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...ÊÊÊ...dddCCC���

���f(t)333t ≥ 0þþþkkk½½½ÂÂÂ§§§∣f(t)∣ ≤Me�t, M > 0, � > 0§§§¼¼¼êêê

F (s) =

∫ ∞
0

e−stf(t)dt

½½½ÂÂÂ333EEE²²²¡¡¡þþþ£££Res > �¤¤¤§§§¡¡¡���f(t)���...ÊÊÊ...dddCCC���§§§PPP

���ℒ(f(t)) = F (s)"""f(t)¡¡¡������¼¼¼êêê§§§F (s)¡¡¡������¼¼¼êêê"""
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(i) ���555555���µµµ

ℒ(af(t) + bg(t)) = aℒ(f(t)) + bℒ(g(t)).

(ii) eeef(t) = u(t) + iv(t)§§§KKK

ℒ(f(t)) = ℒ(u(t)) + iℒ(v(t)).

(iii) ���©©©555���µµµ���f(t)kkk������n������êêê§§§���f ′(t), ⋅ ⋅ ⋅ , f (n)(t)ÑÑÑ´́́���¼¼¼

êêê§§§KKK ℒ(f ′(t)) = sℒ(f(t))− f(0).

ℒ(f (n)(t)) = snℒ(f(t))− sn−1f(0)− sn−2f ′(0)− ⋅ ⋅ ⋅

−sf (n−2)(0)− f (n−1)(0).
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���¼¼¼êêêf(t) ���¼¼¼êêêF (s) F (s)���½½½ÂÂÂ���

1 1
s Res > 0

t 1
s2

Res > 0

tn
n!

sn+1
Res > 0

e�t
1

s− �
Res >Re�

sin!t
!

s2 + !2
Res > 0

cos!t
s

s2 + !2
Res > 0

...
...

...

qqqXXXµµµt sin!t, t cos!t, e�t sin!t, ⋅ ⋅ ⋅ .
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(1) ÐÐÐ���¯̄̄KKKµµµx(n) + a1x
(n−1) + ⋅ ⋅ ⋅+ anx = f(t),

x(0) = �0, x
′(0) = �1, ⋅ ⋅ ⋅ , x(n−1)(0) = �n−1.

(2) ���X(s) = ℒ(x(t)), F (s) = ℒ(f(t)).

(3) uuu���§§§üüüààà���...ÊÊÊ...dddCCC���§§§KKK

(sn + a1s
n−1 + ⋅ ⋅ ⋅+ an−1 + an)X(s)

= F (s) + (sn−1 + a1s
n−2 + ⋅ ⋅ ⋅+ an−1)�0

+(sn−2 + a1s
n−3 + ⋅ ⋅ ⋅+ an−2)�1

+ ⋅ ⋅ ⋅+ �n−1

===A(s)X(s) = F (s) +B(s), X(s) =
F (s) +B(s)

A(s)
.

(4) ¦¦¦X(s)������CCC���§§§���LLL"""
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¦¦¦)))eee���ÐÐÐ���¯̄̄KKKµµµ

(1)

⎧⎨⎩ x′ − x = e2t,

x(0) = 0.

(2)

⎧⎨⎩ x′′ + 2x′ + x = e−t,

x(1) = x′(1) = 0.

� = t− 1, X(s) =
1

e
⋅ 1

(s+ 1)3
, x(�) =

1

2
�2e−�−1.

x(t) =
1

2
(t− 1)2e−t.
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¼¼¼êêêf(t, x)333«««���GSSS)))ÛÛÛ§§§KKKéééGSSS???¿¿¿���:::(t0, x0)§§§���

333a > 0, b > 0§§§¦¦¦���f(t, x)333������R : ∣t− t0∣ ≤ a, ∣x− x0∣ ≤ b

SSS���±±±ÐÐÐ¤¤¤t− t0ÚÚÚx− x0���ÂÂÂñññ������???êêêµµµ

f(t, x) =

∞∑
i,j=0

aij(t− t0)i(x− x0)j .

½½½nnn1 XXXJJJf(t, x)333ÝÝÝ///«««���Rþþþ���±±±ÐÐÐ¤¤¤∣t− t0∣ÚÚÚ∣x− x0∣������

���ÂÂÂñññ������???êêê§§§KKK���§§§|||���ÐÐÐ���¯̄̄KKK

dx

dt
= f(t, x), x(t0) = x0

333t0:::���������∣t− t0∣ < �SSSkkk������)))ÛÛÛ)))£££���???êêê)))¤¤¤x = x(t)§§§

¿¿¿���´́́���������"""
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aaa...���µµµx′′ + p(t)x′ + q(t)x = 0§§§ÙÙÙ¥¥¥p(t), q(t)333t0:::)))ÛÛÛ"""

½½½nnn2 ���p(t), q(t)333«««mmm∣t− t0∣ < rSSS���±±±ÐÐÐ¤¤¤t− t0���ÂÂÂñññ������

???êêê§§§KKK���§§§333«««mmm∣t− t0∣ < rSSSkkkÂÂÂñññ������???êêê)))

x =

∞∑
n=0

cn(t− t0)n,

ÙÙÙ¥¥¥c0, c1´́́üüü���???¿¿¿~~~êêê§§§§§§���dddt0:::���ÐÐÐ���^̂̂���555(((½½½

£££c0 = x(t0), c1 = x′(t0)¤¤¤§§§


cn���±±±lllc0, c1 ÑÑÑuuuddd444íííúúúªªª(((½½½"""
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~~~1 333t = 0NNNCCC¦¦¦)))Legendre���§§§µµµ

(1− t2)x′′ − 2tx′ + �(�+ 1)x = 0, ����~~~êêê"""

x(t) =

∞∑
k=0

ckt
k

ck+2 =
−(�− k)(�+ k + 1)

(k + 1)(k + 2)
ck
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aaa...���µµµ(t− t0)2P (t)x′′ + (t− t0)Q(t)x′ +R(t)x = 0§§§P (t0) ∕= 0.

½½½nnn3 ���P (t), Q(t), R(t)333t0NNNCCC���ÐÐÐ¤¤¤t− t0������???êêê§§§KKKþþþããã

���§§§kkkÂÂÂñññ���222ÂÂÂ���???êêê)))

x =

∞∑
k=0

ck(t− t0)k+�, c0 ∕= 0,

ÙÙÙ¥¥¥�ÚÚÚck (k ≥ 1)���^̂̂���\\\{{{(((½½½"""

() November 28, 2012 10 / 11



2Â�?ê){

~~~2 333t = 0NNNCCC¦¦¦)))Bessel���§§§

t2x′′ + tx′ + (t2 − n2)x = 0,

ÙÙÙ¥¥¥n������KKK¢¢¢êêê"""

Γ¼¼¼êêêµµµ

Γ(x) =

∫ ∞
0

tx−1e−tdt

Γ(1) = 1, Γ(x) = (x− 1)Γ(x− 1), Γ(k + 1) = K!

n������lll���¼¼¼êêê
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