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where “t,” isreal constant.
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If f(t) «—Fjw) then F[j(w-w,)] <> el f(t)
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(Differentiation and Integrationin time domain)
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f(1) < (jo)"F(jo)

jt f(x)dx «— 7 F(0)d(w)+ F(jja)) F(O)=F(lw)
0 a

o=, T

Proof:
fin(t) = 8M(t)*f(t) «—(j w)" Fjw) |
feN(t)= e(t)*f(t) «— = 5(a))+jiw]F(ja)) - 7 F(0)6(w) + F(jjwa’)




For example 1
f(t)=1/t2 «—?

Ans: sgn(t) <— i
jow

'gt «—— 27 Sgn(—w)
J

1 :
<> —Jmsen ()

dtlt

1 L/
e wsgn(w) =-7 | o |

d (}j «—— —(jw) jrsgn(w) = 7 osgn(w)



For example 2
Given that f'(t)«— F,(jw)

Proof .
OO £ (t)—— nlf(-o0)+ f(o0)I5(w) i, Aliw)

Proof
f(t)— f(—0)= j df(t)dt<——>iF(ja))+7zJ‘ df(t)dt5(a))
jo
=.i|:1(1'w)+7f[f(00)— f (—00)]6 (@)
jo

F(lo) =27 1(-0)d(w) = Jiw F,(Jo) + 7 T (0) = T (—0)]0 ()



For example 2

So F(jw)=jiwﬁ(jw)+n[f(oo)+f(—oo)]é(w)

Summary:if fM(t)«— F (jw), and f(-o0)+ (<) =0

Then f(t)«— F(jw)=F.(jw)/ (jw)"



For example 3

f(t) AT f*(t)
2 1 (1) T (1)
g o[ ¢ * "

-2 o
2 0 2 i

Determine f (t)«— F(jw)
Ans:  f7 (t)=8(t+2) — 23(t) + 5(t —2)
F(jw)=F[f" (t) =el2® - 2+ e~ 120=2cosQw) — 2
. _ KR(lo) 2-2cos(2w)
F(jw) — (Ja))2 o a)2

Notice: de(t)/dt=5(t) «—1 &(t) «X—1/(jw)




J\C BB RU FAFR 5

(Differentiation and Integration in frequency domain)
If f(t) ——F(jw) then

(=" f(t) «—F"(jw) where

T f(0)5(t)+i_f(t) <——>j “F(jx)d x f(0)=ij°‘° F(jo)dw
— Jt = 27T 9



For example 1

Determinef (t)=te (t) «— F(jw)=?

Ans:

£(t) s (@) - — jt () -0 {775(&)) | _i}
Jo dw jo

te(t) <> 75" (@) - —
Q



Notice: te(t)=€(t)* €(t) «—

{w(w) n _i} y {7[5((0) " _i}

Jo Jo

It" s wrong.
Because 8(w)d(w) and (1/jw)3(w) is not defined.



For example 2

=Sin(aw) deo

Determine LO .

2sin(amw)
)
0,0 =— [ ZSIH(aw)ej‘“tda)=ijw SIN@®) ity
27T 4= ) T

AnS: gZa (t) >

I = Sin(aw) de =

1 ¢~ sin(a
0,0 == &g, [ z
TR 4, ),



{EMl:
4.18(1),(5). 4.20(1),(4),(5).
4.24



THANKS







JL. TREREL/RKRZR

(Parseval’ s Relation for Aperiodic Signals)

% 1 :
E={ [f) dt :ELO‘F(ja))‘zda)

E=[ |t dt=[ fO)f (t)dt

Proof

:f; f(t)[%jZF*(ja))ej”tda)}dt
=%EOOOF*(ja))Ui f(t)e_j”tdt}da)

B 1 €9 %/ . . . | X . 9
_ gj_wF(jw)F(jw>dw = gj_w Fljo) ! dw



JL. TREREL/RKRZR

(Parseval’ s Relation for Aperiodic Signals)

IF(jw)|? is referred to as the energy-density spectrum of f(t).
BANE FRSE (BEEZEIE) J-s




HE 2 15T —IIIEH)?E,,J\EE

ﬁEEﬁBEF% R A 52 B E R 1

o

f(t)‘za’t




ESHITIERENXH
. A

P=lim=[72|f(t) dt
im j%\ (t)

T | J-

/PN Gy
P = lim —j%\ (1) dt = Z.[_

T |

XEER: (EESHMIhRE T IERERE, WA
SR 15, %mfwﬂ%mTﬁ%mzﬁﬁﬁm

T >0

7, EmirEA ”IJJ$ ZE" R,




For example
sin 5t

Determine the energy of 2cos(997t) :
A

o sin 5t
Ans: T <> 0y ()

sin 5t
w1

2C0s(9971) <> 0y (@0—997) + g, (w+997)

E= |f@) dt - ' @o+10) =2
s 27 T



+. F{ETE(Parity)
If f(t) is real, then

F(jo) =j“; f(t)e ' dt =j°‘; f (t)cos(w t)dt — jj“’oo f (t)sin(ew t)dt

=R(w) + jX(w)

| F(Jo) |5 \/Rz(a)) + X% (w) o) =arctar{x(w))

R(w)



+. F{ETE(Parity)

So that
(R(w)=R(- w), X(w) = - X(- w)
Fjw)|=|F(- jw)|, ¢ (w) = - of
(2) If f(t) = f(-t) ,then X(w) =0, F(jw) = R(w)
If f(t) = -f(-t) ,then R(w) =0, F(jw) = jX(w)



4.6 FMBESHEEMTHR



—. IE. RZAYEEM TR
1«—2m 6 (w)

ST 1S

el wot «—— D77 6((1)_0)0)

e —jWot «—— 2n5(w+w0)
COS((,UO’[)=1/2(e jwot 4 @ ~jwot) «——»

m[6(w - wp)+6 (w+w,)]
sin(wgt)= (eiwot-e ~iwat)/(2)) +—
jm[6(w+wy) - 8(w - wy)]




—. —REBRESHEENTHR

. - jnQ2 1 L '
f.)=>YFe™ F :?j_zT f(t)e ™ dt
2

N=—00

L= Fe™ « 5F(jo)=22YFs@-nQ) (1)

N=—00
N=—00



G TRV AT At A o 5 P B B ()= D 8t —mT)

M=—o0

57 1. 1
o ) —inQtyy .~
F= j_If(t)e dt =

o (t) <——>— Z&(a) nQ) = QZ5(a) nQ) = Qo (t)

N=—o0 N=—o0



{p12: AEESME, REFEEMTHR,

#: ABESHORTERE L 410
—IREABRES,OE [ E
IR, B TRGTEEI

f(t) = 5.(t)* fy(t)
Fjw) = Q85(w) Foljw) =0 F(in)s(@-n2)  (2)

N=—c0

A& fy(t) = g,(t)—— 2Sa(w) Q_ZT_”:%



12 AEESWME, KEEEMTIR,

1

A f(Y)

-4 -1 0 1 4
Fjw)= QY 25anQ)s@-nQ) =z Sa(%”)a(a) - ”7”)

N=—o0 N=—o0

)zt 5 (1)L, B Fn=%Fo(jnsz)=$Fo(jz_?—”)

Xthzg HRk EHRESEEN RN S —MTIE,




4.7 LTILRGHISE T



BEMOTRRMEEESTEATS S F 5
R EFE R E Z 0,
MEBES: ft)= ) Fe™

N=—00

XTIERE HHE S - f(t):zijw F(jw)e' 'dw
)l

HEKESA et



. BERESe YERTFLTIR S AR [y

B SUES TR, [ESRIENXEA(-o, ),
Mt= — cB/AIAARFERVIRZS A0, FEIbZRZF RN

RS EREME, 25 Ayt).




IXLTIRZBR I Ah(t), S AREw

PSS E—-: j ot )T, f\l]l] W .
HE A Sel otff ] y(t) = h(t)* eio

y(©) = [ “h(@)edr = [ “h(r)e dr-e"
M EXIRS | h@e ' d EFEh(t)HEEM TR, iT
AH( o), #FRA R GRS B .
y(t) = H(j ) et
H(j o) 52 B2 T W61 Rzy (t) HOUE E FOHRAEL




—. —ESHOERTFLTIR SNy
H(j ) el
“F(jo)H( o) eivtd o

ej ot

“Fjo)edo

L " F(jw)e do —— L[ H(jo)F(jo)e" do
27T 9 27T I

| |
ft) ——— y(t) =F " '[F(j 0)H(j




BB WA R

EEMNTIRE
LTI

L * h = O

®1@E&l 254t mﬁﬁ%l %% omx! may
Flo) X Hlow) = Y(o)

f (D)




i 221 2 H(joo) AT B X A £ G5t TR 7S M Rz B9 8 B AT 3
Y (jo) 5 A (OB EEM T#F(jo)Z

H(Jo) =

Y(Jo)

F()o)

H(jw) =[H(jo)e" =

t, Bl

Y(J “’)‘ o iloy (@)= (@]

F(jo)

H(jw) FRAMEMSFE (SIEAINE) ; O (0)FRAE
AEE (BUESNE) o« H(jo) RoBBEE, 6 (o)

= o BB B L



X} B A5 S i T P (R A R A
BHES f(t)—ZF e

N=—o0

y®) =h@®* f, ® = Y F, @) *e™ 1= 3 F,H(jn)e™"

fi=ge2 N=—o0

& fT(t):%'FiAn cos(nQt + . ) H(ja)):‘H(ja))‘eje(”)
0 AT #£ =
y(t) = % H (0) +iAn | H(jnQ) | cos[nQt + ¢, +O(nQ)]




Bl FELTIRZZR H(jo) 171 6 (o) 21 &,
=f(t)= 2 + 4cos(5t) + 4cos(10t), REF RN RS,

u——/———— [H(jo)|

://K,




ftinz—: HEERMHT®
Fjo)=4m O (w)+4m[o(w —5) + 6 (w+5)]

+4m[d(w-10)+ O (w+10)]
H(jo)= [H(jo) i€
Y(jo) = F(jo)H(jo) =4 6 (w) H(O) +4m[ 6 (w — 5)
H(j5) + & (w+5) H(-j5)]1+ 4 [ (w —10) H(j10) +

O (w+10) H(-j10) ]
=47 0 (w)+4m[-j0.50(w —5)+j0.56(w+5)]

y(t) =F'[Y(jo) = 2 + 2sin(5t)




L. A=ZABENRH
f(t)FI &K A ER Q=>5rad/s
f(t)= 2 + 4cos(Qt) + 4cos(2Q2t)
H(0) =1, H(jQ)=0.5e10>7, H(j2Q)=0
y(t) =2+ 4X0.5cos(QQt - 0.577)
= 2 + 2sin(5t)




=. HEMMH(jo)B)KE
1. H(jo) = F [h(t)]

2. Hjo) = Y(jo)/F(jo)
(1) BRES 7R, X5 AEmBEEEM TR,
(2) HE R EZEKR .




B1: ERERGZEHHRSHERN
y’ (t) + 2y(t) = f(t)
kf(t) = et e (t)BTHIM Mz y(t).

. Mo AREmLEEEH TR
JwY(Jco)+2Y(Joo) F(jo)
1

F(jo) jo+2
1
Jo+1

flt)=e-te(t)e—F(jo) =



B RRGHRSFERN
y’ (t) + 2y(t) = f(t)
Kf(t) = et e (Y)BTAIMMRLY(t).

! Y(jo) = H(jo)F(jo)
1

1

1

B (Jo+D(jo + 2) B ja)+1_ Jo+2

y(t)=(et - e?t)eg(t)

— L —

+ R
)_us(t) S

+
— uc(t)




{5]2: MEEE, R=1Q, C=1F, Hu (t)AHH,
kEh(t),

i BRI E

1 t '_R' +
H(jo) = Uc(ja)) i JoC _ 1 US(J(O)_CD 1 ==_UC(J(0)
Us(jo) g, 1 jo+l joC

JoC

h(t)=et € (t)



{EMl:
4.30(2). 4.31. 4.45



THANKS







RGN TESHME

N, ZXELESIEE

< .

| RARF] 53 A9 02

—EEZESHERWE, —LKEIE
EFWMEXREESREANRXE, MEKEMNEEZSHIZTEA
EEENRS, LAEEERE,

< .

Ko



. TTXREEH

(1) EX: EELEERHNERREREZNGHES
5N SHHLE, REEER KX /NF1H I AT E A9
TEEAE, mEEEELRZ{L, Bl
BMNES L), EdLEkEENHRE, BiHE
SN A
y(t) = Kf(t - t)

HIERR A Y(jo)=Ke ~otF(jo)




(2) TREF®mELE:
ARG ELYEEEZR, XWRSEh(E), H(jo)dIEXKZ:

(@)XTh(t)RIZE >k A |H(jo)
h(t)=Ka(t - t,) Nl
(b)XTH(joo) Ik : AN w
H(jo)=Y(jo)/F(jo)=Ke it 0N >
) N0 ()

H(jo) =K , 0 (0)= - ot A



-

=S EXEFEIEESRYE, S
BRTEMESE, REEFSIBITEREMN,

FRORUNRSN. THIYTIER 2 W L F MR,




{3l REBINESTFRIE|H(j w)| TR ST £ a0 Bl (a) (b) B
™, WTHHESBLIZRER, F"FEXRENZ

(A) f(t) == ( )+ COS(St) JHGw) | H (w)

(B) f) = sin(20) + sin(4d § N,
in ] : —5_oxw

(C) ft) =sin(20) sin(4t) 10 5

(D) fit) = cos?(4t) - i



. EIBMREITE R AR

BHMEFFREM. T IERRGTRAE
R E T

H(jw) =+

75 O MR ABLL AN, AllH(jOJ)I
AR I BB AR IR T S 34 T\
N
(e_ja)td ‘w‘ . - T 0 \\wc
© =g, (@)e " ¥ ©)
0, ‘a)‘ > @ c N\

\



(1) oA Lz

h(t)= 71g 5, (@)edotd] = Ce Safw (t—t,)]
JU

AR, EXFELEAATEANERRRS.,




(2) BB iz o
(iR thT_ta)SIna)T’[)]T
glt)=h(®)*e(t)=]  ()dr =] === e

ZEE 1 1 wca—td)sinx
ZHS, AfE gt)==+= > 2 dx
2
Si(y) = Iysmx PRAIEZIR 5 N
1 — -
iz =
g(t)—5+;S|[wc(t_td)] v/\O\Jtd t' — >
d L t



(2) Py BR M oz

S1%3%,

ol AHREXRE, REo<o, Wb
HidpEERSES 9%, X—HINERE

SIEERIRHILRIR A S R ETIL 5.

J1a=0.5+Si(77)/ 71=1.0895



3. MEBARMARZERIEY

WA EREMS, — 1M ERXINRE,

B8N p FEt<ORF 4 s A0, Bl h(t)=0,t<0

BN M A by 7E i w4 BB =z B H B




3. YIEASEMARRAIFEMG

B SRR, fRLF (Paley)FH 4£ 28 (WienenhiE
AR T #9038 AT SCIM R NE S0 45 1 b 2 i 2
S , ‘In\H(ja))H
j_w‘H(jw)‘ do < © J. <00

© 1+ @

AP -degq N, (REFH)

MNizEMNAEH, XTYBEASSNRS, HiE
PRI AT AR E MR R E A0, BEREEED
BIR3H N A0,




4.8 HUFEH



HEEHEIERTE—EFHT, —1TEERFSE
EAMASHENERTR. XEFEREESR
SSHERMER, FIRAXEEREFMURERES.
AL, EEEEESESSEMESCHRET
—EG R, AHEBAREMRIEM T EIR IR,




—. [ESHIEEE

Frid "EUE" =T R ELVEERK T F S s (t) i

FES(P W —RISEIEERTIE,
XHEFERNERE SR AR



an

X

—EEES1(t)

J EURE KR R Bl s (t) (FF o R 20) gt

1THLAE, EUEiEfaATs, fs=1/T#R
A BB R,

f(t) fs(t)
s(t)

FHEES  f(t) = f(t)s(t)

HUEAS S (t) B35 iR

A f(t)

//\

>

0

A S(t)

Il

+

0

Af(0s()

AL D

|
Ts

]
2Ts

|
3Ts .

t

0

Ts

BREA  Fjo)=(1/20)F([w)*S(jo)

2Ts

3Ts

t



e VY
7 S(t) 2 B HA AT i ik ek B Fr 51 S (t), MU R g i A B A

o0

S(t)=57(t) = Y o(t-1T,) —— W, (W) =0, Y 5(0-no,)

N=—00

ws =27Tfrs



INRf(t) 25 IR1ES [BMf(Y)AI3IE R &E X (8]
gawe %)7’74%[55215 m H R X8 A0] .

1Zf(t)——F(jo), BUEESf(t)RI5N1E BR 2
F(jo)= (1/2n)F(jo)* wsd (W)

iF[J(w noy)]

3
T



A (O & Ts(t) fs(t)
X “% I & W
Yy T TT . /T Tf\:. 2

0 L -Ts 0 Ts 2Ts t TsO Ts2Ts t
F(J(,!)) ® SO ms(t) FS(i(!))
1 1 1/Ts

o IR AYAYA

>
~Ws 0 ws w ~Ws ~Wn0 Wn Ws w

3
o
2
ey



—

FEE B E () MR, B .
Sow, REESRE S S SRS, ERAEEF
BRI ), MF(o) FEUEF(o), BIAL()F
REEEEM), BENEEERE, MLLRSR

2

Tl
i

o



|||..u

—. B EUEEE
. =2w B, GBS SEE T E AR EE

H(jo) T, |olk o,
)=
J O [l

HHIEATEw Bw, <wc<w.-w,. BIATRERES.
F £ (t)=f(t)s(t) = f(t) Do -nT,) = 3 F(nT,)6—nT,)

N=—o0 N=—0o0

H(jo) «— h(t) = 7, 2 sa(w,t)
HEE, Ew =050 MTsw/m=1




AT IX

DN
h(t) = Sa(T)

RIEF(O=F(O*h(), &

) = Hioof(nfs)a(t _ nl) * Sa(%t) . Hiﬂnrs) Sa[ 2= (¢ - n7,)]

RUE B S BUREER(NT.), 7t 4 0 — i A 2 RS 2A(0).



Py 33 B4 T2 B -

—MINEERXE (o, o)A A0RFRES
f(t), AT ME—3th R EL7E 3 1 EIBRT, [T, <1/(2f )] LRIFHE
=f(nT )W E.

TR AMERES, vRHEEHITFENE:

(1) f) W nEwRIES;

(2) BEUHESMEREERMR, woomf >2f , ‘SZ%IFE BV 4
BIfRABERK, MT <1/(2f )EJ”IJ,I%ZV:* SHE




1# I (K R IFRI BRI R =2f FRAZE 0
(Nyquist)iZ, HE|EXRIFRIBFEERT =1/(2f )R
AEEHFEIRR.
§7 35 B RE 2 -
PRABET I S 5 A A B 1, AT HE H STIm B RE E R,
P191—/ RS X B (-t t )ILSNA0RIET IR (S Sf(t)
B95IE iR HF (jo), RIME—Ith B EE S50 %8R
f.[f.<1/(2t )| EMHFERF(jno )i E.

. - . N
F(jo)= ) F(jt—)Sa(a) t —nx) b= o







THANKS




