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Аbout the course bout the course 

 Purpose 
 To inroduce into basics of physics, in order 

to model the ”real world” in computer games

 Sources
Webpage of the course (Ingemar R)

http://computer-graphics.se/TSBK03/
Ragnemalm, PFNP-SHCWMTS [IR] 
 G. Palmer, Physics for Game Programmers, Apress, 2005
 Oreilly.-.Physics.for.Game.Developers.2nd.Edition.2013
 Ian Millingston, Game Physics Engine Development, 

Elsevier, 2007
 Witkin, Baraff, Kass, lectures from Pixar ”SIGGRAPH 2001 

Course notes” [Pix], http://www.pixar.com/ …  
 C. Hecker, Behind the Screen, 

http://www.d6.com/users/checker
  

http://www.pixar.com/


Knowledge is the foundation 
of all things in existence

A Lack of Knowledge Is a 
Dangerous Thing

Why is needed knowledge (on physics)?

https://www.aps.org/programs/education/upload/whyphysics.PDF

https://www.aps.org/programs/education/upload/whyphysics.PDF
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i.2 Physics as a natural science

Classical PhysicsClassical Physics

Mechanics Molecular physics Electromagnetism
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i.3 Modelling of the physical word 

3D objects and 3D scenes
Movement
Rigid objects
Rotation
Friction
Air and water resistance
Gravity
Collisions and explosions 
Springy things
Waves

If it is looks right on the screen, that’s good enough!

Criterion for a physical model in a game:

90% of games applied physical simulations use:
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Outline

 i. Introduction (physics and its role in game industry)
 Models
 Kinematics
 Newton’s Dynamics
 Work, Energy and Power 
 Rotational motion
 Projectiles
 Collisions
 Water simulations
 Sports Simulations
 Cars and Motorcycles
 Boats, flight simulation (airplanes, rockets and missiles)
 Optical effects
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i.3 Real word & fakes 
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i.3 Real word & fakes 
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i.3 Modelling of the physical word

 Physics Will Keep Your Games from Looking 
Fake

 Adding Physics-Based Realism Is Easier Than 
You Might Think

 Adding Physics Won’t Affect Game 
Performance

 Knowing Some Physics Will Make You a Better 
Game Programmer
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Modelling and models
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Modelling and models
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Modelling and models
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Modelling and models

Graphical  
unit

Coordinates 
of all 
objects

Initial 
conditions 
for all 
objects @tFor (i=1; i<=Number of objects; i++)

{
Set initial conditions for the i-th 
object @ t;

Write Eq. of motion for the i-th object 

Solving Eq. of motion for the i-th 
object;
}

t=t+delta t

Physical unit
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Basic Concepts

 Systems of Units
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Basic Concepts

 Coordinate Systems and Frames of 
Reference
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Basic Concepts

 Coordinate Systems and Frames of Reference
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Basic Concepts

 Scalars and Vectors

R⃗=x i⃗ + y j⃗+ z k⃗ V⃗ =V x i⃗ +V y j⃗+V z k⃗

R⃗1± R⃗ 2=( x1± x2 ) i⃗ +( y1± y2 ) j⃗+( z1± z2 ) k⃗Sum of vectors:

Magnitude of a vector: ∣R⃗∣= √x 2+ y 2 + z 2

Vector  scalar product: ( R⃗ 1⋅R⃗ 2 )= x 1 x 2+ y 1 y 2+ z1 z 2

Vector  cross product: [ R⃗ 1× R⃗ 2 ]=( y1 z2− y 2 z1) i⃗ +( z1 x 2− z2 x 1 ) j⃗+( x 1 y 2− x 2 y 1 ) k⃗

∣[ R⃗ 1× R⃗2 ]∣=∣R⃗ 1∣∣R⃗ 2∣sin α

    

( R⃗ 1⋅R⃗ 2 )=∣R⃗1∣∣R⃗ 2∣cos α
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Basic Concepts

 Matrices
 Derivatives
 Differential Equations
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Basic Concepts

 Matrices
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Basic Concepts

 Derivatives
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Basic Concepts

 Derivatives

Comparing acceleration, velocity, and altitude for the snowboarder
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Basic Concepts

 Differential Equations

The motion of a spring as a function of time

m
d 2 x
dt 2 +µ

dx
dt +kx=0
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Kinematics

X

Y

X

Y

t

r⃗ ( t o ) r⃗ ( t )

a⃗ ( t )=
d v⃗ ( t )

dt
=⃗̈r ( t )Acceleration [ m

s2 ]

v⃗ ( t )=
d r⃗ ( t )

dt
=⃗̇r ( t )Instantaneous  velocity [m

s ]

v⃗average=
r⃗ ( t )− r⃗ ( t o )

t− t o
Average velocity [m

s ]

Δ r⃗ ( t )= r⃗ ( t )− r⃗ ( t o )Displacement [ m ]

s=∫
t1

t 2

∣dr∣Distance [m ]

r⃗ ( t )= r⃗ ( t o )+∫
to

t

v⃗ ( t )dt= r⃗ ( t o)+ v⃗ ( t o) t+∫
t

o

t

∫
t

o

t

a⃗( t )dt
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Newtonian Dynamics

 Newton’s three laws of motion
 Some special types of forces—gravitational, 

friction, centripetal, and spring
 The concept of a force vector
 Force balances and force diagrams
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Newton’s First Law of Motion: Inertia

Every body preserves in its state of rest, or of uniform motion in a right line, 
unless it is compelled to change that state by forces impressed thereon.
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Newton’s Second Law of Motion: Force, Mass, 
and Acceleration

F⃗=m a⃗

The alteration of motion is ever proportional to the motive force impressed
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Newton’s Third Law of Motion: 
Equal and Opposite Forces

To every action there is always opposed an equal reactionTo every action there is always opposed an equal reaction
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Types of Forces

 Centripetal Force

F=
mv2

r
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Types of Forces

 Gravitational Force
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Types of Forces

 Gravitational Force

F⃗=G
M1 M 2

∣R⃗12∣
3

R⃗12
=M 2 g

G=6 . 674⋅10−11 Nm2

kg2

g=6 . 674⋅10−11 Nm2

kg2

5 . 9736⋅1024 kg

(6, 375⋅106 m )
2
=9. 81

N
kg
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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

d2 z
dt2

=a z=−g
Location                  

dz
dt

=v z=v z0−gt

z=z o+v z0 t−
1
2

gt2 ,

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  = v⃗o  + g⃗ t

d2 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=μFF N
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 Friction Coefficients for Some Common Surface Interactions

Friction
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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 √
m
k
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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+ϕ o )Solution:

T=
2π
ϖ

=2π √
L
g

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? 


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37

