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This chapter serves as a self-contained reference on:

- The kinematics & dynamics

- Some basic vector operations
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1.1 INTRODUCTION

- Some basic vector operations

- Rotation and concepts which will be used in the 

following lectures.
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We will review

- The curvilinear motion of particles in three 

dimensions

- The concepts of force and mass

1-DYNAMIC OF POINT MASSES
INTROUDUCTION

- The concepts of force and mass

- The Newton's law of gravitation (Newton's second 

law of motion)

- The formulas for calculating the time  derivatives of 

moving vectors. (the computation of relative velocity 

and acceleration).
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To track the motion of particle P through  space we 
need a frame of reference consisting of a clock and a 
cartesian coordinate system.

Clock 

1-DYNAMIC OF POINT MASSES

1.2 KINEMATICS

track of time t

xyz axes 

In non-relativistic mechanics, a single 
�universal� clock serves for all coordinate systems.

Unit of time 

Unit of length

location of the particle

>s@

>m@ or >km �@
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The position of the particle 
P at a time t is defined by 
the position vector r(t )

1-DYNAMIC OF POINT MASSES
KINEMATICS

:�,�,� kji the unit vectors

 The distance of P from 
the origin

:rr  magnitude or length of r

 We know
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The velocity v and acceleration a of the particle:

1-DYNAMIC OF POINT MASSES
KINEMATICS

 The locus of point that a particle occupies as it moves 
through space is called its path, or trajectory.

The path is a straight line

The path is curved

motion is rectilinear

motion is curvilinear
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The velocity vector v is tangent to the path:

1-DYNAMIC OF POINT MASSES
KINEMATICS

unit vector tangent to the trajectory:� tU

: the magnitude of the velocity v.: the magnitude of the velocity .

The distance that P travels along its path in the time 
interval ds:

 In other words

 Note that 

(the magnitude of the derivative of r the derivative of the magnitude of r)
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The position vector as a  function of time is:

1-DYNAMIC OF POINT MASSES

EXAMPLE 1.1

At  t =10s, calculate v and   , r

t=10 v=1953.3 s
m

t =10  =1935.5 r
s

m
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If v is given, then we can find the components of the 

unit tangent     in the cartesian coordinate frame of 

reference 
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EXAMPLE 1.1

tU�

The acceleration may be written

 Where 
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the radius of curvature

1-DYNAMIC OF POINT MASSES
EXAMPLE 1.1

:

:� tU the unit tangent

:� nU

:/ pcr

:�bU unit normal to the osculating plane

the position of C

relative to P npc Upr �

the unit principal

ntb uuU ��� 
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The center of curvature 

lies in the osculating 

plane

When the particle P

1-DYNAMIC OF POINT MASSES
EXAMPLE 1.1

When the particle P

moves a distance ds the 

vector r sweep out angle 
d
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Relative to a Cartesian coordinate system, the position, velocity and 
acceleration of a particle relative at a given instant are: 
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EXAMPLE 1.2

Find the coordinate of the center of curvature at that 
instant.
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1-DYNAMIC OF POINT MASSES
EXAMPLE 1.2

229.4
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1-DYNAMIC OF POINT MASSES
EXAMPLE 1.2

The coordinate of C are:
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