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Forces That Depend on Position

The Concepts of Kinetic and Potential Energy
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Example 1: Spring
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Example 2: Free fall
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Example 3: Variation of gravity 

with height

9



2r

GMm
F

r
 

2

2
( )

( )

e

e

r
F x mg mx

r x
  




dv
x v

dx


0 0

2

2( )

x v

e

ex v

dx
mgr mvdv

r x
 

 

2 2 2

0

0

1 1 1 1
( )

2 2
e

e e

mgr mv mv
r x r x

  
 

2/ emg GMm r  

2/ eg GM r

10



2( ) / ( )e eV x mg r r x    

0 0

( )

x x

x x

F x dx dV   0 0( ) ( )V x V x T T    

2 2 2

02 ( )
( )

e

e e

x
gr v v

r x r


 



2 2

0

1
2 ( )

1
e

gx v v
x

r

  



11



2 2 1

0 2 (1 )
e

x
v v gx

r

  

2 2
10 0

max (1 )
2 2 e

v v
x h

g gr

  

   eif x r 2 2

0 2v v gx 

2 1max
0 max 0 2 (1 )

e

x
if v v gx

r

   

2

0
max

2

0
2

  2 eif v gr
v

x h
g

   

12



1/2(2 )e ev gr 11 /ev km s

2

max
01 0

2 e

v
x

gr
  

2 2 O &      0.5 /efor N v km s

13



( )
dv

F t m
dt

 0

0

( ) ( )

t

F t dt mv t mv 

0

( )
( )

t

o

dx F t
v t v dt

dt m
   

0 0

0 0 0

( )
( )

t t t
F t

x x v t dt v t dt dt
m

 
     

 
  

The force as a Function of Time. The concept of Impulse
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Example 1: Constant force
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Example 2: Step force
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Example 3: Uniformly increasing force
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 The time-rate of change of acceleration (jerk)
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Velocity-Dependent Forces

Fluid Resistance and Terminal Velocity
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Example 1: Horizontal motion with linear resistance
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Example 2: Horizontal motion with quadratic resistance
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