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¥ Go over syllabus 

¥ Last semester Ð Statics 

o Systems at rest 

o Based primarily on NewtonÕs 1st and 3rd laws 

¥ Now Ð Dynamics 

o Things are moving! 

o Based primarily on NewtonÕs 2nd and 3rd laws 

¥ Read Chapter 12 on your own Ð review of units, measurement, etc. 

 

Chapter 13 Ð Kinematics of Particles 

Kinematics vs. Kinetics Ð WhatÕs the difference? 

Kinematics Kinetics 

How objects move Relationship between motion and 

forces that caused the motion 

How x. v. and a change with time  

 

¥ Start with particles Ð ignore size and shape of objects 

o Can be large or small 

o Planet = particle !  path traveled is large, distance between planets is 

large 

¥ Next chapter Ð rigid bodies 

o Take size and shape into account 

 

Kinematics Ð study how x, v, and a change with time. This means we need to define x 

(position), v (velocity) and a (acceleration). 
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o Position of particle P at time t  w.r.t origin O: 
   
!
r
P O

t( ) = x t( ) î + y t( ) ĵ + z t( ) k̂  

Someone else might measure the position of particle P from a different location: 

o Position of particle P at time t  w.r.t origin OÕ: 
   
!
rP O ' t( ) = x ' t( ) öi + y ' t( ) öj + z ' t( ) ök  

The two positions are related to each other Ð relate the vectors: 
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o Displacement Ð difference in position at 2 instants of time 

o At time t: particle at P 

o At time t + " t: particle at Q 

  
!
!
r =
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rP O   (**This is independent of the coordinate system location) 

** 
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o Velocity Ð time rate of change of position 
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v

P
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!t"0

!
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P O

  **New notation! 

   

!
v

P
t( ) = v

x
t( ) î +v

y
t( ) ĵ +v

z
t( ) k̂

         = "x t( ) î + "y t( ) ĵ + "z t( ) k̂
 

o Acceleration Ð time rate of change of velocity 

   

!
aP t( ) =

d
!
vP

dt
=
!"vP =

d 2
!
rP O

dt 2
=
!""rP O   **New notation! 

   

!
a

P
t( ) = a

x
t( ) öi +a

y
t( ) öj +a

z
t( ) ök

         = "v
x

t( ) öi + "v
y

t( ) öj + "v
z

t( ) ök

         = ""x t( ) öi + ""y t( ) öj + ""z t( ) ök

 

 

Motion along a straight line Ð rectilinear motion 

o y- and z-components = 0 for any t 

o motion in x-direction only 

   

!
r
P O

= x           !x = x
Q
" x

P

v
P

=v = "x       a
P

= a = "v = ""x
 

Displacement Distance traveled 

Depends on endpoints of vector quantity Path dependent, scalar quantity 

 

YouÕre going to design a machine 

o To know the power of the machine, you need v: 
 
v t( ) =

dx
dt

 

o To know the force of the machine, you need a: 
 

a t( ) =
dv

dt
 

If you know the velocity you can find the position at time t (from definition above):  

  

v t( ) =
dx

dt
     !      dx = v t( )dt       !       dx" = v t( )dt"      !      x = v t( )dt"  

        (Choose x = x0 when t = t0) 
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If you know the acceleration you can find the velocity at time t (from definition above):  

  
a t( ) =

dv
dt

     !     dv = a t( )dt       !      dv" = a t( )dt"      !     v = a t( )dt"  

 

Example: The cheetah can run as fast as 75 mi/hr. If you assume that the animalÕs 

acceleration is constant and that it reaches top speed in 4 s, what distance can it 

cover in 10 s? 

 

Acceleration = constant for first 4 sec = a0 

Acceleration = 0 after for the remaining 6 sec. 

Convert mi/hr to ft/s: 
  
75 mi

hr !
5280ft

mi
!

1hr
3600s

= 110 ft
s  

 
dv! = a t( )dt!  

  
!     dv

0

v

" = a
0
dt

0

t

"    !    v = a
0
t  

 
  
At  t = 4s, v = 110 ft

s
:  a

0
=

110 ft
s

4s
= 27.5 ft

s
2  

  

v t( ) =
dx

dt
     !      dx = v t( )dt       !       dx" = v t( )dt"   

  
dx

0

x

! = v t( )
0

t

! dt = a0tdt
0

t

! = 27.5tdt
0

t

!      "      x = 13.75t2  

 
  
At  t = 4s : x = 13.75 42( ) = 220ft  

From t = 4s to t = 10s, v = 110 ft/s: 
  
x = 110 ft

s( ) 6s( ) = 660ft  

Total distance traveled: 220ft + 660ft = 880ft. 

Area = distance traveled from t = 0 to 

t = 10 s. 
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The acceleration (and therefore the net force) can depend on position instead of time, 

i.e. spring force: F = -kx 

From the definition of acceleration: 
 
a =

dv
dt

 

Write acceleration as a function of position: 
 
a x( ) =

dv
dx

dx
dt

= v
dv
dx

  (**using chain rule) 

  

a x( )dx = vdv

a x( )dx
x

0

xf

! = vdv
v

0

vf

!

a x( )dx
x

0

xf

! =
vf

2 " v
0

2

2

 

Example: Particle hanging from a spring, moves with an acceleration proportional to its 

position and opposite in sign: 
  
a x( ) = ! 4x m

s2 . At the origin, 
  v = 2 m

s  upward. 

a. Velocity as a function of position 

 

a x( ) =
dv

dt
=

dv

dx

dx

dt
= v

dv

dx
 

  

vdv
v

0

vf

! = a x( )
x

0

xf

! dx = " 4x( )dx
x

0

xf

!  

  

v 2

2
v

0

vf

= ! 2x2

x
0

xf

 

  

v
f

2 ! v0
2

2
= ! 2 x

f

2 ! x0
2( )      Given: 

  
v

0
= +2 m

s
 at  x

0
= 0  

  

v
2 ! 2 m

s( )2

2
= ! 2x

2  

  
v

2
= !4x

2
+ 4 m

2

s
2  

  
v x( ) = 2 1! x2 m

s  Velocity as a function of position. 

b. At t = 1s, particle is at the origin, x = 0. Find x(t), v(t), a(t). 

  

dx

dt
= v = 2 1! x

2  



ENGR 3200 Chapter 13 Part 1 

Page 6 of 6 

  

dx

1! x2

= 2dt       "        
dx

1! x2

= 2 dt##  

Look up integral from your favorite book of integrals: 
  

dx

a
2 ! x

2

= sin
!1 x

a

"

#
$

%

&
'+C(  

  sin
!1 x = 2t + contant  

  
x = sin 2t +C( )  but t = 1s when x = 0. !  

  

2t +C = 0

C = !2t = !2 1( ) = !2
 

  
x t( ) = sin 2t ! 2( ) m

s  

 

From part a, we found an expression for v as a function of x: 

  
v x( ) = 2 1! x2

= 2 1! sin
2

2t ! 2( ) =   
2cos 2t ! 2( )m

s
= v t( )  

Another method: 

   
v t( ) = !x t( ) =

d

dt
sin 2t ! 2( )( ) = cos 2t ! 2( ) d

dt
2t ! 2( ) = 2cos 2t ! 2( ) m

s
 

 

From part a, we were given: 

  
a x( ) = ! 4x =

  
!4sin 2t ! 2( ) m

s2 = a t( )  

 

Homework problems from this section: 13.7, 13.11, 13.13, 13.20, 13.23, 13.31, 

13.37 

 


