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nﬁinaaaquaﬂ ACTIVE FILTER
< . .
N119naa8avyn 1. Low-Pass Active Filters

2. High-Pass Active Filters

3. Band-Pass Active Filters

4. Notch Filters

5. Twin T Tuned Amplifiers

6. High Q Tunable-Notch Filters -

7. Tunable-Center-Frequency Active Filters

A1INARBILIAY OSCILLATORS
A1TNAABNN 8. Sine-Wave, Phase-Shifter, Tuned Oscillators

9. Wein-Bridge Oscillators

ar9nNaeandl éﬂ\l GENERATORS
ﬂﬂﬁnaaaq% 10. Experiment Linear Voltage Ramp Generators
11. Linear Sweep Generator
12. Missing Pulse Detector

13. Variable-Duty-Cycle Pulse Generator
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EXPERIMENT 1 LOW~-PASS ACTIVE FILTER

)
n1Tneaadn 1 .

| 24

1. f11953nuar 131299937 LOW-PASS FILTER
2. €1y1700anuuy, #3194 War NAFRUI9AT LOW-PASS FILTER
. ] ) ¢ < 4
3. @W1701419937 FILTER U 1l¥dssanatunisaaniuuiiauidanituiasay «
4

. ®§11TnaFaU waryn Bandwidth zagiv’37n818

UNUD

IITRAIEUUY  Linear guaﬁuﬂiaﬁﬁuqﬂisqﬂéﬂﬁﬂuqqq7 Filter Lﬂaqnﬁn
INITHLIANAIAIINAIUNIUNIIAIY input o8 MUY TNAA 3939 RC-tuning
N1INFINIT0312937  tuning Htuea L B Rudau input u3a RaudlaudguInndunasay
ITHENY

1439 Filter aﬂﬂLﬁudqﬂiénﬂﬂﬁaﬂ Low-pass, High-pass %38 Limited-
band-pass ,Qﬁﬂiﬁﬂﬁﬂﬂﬂﬂﬂiﬂﬂ%ﬂd1uiﬁﬁu7u5mTﬂﬂﬂiﬁﬂﬂﬂﬁﬂﬂ?ﬁ???ﬂﬁ?ﬁﬂ?ﬂug
nBQﬁmmwmﬁﬁaqn11Lﬁﬂ§u VB8 capacitor ®a3¥uInei output 389993 T
fiv  input AB9ANI9 TN 867 resistor F9@BA9 ground ¥neuile Feiin
. A198314999357 High-pass filter furay  Aradusznivda capacitor fu
resistor ﬁﬂzYaQQQT Low~-pass filter.

- « da V] o
nangoNARlIND NUAY X_ = R AsTAAIMINGU output V__, = 0.707 V__

2

' ¥ 2 ' « < ! < ¥ o E% [

ﬂﬂﬂaﬂuaﬁtUuﬂﬂﬂdﬂunjanQQQ %%ﬂﬂﬁéﬂ nﬂﬂu?ﬁﬁmmﬁmuuwﬂuYﬂYm LFan Qmﬁaﬂ
! < < . .

30 cutoff frequency EQLUuannﬂﬁﬁdmmﬁmﬁﬂ@ output amav 3 dB.

LU
aa cutoff frequency ﬁnﬂYaﬂﬂﬂgmi

Ve = 0.707 V,_
Ve = 0.707
V..
in
Gain (dB) = ~-20 log 1

0.707



= -20 log 1.414

= ~3 dB
<4 - 1 < - vay g [~ <
LUBYIINAIULUUA I T ITHQYPYIUNAAR IINTIRUATLUUGRY @ -3dB uag
< ' ] : 43 ' .
ﬁ1qna§15wqﬂq§ﬂ§qqm uasmWQQﬁaﬂn1qwﬁmmﬁmnqﬂunuua?ﬂndﬂ Bandwidth

-] < e
¥ Rick] low-pass filter TUNITNAADIR LUy Tr gt anuul NN Uy

. o, .. - < . 3 < :
(Noninverting amplifier) ?qqsﬁﬂﬂﬂﬁmmﬁmnmﬂﬂﬁﬁﬂiﬂun 1 kHz 3F9i13an
X, . 4 ] < o
IIITUIN Inplies, ﬁmmﬂmﬂdﬂunmﬁngnﬁﬂﬂﬂ Tuﬂmsnﬁmmﬂmﬂdﬂungqqzﬁnmm
o . . S
NBUIY TUA1IITNITNORAIN 2 2935 high-pass filters qsgnuﬁuﬁﬁﬂﬁﬂ INITAFE
& [ . e
A UL IULLUT AL NILAY (unity gain)

4 a [ LY ‘b! . [
1u1011nuamqm03ﬂ 1.1 LﬂunWTTﬁdquuuqnanaituaé LM324 a1t duy

29 TA TR QYN fainulasy  C, Qn?dtwaamﬁmmﬂmnqﬂungq LA RUYINTUNIU
U . < >R . 0 [ 7] -
IININATBEETIRV1I8LUTIRN LR (UAIIINTUTIBRIUNBSBBSI9RITNTAITNIGN 63

AINEIUNIU R, WAY R_ Ferautindidy  bias  WHw inverting input. @A
X_ naqﬁatﬁug c, asaaaqLﬁﬂﬂ?ﬂﬂgnaqﬁmmﬂmgqﬁu Feaznintidannn
HaunFufidauantusay 0310170812808 daudama1uEaunay R, Waz R, tiuiin
Miily bias TiFum noninverting input WazdliAlIMGIUNIY R, U’z R, uas
ﬁ?tﬁﬂﬂ?sa C,» C., Uax C_ LﬁuﬁqﬁquumimﬁﬂQﬂu3§q§mﬁ1u15

EQUATIONS

Corner frequency(or end point)

f = 1 (1.1)

6.28 / R, R, C_ C

When R, =R, and-ct=Cg

f_ = 1 (1.2)
6.28 RC
Endpoint (-3 dB) = -20 log Vo
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qﬂn1mn?ﬁ1unﬁ1nnaav

tag:
LM324 1 62
3Bdand: 5%, 1/4 Sad:
10 k 617
100 k 2 i
150 k 1§61
220 k 1 67

s P ] - vd
A1lIBLaaT: A, (NR1, BLAATNILAN, 20%, 25 V:

500 pF 1 62
0.001 uF 1 69
0.02 uF 2 @1
1.0 ufF 1 62
¢
qﬂn1mauq:

IC Socket; 14-pin 1 @2

Qﬂnsé#?ﬁ?unﬂ13muasnaaaq:
Oscilloscope, dual-trace, 5in
Function generator, 10 Hz to 1 MHz
Digital multimeter

Power supply, + 15 V, 50 mA



0.02.uF
11
- 1
R3 >
220k
A A
—--O+15V
{4) .
1uF 10k 10%a @il X ‘ —O Vour
v, o—| A AAA- A Z—
/1 o 4
. 4 174 324 s
- — 100k
"'_CJ / LG R, . i _LC4 A
0001 4F  TTT0.02uF 150k / ISOOPF 100 kQ
Eﬂ 1.1 Active low-pass filter
4
FURAUNTITNOAA
' [} & . (Y]
1.maqqq1m1u3ﬂ 1.1 Tmﬂ?ﬁqﬂn1mmﬂunn1wum11?u1qq1 Laza333day

s v [ 4 4. Ve < [} [
ARTINITVLIYVBIINAT, TUNIAIAIIUDTASRAYINNNITUEATINITIH18HAILNINY ~3dB
< 4 ' < ] a (v o f
(n?atﬂujanﬁﬂﬂtﬂu 0.7 LNIABNBASINITASIAULIIAU) WL TaunTIWa TN T uHuS
4 -~ (vl d 4 4} : : o -
SPINARTINITBHIEAUAIIND DD SHYYIUN L YR aull %qqsﬁgﬁsﬂqﬂﬁﬂﬂnu n11WQ03ﬂ
- 4! ]
1.2 TaﬂLiuaﬁnWQﬂNQWWQQmaq Function generator.
) "8’ % 3 4 @ o
2.?ﬂm511ﬁ8ﬂﬂ11ﬁLWﬂuﬂﬂﬁ?ﬂﬂiﬁﬂﬂﬂT@ﬂﬂﬂuammﬂmzﬂ'Lﬂaﬂu tuﬂﬁsamﬁmmﬂm
B i-' . ”4 . 4’ Au < t ) 1
GERERY Oscilloscope 19n DC input Lwanm1LnnﬁisgnﬁqmﬂuﬁmmmenLﬁq
4 4! .
NITUNIULAD L URFQPYINRIINAG
[ 73 . [ PR PR
3.¥uIAIANTINITHAY8 LU dB o ndgyosiaNn 1 kHz
4 . 4 ) o
4.%%2937881TN9811199T0989A114D6 (Low-pass filter) Yul¥vuvle
o ¥ : PUPI -4 ' o )
5.MYMBANUULINATISNANUBATINTISHg LU 1000 1119 MUAIIAIIUD TEUI

10 Hz 09 1 kHz



Eﬂ 1.2 Filter roll-off, 3dB point

RauAINYU
- ) -4 e ' -
1. LNARNIMNINAIUEANTBNAINITREIEANAINAT L UU 0.7 LN B SFyINL AN
A EgIMNEIGna LNty dB
I ) > a ' Py
2.97Mm C, = C_, = 0.005 uF Ua8s R, = R, = 100 K ohms, Iuuiai1211ua
4. t 24 - 1 | Y
ol jﬂnnﬂ?ﬂﬁmmﬂmmﬂaﬂuﬂﬂlnﬂﬂn -3dB (conner frequency, f_) ABIINIT

4! )
nTavagyINiINaf (Low-pass filter)
. > < L
3. DN TIOUNINGIUTIBANTASINITATANEYYINAIIUAGINATILNAAY 0.3 V Tasd

™ f a | e a
KINAUNINAIBEILEILNIAY 1.0 V, IWMIe1dRTIN1T08781Uuniag dB

4.7u293771 1.1, #0710172878029293T0A

#1981
1. 3 dB
2. 318 Hz
3. 10.5

4. 1.5 (Teadqszsum)



EXPERIMENT 2 HIGH-PASS ACTIVE FILTER

<
n1Inaaasn 2

V4
3aﬂ7=ﬂqﬂ

1. f1M33Nuax 111199995 HIGH-PASS FILTER
2. #01T088ALLY, H319 WAE NAFAUINAT HIGH-PASS FILTER
. & ) Py ') P
3. #1N1979U19939 FILTER U 1ﬂ1ﬁﬂﬁzqﬂﬁ1unﬁiaanuuuLwaunﬂmwﬁﬂuqqqiau 1

4. RN17aN6HaY Uas¥1 Bandwidth 2897193 7TBEE

unuI

143937 HIGH-ACTIVE FILTER %atuszasiafiy  LOW-PASS FILTER sn

2

LU ROLL-OFF ANRavAINI9duling  AMPLIFIER &  13an%d
NOMINVERTIZE UazZiRTIN1TR818°9%iNn2AY 7 (UNITY GAIN) .
31071 2.1 udA9AIIY 3BINITAAUAUAVRIMTY  LOW-PASS AMPLIFIER
w¥an H91997Ldau LAzl 2.2 \ 1892947 HIGH-PASS AMPLIFIER
WATIUIY 2.3 @1WAIUNIU R2 war RS aziedsuvduan DC Ry
INPUT 789 AMPLIFIER @11131Aa% C1 uas C2 waz RI tuasidudaniivus
LOW-FREQUENCY ROLL-OFF #ﬂaﬂﬂﬂﬁﬂ

EQUATIONS
CONER FREQUENCY

C, = ¢C (2.1)

6.28 R,C,



< .

6.28RC

v!l‘l
=f
. V 4 R - R
O——AMA- ;1. AAN—O
Vin & [ v.out
' l.ow pass )

gﬂ 2.1 Low-pass roll-off and equivalent circuit

¢” 6.28RC

. out

5.<<

High pass.

zﬂ 2.2 High-pass roll-off equivalent circuit



. - 10k
—VWVv
P
“100 kQ
Cl CZ
0.1 uF O.IIpF ) —oV.,,
v, 0— “4!*_ :
, 1/4 LM324
R!
100 kQ2

3“ 2.3 High-pass active filter

£
8UNTANTEIUNIINAR DY

1ag:
LM324 1
Bd1a8d: 5% 1/4 Fan:
100 k 2

{ w '
IR LaaTUTua e .

100 k 1

'S ES ]
a1U1iead: o, tuan,

0.1 uF 2

)
qﬂnimauq:

i¢ socket.,14 pin



qﬂn1&§1§1uﬂﬂ1ﬁmuasnmaaq:
Oscilloscope , Dual-Trace, 5 inc
Function Generator, 10 Hz to 1 MHz
Digital Multimeter

Power Supply + 15v , 50 mA

2,
IURAUNITNAAD

1.U5y  Power  Supply + 15v, ﬂﬂqmnmaaeﬂsanULﬁﬂﬁu Power
: : 42
Supply ®793day Bandwidth fav193g uasnﬂﬂﬁu911uﬂm1naqjm ROLL-OFF

[ 4 1 W [} 0
A18a9 Low-~ Frequecy 1N 3-dB tn1autniatunse

-

) & ' 4 Ve [ 4
2.198un19 2.1 uﬁjm ROLL-OFF uwa2tUFauingua1niatanuann

6
IIANVTAIUIN NI INALARGAISAY
3.M1A1 Midrange Gain 1893933W@7t1w 1 niaty
4.38915UA 1989 R, 1#BH9% ROLL-OFF Frequency L1y 200 Hz
5.880lul  four-Stage Amplifier Taaliy Midrang Gain = 500

uas Low-Frequency ROLL~OFF = 50 Hz

AAUAIDNIN

)

1.949939 High Pass Filter U 2.3 91 R. = 22k Taﬁu Lay

9 2

C,=C, =0.05 uF Corner Frequency zAATLN NS

-~ . . . o <
2.7a8yYne Bandwidth 7389 Amplifier 3¢7an3a1e

%

a) -3 dB
b) -6 dB
¢) -12 dB .

° X, ] 1 -~ Vs o
3.67 Capacitor UARAZ7emi1em1 1 fiy 3190 3% ROLL-OFF A21udgy on n3n wa
4.7un19a8nUUY  High Pass Filter 6a<v@nlivdy Loe-Frequency ROLL-OFF

- <
Coner Qﬂ g W6
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1. 145 Hz
2. a
3. an
®
4. an
o

dyd dl Y o U 14 tﬂl = 1 gj 1 Y o ¥ 6 Y ¥
wnanstiluenansianulidwiumsldnuienisfinumintu leygalihluldusslevisunisen

I =~ O & a Oy agvo & - O Ao ° v
VLmWﬂiﬂﬂW]‘VNau @ﬂﬂﬂﬁ’]mmiﬁﬂﬂuﬂa%u@%q LLa%@@J@W\?@QﬂQL"\HSU@QL@ﬂaqiv‘]ﬂﬂiﬂwmﬂqiu’ﬂiﬂsﬁ



EXPERIMENT 3 BAND-PASS ACTIVE FILTER, "BI-QUAD"

A19NARANN 3

'y
Qﬂﬁzadﬂ

- Iue

o
#1700 ANLUUIIIT  BI-QUAD ACTIVE FILTER ﬁwwsunwsnmﬁmmﬂmWQﬁun
mﬂuq ﬂaqundaaaﬂtwaﬂwﬂaﬂuﬁﬁ AANAITHY
2. ﬂmaauuazuﬂﬂnﬂmwﬂ1u10a1 FILTER

’ I'4 Y v
3. ﬁﬁMWinﬂisqﬂm1@@71U1§0ﬁu1u10a5ﬁ3ﬂﬂﬂ?ﬁ IC &

UNUI

4
94999 band-pass (bi-quad) filter Hasil Q gq LAERINITONTNUAT 2
A11unle TasasTEivnang 3 1@

. v <~ o v
1%ﬂﬁ5ﬂﬂaﬂ@qsﬁqﬂﬂ5ﬂﬂqﬂqiﬂﬂﬂuﬁﬂ, #9719 uwarnadgaytiunasaunanta

H = midband gain

Q@ = bandwidth

= corner frequency
= 6.28f_

= center frequency

W
f

F_ = center of bandwidth respone curve
F_ = high-frequency half-power point

F

= low-frequency half-power point



EQUATIONS

c, = C, (3.1)
R, = R, = 2R, (3.2)
R, = R, (2Q - 1) (2.3)
R, =R, = _1 (3.4)
wo c.l
R, = R, = 2R_ (amplifier biasing) (3.5)
H = R, . (midband gain) (2.6)
RJ.
Q = f_ (f, and f,  taken at 0.5 H_) (3.7)
f, - f,
Gain (dB) = 20log,  Vout (3.8)

210

\'

1Y



PROBLEM
M Q = 50, f_ = 1 kHz, R_ = 190 k WAz C_ = 220pF @1u4I0M1A"

o

C, uaz R_ 99 R

-4 a

INFUNIT (2.1) C, = 330 pF

IINAUANT (3.2) R, = R, = (2)(1.8 x 10°) = 2360 kohnm

IINANNIT (3.3) R, = (1.8 x 10°)L[(2)(50) - 11 = 17.8 Mohn
INNFUNT (3. 4) R_J > s 1 = 483 kohm

20

(6428 % \10-)(3./3 x+10757)

AIAAUNTT (3.5) R, = R, = 2(483 x 107) = 1 Mohn
NFUN1T (3.6) H_ = R, = 17.8 x 10° = 100(40dB)
R 180 x 10°

a bT ] < U d . a“r s <
FINNTITAMINALTAAT R, FILAUAIINIZNHI9IY GeiuTunieudiifan R -R,

} VI ] ( -
F101708091ATaaEAuNALADT Kk = 1.78 aAun1l#

a
2R, = R, = R, = 360 x 10 = 200 kohn
1.78
R. = 100 kohn



nay R 1.78 x 10° = 10 Mohnm

1.78
UHREITT
Tasyn@aan k asaéﬁswiqﬁ 0 DY 10 LWRIWIARIAZINATUATNNIATEU
( 1]
gﬂﬂ1mﬁ1§1uﬂﬂinaaaq

1a7:
LM3900 1 @9

$R41ma¥: 5%  1/4 Taa

=3

4.7 K 2 @1
100 K 1 a9
220 X 2 @9
ATO K 2 @2
1 M 2 @1
10 M 1 @1

4 < ' a ¢
a1U1B1ans:  @ad, Iu’1, Bsiaansalan 20%, 25V :

330 pF 2 G
1 uF 1 @n
4
qﬂhimauq:

IC Socket 14-pin 1 @1



‘ i L ¥
qﬂﬂimﬁ1§1un111auaznﬂ1nmaad

Oscilloscope, dual-trac, 5 in
Function generator, 10 Hz to 1 MHz
Digital multimeter

Power supply, + 15 V, 50 mA.

L v : .

v, (DC)= _£€ ok

i 226 k§2- < {

A, B, C=1/4 LM3300
RS 3
470 k2
AN\
CZ
330 pF
O A
I |
(8)

(m/////f
\\\f\\nm
+

91 3.1 1439 band-pass active filter
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AURAUNTITINAADN

U 4 ' 'I. L . .
1. maaﬁaimﬁuzﬂ 3.1 TmﬂﬁﬁqﬂnimmﬂuﬂﬂﬁﬂﬁﬁuQTQ uazuwﬁmmﬂmzﬂ sine wave
Tagiina1udlugae 1 kHz (800 - 1200 Hz) fiinasiufingq static voltage
2. ﬁwﬂﬁiaﬂmgﬂmaqmqwuﬁmauﬁuaanﬁo5ﬂu o/p ANINATTHNE NAFWNIN i/p iTe

W 10 mv

e <o 1

3. Jaauariufinen gain VASHARBUALDY H,

1 ]
o <4

4. IMNIAANNINANBNAINNA £ WAY 0.5F_ (f, 4ag £ ) IWAIMUAAT Q 12974937

4
5. a2wniiliniuanauduastudav £, was £,

fa1a1y

. : J 3 . 4, 4
1. Tuq937 bi-quad active filtor A&9437 integrators A¥ant¥asnuuy

9
<
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EXPERIMENT 4 NOTCH FILTER
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EXPERIMENT S5 TWIN T-TUNED AMPLIFIERS
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Eu 9.1 Bridge circuit equipment, Wien-bridge oscillator

EQUATION

f_ =_ 1 (9.1)
6.28RC

s .

nR, = R, waz Cc, = C,

w2t o= 1 (922)
Rszcxca

<

nowW, = 6.28 f_

f = 1 (9.3)

6.28 / R,R_C,C_
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EXPERIMENT 10 LINEAR VOLTAGE RAMP GENERATOR
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ACTIVE DEVICE:
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2N 3305 1 a3
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EXPERTIMENT 1 1 LINEAR SWEEP GENERATOR
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510 12.3 RELAY LOCKOUT CONTROL CIRCUIT
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EXPERIMENT 13 VARIBLE DUTY- CYCLE PLUSE GENERATORS.
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