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Easier to Maintain Than to Retake

Alma 59:9

9 And now as Moroni had supposed that there should
be men sent to the city of Nephihah, to the assistance
of the people to maintain that city, and knowing that it
was easler to keep the city from falling into the
hands of the Lamanites than to retake it from
them, he supposed that they would easily maintain
that city.
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|_ecture 16 — Frequency Response

Back to AC Circuits and Phasors
Frequency Response
Filters
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Frequency Response

H: (jo) = 11
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Frequency Response
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Frequency Response
NB :any complex number
A can be expressed as

A=|Ae'"
| V| A=|AZA

Amplitude scaled Phase shifted
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Frequency Response

Examplel: compute the frequency response H,,(jo)
R, = 1kQ, R, = 10kQ, C = 10uF

R,

e

v((t) C ==

O

X

O
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Frequency Response

Examplel: compute the frequency response H,,(jo)
R, = 1kQ, R, = 10kQ, C = 10uF

1. Note frequencies of AC sources

Rl
l * Only one AC source so frequency
V(1) < C § R, response Hy,(jo) will be the
- function of a single frequency
ECEN 301 Discussion #16 — Frequency Response BYU



Frequency Response

Examplel: compute the frequency response H,,(jo)
R, = 1kQ, R, = 10kQ, C = 10uF

1. Note frequencies of AC sources
2. Convert to phasor domain

R, Z, =R,

N :> ‘ Tzczlljmc

v(t) C_— SR, Vs Z p=R,
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Frequency Response

Examplel: compute the frequency response H,,(jo)
R, = 1kQ, R, = 10kQ, C = 10uF

1. Note frequencies of AC sources
7 =R 2. Convert to phasor domain
! 3. Solve using network analysis
© «  Thévenin equivalent
Z-=1/joC

BYU
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Frequency Response

Examplel: compute the frequency response H,,(jo)

R, = 1kQ, R, = 10kQ, C = 10uF
1. Note frequencies of AC sources
Z, =R, 2. Convert to phasor domain
3. Solve using network analysis
‘ Thévenin equivalent
=1/joC +
V. VT
Ly =21, | L
ECEN 301 BYU

Discussion #16 — Frequency Response 11




Frequency Response

Examplel: compute the frequency response H,,(jo)

R, = 1kQ, R, = 10kQ, C = 10uF

1.
2.

Ly

-

O

+
V1 Vi
V, (j@) =V (jeo) —28
! > Z,+27,

3.

4.

Note frequencies of AC sources

Convert to phasor domain

Solve using network analysis
Thévenin equivalent

Find an expression for the load voltage
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Frequency Response

Examplel: compute the frequency response H,,(jo)

R, = 1kQ, R, = 10kQ, C = 10uF

7 5.  Find an expression for the frequency
il = response
‘ +
VT VL ZLD
ECEN 301 BYU
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Frequency Response

Examplel: compute the frequency response H,,(jo)

R, = 1kQ, R, = 10kQ, C = 10uF

5. Find an expression for the frequency

“ response
‘ +
VT VL ZLD
ECEN 301 BYU
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Frequency Response

Examplel: compute the frequency response H,,(jo)
R, = 1kQ, R, = 10kQ, C = 10uF

Z: 5. Find an expression for the frequency response
o » Look at response for low frequencies (o = 10)
‘ and high frequencies (o = 10000)
+
VT VL ZLD \/ E—
I o = 10000
= o =10
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Frequency Response

Example2: compute the frequency response H.(jo)
R, = 1kQ, R, =4kQ, L =2mH

L
NO—0—

+

o(1) =w SR

O
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Frequency Response

Example2: compute the frequency response H.(jo)
R, = 1kQ, R, =4kQ, L =2mH

L 1. Note frequencies of AC sources

— | Only one AC source so frequency

_ function of a single frequency

i (t) @(—% R, S R, response H.(jo) will be the

O
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Frequency Response

Example2: compute the frequency response H.(jo)

R, = 1kQ, R, =4kQ, L = 2mH

1. Note frequencies of AC sources
2. Convert to phasor domain

Z =joL

W |

(1) =r, LN ©

@)

N

¥ (o)

.
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Frequency Response

Example2: compute the frequency response H.(jo)
R, = 1kQ, R, =4kQ, L =2mH

1. Note frequencies of AC sources
Z, = joL 2. Convert to phasor domain -
3. Solve using network analysis

T ‘Q_‘ e  Current divider & Ohm’s Law
) Q)
l.(jo) + |Y

A
Q 2 Vi Zip=R_

-

BYU
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Frequency Response

Example2: compute the frequency response H.(jo)
R, = 1kQ, R, =4kQ, L =2mH

4.  Find an expression for the frequency
Z, = joL response

I Go) T j g

A
Q 2 Vi Zip=R_
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Frequency Response

Example2: compute the frequency response H.(jo)
R, = 1kQ, R, =4kQ, L =2mH

Z, =joL

I Go) T j e

4.

Find an expression for the frequency response

Look at response for low frequencies (o = 10)
and high frequencies (o = 10000)

A
Q Z=Ry Vi Zip=R_
® = 10 ® = 10000
ECEN 301 Discussion #16 — Frequency Response BYU 21




1st and 2" Order RLC Filters

Graphing in Frequency Domain
Filter Orders
Resonant Frequencies
Basic Filters
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Frequency Domain

1.5
T T
BARAIRF
< 00 . . <
0.00 \/ 2.00 v 4.00
1 -600.0 -® 0.0 0 600.0
. W
time
coS(wgt) n[8(e — @g) + 8(w — )]
Time domain Frequency domain
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Frequency Domain

AW/TI: 1
z
> /W <
- - Y (V M 10.00 i
O o5l -10.00 -W 0.00 W 10.00
t w
. _ 1 |o|<W
sinc(m,t) X (jo) =
0, |@w|>W
Time domain Frequency domain
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Electromagnetic (Frequency) Spectrum
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Basic Filters

Low-pass High-pass
0.0+ o 0.0 o
Band-pass Band-stop
© N ®
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Filter Orders

50
30 : "@,&;ﬁ?ﬁ;wi___\
10 1
-10
o -30 —— 1st Order
E/ 50 ——2nd Order
‘T
S 70 3rd Order \
4th Order
-90
—— 32nd Order
-110
-130
-150 T T t
0.1 1 10 100
Frequency (w)
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Impedance

| I(Jm)u |
o Phasor domain _ +
k(oL Vs(j(o)® Z |Vy(jo)
z, L o B
/2
Re
o8 R 7 ?
) Zq + + &
-1t/2 1
z. RS L C
-1/oC S &
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Impedance

A Im

: .4 +

2': s C C

Re - -

> _
. é i
Ze 7

Y-:I./(!)C ZC (ja)) = R 1 1
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Impedance

,}Im
A(z)L
ZL
\\71:/2 Re
>

I - +

N +
L L
Z (Jo)= oL
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Resonant Frequency

Impedances in series

Impedances in parallel

L
O—\H—e—0
- -
v(t) C—— v
O @ O

O —@®——O
- -
/ vilt) LS C v ()
O @ O
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Resonant Frequency

Impedances in series
| |

Z, =joL V | |
O_-> i O | PR ' Y |
+ Z=1joC 4 . f = f | \/—
_ _ \
O O A/

V=~
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Resonant Frequency

Impedances in series

O O 2y - 4=
+ +
V(jo) 2070 V(jo)
O O
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Resonant Frequency

: Z, = jolL
Impedances in parallel LT .
- 1 . =1/ joC
VJLC (1
e\ | T TEf
Z =joL | Zc= 1/](0C.|_ = | BT T )
(Jm) JLC ) |VLC _WLC
_ . JIC IC
BRTe __iWic
_jWLC C
C
BYU
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Resonant Frequency

Impedances in parallel : \/E J \/E
Z =—| |Z,=———
C C
O O
+ ; +
Villo) ZeQ=  Vy(jo)

o d 5

BYU
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_ow-Pass Filters

V. (t) = cos(ayt)

15t Order | ]
Low-pass A A A PR
- -
vi(t) C__ vt
00— i i O o O
®; O ®, 3
2"d Order [7]

+c0s(,t) —>  V,(t) =cos(mt) + +
+C0S(a,t) vi(t) C__ v,(b
@ ‘ O
ECEN 301
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_ow-Pass Filters

15t Order Low-pass Filters:

Z
Low-pass R
O— O
VI(J(!)) Vo(j(’))
e | |
®, ©, @ O o O
I ©, +O_ O n
Vi) Voll©) Vi(jo) Vy(jo)
O O O O
ECEN 301 Discussion #16 — Frequency Response BYU 37



_ow-Pass Filters

2nd Order Low-pass Filters:

Low-pass Z, Z =joL
O— O
+ ! Z~ljoC *
S — i i Ny P
0, 0 0, (O} Q ‘ O
00— 0 Resonant W3 O — ©
ZR frequency ZR
O —O O—g O O— —O
+ + +
Vi() Vo(jo) (o)  Vi(o)
: i s :
Vo (t) = Vi (t)
ECEN 301 Discussion #16 — Frequency Response BYU 38



High-Pass Filters

: 15t Order []
High-pass o || 5
Y
| C
vi(t) R vy(t)
- (’;1 (’;2 ™y (’;3 © <
2" QOrder [7]
R
V. (t) = cos(ayt) O | | vy O
+cos(m,t) —> Vv (t) =cos(wst) + |C| "
+cos(w,t) vi(t) - v,(t)
O O
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High-Pass Filters

15t Order High-pass Filters:

Z-=1/joC
High-pass oO—n O
+ +
[ V(jo) Zg=R Vo(i)
i — O O
©, | Wy O3
0;:0—0 @y 0 —
—C O—8—O O—0—0 o,
vide) - Z Vo) Vo)  Zr Vyjo)
O O O O
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High-Pass Filters

2nd Order High-pass Filters:

High-pass Z=1ljoC Zg
O— O
+ —? +
Vi(jo) Z =joL V,(jo)
O ‘ O
. — Resonant M- ® o0
W3- © = O | frequency Eilhadg
O—O—=0
¥ + i | +
c c R -
V,(Jo) Vi(jo) V,(Jo)
O O i O
v, (t)=0
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Band-Pass Filters

2" Order [
Band-pass O ||
Rt G
+ C +
’ \ vi(t) % R V()
e 11 ] — —
0 W, 0 O 03 O ®— O
V. (t) = cos(myt)
+COoS(m,t) —> Vv, (t) =cos(w,t)
+CoS(axt)
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Band-Pass Filters

2hd Order Band-pass Filters:

Band-pass Z-=1/joC
O— ? O
+ — +
. Z =joL .
: : : Vi(o) Zr V(o)
] 0, O, O, ®; . ‘ .
00— 0 2 () = Resonant W3 O — ©
2- %77 ¥n | frequency
Oo—O O- O o-O——0C0
(-l?_o o=° O_? ?— T f + + O_?—(?F
Vi(jo) Z: | Vi) V(o) Ze | V(o) Vi(o) Zr | | Volio)
o o o o O &0
v, (t)=0
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Band-Stop Filters

NG 2"d Order [7]

Band-stop L
+ I I +
viEt) c %R vo_(t)
00— —+— —
o, 0, O, O, o, O &—O
V. (t) = cos(myt)
V_ (1) =cos(mt
+C0s(w,t) —> o (1) ( 1:
+ COS
+cos(mjt) &)
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Band-Stop Filters

2d Order Band-stop Filters:

Band-stop
Oo——@ Z =joL ¢ O
n -+
Vl(j(l)) - ZR VO(j(’o)
Z-=1/joC _
iy ) - o
0:0—0 0. © = O, ffﬁéﬂréﬁzi 0302 =

e

Vi(o) ya Volo)  V(jo) ~ V,(jo) V(o) > V,(Jo)
— R — . R . _ R —
O O O O O O
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