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Phase of a Sine Wave

The phase of a sine wave is an angular measurement that specifies the position of that sine
wave relative to a reference.

Agas ye Aol 4pilly Al 028 ie A gall g g0 Clay Aaal (gl die dx gl 5k

& Aas 30 Aad IS L Jaall Sad 5 sl U et S e Lgad i 4 Al uild gjn Dlie da gall cilS 18

)

4 o e o o ok iy = == = = T = e - }\/

-— —y

-5 Gy e ~ -~ - Y ~
’ ) ( 0 . :
(@) A leads B by 907, or B lags A by 90°. (b) B leads A by 90°, or A lags B by 90°.)
~ i e - ~ ~ - _ - —- - '

/2 Jldia A e 3,alk B = /2 Jlsie B JAsle A n/2 Jue B e s Al A=/2 Jic AJAB 3



The Sine Wave Formula Vorl

A
| SR
.‘ S
y = Asin# |
|
|
()
— { -
Y
Vi(V)
A
110} e
BOD T — —
' |
- |
v = V,sind = (10 V)sin60” = (10 V)(0.866) = 8.66 V »n
B
0

0°  60°90°




Phasor Representation of a Sine Wave

A full cycle of a sine wave can be represented by rotation of a phasor
through 360 degrees.

The instantaneous value of the sine wave at any point is equal to the vertical
distance from the tip of the phasor to the horizontal axis.

80°




AC circuits

An AC circcuit is a circuit contains one or more of the passive components R, L and C (
connected in series or parallel) while the power supply is an AC source.

Dkl Aaally e glaall 8K a0 piall il dully 48 gleall ) daslaall e glall 8 LS Jady Glall ddls
Anabisal) o st 5 dagliall o il ac V) Laa 48 glall sl dailaall WIS o and 5 el

- v
Impedance (4 s=all 5l ax3lall): it is the ratio between v and i Z = n (Q)
or Z = I_m Q) To not depend on time
m
Admittance Adasludll Y = % Q-1

(DLl 5 aeadl aalad) G sl 5l) Hsh sl 5 ot Led dailaall can jial) Ll il 5o 4

ol agall ol Ll JSEl drpa o oty g ot Al a3 yiall Ll il g0 8
. phase difference Lskll 3% simpedance Azl Jaual
A3l Ll Aald aalia (he olialad Le (gukaty iy g



(1) Impedance and phase difference of a pure resistor (R)
L}J ;\.4313.4 3_sila

Current Flow Current Flow

| — ,
OC ' AC S
Supply A Lol i L daa 5Y1 A glsall Su Dol
+ 5 aiusall LAl i ga A PPy
10V—= I SR sl gl 50 10V :
) ling ¥ JLals o lidl) e (rms)
el A gl
Assume v(t) = sln(a)t)' V,sin(wt) (1)
From (1) = 2O _ Vm 3
Ohm’s law i(t) = R R z sin(wt) = I, 5”1(2)9 (2)

GV, 0 Om skl (BB Y Ot (2) 5 (1) ol

sl i slie Alla
phase difference ¢=zero J G el

Also, Impedance =—=R



om A G ey Lede Ulias 3l 4 pual) il oda Jial (S

53l Slall Jiiall
S stia a3 il
VR -y — vREtj = R.ImSiﬂl:C'}t}
IR e IFt::t:I = ImSin{mt}
Im
Bl 2
0 , , -
= I
[
[
[
[
[
[
[
- >
1
T= —
f

Sinusoidal Waveforms for AC Resistance

(ai¥l) (s shall Jiieil
pslie dlla 8 Lall 5 agall

_ﬁ F -
+

Phasor Diagram for AC Resistance

a4 AY) e Laaoal (alas) Al of asiiaae o Ll 5 agall Bl ey La (e



(2) Impedance and phase difference of a pure inductor (L)

AU el A5 ala 5 00 . )
(Inductive reactance X; 4dal) ddeldaly) — -y

ookl Adla JS5 e Jianilgia g 2ga Alla (ia yidi, 48y ylall yudiy
skl 358 A gladl de lgia Jani Lagin 43Nl

Assume v(t):l Ism(a)t)' (1)

But
. 1 1 . Vi . Vi
i(t) = Zf v(t)dt = Zf V., sin(wt)dt = Tf sin(wt)dt = ——=* cos(wt)

’\

/\I . c « s .
i(t)= +'—|sm (wt — E) =1L sin (wt — E) : (2) oY ciia) dasil) o

‘a)/l 2 .o ____ 27 599 JSI 3 gana Jalsil)

)

b=— O ol o i e Bl (4~ sl Byl 5y bl ey gl ety (2) 5 (1) calbadd) e
seall Gay jlall of J&

Also, Z =—= X; = wL = 2nfL

Im 9




oAl Gy ey Ll Ulias 3l 3 jual) ilil) o2a Jilad (Sa)

53l Slall Jiiall
L'L\;L_BL\M\;‘;J\,&\

1"|.|l'r|_.:1;:| = Vm Sirl'l:t'}t + QDD}

I|_|:t:| = 1L Sln(fﬂt}

Biot)

seall (ALY o sl Jiiail
S8 Galedlla a

A
A Vi \m
90° I,
. > +
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(3) Impedance and phase difference of a pure capacitor (C) _

' =
-y = “ “ « 3 25 v . I
Capacitive reactance X, 4 grad) AdoUal) 50U gl
P
Assume  v(t) = Bln(a)t)' (1)
But i(t) = dv(t) CE(Vm sin(wt)) = CwV,, cos(wt) * @ :
v =V, sinwt
i(t)= CwV,, cos(wt) = I, 'sm (wt + —) (2)

¢=;’T _‘;a;gwq&auggjﬁ@)\}_‘,gmgcﬁiyw@i@4(2)5(1) cilaladl (e
DLl GaY seall of J&

V 1 1
Z = M — XC = =
Im wC 2tfC

-

Ity = Imsin(et + 90°)

ot
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G A ) et L 2a yie LS e Al oy o 3o jiie Ala JS AL 50 amy V)
s i s O s G A 5 R a ey S () S Al o0
5 e LaS 8 gl yaS (i) o8 )il ddlia) e aliaallS ducaly ) cBllasl)
(4) Impedance and phase difference of R, L, C in series:
sl o CifiSa Ciledaglia il g2

a- Series Resistance-Inductance Circuit R, L 1, ‘ )
/{/
————— o) ®
Assume  i(t) = Im:sin(a)t) : (1)
From Kirchhoff's voltage law ve =Vgp+v, (2)
Vg = IR = Rl sin(wt) asl 58 e Cigyae daslidll e gl
v, =27 ft LS lia S caladl e agaldl o1
The current is constant in a series circuit
1 di(t d
L= Zj VLAt s>y, (t) =L % = LIm—tsin(a)t) = LI,,,w cos(wt)
r—=—== r—=—==

v (t) = le:sin(a)t):+ lea):cos(a)t): 5 seall o (2) Aaleall muad Juilly .

-— e == o= =) -— e == o= =)



oalall ¢ 5all g alei LS lall s agall 48 385 da slaally (aladl ¢ jaldl o aa 5558 Aalaall (e
ERJ\MJ\:&\MM}AJA\GS;A@L)
Sl L2 (8 leatally min pe s LS T jiie Lagha IS 85 008

VL
‘\I::-:- . .
o - v ux.AS\ ¥k
. . 5 @
“\AJ\SAS‘ . ': o Prin
7 D_/\/\/\/_O M
R L
—_— " 5 \-19 \ ‘ - . - Cﬂjﬂ
v =y (V)2 +(v,)? 0 Bk S el Alane 08 A
From triangle (phasor). It is not an algebraic summation of amplitudes
S e gl g (dpand) Al aaall D
V(I.2Z) V(LX)
q) —
0 ol £
Ve (I.R)

YWoltage Triangle

14

VWector Diagram




s,V _ VUmR)? + U;X1)? _ NGETAE

I [m,

UL ImXL XL anL -1 27TfL
t = = = = = tan —_—
np==Tr=T=—p- ) ¢ G

If R >> wlL wL/R->0 or b=0°

A e glie e 3 ke A (5SS

If R << wlL WL/R > o= or ®=90° =m/2
i ia dile e 5 ke AR 5SS

sl e CESa i glia Bl Rualall cilEMall zliin ¢Sa Ayl iy

_ Sl e w€a 5 Cale g daglia Lg sl Alls b Sl

15



b- Series Resistance-Capacitance Circuit R, C
Assume i(t) = I, sin(wt) (1)
From Kirchhoff'slaw vt =vgp +v¢  (2)
vgp = IR = RI,, sin(wt) ve =77

The current is constant in a series circuit

. dQ Cdv
T T de
dvc(t)_l I

— M

R c= Csm(a)t)

—1j1 in(wt)dt = i t
ve =7 | Imsin(w = chos(w)

. Im
vy = Rl sin(wt) — —— cos(wt)

n C
—MA—
| |
I Va Ve,
- | —
./\/.

wC
From . Ve(I.R)
triangle Ut~ v Wr)2+(v¢)? Z = (R)?+(~1/wC)?
ve  L.X;  Xc 1
t = — = — = —_-—= — — -1/7__
MO =T IR - R zmfck ¢ =@ o)




If R>> 1/ wC (1/wC)/R=>0 or b=0°

A el oo 3 e A 5 5SS

If R << 1/wC (1/wC)/R > o= or $=90° =m/2

A A e 3 le Al S5



C- Series Resistance-Inductance-Capacitance

Vg in-phase Vo leads I Ve lags I ..__ih“ .
Circuit R, L, C VAW AN WA AR TAY "_?__:..'_..:
Assume  i(¢) = Iy sin(wt) (1) N /}If\
_/\/\/\/_f'Y'W\

From Kirchhoff'slaw vV = vgp + v, + v (2) v ‘ ‘ e

v = iR = RI,, sin(wt)

I, v; = LI,,w cos(wt)

t
C cos(wt)

Ve =

‘\o} ‘\m
-
1

1 [ 50° |

Inductance Capacitance

vy = Rl sin(wt) + LI,,,w cos(wt)

("ELI™ { "ICE™ )
_Im Ve
— cos(wt) .
From _ \/ > > =
triangle Ve =+ (Vp)*+ (v, — vc) ; BN N
o | Vi I
Z = (R)2+(wL — 1/wC)? N N R
- | Xr = X - Xe
wL —1/wC )

tan¢ =

R



If wL>1/wC ¢ is positive

seall e Al Jlall oS Jull 5 s il s 500 (alall) aladl 80 o 6
If wL<1/wC ¢ is negative

sl Tl Sl 55 L 5 s ymme L 5 8l (Slll) Jlall a0 oS,

Lazie Guaad ) g resonance Gl Al a5 las dage s a1

If wL=1/wC resonance effect
L, C a8 <sd die 5 (from a wave generator) 23 ill Aime dag die 43 (4
5) da sl dpala 5 yilall () &G 5 4 grnd) Ueliall g dial) dailaall a8 (5 gl
(R slaall dad e Slie LIS dailaallS AT o ol Ld alaie VI () S,

1
2nf,L = 2nf.C > fo= 2mVLC

(Hz)

Z =+ R2 + zero = R Z is minimum and i is maximum

19



Reactance

%W Capacitive : Inductive
LA X1 I
‘_ Xo=> XL | KL= X
w - | -
= ! X
= Inductive and Capacitive -
= Reactances are equal here
] | XL =X¢
= I
o I
m I
[ k]
= |
X - X -
0 L
Frequency, f
0
(fr) Frequency. f
Series Resonance
Ao
B B 1
X = X — 2nfL = 5/ C
2
= - 1 _ 1
is 271l < 27nC A4 LC
8
PR
41’ LC
0 - I = 1 (Hz) or o = 1 (rads)

'ﬂ
0

20



Capacitive Inductive
Zip Xo» XL A= Xe
l - o
K]
Q
-
[1s]
=
k]
[= 8
E

o

0
— (5

Cynamic
impedance

Circuit Current

Series Resonance

-
Frequency. [

(fr)

Series Resonance

-
Frequency. f

Either side of resonance

At resonance the voltage

the voltage drop = V- V¢ drop equals zero
[
R L C R I
I )&::D
I short circuit
Vr | V- Ve = Vr | Qv
- | - L e el R

I I fr
MIN A

Vs Vs Vs
I _14;:::¥\ 4//:5:5‘:\\

Above [ Inductive

Below f5 Capacitive At fr 1in phase with Vs

I leads Vs (ICE) I lags V= (ELI)

000t

+45° XL=Xc
(Inductive)
—_—

0° >
X=X
C apacitive
_450 .‘[. p :]
-QDG | unsinunue ey S 21
Y fr




'y
R small

=

= Ko = XL KL= Ko
=

=

= H medium
@

=

i3

()

Jr Freguency.

So Y Slall gl € (il andiin oK1 5 g0l il g Alls 8 bl (pudh (Gl Sah 43 JaaY
g Lo sSan sl b )5Sy 5 )il il s (B el iyl Allad J e sl) (a3 5 2gall Gl S 5308
odd Wi ja N I gal) cilay i (S0 5 Tae (0158 5 g8 L il o Lyl llia 5 )il s

Ol e 42 Aalead) il g yiSIV) 3 ) g0
https://www.youtube.com/watch?v={7ICPil0-2Y&t=8s 22
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https://www.youtube.com/watch?v=j7ICPil0-2Y&t=8s
https://www.youtube.com/watch?v=j7ICPil0-2Y&t=8s
https://www.youtube.com/watch?v=j7ICPil0-2Y&t=8s
https://www.youtube.com/watch?v=j7ICPil0-2Y&t=8s
https://www.youtube.com/watch?v=j7ICPil0-2Y&t=8s
https://www.youtube.com/watch?v=j7ICPil0-2Y&t=8s
https://www.youtube.com/watch?v=j7ICPil0-2Y&t=8s
https://www.youtube.com/watch?v=j7ICPil0-2Y&t=8s
https://www.youtube.com/watch?v=j7ICPil0-2Y&t=8s
https://www.youtube.com/watch?v=j7ICPil0-2Y&t=8s

/ :(1) Jha
£ an ) 800 W ylaia 4y ) 3 agall G Ll (IS 5 [=0.06 H 5 R= 20 Ohm (e oS5 A 58 RL By 8

St
N _UL_iXL_XL_ZT[fL_(UL
MP=""="R~R-"R R
B Rt 20 (Q)) tan 80° 18404 rad
oo—Lanqb— 006 () 4rad/s
rad
_o 4G 300 (2) = 300 1
f_Zn_ 2m (rad) s] z
:(2) Jua
igall agall IS 138, 17.85Q & 3 yilal) 48 glae CilS 5 [ = 0.02 H ujals S, R/ sjs\f s
R, w 22586340 Lo jlaie dy g 31 2l Taay Ll o L Taga
wlL L 0.02 N
tan ¢ R tancpw tan 63.4° @ @
But Z = J(R)2+(w L)? Z? = (R)*+(w L)?
17.85% = (0.010)%+(0.02w)? w =798.3rad/s

R =0.0lw = 0.01 X 798.3 = 7.983 ()
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Passive filters (il ) dALaldl) cilad yal)
A filter permits a signal with certain frequencies to pass while it
blocks the signal with other frequencies.

Do (e 5l) rans Y han i) (any ey sy (2 peS) filter gl
SOAY) calaa il

slastia 5 (RC-filters)  <uldiSa 5 il glia aladiuls leasanat o Sl oo s el g) il Lol
palinll o Jasd laoldic Y dlladll e ji passive Aadll clad yal) A sda .(RL- filters) Clala

PAREN|
i RC-filters s e Wia) ja A S i

23 5l ety rasw (JA2) g2 Hhas pladial o4y
.wave generator

3l aga Aty Jari 52051l e adiey # Al 2

Televis:ion signal splitter consisting of a .high- P 4:,_, 59.,!!"!“ d\ "!:2“ )3\53 c.aﬁ Ln\...n\ o ").d\ ?: ce o
pass filter (left) and a low-pass filter (right). i s vead o sidl )
The antenna is connected to the screw . 5 )j 6 > 548 )’l‘s

terminals to the left of center.
25



L;\J.@ﬁ\Guﬁ\ﬁ}\dd%);ﬂbﬂcjm\ubdﬂ\UALSJA\ﬁlw/@ﬁgu
@J@ﬁ\&uﬂ\'&}\ddv\;)}ﬂbdcw\ﬁu\ddﬂ\de\ﬁM/@ﬂgu

Types of filters:

FaL N
Lowe FPass Filter High Fass Filter
Fass =to o —top Fass
Fe e - 0 FA e
.y
Fays =

Eand Stop Filter

Eand Pass Filter

Ideal Filter Response Curves 4liall cilad yall 4ladial cilyiaia 26



Capacitance reactance (for RC filters)

o) e V) s @il jo e

o
o 1 1
E XC = —= —
= Capacitive wC 21fC
o Reactance
= (=) S 05 C ARl A 3 Lo i)
= ks sall Al g A (e 20 3l
ﬂS! Al 8 U aga en 23 il el
o Frequency H= YR 2\.33\.:.4]\ gj\ﬂ\_.\jg_h:j&d\ 43 jlaa
| 3 ylall
Capacitance, C
F=0Hz _. f=aoC
Ko = ot c=0
1
Xe =55 I=0 I = Max
I R,
—\WV O
n
Reminder: Vi ® R Vau Vo = V, Rz
Voltage Divider - " (R; + R3)

O | 27



Passive Low Pass Filter gadiial zlawl) zd s
M\@ﬁ&cﬁ\l@w@ﬂcd&ﬂbwmQﬁ\ﬂ‘
O a6 e o Tada UL 55 S Aleliall e 0 5S35 paall il il e
ks (Sl 5 o slaall o dapndi oy (A1) Jaall aga dad (e S8 (OS] 530S 7 A 2 4

Aeall (a3 5 sl S (sl

Sl e jrial aga dad Gul A Gy 4 el Ao lial) J85 2 5l 500 5
Claa il wie J8 4! 3 jpsaall <l il die T € IS B e 2 Al aga a1y

Al

Vi

Capacitor, C

{"'—\ Resistor, R

0

o R
Vo = Vi % 2
I Vo out 111 Rl 4 R 2

Ry =R Ry=Xe =5 z= [R2 47
X X
Vout = Vin \/ s = viHTC
R™+Xg
sl Jdl=s gain = % <1 atlow frequencies

Low-pass
filter

mn
gailbad 4 eda 5 5kl Glaa il die ade As Ja 4l (S
5 ey O el JSEN 5 (addiall Alend) sl ya



Real frequency response of a passive low pass filter.
(Adliadl g1) 4l gailly 4 j8ally 488 il yall

a5 (z AN 2 in 5f) sl Clua 5 ALl i 56l Lie Ll xie

b4l Cun i) mlend) i pal sl JSEN 2 a5l e Lily
B_palaall dylay 3 Ll JSEIS Wl il daal)

f. éﬂ\aajgwiugwcugaﬂ]ﬂj
5l el o ake JBY) lasil) a2
S S e— P [ T e A— $ J{)—i )A‘ ‘_,,_ubu ji a T J.J..G ERPY (.A‘;Y‘
Zedoall 138 (dee l) Aadla dikhia 48 aa

A} A83all (38a5 adadl) 22 5 A

The critical (cut-off) frequency f. of the filter is the frequency which verifies the relation:




(Ao ol Alelial) o5 L 5) Hdall (e Teay 2o yill Aabise o (yoal ) S 1Bl 12 TaaY V)
JRal aga 5 sV Aasliall 5 (Sl dau o i die Sll) g Tas Alle 23 5 a8 s
e il Ly IS i (S0 SIS 5 Al aga ML 5 Aleliall dad Cilua (S 23 il Lpua i e S e

!

OV de + 100 €}

0V de = .

i _IQ

0

(a)
(hh

1OV rms M

100 (2 27V rms
f = 10kHz | uF
X, huszl

(c)

1OV rms

(d)

Low-pass filtering action
phase shifts are not indicated _ sk uﬁ oadl) Ulaa) Ua 30



V... (V)

1 '“’

A
KR Gl JEd 8
10 Kl L< leans )
| IR - hlaad)
R = . e o e 2
ol : 22 53 dad 48 yma Sy Ja
w e o 1
6 | dald (S 65 3 °¢Lﬁj\
s L | Todic C);M APEN
y I
o i |
3 - I
s L I
|.57 _’I e o ——— — b i (i gt Sl
| PSS B — S p——— :_ ______ - l l R
3 | 10 20 T
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A Low Pass Filter circuit consisting of a resistor of 4.7 kQ in series with a
capacitor of 47 nF is connected across a 10 v sinusoidal supply. Calculate the
output voltage ( V7 ) at a frequency of 100 Hz and again at frequency of 10 kHz.

Voltage Output at a Frequency of 100Hz.

Xec= L. : = 33.8630)
2fC 2mx100x47x107
Vo=V x 8 = x990 —goy
R?+X2 J 47007 +338637

Voltage Output at a Frequency of 10,000Hz (10kHz).

1 1

= = 338.602
2rfC 2mx10,000x 47 %107

X =

X, 338.6

Vour = Vg X ———= :
R%+X | 4700° +338.6°

=0.718v

32



Second-order Low Pass Filter

OS Suna (e O gead) o L 200N A1 (e (addial) Flandl il e
higher order filters e Jsasll a2l 304 ) (S 5, SEN J2y 8 Jo¥) 7z A

CLSM Jﬁfﬁjg&yﬂdyﬂ‘ﬂj&j@ﬂ‘bclﬁszﬁh)tﬂlﬁuaouaﬂ‘j
First RC Stage Second RC Stage MJML.’ LAS

/\v/r

o

e e
| I e 1
© VVV vV VY I © f 1 Y
I | | = Z
1I'4"II-:I..t C
| Cy== || C: e | 2’I1:JR C.R.C
| 1 | 171 272
I | | |
i ||L | 0
. N -
S aan a8 SO Cormier
V=2 -ooochesr
Fstla xoovaca iy o / / o e
= r <) Orcl e
\ _—
Fe "=r=1] =9
"B scik wall™r
Response
Yy —22
"o ==
o = =
3 1 o= 2 = 1o so = o)

Norrrsa oS Freguency
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Passive High Pass Filter Al zlawdl 7l s
A High Pass Filter is the exact opposite to the low pass filter circuit as the two components
have been interchanged with the filters output signal now being taken from across the resistor

e s Al sk e Anld wi AN 2 5 AL Al (e

Capacitor, C I
-
‘E 1 0 s Vor R R
v 7 7
y Vin R+ Xc g
r Resistor, R Vaut
atlow f: XC— o, Vout=0
: Y athigh £ Xc —0, Vout = Vin
o
Vin
0.707V,
v, Hng_h-pu.s.\ V... f =
B8 filter B8 ) ! ?_,‘er_

0

Rejects these ™ Passes these 34
frequencies frequencies



10V de

(a)

w
b)

(b

10V rms

(c)

10V rms

AN

(d)

i +
=ty AuE :
10V de ? 100 02

X = 159210
| uF
-
X, = 1590
| uF
f = 1kHz 100 £2
Xo =0
| uF
f = 10kHz 10042

0OV de

0.63V rms

/\\_—’/

5.32V nns

WWWWAWWW

987V s

High-pass filtering action (phase shifts are not indicated).
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Vo”“l (V)

— — — — — — — — — — — — ——

R R R R

» f(kHz)

1
10

0.1

10— —

0
8 |
7k
6+

QO R7 —»
2
0.63 — |
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Calculate the cut-off or “breakpoint” frequency ( fc ) for a simple passive high pass
filter consisting of an 82 pF capacitor connected in series with a 240 kQ resistor.

fe= 1 =8,087 Hz or 8k
ZTIRC 27 x 240,000x82x10"

Second-order High Pass Filter

Again as with low pass filters, high pass filter stages can be cascaded together to form a
second order (two-pole) filter as shown.

First Stage Second Stage
f C. WI [ W\I
I I
. o
. |f 1 :
Vir | | 1
Hs | Ha | V. f = Hz
/\/ | 1 I ° 22 JRCR,C
| a |
O | |‘| —0
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Passive Band Pass Filter
A band-pass filter allows a certain band of frequencies to pass and attenuates or
rejects all frequencies below and above the pass band.

0.707Vv, .
. — l——o0 (- 3dB)
v Band-pass v
" filter e
O ——0

0

BW = f2 — f, V ﬂ /—

Low-pass High-pass
filter filter




el

s Low-pass curve High-pass curve
High-pass H 0 Low-pass
blocks 1 1 blocks
/ 1 |
3 1 -
fesr Lo 4
Passband

A high-pass filter with f. = 2kHz and a low-pass filter with f. = 2.5kHz are used to
construct a band-pass filter. Assuming no loading effect, what is the bandwidth of the

passband?

BW = f.) = fum = 2.5kHz — 2KkHz = 500 Hz
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Band-Stop Filters

A band-stop filter is essentially the opposite of a band-pass filter in terms of the
responses. A band-stop filter allows all frequencies to pass except those lying
within a certain stopband.
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Limitations of passive filters:
- They can not generate gain greater than 1

- They may require bulky and expensive inductors if they are based on
inductors.

- They perform poorly at frequencies below the audio frequency range (300-
3000 Hz) while they are useful at high frequencies.

How to overcome these limitations?

Using active filters which are based on operational amplifiers.
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https://www.youtube.com/watch?v=1wWSp1A9sAA&t=7s
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The end
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