% = ¥ 5. ¢ 3#Signal and spectrum

(3

YN
BITARE BETIER

HRBHE

B EFE ~ i sHEREL AR E ZE - Fourier representations ~ Fourier#Biff Bl e H$%
MEERE ~ I B 2 B4 ~ Impulse and transforms in the limit
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-5 EV P&

R BT B H A o7 sl 5EEL R 7E K - Fourier representations ~ Fourierfisiit B 78 H 5%
SEhEEE ~ BRI EASEIR 7 FH{% ~ Impulse and transforms in the limit

o SHHEEIR N EGE 2 GAEEE -

o ETEGTEREEHGE Y - i - RIS -

o BIHERSE 2 Fourier &SRR > R -

o IR RS 2 M E B AR R e 2 M -

o BHEFETRITRA] ~ BE—TJ7K L sinc AR

o :HHEAJE ] Parseval’ s power theorem ~ Rayleigh’ s energy theorem o
o Hl Fourier #EHa ~ 7EFH  time delay, scale change, ---
*  [EMFourierfgifta ~ EBIETRIENGE 2 AHEE -

o [ fiEELE HFEFE E # (convolution)

o =5HH impulses

o =FE & (impulses, steps, sinusoids, rectangular) 2 #EzLE -




Yog aEpngl s

e S2EEE - RERIREAIES - Fourier representations - FourierffBliH 42
?E*/Fﬁ - WSk BRI, B8l{% ~ Impulse and transforms in the limit

MHREZe  44HEAFourier series ~ ARAFRSRELFIGTIR - &l

v(t) = Acos(a,t + )
A iR

@y PR

¢ FHALA

=2zn/m, HEHH

O ESISRYRH LI B - Y

Euler’ stheorem
O Euler s AFe*!’ =cos@+ jsing

O {F{af5287 ek EmT B T 71005 =0 FyH &= (Phasor)
V(t) = Acos(a,t +¢) = ARele = |

— Re|Ae i@ |

- ~ ARIF E‘: Fourier series

el R EE ool sHEE LR T FE - Fourier representations ~ FourierifE il e 58
ZE*FEDJE% E—;bﬂiﬁi*ﬁbﬂiZ%ﬁ{% Impulse and transforms in the limit

FHEI SR 4RSHEAFourier series ~ FEHAEASRELIAETPR ~ &l

O F—E—R 28 asE o] LFRR i & (phasor)
v(t) = Acos(@,t + ¢)

= v(t)= Re{Ae"(”"’”"’)}
= V=AZ¢

O & a2 hif &5 N s -
O {(EEEEAERSE 0] 22 FyFourier series » #HEEIS I E 7 FEEL > FRARIHED (line

spectral) ©

TN R SR Z A



O DJER RN -
fo =1/T, T, =27/@,

O HHAEER cosine prE -
sinat = cos(zut —90°)

O fiieE Ry 8 -
— Acos(w) = Acos(st £180°)

O AHAL -

REfE R © Acos(mt +180°)
&R Acos(at £ 1)

Z S FHP RS T ¥

FRgeE T  2EEEE - 5L ERRAAATE S - Fourier representations - Fourierfii i e

H &%
fEERE IRk B A 2 B8{%4 ~ Impulse and transforms in the limit T
HEEER  4@4HEAFourier series ~ FHARRGRELFEIGTNA - Haffl
O EfHERSE - A TR %
v(tEmT,)=v(t), —o<t<o
N .1t
O GRSEFHIE (v©)=lim = I%v(t)dt
O AR EEE
1 fu+1
@mo>:?;L' v(t)dt
1
=— | v(t)dt
)
2 1 2
O %P = <|v(t)| > = = [[vef ot
Ty T,
= » ‘?‘f, )
FREEE T B H A oo s{5EEL R SE K - Fourier representations ~ Fourierfisii B 78 Hi%

sERREE ~ Wik B AE, 7 B8 (% ~ Impulse and transforms in the limit

FHEERL 4858 Fourier series ~ FEHAZHIREL TN ~  Hify]




O 5208 Rk
A ety
V(t) = Acos(mt+¢) @, A F
@ Ap ik
O FE

<V(t)> = % .£ zﬁTO Acos(wot + ¢)dt -0

O g3
P= <|v(t)|2> = Ti I|Acos(wot + ¢)|2dt

1 ) 1
= A? = “cos(wot + ¢X dt = > A2

0T,



% = % Fourier representations for four class of signals

MR BT B E A o sHEREL AR T FS - Fourier representations ~ FourieriEi B 78 H 5%
gEEE ~ W EE I BH14 ~ Impulse and transforms in the limit

fHRE& . Periodic Signal and Fourier Series (FS) ~ =& FIEERE - iR 7H9ME ~ &
SRS 1T - SRMETEREEE A FE R - = i Ui

{f: ~ Parseval’s Power Theorem

Time Periodic Nonperiodic

property B 3k iE #4

Continuous Founer series | Fourier Transform

B (Fs) (FT)
Di Discrete-Time Discrete-Time
1scete . . .
P Founier series | Fourier Transform
? (DTFS) (DTFT)

- Periodic Signal - Fourier Series (FS)

FRE BT B H A oo s{5EEL R SE K - Fourier representations ~ Fourierfisit B 78 s
% R385k B8k 7 B84 ~ Impulse and transforms in the limit

FHRBEAE R} Periodic Signal and Fourier Series (FS) ~ = F & FIIBEA S ~ 222 T789ME ~ &
GRS - GMEIEREEE 24 BB - E R it 2 U

{F ~ Parseval’s Power Theorem

O (EE#EC AIHSTEIH A N, x[n]=x[n+N], FJFERA1T, DTFS:
it)= ke, o =2

e fre 7 2 k= ¢ i (harmonic)

O RS FHERSTEER T, x(t)=x(t+T), A[ZRAT, FS:
)= AKIe™, Q=2

e %" g5 0" 2_k= 3 4 (harmonic)




8K (harmonics)
O FrARERE BT A% (fundamental frequency) 2 F285f% n » §E n ZREEIRZ
(harmonics) © &4 AR -

c(n)== j v(t)e P, f =1
OTD
O oc4iE: c(0)=— jv(t)dt_ (v(v))
0T0

O EAEEENSE C(-n)=C(n)" = |C(n)|e—jargc(n)

= ~ = & § I E & (Trigonometric Fourier series)

MR T B E A o sHEREL R E FS - Fourier representations ~ FourieriEi B 78 H$%
SEEE ~ IS 2 B4 ~ Impulse and transforms in the limit

HHEHE L Periodic Signal and Fourier Series (FS) ~ == FIBE4R %Y ~ 3272 539ME ~ &
SRR ~ RMEIRRFE AR R B ~ B RO W

{: ~ Parseval’s Power Theorem

U(t) =c, + i|2c(n] cos(2znf t+argc,)
n=1

Jzﬂﬂ_ (ejm _e—jzth)

1 ]
——sin(AT
T (AT)

O 7EZF Sinc pRE sinc(ﬂ):%sin(ml)
L.

. 1 21=0
sinc(4) = 0 A=+142.-.-

O Sinc BHEUE T



sinc A

=~ 43 BE(E5? FL E)MSEof Representation
il ES %@g@ ~ RN AR A TE SR ~ Fourier representations ~ Fourierf#{fABLHE 5 on
RS - BRI BLEEIR  Bi{% - Impulse and transforms in the limit

FHEFERL  Periodic Signal and Fourier Series (FS) ~ =& FIBEARE ~ S22 HI9E ~ &
SRR - MR E AR B - B RO iR

{£ ~ Parseval’s Power Theorem

O B AECTREHE) - RAENERFENSTZ Z S0 TTHRA
BT ERS Z AR -

ol ¢ 1, —ren|2
i T MSE = = jo IX(t) - X(1)|

N-1

H 4 MSE = i2|x[n] ~x[n]’
N k=0

JEFEAERSE (nonperiodic signal) = Fourier transform (FT)
O EerdEEHAERSE ] AR B NI DA

i ()
. _i €9 - jat
X(t) = o LO X(jo)'"dw
Hix[n]
S _i z i\, jon
K[nl=—~ [" x(e* a0

[« HET NYIERSEZ oA



(@) x[n]=(%)"uln]
(b) x(t) =1-cos(2xt) +sin(3xt)

(c) x(t)=e"cos(2zat)u(t)

(d) x[n]= 3 &Tn-20m]-5[n—2-20m]

m=—o0

O JeHlErEg s (oT)
O R 5 (FS) S FAESH(FT)
(2)DTFT, (b)FS, (c)FT,(d)DTFS

T » ,:“‘ .ﬁ-%&ﬁ:a{zﬁ /T

MR BT B E A o sHEREL R T FS - Fourier representations ~ FourieriEi B 78 H$%
sEFREE ~ Wik B AEE, 7 B8 (% ~ Impulse and transforms in the limit

FHRBEAE R} Periodic Signal and Fourier Series (FS) ~ = F & FIIBEA S ~ 2R2T749ME ~ &
S EITRERE ST ~ IR A G e - B KT WS

£ ~ Parseval’s Power Theorem

O F—#EHEF H, KTFIHFEL R,
H {x(t)} = Ax(x)

O fEfR R~
Fhce A
T A2 5 S X (X)

O Kz f#

FHF &2 @HEE LA
Aek = ﬂ,kek
FAEAS 2 i e,

RME 28 2 R BN EL M E The eigenfunction Property of Linear Systems
“The action of the system on an eigenfunction input is multiplication by the
corresponding eigenvalue.”

(A) general eigenfunction
Y@ AY()
V[n] | | AV n]

eigenfunction W(t) or ¥[n] and eigenvalue A.



(B) 7H4& complex sinusoidal

Jed

e - 1
- — H i i —

eigenfunction ejot and eigenvalue h(jm).
(C)&EkH% complex sinusoidal

r;:"n" L 'H(E"m) e.iﬂu

eigenfunction ejQn and eigenvalue h(ejQ).
5k eigenfunction FToE

el (k=1.., M) 5 B2 A 2 4 o i

Pliz e sx(t) ™ M & 7 &
M .
x(t)=> ae'™
k=1

a s M EX(D) el & §

7 ~ A ZLEE Sk 32 $ S dic(Eigenfunction of LTI system)

a1
MR T B E A oz sHEREL R E S - Fourier representations ~ FourieriEi B 78 H$%
MEFESE ~ IR > B4 ~ Impulse and transforms in the limit

HHEAE L Periodic Signal and Fourier Series (FS) ~ == FIBER % ~ 3272 519(E ~ &
T S WM S i N Wk = (S L Q== s W I 545

{: ~ Parseval’s Power Theorem

Fel™ (k=1..,M)
%ﬁ”ﬂ%&ﬂ%i@i%&&&

v

Pliz LTl % %27 &7 &

H(jw)=Y H(jo)é@-m,)
k=1
EllJ —_léi—}‘f%‘&"ﬁ% )N X(t) — Zakejwkt
k=1

M .
2Ny =Y aH (@)
k=1



28 F A A2 e aciE

il ES B H A - sz sHEREL R T FS - Fourier representations ~ FourieriiEi Bl 78 H$%
SEEEE < BEERELSEIN B8 {4 - Impulse and transforms in the limit

FHEHE Rl Periodic Signal and Fourier Series (FS) ~ == FIBE4R %Y ~ 2572 539(E ~ &
S BRI ~ SRR B AR R R Y ~ & R T iR

{: ~ Parseval’s Power Theorem

iM=3 c(k)ek, g =2
k=—o0

# v(t)4_squate integerable P+ 4z

U(O)AE € fc7& 3 v(t)?

=Y C(k)ek

k=N

papldiicagdl
O R0 s an o
O AR To
O AkEEr T

r

[ 5%
b

Spectrum of rectangular pulse train with  fOt=1/4 (a) Amplitude (b) Phase



letnfiy)

Afir

A fyrising 151

L =R YhIR L 2 3 4

{a}

arg [of f)

: . T
{115eiili '

—+I L ssasnasl -4"—9-9-0-!_ +0—c-;- EREE RS -
i 1 i

w|

{b)

2 1 g
T T T

i 2
lim Tj v(t) —v, (1) dtv=0

Gibbs ¥ %

FV(FR F AT ¢l ?

V() —25 572 s ez ¢ B g

Gibbs %, &Vv(B)E F 2  AUD

R o R fgi:%[v(to)+v(to+)]

Fourier-series reconstruction of a rectangular pulse train(1/2)



SDCH th AN . I\
/’ : ﬁ“\ DC + fundamental /’ ) “\
e \\\/’ /, \\
o~3th
Soan 0 NN T ) <’
Tﬂ}/
'Sim.llhnujgh 7
J(\/ seventh harmonic /\U[\
o ~Tth
A2
VAR TV ~ V T, Vv '
(b}
O ~40 th
A Sum through
. I\ N 40th harmonic n 0
o Gibbs ({ b
AAAA A A : AAAA 1
=2 0 2 Ty

(c)

Gibbs phenomenon at a step discontinuity
0 7R i 4% 2514
O 7R 3% 4% 2

= ~ Parseval’s Power Theorem

e EEERE - RIFESRALAE S - Fourier representations ~ FourierfEi{t Bl
CENERD - W BRI~ B (% - Impulse and transforms in the limit




FHEFERL  Periodic Signal and Fourier Series (FS) ~ =& FIIBEAREY ~ S22 HI9E ~ &
SRR - MR E A R R - B R iR

{£ ~ Parseval’s Power Theorem

O SRS TR EL Fourier (R8I (% -

p :% Tj vt ot =Ti [v@v: et

0T,

v(t)= Y c el
n=—o0

V* (t) — ZC:e—jZﬂnfOt
n=—o

1 —j2mfqt *
= j v(t)e dt]cn

0T,

P= Tijv(t)(nic:ejz’mwjdt = i (

0T, n=-—o0

00

P=>Yccl = Z|cn|2

n N=—o0

it
O RSEEER E = [|v(o|dt

O & ESUFE H 0<E<co > RIRLERSRRERE R I FEEI] 2 RERERTT -



¥ = & Fourier &% 2 473

R BT B H A oo s{5EEL R SE K - Fourier representations ~ Fourierfigiit B 78 H 5%
sEEsl - B EEAEI ~ Bi1% ~ Impulse and transforms in the limit

e BIEEGE - HIREASR - Rayleigh’s Energy Theorem ~ ¥ EH

O Fourier i

V(f)=gv(t)]= Tv(t)e‘“”f‘dt

O Inverse Fourier #&3

v(t) = FV ()]= TV(f)ejz”“dt

V(f) PEEL 2 FEMEE

O Fourier BEfEEHpREY -
O V(f),f=0 BF V(0)SE T v(t) Z HifE

V(f)= Tv(t)e"‘”dt = Tv(t)dt

O HEGEHIE v(t)

V(-f)=V"(f)
I\/(_f)|:|\/(f)| argV(-f)=-argV(f)

77 ¥ Wk &7 (Retangular Pulse)
O FARTT R HRE

H(t/r) {1 |t|<r/2

0 |t|>r/2

O #v)=[]t/r)



O
S
mik

7/2

V(f)= [Aeidt =7ﬁisin(m) _ Assine(fz)

—7/2

Rectangular pulse spectrum V(f) = At sinc f1

Wl

$ .l-li .:

Fo————

13t

l]. | iy .i.'

(]

— ~ ¥f# 5 (Symmetric signal)

Vil

g EEERE - RERSREAES - Fourier representations - Fourierfiff Bl i

sEHREE ~ Wi B AE, 7 B8 (% ~ Impulse and transforms in the limit

Hik

MHEAER BT - KRG - Rayleigh’s Energy Theorem ~ ¥ {H EHH

O sRefFEEE V(f)=V.(f)+ ]V, (f)
Hep

V,(f)= Jiv(t) cos(at)dt

V (f)=- jiv(t)sin(wt)dt

0 Even symmetrical @ %5 v(-t) = v(t)

O f3R5% 58 EHF(Even symmetrical) V, () =0

OO0 Odd symmetrical @ 5 v(-t) =v(-t)

O 558 &5 %% (0dd symmetrical) Ve(f)=0

O Real symmetrical : iS58 BB

V() =V (F) = IV (F) =V (1)



= ~ ¥]% # 5, (Causal signal)

MR BT B H A sl sHEREL AR T FS - Fourier representations ~ FourieriEi B 78 Hiz
sEpEsl - BRI~ Bi1% ~ Impulse and transforms in the limit

MHEAER BT - KREAE - Rayleigh’s Energy Theorem ~ ¥ {H EHH

O F:fg% v(t)=0, t<0
O FEA S E15%(Causal signal)
O G52 > P2 RARSERRREA LR ESE -
O RASREETE

V(F) =] (e *"dt = '[:v(t)e"'z”“dt

O [ =CEi Laplace transform $E{ML ©

£v(t)]= j:v(t)e’S‘dt
S<> j2nf

#if5  causal exponential pulse
O F—RREEEREE - AREEE /b
O P

—bt
v(t) = Ae t>0
0 t<0

O

Eel

SKAREE 7
fiZ © causal exponential pulse

—bt
v(t) = Ae t>0 T,V (F)= A
0 t<0 b+ j2af



. b— j2rf
O s REEEE V() =——
TREEEE V() 07+ o ¥

A

= TEFFE[V(W:—W

O fHfizargV(f)= —arctan(%)

VI M

= ~ Rayleigh’s Energy Theorem

FREE T B H A oo s{5EEL K E K ~ Fourier representations ~ Fourierfisgiit B 78 H %
SEpEEE ~ I B > BEl{% ~ Impulse and transforms in the limit

MHEAER BT - KREAE - Rayleigh’s Energy Theorem ~ ¥ {H EHH

O Rayleigh’ s Energy Theorem (energy signal)f8LEY Parsevall  power

LN Nl =]

theorem (power signal) » 7 HHERSE v(t) 2 BE&

E=ﬁyuwxﬂm=ﬁwumf

O Eo V(f) Balak 2 s B & SRS (energy spectral density) ©

J7R > RE B B FEEL(Energy spectral density of a rectangular)
O EEeA —JTRARE (R 1) » BE &%z (energy spectral density) » 41 N[&

O A HUER |f|<Yr



1/ 7

1/T[\/ (f)jf
zﬁ, (AT )2 sinc®(fr)df =0.92A%7

E:f:j

O 495 90%ZFEE

IV()HIZ

=3/t 2/ -1l/r 0 /= 2/t 3/t

z ~ ¥ 1% % 32 (Duality Theorem)

MHpgEE e R EAE - SR E A E S - Fourier representations - Fourierfijf B
IEpERE - NI EASEEL > [#{% - Impulse and transforms in the limit

H &%

MHEAER BT - KREAE - Rayleigh’s Energy Theorem ~ ¥ {H EHH

O EfatifTA Fourier integral pair » R[3537 15— LB BEARFIRA[E - 41

O #V(f)=%(v())
O 3% 2=V ()
O A Fz(t)]=v(-T)
W v(- )RV Hdit=-f

O HEEH RIS

v(t) —T sV (f) V(F)—F S5 v(t)
V) —Tv(=f) V() —Tv(-t)

#uffl] © Sinc Pulse » z(t) = Asinc(2Wt)
O S phraisr
O CRHEAERE ?



O % :
O J7Rz ek 2 s
v(t) = BII(t/7)—"— V(f)=Brsinc(fr)

O jef e B%ﬁ, r - 2W

(= JEE z(t):(ﬁj(zw)sinc(t(zv\/))
A

Z(f):ﬂl‘[(ﬁj



¥ I & pris 24 2 M % (Time and Frequency relations)

R BT B H A oo s{5EEL R SE K - Fourier representations ~ Fourierfigiit B 78 H 5%
sERREE ~ Wi B AE, 7 B8 (% - Impulse and transforms in the limit

| EEME - BEEE - 2R - oM - e - (oo
f&4%7 ~ Convolution

2 EE (Superposition)
B ] ZE A B Z1| 588 5 (Time Delay and Scale Change)
FEREEFS B 5% (Frequency Translation and Modulation)
47 EBiifE 47 (Differentiation and integration)iE &

Ooonoaod

- ~ £ 12+ F (Superposition)

MR T B H A - sz sHEREL R T FS - Fourier representations ~ FourieriEi i E 78 H$%
SEFERE ~ I 2 B4 ~ Impulse and transforms in the limit

FHRBHE BEE - RFE AR - 2SS - RIS EAERSE - JHS eI - fROr BIAR

47 ~ Convolution

O Fourier transform 7 BB M8
O & WEfERy, (),v, (1), HFE %A, a,
O FiEHat 2 4RHEAEE - 5 v(t) = ayv, (1) +a,v,(t)
(= IRl
Flvt)]= a,glv, 0]+ a, %y, (t)]
=>V(f)=aVv,(f)+aV,(f)
O JEAENSR 2 43 1EaR G e » AT RS 2 434G
Zakvk t) < Zakvk (f)
k k

Z - R (Time delay)

FREEE T B H A oo s{5EEL R SE K - Fourier representations ~ Fourierfisit B 78 H %
SEpEEE ~ I B > BEl{% ~ Impulse and transforms in the limit

FHRBH BEE - RFE AR - 2SS - SRS EAERSE - JHS eI - fRor BIAR

47 ~ Convolution

O {EfEERSE v(t)



O =5 t>ttd > RIS RIEE td > v(t—t,)
O [LIEER > sReR B RS A E RSN BRI AL E A

EE
O #ILERGE 2 SRR (% v(t—t,) <>V (f)e /*™
[ e

*T|<0, TR
L
V(f)e o

_{> 0, RIEIE

= (1)

:[\/(f)”e‘jz”ﬁd

= ~ % R % { (scale Change)

il EN B E A o sHEREL R T FS - Fourier representations ~ FourieriEi B 78 H$%
SESEEE « BEERELSEIN  RBE{4 ~ Impulse and transforms in the limit

R R EEME - R - ZIEEE - SRR LR - ST - (Yo SR

47 ~ Convolution

O HRp3gidy 2 Z FEEOR 4/ NLB U] 2 Rl 2
O RpSgELSR IO 4/ INGR (5 Ry IR 1% -
W RGBSR /N o BRI NBEISROR -

v(at) <> iV (ij, a=0
a

o

O 5584 -
Fv-[lelt)]=[" v(-[la]thdt
:ﬁfwv(lkﬂﬁ(”aﬂdl

:ﬁ§%£:Wﬁkim”dﬂ

=iV(ij, az0
o| \a




(LA TR AR E R MR
O J5kE vit)=A[Jt/7)

O F MYIER ZBE2Fon o WK ?

7 !
Z,(0) { 12 ; T2 | 24(0)
A ! f
T 5 A
' : t;+T
L T
0 7 ) T -7 T
-A _A
(a) (b)

fife:{ef F T AR ET s TR v(t) = A [ (t/7)

O [E(a)
O P z,(t) =v(t—t,) + (vt —(t; +T))

O Jastz,(f) =V(f)[e—2zzﬂd _e—Zzzf(td+T)]

Z,(f)=[Arsinc(fr)] j2sin(z)Te 2™ |t =t,+T/2

O [E(b)
O 3 z,(t)=v(t+7/2)-v(t-7/2)

O #Ese z, (f) =[Azrsinc(fr)]j2sin(#7)]

O fER sinc ¥ w5 Z,(f) =(j2afr)|Arsine?(fr))

r ~EEFES R % (Frequency Translation and Modulation)

MR T B H A - s sHEREL R E S - Fourier representations ~ FourieriEi B 78 H$%
SEFERE ~ IS > B4 ~ Impulse and transforms in the limit

HEER  EERWE - REEE - ZEEF - FEREEERSE « S EH - (i PR

47 ~ Convolution

O % vit)—T>F(f),  V(f)=F\(t)



O RIfE T y3EE B SE R B % (Frequency Translation and Modulation) °

v(t)e!™ —T v (f - 1)

n IEE'ﬁ ejwct

O & #EH% (complex modulation) »
O L% e —EHIER

O SEEmife 2 SHEE - FHEERI(a) - FHE%(b) -
O fxigE - AR NEZEL -
O By 0 B2 fe

ViS=1)

V()

I ~ B % 732 (modulation theorem)

MR T B E A o sHEREL R T FS - Fourier representations ~ FourieriEi B 78 H$%
sEFREE ~ Wi B AE 7 BE{% - Impulse and transforms in the limit

HEER  EERWE - REEE - Z2EEF - FEREEERSE « JHEEH - (iU PR

47 ~ Convolution

O EPRFEATEER > A AHEEERTT > B > A cos
v(t)cos(@ t+ @) <—>7V(f -f )+ 5

V(f+1,)

O FrllEENS R BERSE - AHEE Fy Hermitian
W PR R F RN - R S AR A 22 RARRE -
B EEGERITERSES 2 ERUE B EAHEE A [E] (5 Hermitian)

V' (f)=V(-f)

#3f5] : RF Pulse
O F=H40 TR RFEH5E



zlr)

AL
SR

2(t) = An(lj cos(a,t)
T

O s
m R IR AHG] W% o,
fi# . R Pulse
AHKLJL) Azsinc(fr)

T

O e
e_J¢

v(t)cos(@,t + §) H%V(f ~f) V(4 1)

O Frld
At . At .
Z(f) =75lnc((f - fc)f)+7smc((f +f)7)

O JRiEEED

1Z( )

-t fi-t fe g+ L

* ~ pk4 2 f% 4 (Differentiation and Integration)

il EN B E A s sHEREL AR E S - Fourier representations ~ FourieriEi B 78 H$%
SESEEE « BEERELSEIN  BE{4 - Impulse and transforms in the limit




HEER  EERWE - REEE - ZEEF - FEREEERSE « HEEH - (i PR

47 ~ Convolution

O frifEs SR ERES > SRR g sy > MRS 2
O Differentiation theorem

%v(t):i[j:vu)ei““df}

_I V(f)( e‘z”“jdf I[j27sz(f)]ejz”“df

'« IEN
%v(t)e j2ntV (f)

O Nth #ﬁﬁg\

V(t)<—>(12ﬂf)V(f)

d n
[ Integration theorem

[ vada=[ UZV (f)e>*df }d/l

[ voa=[" v )(f sz’“d/l)df

t * 1 j2nft
[Lvaa=] L’Z—ﬂfv (f )}eJ df

O g V(©0)=[ v(4)di=0

o ] v(dieo j%ﬂfv (f)

i © = PRz (Triangular Pulse)



wil)

-7 0 T

O A=k :

i
ORI NEXOUE ’{1‘? <
0 |t|>r

O CRERE 2
O 53R - AT DUERRR e - AR

A —-7<t<0
z.(t) == —FT 57 (f
o (1) {_A oter (1)

i © = APk (Triangular Pulse)
O 5HE

A —r<t<0
zb(t)::{_A OT;t:T _FT 7. () = (j2nfr) Acsinc?(fz)

SYAN=—1 t 1
O ERRSEHE [ v(A)dl o i
w(t) = = [ 2,22
T 9>

S W (f) :%jziﬂfzb(f) = Arsinc®(fr)



W(f)
AT

= ~ Convolution

FREEE T B H A oo s{l5EEL R E S ~ Fourier representations ~ Fourierfisiit B 78 H %
gEEE ~ B EE I BE14 ~ Impulse and transforms in the limit

MHEER  EERWE - REEE - 2SS T - FERE RS « S EH - (B

47 ~ Convolution

O BERHEE convolution # =[S ER YA TET - @ MEETH -
O JEAR " &&oHT -
O JEAR TR ERER -
O Convolution B DL JfE FH B Sak B s, -
O &8 Convolution=> FEIEA {455 2
O &l Convolution=> A 4L 2

Convolution Integral
O FEAEWE - AHEZ B8R (0 - FFHE) vt), w(t)
O AT s e R E R

v(t) =w(t) = w(t) *v(t) = J: w(A)v(t—A)dA

B FEEEE TN B DB 2 SRR -
B % convolution AR AT A

V() *w(t) =vrw(t) = [ v(A)w(t-A)dA

FEf& ~ [El7~(Graphical interpretation of convolution)
O THE#ETT convolution 7 73 &7~



v(t)=Ae™", O<t<ow
w(t)=t/T, O0<t<T

O FREEERE wit-21)=(1t-4)/T, 0<t<T

O SR
t<0, v*w(t)=0

O<t<T, v*w(t)= .[Ae‘[t_l_ Jdﬂ.— (t 1+e )

T<t, vew)= Ae*(t_l_/ljdﬂ—_?(T ~1+e T D

Graphical interpretation of convolution

edry

0 0<t<T

o T<t

Result of the convolution

AT _1sen
T

A
ATl 4+et)elr—1)
T

#ifd] - Trapezoidal pulse 27 convolution
O EA B



el wiil

As
Ay
f i
T T3
O KRk convolution ?
fiZ : Trapezoidal pulse 7 convoluion
I A ARG
(LY wir = Aj
A; 1+
Ay
3 . A ;
-7yf2 T2 t-72 1 14742
O rEAE

- <t vEW(L) = AiAZ(tJr’”T’z)
- ct<22, vRwW(t) = AAT,
et v = AAlee)
Hfth  v*w(t)=0

s wil)

T4+ Ta



% = & Impulse and transforms in the limit

MR T B E A o sHEREL AR T FS - Fourier representations ~ FourieriEi B 78
GEpEEE ~ B BLpEI > BEl{% ~ Impulse and transforms in the limit
e IREME - IREZEF - Impulses in frequency ~ FEEREL - FFHEE
27 ~ Impulses in Time ~ #iffl] : Raised Cosine Pulse

H &%

Impulse : AP > 7] LU A IR ERRI - &Rl Ry 2 sty - HAH

O
SN S AR 2 Bk ST e R o
O Transform in the limit : DUERFR 2 HE & T E 2 2 BEHA » impulse function Hi&

— e PSSR S PITAE 2 2 el B A A -
O HEARstZFor  TEEIERRZEIT -

Two functions that become impulses as € — 0
O TE A RifEzE Transform in the limit AT EZ . impulse function °

i i
r ﬂ(%) 1 & sinc €L 1
€ (3
VAN /N,
€0 € —’25\/ \/25
2 2
- ~ "% @+ (Properties of the unit impulses)
fHEE T  B2EERE - ZNESREAES - Fourier representations ~ Fourierf8#A B H §%
SRS ~ B ESEIE Bl{4 - Impulse and transforms in the limit
HEER IREWE - IkE .~ EE - Impulses in frequency ~ *FEEpREL - FFHERK

2( ~ Impulses in Time ~ &35 : Raised Cosine Pulse

O Unit impulse (or Dirac delta function) f5—457k L8] » B

[ sdt= j S(t)dt =1

St)=0, t=0

O AArE



v(0) t <t<t,
0  otherwise

| () ()dt ={

O HuERR

[ vms-ty)dt=v(t,)

= P2 R

fHRAR T E2EBE - ZFERIEEEAES ~ Fourier representations ~ Fourierf{Afiif  H§f
CEAESE ~ Nkl B A 7 B5{% ~ Impulse and transforms in the limit

HEER IREEE - IkE . EE - Impulses in frequency ~ *FEEpREL - FFHERK

2( ~ Impulses in Time ~ #3{5( : Raised Cosine Pulse

O i
St—t,) <> Ae 12

v(t)*o(t—t,) =v(t—t,)
O 557

v(t)=[ sMdt=u(), stepsignal

O &R
v(t) = W(t) *5(t) = w(t)

O FH3k
v(t) = W(t) x 5(t) = w(0) x 5(t)

= ~ Impulses in frequency

FREEE T B H A oo s{5EEL R E K ~ Fourier representations ~ Fourierfisgiit B 78 H %
EhEEE ~ KRB SEIR 7 Ff{% ~ Impulse and transforms in the limit

HEER IREWE - IkE . EE - Impulses in frequency ~ FEEpHEL - FFHERK

2( ~ Impulses in Time ~ &35 : Raised Cosine Pulse

O #AEFADO  v(t) = A
o



O =]LLLL transforms in the limit 7 il & E 5
v(t) :VIvin}) Asinc(2Wt) = A

B [X 5 fourier transform pair

. A f
Asinc(2Wt) <> MH(WJ

A< AS(f)
O w0

O & RiZRHET v(t) = Acos(w t +¢)

O #FE:E 2 DA frequency translation and modulation {5

Ae? > AS(f - f,)

O &M Eulere A

Acos(@ t+¢) <> ——5(f — f,)+ s(f+1)

O Fourier series

v(t) = ic(nfo)e“mffﬂ oV(f)= ic(nf0)5(f —nf,)

n=—o0 N=—w0

#HPIEREA © FM RS 2 SRR
O 40 e Ry FM SRS BLEERE

/\J\/\

(a)

l/f I/f 2/;

WCH! AR
0 fe 24,

{b)

O 4T 5 FM HSEET
v(t) = Acos(at) — AT [ (t/ r)cos(@ t) + A] [ (t/ 7)cos(2a )



O #s
V() = Dla(f 1)+ a(F + £,
_%[sinc((f — f)r)+sinc((f + f,)7)]

+1%5knm«f-2fgr)+smc«f-+2erﬂ

= ~ # [# 3 #kc(Step functions)

il ES B - sz sHEREL AR T FS - Fourier representations ~ FourierfiEif Bl 8 Hi%
gEas ~ I EE I 2 6814 ~ Impulse and transforms in the limit

FHEEE R BREMEE - BkfE 2 EE - Impulses in frequency ~ FFEEREY ~ FFIEEK

% ~ Impulses in Time ~ #ff : Raised Cosine Pulse

O Fg S gl i
|

O sEEr Al

1 t>0
u(t) =
®) {0 t<0

O BlfRfE kS B%
u(t) = [ S(t)dt

510- 20,

7 ~ $% 3 #(Sign functions)

FER BT B EE ~ ool sHEE LR E FE - Fourier representations ~ FourierifE il ja
SEhEEE ~ BRI EASER 7 FH{% ~ Impulse and transforms in the limit

fHEEE R IREMEE - kfE 2 5 - Impulses in frequency ~ PR RHEL - FF9EEA

H &%

2{ ~ Impulses in Time ~ &35 : Raised Cosine Pulse




MR s

O EE R

+1 t>0

w07 o

O "l NE IR EE

+e™ t>0 .,
z(t) = —2u(t
0 {_em o 0

z(1)

b
0 1/b

~- 1

7 ~ Impulses in Time

FREEE T B H A oo s{5EEL K SE K - Fourier representations ~ Fourierfisiit B 78 H %
gEEE ~ B EE I 7 BH14 ~ Impulse and transforms in the limit

MHRER IREMWE - JkE 2 EE - Impulses in frequency ~ S REL - TFFREK

B ~ Impulses in Time ~ #{5] : Raised Cosine Pulse

A t .
71_[(;)9 Asinc(fz)

O =10 > ASt) o A
O Time impulse B - FrARRAHEEZIRIE



O “Animpulsive signal with zero duration has infinite spectral width, whereas

a constant signal with infinite duration gas zero spectral width.”

< ~ # %] : Raised Cosine Pulse

FERE BT B - sz sHEREL AR T FS - Fourier representations ~ FourieriiEi Bl 78

gEas ~ I EE I 2 6814 - Impulse and transforms in the limit

Hik

tHEAE R BREME - IRE 2 - Impulses in frequency ~ PR RHEL - FFIEEA
% ~ Impulses in Time ~ #ff : Raised Cosine Pulse

OO %1 : raised cosine pulse

Bih

g
vy
Fa
=i
]

2 T

O =5
A Pl t
v(t) = > £1+ cos[?DH [(ZD

O CRFHRE ?
PR ERROT R -
fi# : Raised Cosine Pulse

O s

{5 n((5)




O =Xy
d;\gt) _ GT ?Si”gjn((z%D* [g)zﬂt +7) —[gjza(t ~7)
O —Ror B =Ry Z Bk

0 (590 o

1

(jzﬂf)SV(f):—(fj (jan)V(f){ﬁj LINZISED
T ) 2

Ar
20 =02 7

i if2s lis Afkr s

O —Xor B =0 SRR R (5



(jzaf)SV(f)=—(fJ (j27zf)V(f)+(£j Al _g-io)
T ) 2

O #&HEE
JAsIn(2Af7)
j2nf + (v 1 7)*(j2Af)?

V()=
O fEfE

V(f)= Azsin(2fr)

1-(2f7)?
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