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& (Motion)
(Pos1t10n), &I (Velocity), 7F& %= (Acceleration)
k2 (Force), %9 (Gravity)
¥ (Buoyancy), *1 & (Drag)
n}2k (Friction)
» 572 (Kinetic friction)
m A u}2 (Static friction)

O 23 (Spring)
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Basic Motion

Motion
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Varying Velocity
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Euler Method (or Euler Integration)

o 2.4 e WA (Euler method, 5+ Euler Integration)
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Acceleration
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velocity = jacceleration dt
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dt =t1 - t0;
Acc = computeAcceleration();
Vel = Vel * Acc * dt;
Pos = Pos * Vel * dt;

Gravity
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Force
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o WHoF A& (mass) MR E Aol 3 (force) F7F 718l 5 o,
oA RS A Eeto] &5 (motlon) Al Lk
Acc=F/M;

Vel += Acc * dt;
Pos += Vel * dt;

Gravitational Force

O Y21 /% 9 (gravitational force)
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Projectile Motion
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Projectile Motion
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Buoyancy
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Drag
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» Drag at low veloc1ty (Stoke’s drag): A1 &&= A7 S5 (1),
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m Drag at high velocity:
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Kinetic Friction

O 572 (kinetic friction)
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Static Friction
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Momentum

Angular Velocity
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Force = ComputeTotalForce();
Momentum += Force * dt;
Velocity = Momentum / Mass;
Position += Velocity* dt;
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Centrifugal Force

Rigid Motion

o =9 A7}45 % (linear acceleration)
a(t) = ' (t) x 1) + o(t) x ' (t)

=o' (1) x 1 (t) + o(t) x[ot) x r(t)]
o 257 A48 41 o' (t)=0
a(t) = o(t) x[w(t) xr(t)]
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(centrifugal force):
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O %A -5 (rigid motion)
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object). Translation ¥} rotation¥+ 7}5 &

O Rigid body dynamics
= A5 2} 5 rigid body motions tHE
= Linear®} angularol] )3t 9%, &=, 7} 25 thofof
Force = ComputeTotalForce();
Momentum += Force * dt;
Velocity = Momentum / Mass;
Position += Velocity* dt;
Torque = ComputeTotalTorque();
AngMomentum += Torque * dt;
Matrix I = Matrix*RotInertia*Matrix.Inverse(); // tensor
AngVelocity = LInverse()*AngMomentum;
Matrix.Rotate(AngVelocity*dt);
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Integration Method

Integration Method

O Euler method
B v =v,+a*dt x = x,+ vidt
n Wskgo] 44 v 100% 4 &5t
w WHBHg o] A Zbol whek WS uj= o ¥ 7k =4 g
floatt=0; // @A A3t
floatdt=1; // A%}t {FA (timestamp)

float velocity = 0; /] 271 &%

Initial : y'(t) = f (t, y(t)), y(t,) =
float position =0, // %7] 17 nitial 1 y'(t) = f (£, y(1)), y(t,) = ¥,

Euler Method : y, , = .+ hf (., y»)

float force = 10;
float mass =1;
float acceleration = force/mass;
while (t<=10) {
position += velocity * dt;

O Runge-Kutta method
» RK4E w9~ A 83131 n) o) o4 2 Q)

Initial : y'= f(t,y), y(t,) = Y,
RK4:yn+1:yn+2(k1+2kz+2k3+k4)
k,=f(t,,y,)

h h
k= f(t, +—, Y, +-kK
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k,=f(t,+h,y,+hk;)

velocity += acceleration * dt; >
) _ k +2k, + 2k, +k, . X
t+=dt slope =
6
}
Integration Method Springs

void RK4Integration(vector3& pos, vector3& vel, float t, float dt) { o Hooke’s Law
vector3 k1Vel = vel; w 2Rl §l 2 AT o] o g v
vector3 k1Acc = f(t, pos, vel); T
vector3 k2Vel = vel + 0.5f * dt * k1Acc; F=-Kd F= Kd
vector3 k2Acc = f(t + 0.5f * dt, pos + 0.5f * dt * k1Vel, k2Vel); K (spring Constant) : i
vectord k3Vel = vel + 0.5f * dt * k2Acc; ATYPEE T o} B 1

o

vector3 k3Acc = f(t + 0.5f * dt, pos + 0.5f * dt * k2Vel, k3Vel);
vector3 k4Vel = vel + dt * k3Acc;
vector3 k4Acc = f(t + dt, pos + dt * k3Vel, k4Vel);
pos += (dt / 6.0f) * (k1Vel + 2.0f * k2Vel + 2.0f * k3Vel + k4Vel);
vel += (dt / 6.0f) * (klAcc + 2.0f * k2Acc + 2.0f * kBAcc + k4Acc);
}
while (t<=10) {
RK4Integration(position, velocity, t, dt);
t+=dt;

d(displacement from rest length) :
23 B & o] F= 2 position vectorse] Xk
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Springs
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Springs

o % A7) ME S ARgshel Mlsh Wl WFS A
Vector3 v = pointl - point0;

r

float displacement = v.length() - restLength;
v.normalize();
Vector3 force = springConstant * displacement * v;
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