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- HIAIE: 0.1uF 20H
- olctE: 100mH 174
- ME: 1KQ 19, 100Q 204
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s 24 2 xt
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Jt. g RLCEIZ 2 Tty 5F

Function
Generator

LMIE THE [, BIEAl QAZADIZ &4 YMI|9 =2 MIEES X610 2
ST} =X EOIsHTE

(3) thse2 A HEYst YUHES 0/E0t0 RLCEI 22 peak-timelt overshoot2 =& &t
=, 0|2 2t "lwal =Ct.

(4) 2 D9 3I=0 oM X2 S CS 20| HtE £, 22 MESS =6,

R =200Q,L =100mH,C =0.1uF
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(2) 0l 3l20AM R,2 MEO0l gl 222 Ux SEL R, HE0 AS R U
&2l X0IE &Gt mellle g2 =38 dluwol 2., 1el, R2 M&ae|l =I1Dt
damping coefficient @ natural frequencyOll OIXl= YIS 02O HYHE LIS B

DANOI Z&6t, Ol2 2ot A8 20E Hlwote 20 EDMO0I JI=8tCt.
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Ct
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i(t)=C——+
® dt R,
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8IE) R, M&0l U= B2 02 LFA ot 2Lt

Ri(t)+L +v(t) =e(t)

Ao D02 LHACZEH damping coefficient@t natural frequencyE S o 2Ch.
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® (Capacitore &EF

HIHAIE (Capacitor)
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Jd

HIHAIEI Sl 88 Sfl= F (Farad) OIXI2H, AXZ 0 2 UEHD 2 40122, SH4HS

Z MEE= AWAIEAS HAs S0 2.

1uF =10°F
InF =10°F
1pF =10F

1o O 20l 240l el HIHAIEHS S22 AMAIEAS Ot H2 S22 pF(pico
Farad)&tel2l gt 3Atel =X2 HIISHCH 3Xtel =Xtel ¢l FXele &= X0l Okl

9 etAtel == 102 252 AUE BIleth. USe HUWAIH E HI12 ZIHAl 00

103 - 10x10° pF = 0.01uF
104 - 10x10"* pF = 0.1uF
105 - 10x10° pF =1uF
225 — 22x10° pF =2.2uF
684 — 68x10* pF =0.68uF

==}

polyester film capacitor (Ot d-mylar 2EAK2tDE £5)0ICH. 0l BMUAN &3sts
2E AEUA 240 Y= ol HAMAIE(Eol 2 A )= AIEolXl 2=C

0 A& LM JtE B0l AMESHH = HMAHE o8 J8n 22 0.1uF 9

CIEHE H2H0IE S22 2=S0& 202 A0 2l 8= el 8 20N Bl 32
A, AEEHE =20 Ot & d=2E, 28 A28, A0 328 S el JHAIIE

=
ALH s Og2 Uest geel 99 E 20 =0
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2

gt 22 SHHZE A 104t EAIZO0 UACH

® Capacitor? Capacitance &3
2 AME0AE capacitorS E&ole 320 WH(AC) M0 HEZN UAS M, ZA AEK

(steady state)OllA capacitorl XM MFO ZHE L0O=2C. Capacitance 2t01 C

Ol capacitorQ dMZer Mol A= O3S Al L.
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AEHOI Al capacitorll M2 Ot ZCH] JHESHC.

Ve =V, sinot
PO MgsS Mgl MF 2AA0N HotH LS &2 2AHAM0 ettt
dv, .
C—==CV.wcosmt = . cosat =1,
dt
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R
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Function cL
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Mgt & QOLt, /% ZE2 uE 32
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=
JIs0l AXEH 0 JIs2 60Hz2 &8 Wi M &A° &

=
6 af
Of CHet W= 320= AISE == U, us d2o

= olgst ¥d
OOl peak-to—peak MAES SOA =FEICH GE Y Vsinet 2t 22 1E dgs 24
EAIDITE 0|E0t0 peak-to-peak gt2 H2H 1 g2 V 2o 2840+ &€ 240ICH. WOt 2
AZAITZ 22 peak-topeak gt2 P22 L™ V 30l &0 8182 dRUe 24
EATOZ MIE 24S £ U2EZ MHEH s2= LS SO ME2Z UM 8t
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QA ADIO S e MEZS Ol Ml M2 capacitorll M= S A0 Hl w2 oH
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® |nductor® Inductance &3
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o Mgs ML MF ZHAN CHYSHH OSH 22 2HA01 86ttt
di,
L— =Ll wcoswt =V, cosat =V,
dt
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=
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Function
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sz [ =ma | Cc | V. [ Vo [1=Vo/R[ Xc=V /1 [ C=1/2rfX,)
(a) 1000Hz
(a) 2000Hz
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(b) 2000Hz
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(c) 2000Hz
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c 2000Hz
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E(jo) LC(j )2+RC(ja))+1 (ja))2+(R/L)(ja))+l/(LC)
OICt. &, 2XF MY &40 HFESE2
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Ue) = o s 2a(io) r o
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@, =1//LC =10000 rad/sec & 2HMUHA peak 2t2 JtXl= SHS &

0l peak 2t2 AJl= damping coefficient 2 gt 2&0l UM, a2 20l HXH
A2 202D fotod Lt

peak2 gt0l ZOtKl= Z&0l UACH. TE a0l e =0 4
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 —

2E d&= Otcie O 20,

10
lo
all
N
bl
ol
0
2
Q
o

Sy /,\
0
\

Magnitude (dB)
/

-20
=
N~
-40°3 4 5
10 10 10
o (rad/sec)
0 =g
> N\
g
&
= -9
]
3
<
(=]
-180
10° 10* 10°

o (rad/sec)

(08) 2x glz29 BE 8%, R=200Q,L=100mH,C =0.1uF

89



Magnitude (dB)

Phase (degree)

-40
10

10* 10

o (rad/sec)

-180

10*
o (rad/sec)

(0g) 2x slz9 2 A%, R=1KQ,L=100mH,C=0.1uF

10°

90



= I
TS

==

Ql

e AE AHDI

Al
™
<

<A

20

oll
io

<

polyester film capacitor) 1JH

0.1uF (D122 HTAIE,

: 100mH 14
st 1KQ 120, 100Q 24

5t

- HIHAIE:
A

K
R

oK

|2

3

v(?)

C

|29 =t S FF

3

e(r) :

Function
Generator
(O1%) Low-Pass RC
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@ =1000 rad/sec, f =159 Hz
@ =4000 rad/sec, f =637 Hz
@ =8000 rad/sec, f =1.27 KHz
@ =10000 rad/sec, f =1.59 KHz
w = 20000 rad/sec, f =3.18 KHz
@ = 40000 rad/sec, f =6.37 KHz
@ =80000 rad/sec, f =12.7 KHz
@ =100000 rad/sec, f =15.9 KHz
(4) Q0N =TS HES 0I2HA el 8 dA&E e,
(5) Pspices 0lEotd 22 320 st BEE &5 2iAM (4)0Ad el &8 Z0e di

woll =C.

Lt. High-Pass RC3IZ29| =10l 22 =&

C
I} O
E(f) —> +
Function i) RS v0)
Generator

AVAVAV o

L
i
o
z
>
'|O
o

(%]

x
D
ol
HU
1o
1A
E_I
I
0l0
Q
I
0
tol
HU

R=1KQ,C =0.1uF

(2) &= 2D &> ZFE HSO(sine wave)2 E&5t, &2 | (peak-to-peak)
= 22EJ H&E HF&t. =, JEMe 2 MU =2 M9 X0t 22ED H&E
= sttt

(3) Mo FUI4E CUS2 UEZ BFAIIIN, &8 H9 I)| gts 23 Ao 3
Il o2 LhE S JIZst.

@ =1000 rad/sec, f =159 Hz

@ =4000 rad/sec, f =637 Hz

@ =8000 rad/sec, f =1.27 KHz
@ =10000 rad/sec, f =1.59 KHz
w = 20000 rad/sec, f =3.18 KHz
® = 40000 rad/sec, f =6.37 KHz
@ =80000 rad/sec, f =12.7 KHz
@ =100000 rad/sec, f =15.9 KHz
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(4) AN =SHE AES 0I20HA O BE A5 eIt
(5) PspiceE OlEadld 22 320 et 2 A2 OAA (4)0A 22 A8 202 dl
woll =Ct.
Ct. Low-Pass RLC3IZ2| =1+ € F
R L
—O
. _ e(r) +
unction C = (1)
Generator
AVAVAV o
(O%) Low-Pass RLCEIZC 1% 2 =3 32
(1) ¥ O"9o 328 Pdotl] 23 =0les & 2N, 28 e QAZAIZIE A
ZSCH. 28 AKX g2 s 2.
R =100, L =100mH,C =0.1uF
(2) &4 &9 st EFE HE I (sine wave)2 EAotD, M2 3AD|(peak-to—-peak)
= 282BE0I =8 XSG, &, HEOS Y2 Mgl =2 M9 X0|JF 282 EJF T
£ st}
(3) MEIo FUW4E U229 ER BEAIZIN, & MO I s o M9 3
J| gtez Ll g2 JISEHCt.

@ =1000 rad/sec, f =159 Hz

@ =4000 rad/sec, f =637 Hz

@ =8000 rad/sec, f =1.27 KHz
@ =10000 rad/sec, f =1.59 KHz
w = 20000 rad/sec, f =3.18 KHz
@ = 40000 rad/sec, f =6.37 KHz
@ =80000 rad/sec, f =12.7 KHz
@ =100000 rad/sec, f =15.9 KHz

(4) 2I0A SHE UES 0I8oHM UHH 2 A&E &I,

(5) PspiceS 0I185t0 212 SZ0 Ust BE &5 M (4)0HA D2l A8 Z02 bl
woll =Ck.

(6) 212 IZ0M Mee et R=1IKQ2=2 HAGH 2 AES Bt=EHH.

F=9|) Ol&=X(ideal)Q QIEH2t= el AN MESE= CYH= EEHA HZ &N 2
Aol ME A2 HZEotL A0, 0 AEe Z=2 0l ME g2 RAE = gleH,
PspiceE 0IE6t0d & H&&EE 8 WM, IEEHAS He A2 ZEolOr 8 Z 2o
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94



o &F Z AHAE ¥ E9 AE

<E> Low-Pass RC S22 FIt+ S
a4 e
o (rad/sec) f (Hz) Mo | HHMO IG(jw)| | 20log,,|G(jw)|
AJ1(V) 3I1(V)

1000 159

4000 637

8000 1.27K
10000 1.59K
20000 3. 18K
40000 6.37K
80000 12.7K
100000 15.9K

<HE> High-Pass RC 3 =22 It S
S
w (rad/sec) f (Hz) ol |G(ja))| 20log,, |G(ja))|

1000 159

4000 637

8000 1.27K

10000 1.5%K

20000 3. 18K

40000 6.37K

80000 12.7K

100000 15.K




<HE> Low-Pass ALC 3129 FII4 29, R=100Q, L=100mH,C =0.1uF
I 52
o (rad/sec) f (Hz) Mo | HHMO IG(jw)| | 20log,,|G(jw)|
321(v) 3I1(v)

1000 159

4000 637

8000 1.27K
10000 1.59K
20000 3.18K
40000 6.37K
80000 12.7K
100000 15.9K

<H> Low-Pass RLC 3 =2

i
@ (rad/sec) f (Hz) NS} 20log,, |G(jo)|

1000 159

4000 637

8000 1.27K
10000 1.59K
20000 3. 18K
40000 6.37K
80000 12.7K
100000 15.9K

o
i
010
s

~100mH,C =0.1uF




g RALC 222 =& A= ZA0H)| |5t oteiel D8 22 € ol 20, 0l
sl20 gae Mo AI50l et)0I0, B2 ME 2o Xeh y(t)olCh
C L
” Y Y o
1) +
e(?) R 2 v(Y)
O

(08) 24 RLC a2

0l slz2 Ol ¢3A=2 U

00

ot ZCk.

i(t) = cd( () Ld:j(t) Ri(t)j

v(t) = Ri(t)
1o MM R I()S AHolH TS 22 2% 012 LAAS2 Fel= .

C szg“ +Re MO L vy = re 2O
dt dt

HdY S+E FotI| /Gt f ASl LH ctEetAs HES FotH S0 20,
LCs?V (s)+RCsV (s) +V (s) = RCSE(s)

etMd, ¢ 3lz2e &Y =
(s) RCs (R/L)s

) LCs?+ RCs+1 2 +(R/L)s+1/(LC)

A MY FZ22 dUEA Se=
1
Z(s)=—+sL+R
Cs
0OlB=z, M2 Z2H =2 HolH U3l 22 Y 42 22 = A2H, 0l= FA0A
Hd2 MY &2 LXIEHCH
()_V(s) R R 3 RCs 3 (R/L)s
- - - 1 - 2 )
E(s) Z(s) 2 LsL+R LCs“+RCs+1 s“+(R/L)s+1/(LC)
ot 22 MY &£9 Flx SE2 US D8l 22 band-pass filtere SAS 2=
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(O8) A< RLC 329 ot SE

o Ft= SEHUAN oy S8 === 0IH USH 22 2HE It

1
Wy =—F—
JLC
e, ot w,= Fx= SE2 A0t 20 8t 0.707 IOt Hl= FM==0IH,
=2 0|20l A2 22 band-pass filtere =0t W= (band width)S Ot 20

2 22 28 20 A=s MY &85 USW 22 E=EO2 UEHHEH B2|6HC.
G(s) = (w,1Q,)s
(S)_ 2 2
S+ (w,/Q,)s+ a,
& =DM quality factoret 220, Z2& SIZ0A
& 3Z20AM Q= TSRt 20l HAE = ACH.
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Q= R _R\E
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DetOIE0ICH =&

O

-
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Z2i HE ¥ EQ Atg
RLC S& 322 I+ SE
Heat g =3 @
. C S Fb=
@y Qo @y Ol A 21 @, @, Qo
dg 30|
100Q2 | 100mH | 0.1uF
1KQ | 100mH | 0.1uF
10002 | 50mH | 0.05uF
1KQ | 50mH | 0.054F
<H> €4 RLC B& 29 =+ EH
H bk gt =3 &
. . c S8 =M=
Wy Qo @y Ol A= 0, Q,
e 30|
1KQ | 100mH | 0.1uF
1KQ | 50mH | 0.05uF
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o AIE HJI ¥ B3

|
HO
nx
HU
>
kU
IH

S

- AT LMY
- 0C && =321 1M
- OP amp: 741 104

- Mg 1KQ 194, 10KQ 108, 100K 1K

[
4
=

8

= 21t

b

Jb. OP ampl && A&

R SUPPLY

CH130V,3A CH230V, 3A CH3 5V, 3A

0-30VDC 0-30VDC 0-5VDC

(D) DC A &EXl A
(1) 212 D21 22 DC power supplydfl Ot A& HAGHA 2SS AHOHAM CHI, CH2 &
V &0 XECH Ol 0.1~0.2V &9 2Xt= & Jts6tLt.

T AN &3 HBS AIESO. 2 power supply?l CH1 &2l -
SN e ©Ahe CH2 MYl + ANzt HXHE |2 80 20l 22 d2z2 N2
HAZSC. 0l%t &0l ofH, CHT MEQ w2t HRtoAdE +15V, CH2 [MEel 224 It
M= -15VIE LI, 38 822 N2 AZE tXt= grounddt ECH.

(3) 2 AHEIS] CH1 @2t ctXt= 741 OP ampll 7HEI(V+)1) AZGILD, CH2 22 Site
741 OP ampQl 4B1TI(V-)It AZSHCEH 212 AIROIAN 22 ddoz AZE Hiie 32

9| groundet HZ= & OICt.

@
Offset Nul E 741 0p. Amp. Emm Connected (NC)

Inverting () E ------- 7 | V+ (Power)
Non-Inverting () E H 6 | Output

(Power) V- E ------- 1 5 | Offset Null

(O%) OP ampol & R4
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Lt. Open circuit S4
(1) }&EHEOZ 0P ampe= feedback &I2E Ao AtEstCH. 22{LE, OP amp2l open
circuit E42 2Z0IED| oAl Ot O 20| feedbackOl Sl= SIE2E RHSEHCH. Ol

M, OtchH 222l ground= P2 HBACAM B2 22 AZe At AZEHC.

0 *
Function = +

Generator v,(?)

AVAVAV o

7T
(O02) OP amp2l open circuit 4 =& 32

o

(2) 28 Soll= &= 2|, 8 Sl QLAZRADTE AZSEHH
(3) & LMD &> EFE M I(sine wave)2 A6, M2 3J|(peak-to—peak)
= 0.2v(200mv)JF T2 HFSICH =, HEOle 2 M2l =2 Mol XH0IJt 0.2VIt
CI& = Sttt Fh+= 100Hz2 HF &t
(3) QAZADIO Y 10z &= LI =S MWL 20l= < OP amp 329 &EHS
AZGtD, & MHE9 F ASE dHlud =20
(4) &8 ds MY, Mg JISS 2EotD, A 0l 22 &0 UHeX 1 0IKRE
SOMU HHSEHCH

)

o
N
nz
0
A
i
+
o
-
A=
o
c
i
pea}
°
Jo
=2
e
Y
ol
2

o

1o
nx
ogr

v,(1) -
Function + +

Generator v,(?)

AVAVAV o

7T
(O02) OP amp®l open circuit E4 =& 32

Ck. Inverting amplifierl Flt= S =&
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Y
Rl
o™ T L
Function b +
Generator v, (1)
/\/\/\/ o~
T

1
0l0
Q
I
0%
tol
HU

(&) Inverting amplifier =1

(1) ¢ 289 =2 F4stn ¢

et 2 A2 gte s &

HHS|ne ve)§ A5, Mol FDJ|(peak-to—peak)
= °

= 0.2v(200mV)0 SIEE MFECH =, Hamo w2 A &Metol %0/} 0.2V7t
SE= B
(3) = US 92 Mool 3

HdEe =2 U332 gsS2 BHAIIH, &8 Mg )| gts &
=

f =100Hz, o =27 x100 rad/sec

f =1KHz, @ =27x1000 rad/sec

f =10KHz, o =27x10,000 rad/sec

f =100KHz, w =27 x100,000 rad/sec
f =1MHz, » =27 x1000,000 rad/sec

(4) AN EZHE SsSS 0ISaHA N 2 A& DeiCt.

(5) &8 M9 It & Fht=rUMeE LESHH SNCHH, e O 0l&4MAM =

g Yo AJIF ZAdts AE 2FE € = UL, FL=E St AMZ0 [Hetd £ gt0l

ZAGHCEIE, oF 70% 0K Z A0t M-S FAotAIL. &, &2 do It K2 Fi=
2

S 100Hz)Jt 2 CAS Mo = gt & 70%IHXl

FOH=DF HEF&E el -3dB F=1H24=0104, 0l= DC gainOllAl 3dBEHE

201log (%j = 2010g(0.707) ~ -3dB

19 inverting amplifier SI20M R, =1KQ 22 BAGIH f2 4SS ST
?o] AsE vr=stt

Olgel &80 &2 = As B2ES 2LAM0 JI=8tct.

(6) o
(7) 919 inverting amplifier Sl20AM R,=100KQ2=2 $HA5H0
(8)
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o AF Z) AHAE

(=1
S

<HE> Inverting amplifier® It Sg R, =10KQ
= £
@ (rad/sec) f (Hz) X3 1to) X3 1t o) IG(jo)| 2010g,,|G(jo)|
3AJ1(V) 321(V)
100
1K
10K
100K
M
-3dB =1t==: Hz
<H> Inverting amplifiere =M= g R, =1KQ
g e
o (rad/sec) f (Hz) Humol | HHIO IG(jw)| | 20log,,|G(jw)|
AJI(V) AJI(V)
100
1K
10K
100K
™
-3dB F=Mt==: Hz
<H> Inverting amplifiere =Mt 8 R, =100KQ
= e
o (rad/sec) f (Hz) Humol | HHmO IG(jw)| | 20log,,|G(jw)|
3AJ1(V) 3A21(V)
100
1K
10K
100K
M
-3dB =1t==: Hz
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ala 10. 0P Amp2 JI=x= a2

® |[nverting Amplifier

OP ampE 0|=st Ot 22 inverting amplifier 22 1ol 2Ct.
R2 _l>

?12 2Z20A OP amp2l - &= EHlt= + 28 SAet SEE JU42E 8y, = VE =X
StCh. S8 OP amp &8 S22 22 S0l 8%F= 0 0122, M8l s2= 83= C
S ZCh.
=

Rl
Ol 2HE OI2ctH s &2 &4 dYo HAAS €S = UL

. R

v, =—Rji=——2v,

WetA inverting amplifiere &g 0S8 —R, /R OICH.
® Non-inverting Amplifier

Inverting amplifierOiA &SI €& = A dctEz AZE
OftcH &t

2t
=

non—inverting amplifier& &g == UCt.

SIZ20lA OP ampll - 28 CXts + 28 CXie 22 dMYsS KIS
2 SXE 2 =Wl 8= 00182, U032 ZHE 22 = JUT
Vi = Rl Vo
R +R,
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tetM inverting amplifiere &g 01S2 1+(R,/R))OICt.

® Summing Amplifier

summing

=4ot=

AN

=
1o
o

ol

ol

=
=

Inverting amplifier

03
<k
oll

M
=

s 3

amplifier

(22) Summing amplifier

S
i
=

Ju

-

ol

ol

|20 A OP amp2l -

3

219

ul
ol

= 0 0122, feedback M& R, O

d%

JU

Kl

et
e

® Difference Amplifier

[0
U

u.
o

iof
3

0lo
KD

10
M0

OF

0

oll

KJ
JU

00

HAL Oteliet 22

¢

o
T

SZ0ot)|

ol

[u])
u}

= UCH

s

ArEE

=
=

difference amplifier
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?I1o SIZ0A OP ampll 2= EXtll= MFI 22 SHIHA 2222, 0P ampll + 2
g

Ao MYy gt sy &

EB OP amp2l - €

o S0te 8Fe

ol

S At + P8 Hlits €2 %S J|Aotll, OP amp &= HAZ
0 =

0122, feedback M& R, 0 S

Jo
2
0K
OH
|0
H
Iy
=
ol

o 2129 & ¢ &30l OC M2 MHIF &1, & g8 82

t= 2
ol ol oIS g8t (R,/R) 01 Sai& 3J19 ®0l SHE .
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o AIE HJI ¥ B3

!
HO
[

eAD
EIPV DI

EXl(dual): 1

- OP amp: 741 104

- M&: 1KQ 374, 10KQ 534, 100K 3

- Potentiometer: 10KQ 104

IH

!
=
HJII

|
Pl
o

o AF Y g

He
X
_>'|_|

OP amp 8l 4 Al 2 ME: 0P amp S Z20HAH & ASI} 2&
HA220 = OP amp IC & M 223 ©XH(+15V ¢& S O2k2E AHOI0 HIHAIE(
UF)E& SZolH 2 A0 HEE AtcHEICH.

Jb. Non—inverting amplifier &&

RZ

A
R,
NN -

o
+ +
v.(0) Function v, (7)
Generator

177;77 O

(%) Non—inverting amplifier &8 3|2

= 0.2v(200mV)Jt T ==2 & Fst

CIE = StC. Fh= 1IKHz 2 &F S0

(3) &M M& gt=2 =FSH0 non-inverting amplifierl & 0I5 g2 HaoH 21
H gz MY 0IS s =Eot Hiuoh 20

ot F<ot ACk. 1d

0.1
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(1) 8 M, Ct81 22 voltage divider 31258 ®E &, VW Vi, S SEEH.
+15V
10KQ
1KO V:)jfvetl
I/oﬂfsetZ
10KQ
—-15V
(02) Offset M &M 32
(2) Ote OO g2 RMdotl] 2 =H0les &4 2N, 52 FHlle QAZAIIE
HESBICH. 2 AXIO 2 =W 2HCh
R, =10KQ, R, =10KQ
Otch SI20M VS S&otd, 0l & g0l (1A SHE Ve, D T2 0IRS
BN JI=6tAIL.
+15V
10KQ V”ﬁg' R ’V}\?}\'
2KQ K)ﬁ%eﬂ IVE\, | =
0 | > '
10KQ v, {7
Function v, ()
Generator o-
—15V Jin
(%) Summing amplifier &8 32
)2 AF5tD, ®2ol 3| (peak-to—peak)

(3) &4 gadlol gx =

SVt EIEE AT =, DO Y MUY =2

Ch FM4= 1IKHZ 2 2360,

(4) 221 HET Mol HUAY HAXE SH60f, £2 IO I of fset
CHRt D £ A3t X012 0.50H010H, offset Mt ZCHaL

-

Aol XOIJE 2vIE EHEE @



—

{0
=
1o
>
02
nio
o
J

5) P2 SAZUM Vo Ol S HEES Vi, Ol HIROp 28t

Mg gt TS 201 ut& =, 48 2 (2)~(5) 8 =8,

R, =100KQ, R, =100KO)

Ct. Difference Amplifier &&
(1) Potentiometer= Jt8 NE0I2tDE 220, =€ 3IME0 WMetA JI24d @i @2
Z U E2 2AF A A0l ME0l #HatstCH, OfeHel D& 2 potentiometerl 22kt

LHe RXE 2E0EL.

i

WIPER RESISTIVE
RESIST\ANCE MATERIAL
L

/‘-\

PetentiometerE OIZo6t0 OtcH D& &2 3SIZE PASHCH. Petentiometer8l &0l
+15Vet -15VE 22 HAAdst =, HEl 0IH = otOd potentiometer &
Jr20 &2 839 et A M09 MYSE SHE. sldEsS &2 Ml
Metd Mo HEE 2EotH, Mol ZCHatnt = A0l L0HRIXl 2tF STt

+15V

0
O
>
HU
[>
H
IE
i
o
2

+—0

-15V ’j”

(&) Pententiometer &2

(2) PotentiometerE 0I5t OtcH 2o 3Z2E RAst] U =0= &4 LM, =
= 2

% S0ls QuRART
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R =10KQ, R, =10KQ

+15V
R,
——AAAN—
R,
- AAA— -
o)
AW + +
R
vi(t) R2 vo(t)
—15V .
Function o~
Generator
(O&) Difference amplifier A& 32
(3) &4 &M)|o st EFE HE I (sine wave)2 EAotD, M2 3AD|(peak-to-peak)
= 2VII &2 HdFs. &, EI9 ¥2 M) =2 Mol X0IJF 2Vl Z &= &
Ch. 8t 8t 2MII9 offsetE X&oI S offset M0l VIF H == HASHC).
U2 0V, T2 2VIF T {0 otH, @AzZADRT

i

0l

(4) RHE= 0P ampdl 22 &8 MUS QARADIR =XF6HC}. Potentiometer® 3E=S
SclHAM &2 MY offset M0l BHalole AS 2EEHCH &8 MOl offset MO0
OVot == potentiometerS X&FotL, OIIH2 potentiometer2 &0l L0tRIXl ZEIDIH
£ 0l=2ct0 =& SHCH. Potentiometer2l MU 2 potentiometerl Jt20O HHARE &2 1
2= AROIS] H0ICEH.

[¢]

I
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o A3 2D AE L £ AF
Jb. Non-inverting Amplifier &&
S8t R, =&t HS0IS A 1+(R,/R) | ®0IS SH
L. Summing Amplifier
Ay HH Hs
Voffsetl Voffset 2
(1) Summing amp 922 O|&
(2) Summing amp &2& 0|
Ay HH Hs Mt ZICHX Mot x| A s 37| &1 offset
(4)
(5)
Alsl oA (6)
alg O HS
Voffsetl Voffset 2
(1) Summing amp & 0|&
(2) Summing amp & 0|&
AlS A (6)
Ay HH HsS Mot ZICHX Mot xAX O 30| HE
(4)
(5)
Ct. Difference Amplifier &&
£ M9l offsetOl 0 Ol &I H 8= potentiometer & &
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aE 11, 0P Amp2l D2 S& 3=

® \oltage Follower/Impedance Buffer

v () o)

(O&) Voltage fol lower

voltage

IS 0P amp 2Z0UA &S MY ds= g MY LS9 ga 2282
Jlss e 220 Rot MEgsS HZotUS M,

=
followerct EgICt. 0] 3|2= HE P —
2ot M&ol O0lxle g2 zAs =™ |ow-pass
==

filter 220 $ob H&0l HAZ&

v,(£) Tc R;% v, ()

ol 2H 320l 2ot M& R

L 3

G(S)= oo

RCs+1

OlXIgH, <o D& 20| £t M0l HZEH MY &It et o, e &6
ZHY Jiss =dg = U 0. Olet 22 2HME HHZdtI| ISt 0P ampE 0l
voltage follower 2 Z2ZE 0l = UCt. =, Otce DS 20| low-pass fileret 25t
XM ALOIO voltage followerE €28, low pass filtere &3 fot H& 2Ho M
2 & 2 0, 0P ampl €S HRE= MII HO SEX fLel2xz, 2o HEO
low-pass filterOl OIXl= F&0l HE A . 0% 22 EEZ AIZZHUS T, 29

3|2 = impedance bufferct) £2J|% &tC

'VV\ +
V; (t) RL vu (t)

ﬂ&ﬂ O

(12) Buffered RC low-pass Z &
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® |[ntegrator

C i)
=
R
(1
Vt( ) — —O0 vo(t)
i(r)

(O2) Integrator

219 2= 0P ampE 0lE8t MEJ| 3 20ICH. <2 Z20AM = i) =

OICH. OP ampel - & SXt= virtual ground2A 0 VoIt 0|22, & &2 OS Al
20| ¢8 Mo M2 AIF Zo& M0IC.
1 et
v, (t) =— E'[O (r)dz +v, (0)_——j v.(z)dz+v, (0)
st 0] gzo MY S+= Us 2L,
Vo(s) 1
V.(s)  RCs
P2 22 HED| 2= Y ASE BRI HIS g2 Yol B2z, &2 gt
AT e M0 NBFEHO=Z QIIEH =& M2 HEz SIotHLE, 246l EH
S 2oIC. MetAl, fe 22 2D 32 AIga)|I0F X &2 320|C. ®2)| 32
= H=EHOoZ MELHe HERE Wle otXe, CE dz9 282ZM AMEdHeE E20F B
Ct.
® Active Low—Pass Filter
R
—AAA—
C
i
1(t) o—rmar—
' —Ovo(t)
(0O&) Active low-pass filter

HEJIC 20 M HIHAIHS 2HN HSES 282 HZGHH active low-—pass filter 2
ZE FPHE %= UCH. HIHAIEILE AEEIF Z&E 0P amp S22 MY &%= UsS 22
329 2HE OlsotH &H P& 5= UL,

123



Z,(s)

vi(t) o Z,(s) v (f)

(08) LUHASE Z&tst OP-amp 32

2 I=20A Y &= OS2 2L,
V,(8)_ Z,(5)
V) Z()

0] ZHE 0l=2ctH 2 active low-pass filtere MY &L= OSW 20| 2AHsHH F

Fig) o &
Vy(s) Cs)_ 1 Cs _ 1

V.(s) R Rl gy L RCs+1

P2t 22 active low-pass filtere HAE2 HINAIES MECtoZ2 PMA= pass |low-pass

filter2t= &2l 2ot Mg &0l 2loiA Ses 22X E=te 0I0.

® Differentiator

__,_ 0

(O&) Differentiator

H2J19 3 Z20AM Mgl AMAIEHS |IXE M2 BHRE, 212 D8 22 0120 32
oF Sl 12 Z20AM BRIl s

dv, (t)

dt

OICt. OP ampll - &= HAt= virtual ground2AM 0 Volt 0I1E2, &
Of 2 &2 0120 &It Soldl &MO0ICH.

i(t) =C —’

Je
r
1
1o
[
alo
7z
B

my

dv, (t)

v, (t) =-Ri(t)=—RC ——= ot
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=—-RCs

Vo (8)
Vi(s)

Ol slz2 =0l ts

Acos wt

vi(©)

—Awsin at

Vo (t)

Olet &

b<=0ll dleil

il

ol
io

<J
fill
i
T

<

ol

Ok

KIr

Ju
o
<!

0lo
24l

Rr

i

o1
1lof
<
0lo
24l

0]
I
0

3+

Kk

0l
L

2=

o}

etA OlE

al,

C
I

HAI
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00

H

o
IH
0

3

Kk

0l
i

|20A U2

=1

2= &K

oy

Olet 22 Ol

ECt.
(N

SILAIZ I

3JI1E

low-pass filter2t

4,

[e]3
s

9]

ol

I
Ok
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JI
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00
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TS

==

Ql

e AE AHDI

Al
™
<

<A

20

oll
io

<

ad

(Ct.
23 SAH(+15V H&2 X)) et D225 A0 HTHAIE (0.1

+

v, (1)

O
O

(%) RC low-pass ZH

(RE

10002 10K
OP amp 3I=Z 0l A

v.(

Function

(=]
—

2|

Generator

10KQ 274,

0.1uF 174

- OP amp: 741 1JH
OP amp IC & &

1IKQ 18,

—

—

Voltage Follower & &

OP amp 3= 74 Al =2 At

g0

- HIHAIE:
- WE:

Jt.

i

|
=

-
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FAHAIES gt2 TS

)

(1) ¢ 29

Al

ﬂ
100

|,

IS

o)
Rl

10KQ, R =

0.14F, R=

C

Ju

219

03

e}
[l
Tl
ol
00
=
ol

KIr

, === 2 100Hz(=

R0

P S (square wave)2 &

dgel FJl= 1880t &

i

oD

oD

o

180
KIr

o)
10

RO
Rl

r
H

10msec)

—
[—

p)

53
Ju

ELl

tOIOF 12 E0t &

=

ol

o)
RO
KIr

ol
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A

o BFROIA (3)2l
R, =10KQ

Ctea 2
R, =1KQ
BH 322 2ot M ALOI0l voltage fol lower 32

£ot M
chel O 20l &
PH= BT}
R —_
N !+E +
J_(? RL vu(t)
T O_

vi(?)
(02) Buffered RC low-pass Z &

+ |
=0
\".‘< l
= +

S
>
0

ML

Jd

Lt.
v,(1)

Function
Generator
JuUue
Y/
(Oe) Integrator
&4 2MT|,

=kl I

(1) 2 D9 2| 3I=2€ 2
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b

C
0.1uF, R=10KQ

2F
=

FOF HIMAIE S gt TSt

ME

Ct.

o)

o

i
=]

C=

I (square wave)2 &

= & 100Hz(=

i
Uk
ki

o0

o0

ol

180
KIr

i)
70
Bl

r
H

H

Wl
il

J

tOIJF 1= &0t

K

ol
ol

| 0 Ol OtLIE

= e

| E23(0C &=2)01 &

9]
HAL =T

| 001 Of

=e)

tol "zgtol &

F210 X &L

2E

t(sec)

t(sec)

0N

Ll

o)

ol
]

]

ol
g
KJ

ol
K

-

KO0

g
KJ

Tl
&)

OP ampOfl

BN,

Jb -15~+15

Ok
pill

ol
ol
Pl

)

-

ol
pd

o &%

20

Volt Ol

-,

_xE
2

ol
As

J!
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As 12, Active Filter

® Active High—-Pass Filter

vi(t) O_NNVH—I%I_@V ©

(O&) Active high-pass Z

P12 g Z= 0P ampE OlE8t high-pass filtergA MY S4+= CIS0 2CF.
Vo) . Ry RGys s o = 1
Vis) R4 1 R.Cys+1 s+w, " R,C,
C,s
ol M Ex0M =2 = US0l, f2 IZ2= FUIF Ot T2t 8Y &42 3
Jle &O0IXH, Btz F=0=2 AJ|JF HE Uetdes 8g 42 Adls 12 8§28
Ct. Me2tA, 0l 32 Y2 T4 ds=E EWMAIIKN $1D =2 =049 Als0 =0
AIIEZ high-pass filtere E485 JI&ILCEH.
® Active Band-Pass Filter
—o0 v, ()
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It AMSE S AMIl= band-pass filterE A = ULt 9 322 MY = U3
/=y

|_|(s)_vo(s)__ 1 _ RCys [ awo ) s
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Vi(s) RC;s+1 R,C, s+l s+o, S+,
s? +2w, S+ o o, 1 1

2 YO = y Wy
s°+(a, + o, )s+ o, R.C, R.C,
_/'\_

R, =10KQ,C_ =0.1uF
R, =100Q,C,, =0.1uF
s? +2000s +10°

H(s) =
(s) s? +1.01x10°s +10°

UER2L2H MHE F=0F4=(center frequency)s

@, = Jo o, =~10° =10*(rad/sec) =1.59x10°(Hz)

135



Magnitude (dB)

Phase (deg)

Bode Diagram

T T T T T T T T T T

1l ' el L ol ' el ' ol

102 103 104 10° 108 107

Frequency (rad/s)

(0%) Band-reject ZH HE H&

136



o AMNE AHJI &

I
O

- A EX(dual): 1

- AMMAIE: 0.2uF 204

- OP amp: 741 34

- M&: 100QQ 224, 1KQ 291, 10K 44

o AF <Y X EX
OP amp 32 A Al =2 AI&: OP amp S ZUHA & ASIF LRcl=E L0 JACH. Od
A20= 0P amp IC o d¥ B2 ©AH(+15V H& X))t D2k A0 HIHAIE (0.1
UF)E SZol 28 40 HRE AL

(2) &= ZMIIQ &> BRE ’ééﬂm(sme wave)§ AFotn, ®el AJ|(peak-to-peak)
E 28EJt H&E HFsith. =, SIS ¥2 MW =2 ML X0IJt 22EJ H &
= sttt

(3) Mo FUI4E CUS2 UEZ BFAIIIN, &8 M9 I)| gts 23 Ao 3
Il ez LhE s JIZsttt

=10’ rad/sec, f =159 Hz

o =3x10° rad/sec, f =477.7 Hz

o =10" rad/sec, f =1.59 KHz

o =3.16x10" rad/sec, f =5.03 KHz
o =10° rad/sec, f =15.9 KHz

o =3x10° rad/sec, f =47.8 KHz

o =10° rad/sec, f =159.2 KHz
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Jt. Active Band-Pass Filter & &

S =4
@ (rad/sec) f (Hz) X 31t X3 1to) |H(jw)| | 20log,,|H(jo)|
3A2J1(V) 321(V)
10° 159
3x10° 477.7
10* 1.59 K
3.16x10* 5.03 K
10° 15.9 K
3x10° 47.8 K
10° 159.2 K
Lt. Active Band-Reject Filter & &
g
o (rad/sec) f (Hz) NSO 20log,, [H (jo)|
2I1(V)
10? 15.9
10° 159
3x10° 478
10* 1.59 K
3x10* 4.78 K
10° 15.9 K
10° 159.2 K
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