth frictionless pully. When the system is released, let a
be the acceleration and T be the tension in the string.
    As m1 moves downward, the unbalanced force, F = m1g - T = m1a ...................(1)
For motion of m2 upward, F = T - mg = m2a ....................(2)
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Also, (1) + (2)   ammgmgm 2121 
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(ii) Horizontal motion.
      Consider an arrangement as in fig. A body of mass m2 is attached to a string and is passed over a
frictionless pulley. At the other end of the string , a mass m1 is attached. Let T be the tension and a be
acceleration.
      Then for m1, force F = m1g  -  T
m1g  -  T   =  m1 a   .....................(1)
For mass m2, the resultant force,   F  =  T  =  m2a  ..................(2)
(1)  +  (2)   m1 g  =  (m1  +  m2) a

   or   21

1

mm
gma


          Also    21
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Analysis of Circular Motion.

I. Car moving on a level circular road.
     Consider a car of mass m describing a circular path of radius r
on a level road with a speed v. The forces acting on the car are:
(i) The weight mg acting vertically downwards.
(ii) The reaction R of the ground acting vertically upwards.
(iii) The force of  static friction f exerted inwards
(towards the centre of the circular path) by the ground
on the tyres of the car.
       Since the car does not move upwards or downwards, R = mg  ...............................(1)
The force of friction f provides the necessary centripetal force. The maximum force of friction (limiting static

friction) is f R mv
rS s 

2

  ...................(2)   where S  is the coefficient of static friction.
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This is the maximum speed with which the car can turn the curve. If the speed exceeds this value, the car flies
off the road. The centripetal force is provided entirely by the frictional force between the tyres and the
ground.

II   Cyclist on a level road turning a curve
     When a cyclist turns a curve with a large speed, he tilts the cycle slightly
towards the centre of the circle. The forces acting on him are:
(i) Weight mg (of the cycle and the cyclist) acting vertically downwards.
(ii) The reaction R exerted by the ground as shown in fig.
R can be resolved into two components - R cos along the vertical and R sin
along the horizontal. The vertical component balances the weight and the horizontal
component provides the necessary  centripetal force (along with friction)
Now, we have   R mgcos ...................( )  1

                         R mv
r

sin ....................( ) 
2

2

                
( )
( )

tan tan2
1

2

   
v
rg

or v rg

Thus even if the frictional force is small, the cyclist will get the necessary centripetal force if he tilts the cycle
slightly towards the centre of the circle while turning a curve.  But this is not possible in the case of vehicles like car,
truck ,train etc.

III Banking of curves.
     To avoid skidding and the wear and tear of tyres of vehicles, the outer part of the road is slightly
raised above the inner part so that the road is sloping towards the centre of the curve. This is known
as banding of roads. The angle that the banked road makes with the horizontal is known as the angle of
banking represented by .
     Consider a vehicle of mass m moving on a banked curve. Then various forces acting on the car are:
(i) The weight of car mg acting vertically downwards.
(ii) Normal reaction R acting normal to the road.
(iii) Frictional force fs, acting parallel to the road.
     Since there is no vertical acceleration, the vertical
force is zero. Now from fig,

             .gmsinfcosROR
sinfmgcosR

s

s




Now to for the car to be at maximum speed, Rfs 

         .gmsinRcosR  .......................(1)
Now the centripetal force will be provided by the forces acting towards the center i.e, R sinand fscos.
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Therefore maximum velocity with which the vehicle can negotiate the curve, 



sincos
cossingrv

Case 1:  If there is no banking,  = 0.

    0sin0cos
0cos0singrv




                  i.e,     grv 

Case 2: If there is no friction,   =  0.  Then,  tangrv .
At this speed, there is no role of friction in providing the centripetal force. We can drive at this speed on a
banked road without any wear and tear of the tyres.
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