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def euler(x0 \@
vl =v0-§*dt }
x1)=x0 #VvQ* dt
return x1,vl *
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9. BRI,

import matplotlib.pyplot as plt

def my_plot(xx, vv, tt):
plt.plot(tt, xx, color = 'b', linestyle="--",label="height")
plt.plot(tt, vv, color = 'r', label="velocity")
plt.legend()
plt.xlabel("time")
plt.ylabel('height and velocity")
plt.grid()
plt.show()

#g, dt =9.8, 0.01

g,dt=9.8,0.1

t‘t,xx,vv;T0.0],U 0.0],[0.0] #for compare rain_drop
#tt,xx,vv=[0.0],[0.0],[9.8]
#tt,xx,vv=[10.0],[0.0],[0.0]

t=0.0
—m
,foriin range(0,2500#250 for compare rain_drop

t+=dt o——

‘,x, v = euler(xx[-1],vv[-1])
tt.append(t) =
xx.append(x)

@vv.append(v)

# print(xx)
# print(vv)
my_plot(xx, vv, tt)
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from sympy import *

v, f = symbols('v ', cls=Function)

cc, t, m, X, g= symbols(‘cct mx g')

# dsolve(f(x).diff(x, x) + f(x), f(x))
dsolve(v(t).diff(t)+cc/m*v(t)+g,v(t))

_ —gm+ ecc(cr%)

cc

v(t

def euler2(x0, vO):
vl =vO0 + (-cc *vO- g) * dt
x1 =x0 +v0 * dt
return [x1, v1]

g, dt, cc=9.8, 0.01, 1.0
# tt,xx,vv=[0.0],[0.0],[-10]
tt,xx,vv=[0.0],[10.0],[0.0]
t=0.0
foriin range(0,500):
t+=dt
X, v = euler2(xx[-1],vw[-1])
tt.append(t)
xx.append(x)
vv.append(v)

my_plot(xx, vv, tt)

10| ===sg
51 >~

04 S~

[}
w

’
’

-==- height
— velocity

-15

height and velocity
b
o
A

time

&> EREDH VWD, —CoDRETY. vIGIZIEEEETORICIETRAEDONRY MLk
AT, BRIERNEE, R85 LEEE, BIENICIKIE,

S HEEE
N DIEE]

IC7RD KT,

ERDET,

Zn%EpythonhEE LU TWSEANIE ibrary DsympyZE> ERDED &7 D F T,

m c
Vg — Eg‘ = exp(fﬁt + )

m c
ONES % + exp(fmt +C)

BEOETHEDOERILEUWATHEDERLZWVTR

SEFNROEETY. ZRIEREDEWVZFADILT,
F, = —kx

ESER, MBXICODVRAITZZETY. 2593 EEHARERE,



=k
dt “
ERDERT,
B AR
&k,
dt m
dz B
ac

EBmBAT, PILTUVXAICESBRZZ L,
Vi+l = V3 — —&; dt
m
Tit1 = Ly + v; dt

BBEUARANEE I EICESHDDEY. INZpythonTRERIC LT, S5ICEHERR%E
RRSETHET.

Free oscillation
mass-spring system

m L. mg
'dl‘»i v
dv
mﬁ =—(m)kx
Vitl — ¥
—_——m —k "
dt !

Vi1 = v; + (—kz)dt

def euler3(x0,v0):
vl =v0 +(- k * x0) * dt
x1 =x0 + v0O * dt
return [x1, v1]

t, dt, k=0.0, 0.01, 0.01
tt,xx,vv=[0.0],[0.0],[0.01]
for i in range(0,100000):
t+=dt
X, v = euler3(xx[-1],vwv[-1])
tt.append(t)
xx.append(x)
vv.append(v)

my_plot(xx, vv, tt)
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Ay = y(zo + h) — y(zo) = hy'(zo + 6h), 0 < § < 1
Y (20 + Oh)DEBUEE LT, 0=0,0 = 1IOBAEERSE,

Ay ~ hy'(z0) wheref =0
Ay ~ hy'(zo + h) wheref = 1

INSOEFREBBRTEAYCH LTh2OBEE 6 DELMEICAS AN, ThED—RES
ahy'(zo) + Bhy' (zo + h) &, FESELED B EILE>T, AyDR’DREE%E b DFLUE
T2 ENTES, B
ahy'(x) + Bhy' (zo + h) = ahy'(zo) + BR{Y'(z + 0) + y" (xo)h + O(h*)}
= (o + B)hyj + BR*y! + O(h®)



Lieh’=T, 714 7—RARERBZLBRLT,

1
a+ﬂ:17ﬂ:5
1 1
a = 57,3:5
ERb,
1 ’ 1 ! 3
Ay = 5 hy (zo) + 5 hy (zo + ) + O(h7)
WX,

ki = hy'(z0) = hf (2o, y0)
ERTS. ERICRALT,
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def runge_kutta4(x0,y0,z0,h):
k1= h * ff(x0, y0, z0);
11=h * gg(x0, y0, z0);
k2=h*ff(x0 + h/2,y0 +k1/2,20 +11/2)
12=h*gg(x0 +h/2,y0+k1/2,20 +11/2)
k3=h*ff(x0 + h/2,y0 +k2/2,20 +12/2)
13=h*gg(x0 +h/2,y0 +k2/2,20 +12/2)
k4=h*ff(x0+h, yO+k3, z0+13)
14=h*gg(x0 +h, yO+k3, z0+13)
kk= 1.0/6*(k1 + 2*k2 + 2*k3 + k4)
lI=1.0/6%(11 + 2*12 + 2*13 + 14)
return [kk,lI]

Runge-Kutta® 4 RAREZDF Fcodingg & LDESICRDET, INEXIFED/N\KE
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m
Tig =T+ dt

& Runge-Kuttad R AR % R U fo B A2

d

% = f(z,y, 2), wherey(zo) = yo
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def ff(t,x,v):
return v

def gg(t,x,v):
return -k*x

def ode(x0, v0):
kk,Il = runge_kutta4(0, x0, vO, dt)
x1 =x0 + kk
vl =vO+Il
return [x1, v1]

t, dt, k=0.0, 0.1, 0.1
tt,xx,vv=[0.0],[0.0],[0.01]
foriin range(0,10000):

t+=dt

X, v = ode(xx[-1],vw[-1])
tt.append(t)
xx.append(x)
vv.append(v)

my_plot(xx, vv, tt)
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ERORF (AIFEK) DEEBZLRT BICEFRFICHHNBF (h) ZHMBRENHD Y. B
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TEZASNEY., ZOANT MLEMEBEICL>THET B E, [-x/d,-y/d]EBBDT,

L=(x*kx+yxy)**(3/2)

force=[-x/L,-y/L]
TKRHZIEDNTEFT (feBA) K, RETFHEROYI 2L —yavzRTI 2K
&, COEHMNELWHENST, BE-> TRSEA TSI W, FIHEr(0 - h), r(0) ZEHIC
BIHIE, BEVerletRICH > TEFEITIATREORKOHIZ VI 2L — T2 ENTEX
ER

Z5 U TKeplerDF1(HEMEE), F2(EBEE—T)FUNEBERETEET.

import matplotlib.pyplot as plt

def force(pos):
x=pos[0]
y=pos[1]
L=(x*x+y*y)**(3/2)
return [-x/L,-y/L]

def Verlet(rO,rh):
f=force(r0)
x=2*r0[0]-rh[0]+h**2/m*f[0]
y=2*r0[1]-rh[1]+h**2/m*f[1]
return [x,y]

h=0.04

dx, dy=0.0, h

m=0.2

xx=[2.0, 2.0-dx]

yy =[0,-dy]

foriinrange(1,90):
x1,y1 = Verlet([xx[-1],yy[-1]],[xx[-2],yy[-2]])
xx.append(x1)
yy-append(y1)

plt.plot(xx,yy,'o",color="r")
plt.show

<function matplotlib.pyplot.show(close=None, block=None)>
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NESNET.
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v —1
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EBERINEREZ5TY.

539 2&7ILTURAIR,
i1 =14+ (V — RRi; — qcg;) dt
giv1 = g + % dt;

ERDZESTY, RRYPqelCIEBEHS ICHRBILLIEZWNET,

#.rlc_circuit

RLC circuit

dv
m—— = —mg

dt

——o/o—AI
CavryyH— *

d*Q aQ  Q
Lacn Cae TRa o

\

R:IEHT {L%+RI+9_. =V
d:

V(t)

[IF

©

dt

def euler_rlc(q0, i0):
i1=i0+(v-r*i0-qc*qg0) *dt
ql =90 +i0 *dt
return [q1,i1]

AVFoY—(C), a5 U5 —(L)Z1& LT, EHEZ05E LT, ANBEZIVERELTO
VFIVY—CERBEREBERDEEBIDcDOHRDK T,
dt, r, qc, v=0.01, 0.5, 0,1
ii=[0.0]
qq=[0.0]
tt=[0.0]
t=0
foriin range(0,2000):
t+=dt
q, i2 = euler_rlc(qq[il,ii[i])
tt.append(t)
qq.append(q)
ii.append(i2)

my_plot(qa,ii,tt)
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ARNBEZOY, AVTYH—KHENMUHN I —AVEDLERELTEREBEROKEE(LE
EL DD RDETT.

dt,r,qc,v=0.01,1.0,1,0

ii=[0.0]

qq=[1.0]

tt=[0.0]

t=0

foriin range(0,2000):
t+=dt
q, i2 = euler_rlc(qq[il,ii[i])
tt.append(t)
qq.append(q)
ii.append(i2)

my_plot(qa,ii,tt)
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