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(VREBERKT D, aCbONEE | —wi o bHEETHDE
(a,b)=a'b=[a, a, ]{El} —ab, +a,b, (a,b)=a'b=ah +ab,+ab,=0

CRAETHD.
EEITD.
aChNBR THDEI, —RIC, NRITAND H)ba,bHERE(S
(a,b):atb:a1b1+a2b2 =0 (a,b)zatbzzn:aibi _
CRABETHD. =
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U\, EHRIET () Eg (X, f(x)
RO TV TUITUT, " ™
NI FIVTUROLDICEKRT.
f=(f f, - fn)t

g=(9, 9, - 0,)
2 DDA R ILHEBERZ L TN RS 903

fig=0 }
TH3. RS ‘ /T\

YT VAR EHERICHN < [

LTWFILERNDIERIIED &80,
BRE5

[ f(0g(0dx=0 T BEES UEMTTRY
CEF2,



© CIRBEREE

AZESH1 T, BWCERIINI MUVOESZIERBREERELXS.
IEx8M (nomality) B3t (orthogonality)

T

2 DODEEND L&
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ul{ } " { 21}
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CEUREE,
t 1 |:J
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fOIERBREE CDRER:
GEDOERD, XD RIUEu S 2IZRD RILE
UICIBDIEND RILEDFITRI CENTED.

f=au, +a,U,

CCC, aldfzullHEULEED

RO M ILDESERBEXET NS —THD,
fEuDRETE 2 5N 3,
=, FROWIEUEDREEEDE,

(f,u,) = ftul = (U, +a2u2)tu1

t t
=ao,U U, +a,u,u;

—a,  (UDTFEBERMELD)

ExD. BRkIC(f,u,)=a, ThHAD.
MEDOCER, NnRITZEEICHASR U CHBRRDIID,
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BHEIBSIREL, EHOBIRKRAD
PR CRARDFAASIDOET
KRIFIDCENTED. COXRIEZ
J—UTIHREERCLY,
RIVCRSIND.

f(x) =%a0 +a, COS@X + a, COS 22X + -+~

+b, sinwx +b,sin2wx + - --

CORRICHITDISHREA (O—-JIHRYE
[EEND) [FEDKDICREDIZS DN

CNZ/NDEIC, XTF=AEAOBRMEZ

58N CHD.

WA A —af—
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m=nNn

X
; COSNX - COS MaXdX =

e X
; COSNwX - COS MaxdX =

=BREAOEXRE

X
2
0

X

Sin NewX - SIN Maxdx =

e X

X
.0 2
; sinnwX-sinmaxdx =0

0
)
@

@

: : X :
arbitrary integer m,n _[O cosnaX -sinmaxdx =0

.--(5)
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CORBICRITDISZSRBMIEDIDICRFEDCES DN
AT, MHAICcosnaxZMT T, 1 BHAICHDIZ > TRap LTHD.

X X1 X
IO f(x)cosna)xdx:_"0 an-cosna)xdx+_"0 a, COS X - COSNawXdX + - -

X ) X .
+ jo b, Sin wX - cos newxdx + jo b, sin 2wX - cosnaxdx + - --

X

= jo a, CoSNaX - Cos nawXdx
X

=—a,

&k, 2

? X
an:Y'[o f (x) cosnawxdx

CDIEDOHZED

B, RUIREDIBICDNWTERRICTTE LU TUTRZED.

2 X :
b”:Y.[o f (x)sin nawxdx
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+b, -sin 2ax
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ERRYL, XIMIDIEEND ML (BREEH) CESTE0
NigZ5TE I D CTiebnd.
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— ) THREDORETS5 1)
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\All Al Al A

1 +b1-sma)x \jr \\

1 +b, -sin 2ax J
f (X) ==a, +a, COS X + &, COS 20X + - .
2 . 1
+b, sinawx+Db,sin2awx +- - X
=YV
27
="
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X J—) THREDEREZFR N

=AEMEANCZD - IRHERZ, EFRHOEHEHER>TRIC
EETED.

1 : .
1‘(x):§a0+a1cosa)x+a2 COS 2aX + -+ + D, Sin X + b, Sin 2aX + - --

214 2—DANZFEO>TURDODLRDICEETET.

1 eja)x+e—ja)x ej2a)x+e—j2a)x eja)x_e—ja)x ejZa)X_e—jZa)x
f(x)==a,+4a, +a, +---+b, _ +h, : T

2 2 2 2] 2)

:..._|_a1+—Jb1e—J'wX _|_la0_|_a1_Jbleja)x_l_az_Jbzejzmx_l_”
2 2
HoIzHT
a, a,— Jb a,+ Jb R
COZ—,C —n n’C —n n:Cn

2 " 2 B 2
ERTIE, UTDORDICIEHBEEHRCKDRADIETRI CENTED.

f(x)= Yc, exp(jonx) = 3 c, exp(j2anx/ X)

N=—o0 N=—o0
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COS(Zﬂlxj—-jﬁn(Zﬂix) 1 _
~ ~ X + ] X
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B CIREL

mameg . f(X) = D c,exp(j2anx/ X)

B9 = j . Foexp(-

J2mx /[ X)dx

ERRMEOEY :

. 1
—J‘X/Zf(x)exp(—janx/X)dx_Yj Zc exp(j27mx/ X)exp(—j2zmx/ X )dx

X112

= i cnlj exp(J2zmx/ X)exp(—j2zmx/ X )dx

-X1/2

exp j@, n=-om,..,—-101,...,00
X

MDIEXR

BRMZRMA UL,
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f(x)= Yo, exp(j2mx/X) (1)

—jm f (x)exp(=j2anx/ X)dx---(2)

| X, CNETKk> TESIZEHARE%

-X/12 X/2

A

X—+w=

A\ | A

/W\/\/\:X

l%%%@@%%%%@AQMﬁ

JEERAREE, HIRICASEE
BHIEZE DA CEHRIRT 2.

X >
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c DJD—UTIREND ST TN (1)

0 — ) TR RMICRIT BIELE : < Ix.
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> X
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c,[InCRET DREMTH D, BREu=u[CHRITD Uy U n
B CTHD. LK, BRHU [CRITDRHBELUT 1
F(un) = X .Cn Y
ZEERJIDE, NA)KD,
F(u)= j_xx’fz F(X)exp(=j27z-n-x/ X)dx
=" f(0exp(-j27-u,x)dx---(4)
CETB,
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S D= THRED DI — ) TEBAN (2)

J— 1 TREIRMICAIT BIETE : : IX 5o

1 ex/2 )
C, :—J‘ f(x)exp(—jme/X)dx---(Z)}—\/\ /\ 7\/\

X J-X12 /\
BEAXEIRDZSAEZL LTI & ~X 12 X 12 ’
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2R B ILORIBIFIRDER S N < 1c,
Ao NANT G C
(-0 il

¥ Ly
COEE, EABBRBUTEEE o |
EDCEICRD, J—JIFEHDOR © sl
Fu) =] f(x)exp(-j2z-u,x)dx--(4) X
Ee ) %ﬁ_’éﬁlﬂ'ﬂ XZRLIFTWFIE
§ | 2R L ORI

Fu)=[ f()exp(-j2z-u-x)dx---(5) BT TNL,

CIBIESND. & 567
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S DU THREHL ST — ) TZHEN (3)

T — | THRERESICEI T BISTE : —
F0 = STc exp(i2anx/ X)---(1 DB IEREZDT
(9= 2.6, exp(j2amx/X)---1) ARIZCDEDSEETI
R,
J— | THEEBICREMTOLSIC |
EXET

F(u,)exp(j2zu,x)

]
e}

f(x)= ) c,exp(j2z-nx/X)

N=—o0

_ i%F(un)exp(jZﬂ-unx)

N=—o0

un

= iAU'F(Un)exp(jZﬂ'UnX)-"(G) A‘u:i

— X

CCC, BHIZHEIRANICE >,

X >0 TIN5, Au—0 - :

CorE, o—nTHgme, 007l 280 Fln)exp(izru,)
BDOXDICEDEICELESND. :wa(u)exp(jZE-ux)du -(7)

17— IZBODI



19

FourierBaDEIB EBHKRE1)

—IZ¥ (O—JIED)
F(u)=3{f(x)}= LO f (x)exp(— j27ux)dx
— 1) TP 25

f(x)=3{FU)}= J': F (u)exp(j2zux)du

3} D—UITROEEEER
TRRECTD

—JIZBRORKEL (BRI

F(u) = fw f (x)[cos(27ux) — jsin(2zux)]dx

= j: f () cos(2zux)dx

—j[ f(X)sin(2zux)dx
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— = — ¥
7OV ITDTVIEDR o 2fmiig1 T, BATHRAOASSEE DML,

(Dirac delta function)

BI1) H™2ESROER I

X = )

R S S I N | G
O O
L oaw " I li/a
B12) %R (rectBEE) DIGR =)
) 1 X 1/a ‘
o(x)=lm=- rect(—j

a—>0 g a )z - )Z >
a a X

TV BEISBEH CITEN, BEERR TOREE TS,
LU, YRATLDA J/\)I/Z%E%@“O)L_@T\J'C&S‘O, FBEICALEND.




O — o )
TIVABEE (DDE)
IV RIS
[ 1(08(x)dx = 1 (0) [ f()8(x-a)dx= f (a)
Y N
0 X 0 X
i( Rz X
6(x) = 5(x—a)
» X
0 0 3 » X
TIVABEEO(X)ZBNTTRED I DL BahSalFFNiESa Ty
x=0CHEEMEEMLE (VT IVD) VT VTTBRIEEDRER

IJINRNDHB.
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© EEMUBE D DEE895768
LS BIH DM S
fi f (x)5(x)dx = f (0)

k (0) Is (0)

/\/.\/- > % /\/‘\/- >\ Iimjf’oof(x)lrect(x/a)dx
0 a—0 a
A 1
% 1/a = f(O)inrgjfwarect(x/a)dx
5(X) = f(0)x1 [£EDIE11 LD
= 1(0)
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BV D — ) TZHAXT

o(X) =1

rect(x) < sinc(u) = sinzu)

exp(—nx?) < exp(—au®)

cos(27u,X) < %{5(u —Uy,)+o(Uu+u,)}

comb(x/d) < comb(du)

7212 Lcomb(x/d) = 3 6(x - nd)
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ARV D — 1) TEZHAXT|

f(x)=0(X) <= F(u)=1

HS(X)}= | 5(x)exp(-j2aux)dx
=exp(—j27u0) =1

t () =5(x) R
> X u
F(u) = J‘_O;5(x—a) exp(— j2zux)dx
= exp(— j27au)

f(x) = 5(x—a)

targ F(u) = —27au

- ~_
. X \ru
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ARV D — ) TE XY

sin(zu)
zu

f (x) =rect(x) < F(u) =sinc(u) =

sin(zu)

tf(x) = rect(x) F(u) =sinc(u) =

f (x) = exp(-7x*) f(U) = exp(—mu?)

VANEEVIN

> X > U

A ABEHD T — ) TEB(I DS D D ABEE
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© KRREVZ D — ) T

f (x) =cos(27u,x) < F(u) = %{5(u —U,)+o(Uu+u,)}

f (X) = cos(2zu,x)

f (x) =sin(2zu,X) < F(u) = %{5(u —U,)—o(u+u,)}

: REEED
f (x) =sin(2zu,X) 1

r |
S o
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X AZRBVS T — ) TEBXINV

f (x) =comb(x/d) < F(u) =comb(du)

where comb(x/d) = > 5(x—nd)

N=—o0

f(x)=comb(x/d) = Y 5(x-nd)  F(u)=comb(du)= Y su-n/d)

T, W LT

_’dF Ty
e o(X+d)+o(X)+o(x—d)+o(x—2d) +---
= i&(x—nd)
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#RTEZ M (linearity theorem)

R =8RENEDESRDIIDC L.
Ha, T, () +a, £, (0}
=a,3{f, (X)}+a,3{f,(x)}

XYFNE

BRI () HVEREMS D,
FUEI/IL=—rEZED.

F(-u)=F*u)®s |F(Uu)FF(Uu)]

F81LLBl(similarity theorem)

3 (x/a)}=|alF (au)

> D ~8l(shifting theorem)

I f(x-a)}=exp(-)27zau)F(u)

MDD —) ITZEH

F{ dnn f(x)} =(j2zu)" F(u)
dx

F{if(x)}:(jZﬂu)F(u)
dx

2
F{% f (x)} =(j22u)*F(u) = —-47°u’F (u)
IV a—Y 3 VFEE

g(x) = Th(x—r)f(r)dr

L TOHOI VN
=h(x)* f (x) lJa—>3Y

T
G(U)=FUH@u) 7~ JIZETHIR



AR

FB{LLBl(similarity theorem) :

3{f(x/a)}=[aF(au)

| N0 F ()
an » u

Xq 0
5 BR@>] R
(KDo72D LIZZE) (EFRER D/ N\DED)
f (X 2) 3 afz aF (au)
» X 0 u

1/ afZ
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N AR D ERB

f (x) =cos(27u,X)

N X 0 5 F(u) :5{5(u—u0)+5(u -ITUO)}
f (x) =cos(272u,X) F(u)= %{5(u —2U,)+o(U+2u,)}

R
—2u, -—U, 0 U, 2U, u

+ f(x)=rect(x/a) <

yASHIER ‘ ‘ H Ua F)= Sin;;ZEU)
— > X ﬂvﬂleéﬁca > U

f (x) =rect(x/2a) N

A 3
‘ ‘ H 1/2a F (1) = sin(r2au)

zau
> X v' > U

2a
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A ~
> 8
B DTITFEE) - GBS : F{f(x-a)}=[ f(x—a)exp(-j2ux)dx
F{f(x—a)}=exp(-j2zau)F(u) = [ f(x—a)exp(-j2au(x—a+a))dx

KRNI =exp(—] Znua)f_i f (x—a)exp(—j2zu(x —a))dx
=exp(—j2zua)F (u)

exp(—j27au) F (u)| = |exp(— j27au)|F (u)| = |F (u)|

1 —I g F(u)
/ M u

T @—CR1 I@_!
_ exp(-]2mau)F(u)  gesiis [F ()]
~3 =)
R ———>g
0 d 0 d
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O I ATIYIFATRIIVR)J1—Y3Y

I__inear, h(t)
o(t) I time- Out
n invariant ‘
> 0 't

0 " system
715y DOF LI FILSBSMANICHT S B -
RO AVIVIZS: 3= 1 V)NV RS
ADIES

t

HHESIIANESE g(t) = j h(t-7)f(r)dr
1 VINVZAMBED .
JviRya—yaye  =n)*I()
xIND.
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° DOV a—Y3 V0557

@
S

ERTHOEZ 9(X)=h(X)*1(X)= jh(X—T)f(f)dT

f (2) ]N(r)

- LD hoERs

@ xE‘i“J? ~ ()
] —7
h<ﬁ,~""-.] /\nex-o) /\l

@ f(r)&h(x-7)DIE
[ Ahx-7)1(2)




36

O IOV a—Y 3 Ve

VN1 —Y3VFER !

[T, DN Ja—Yy3Yy
DERICHDES, T5B,
g(x) = Th(x—r)f (r)dr

= h(x)™* f (x)

J—-UIZEETE, Z2nen
DI =) IRBROETHSD

éng}'G(u) =F(Uu)H (u)

VAN Nl

ST68
G(u) = j_w g(x) exp(— j272ux)dx

_ fw[ [ hix-n)f (r)dr}exp(—jZﬂux)dx
CCC x—r=x &ERFTEX

i s dy EDEEE—=D B2 TEDST,

G(u) = j"‘;[ [ hoey t (r)dr}exp(— j27u(x+7))dx
= j: f:oh(x')exp(— j2zux)dx' f (z)exp(-j2auz)dr

- J:h(x')exp(— j27ux")dx' x f‘; f (r)exp(—j2uz)dc
=H (u)F(u)

ORI a—Y 3 Veid

h(x) % f (X) < H (U)F (u)

gV 1—Y 3y
h(x) f (X) < H (u)* F (u)




37

YTV TCIBREIERET D

7 IFILDE IR

I~~~

x =

0

—>

A DRTE
comb(x/d)

l BRI R

ﬁﬁfTﬁﬁx

£ (x) = (x)-comb(x/d)

L
fil,,

0

>k
I comb(du)

| ]

HE

—>

> U

1/d}<7

&

N\/‘\I‘ZM(U) *comb(du)

u
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YTV TCBEIERET D2

. A= 3p
f.(x) = f(x)-comb(x/d) F (u) F (u) *comb(du)

/IWM & p ik

0 u
%
sinc(x/d) 1 osneEnTs
rect(du)
‘ = -
Tyl
a

7.|' I )LDERREHEETT

f () A
! )

X | > U




A W O
TUPIID
11(x) F(u
DERES >—UTEH W
4 =
—X 0 U
X ENJE X
H>71yy  fcomb(x/2d) {comb(2du)
7 DREEN ‘ ‘ > l
oz o ?I 1/(2d) 1/d u
#+f.(x) = f(x)-comb(x/d) F,(u) = F(u) * comb(2du)
BHEIES | l =
8 <d— > X 0 U:
k1Y, l
g | +F, (u) = F,(u)rect(2du)
TUPIVIORE \z&wv
o t U

Nyquist freq.
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A T < =~
Bl — ) TE ORISR
11 (x) F
TDEHES 7=\ TEAN “
<)
H:X O Y lj
X BUE X
H>71~  tcomb(x/d) [ comb(du)
gl 11 1T
| - T ?I 1/(2d) 1/d u
saniss 1.0 = f(x)-comb(x/d) Fs(u) = F(u) * comb(du)
i 11, ! :
—> < u
A { i
« D > D
1 N _ BEAD D 1F 5% K3
F(u) :NZ f (X)exp(-j2zux/N) (R%R) DD
DOFBREICK LT, BEEEMEEITTI—UIHDEHELTNDENSTER,
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