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Today

0. Reminder physics basics

1. Parabolic movements (2D)

2. Parabolic movements (3D)

3. Drag and Friction

4. Inertia

5. Momentum and Torque



Reminder

Force Field

• What is a force field

• Examples (in 2D)

• Mathematical analysis

 𝐹 =
−𝐺 𝑚1𝑚2

𝑟2
 𝑟

𝐺 = 6,673 ∗ 1010−11(𝑁 ∗ 𝑚2/𝑘𝑔2)

𝐹 =
−𝐺 𝑚1𝑚2

𝑟2
 𝑔 =

−𝐺 𝑚1

𝑟2
 𝑟

 𝐹 = 𝑞𝐸

 𝐹 = 𝑚  𝑔



Parabolic movements (2D)

Impulse shot
• What is an impulse shot?
• Examples? (in 2D)
• Mathematical analysis

Drag
• What is drag?
• Examples? (in 2D)
• Mathematical analysis

• Friction
• Dynamic Drag



Parabolic movements (2D)

Examples (in 2D):

1.vertical shot. How much time it stays in the air?

2.horizontal bullet. How far does it go?

3.diagonal shot. What is the maximal distance it can reach? 

4.What is the right distance for a satellite or the moon to stay on orbit?



Parabolic movements (2D)

Some data (from the internet):

• Weight of a “typical” bullet: 
10g

• Muzzle speed of a bullet on a 
“typical” gun: 300m/s2

• Strength of gravitation on 
surface: 9.81 m/s2

• Mass of the earth: 5.97e24

• Mass of the moon: 7.34e22

Typical friction levels (from Bourg 
et al.)

Surface condition Ms Mu % diff.

Dry glass on glass 0.94 0.4 54%

Dry iron on iron 1.1 0.15 86%

Dry rubber on pavement 0.55 0.4 27%

Dry steel on steel 0.78 0.42 46%

Ice on ice 0.1 0.03 70%

Oiled steel on steel 0.1 0.08 20%



Parabolic movements (2D)

Exercise 1.

Kaitos’ planet is much smaller than the earth, but 
has a gravity 10 times greater than the earth. 

Estimate the density of Kaito’s planet 
against the  density of the earth

Ask for data, or estimate, as needed

Source: 
https://www.domestika.org/en/projects/131118-
kaito-s-planet



Parabolic movements

Exercise 2.

What needs to be the Muzzle 
Velocity in order to shoot a bullet 
to go to outer space 

• On earth

• On Kaitos’ planet 

(you can assume no drag)



Parabolic movements. Theory and Examples 
(3D)

Theoretical Assumptions:

• A rigid object and its 

• Centre of mass

• Particle approximation

Examples (in 3D):

1.Diagonal shot with horizontal wind

2.Drop an object with diagonal wind

Check Also:

• Feynman et al. chapters 18 and 19

• Bourg et al. chapter 4 and 6



Parabolic movements Theory (3D)

Same Physical principles at play:

• Force field

• Impulse shot

• Drag

Important assumptions:

1.What is a rigid object?

2.What is the centre of mass?

 𝑥𝑀 =
1

𝑀
 𝑖𝑚𝑖  𝑥𝑖

3.When is the particle approximation 
valid?

Reminder:

• Newton 1: 

moving stuff stays 
moving

• Newton 2:

 𝐹 = 𝑚  𝑎

 𝑎 =
𝑑2  𝑥

𝑑𝑡2
=  𝑥



Parabolic movements Theory (3D)

2 kinds of problems:

• Forces to Motion 
(in-game calculation)

• Motion to Force 
(wii or kinect controller)

Examples (in 3D):

1.Diagonal shot with horizontal 
wind

2.Drop an object with diagonal 
wind



Parabolic movements Theory (3D)

How to solve a dynamics problem:

0.  Make a good analytic diagram

1. Find properties of mass (mass, centre of 
mass, moment of inertia)

2. Quantify forces (and moments)

3. Get sum of forces (and moments)

4. Solve eq. for linear (and angular) 
accelerations

5. Integrate to find linear (and angular) velocity

6. Integrate to find linear (and angular) motion

7. Write in code



Friction and drag Theory (2D + solid objects)

Physical principles at play:

• linear friction 
(box, no movement, slow mov.)

• linear drag 
(last week)

• quadratic effects 
(previous example)

Examples in 2D:

• slowing an object on a 2D ramp

• airplanes that fly

See also:

• section 12-2 Feynmann

• chapter 15 Bourg et al.



Friction and drag. Theory and Examples (2D + 
solid objects)
1.2.1 Physical principles at play:

Friction

• linear friction 
(box, no movement, slow mov.)

• linear drag 
(last week)

• quadratic effects 
(previous example)

Force field (gravity, etc.)

Initial conditions (velocity, etc.)

1.2.2 Examples of Friction in 2D:

• slowing an object on a 2D ramp

• airplanes that fly

See also:

• section 12-2 Feynmann

• chapter 15 Bourg et al.



Friction and drag
Examples (3D + solid objects)

Examples of Friction in 3D:

• slowing an object on a 3D ramp 
(force decomposition)

• Magnus effect
• See Bourg et al. Chapter 6

Source: https://en.wikipedia.org/wiki/Magnus_effect



Inertia and Moment (of inertia)
Theory
Physical principles at play

• What is inertia (Newton’s first 
(galileo))

• What is momentum (Newton’s 
third)

• Conservation of momentum 
(elastic collisions)

• Conservation of energy 

(non-elastic collisions)

 𝑝 = 𝑚  𝑣

See also

• Section 10-1 Feynmann

• Section 10-2 Feynmann

• Section 10-4 Feynmann

Source: https://en.wikipedia.org/wiki/Magnus_effect



Inertia and Moment (of 
inertia). 
Exercise (2D): Wonder-woman stops 
bullets on ice.

• Calculate at what speed she will 
move backwards

• Calculate how much distance she 
will go backwards

• Ask data as needed



Inertia and Moment 
(of inertia)
Exercise (2D)

Chinese jumping together send 
earth out of orbit

• Calculate the strength of the 
jump needed to deviate the 
angular velocity

• Ask data as needed

Source: Weekly World News 25 Juny 1991
As shown in google books



Angular Momentum and Torque
Theory and 2D examples
1.4.1 Physical Principles of 
Momentum and Torque

Momentum means 
Angular Momentum

 𝜏 = 𝑐𝑟𝑜𝑠𝑠(𝑟,  𝐹)
𝐿 = 𝑐𝑟𝑜𝑠𝑠(𝑟,  𝑝)

• intro of CROSS PRODUCT
See also:

• section 18-1 Feynmann

• chapter 4 in Bourg et al

1.4.2 Torque examples in 2D

• ice skater (see ice skater video from  
https://www.youtube.com/watch?v=VmeM0BNnGR0 )

Source: https://en.wikipedia.org/wiki/Torque

https://www.youtube.com/watch?v=VmeM0BNnGR0


Angular Momentum and Torque. 3D examples

Torque Examples in 3D
• See Terminator 3 chase 

(https://www.youtube.com/watch
?v=pwkrUKkRqqk minute 1.45)

Important to have good 
understanding on Rotations

Complex Numbers

Euler Matrices

Quaternions

https://www.youtube.com/watch?v=pwkrUKkRqqk

