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Types of Forces

 Centripetal Force

F=
mv

2

r
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Types of Forces

 Gravitational Force
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Types of Forces

 Gravitational Force

F⃗=G
M
1
M
2

∣R⃗
12
∣3
R⃗
12

=M
2
g

G=6 . 674⋅10−11
Nm

2

kg2

g=6 . 674⋅10−11
Nm

2

kg2
5 .9736⋅1024 kg

(6,375⋅106m )2
=9.81

N

kg
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Types of Forces

 Gravitational Force

https://www.myphysicslab.com/engine2D/mutual-attract-en.html
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Gravitation Force

 Equations of motion for 
projections

Quantity Differential Equation Solution

Acceleration                  None
a
z
=−g ,

X Y

Z
g⃗

a x= 0, a y= 0

Velocity                  
dv

z

dt
=a

z
=−g v

z
= v

z0
−gt ,

v x= v x0 , v y= v y0

d
2
z

dt2
=a

z
=−g

Location                  

dz

dt
=v z=v z0−gt

z=zo+v z0 t−
1

2
gt
2
,

x= x
o
+ v

x0
t ,

y= y
o
+ v

y0
t
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 Equations of motion in 
vector form

Quantity Differential Equation Solution

Acceleration                  None a⃗  = g⃗

Velocity                  
d v⃗

dt
 = a⃗  = g⃗ v⃗  = v⃗

o
 + g⃗ t

d
2

r⃗

dt 2
 = a⃗  = g⃗

Location                  

d r⃗

dt
 = v⃗  = v⃗o  + g⃗ t

r⃗  = r⃗ o  + v⃗ o t  + 
1

2
g⃗ t

2

Gravitation Force
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Friction

F
F
=μF

N
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 Friction Coe�cients for Some Common Surface Interactions

Friction
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Friction

The sliding block demo

https://www.computer-graphics.se/demos/2les03/Beachball-demos.zip
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Friction

The sliding block demo 2

https://www.computer-graphics.se/demos/2les03/Beachball-demos.zip
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Vibration

 Deformation 

Springs

F⃗=−kΔ x⃗

Hooke’s Law

Equation of motion: m ẍ=− kx

ẍ+ϖ 2
x=0 ϖ 2=

k
m

x ( t )= A sin ( ϖ t + ϕ o )Solution:

T=
2π

ϖ
=2π √ mk
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Vibration

 Deformation 

Springs

https://www.myphysicslab.com/springs/collide-spring-en.html
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Vibration

 Deformation 

https://www.computer-graphics.se/demos/2les03/Beachball-demos.zip
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Vibration

 Deformation 

https://www.computer-graphics.se/demos/2les03/Beachball-demos.zip
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 Pendulum 

F⃗=−kΔ x⃗

Equation of motion: m ẍ=−kx

ẍ+ϖ
2
x=0 ϖ

2= g
L

x( t )=A sin(ϖt+ϕo )Solution:

T=
2π

ϖ
=2π √ Lg

F⃗=−mg sinθ=−mg
L
Δ x⃗

Vibration
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 Boat 

Vibration

Write the equation of motion for a boat in water.

What is the period of the vibration? 

Ingemar Ragnemalm


