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y .
, it belongs to
dr

and it’s derivative

the differential equation.

(2) 1s a problem of a spring-mass system
where one end of the spring is fixed and
the other end is connected to a mass.

Similar to (1) , the equation of motion for

the displacement y is given by
2
d2+@ 0.
This equation is also a differential
equation.

These examples are problems in physics.
Next, I will introduce a problem in
geometry.
(3) 1is a problem of a subtangent.

This is the problem to obtain the equation
which has the following characteristic:
Draw the tangent to the curve at P and let
T be the point where this line intersects
Let Q be the foot of the
The
length of subtangent QT =k is constant

the x -axis.

normal on the x -axis from P.

for this curve.
At first, we derive the expression for the
tangent at point P (x,y) and obtain
Eq.(1).

Substituting Y =0 Eq.(1),

obtain the x -coordinate of point 7 as

into we

X=x-2.

!

y
The length of subtangent is obtained as

the difference in the Xx-coordinates of P

and T. From Eq.(2), we have QT = l,
y

Therefore, the equation of the curve is
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;1 .
given by y =Zy , and this is a

differential equation for this curve.
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Next, I will explain terminologies related
to differential equations.

Differential equations are classified into
two types depending on the number of
independent variables.

When the number is one, the equation is
called an ordinary differential equation.
When it is more than two, it 1s called a
partial differential equation.

Here, I will explain only ordinary
differential equations. So, we simply call
ordinary  differential  equations as
differential equations.

The order of a differential equation
corresponds to the index of the highest
derivative in a differential equation. If the
unknown function and its derivatives are
the first order, it is called linear.

In the former example (1), the differential
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53 IR e = gL, 2B TRl equation —-=g for a falling body is
& L Eod A)(H bATED T SA
O, [AIERIC (2) 1 TH-E B i %o oM called the 2nd order linear ordinary
_ 2, . . . :
5 i@%f m f{ Y iky=0%, 2&%%}% Lﬁrr 27*\“ &2 G differential equation. In example (2) , the
4 2
_ d
f L ’U\iﬁ” differential equation m dtg} +ky=0 for a
spring-mass system is also called the 2nd
order linear ordinary  differential
equation.
7 \i <3> t*:_)'g‘/véb/ O) %%EL O) /(ﬁ VM) %é’\ L')‘é 7 1
o X Z ks N N .
1 . i o ox /ZEL b; )Z - The differential equeation ) '=—y for
V' = — 13, RIS IR b O k
k a subtangent problem in (3) is called the
1st order linear ordinary differential
equation.
DE U BAES TV L? & ni . .
8. B, 2Oy HFBRAofEE Fico> 8. Next, I will explain how to solve these
W %ﬁyﬁ)ﬁ LET. differential questions.
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* 7, Bﬁﬂﬁ%\ﬁﬁ%@i ;M;H%f@ o) \T:ﬁ@% 1. First, I will explain separable differential
ZLET. equations.
gﬁ”&%ﬁﬁﬁé@ﬁi 78 %—’ﬁ%; L1y = f(0)g(y) 2 A separable differential equation can be
O)ﬁﬁ?(%\% ShE written in the form y' = f(x)g(y).
7 .
é;ﬁ ﬂﬁ”é yo 15 @;;é‘;gg 5(’(3;) n, 3. The left-hand side is the 1st order
Z';TJE/ I x @Egiiéi y 0)55%520)7}%“(? derivative of y and the right-hand side
is the product of a function of x and a
function of y.
T SAEI> L& & iz YN AN Hh . . .
TS RAOME A, RE A2 HAVWT 4. I will explain how to solve this type of
%;gﬁ)% LET. differential equations using an example.
> EpESTOLE 5. dx
il L LT, oy RS y ——gé’ﬁ#%‘i@* As an example, we solve )’ plr
y
. dy . 6. d
ZZIZT, :EE(B)@ id— CExET Here, y' in Eq.(3) is written as &
X dx
:0)%7&%%#6 L, %(4)0)& 9 Z:Z%%&i 7. This equation is transformed into Eq.(4)
) 5~ )
v OB, AT x oBFEEIZR Y £9. where the left-hand side in a function of

only y and the right-hand side is a
function of only x.
VX~ HEHA L

ZoEx, WBNEESTHE, RB)N ‘:‘i,': 5 8. Integrating both sides, we have Eq.(5).
ET.
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9 T, %(5)0) G i%% Tﬁ:_w?f“ﬁ“. 9. Where C, in Eq.(5) is an arbitrary
constant called the constant of
integration.

10. =51z, %(5)%%%& L, }% A % 5%751 Ciz¥ 10. Furthermore, rearranging Eq.(5), we have

X %ﬁ“ L, XK@z =4, Eq.(6) where the new constant of
integration C is used.

11. %é(e) pi*%ﬁ%%%ﬁ“% %é“c HhAHoLlnp 11. We see that Eq.(6) is an equation

MY FET. representing an ellipse.
12. :0)@2’;% %&:J: D, Qf 5{ /%”EWZO)’%%\UMES 12. In this way, we can solve a differential
Giﬁt’qi JET. equation of a separable type.
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TEEAH W] gy PP o opdx e (9)
—  YOBE%
ROOTMDEHESTBE, ¥ OB
dy
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+ (10
(C-HEIEH

Next, I will explain how to solve a

order linear

When ¢(x) in the right-hand side is zero,

the equation is called a homogeneous

In order to solve this equation, we

Since Eq.(8) is separable, we can apply the

X

This equation is further transformed so

that the left-hand side is a function of
only y and the right-hand side is a

y ==zl PO (1)
BEAEREBETET
y=Cetr |y 2
K, WM TRA oM Fcon Tl 1.
LET. homogeneous differential equation.
VBB 05 R A % Y +px)y=q(x) & 2. We express the first
£ LET differential equation as
Y+ p(x)y=4q(x).
20 q(x) RO D E X, ADO LS 3.
SR A R R & I T
equation.
oA AL i, £F, ADEAE 4
DL é:éi NZ LE7. transform Eq.(7) into Eq.(8).
ROIERISH 25 DT, Wik OfE 5.
j;‘ L I ﬁé 0 F9. method mentioned above.
éé(S) Dy % % ﬂjriiﬁﬂ 6. Term y’ in Eq.(8) is replaced by %
F70, FEil y@ES%@& Fillcx o e 1.
L&l VOIS 2l I LET.
function of only x.
Bl & bk, WL AT S L, R0k 8.
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we integrate both sides and obtain
Eq.(10).

Term C, in Eq.(10) is a constant of
integration.

Solving Eq.(10) for y, we obtain Eq.(11).

If the constant of integration is replaced

by C ==e“, Eq.(12) is obtained.
This is the general solution of the

homogeneous differential equation.

F—J—F
o, i
A ARG 7 55
1 TR
5 (kI
Whiﬁt«wm@amé Bk OWFETF, - OWFEOR AL SERAFOT, U~ &0 Hk
@%f’&@iﬁo
i) K homogeneous WL — /ﬁ%ﬁ degree
I%j%ﬁt same number %E - %}I number
I%J:)H% same time %E — é%"FIE% time
&E)% same manner %E - %éé manner
W, @3 same kind WU — Ak kind
w12 T
r:;t;ﬁl IX general &\ ibé‘ﬁ% T, rﬁﬁ;ij IX solution kb\ﬁiﬁlﬁ% 4, L7 T, F:;ﬁ%}ﬁéj X

2
W A
general solution 2: VYD EIRIZ 22

EFd » AL
3%®% @% Tﬁ\#®2o@%%ﬂ%%®ﬁ$%

L2

(f51) Eﬁ‘ii rotation + H cycle
Hi R underground  + o pou (train)
;;‘/EVJ% developed + country
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<BEH>
‘ERAEXQO—AEEE I - FF RGO R RE
= CeJP™dx EREILE “p(d
yee e crxommiczt V= CXe” (14)

-3t (14) &Y, CHA
y' = C'(x)e " 4 p(x)C(x)e "™ ... (15)
K (14), (15K (13)ITRA
C'(0)e" — plyetre ™ = — pree ™ + g(x)

Beb C'(x) = g(x)e?% -e+ (16)

-K(16)DELEFEN T HE,
C(x) = [q()e" P dx+C | -=- (17)  C(x)h41

:{}ai, UIE?YU mrﬁ?a)ﬁb %% _ob\“(?jﬁﬁ L 1. Next, I will explain how to solve a
7. inhomogeneous differential equation
£z BUSA T 0 SLED TI L 2. Equation (13) is the same as the first
10 1S 1Ry + p(x)y = g(x) : . .
order differential equation
DAWq(x) B0 Tk x, XAYD LI y'+p(x)y=q(x)  mentioned above.
oS SRR 2 JE IR R L IO When ¢(x) is not zero, Eq.(13) is called

inhomogeneous equation.

:@%%%é%ﬁ%< 7=z, it/ %é%é@bi;‘%@ 3. In order to solve this equation, the

ﬁ’;ﬁ@ﬁwﬁ C 0)%‘[?63/(72;%%5( C (x)&z”;éii@”. constant C in the general solution is
replaced by function C (x)

:O)Iiafizg%hﬂi{%%gﬁ@iﬁ 4, This method is called the method of

variation of constants.
C iED L S A ~ A

DT bf) 5!5 I;] /JL/Y 75( X % iR % ’Z{ﬁ 5. We assume that the general solution of

M T

C(x)’i’ =) PU’JE(14) ERELET. inhomogeneous equation is as Eq.(14)
containing function C (x)

=N 149 » C(x)b;t;f%‘fu DT, :7}17&%%&) 5 6. Since C(x) in Eq.(14) is unknown, which
jg% NHY FT. we find as follows.

%(14)75 5y %Zk&bé’) kT(lE)) Il ES. 7. From Eq.(14), we can obtain Eq.(15) for
X(19), (15)2XADFEA LT, ¥ . Then Eq(4) and (15) are
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8. Zorx, Wi UEAET BOT,
Zhox il £ oL, Xaeiciy, C(x)

BKED ET
9. éa_,ﬁu@@ﬁ %%

w720 Clo)pssRE Y £

10. =2, XADD C B e T
1. KA ADE A 55 & vk
D Wz 2 0 £

O E5 L EITRLE TRTISA I E) ol
FRI R, @A s, IRE
HARGEAEES
O EH L IEdITwLE
w1 IR R
ok x EX 4 [0 nAi L
SEOFNC [FE) LW HEFTRS L, vk
(f51)
U
OFF~: ~TCxhn
£ w»E S L
vk homogeneous  — FE[AlY
oL O Lol
W #% common sense — FEH ik
H Lf%; regular life - éf H Lr‘%:
v Lxd
IE
CATFATE D ICATATE
AfE#) humanizing —  FEANTM
FLLDVA LY
LIPS
R mALOE b L wors =
DX ﬂﬁ W26, BITOET 1 T2 BEHG
NH E9,
(f51)
O~ 1 ~L %72\, ~LAan
:{L/\/;ﬁ:ﬂi . E\ﬂ‘/u %;é
HFE  continuous — A

Sn e, a1
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substituted into Eq.(13).

8. Since same terms exist in both sides, we
eliminate them and obtain Eq.(16) which
gives C ’(x).

9. Integrating both sides of Eq.(16), we can
obtain Eq.(17) which gives C (x)

10. Term C in Eq.(17) is a constant of

integration.
11.  Substituting Eq.(17) into Eq.(14), we
obtain  the  general solution  of

inhomogeneous equation.

12. This is how  homogeneous and
inhomogeneous equations are solved.

0Ty Vo4 e g
BETDERDOSEIZRY £,

inhomogeneous

lacking common sense

irregular life

emergency

dehumanizing

. /\, ; I :\bfa P 7 N [j“/b;f

(prefix) (272> T, Tﬁ% SEOEKREE 2 D HAGE
discontinuous
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WA
of ~LWIHE

UES

"

idi?ﬁ% (law) EWIHE
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%Tﬁ% stable - b\&%% unstable

#6)  kind — #  unkind

jé% necessary - R Mﬁ 7 unnecessary

1?5%)] convenient - X\N%* inconvenient

* A REER A A

Offf~ : ~73721>

§ v examination - ﬁf%%% without examination

J%D% meaning - ﬁf%ﬁ% meaningless
O~ 1 T~

%%%%) published - 5?%’%%“ ) unpublished

ﬁ’%ﬁ% experienced - %ﬁ%‘:m Inexperienced

%% % discovered - 5?%\2 % undiscovered
Ok~ REun~

ZEL% company - jjé?ﬁ% big company

gﬂﬁ% city - %X tfiﬁb? big city

country - ijbt power country
OM~: LTh~

ijbi power country — %ﬁﬁj& super power country

:.%])fj—: high voltage - tfﬁ) %}E ultrahigh voltage
Ofi~: # L~

B Lﬁ era — %/VH%{JLE new era

%é:t{ product - %/%ﬁ%{; new product

7 /% discovered - ﬁi@/v%; % newly discovered

YA [0k ke EREALE)
r%{lfjj I way, method &\ 9 %%Tﬁ”o D rN?ﬁJ DL :é& :

%
F

oL
/

,f
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I2f+13 3 & . the method
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C IEF5TLLE LA

R F5 38 3% ) B 2E 1

v ES

6. 3EfE

[6] FERRAEXDEES
FERRA RO

=C(x e_fp(x)dx
y ’()

-JERRAGER

V' =-px)y+q(x)--- (13) (14)

10.

C(x,) =fq(x)efp(x)dxdx+ Cl---

RUYZEHX(I7)IZKA

[51] Rt V' +2xy=x --- (18) %fEl}.
- (18) &Y,
p(x)=2x , q(x)=x -+ (19)

C(x) =f;cef§d"dx+C =fxe"2dx+C = %e"z +C -+ (20)
- (0)ZFK(14)ITHKA (C-EBAEH
y= (le"z + C)e'f“d“ = (16"2 + C)e"‘2 L +Ce™ + (21)
2 2 2

i, %/ 5;.2)0)7‘:&)61, JITJ/_JK D IEFRY %; 1. Next, let’s practice the technique to solve

@:;ﬁ%ﬁﬁ;ﬁé%jﬁb 5 bulmﬁ%ﬁk’i% ESCH a problem on an inhomogeneous equation.

bj::) Efmdig‘éﬂi Eo UFI?]YC J )ﬁ%;g L %0):‘; 2. In the wupper part, above-mentioned

ﬁ’;ﬁ%% LET inhomogeneous equation and its solution
are shown.

R, oy R Y +2xy=x #fi£< = 3. The problem is to solve the differential

& T equation y' +2xy=x.

E3c H(18) & %(18)7&&%5% LET. 4, First, Eq.(18) is compared with Eq.(13).

A 181 (13) D p(x)=2x, glx)=xo& We have p(x)=2x and g(x)=x.

xrACTT

FO=W, %(19) %%(17) l:f%dj\aﬁ“ AL, 6. Therefore, substituting Eq.(19) into

C(x)’i’%‘%fé‘ 7. Eq.(17), we can obtain C(x).

%é%“ﬁfk%i% TT ST &, C(x);;t%é(zo)c: 7. By integrating this, we obtain C(x)

Y ET shown in Eq.(20).

ZZ T, §(20)® C i&;% JAS EL j%“(ﬁ“ 8. Term C in Eq.(20) is a constant of
integration.

T_ZFVE%%(M) ujfjﬁ Jb\)@”é L T% %é@#’;?_\ 9. Substituting this into Eq.(14), we can

R SIET. obtain the solution of the problem.

%;:};;U(;-LI-E%% {T&b\ ﬁ%ﬁk@ﬁ”é L, F‘ﬁ%@%’é 10. After integration and rearrangement, we

“C“Zb%.’)iﬁ(Ql)ﬁiiki n, F‘ﬂ%ﬂﬁ# SR
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can obtain the solution given by Eq.(21).
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0 FT.
HARGEfEER
1 TRk
rgﬁj . LLJ\%}UT (above, before) &9 %lﬁ%}: FE i (front) W9 200)%%&%75%?)@&?”0 z
QI &ﬁ/ﬁkb\5f:§%“(¢ )iﬁ@%%@ ukt Z. % (below, after) k%ﬁ% (back) B0 £,
r%)J kB (to describe) é:l/\5f%?|§‘i“@\ r%L%JJ = Hué k27 (describedabove) L
SEMRICARY EF, COSHD . MOETRESOEFZHN LTV 25 HFE 2> TVET,
o TE

s T (under) 2V
“E”E“T”%mﬁAbﬁt £ :

EF L n s HER DY, EE o bzl
(both/between upper and under) 7&{{@:“ 70
TOLHIc, KHOBROBET & MBS DU REN DY ET
(f51) J: upper + % under — I 3
- o iﬁ)}iﬁf?

i high + 115% low i)
- oLk i@j_%ﬂ VR B ET,

& BAR AUk
B man + & woman — %«

YRy b e 1 -F L ey
X big + R

5

Z 9T
e
- &

WL ko
small —  K/h

ZuLxd

%ft@*f%z SN VS

b oleft  + 15 right e
)

FAA LA CHBAEEDEL L.

B (middle) 2V I EFLBHYEF, Thr BT afaapur CLH T &

P
M8 1% part &\ 57

%'Cﬁ“ L7=MMoT rJ:ﬁSJ iupperpart above &\ 5%‘%&0172@??”
:ODE;%%B\ HIJ@{%%ﬁ)f(ﬁé@j%%%pﬁj% LT3 25 5aEIC fotofb‘i‘f
EHED ”
AIRRIZ

" (below part) . EP%” (middle part) &\ 9 51‘ Eh b0 ET,

76
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7. FRIT MO ARADBAIRE

‘B HEX

-1

NUX—ADHER
v+ plly =gl

u=2 Exm -
X

u=y

[7] BITHMAARBRXDOEAIFEE

(22) B == ZH LR

1-

* (23) &84

— |y + (1 - n)p(x)4 = (1 - n)q(x)
U [TDOVNTO1ERR M HFER
AYFDHEER
V' =p )+ p &+ p, () y=dor e 24) e
D12
="+ 2 p (<, + py ()l = =, ()
UIZDWTD1RERRTZ M HiE=
oD E & B BAIEI VWL E = . . . .
wix, ZZF TRV iR ﬂﬁ/ g 1. Now, I will introduce three differential
= T é’; )/;j/\u ;)%%;g % 3 OL,“JE)% LE equations that can be reduced to the form
which we have solved.
12 é li?f Nﬁ%ﬁ%f <7 2. The first is the homogeneous equation.
EH L H0iEITOLE , L) =< . 1 1
Iﬁ]?}(ﬂ%jﬁ :%; iy Y Y 3 The homogeneous equation is a formed of
X
' Y
TWE 1,‘* y and; .
)} ;,‘%%L\, * 0){;) f@i F TIx ﬁ TEE 4. In this case, this equation can not be
. solved as it is.
= ~ht D ~hZ ; ; ;
LAL, X220 5T u _Y T 5. However, if we change the variable as in
X
ELWo~ATH BB AT ~hT D _
F5 7 LT, MR x bRy DK (22) to u= . the equation takes the
BV RN W SAlE)> WL & 15
2 7N =] - 7o - NS
i%ﬁﬁ/@ﬁﬁﬂ AU, R e BT form of separable differential equation in
' the independent variable x and the
unknown function u.
2D é T~ X —A 0)%%‘3%@(# 6. Next one is Bernoulli’s equation.
N X —A 0)%%’5%&@ 17[5%%;’% % ; ;:/r\”; ; é; Bernoulli’s equation 1is obtained by
D q(x)i: y" BN B DT changing q(x) to q(x)y" in the original
first order linear differential equation
SRbREEIC, B A A E % - L ofit< = 8. This can also be solved in the same way

EMTEET.

7

by changing variables.



L& ~A T

9. K@D LI ICEKE U= Yz s e 9.
<, hEAE +(l n)p(x)4=(l—n)q(x)
K%%Liﬁ

10. =0 FFERI TR owf@1@ﬁ 10.
TS HRRIC 72 0 £ 0C, A ik &
I = LA TEET

1. 35HIZY v Fo AT, 11.

12. U Ay FoRERE ORGSR T, 12,
Ry iz x DEHA DTV E T

13, “oFEAEMA 1M LTS L g 13,
T EMTEET.

14. MBI LT aliEny, Tho L x, Alr 14
Y=y, +—ICLET.

u

15. w0 %éati UICHOWTO 1SS 15,
& ”+(2p0(x)J’1+p1(x))" —pO(X)0 %
WEET

16. b, i ik & MBS - AT £, 16

17, LER->T, b 3 o0 Ha a8 17,
oo 1B T msicht & 35 - L
T%,ﬁ¢<:kﬁVG%iﬁi

F—J—FK

ARG, iR AR DR, Uy TR

Ez&ngﬁﬂ;u

T TR — o DR

T11 TY Sy FohHEA

HA AL O o4 fiix. HEED %%%E“%@a

BT LB ET, TOR, TONEEEEERKE <

7. HAALI OEF D4 oSS HEEOE & D

gdoo0oo0ooooouooooo
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By putting #=»"" in Eq. (23), the

equation can be transformed to
u' +(1=n)ple) = (1 -n)(x).
This equation is the a first order linear

differential equation on  unknown

function u# , and can be solved as
mentioned above.

The third is the Riccati equation.

Ruccatu equation 1is a first order
differential equation where function of x
is multiplied to y2 andy.

This equation can be solved when one of
the solutions is known.

When the known solutionis y, , we take
the variableas y=y,+—.
u

The original equation can be changed to

first order linear differential equation in
uas u'+ (2]?0 (X)Jﬁ P (x))" = —pO(X).

This can also be solved as mentioned
above.

In this way, these 3 equations can be
solved by reduced to either separable type

or first order linear differential equation.

o

LI LT B S fﬁmtwiwtw¢
£5%@%%5@T &aﬁ%gﬁﬁoi
RPN LTl & h TR S B b
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E%a@&%@hgﬁ%ﬁg%Aﬁ@@iﬁo
(f51) Bernoulli AL X —A

Riccati U gy F

Euler FAT—

Beethoven R b=y Re— b —
Einstein TALY KAV

& K A ds Kim Dae-jung Xh TV
A ##i%  Hu Jintao Ry — FUEF Z EALESD

17 THES T L TEET
B LA TEET 3 TR LR UERT, B3 (verb) O (potential form)
<,

313 1E A 0)&77% (conjugatlon pattern) TRz <% BFT2o0 I N—TRb U AT m’é\% T —
Tk > THEAOIESNECET, k27 & 527 3HA T, Ebbn 7 A—7 L bik 5 ER oS
<,

(#)
O n—71

LR RET  RohEd BB ENTEET
BB RANET ASORET ASBZILATEETS
Hp  HNET BNbhET B LATEET

(,

|~

OrNn—72

W WLET deEd Gy rmTxEd
£ BrxEyv BUET B emTEET
B WAET GwET Mo LsTERET
Far oy RBnzy  RWaormosiy
Oilsh

kB kET O KbhET  kBIlsTEET
RS L9  TEET FTHZERTEET

(_

CLxgw

*HI OBFIAFE (dictionary form) 7 “~%” TR X TR L—7 2 TTOT, Wiz
FTT,

79
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TWISFLgS b\L\‘li'/u('J'l,\ T RARERSITLLE & mi=

8. EBRHM D2 HIEXDMESH

E MR D2MERIZMAAER

[8] EHRFRBMD2EHIMAHIEXDESSH

- f(0) =0 ptE, FRAENX

V'+py'+qy=f(x)

<EEH>

-2 (25) D — R 5
y=Ce™ (c:aBER

R (26)Z2H(25)IHKA

-KQ27)H5,

-EhEhERELY,

COZ+ prsq) =0 = |2+ pA+q=0| =+ @7)

A=A A (BHZER) 0Lz, y=Ce™ Ce™

V'+py +qy=0 - (25

* (26)

EEAE L

(G, C, - FEEH)

y=Ce™ +C,e™"| -+ (28)

2REMRBRR AR D—

g — _t(25)¢c_ﬁf:_9l—

g v

EHAR o 2B Oy R %
Vi+py+qy=f(x)& 2% LET.

E) TWLE S~

A nu Y, T 5 N
OHRAOLEIL, 2MOEMH y" L, &

(Y

B ofhore y' Ry T

EH L E5>TuVwLE

= E3) @f(x)ﬁxO@n/ 2z
Ob\fﬂéii‘ﬁ
@B) &< -0, RHTH D A% HNT

APl

*%%%ﬁ@@@iﬁ LT

ZA W

-z, X280 CIHEE R T

&

$ 9 X

e LS e et A L, %

W

i

1. Next, we discuss second order linear
differential equations with constant
coefficients. 1 will explain how to solve
its homogeneous form.

2. We represent the second order linear
differential equations with constant
coefficients as y"+ py' +qy = f(x).

3. The left-hand side of this equation is

composed of the second order derivative
”n

y"; and y' and y with constant
coefficients.

4. Here, we discuss the homogeneous
equation, i.e. when f(x)=0.

5. In order to solve this equation, we assume
the general solution with an unknown
parameter A as shown in Fig.(26).

6. Term C in Eq.(26) is an arbitrary
constant.

7. Substituting the assumed solution into
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B 5, CO2+preg) =010 2

ER

8. Im5bh, CR0mEx, fxaM<ct. 8.

L&

E7, ML TR, W R xR
@iz £9.
10. = osta R st & RO E 10.

o

< MEITWLE L

22 2 LT, ABRDET. 11.

11.

ﬁ.r:t‘

12. ::fd,kﬁ%,%@ﬁ@é%ﬁ?%é 12.
13 A, A ZAEEIFEA REy 13,
4. ==, C,, C,HEEERTT. 14.

15. 2 >0t End e oEHNLA@)D L 15.
SICHICE L DD LNTEET

16. LMo, @M ERGKD itk 16.
SRR B B Rk R o i 7

D ET.

B A&

LoZ A
12 3R]
r%J 1% real, fact, truth &9 %Q& g, H‘EJ 1% root @
LS ERICR Y £

fiiz
BRERHYEF, “Fix, ~" 0L
. T oRiotko¥Ec e £t
DFF< B, 2k (empty, vacant) .

&)D ij‘o

81

ER )
HE%% (imaginary number) .
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Eq.(25), we obtain C()L2 +p/l+q)z}“ =

after rearrangement.
When C =0, the solution is trivial.
Since e™ does not become zero, Eq.(27)
must be satisfied.

This equation is called a characteristic
equation.

We A by

characteristic equation.

can obtain solving this
Here, we consider the case that A has
the real and distinct roots A, and A,.
Substituting A, and A, into Eq.(26), we
can obtain the solution.
Here, C, and C, are arbitrary
constants.

From the principle of superposition, we
can obtain the general solution as Eq.(28).
Therefore, Eq.(28) is the general solution
of the homogeneous equation derived
the order differential

from second

equation with constant coefficients.

DRFETF. L2 T, TFH | 1% real root

r%J A< %ﬁfﬂg Iz 5*223 (fact) . %ﬁ;% (real world) . Eifb% (truth) . 5%%5% (real number)
9 K%ﬁ“ﬂij H2ZELHY ET, T “the fact, ~7
ZHUE false, lie 72 X OBEWRAH D F3,

LD Ek
“ﬁ”
LA

AR (imaginary root) 72 &3
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TWISFLg > b\L\‘li'A/('J'L\U SAEFEITHLE AL

9. EHRH D 2[EMRAZ M HIEX DHREH!

gﬁzf%mzrs iR RRAER
V'+py' +qy=0 - (25) =->

[B1] (FHa-BHERDRRE

[9] E#HFHD2FEMHA MK DR EDH

y= Cle’llx + Czej“lx «=+ (28)

2[R R R A 2K D — Ak

Y

N viE e EE
v E s
AN

L ky=0] - (29)

K)o, FiEAERIL,

mA +k=0 w=p A= +£z
m
‘K (B0)ZHK(28)IZRAT S
'ix —i—x
y=Ce™ +Che ™ ==+ (31)

- (30) HZRERIE

FAZ—DAHKERANT, XBNEBEYLHL,

|eix =COSX+isin x |

FTA5—DAK

y=Acos£x+Bsin£x
m m

(4, B FEEH

) HA Lo ML T

NS
N

b b b AT &

Wl i o i e e =1

Cro 5 M A T 5 L iEd L&

FHciaizEr o oG BoRMk Ry 2.

SFEAD

2O WA R L ET

l/)u)

im@ﬁﬁﬂlméh %Qﬁﬁ ZEm 5.

DMK TE Y, By 2RO T,

~h 7z IAEIIED T ? L&
ZENL y \ZkF LT, ) Ve Vel I
ES3e
/U’ ,Si/\vil")fél\bé L")’,TE’{LMJ‘;: Ax 7 :—'L—»
Z Oy HRRADO kR E, y=Ce™ L{E 7.
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ic ol &g
7 &:, ;ﬁ?ﬁ 0)7‘ Iz, ﬁﬁﬂ:@zﬁéﬁ%ﬁﬁ;@H L.
. .y

PR A RS L, @B Y T 8.

Next, as an exercise, we solve a problem
governed by the above mentioned second
order linear differential equation.

In the upper part, the general solution of
the second order homogeneous equation is
mentioned.

The problem is a spring-mass system.

This is an example we mentioned at the

beginning.

One end of the spring is fixed and a mass
m is attached to the other end. We
obtain the displacement y

The equation of motion governing the

displacement ) is given by Eq.(29).

Assuming that the general solution to

this differential equation in of the form

y =Ce™ , we put it in Eq.(29).

Solving the characteristic equation, we
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obtain Eq.(30).

9.  XGO® AL BERHT, @I/ 9. The A in Eq(30) are the complex
T5L&, %(31)&:7‘; = conjugates. Substituting them into

Eq.(28), we obtain Eq.(31).
10. %(31)0)%%@753‘&%)1/“(1/\5 L %fﬁfﬁ%’:jﬂé 10. In order to interpret the result given by

7=0lz, 47— O);:\)bé%}ﬁb\iff Eq.(31), we use Euler’s formula.
1. = @é%%ﬂﬂb\f {ﬁ%%éﬁ(%}o X ﬁ“ L, 11. We transform the arbitrary constants
AEDEAG)I LT £ using this formula.  Then, Eq.(31)

becomes Eq.(32).
12. %(32) Li?%a)}%%ﬂ %%% LTWaZEnb 12, We see that Eq.(32) represents an
MY FET. oscillation of a body.

5 L Eor L& bATE

13. —h T, QBEﬁﬁ;O) [F]7 2D uﬁﬁgéi\ﬁk’iﬁ 13. Now, we can solve the problems on second

T2 ez £, order linear homogeneous equations.
14. J,/L J: <, 1,%’(%%%%’;%%0):5@%@%5}30 v 4. 14. This ends the explanation on differential
equations.
F—J—H|

SLg &35

ZoLg §é° 5 Z Z
FAT—DRA, L, HEEE

-

HARGEREER
x5 TR %5 )

f)#J IZ one piece, one side, one end & \» 5%&@{%‘5#“( Hf‘% QLQobbHILD 1D R
Feh (ERELETRY) 03b0 ﬁ”%%#*%f# Wﬁﬁ‘®~JE%ot%%\&
o e f:ji (another / other side of the ~) & \» 5 B FET,

f: TR ofF< R, TR T A1 7 2 Y E T

MoBkomzx (T ©. TR THfl) (g 2 EoStEns0 £,

W

2

L10 [4A5— @i%
(A T —) EADXEIT, Euler # I AEDHAFIZ LI b TF,
r@uiwmm&ua%%fﬁ‘%k%f”k\ BT bBYET, LER-T, A7) 11 A
Db, ko Tz L MBI (formula) &5 EERICAR D £,
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