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Classical Mechanics 

Dynamics  

                            Kinematics of Particles 

Introduction 

Kinematics is the branch of dynamics which describes the motion of bodies 

without reference to the forces which either cause the motion or are generated 

as a result of the motion.  

Kinematics is often described as the “geometry of motion.” Some engineering 

applications of kinematics include the design of cams, gears, linkages, and 

other machine elements to control or produce certain desired motions, and the 

calculation of 

flight trajectories for aircraft, rockets, and spacecraft. A thorough working 

knowledge of kinematics is a prerequisite to kinetics, which is the study of the 

relationships between motion and the corresponding forces which cause or 

accompany the motion. 

3.1.1 Definition of a particle 

A `Particle’ is a point mass at some position in space. It can move about, but 

has no characteristic orientation or rotational inertia. It is characterized by its 

mass. 

Examples of applications where you might choose to idealize part of a system 

as a particle include: 

1. Calculating the orbit of a satellite – for this application, you don’t need to 

know the orientation of the satellite, and you know that the satellite is very 

small compared with the dimensions of its orbit. 

2. A molecular dynamic simulation, where you wish to calculate the motion of 

individual atoms in a material. Most of the mass of an atom is usually 

concentrated in a very small region (the nucleus) in comparison to inter-atomic 

spacing. It has negligible rotational inertia. This approach is also sometimes 



Statics: Lecture Notes                                                                        Mathematics Department     

 4 

used to model entire molecules, but rotational inertia can be important in this 

case. 

Obviously, if you choose to idealize an object as a particle, you will only be 

able to calculate its position. Its orientation or rotation cannot be computed.   

Newton’s Laws 

Newton published his three laws in 1687 in his Principia Mathematica. The 

laws are fairly intuitive, although it seems a bit strange to attach the adjective 

“intuitive” to a set of statements that took millennia for humans to write down. 

The laws may be stated as follows. 

First Law: A body moves with constant velocity (which may be zero) unless 

acted on by a force. 

Second Law: The time rate of change of the momentum of a body equals the 

force acting on the body. 

Third Law: The forces two bodies apply to each other are equal in magnitude 

and opposite in direction. 

Position: The straight-line path of a particle will be defined using a 

single coordinate axis x  

Displacement: The displacement of the particle is defined as the change in 

its position. For example, if the particle moves from one point to another point. 

Velocity. If the particle moves through a displacement s  during the time 

interval t , the average velocity of the particle during this time                       

Acceleration. Provided the velocity of the particle is known at two points, 

the average acceleration of the particle during the time interval t  is (a ). 

 

 

Motion in one dimension with constant acceleration 

Constant acceleration 
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Motion with constant acceleration is a motion for which instantaneous 

acceleration is a constant function 

If  A particle start for the origin point with velocity 0  and constant acceleration 

proof that.  xatatxta ccc 2,
2

1
, 222 +=+=+=    

Proof 

We start with  

dt

d
a

dt

d
a c


=→=  

 =→= dtaddtad cc                                                                                   

(1)                                                                                                1ctac +=  

From the initial condition, we have 01 =c .Then                                                   

tac+= 0                                                                                                (2)                    

For Eq. (2) and where
dt

dx
=  then 

dttadtdxdttadtdx

dttadxta
dt

dx

cc

cc

 +=→+=

→








+=→+=

00

00




 

2

2

0
2

1
ctatx c ++=                                                                                       (3) 

From the initial condition , we find that 02 =c  and in Eq. (3) 

2

0
2

1
tatx c+=                                                                                            (4)  

Form Eq. (2) 
ca

t 0 −
=  and into Eq. (4), we have 
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22

02  +−=cxa   

xav c22

0

2 +=                                                                                             (5) 

Example:1  A Particle moves in a straight line such that for a short time its 

distance is defined by )1(0 kte
k

v
x −−= , where kv ,0  are constant. Determine 

),(),,(),,(),,(),,( vaxaxvtatv .  

Solution  

ktevktek
k

vktek
k

v

dt

dx
v

kte
k

v
x

−=−=−−−==

−−=

0
00

0

))(0(

)1(

 

                                  ),...(..........0 tvktevv −=                                           (1)   

           ),(...........0 taktevk
at

dv
a −−==                                                             (2)        

                            xkvktevx
v

kktektex
v

k
−=−−=−→−−= 00

00

............11     (3) 

From Eq. (1) into Eq. (3) 

                              ),...(..........0 xvxkvv −=                                                           (4) 

From Eq. (2) into Eq. (3) 
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                     ),(...........)()( 00 xavxkkxkvka −=−−=                                              (5) 

From Eq. (4) into Eq. (5) 

    ),(...........)( 0 vavkxkvka −=−−=                                                                    (6) 

Example 2: A particle moves along a horizontal path with an acceleration of 

va 4.0−= , where v  is velocity. If the particle start with velocity sec4.0  at km1  

from the origin point . Determine the velocity and distance  

                                    Solution                            

→−=→−=

−=

4.04.0

4.0

dx

dv
v

dx

dv
v

va

 

14.04.0 cxvdxdv +−=→−=  

Form the initial condition 18.0 c= , then  

8.04.0 +−= xv  

 =
+−

−−
→=

+−
→+−= dt

x

dx
dt

x

dx
x

dt

dx

24.0

1

8.04.0
8.04.0  

2)2(
4.0

1
ctxLn +=+−

−
                                                                                                        

Form the initial condition 00)1(
4.0

1
22 =→+=

−
ccLn , then 

→=+−→−=+−
− textxLn

4.0
24.0)2(

tex
4.0

2
−

−=  

 

Example: 3  A particle travels along a straight line with an acceleration of 

)2.010( xa −= , where x  is measured in meters. Determine the velocity of the 

particle when mx 10= ,  if smv /5=  at 0=x . 

Solution 

 −=→−=== dxxvdvx
dx

dv
v

dt

dv
a )2.010()2.010(   
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1

2
2

2

2.0
10

2
cxx

v
+−=                                                                                                            

Form the initial condition 
2

25
)0(

2

2.0
)0(10

2

25
11 =→+−= cc , then 

252.020
2

25

2

2.0
10

2

22
2

+−=→+−= xxvxx
v

 

At →= mx 10 155250220025)10(2.0)10(20)10( 2 =+−=+−=v      

Example 4: The velocity of a particle moving on the x-axis is given by 

xxv += 2 , where x  is in m and v  is in m/s. What is its position when its 

acceleration is 2/30 sm . 

Solution 

It is well known 
dx

dv
v

dt

dv
a == , then 

( ) xxxxxxxx
dx

d
xx

dx

dv
va ++=++=++== 23222 32)12()()(                           (1) 

Now at 30=a  Eq. (1) become  

030323230 2323 =+++→++= xxxxxx                                              (2) 

Eq. (1) satisfy at     2=x  
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Applications  

Example:1 The velocity of a particle traveling along a straight line is 

kx−= 0vv , where k  is constant. If 0=x  when 0=t , determine the position, 

velocity and acceleration of the particle as a function of time. Also the 

acceleration of the particle as a function of position. When the particle stop and 

the time of necessary?   

Solution  

Where 

kx−= 0vv ,                                                                                                       (1)  

Then  

( ) 10

00

0
)(

1)(

)(

1
ctkxLn

k
dt

kx

dxk

k
dt

kx

dx
kx

dt

dx
+=−

−
→=

−

−

−
→=

−
→−=  v

vv
v  

Form the initial condition 0=t   at 0=x   , then  

( ) ( )0110
)(

1
00

)(

1
vv Ln

k
ccLn

k −
=→+=−

−
  

Then in Eq. (1) 

( ) ( ) ( ) ( )

tkkx
tk

kx
Ln

tkLnkxLnLn
k

tkxLn
k

e
−

=
−

→−=






 −

→−=−−→
−

+=−
−

0

0

0

0

0000
)(

1

)(

1

v

v

v

v

vvvv

 








 −
−=

tk

k
x e10v                      ),( tx                                                         (2) 

If we derive Eq. (2) with respect to t    

tktk
k

k
ee
−

=






 −
−−= 0

0 )(0 v
v

v          ),( tv                                              (3) 

Again, if we derive Eq. (2) with respect to t    
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tk
ka e

−
−= 0v                                       ),( ta                                               (4) 

From Eq. (2), kx
tk

e −=
−

00 vv  and into Eq. (4) 

( ) ( )00 vv −=−−= kxkkxkf              ),( xa                                                (5) 

when the particle stop, then  00 =−= kxvv . So the transversed distance given by 

k
x 0v=  and into Eq. (3), necessary time given by 

=→=
−

→=
−

−→=






 −
−= t

tktk

k

tk

k
x eee 0111 00 vv

 

Example:2 A particle is moving with a velocity of 0v when 0=x  and 0=t . If 

it is subjected to a deceleration of 3vka −= , where k  is a constant, determine its 

velocity and position as functions of time . 

Solution  

Where 3vka −=   and 
dt

d
a

v
= , then    

1

1
ctkdtk

d
dtk

d
k

dt

d
a +−=

−
→−=→−=→−==  233

3

2vv

v

v

v
v

v
.                                      

Form the initial condition 
2

0

2

0 2v2v

1
)0(

1
11

−
=→+−=

−
cck , then  

2

0

2

0

22

0

2 v2

v2

2vv22v

1111 +
=→−−=

− tk
tk  

( ) 2

1

1
1

+

=→
+

=

tk
tk 2

0

0

2

0

2

02

v2

v
v

v2

v
v                                            t)(v,  

( ) ( )
→

+

=→

+

==  dt

tk

dx

tk
dt

dx

2

1

2

1

11 2

0

0

2

0

0

v2

v

v2

v
v  

( )
−

+= dttkdx 2

1

12

00 v2v  
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( ) ( )
k

tk

k

tk

0

2

0

2

0

2

00

v

v2

v2

v2v
x

2

1

2

1

1

)(
2

1

1 +
=

+
=  

( )
k

tk

0

2

0

v

v2
x

2

1

1+
=                                                                                           ( t,x  ) 

Example:3 A particle is moving with a velocity of 0v when 0=x  and 0=t . If 

it is subjected to a deceleration of 3vka −= , where k  is a constant. Prove 

that 2

0

xk
x

t
2

1

v
+= ,                                                           ?

10

0

+
=

xkv

v
v  

  .                                      Solution                                                           

           Where 3vka −=   and 
dx

d
a

v
v= , then 

1

1
cxkdxk

d
dxk

d
k

dx

d
k

dx

d
a +−=

−
→−=→−=→−=→−==  vv

v

v

v
v

v
v

v
v

22

23  

Form the initial condition 
0

11

0

1
)0(

1

vv

−
=→+−=

−
cck , then  

0

0

00

11111

v

v

vvvv

+
=+=→−−=

− xk
xkxk  

10

0

+
=

xkv

v
v                                                                                      (1) 

But 
dt

dx
=v , then into Eq. (1) 

( ) 2

2

0000

0

0 1
1

cxxktdxxkdt
xkdt

dx
+







+=→+=→

+
==  v

2

1
vvv

v

v
v                     

Again, form the initial condition 0)0()0()0( 22

2

00 =→+







+= cckv

2

1
v . 

Then 2

00

2

0

0

2

00 0 xk
xx

xktxxkt
2

1

vv
v

v2

1
v
2

1
v +=+=→+








+=  

2

0

xk
x

t
2

1

v
+=                                                                                            (2) 
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Example:4 A particle moves along a straight line with an acceleration given 

by 2/ smntka e−= ,  where n are constant. If it starts from the rest, prove  k , 

that .)1( tatnxn +−= v , where v  is its velocity? 

Solution  

Where
dt

d
a

v
=    , then   

1cnt

n

k
dtntkddtntkdntk

dt

d
a eeee +−−=→−=→−=→−==  vvv

v
 

Where the particle rest i. e.  at 0=t , 0,0 == xv  , then  

n

k
cc

n
k

n

k
e =→+
−

−= 11

)0(
)0(   and then  

( )nt

n

k

n

knt

n

k
ee −−=+−−= 1v                                                                    (1) 

But 
dt

dx
=v , so  

→
−−=→−−=→−−== dtnt

n

k
dxdtnt

n

k
dxnt

n

k

dt

dx
eee )1()1()1(v  

2

1
cnt

n
t

n

k
x e +







 −

−
−=  

Again, at 0=t , 0,0 == xv  , then 

222

)0(1
)0()0(

n

k
cc

n

nn

k
e −=→+







 −

−
−= , then  

 
2

1

n

knt

n
t

n

k
x e −







 −+=                                                                                  

n

k
e

n

k
tkxn nt −+= −                                                                                   (2)                           

From the basic equation, we find that 

k

ante =−                                                                                                    (3) 
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Substitution from Eq. (3) into Eq. (1)  

( ) ank
n

a

n

k

k

a

n

knt

n

k
e +=→−=








−=−−= vv 11                                      (4) 

Again Substitution from Eq. (3) and Eq. (4) into Eq. (2)  

( ) ( ) ( ) vv-vv
v

v −+=−++=
+

−++=−+= − ant
n

a

n

a
ant

n

an

n

a
ant

n

k
e

n

k
tkxn nt  

Then  ( ) tantxn +−= 1v  

Exercises                                                                                

Exercise:1 A particle is moving along a straight line such that its acceleration 

is defined as 2/2 smva −=  , where v  is in meters per second. If smv /20= v = 20 

when x  = 0 and 0=t , determine the particle’s position, velocity, and 

acceleration as functions of time. 

Exercise:2 The acceleration of a particle traveling along a straight line is 

22

1

/
4

1
smxa = , where x  is in meters. If 0=v ,, determine the 0=t at  mx 1=  

particle’s velocity at mx 2=  

Exercise:3 The velocity of a particle traveling along a straight line is x88−=v , 

where k  is constant. If 0=x  when 0=t , determine the position, velocity and 

acceleration of the particle as a function of time. Also the acceleration of the 

particle as a function of position. When the particle stop and the time of 

necessary? 

Exercise:4 A freight train travels at  ( ) sftte /160 −−=v  , where t  is the elapsed 

time in seconds. Determine the distance traveled in three seconds, and the 

acceleration at this time.                                                                                     

Exercise:4 A particle moves along a straight line with an acceleration of 

2

2

5

3

1
/

3

5
sm

xx

a














+

= ,  where x  is in meters. Determine the particle’s velocity 

when mx 2= , if it starts from rest when mx 1= .  
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   Motion of a particle in  -xy plane 

 Introduction 

In the plane  yx −  Coordinates, the particle is located by the distances x  and 

y   from a fixed point in −x axis and −y  axis, respectively. The unit vectors   

  ji, are established in the positive −x  and −y directions, respectively. 

Thus, the location of the particle at any point is      

                             jyixr +=                                                    (1) 

                           x = x(t)    ,    y  =  y (t)                                        (2) 

Eqs. (2) are called the parametric equation of path   

The Velocity 

The speed of a particle whose motion is described by a parametric equation is 

given in terms of the time derivatives of the −x coordinate,  and −y coordinate  

jyixrvj
td

yd
i

td

xd

td

rd 









+==+=  

The magnitude of the velocity is 22 yxv  +=  

The direction of the velocity is 
x

y



1tan−= . 

The acceleration 

The magnitude of the acceleration of a particle whose motion is described by a 

parametric function is given in terms of the second time derivatives of the 

−x coordinate,  and −y coordinate 

jiji

dt

yd

dt

xd

dt

yd

dt

xd
vr

dt

rd

dt

vd
a

2

2

2

2

2

2

+=+=====
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jixjix
dy

yd
y

dx

xd
ya








 ++ ==                                                                               

The magnitude of the acceleration 22 yxa  += ,                                                           

The magnitude of the acceleration )(1tan
x

y



−= . 

Example:1 A particle has a position given by .53, 22 +== tytx  Determine 

the equation of path and what is the particle's speed and acceleration at? 0=t    

Solution 

2tx =                                                                                              (1) 

53 2 += ty                                                                               (2) 

If we delete the time between Eqs. (1) and (2), we get  

53 += xy            (The equation of path)                                         (3) 

From Eqs. (1) and (2), we get  

.6,2

,6,2

....
..

==

==

yx

tytx
   

Then the particle's speed and acceleration given by  

sec/2 102
)6(

2
)2(

22 .. mtyx ttv =+=+=

                                                           
22

)6(
2

)2(
22

sec/2 10
.... myxa =+=+=

             At 0=t  , 0=v  and 2sec/10 ma =  

Example:2 A particle has a position given by .sin,cos tbytbx  ==  

Determine the equation of path and what is the particle's speed and acceleration 

as a function of? t    

Solution 
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,cos tbx =                                                                                   (1) 

tby sin=                                                                                     (2) 

We delete the time between Eqs. (1) and (2) as follows                 

( ) ( ) .sin,cos
2222 tbytbx  ==  

( ) ( ) 222222 sincos bttbyx =






 +=+  , then  

(3)                                      (The equation of path)          222 byx =+            

From Eqs. (1) and (2), we get  

.sin,cos

,cos,sin.

sin,cos

22 ....
..

tbytbx

tbytbx

tbytbx







−=−=

=−=

==

 

Then the particle's speed and acceleration given by 

sec/2222 )cos()sin(.. myx btbtbv  ==+ +−= .

22222
sec/222 )sin()cos(

.... myx btbtba  ==+ −−= + . 

Example:3 A particle has a position given by .4sin5,3cos5 +=+= tytx   

Determine the equation of path and what is the particle's speed and acceleration 

as a function of                                                                            ? t   

      

Solution 

,3cos5 += tx                                                                   (1) 

4sin5 += ty                                                                    (2) 
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We delete the time between Eqs. (1) and (2) as follows                 

.sin54,cos53 tytx =−=−  

( ) ( ) ( ) ( ) .sin254,cos253
2222

tytx =−=−                    

( ) ( ) ( ) ( ) 25sincos2543
2222

=






 +=−+− ttyx  

( ) ( )

086

2516896

2543

22

22

22

=−+−

=+−++−

=−+−

yyxx

yyxx

yx

 

(The equation of path)                                         (3)       222 byx =+            

From Eqs. (1) and (2), we get  

.sin5,cos5

,cos5,sin5

....

..
tytx

tytx

−=−=

=−=
 

Then the particle's speed and acceleration given by 

sec/5)cos(sin25)cos5()sin5( 222222 .. myx ttttv ===+ +−= +

22222
sec/5)cos(sin25)sin5()cos5( 22.... myx tttta ===+ +−= +  

Example:4 A particle has a position given by .sin,cos tbytax  ==   

Determine the equation of path and what is the particle's speed and acceleration 

as a function of?
2

,0
a

x= at and  t    

Solution 

,cos tax =                                                                                       (1)     

tby sin=                                                                                           (2) 
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We delete the time between Eqs. (1) and (2) as follows 

( ) ( ) .sin,cos
2222 tbytax  ==         

( ) 







−=−==

2

2
222222 1sin1cos

b

y
atatax   

(The equation of path)                                  (3)       







−=

2

2
22 1

b

y
ax           

From Eqs. (1) and (2), we get  

.sin,cos

,cos,sin.

sin,cos

22 ....
..

tbytax

tbytax

tbytax







−=−=

=−=

==

 

Then the particle's speed and acceleration given by  

sec/2222 )cos()sin(.. myx tbta  +−= =+v    

22222
sec/)sin()cos( 22.... myx tbtaa  −−= +=+  

At, then 
2

900cos


 ==→== Ottax , we find that 0=x    

sec/2222 )
2

cos()
2

sin(.. myx aba 





 ==+ +−=v . 

22222
sec/222 )

2
sin()

2
cos(

.... myx bbaa 





 =+ −−= +  

At 2/ax=  , we find that 
3

602/1cos2/cos


 ====→== Ottatax , then 

222222 )
2

1
()

2

3
()

3
cos()

3
sin(.. 





 babayx ++ −−= ==+v  
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sec/3 22

2
ma bv +=


 

222222
)

2

3
()

2

1
()

3
sin()

3
cos( 2222.... 





 babaa yx −−−−= ++ ==+  

22
3

2 sec/
2

2

ma ba +=


 

( ) rjtbitajtbitaa
 2222 sincossincos  −=+−=−−=  

Exercises: 

Exercise:1  A particle has a position given by .520,5 2tytx −==  Determine 

the equation of path and what is the particle's speed and acceleration at? 0=t    

Exercise:2 A particle has a position given by .520,5 2tytx −==  Determine 

the equation of path and what is the particle's speed and acceleration at? 0=t    

 

Exercise:3 A particle has a position given by 

.2cos1,2sin5







−=









+= tayttax  Determine the equation of path and what is 

the particle's speed and acceleration at? 0=t   
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Motion in polar Plane 

Polar coordinates )( −r . 

In Polar Coordinates, the particle is located by the radial distance )(r  from a 

fixed point and by an angular measurement )( to the radial line.   

 

r+  direction (positive radial direction) is measured from the pole to the point 

the particle. 

+  (positive angular direction) is in the direction of increasing   and is 

orthogonal to r . 

Position Vector                                                                                                             

In Polar Coordinates  the position vector define as 

(1)                                                              ,                                   rerr


=   

Where re


is the unit vector in the direction of r


and given as  

jier


 sincos += ,                                                                                (2) 
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Also, we define e


is the unit vector in the  direction and define as  

jie


 cossin +−= .                                                                   (3) 

Time derivative of unit vectors  

jier


 sincos +=  

( ) ( ) 


 e
dt

d
jiji

dt

d

dt

ed r


.cossinsincos =+−=+=                (4) 

jie


 cossin +−=  

( ) ( ) re
dt

d
jiji

dt

d

dt

ed 
.sincoscossin 


 −=+−=+−=             (5) 

Note that 0,0 ==
dt

jd

dt

id


 

The velocity in polar coordinate  

The velocity can be determined by taking a time derivative of position, 

                                                                              
dt

ed
re

dt

dr

dt

erd

dt

rd r
r

r







+===
)(

v

Substituting the above relationships into the velocity equation gives 

 erer r

 .. +=v                                                  (radian velocity, transfer velocity 

)Then ( ) ( ) 22,,, ..
  vvvvvv +=== rr rr


   

The Acceleration in polar coordinate  

A time derivative of the velocity will give an expression for the acceleration,  

( ) ( ) ( ) ( )
dt

d

dt

d

dt

d

dt

d

dt

d

dt

d

dt

vd
a 

 



e

rer
r

e
e

re
r

erer r
rr








 ....... ++++=+==  
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By substituting this into the previous equation, and rearranging, gives the 

acceleration in terms of radial and transverse components,  

( ) rr ererererer
 ..........   −+++=a  

( ) ( )  errerr r

 ....... 2
2

++−=a  

Then ( ) ( ) 222 ....... 2,,   arrrra rr +=+−== aaaa


  

Example: 1  A particle moves in the −r -plane in such a way that its position 

at time t  is 23 32 ttr −=  and tt += 2 .  Find the values of its velocity and 

acceleration at 2=t  second ?  

Solution                                                                                                                                   

In polar coordinates the velocity and acceleration are given by  

 ),,( .. rr=v


 )2,( ....... 2  rrrra +−=


     

.2,612

12,66

,,32

....
.. 2

223

=−=

+=−=

+=−=







tr

tttr

ttttr

,           At 2=t  

2,186)2(12

51)2(2,12)2(6)2(6

....
.. 2

==−=

=+==−=





r

r
          ,Then 

( ) sin,12),( .. barr +==v


,    Then 

 




sin2sin2)sin(cos

sinsin2cos)sin(cos

222222

22222222

baabbaab

bbaabbab

++=+++=

+++=++=

v

v
,    

( )
( )



cos2,sin2

,cos20),sin(sin)2,(

2

222....... 2

baba

bbabrrrra

−−=

++−−=+−=
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Then  

( ) ( )
22222222

22222222

sin44sin4)cos(sin4

,cos4sin4sin4cos2sin2

ababababa

bababbaba

++=+++=

+++=+−−=




 

Example: 2  A particle moves in the )( −r  plane in such a way that its 

position is br =  and move with a constant angular velocity, b  is constant.  

Find the values of its velocity and acceleration ?  

Solution 

In polar coordinates the velocity and acceleration are given by  

 ),,( .. rr=v


 )2,( ....... 2  rrrra +−=


 

tcons tan. == ,0
.. =                

ctdtd
dt

d
+=→=→==  


.  

At 0,0 == t , then , t = . Thus 0=c    

,0,,
... === rbrtbr   0,,

... ===  t      

Therefore  

( )
2222

2

1)()(

,),( ..

tbtbb

tbbrr

+=+=

==





v

v
, 

( )23 2,)2,( ....... 2  btbrrrra −=+−=
  

222 4 tba  +=  
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Example: 3  A particle moves in the ( −r ) plane in such a way that its 

position is given by sinbcr +=  with a constant angular velocity, cb,  are 

constants.  Find the values of its velocity and acceleration ? 

 Solution                         

In polar coordinates the velocity and acceleration are given by 

),,( .. rr=v


 )2,( ....... 2  rrrra +−=


     

where 

.sinsin

,coscos

,sin

,0,

2...
..

...









bbr

bbr

bcr

−=−=

==

+=

==

 

( ) sin,cos),( .. bcbrr +==v


 





sin2sin2)sin(cos

sinsin2cos)sin(cos

222222

22222222

bccbbccb

bbccbbcb

++=+++=

+++=++=

v

v

( )
( ),cos2,sin2

,cos20),sin(sin)2,(

2

222....... 2





bcba

bbcbrrrra

−−=

++−−=+−=



 

( ) ( )
22222222

22222222

sin44sin4)cos(sin4

,cos4sin4sin4cos2sin2

cbcbcbcba

babcbbcba

++=+++=

+++=+−−=




 

Exercise 

  A particle moves in the ( −r ) plane at the two paths  (i) bcr +=  (ii) ber = . 

with a constant angular velocity, cb,  are constants.  Find the values of its 

velocity and acceleration in the two paths? 


