
Statics : Free body diagrams and 
Newton’s 3rd law of motion 

Stefan Bracher 
 
 
 

 
 

 
 
 
 
 
 
Image: “Force Table” by Stefan Bracher 
 



Isaac Newton 

•  25 December 1642 – 20 March 1727 
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Newton’s Laws of Motion 

Formulas and Constants for College Physics            Stefan Bracher

Classical (Galilean) Relativity

For two inertial* reference frames A and B

Position of a point P: r⃗PA= ⃗rPB+ ⃗rBA

Velocity of a point P: v⃗
PA

=v⃗
PB

+ v⃗
BA

Acceleration  of a point P: a⃗
PA

=a⃗
BA

* Inertial Reference frame : A reference frame in which all laws of physics hold (typically a 
reference frame that itself is not accelerated)

Statics +Dynamics

Linear Rotational

Newton's 1st Law F⃗ net=0⇔ a⃗=0 τ⃗net=0⇔α⃗=0 Torque τ=r F sin (α)
, 

τ⃗= r⃗× F⃗

Newton's 2nd Law F⃗ net=ma⃗ τ⃗net= I α⃗ Rotational Inertia in General I=∫ x² dm

Newton's 3rd Law F⃗ AB=−F⃗ BA
τ⃗AB= −τ⃗BA Parallel axis theorem I= I com+ mh

2

 Mass - distance L from axis. I=m L²

Universal Law of 
Gravity

FG=G
m1m2

r
2

Beam, hinged at one side
I=

1

3
mL ²

Hooke's Law F⃗=−k x⃗  Thin rod – perpendicular  central axis
I=

1

12
mL²

 Solid sphere– central axis
I=

2

5
m r²

 Spherical shell – central axis
I=

2

3
m r²

 Solid cylinder – central axis
I=

1

2
m r²

Work+Energy

Conservation of  Energy E final=Einitial+ W by NCext Potential gravitational Energy: PE=mgh

Work done by a force W= F⃗⋅⃗s=F s cos(Θ) Potential spring Energy PE=1/2kx²

NCext: Non Conservative External force Linear Kinetic Energy KE= ½mv²

Rotational Kinetic Energy KE= ½Iω²

Mechanical Energy ME=PE+KE

Power [Watt]
P=

Δ W

Δ t
=F⃗⋅⃗v

Momentum

Linear Rotational

Momentum p⃗=mv⃗ L⃗=r⃗×p⃗=m (r⃗×v⃗ )= I ω⃗ Impulse J⃗=Δ p⃗

Newton's 2nd Law
F⃗ net=

Δ p⃗

Δ t
τ⃗net=

Δ L⃗

Δ t

Inelastic collision : Only momentum is conserved

Conservation of 
Momentum

p⃗ f = p⃗i+ F⃗ ext Δ t L⃗ f =L⃗i+ τ⃗ext Δ t Elastic Collision Momentum and Mechanical 
energy is conserved

http://stefan.bracher.info/physics.php  4
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Free Body Diagrams 

•  Used to analyze statics and dynamics 
problems 

 
•  All interactions of the object with the 

environment are replaced by forces 
 

Statics and Dynamics 

Image:   “Free Body Diagram of a group of Ice-Skaters”. (Creative Commons CC-BY-4.0 https://creativecommons.org/licenses/by/4.0/)   
  OpenStax, College Physics. OpenStax CNX. Apr 4, 2017 http://cnx.org/contents/031da8d3-b525-429c-80cf-6c8ed997733a@9.74 



More Examples 

•  Newton’s Apple 
 
•  Box on a surface 

•  Skydiver in free-fall 

•  Airplane (in flight) 
 
•  Satellite (in geostationary orbit) 

Statics and Dynamics 



Newton’s 3rd Law of motion 

 

If object A exerts a force on object B, 
then object B exerts a force on object 
A equal in magnitude and opposite in 

direction  
 

Statics and Dynamics 
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Newton’s 3rd Law of motion Statics and Dynamics 

Example:  If the skater on the left applies a force on the blue 
    skater in the middle (FB1) then the blue skater   
    applies an equal force in opposite direction on the 
    skater on the left. 

Image:   “Group of Ice-Skaters”. (Creative Commons CC-BY-4.0 https://creativecommons.org/licenses/by/4.0/)   
  OpenStax, College Physics. OpenStax CNX. Apr 4, 2017 http://cnx.org/contents/031da8d3-b525-429c-80cf-6c8ed997733a@9.74 

FBD left 
skater (1) 

FBD blue 
skater (B) 

FB1 

FB2 

F1B 



Further reading Statics and Dynamics 

OpenStax, College Physics “Force and 
Newton’s Laws of motion” 
http://cnx.org/contents/Ax2o07Ul@9.74:AvUqAiSE@5/
Introduction-to-Dynamics-Newto  
  
 


