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"5 (Motion)
] (P051t10n), &I (Velocity), 7H5 = (Acceleration)
Force), & 2 (Gravity)
(Buoyancy), # 3 (Drag)
(Friction)
5 7H# (Kinetic friction)
A uh2k (Static friction)
L & (Spring)
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Motion

Basic Motion

& (motion)> A gtel] whe} & A o] 9127} Hak= &
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o &% (velocity)™ #H ¢

m e o] Wk (direction) &4 A o] WS YERY
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o M9 (displacement) = &=
o WHeF Z A 7F A 2 Pyell A
velocity) viH WZJ olthH
21 ] (position):

X(t)=x,+Vvt

o NOTE: %‘ﬂ (un1t)—‘E 7{ a ‘04 73 ——c,)— meters, /\] Z_]_—‘Cq 73 ._C[)_
seconds, %% 9] 7d -9 meters/second & 2] 7| g}




Varying Velocity
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O 9o T2 BA7F A SR A4 Y it 487
= BrhAdubHQl A g, EA 0] SRS AlZke] A el whil vl
o HEtwkel A7 §4]) 917 ) W
w AJRbe] whE 93] 9] WshE
w SR A E ARl s sk mEE gk V(L) = —X(T)
w HE7FAAT B v(t) = v,
w ST AR RO R WEkE vt = v tat

o o], ¥¢](displacement)= &% 9] A& %t (integral)

displacement = jvelocity dt
0

Euler Method (or Euler Integration)

o 2] WY (Euler method, 5 -2 Euler Integration)
p HAY S04 2 WHo 7 1A 7| E A o] AR v
w 2, Bl QAL A e
o 77t [a, bJE NAIS] FRho2 oS u h7he] 1
t,=a+i*h,i=0,1,2,., N and  h=(b-a)/

w29y WHL o=a, 0, =o; +IAt, 0,),i=0,1,2,.
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(current Veloc1ty) 2 Ao R 229 9x:
dt=t —t,

X(t,) =x(t,) +v dt

Acceleration

o &5Ee 7]-4,\—50 1—4.%:} %k (integral)
velocity = jacceleration dt
0
o ed# Wie H8ske] 914 ALt
dt = t1 - t0;
Acc = computeAcceleration();

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

X(t) = j(v0+at)dt_xo+vot+;at

Gravity

0 %9 (gravity)© A 7-¢] THA LG 75521 9.8
meter/seconds

0 %24 o] BA= AT $4 £O2 Femg 9 WS
M2 A %F(mass)

v0
F=mg (g :_9'8m52) o

gravity
0,-9.8,0)

v2




Force

Gravitational Force

O & (force)™ <& (motion)oll ¥ 3tE Yo 7]+= U
)

0 FE 95te] A 2 H (HEEe WA

E Al 3 (force) F7} 7]’°H§i% o,
o] -5 (motion) A4}

Acc=F/ M,
Vel += Acc * dt;
Pos += Vel * dt;

o Yl E/s Y (gravitational force)
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Fo 2 A EAY FASA (center of mass)E FFeHTt
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m,M : zlxq_,]é]%]:(kg)
r: 71 2] (meter)

Projectile Motion

Projectile Motion

O A ZF =004 9] 27 14547}1’00] i, 27 HET7 vl
WARA] (projectile)©] €14

X(t) = X, +v0t+%gt2
X(t) =% +V,t, Y(t) =y, +V,t —%gtz, 2(t) =20+t

@ WA el wEA= AT gy

(o]

YO =v,t-gt 0= t=-" \

o A7 ERE S Qe Ho) ol h /
2

h= +Vy
=Y 29

o A7 el o] ol 2 e & wi7hA] Eolbzt 38 A g

— 1 o e _ﬁ
Y(t)—y0+Vyt Egt =y, =>t=0E<t= g
2
X(t) = X, +V Lot E T Y= 1 = ngv
o AR o] 7] &8 o7) FolH S uf, BAMAE AN
=o] &Y F & M=
2 - 2
1
h=y,+~—=h=y, (ss;na) :alen_l(g Zg(h—yo)j

o 9k =Y AR rE 7] 9% AL A
Yy 2(scosa)ssina) _s* 1. .rg
g g9 g 2 S




Buoyancy

v B3 ZE FA Sl B3 ZF-e A7 EA s

3L X=
[¢} =
29, %3 glo] R Age F b4 feo] 48
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2 (buoyancy)

» Wz o] Xfolof o5l 92 A MR AJEsle] SElhs F4E

m olZ27|H g~ (Arch1medes)/] Ag: EA o ZHg3+= HE:‘J A7
B 71 Dol f-A) o] F-A 9 2}

w 5= A9 9 x FY7FEE (9.81 m/s?) x F-9] (BA] 9 vt

wol x B4 9] o)

I:buoyancy = _pliquid gV

Drag

o A3k (drag)
w AV FAY o mA a5 el sk Ao L ATHS 2 A7)
olu &7] Sol A =2 L wol vt A,
= Drag at low Ve10c1ty (Stoke’s drag): A &2 &
Aol F4E (n), FE7FME T35 (VAT
F, =bv
b=6znr
r: AR, 5 A1 2] A A(viscosity)

m Drag at high velocity:
= vaACdV

p'%ﬂ]«] 2 I (density), v Aol A &4 9]

A: 94, C,:drag coefficient, V:< %= o3k

Kinetic Friction

O 57 (kinetic friction)
o AR Ao SAot Y Aol MAsE §. 24
ol e Ao = 283t

s NEE

Fe =—uN
N:EA7F Aol 3l 7hah= 3 oA
ty A B A Eolute = s o A H ol w2} ok &

F« =—u¢N =—p,mgcosé
m=10kg F=F,(FdWOZ)Z)+F (5v7)
a=F/m=(F,+F,)/m=gsind— u,gcosd

Fs; =mgsinéd

Static Friction

o A uh2 (static friction)

w ko] T 9ol Fol = AAE =AE %X—IO]X] %3}
=33 = 3. = Aol 713 A += tangential force ] RETh k oF
AL316] BA|o] Eo ey,
= A v
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w = Aol 7he A = 3 o] Fol Huigts W e EAVF &
Al 2k, 2w 58 = Fo7F AFERA] AL, B 7 AR
w AAE EAE 54 o)A sk Ao z
s An o 95tk F, <F,

= FAS 71 &A o BATL 1 A7) A A S 2w A b =
Aot g9l FHAR
1My cosd =mgsind = 6 =tan" u




Momentum

O 3 (force)< 5% (momentum) 2] V|3 #k
P=mv
dpP dv
dt dt
o Edle & AREE Y
. YE A Rstol walE A4
o A AT £ AN
n S5 AEEke] 914 A%

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

Angular Velocity

0 714 %= (angular velocity)« =4 9] 3] &%
u| Z}iE‘:— A Zh o] W 8kE (radian/seconds %)

o(t) = 9(t)

0 &% L§ﬂ:¢A°ﬂ o] 2717k ()2 ¥E)
o(t) = w(t)A

o 3|9 TAHORRE 1 ozl A AT SR vE
+5 oAl LS o
= =A

w EAO] 91X E r(t) 2t 3t =4 9] A& = (linear velocity):

V() = o(t)xr(t)

Centrifugal Force

o =] A7} % (linear acceleration)
at) = ' ) xr(t) + o(t) xr'(t)
= o' (t) x 1 (t) + o(t) x [ot) x r(t)]

0 2457 AT B9 o(9=0

a(t) = w(t) x[w(t) x r(t)] )/

7SS av 9hE e 9] FE (tension) O 2 H-E 2HAY
= BN Pt pe 2719 A RO T Yol g - A4
(centrifugal force):

F. =-m(a(t) < [o®) xr 1))
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Rigid Motion

o A &5 (r1g1d motion)
« AR 2AG0] Aol v Aojdow ngE o} i 1A (solid
object). Translation ¥} rotation¥+ 7}5
O Rigid body dynamics
= A5} 5 rigid body motions ThHa
» Linear®} angularol] st 91 %], £ &=, 7} £ 5 thFofof &
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);




Integration Method

Integration Method

O Euler method
B v =v,+a*dt x =x,+ vt
w WSkE o] A w=100% 78 &
» W3} o] A7t whE)l ¥isk = o gl 7} 43
floatt=0; // @A} A7k
floatdt=1; // A<t {4 (timestamp)

float velocity =0;  // %7] &= Initial : y'(t) = f (t, y(t)), Y(t;) = Yo
float position = 0; /] =271 $1A] Euler Method - _ hf
float force = 10; uler Method : ¥, = ¥ +hf (. ¥.)

float mass = 1;
float acceleration = force/ mass;
while (t<=10) {

position += velocity * dt;

O Runge-Kutta method
» RK4E= w9 A sl ar v Hof obA A <)

Initial : y'= f(t,y), y(t,) = Y,
RK4:yn+1:yn+2(k1+2k2+2k3+k4)
k,=f(t,,y,)

h h
k= f(t, +—, Y, +-kK
2 (n 2 yn 2 1)

)
T Fg )y g T

S

k—f(t+h,yn+ k,) »
k, = f(tn+h,yn+hk3)

velocity += acceleration * dt;
t+=dt slope = k, +2K, + 2K, +K,
) 6
Integration Method Springs

void RK4Integration(vector3& pos, vector3& vel, float t, float dt) {
vector3 k1Vel = vel;
vector3 k1Acc = f(t, pos, vel);
vector3 k2Vel = vel + 0.5f * dt * k1Acc;
vector3 k2Acc = f(t + 0.5f * dt, pos + 0.5f * dt * k1Vel, k2Vel);
vector3 k3Vel = vel + 0.5f * dt * k2Acc;
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, k4 Vel);
pos += (dt / 6.0f) * (k1Vel + 2.0f * k2Vel + 2.0f * k3Vel + k4Vel);
vel += (dt / 6.0f) * (k1 Acc + 2.0f * k2Acc + 2.0f * k3Acc + k4Acc);
}
while (t<=10) {
RK4Integration(position, velocity, t, dt);
t+=dt;

o Hooke’s Law
m RO F e AsrE] o] Zo| 9ol vl

o T F=-Kd
K, (spring constant) : | =
2EYREE RIS AT

d(displacement from rest length) :
2~ 3 ¥ S- o] = 2 position vectors 2] xk

022 AIgon A4 240w Rdgst
0 FAe 7)o nberg o] o] el A5+




Springs

Springs

0 22X QIart A "ol W 5% 22 Yo by
97 2 2ol Y] Pol A%
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o T d7ke] WE S AL ste] Msleh 9o B A
Vector3 v = point] - point0;
float displacement = v.length() - restLength;
v.normalize();
Vector3 force = springConstant * displacement * v;
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