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G(jw) I » Real
= (a/w)-exp (-jn/2) — |7 — n/2
— - a/
j (@ /w) &Giw)
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‘_L Fl2(3ED) @ R—THK

AB x(t) == HA () = aStx(p) dp

A(w) = a/w, B(w) = —n/2 a: IEEH
IR -20 dB/ dec

20 log |A| 0 :

[dB] logw

(VR =
0 0 :
logw
—n/2
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‘_L FI3 (M5 D RIRILEK

AR xOmmp  HI () = a x(b)

Alw) = a-w, |
9((1)) _ I'I/2 o Imaginary
G(jw) G(jw)
= (a -w)-exp (jn/2)

=J a ") w=0 ...... I-I/Z

» Real
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AR xOmm  HH () = a X

A(w) = a~w, B8(w) =n/2 a: IEE#
B4 | 20dB/ dec
20 log |A| 0 :
[dB] log
L1 N
n/2

0 |Og(1):
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ANFEE
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ABD
X(t)

A7
X(t)

G(jw)

=lifanla
m(t)

I

H(jw)

—

K(jw)

—

K(w) = G(jw) H(jw)

R |
U

y(t)

H 5
y(t)
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m(t)=

-

A1 —| G(jw)

0] 5

i 7]

G|cos (wt+2G)

X(t)=cos (wt)

K(w)=[K]exp(j K)
G(jw) H(jw)

= |Glexp(j £G) |[H|exp(j £H)

=|G||H| exp(j(¢ G+<£H))
" K(jw) = G(jw) H(jw)

| H(jw)

t 7

y()=
|G| |H|cos (wt+ G+ 2H)

Kl = 1G]+ [H|

£ K=< G+4H
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‘_L R— TR LA A L

A2 K| = |G| |H|

{i4H £ K=< G+4H

. 20 log|K]|] = 20 log|G| + 20 log|H]|

= GDT A

K DT A AREX

X

+ HDT A 4RE

= GOLEER

K DHIAEEREX

X

+ HOGIFEIRE
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‘L fitkn S AT LDIEER K

A4 K| = |G||H]
. 20 log|K| = 20 log|G| + 20 log|H]|
{iL$H /K= /4G +ZH

‘4> (dB) fir48 (BE)
_ oEL = HE
K|dB | =|H|dB+|G|dB GI=10dB, |H|=20dB 0
= |K|=30dB
IH|dB
/KE =/HE+/GHE
>
log(®) FHE B log()
£ G=-90, LH=-45[&
= /K=-135[&
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i A2 INLARES (TIVAEE. OBEHD)

0 (t<0)
O(t) =| oo (t=0)
0 (t>0) time
N 0
0 (t<0)
= |lim |[1/h (O<t<h)
hs +0| o (t>h) 1/h
\ timg
() S 3(t) dt = 1 o

- OO
86



i A1 LR

IRIE A EENRIS AT LIS
AN LVRIEFO(L) EANLT:
EEDHA gt) mm) 1/ NILRISE
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i T I::EA:J:O)EE:.“b\’O @ -
RBEIGRIHFAEER S AT LTI

A2 INILARIGEG(L) AARENIE
EEDAAUR) T HHA y(i) HNETETES,

o

AN Gy | i

A2 INJLAAT B(E) =D A2 /N LRIGE g(t)

EEADuUR) ==  HAH )
(f=f=L u(t)=0 when t<0)
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i B HIAAFEF (Convolution)
y(t) = j g(7)u(t—7)dr
= jO g(t—7)u(z)dr

g(t): 12/ LRIGE .. EAEA#

y(t) (& g(t) & u(t) @
a2 HIAHFE7 . Convolution
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i — BHREOEAHID @ —
BRI AEFHI A TLD
R U= ZEREEG(w) (X
AN ILARRE (L) DFourier Z

-

AT : H 7
(%) go o(t)

G(jw) = [g(O)exp(~ jat)dt

90 =" [G(jw)exp( jot)dw
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1768-1830

FTRULAVERDIZTORAAN

TOTRMRIEIZDEED,

ICTFZEDOMREETEH D,
BRIIZHEE,

Laplace MZRZEHWNTREHIIRIZES,

Fourler B ERFEOEGBIIFADEI T ARER
2T AN LNIEMNoT=,

Joseph Fourier upset the French Academy in 1807.

‘_L Joseph Fourier
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J—) IEH
Fourier Transform

J—l) TEH
[I f(t)]dt <oz m)1=xtL.

—00

F(jo)= [ f(t)exp(~ jot)dt

W —I) T HE

f(t)=" [F(jo)exp(jot)de

27 _ o
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0 S 4L 0
1 —5() = 20
5(t)=> j cos(at)dw| OW=7" ZCOS(wnt)
oo N=—0o0
@ ABR(AER): wn = NwQ

— ETORRBAST0EF/NT—TEL,
— AL TULVELY,
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G(jw) = [9(t)exp(—jot)dt P

AVNIIVAGEIFEREBIGEDHET—!) TR

0= j G(jw)exp( jot)do

—00

DT
J— I, FT—)IEBROBEGRLY
BRBEEEA VR GEDT—) TEHR

G(jw) = [g(t)exp(~ jot)d
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f(t) =10 (t<0)
exp(-at) (t>0, a>0)

F(lo)= jeXp(-at)exp(-j wt)dt =

0

-1 1

[exp(-(a+jo))|y =-

a

1 @ (a>0)

00 >t

j exp(-(a + jo)t)dt
0

jo+a jo+a

x) |exp(-(@a+jo)t) = exp(-at) || exp(-j ot) |

= exp(-at) | - >0

vlexp(-jot) =1
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i J—ITEH

f(t) =10 (t<0)
exp(-at) cos(bt) (t>0, a>0)

F(jw)= Iexp(—at)cos(bt)exp(—j wt)dt

0
1 T : : :
= j exp(-(a + jo)t)[exp(-jbt) + exp(jbt)] |dt
0

_1{ 1 1 } jo+a
2| a+ j(b+w) a+j(b+a)) (jo+a)2 +b?



J— TS f(t) DFFE
‘_L M4 1% F(jw) [Sjo A3

F(jow) = j f (t) exp(— jot)dt

JoF(Jo) = J[(;jtf (t)}exp(— Jot)dt

—00
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‘_L AL FGw) (2(1/jw)EM I+

F(jw) = j £ (t)exp(— jot)dt
o | t
jt)F( i) = j I f(2)d 7 |exp(— jat)dt

| =00
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T
y(t) = jog (t—7)u(r)dr

§
Y(o)=G(o)U(o)

ZZTY(jw), G(w), UGw)IZE
£ Ry(t), g(t), u(t) DT TEi
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/-\jj S /XTA > I--Ijj
u(t) y(t)

n-1

dtny(t) + an-1 cCIIt” 1y(t) +....+ a1 E y(t) + aoy(t) =
m-1

rTqJ(t) +bm-1— CclijU(t) +...+ b1 E”(t) + bo u(t)

Fourier Z i

n
urier & LS
v) 225 viw), g Y - (jo) Y(jw)

u(t) Fourier wim: U u(t) Fourier Z=

U(o),  —m - (jo) U(jw)
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(jo) Y(jw) + an-1(jo) Y(w) + .....

m

m-1

+ a1 (jw)Y(jw) + aoY(jw) =

bm(jw) U(jw) + bm-1(jw) U(jw) + ....

Y(jw) = G(jw) U(jw)

G(jw)=

m-1
bm(jw)" + bm-1(jw)+ ....

.+ b1 (jw) + bo

n n-1
(jw) + an-1(jw) +

+ a1 (jw) + ao

+ b1 (jw)U(jw) + boU(jw)
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G(jw) = j 0(t)exp(— jat)dt

—00
FREGAT L, TEHE

lim g(t) =0

{—oo

DEEIZDHBEHTES,
LEREHEBI-SELNEIXFourier B DIEMNFEIELLLY,
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B RTLDAINLAGE
‘_L exp(-at) (L EEEALK

Ao VREE 9 = [ 0 (t<0)

exp(-at) (t>0)
0 1| exp(-at) (a>0)
\ (iif) exp(-at) (a<0)
>t

1

(ii) . |

- — > t
exp(-at) ;(i 0 (RE5E)

(RERR(RRT))
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(t<0)

o(t) =[ 0
i [exp(-at) 0 DT—!) TR

o0

G(jw)= J‘ exp(-at)exp(-jat)dt = j exp(-(a + Jo)t)dt

0 0
= L Jept@r o) = [1-exp(-@@ + jo)oo)]
jo+a a+jo

GE) |exp(-(a+ joo)t) | exp(-at) || exp(-j et) |
0(@a>0)

=| exp(-at) | > 1(a=0)
t—o0

o0 (a < 0) 107



gt)=(0 (t<0)
i [exp(—at) t>0) () J—I J I*ﬁ ﬁj\
(i)a>0 mEFE G(w) = 1/(a+jw)

(i) a=0 D EE G(jw) DIBERFFELEL,
(iii) a<0 MEE G(jw) DIEIXFEFELELY,

(iIDHE: a=0 DEE

G(jw) = I exp(-j ot)dt = I [cos(at) — jsin(et)]dt

0 0

1. . AREEDEH
— 5[sm(a)t) + jeos(at) |y T?TEL%‘JL\:
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i 1875 - 1960

BARD#HFE . RRFTERFHR.
HERFEMXZ (BREORTERFEZE) HFEHA,
EERIZFMIYANIERBZE, EILRILMZERE,
KB B YR OA R TILEARREREIL
JARIN—DEEDEZREIR,
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‘_L LaplaceZ#1 D E A

g(t)=exp(-at) /(a<0) .
| exp(-bt) (b>0)

1 1 \

> t S t
(FLE)

g(t): *&LE
g(t) exp(-bt) P
. =exp(-(a+b)t) 923 eXPE Eg-'ﬁm
(a+b>0) g(t) exp(- -
— Fourier Z#&1712,
o o

(5%) LaplaceZ #2
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G+ jo) = j g(t)exp(—bt)exp(— jot)dt

oo —0O0O

= jg(t) exp(—(b + Jo)t)dt

—00

o0
—_ C
G(s) = j exp(-stdt| speie
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o0

N FR

g(t)exp(—bt) = zi J' G(b+ jo)exp(jot)dw

T
—00

zzlﬂ I G(b+ jw)exp((b+ jo)t)dw

—00

b+ joo

g(t)——ﬂ] j G(s)exp(st)ds

b— joo

—__T
S=b+jw
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‘_L B ERE S EEE (1)
BEEVATLDAVINLAIGE g(t)
BRI ZEREE G(jw)

G(jw) = j g(t)exp(~ jet)dt

—Q0

BRBUEZERBEHG(0) O |G(jw)|, L({w) IE
WIBRIE R (B BUSE) 26D,
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BEELIESALZELEVRTLD
A INLRIGE g(t)

=EREZL G(s) -
G(s) = j g(t)exp(—st)dt

G(s) [FERBIZERBGC(w)D L5 EHIERIE BT,
TIXEEG(s) ZEZ DD,
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STSRZEMMEE (1) f(t) DRFfE

‘_L Wl F(s) IZ s #h(T5

F(s) = I f(t)exp(—st)dt

: !

SF(s) = j utf(t)}exp(—st)dt

GE) FIHHE (t=0TOME) (FETERLT S,
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STSRZEMMEE(2) f(t) DRFfE

‘_L B4 T F(s)I2(1/s)EMIT3

F(s) = I f(t)exp(—st)dt

—Q0

|

oo | t

iF(s)z J' I f(2)d 7 |exp(—st)dt

—00|_-00

GE) FIHHE (t=0TOME) (FETERLT S,

119



STSRERIEE(3)
B350 5 (57

T
y(t) = jog (t—7)u(r)dr

|
Y(s) =G(s)U(s)

ZZTY(s), G(s), U(s)IE
£Ry(t), g(t), u(t) DT SREHR
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o MAFIEREARZBIM (1)

ATl AT L > 7]
u(t) y(t)

n-1

dtny(t) + an-1 j'tn Yy +....+ a1 EY(t) +aoy(t) =
m-1

rTqJ(t) +bm-1— CclijU(t) +...+ b1 E”(t) + bo u(t)

Laplace Z

v(t) Laplace x?@ Y(s), %n y(t) - n Y(s)

u(t) Laplace 2 d™ u(t) Laplace ZE it

e g - $"U(s)




‘_L WA HIRR LAREBR (2)

S Y(s) + an-1 S Y(s) + ... + a1 S Y(s) + aoY(s) =

m m-1
bmS U(s) + bm-1S U(s) + ..... + b1 S U(s) + bo U(s)

Y(s) = G(s) U(s)

m-1
bms + bm-1S + ..... + b1 S+ bo
G(5)= n n-1

S +an1S + ... + a1 S+ ao
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RfE

AN e MU The |—

X(t) ﬁ y(t)

H 77
AB L
x(t) K(s) y(t)

M(s) = G(s) X(s), Y(s) = H(s) M(s)
. Y(s) = H(s) G(s) X(s)

K(s) = H(s) G(s)
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§ VAT LOUFIEE

1 G(s)

A7

X(t)

| H(s)

~

| m(t)
N

RS
L

N

%

n(t)

M(s) = G(s) X(s)
N(s) = H(s) X(s)

5. Y(s) = M(s) + N(s)
= (G(s) + H(s)) X(s)

AT
X(t)

y(t)

I

—

K& o

K(s) = G(s) + H(s)
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e(t) "

AN —PD—L e H )

XV 1~ y(t)

AB . 7

X(t) K(S) Y(t)

E(s) = X(s) - Y(s) Y(s) = —22 y(s)

Y(s) = G(s) E(s) 1+G(s)
L Y(8) = G(s) (X(5) - Y(S) . K(s) = — )

1+G(s) 125
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‘_L STSRLEW Hl1 (FEEIH)
f(t) = [0 (t<0) /

exp(-at) (t>0) ' exp-aty (a<0)
> T

o0

F(s)= j exp(-at)exp(-st)dt = Iexp(—(a + s)t)dt
0 0
o 1
lexp(-(a+s)t) |y’ = st a

_ -1

s+a
(:x) |exp(-(a+s)) = exp(-(a+Db)t) [ exp(-jat) |
= exp(-(a + b)t) | - >0

lexp(-jot) |=1,a+b>0
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g TTIRER B2 (T ILEBE)
f(t) = d(t) D& t

o0

F(s)= j o (t) exp(-st)dt =1 0

-00

time

() —RRIZOBIHDEE &Y
Q0

j&(t) h(t) dt = h(0)
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f(t) = [o (t<0) P f(t)
1 (t>0) 1
X time
F(s) = jexp(-st)dt 0 '
0

-1 o 1
=§[exp(—st)]o e
GE)RTYTERITOEHDIES

OB DS T SREMM 1D T
ATYITEABMDSTSIRERIT 1/s
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i STSRAER M4 (T

f(t) = [o (t<0) P f(t)
t (t>0) 1

time

EE FEcasEEAtE &,

F(s) jt exp(- st)dt——

(,1)7/7 F;Elg&l;tﬁr v DIERD
ATYITEMDTTIRERM /s DT
SUTBEBDSTSRAERIE (1/s) 2
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152, A1 /INLAIGEERD K,

B3, ATYITIEERD K,
R

+ +

AT x(®) c —— Y H7
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I(t)

N\

C —

+

y) H A

K

+
AT x(®)
Q(t) = Cy(t)

t
QW = ) 1(p) dp

y(t) + CR 7 V(D) = x(t)

Y(s)+ CR s Y(s) = X(s)

Y(S) 1

" G(S) = X(s) = 1+sCR
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i A1 ILVRIEEDRD T

1 0 (t<0)
G() = T Rre 1
«y(t) = | Rc exp (- t/(RC))
x(t) = 3(t) D&= N (t>0)
X(s) =1

y(t)
. Y(s) = G(s) X(s) [

B RC

~ 1+s RC \ :
_ (1/RC) a
= TI/RO) +s

134



i 2TYTIHEDRD A

1
G(8) = T0sre
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1 (t>0)
X(s) =%
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BN HER TEINDEL T L
‘_L DA ERIS(1)

x(t) y(t)
b1 iX(t) + box(t) = iiy(t) +a1_d y(t) + aoy(t)
dt dt dt
X(t) Laplace %?@: X(s) Y(t) Laplace z‘ﬂﬁ: Y(s)
d Laplace %t d Laplace %t
s — sx¢) @'V " S Y(s)
d 2 Laplace Z it d 2 lace Z5 i
Ez X(t) apla X S2 X(S) EZ Y(t) Laplace e 2 Y(s)
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2[EMA AREATRSNDV AT L

‘_L D EZEEH(2)
X(t) y(t)

b1s X(s) + bo X(s) = sZY(s) + a1s Y(s) + ao Y(s)

(bis + bo) X(s) =(s°+ ats + ao) Y(s)

G(s) = Y(s)/X(s)

_ bis + bo
s2+ ai1s + ao
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i DA/ \OJI/XFIS%
x(t)=0(t) y(t)
o
X(8)=1 G(s) = 523-1;1-; E)l-oao
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Harold Black XM & )@= 1518l iRZF B L DL -[ED itk

" Then came the morning of Tuesday, August 2, 1927, when the concept of the negative
feedback amplifier came to me in a flash while I was crossing the Hudson River on the
Lackawanna Ferry, on the way to work. For more than 50 years I have pondered how and

why the idea came, and I can ' t say any more today than I could that morning.

All T know is that after several years of hard work on the problem, I suddenly realized that
if I fed the amplifier output back to the input, in reverse phase, and kept the device from
oscillating (singing, as we called it then), I would have exactly what I wanted: a means

of canceling out the distortion in the output. I opened my morning newspaper and

on a page of 7he New York Times. 1 sketched a simple diagram of a negative feedback
amplifier plus the equations for the amplification with feedback. I signed the sketch, and
20 minutes later, when I reached the laboratory at 463 West Street, it was witnessed,
understood, and signed by the late Earl C. Bleassing.

I envisioned this circuit as leading to extremely linear amplifiers (40 to 50 dB of negative
feedback), but an important question is: How did I know I could avoid self-oscillations over
very wide frequency bands when many people doubted such circuits would be stable?

My confidence stemmed from work that I had done two years earlier on certain novel
oscillator circuits and three years earlier in designing the terminal circuits, including the

filters, and developing the mathematics for a carrier telephone system for short toll

circuits. ”
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i Operation Amplifier

Operational amplifier @ BiEIXOOVE 7 KED
a5 +—=(ohn Ragazzml)#ﬁxl &KUY
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Guglielmo Marconi 1874-1937
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i Nikola Tesla 1856-1943
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Thomas Alva Edison 1847-1931
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Genius is one percent inspiration, 99 percent perspiration.
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Oliver Heaviside 1850 - 1925
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Edwin Howard Armstrong

1890 - 1954
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René Descartes 1596 - 1650
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® HES WAIZHHY Ithink, therefore I am.

@ HRIX. TNZBHBIDIZHEUNDBHELRLEIAETHEIE L
Divide each difficulty into as many parts as is feasible and

necessary to resolve it.
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Francis Bacon 1561 - 1626
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Johannes Kepler 1571 - 1630
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Galileo Galilei 1564 - 1642
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Isaac Newton 1642- 1727
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Albert Einstein 1879 - 1955
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