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ERRBOBREZEHDHER

8=L u=u(@),p1,... o0 lFEL

(*) (" +p1d" '+ +Pp10+pa)u=0

WRE5

BHAER A"+ A" L+ b oA o= (A —a1)™ .. (N — )™ Do PEVNCERDEE. HiE
(%) DIRNTORES

s m;—1
(xx) wu(z) = agpxte®®  (a 1TEK)
i=1 k=0
E—BICEEND. BICmy = - = m, = 1 BRANRNED) [C(F (+) DR

u(m) =a;e** + ... 4 a,e® (ai Cii%&)

DRZC132D e R ai (BULLKIF a;) e B EMEDRMHC LD TRESND.
#

(0% + wHu =0, w > 0 DE(E e*? = cos(wz) + isin(wz) EED &,

u(z) = ae™® + be W — A cos(wz) + Bsin(wz)

EBIFB, TTTA=a+b B=/i(a—b). =5IT&M u(0) =a, u'(0) =bEETE,



u(x) = acos(wz) + %sin(wm)

1]
(0% + 50+ 6)u = u” + 5u’ + 6u = 0, u(0) = a, u'(0) = b DRERDLS.

MABA+6=A+2)A+3)=0&LD\=—-2,-320DT. R
u(z) = Ae > + Be "
EEITB. TDEE. u(z) = —24e % — 3Be ¥ THD.

u(0)=A+B=a ---(1)
uw'(0)=-24-3B=b ---(2)

Ix(1)+(2)&£DA=3a+b
2x(1)+((2) &b -B=2a+b = B=-2a—-b

ERRITBDDT, R

u(z) = (3a + b)e ** 4 (—2a — b)e *
1]
(0% + w?)?u = 0 DfR(E e & ze™™® D—RIEETEITD. e = cos(wz) + isin(wz) BRATD &,
AR

u(z) = acos(wz) + bsin(wz) + cx cos(wz) + dz sin(wz)

ERDENDZEN OB,

SRBIHREN{S S DRATNIRENF

w>0&EF3. u=u(t),d=2 £F3.

(*) (0% + w?)u = pcos(at) + gsin(at)

1973

(x) BBz f(t) EELE f(t) (02 + a?)f = 0 DFRCRD TS, DXIT (%) DIEBIC (0% + o) Z=EH
TEdE



(0% +a?)(0% + wHu = (02 +a®)f =0

EEFEIND. HHZER (A2 + o)A\ +w?) = (A —ia)(A +ia) (A — iw)(\ + iw) NERERF/RE
B (a # w) EFDOBE (a = w) ICBERITULTEZ D,

a#wDEE

ZDEZDRE

u(t) = acos(wt) + bsin(wt) + ccos(at) + dsin(at)

EEBITD. CDESE

ii(t) = —w?(acos(wt) + bsin(wt)) — a®(ccos(at) 4 dsin(at))

(0% + w?)u = (w* — a®)(ccos(at) + dsin(at))

TNE (x) BRI B &

CZL, d = g
W2 — o2 W2 — o2

DEE, TNH (x) DRRICRB T ENDNB. (*) DRl

u(t) = acos(wt) + bsin(wt) + cos(at) + sin(at)

q
w2 — a2 w2 — a2

(i) a = w DEE (HIK)

ZDEEDRE
u(t) = acos(wt) + bsin(wt) + ct cos(wt) + dt sin(wt)
EETD. CoEE. (f9)" = f"g+2f'g + fq' & f = ct,dt, g = cos(wt), sin(wt) (CfED &

i(t) = —wu(t) — 2wesin(wt) 4 2wd cos(wt)

(0% + w?)u(t) = —2wesin(wt) + 2wd cos(wt)
WX(C., c=—o,d= o (& (%) BHCZT. (x) DR

u(t) = acos(wt) 4 bsin(wt) — 2175 cos(wt) + 2£t sin(wt)
w w



Bl: u"(t) + u(t) = sint
HERZEMF w(0) = 1,4/ (0) = 0 DfFFZERDH LD,
u(t) = acost +bsint — Ltcost DEE, u(t) = —asint +bcost — Lcost + tsint

u(0)=a=1v(0)=b-5=0 = b=+
1 . 1
u(t) = cost + Esmt — Etcost

MathematicaC DHESRA5I:

In[1]:= odel = {u''[t] + u[t] == Sin[t], u[@] == 1, u'[0] == O}
In[2]:= DSolve[odel, u[t], t] // Simplify // Expand

out[2]= {{u[t] = Cos[t] - (1/2) t Cos[t] + Sin[t]/2}}

ZOEOTOY

Graph of u(t) = cos(t) + 2sin(t) — > tcos(t)
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I (0% + w?)u = pcos(at) + gsin(at) DFED o — w TOER

(02 + w?)u = pcos(at) + gsin(at) DEF o #w DEE

u(t) = acos(wt) + bsin(wt) +

cos(at) +

3 o3 sin(at) ---(1)

EBIFB. TND o — w TOMBEEMCESS ELTEHRN 0 ([CRBDTSEITHN. UL REERE
[FHIERAF u(0) = A, w(0) = BEEEL T, MOBREEZ BT ETHS.

(#%) (8% + w?)u = pcos(at) + gsin(at), u(0)=A4, @(0)=B (a>0,w>0)

(i) a # w DIZFE

MnEE, u(0) =a+ -, 4(0) = wb + a—L ROTHEAZ &

w?—a?



a=A- L b=1 (B - L) ERETH D, DRIC (++) ORI

2—a2 2—a2

u(t) = Acos(wt) + %Bsin(wt) - (cos(at) — cos(wt)) — — sz <sin(at) - gsin(wt))

a? —w? w

ZUT., a—>whEE,

cos(at) — cos(wt)

t) = —tsi t
o da | cos(at) sin(wt)
sin(at) — Zsin(wt sin(at) — sin(wt Lsin(wt) — Lsin(wt 1
(of) — Soinwt) _ sinfof) —sinfut) _ Ssin(et) ~Ssnlet) o1
a—w a—w a—w w

BN
u(t) — Acos(wt) + iBsin((.ut) + itsin(mt) -z <t cos(wt) — lsin(wt))
w 2w 2w w
= Acos(wt) + %(B + %) sin(wt) — %t cos(wt) + %t sin(wt)
(i) a = w DHZE

(82 + w2)u = pcos(wt) + gsin(wt) DERE
f— ] [e— i — 3
u(t) = acos(wt) + bsin(wt) %0 t cos(wt) + %0 t sin(wt)

ZDEE, u(0) =a,4(0) = wb— o BOTu(0) = 4,%0)=BlFa=Ab=1(B+ L) £EME. &>
THRIZ,

1 g\ . q P, ..
=A + — (B + —) - — + —
u(t) cos(wt) 5 sin(wt) 5 t cos(wt) 5 t sin(wt)

TNUL()TEZ a # w DD o — w TOBRIC—ET B,

RS (+x) CEMERATER

d*u

o —w?u + pcos(at) + gsin(at), u(0)=A4, u(0)=DB

(SEH 2= DRFURE T (CHNSBHSEMR 2 TIREIS 2 hESAHETFEDRL TV S,

o # w THNITERSIEHE 27” DIRE) &~ JEHA % DIRENDFNCIRD . o = wRS(E ¢ (CEHIUTRIBEBNKRE <7123
@mEsns.

LB o # w DFEDEDKSIPMBIRICEL D T a = w DENESNDINZRLTULD,




Him DRIz ERHD SER

=u(z), 0 = 8%

AR

u(z) = u(O)efoz a(y)dy

#

2

u'(z) = —zu(z) = fom(—y)dy = —%2 KD u(z) = u(O)e_acT
iR PEOIEF XA EWMD B EN
(*) u'(z) = a(z)u(z) + b(z)

EHMZEALE

#sE: u(z) = c(x)elo O DR THEET. u(0) = ¢(0).
u'(z) = a(@)c(z)els W 4 ¢ (2)els W = a(z)u(z) + ¢ (z)eh @
ThE (x) BHET B

(z) = e o “Wvp(g)

c(z) = u(0) + /0 e o e®p(2)dz
DEE, (%) DRRCRB. (¥) DRIZRDEDS (CEFS
u(z eJo AWy — 4,(0)elo sy el: aly)dy
(2) = o(a) (0) + [ b(2)dz
a2 u(z) = u(0)elo ol dy+f el: aWvp(2)dz e,
u'(z) = a(z)u(0)el “PW + o(x) / el WU (2)dz + el “WWb(z) = a(w)u(z) + b(a)

OK.



1]
u'(z) = —zu(z) + = ZfE<,

a(z) = —z, b(z) = z 12DT.

KD T,

T—i, OK.
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ANJLRX—-A (Bernoulli) AR

() ¥'(x) = a@)y(x) + b(z)y(z)* (o # 1 L40E)

fx
(x) <= y ' =a(z)y' @ +b(z) THD. "D (v ) = (1 — @)y Y THRIZEITERT S,

(¥) DEBAIC (1 — ) ZDFBEL
(1-a)y™y = (1 - a)a(z)y' ™ + (1 - a)b(z)
PZ(C, u=ylo B,
(¥) <= u' = (1 - a)a(@)u+ (1 — a)b(x)

CNIE u (CRAT DEMBEDIFFRIRZEMD HIERRD T, FTICHRAUZIDETHEITD. O



Bl: o = —zy + zy® BB S,

u=y' 3 =y 2 EBE U = 2y 3y K0,
u' = -2y % (—zy + zy®) = 22y % — 22 = 2zu — 2z
u = 2zu DR e ZFAVT. u = e® c(z) DI THRERTDS, TOES,
u' = 2ze”c(z) + €7 (z) = 2zu + € ' (2)
CDuNBTHBEF e’ (z) = —2¢ TS5 ¢ (z) = —2ze ™" LENE, TNERLS &,
c(z) = e
TDEE u=e"c(r) =1+ Ce® . TOERRT &,

y=du 2 = +(14 Ce*) /2
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cost —sint
= Fcost+ Asint = | .
sint cost

a(t) = Au(t) ORR(E

u(t) = [cost —sint] [u(O)] _ [u(()) cost — v(0) sint]

sint cost | |v(0) u(0) sint 4 v(0) cost

BI2: i(t) = —w?u(t) DIFFIFRE

ohiE %[Z(t)} = {_2}2 1] {“(t)] EREB. A= {_2}2 (1)] EB< e, Ut) = AU(t) B=E2N

i(t) 0] Lu(?)
Do
2 2 2% _ [ 2 2%+1 _ [ 2k 4 _ 0 (—1)kw2k = -
A2 = —WPE &0 A% = (~1)k®E . AP = (—1)kw?A = [(—1)k+lw2k+2 0 ] . BWXIC,
i = (CD)Mw L (DRl T cos(wt)  w Tl sin(wt)
et = kz:; 2k)! kz: (2k+1)! ks AT [—w sin(wt)  cos(wt) ]
RIFIRDEDICETS :
~[u®)] JtA u(0) _ u(0) cos(wt) + u(0)w ! sin(wt)
utt) = {u(t)} N LL(O)} {—wu(O) sin(wt) 4+ u(0) cos(wt)]

FHT. u(t) = u(0) cos(wt) + 4(0)w ! sin(wt) o
#13: BIEIC K BRRE
~[u(®) -1 3 Co o —
Ut) = [v(t)} . A= [_4 6} DEED U(L) = AU(t) =R S,
ABEBBIELEDS. AE—A|=X2-5X+6=(A—2)(A—3)=0&D A DEHIE 2,3,
1
EE1E 2 DEEART MU p = H . EVEIE 3 DEBENRT MUdq = [ ] neEns,

4
0 3

ed=p e 0 pl= 1 3] [e* 0 4 =3 _ 4e — 3e3t 3% 4 3e
0 e 1 4/[0 €% [-1 1 42 — 43t _3e2t 4 4¢3t

U(t) = et4U(0) B’ sRD BRI Do

1 3 - -3 2 0
po|! Y emce pro[f T acpll U

PAGE 8



I I 1 FEDIEFREL R EMDHFER

ul(t) by (t)
u(t) = A= [a] (FEE n x n1TH. b(t) =
Un(t) b, (t)

(%) u(t) = Au(t) + b(t)
RE (BEHZELE)

u(t) = Au(t) DfF u(t) = et4u(0) [CBIFTBEEHNRT ML u(0) . KT NUBERIE c(t) [CEBSIRX TERDIEED
R

ZDEE. u(0) =¢(0) .
u(t) = Aete(t) 4 eté(t) = Au(t) + eé(t)

TN (x) ZHETZE. ¢(t) = e Mb(t) . TRDE

c(t) = u(0) + /0 e *4b(s)ds

DEE, u(t) & (%) DERCIZD. (%) DERIIRDKIS(CEITS :

Bl 175 DIESD

U(t) = mg] A= [(1) _01} DEE, eth = {‘;’5: _Czlsit} THok.
U(t) = AU(t) + B(t) . B(t) = B 8] DRl

U(t) = e 4U(0) + /t e=9)4B(s)ds
0

= o ) ' B | 2
_ [u(O) cost — v(0) sint + [}(f(s) cos(t — s) — g(s) sin( ))ds]

sin(t — s
u(0) sint 4 v(0) cost + fg(f(s) sin(t — s) + g(s) cos(t — s))ds
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— A% DAEF {3 E DRAMIRENF

(x) a(t) = —wu(t) + f(t) (w>0)

AR

CNEVEOR(CEZTET &

ol = e ol o) * Lo

t —1lgj t
BIDEILD etA = [ cos(wt)  wsin(w )] THoENS. ARCHTEHDHD MR

—wsin(wt)  cos(wt)

[u(t)] _ [ cos(wt) w‘lsin(wt)] [u(O)] N /t[ cos(w(t — s)) w‘lsin(w(t—s))] [fo
0

d
u(t) —wsin(wt)  cos(wt) %(0) —wsin(w(t —s))  cos(w(t — s)) (s)} °
u(t) DRI ERMDET & —RBOARNNEESND !

u(0)

u(t) = u(0) cos(wt) + " sin(wt) + % /Ot sin(w(t — s)) f(s)ds
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| ET 1D BRI S M e

u(t) = rhg(ﬂ . A(t) En x n(TEHEREER. b(t) = F)l;(t)w

|_un(t)J [bn(t)J

&£93D,

(x) a(t) = A@)u(t) + b(?)

EHMZEALE

FT. FRMAER a(t) = A(t)u(t) DEARTIE Ut) £F5. TROSE. Ut) = A(t)U(t) HD
det U(t) # 0 &= SRR TS 3.



(x) OfE%E u(t) = U(t)c(t) DR TES. ez u(0) = U(0)c(0) TH3.

A%z t TR I D E

CNEHES LT c(t) ZRDB L
c(t) = ¢(0) + /0 t U(s) 'b(s)ds
FD T (¥) O—MRERDELS (135 :
u(t) = Ut)U(0) 'u(0) + /O t U(t)U(s) 'b(s)ds

ZZT, Ut s) :=U@)U(s)t &B< & —MARIEHERSITI (T0)H—F—) ZROVTROLD (CHBICERE
D

u(t) = U(t,0)u(0) + A U(t, s)b(s)ds
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W17 U (t, s) DIEES
U(t,s) = Ut)U(s) " BUTFOBRANREEEHT |

1. 2U(t,s) = A(t)U(t, s)
2.U(s,s) =FE (E (3EAA75)
3.U(t,s)U(s,r) =U(t,r)

FEOIR: 2U(t,s) = —U(t, s)A(s)

BIRHTRIOMS 0 = LB = L(X)X() ™) = XEX(E) " + X(£)L(X()™) &0, #FFIOMHATR



nEonsd. cnzFfALT. BT U(L, s) D s (CBT RN ZHETD ¢

0 1y 17 -1
S-U(t8) = 5—(UOU(s) ™) = Ut) (~U(s) " U(s)U(s) ")
22T U(s) = A(s)U(s) THBN'S. RATDE.

%U(t s) = —U[)U(s) TA(s)U(s)U(s) ' = ~U(t,s)A(s)E = —U(t, s) A(s)

ERD meEnfz. O
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T2 512X (Exact Differential Equations)
B r,y & BHRERTERSNZEE P(z,y), Q(z,y) (CHU. ROEDHERZEZD :
(*) P(z,y)dz + Q(z,y)dy =0

H B B(z,y) MEELT. 2MHN dd = Pdz + Qdy T1hs

ERETEE, () ERESWABBREIER. COEE, (YDO—BRBROLS CREMOETSZBNS :

B(z,y) =C (C HEEER)

2R HBEXNTHIEHDOHEFTDEH (AIEDFEMH)
B P, Q WEGMRERRZRDEE. (%) NERMOHIERN THDILODUETDERMEIRANKIITD &
THd:

op _0Q
oy  Ox
BERTYS
1. 59 2L = P&z TEHULT. ®(z,y) = [P(z,y)dz + g(y) £B< (g(y) & y DHOBIE)

2. cnzE y TRMD L. Gt = [SEdz +g'(y) = Q 15 ¢'(y) ZFRDB.



3.9(y) ZEEDTREL. ®(z,y) = C EBFEENESND.
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ESDEF (Integrating Factor)
WP Pz, y)dz + Q(z,y)dy = 0 iEEMAPER TR (L 2 2) parzz3,
O, MDCELYIE u(z,y) £ 0 ZRTEDE ST ET.

w(z,y)P(z,y)dz + p(z,y)Q(z, y)dy = 0

WREMDHERCIRDCENHDD. COEEOREE p(z, y) ZBIEF TR, TE2MID THDITHDEMN
5. p (ZROBHDHERE/BICITVENDD :

8 8 o P  ou 8Q
— (uP) = — ~£p - = -=
3y(u ) =5, Q) = oL ey R

WARES (1 btz D FTEEy DHOREBERDIESR)
—MR(C ZDRHDHBRZHE DEFH LUV FRIRBEICEHHEICEIETFERDZ I enTE 3,

. . Op Nz =
()= p(z) (x DHDBEEH) DEE: 8_; =0 &1RBzD.

oP 0Q
OP  du 0Q 1lduy oy ~ 0z
uay_da;Q+u8:r — wdzr Q

P

or _ 0Q
BUAEDLD 25 e RO f(z) [C33725(E, BARF@ROLSCKES :

,u,(m) — eff(‘”)dﬁ
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UwBHFDIEER (Riccati Equation)

ROFZDIFFFABEMD HIEREERD !

Y = P(z)y® + Q(z)y + R(z)



AR

CDOFER(F—RE(CHFRREZRFIZRVD AASH DS ETHRHR y1 (2) MOEDHNUE. —fEERkDDIZE

y=y(z) + ﬁ EBVWTRATRE, ¥ =y) — 4 &0, AR u (CHT BRI S SRR CRE
é*I-%o
u' 4 (2P(z)y1(z) + Q(z))u = —P(x)

INZEDRAFREDFETERIFERU,

2= Plot[1/ (1+Exp[-t]), {t, =10, 10}]
pA=D A 1RSI

out[2)=

-10

in4)= Plot[1/ (1-Exp[-t]), {t, 0, 10}]
Zav k HEEBIEK

15 [
14 [
13 [
Out[4]= r
12 [

11 [




Injs}= Plot[1/ (1-Exp[-t]), {t, =10, 0}]

Z0Owv k IR E A%
-10 -8 -6 -2
-01[
-02 [
Out[5]= i
-03[
-04 [
-05 L[
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oL 0O—dDF N (Clairaut's Equation)

ROFDSERE T L O—DARRENS :
y=ay + f(¥)

fRiE C I RAR

Wl% ¢ THH L. v =p &EHL &

p=p+zp + f(p)p = p'(xz+f'(p) =0

INLD. RO2DDBENEFESND.

1.9 =0DIBA : p=C (EH) R0, TNETOHERICRATDE. —RETHIERENESND.
y=Cz+ f(C)

2.2+ f(p) =0 DIBE : TORE y = zp + f(p) H'B/ISA— p BHELTESNZHIREG. —EROE
iR (BRW) L1935,
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TIIL=— BMZIARN (Hermite Polynomials)

EFNHF RIREF) RETHRNIEBERERZEANTHD. BEBRFZEORITRADAKICI D TEERESN
Do

OKRVYTRADAT

TIL=— bW HER

y = H,(z) (FRO2ERAZEMD AR EHI !
y' —2zy +2ny =0

COFHEN(GHEFECIDOMS CENTE, n NMFEEBOEESCZEAE (DL=— MSIER) ZHD.
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NP Mg EHEZERT (Vector Fields and Phase Space)

BROEIEMD HIEREERD !



d
E - f(m,y), d_?Z = g(.’I),y)

B END MILVIS

FELEDOER (z,y) (NI BNL (f(z,y),9(z,y)) ZRIGSBIZEDZENRT NUZEWD, BREER (2(t), y(t))
(F. BRICBITDIERT ML CTORT NUSIC—EHT DL DR (#L8) &3,

BRA (f(z,y) = 0,9(z,y) = 0 £12BEH) OFEFETORIALICED, J—R (S5 . HRIL @ . X
NSV CBIRR) « 25— (i) REDFED RO —HNHEENDEEND.
(1= ode3 = {y'[x] == (ax + by[x])/(=-bx + y[x])}

ax+by[x]

o [yt 25220

in2j= DSolve[ode3, y[x], x]

out[2]= {{y[x] —)bx—\/ e °lya x2+b2x2} 5 {y[x]—)bx+\/—ezcl+ax2+b2x2}}
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Riccati (UwhF) AER

(*) u'(z) + a(z)u(z)® + b(z)u(z) + c(z) =0 (a(z) FOTHRVER) LIF. 0= %

u(z) = o5 S < ol P(o) (LT BRI RS TIER

s}

(a? + (b(x) - ‘; ((;’)) )a + a(m)c(w)) W(z) =0




1/9'\> b
auz—f—bu—l—c:—(i) +——+4c
a \ ¢ a

INSZBEH»ENDED L. TOREUTOLD (CEE=NSD :

1 !
u'+au2+bu—|—c:—<¢”—|— <b—a—>¢'—|—ac¢> =0
ay a

Bl1: o, BHEBDEZ v/ + (u—a)(u— B) =0 ZBZS,

u=4 EBNT
P —(a+ B¢ +afy=(0—a)(@—-B)Y=0
ERFIELN. DR Y(z) = ae®® + be? RDT, ROBJMIRDLS ([CH/EENS :

aae®® + bPBe’”

u(z) = ae® 4 pebr

B12: o, BHBEBDEE v + L (u—a)(u - B) =0 ZBZ5.

u:x%’ EBEL

T T

w//_Lﬁ_l¢/+Z_f¢:(8_,3—1>(8_2)¢:<8_a—1><

COfR(E () = ax® + bxP EIRBDT. MIRDLS(C12B :

Y'(z)  aaz®+ bBz?

v P(z) ax® + bz’

u(z) =

B3: v/ (z) — 3u(z)? + % =0ZMRIS5.

u=—35 ci<e p = Sy L0, TOMB () = ax® + br . LEADOT,
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