Fear The Sphere

TWO-DIMENSIONAL COLLISIONS BY DAVID PROROK



The Game

» Control a Ball




The Game

» Defeat Enemies




Level: 3 Coins: 286 Lives: 1

Level 3 Complete

Current Masgs: 40 To increase Mass, press 'm' (35 coins)

Current Max Speed: 1.70 To mcrease Max Speed, press 's' (100 coins)
Current Acceleration: 2.00  To increase Acceleration, press 'a' (150 coins)
Current Weapon: NONE. To purchase rockets, press 't' (1,000,000 coins)
Current Lives: 1 To add a life, press 1 (522 coins)

Current Multiplier: 1.06 To increase multiplier, press 'x' (100 coins)
Increases coins from enemies by 10%

Bank Purchased: False To purchase bank, press b’ (500 coins)
Earns 10% interest per round

Press Enter to begin next level.




The Game

» Repeat




The Math
Collision Detection

» The game needs to defermine when two
objects are colliding

(Crz — C22)? + (Cry — Cay)?

where

rq is the radius of the first ball

ro is the radius of the second ball

(1. is the x-coordinate of the center of the first ball

(3, is the y-coordinate of the center of the second ball, ect.,




The Math
Collision Detection

» If two objects overlap, an adjustment
needs to be made

Cra = Ciz + e
1z 1z + |P1r — PEJ'




The Math
Elastic Collisions

U2y
1 "
U2r

0y = arctan(

» M1 and M2 travel from their top left and bottom right positions along
the vl and v2 vectors, respectively, before colliding at the location
in the center



The Math
Elastic Collisions

» We need to calculate their final velocities
» We can simplify the problem by rotating the axes




The Math
Elastic Collisions

» In order to calculate the velocities relative to the rotated axis, we
can use trigonometry. vl, v2, 61, 62, and ¢ are shown on the left.
The subscript r stands for rotated.

= v1(cos(6r — ¢))
) {:.-;-i'n.(& — f?))
s = Ua(cos(fz — @))

= U9 (5”::'(9,2 — {lb))




The Math
Elastic Collisions

» The axes are now rotated in such a way that the collision is only in
the xr direction. Since the collision is now 1-dimensional, we can use

the conservation of momentum equation for a perfectly elastic
collision

"}”1 f ——

» If you are unfamiliar with this equation, consider the following
examples to gain some infuition:

» if M1 >> M2, v1 will be unaffected

» if M1 << M2, vl will become —v1



The Math
Elastic Collisions

» Combining equations:
Uigr = U1 (“:U‘E'(Hl - (f’)}
V1yr = V1(sin(0, — @))
Vagy = Uz(cos(fz — @l’)}

s v1(cos(0y — ¢))(My — My) + 2Mava(cos(fs — ¢))
Ngrf-——7—"""“r "+

Vayr = Va(sin(fz — ¢)) My + M,

m (JI 1 — M 9 ) + 2M 2U92




The Math
Elastic Collisions

» Now we must calculate the x- and y-velocities relative to the
natural(non- rotated) axes. We do this using the contact angle, .

» We add 11/2 when using the y-velocity because we are moving
along the rotated y-axis and our ¢ is relative to the rotated x-axis
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yf = Vigr £SIN(@) + viyrsin(od + =)

20 f = Vagr fCOS(0) + vayrcos(p + =)

Vay f = Vagr £Sin(@P) + vayrsin(¢ + =)




The Math
Elastic Collisions

» Combining equations once again leaves us with a simple way to calculate
the final velocities of two colliding balls that very accurately mirrors reality
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