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1111.4 Complex .4 Complex Fourier SeriesFourier Seriespp
((복소복소 푸리에푸리에 급수급수))
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Ex. 1 복소 푸리에 급수

( ) ( ) ( )
.        

 ,          2       

구하라급수를푸리에보통의이로부터

구하고급수를푸리에복소함수의인이고에서구간 xfxfexfx x =+=<<− πππ

( )( ) ( )
π
π

πππ
πππ

π

π

π

−
+
+

=−−
−

=
−

== ∫ −

−=

−−

− n
inee

in
e

in
dxeec nn

x
inxxinxx

n 1
1
1sinh1

1
1

2
1

1
1

2
1

2
1

2

( ) ( )ππ
π
π

<<−
+
+

−=⇒ ∑
∞

−∞=

xe
n
ine inx

n

nx     
1
11sinh  :             2급수푸리에

( ) ( )( ) ( ) ( )

( ) ( )( ) ( ) ( )+−−=−−=−

++−=++=+

− nxnxninxnnxnxinxinein

nxnxninxnnxnxinxinein

inx

inx

sincossincossincos11

sincossincossincos11

( ) ( ) ( )

( ) ( ) ⎥
⎤

⎢
⎡ ++⇒

−=−++⇒ − nxnnxeinein

x

inxinx

2sin22cos1sincos11sinh2

sincos211             

π ( ) ( ) ⎥⎦⎢⎣
+−−

+
+−

+
−=⇒ Lxxxxex 2sin22cos

21
sincos

112
           22π



1111.4 Complex .4 Complex Fourier SeriesFourier Seriespp
((복소복소 푸리에푸리에 급수급수))

Ex. 1 복소 푸리에 급수

( ) ( ) ( )
.        

 ,          2       

구하라급수를푸리에보통의이로부터

구하고급수를푸리에복소함수의인이고에서구간 xfxfexfx x =+=<<− πππ

( )( ) ( )
π
π

πππ
πππ

π

π

π

−
+
+

=−−
−

=
−

== ∫ −

−=

−−

− n
inee

in
e

in
dxeec nn

x
inxxinxx

n 1
1
1sinh1

1
1

2
1

1
1

2
1

2
1

2

( ) ( )ππ
π
π

<<−
+
+

−=⇒ ∑
∞

−∞=

xe
n
ine inx

n

nx     
1
11sinh  :             2급수푸리에

( ) ( )( ) ( ) ( )

( ) ( )( ) ( ) ( )+−−=−−=−

++−=++=+

− nxnxninxnnxnxinxinein

nxnxninxnnxnxinxinein

inx

inx

sincossincossincos11

sincossincossincos11

( ) ( ) ( )

( ) ( ) ⎥
⎤

⎢
⎡ ++⇒

−=−++⇒ − nxnnxeinein

x

inxinx

2sin22cos1sincos11sinh2

sincos211             

π ( ) ( ) ⎥⎦⎢⎣
+−−

+
+−

+
−=⇒ Lxxxxex 2sin22cos

21
sincos

112
           22π
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자유운동(F M ti ) 외력이 없는 경우의 운동지배방정식

Section 2.8 Revisited

자유운동(Free Motion) : 외력이 없는 경우의 운동지배방정식 : 

0''' =++ kycymy

강제운동(Forced Motion) : 외부로부터의 힘이 물체에 작용하는 경우의

운동지배방정식 ( )k'''
y
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운동지배방정식 : 

• 입력이나 구동력(Driving Force) : 
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( )trkycymy =++ '''

y=y(t): displacement from rest

c: damping constantp g

k: spring constant (spring modulus)

r(t): external force
y

0.2

0.3

r(t): external force
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Ex. 1 주기적인 비 사인(Nonsinusoidal) 구동력에 의한 강제진동

( ) ( )
( )

( )
( ) ( )2      

0      

0        
2     ,25'05.0'' trtr

tt

tt
trtryyy =+

⎪
⎩

⎪
⎨

⎧

<<+−

<<−+
==++ π

ππ

ππ

t

r (t)

π

π/2π

—ππ( )

( ) .      

2

구하라를해정상상태 ty

⎩

⎞⎛ 114

tπππ
π/2—ππ

( ) ( )

( )L

L

+===++

⎟
⎠
⎞

⎜
⎝
⎛ +++= 22

sincos:31cos425'050''

5cos
5
13cos

3
1cos4  :      

ntBntAynntyyy

ttttrtr

해정상상태의상미분방정식

급수푸리에의
π

( )

( ) ( ) ( )+−==
−

=

+++

222
2

2

2

05.025         2.0    ,254

sincos :      ,3 ,1   cos2505.0   

nnD
Dn

B
Dn

nA

ntBntAynnt
n

yyy

n
n

n
n

n

nnn

여기서

해정상상태의상미분방정식

ππ

π
y

0.2

0.3

L+++=∴ 531   :       yyyy

nn

해정상상태

t0 1 2 3—1—2—3

0.1

—0.1

0.2

—0.2



1111.5 .5 Forced Oscillations Forced Oscillations ((강제진동강제진동))1111.5 .5 Forced Oscillations Forced Oscillations ((강제진동강제진동))

Ex. 1 주기적인 비 사인(Nonsinusoidal) 구동력에 의한 강제진동

( ) ( )
( )

( )
( ) ( )2      

0      

0        
2     ,25'05.0'' trtr

tt

tt
trtryyy =+

⎪
⎩

⎪
⎨

⎧

<<+−

<<−+
==++ π

ππ

ππ

t

r (t)

π

π/2π

—ππ( )

( ) .      

2

구하라를해정상상태 ty

⎩

⎞⎛ 114

tπππ
π/2—ππ

( ) ( )

( )L

L

+===++

⎟
⎠
⎞

⎜
⎝
⎛ +++= 22

sincos:31cos425'050''

5cos
5
13cos

3
1cos4  :      

ntBntAynntyyy

ttttrtr

해정상상태의상미분방정식

급수푸리에의
π

2L 급수푸리에우함수의인주기가S i )C i(F i급수코사인푸리에
( )

( ) ( ) ( )+−==
−

=

+++

222
2

2

2

05.025         2.0    ,254

sincos :      ,3 ,1   cos2505.0   

nnD
Dn

B
Dn

nA

ntBntAynnt
n

yyy

n
n

n
n

n

nnn

여기서

해정상상태의상미분방정식

ππ

π
y

0.2

0.3( ) cos      

   2  : 

1
0 += ∑

∞

=
x

L
naaxf

L

n
n

π

급수푸리에우함수의인주기가Series)Cosine(Fourier 급수 코사인푸리에

L+++=∴ 531   :       yyyy

nn

해정상상태

t0 1 2 3—1—2—3

0.1

—0.1

0.2

( ) ( ) L  ,2  ,1    ,cos2    ,1    
00

0 === ∫∫ nxdx
L

nxf
L

adxxf
L

a
L

n

L π
계수푸리에

—0.2



1111.5 .5 Forced Oscillations Forced Oscillations ((강제진동강제진동))1111.5 .5 Forced Oscillations Forced Oscillations ((강제진동강제진동))

Ex. 1 주기적인 비 사인(Nonsinusoidal) 구동력에 의한 강제진동

( ) ( )
( )

( )
( ) ( )2      

0      

0        
2     ,25'05.0'' trtr

tt

tt
trtryyy =+

⎪
⎩

⎪
⎨

⎧

<<+−

<<−+
==++ π

ππ

ππ

t

r (t)

π

π/2π

—ππ( )

( ) .      

2

구하라를해정상상태 ty

⎩

⎞⎛ 114

tπππ
π/2—ππ

( ) ( )

( )L

L

+===++

⎟
⎠
⎞

⎜
⎝
⎛ +++= 22

sincos:31cos425'050''

5cos
5
13cos

3
1cos4  :      

ntBntAynntyyy

ttttrtr

해정상상태의상미분방정식

급수푸리에의
π

( )

( ) ( ) ( )+−==
−

=

+++

222
2

2

2

05.025         2.0    ,254

sincos :      ,3 ,1   cos2505.0   

nnD
Dn

B
Dn

nA

ntBntAynnt
n

yyy

n
n

n
n

n

nnn

여기서

해정상상태의상미분방정식

ππ

π
y

0.2

0.3

L+++=∴ 531   :       yyyy

nn

해정상상태

t0 1 2 3—1—2—3

0.1

—0.1

0.2

—0.2
n=5 term is dominant.



1111.5 .5 Forced Oscillations Forced Oscillations ((강제진동강제진동))1111.5 .5 Forced Oscillations Forced Oscillations ((강제진동강제진동))

PROBLEM SET 11.5

HW 2 3HW: 2, 3



1111.6 .6 Approximation by TrigonometricApproximation by Trigonometricpp y gpp y g
Polynomials Polynomials ((삼각다항식에삼각다항식에 의한의한 근사근사))

근사이론(Approximation Theory) : 푸리에 급수의 주된 응용 분야
로 단순한 함수로써 어떤 함수의 근사값을 표현하는 분야
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Ex. 11.3 톱니파(Sawtooth Wave)

푸리에 급수를 구하라.
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Ex. 11.3 톱니파(Sawtooth Wave)

푸리에 급수를 구하라.
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Fourier series are powerful tools for problems involvingFourier series are powerful tools for problems involving 
functions that are periodic or are of interest on a finite 
interval only.

However, many problems involve functions that are 
nonperiodic and are of interest on the whole x-axis.

Let L → ∞ (period: 2L)Let L → ∞ (period: 2L)
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푸리에 적분푸리에 적분

       

존재우도함수가좌도함수와점에서모든

구분연속유한구간에서모든∗

( ) ( )     limlim   

        

0

0

존재적분이의

존재우도함수가좌도함수와점에서모든

dxxfdxxf
b

ba
+∗

∗

∫∫ ∞→−∞→

( )

( ) ( )

.            

0

우극한값의좌극한값과의점에서그적분값은푸리에점에서의불연속인가

있다수표현될적분으로푸리에는

xfxf

xf

a

⇒

( ) ( )

.  

          

같다평균과

우극한값의좌극한값과의점에서그적분값은푸리에점에서의불연속인가 xfxf



1111.7 Fourier Integral.7 Fourier Integral ((푸리에푸리에 적분적분))1111.7 Fourier Integral.7 Fourier Integral ((푸리에푸리에 적분적분))

Ex. 2  단일펄스, 사인적분
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푸리에 코사인 적분과 푸리에 사인 적분푸리에 코사인 적분과 푸리에 사인 적분

• 푸리에 코사인 적분(Fourier Cosine Integral) : 우함수일 때, 푸리에 적분
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( ) ( ) ( ) ( )∫∫
∞∞

==
00

sin2    ,sin wvdvvfwBwxdwwBxf
π



1111.7 Fourier Integral.7 Fourier Integral ((푸리에푸리에 적분적분))1111.7 Fourier Integral.7 Fourier Integral ((푸리에푸리에 적분적분))
Ex. 5 라플라스 적분
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