GAME PHYSICS - FORMULAS

I. Geometry

Equations of simple structures:

Line through (0,b) with slopea:y =ax+b

Circle with center (a,b) and radius r : (x — a)? + (y — b)? =2

Areas and volumes;:

Triangle area

A L bh :
= — 1
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Tetrahedron volume b
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V ==Ah
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Trapezoid area :
by + b, h'
A= h !
2 :
b,

Sphere volume
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V=cmr’
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Surface area
A = 4mr?

[I. Trigonometry

hyp
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Rectangle area

A = bh
Circle area
A =nr?

Circumference
C =2nr

Cylinder volume
V =nr?h

Curved surface area
A = 2nrh

opp adj
—_— cosf = —
hyp hyp
sin x

For a triangle with edges a, b, ¢ with respective opposite angles «a, 3, y:

Law of cosines: ¢? = a? + b? — 2ab cosy
sina

Law of sines: _sinfp _ siny
a b c

tan@ =

opp
adj




[1l. Differentiation

VII. A - Functions VII. B - Operations
f(x) f'(x) u+v) =u +7
c 0 (cu) =cu’
x 1 () =u'v+uv
x" nx"1 (1/u) = —u'/u?
c* c*Inc w/v) = W'v—w')/v?
1/x —1/x? (v@) =v'@wu
1/x™ —n/x"t1 (e™)' = e*™u'
Vx 1/(2vx) (Inw) =u'/u
In x 1/x u®) = au* '
‘log x (‘loge)/x (sinu)’ = cos (w) u’
e* e* (cosu)' = —sin (u) u'
cos x —sinx
sinx cos x
tan x 1/cos?x
arcsin x 1/\/@
arccos x —1/J1—x2
arctan x 1/(1 4 x?)

IV. Notations

name notation name notation
mass m inertia I

time t time increment At
position Po linear displacement Ap,
orientation 0 angular displacement AB

linear velocity v angular velocity )

linear acceleration a angular acceleration a

force F torque T
volume |4 density p
gravitational constant G =6.673x10"1! gravitation acceleration g =9.81

V. Moments of Inertia

. 2
Solid sphere Lix =1Ly, =1, = gmr2
2
Hollow sphere Lix =1, =1,,= §mr2

Solid ellipsoid Lx = zm(b? + c?) Ly = zm(a® + c?) L, = 3m(a? + b?)




Solid box Lx = =m(h? + d?) Ly = =m(w? + d?) Iz = —m(w? + h?)

. . 1 1
Solid cylinder Lx = Iyy = —m(3r? + h?) I,z = ;mr?
Hollow cylinder Lix = Ly = %m(&z + h?) I, = mr2
VI. Equations
Equations of linear motion v(t + At) = v(t) + aAt

v(t + At) +v(t)
2

Apo = 1/ (w(t + A + v(D)At

v =

Apo = v(DAt + 1/, a At?

v(t + At)? = v(t)? + 2alp,

Newton’s Second Law of Linear Motion Fpet =m=*a

Newton’s Law of Gravitation Fy=Fyp=—Fpa=0G miran Usp

Weight force W=m=xg

Static and kinetic friction forces F; = ug x Fy and F, = py * Fy

Drag forces Fopign = —%* prvixCqxAand Fp, = —bxv
Buoyancy force Fg=p*xg*V

Spring force F,=—-K(—1p)

Damper force Fc =—C(vy — vp)

Work W =F xAp,

Translational kinetic energy Ex = % muv?

Work-Energy theorem W = AEg = Ex(t + At) — Ex(t)




Potential energy

Ep=mx*gx*h

Linear momentum

p=mx*v

Impulse force

FAt = Ap

Equations of angular motion

w(t + At) = w(t) + alt

w(t + At) + w(t)
2

A6 = 1/, (w(t + At) + w(t))At

w =

A0 = w(t)AL + 1/, a At?

w(t + At)? = w(t)? + 2aA0

Tangential acceleration ar=a*r
Centripetal acceleration a, = ro?
Torque T=rXF

Newton’s Second Law of Angular Motion

Tnet = 1 *

Rotational kinetic energy

1 2
EKT—E*I*w

Conservation of mechanical energy

Exg:(t + At) + Ep(t + At) + Ex,-(t + At)
= Ex¢(t) + Ep(t) + Ex(t) + Ep

Angular momentum L=I1*w

Impulse torque TAt = AL

Mass m= fp dv
14

Center of Mass

1
M=—
co mfvp(p)*pdV

Moments of inertia

Ly = [(¥? + z%)dm
I, = [(z% + x*)dm

I, = f(xz + yz)dm




Products of inertia

Ley = Ly = [(xy)dm
Iy, = Ix = [(xz)dm

I, = 1,y = [(yz)dm

Parallel axis theorem

IU = ICOM + mTZ

PD controller

T= kp(ed - 0) AP kv(éd - 9)

Midpoint integration method

At At
Po(t +A8) = po(6) + At v (£ + 55, py + L w(t,p,))

Improved Euler’s integration method

v, = v(t) + At * a(t,v)

vy, = v(t) + At * a(t + At, v,)
V1 + Uy

v(t + At) = >

Runge-Kutta order 4 integration method

vy = At x a(t,v(t))
At 1
vy, =At*a (t +7,v(t) +5v1)
At 1
v3 = At * a(t +7,v(t) +Ev2)
vy = At x a(t + At,v(t) + v3)

_ V1420420340,
v(t+ At) =v(t) + c

Verlet integration method

Po (t+At) = 2p, ) — Po (t —At) + Atzpo”(t)

Backward Euler’s integration method

po(t + At) = p, + At * v(t + At)

Semi-implicit integration method

v(t + At) = v(t) + At * a(t)

Po(t + At) = p, + At * v(t + At)

Coefficient of restitution

(Vay —Vpy) 1

Cr=—
. (V4o —vp_)-n

Collision impulse (without rotation)

J= -1+ Cr)(vA— - UB_) . n/(mLA + i)

Collision impulse (with rotation)

Jj=-A+C)Wa-—vp)-n/

i+i> + [(]A‘l(rA X n)) X1y + (IEI(TB X n)) X TB] n

my Mg

Linear velocity resolution

J
Vy =V_1T—n
p=voty




Angular velocity resolution wy =w_+ 171 x(j*n))

Stress o =FJA
Strain € =AL/L
li
Young’s modulus _ l'near o
linear €
planar o
Shear modulus _
planar €
Bulk modulus _ volume o
volume €

i ’ i d transverse o
Poisson’s ratio v=—

d axial o




