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® Away from resonance . 1

o Bandwidth and Q Asymptotes: jwl and —=.
Jw

® Power and Energy at N

Resonance &

® Low Pass Filter
® Resonance Peak for LP

) 0.5
filter

® Summary

[Y/I] (dB)
arg(Y/)Im
o

-0.5¢ . ;
100 1k 10k
w (rad/s)

100 1k 10k
w (rad/s)

Power absorbed by resistor o< Y2 1t peaks quite
sharply at w = 1000.

|
' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 —4/11 -
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Parallel RLC

12: Resonance Y o 1 o ]w L Y
® Quadratic Factors + 7 — L 4 1 +iwC — LCO(iw)2t L+l _ _
® Damping Factor and Q R JwL J (]b ) + R J + ]=1
e Parallel RLC We — \/E — 10007 C — 5 — 0083 */ R L __C
® Behaviour at Resonance o tve 600 —
® Away from resonance . 1 1 OOm 1 O},l
o Bandwidth and Q Asymptotes: jwl and —=. l :
Jw 1

® Power and Energy at N
Resonance + _
® Low Pass Filter
® Resonance Peak for LP 0.5
filter ’
® Summary ) £

o =

= 5 0

] 3

; . -05¢t ) ;
100 1k 10k 100 1k 10k

w (rad/s) w (rad/s)

Power absorbed by resistor o< Y2 1t peaks quite
sharply at w = 1000. The resonant frequency,
wy-, IS When the impedance is purely real:

atw, = 1000, Zgrrc = &+ = R.

|
: E1.1 Analysis of Circuits (2017-10213)

|
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12: Resonance

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

Parallel RLC
Y _ 1 _ jwlL %
I & +sop HiwC LC(jw)*+Ljw+1

=1 ! !
we = /< =1000, ¢ = 52 = 0.083 é@ R 3L _IC
600 >100m |

o 1
Asymptotes: jwL and o0

0.5

IY/I| (dB)

arg(Y/)Im
o

. : -0.5¢ . ;
100 1k 10k 100 1k 10k
w (rad/s) w (rad/s)

Power absorbed by resistor o< Y2 1t peaks quite
sharply at w = 1000. The resonant frequency,
wy-, IS When the impedance is purely real:

atw, = 1000, Zgrrc = &+ = R.

A system with a strong peak in power absorption
IS a resonant system.

: E1.1 Analysis of Circuits (2017-10213)
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Parallel RLC

12: Resonance Y 1 ]wL
® Quadratic Factors + T — T 1 . — - N2 | L . Y
® Damping Factor and Q R+JWL+‘]wC LC(]Q)) +R]w+1

=1 ! !
b
= VES1000, ¢ gk =003 T DgOO oo T
100m

® Away from resonance

. oA 1
o Bandwidth and Q Asymptotes: jwL and o0
® Power and Energy at N
Resonance + T

® Low Pass Filter
® Resonance Peak for LP

) 0.5
filter

® Summary

IY/I| (dB)

arg(Y/)Im
o

: , -0.5¢ . ;
100 1k 10k 100 1k 10k
w (rad/s) w (rad/s)

Power absorbed by resistor o< Y2 1t peaks quite
sharply at w = 1000. The resonant frequency,
wy-, IS When the impedance is purely real:

atw, = 1000, Zgrrc = &+ = R.

A system with a strong peak in power absorption
IS a resonant system.

]
: E1.1 Analysis of Circuits (2017-10213)
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Behaviour at Resonance

12: Resonance

60
® Quadratic Factors +
® Damping Factor and Q o
@ Parallel RLC 40
® Behaviour at Resonance E
® Away from resonance 20 . .
@ Bandwidth and Q 100 1K 10K

® Power and Energy at

Resonance + w (rad/s)

® Low Pass Filter

® Resonance Peak for LP ) = 1000 j ZL = 100], ZC — _]-OO]

filter

® Summary

600  5100m |10

: E1.1 Analysis of Circuits (2017-10213)
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Behaviour at Resonance

12: Resonance

60
® Quadratic Factors +
® Damping Factor and Q o
@ Parallel RLC 40
® Behaviour at Resonance E
® Away from resonance 20 . .
@ Bandwidth and Q 100 1K 10K

® Power and Energy at

Resonance + w (rad/s)

® Low Pass Filter

® Resonance Peak for LP ) = ]_OOO j ZL = 100], ZC — _]-OO]

filter

® Summary ZL — _ZC’ — IL — _IC

600  5100m |10

: E1.1 Analysis of Circuits (2017-10213)

Resonance: 12-5/11 '
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Behaviour at Resonance

12: Resonance 60 r

® Quadratic Factors +

® Damping Factor and Q o

@ Parallel RLC 40

® Behaviour at Resonance E

® Away from resonance 20 . .

S z
w (rad/s)

Resonance +

® Low Pass Filter

f;'[(_:F‘QresonancePeakforLP ) = ]_OOO j ZL = 100], ZC — _]-OO]

® Summary ZL — _ZC’ i]L — _IC
= =Igp+ I, +1Ic=1Ip=1

: E1.1 Analysis of Circuits (2017-10213)

Resonance: 12-5/11 '
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Behaviour at Resonance

12: Resonance

60
® Quadratic Factors +
® Damping Factor and Q o
@ Parallel RLC 40
® Behaviour at Resonance E
® Away from resonance 20 . .
@ Bandwidth and Q 100 1K 10K

® Power and Energy at

Resonance + w (rad/s)

® Low Pass Filter

f;'[(_:F‘QresonancePeakforLP w = ]_OOO = ZL — 100], ZC = —]_OO]
® Summary ZL — _ZC’ — IL — _IC
= =Igp+ I, +1Ic=1Ip=1

= Y = IrR = 600£0° = 56 dBV

: E1.1 Analysis of Circuits (2017-10213)
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Behaviour at Resonance

12: Resonance

60
® Quadratic Factors + Y

sl 12%9 -R -L C

20

100 1k 10k S
w (rad/s) —

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance

IY/I| (dB)

® Away from resonance

@ Bandwidth and Q

® Power and Energy at
Resonance &

® Low Pass Filter

® Resonance Peak for LP ) = ]_OOO j ZL = 100], ZC — _]-OO]

f:tirummary ZL — _ZC’ — IL — _IC
= =Igp+ I, +1Ic=1Ip=1
=Y = IrR =600£0° = 56 dBV

Y _ 600 _
= 1L = 7 = 150; = —6J

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 -5/11 -
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Behaviour at Resonance

12: Resonance

60
® Quadratic Factors + _ Y

® Damping Factor and Q
o Parallel RLC

v/l (d8)
T
-
=
h
| |
@

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance &

20

100 1k 10k
w (rad/s) —

® Low Pass Filter

® Resonance Peak for LP ) = 1000 j ZL = 100], ZC — _]-OO]

Iot(:ummary ZL = _ZC = IL — _IC (2) I Il
= =Igp+ I, +1Ic=1Ip=1 4
=Y =1IrR =600£0° = 56 dBV " s

Y _ 600 _ A~ 2 0 2
= I = 77 = 100; = —6

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 -5/11 -



Behaviour at Resonance

12: Resonance
60

® Quadratic Factors F ° ° Y

® Damping Factor and Q

o Parallel RLC

® Behaviour at Resonance

v/l (d8)
T
-
=
h
| |
@

® Away from resonance
Y 20

@ Bandwidth and Q 100 1K 10K

® Power and Energy at N
w (rad/s) —

Resonance &

® Low Pass Filter

f;tZesonancePeakforLP W = 1000 = ZL - 10007, ZC — _]_OOJ 0
® Summary ZL:—ZC:>IL:_IC -
= =tip = o= =] .
=Y = IR = 600£0° = 56 dBV ) .

_ Y _ 600 __ . 2 0 2
:>IL— Z. — 100; ——6] | (A)

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 -5/11 -
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Behaviour at Resonance

12: Resonance
60 B Y

sl 12%9 -R -L C

® Away from resonance
Y 20

® Quadratic Factors +
® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance

IY/I| (dB)

@ Bandwidth and Q 100 1K 10K
® Power and Energy at

w (rad/s)
Resonance &

® Low Pass Filter

® Resonance Peak for LP ) = 1000 j ZL = 100], ZC — _]-OOJ

filter 0

® Summary ZL = _ZC = IL — _IC 2 I I
= =Igp+ I, +1Ic=1Ip=1 4

=Y = IrR = 600£0° = 56 dBV " s

Y _ 600 _ A~ 2 0 2
= I = 77 = 100; = —6

10 1000 1
iL iC
AV VAVE s
= 0 ! = 0
= =
-10 : : -1000
0 5 10 0 5 10
t (ms) t (ms)

| |
' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 -5/11 -




Behaviour at Resonance

12: Resonance
60
® Quadratic Factors + Y

sl 12%9 -R -L C

® Away from resonance
Y 20

@ Bandwidth and Q 100 1K 10K

® Power and Energy at N
w (rad/s) —

Resonance &

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance

IY/I| (dB)

® Low Pass Filter

® Resonance Peak for LP ) = 1000 j ZL = 100], ZC — _]-OOJ

filter 0
® Summary ZL = _ZC = IL — _IC 2 I Il
= =Igp+ I, +1Ic=1Ip=1 4
=Y =I1IpR =600Z0° = 56dBV 5 N
= I, = ZYL — 16000(?7' — _6.] N I(OA\ °
10} | | 1000
= N TN\ T/ E
% 5 10 11000, 5 10
t (ms) t (ms)

Large currents in L and C exactly cancel out = Ir = [ and Z = R (real)

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 -5/11 -
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Away from resonance

12: Resonance

60
® Quadratic Factors +
® Damping Factor and Q o
@ Parallel RLC 40
® Behaviour at Resonance E
® Away from resonance 20 . .
@ Bandwidth and Q 100 1K 10K

® Power and Energy at

Resonance + w (rad/s)

® Low Pass Filter

® Resonance Peak for LP W = 2000 = ZL — 200], ZC — _50]

filter

® Summary

600  5100m |10

: E1.1 Analysis of Circuits (2017-10213)

Resonance: 12-6/11 '
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Away from resonance

12: Resonance

60
® Quadratic Factors +
® Damping Factor and Q o
@ Parallel RLC 40
® Behaviour at Resonance E
® Away from resonance 20 . .
@ Bandwidth and Q 100 1K 10K

® Power and Energy at

Resonance + w (rad/s)

® Low Pass Filter

® Resonance Peak for LP W = 2000 = ZL — 200], ZC — _50]

filter

1
® Summary o 1 1 1 _ ©)

600  5100m |10

: E1.1 Analysis of Circuits (2017-10213)

Resonance: 12-6/11 '
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Away from resonance

12: Resonance 60 r

® Quadratic Factors +

® Damping Factor and Q o

@ Parallel RLC 40

® Behaviour at Resonance E

® Away from resonance 20 . .

S z
w (rad/s)

Resonance +

® Low Pass Filter

® Resonance Peak for LP W = 2000 = ZL — 200], ZC — _50]

filter

1
® Summary o 1 1 1 _ ©)
Z=(3+4+4) =66/-84

Zc
Y =1X%Xx 7 =664 —84° =36dBV

: E1.1 Analysis of Circuits (2017-10213)
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Away from resonance

12: Resonance
60 B Y

sl 12%9 -R -L C

600  5100m |10

® Quadratic Factors +

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance

IY/I| (dB)

® Away from resonance
Y 20

@ Bandwidth and Q 100 1K 10K
® Power and Energy at

w (rad/s)
Resonance &

® Low Pass Filter

® Resonance Peak for LP W = 2000 = ZL — 200], ZC — _50]

filter

1
® Summary o 1 1 1 _ ©)

Y =1x7Z=66£—-84° =36dBV

100

-100

t (ms)

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 —6/11 -
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12: Resonance

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance

® Low Pass Filter
® Resonance Peak for LP

filter

® Summary

Away from resonance

60

40t

IY/I| (dB)

20 , )
100 1k 10k
w (rad/s)

w = 2000 = Z1, = 2005, Zc = —50j
1

. 1 1 1 o o

Z=(3+4+4) =66/-84

Zc
Y =1xZ7=66/—84° =36dBV
Ir =% =0.11£—84°

-100

100

: E1.1 Analysis of Circuits (2017-10213)
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12: Resonance

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

Away from resonance

60

o =1 ! !

S40f * R L | C

- 600 100m |10
100 Tk 10k _r - -

w (rad/s) —
w = 2000 = Z;, = 2007, Zc = —50§
—1
. 1 1 1 o o
Z=(3+4+4) =66/-84

Zc
Y =1xZ=066£—84° =36dBV
Ir =% =011/ —84°
Y

Ip =% =033/ — 174°

100

-100

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 —6/11 -



Away from resonance

12: Resonance
60r
® Quadratic Factors F ° ° Y

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance

v/l (d8)
T
-
=
h
| |
@

® Away from resonance

@ Bandwidth and Q

® Power and Energy at
Resonance &

20

100 1k 10k S
w (rad/s) —

® Low Pass Filter

® Resonance Peak for LP W = 2000 = ZL — 200], ZC — _50]

filter

1
® Summary o 1 1 1 _ ©)
Y =1x7=66£—84° =36dBV

Ir =% =0.11£—84°
Y

I = £ =033 174°, Io = 1.33£ 4 6°
100
%% 2 4 6

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 —6/11 -
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Away from resonance

12: Resonance

60T
® Quadratic Factors F - ~ Y
@ Damping Factor and Q o ]:1
@ Parallel RLC 240 */ R L ] C
E —

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance &

20

100 1k 10k S
w (rad/s) —

® Low Pass Filter

® Resonance Peak for LP W = 2000 = ZL — 200], ZC — _50]

filter

1
® Summary o 1 1 1 _ @) .
Z_(§+ZL+ZC) — 66/ — 84 051
Y =1xZ=66/—84° =36dBV of =2 ——
Ir =% =0.11£—84° 05"
Y

Ip = - =0334-174°, Ic = 1.33£ 4 6° TN

100
>
= O
=
-100 L . .
0 2 4 6

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 —6/11 -
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Away from resonance

12: Resonance

60
@ Quadratic Factors + ~ R Y
@ Damping Factor and Q o ]:1
@ Parallel RLC 340 i /$/ R L __C
® Behaviour at Resonance E S ——
® Away from resonance 20 600 1 OOm 1 O},l
® Bandwidth and Q 100 1K 10k I L °

® Power and Energy at

Resonance + w (rad/s) _

® Low Pass Filter

® Resonance Peak for LP W = 2000 = ZL — 200], ZC’ — _5OJ

filter

1
® Summary o 1 1 1 _ @) .
Z=(3+4+4) =66/-84 05

Zc N
Y =1xZ=66/—84°=36dBV of =2 ——
Ir =% =0.11£—84° 05"
Y o o -05 O 0.5 1
IL:Z—L:O.334—174 , Ic =1.334+6 I (A)
100 ¢
=,
-2 ; ; ; -100
0 2 4 6 0 2 4 6
t (ms) t (ms)

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 —6/11 -
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12: Resonance

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance

® Low Pass Filter
® Resonance Peak for LP

filter

® Summary

L

Away from resonance

60 ) . y

- =1

g 40} /$/ R L __C

- 600 100m |10
100 1.k 16k _r - -

w (rad/s) —

w = 2000 = Z; = 2004, Zc = —50j

1
_ 1 1 1 - o .
Z=(3+4+4) =66/-84 &
Y =1x7Z=66/—84° =36dBV Of =
Ir =% =011/ —84° 05 L
-05 0 0.5 1
Ip = 5= =0334-174°, Iy = 1.33£ 4 6° | A)
2r 100

2 ‘ s
= Vév = o/\/\/

-100 1
0 2 4 6 0 2

t (ms)

Most current now flows through C, only 0.11 through R.

: E1.1 Analysis of Circuits (2017-10213)

Resonance: 12-6/11 '
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Bandwidth and Q

12: Resonance Y 1

@ Quadratic Factors + T — 1/R—f—j(wc—1/wL)
® Damping Factor and Q

o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance &

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

600  5100m |10

: E1.1 Analysis of Circuits (2017-10213)
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Bandwidth and Q

12: Resonance Y 1
® Quadratic Factors + T — 1/R—+—j (wC’_ 1/wL)
® Damping Factor and Q ) ] ]
® Parallel RLC Bandwidth is the range of frequencies for
® Behaviour at Resonance . )% 2 . .
® Away from resonance Wthh’ T { IS greater than half its peak.
Bandwidth and .
R Also called half-power bandwidth or 3dB
R + .
e bandwidth.

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

: E1.1 Analysis of Circuits (2017-10213)
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Bandwidth and Q

12: Resonance Y . 1
® Quadratic Factors + T 1/R—+—j(wc—1/wL)
® Damping Factor and Q
® Parallel RLC Bandwidth is the range of frequencies for
@ Behaviour at Resonance . )% 2 . .
o Away from resonance which ’ T ! IS greater than half its peak.
Bandwidth and .
R Also called half-power bandwidth or 3dB
R e 0
bandwidth.

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

3dB

IY/I| (dB)

40t

500 1k 2k
w (rad/s)

: E1.1 Analysis of Circuits (2017-10213)

Resonance: 12-7/11 '



-1

Bandwidth and Q

12: Resonance Y 1

® Quadratic Factors + T 1/R—+—j(wc—1/wL)

® Damping Factor and Q

® Parallel RLC Bandwidth is the range of frequencies for

® Behaviour at Resonance . )% 2 . .

o Away from resonance which ’ T ! IS greater than half its peak.
Bandwidth and .

R Also called half-power bandwidth or 3dB

Resonance + .

® Low Pass Filter bandWIdth '

® Resonance Peak for LP
filter ’ Y ’2 _ 1
It (Y/Rr)*+(wC—1/wr)?

® Summary

3dB

IY/I| (dB)

40t

500 1k 2k
w (rad/s)

: E1.1 Analysis of Circuits (2017-10213)

Resonance: 12-7/11 '
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Bandwidth and Q

12: Resonance Y L 1
@ Quadratic Factors + T _ 1/R—+—j(wc—1/wL) _ _ Y
@ Damping Factor and Q ]:1
o Parallel RLC Bandwidth is the range of frequencies for A R L _|C
® Behaviour at Resonance ) Y 2 ) . 600 e
o Away from resonance which| %|” is greater than half its peak. 100m [10u
Bandwidth and . * ®

R Also called half-power bandwidth or 3dB —
Resonance + . T
® Low Pass Filter bandWIdth .
® Resonance Peak for LP 60
filter Yy |2 L 1

’ — ’ p— 5 5 — 3dB
® Summary 1 (1/R) +(wC’—1/wL) %50-

. Y 2 2 =
Peak is |+ (wo)|” = R? @ wp = 1000 “0f
500 1k 2k

w (rad/s)

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 -7/11 -
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12: Resonance

Bandwidth and Q

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

In

Y 1

T = Trtj(wC—1wr)

=1
Bandwidth is the range of frequencies for é@

2
WhiCh’ %! is greater than half its peak.

Also called half-power bandwidth or 3dB —

bandwidth.
60r
X)* = 1
T (Y/R)24+(wC—1/wr)? D 50
2 S
Peak is |+ (wo)|” = R? @ wp = 1000 “0f |
500 1k 2k

At W3dB: {%(W?»dB)E =3 {%(WO)F

w (rad/s)

: E1.1 Analysis of Circuits (2017-10213)

Resonance: 12-7/11 '
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12: Resonance

Bandwidth and Q

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

In

Y __ 1
I — 1/r+j(wC—1/uL) _ . . Y
Bandwidth is the range of frequencies for é@ R L _|C
2 N
which| 2| is greater than half its peak. 600  35100m |10u
Also called half-power bandwidth or 3dB — - -
bandwidth.
60r
’ X ’2 = 1 3dB
It (Y/Rr)*+(wC—1/wr)? !
2 S
Peak is | X (wo)|” = R% @ wy = 1000 aof |
5 5 500 1k 2k
w (rad/s)
At Ww3dB: {%(WSdB){ = % {%(wo){
1 _ R
(Y/R)*+(w3apC—1/wsqpL)* 2

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 -7/11 -
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12: Resonance

Bandwidth and Q

Y 1

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

+ T — Yr+j(wC—1/wL) i Y
Bandwidth is the range of frequencies for é@ R L _|C
2 —
which| 2| is greater than half its peak. 600  35100m |10u
Also called half-power bandwidth or 3dB — - -
’ bandwidth.
60r
’ X ’2 = 1 3dB
It (Y/Rr)*+(wC—1/wr)? !
2 S
Peak is | X (wo)|” = R% @ wy = 1000 aof |
5 5 500 1k 2k
w (rad/s)
At Ww3dB: {%(WSdB){ = % {%(wo){
2
1 _ R? R -
(1/R)?+(wsapC~1/wgqpL)® 2 =1+ (W3dBRC WSdBL) =2

: E1.1 Analysis of Circuits (2017-10213)

Resonance: 12-7/11 '
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12: Resonance

Bandwidth and Q

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

In

Y 1

T = Trtj(wC—1wr)

=1
Bandwidth is the range of frequencies for é@

2
WhiCh’ %! is greater than half its peak.

Also called half-power bandwidth or 3dB —

bandwidth.
60
’X ’2 _ 1 3dB
T (/R (@C L) 8 5oy
5 S
Peak is !%(wo)’ = R* @ wp = 1000 “l .
, , 500 1k 2k
. v 1 v w (rad/s)
At W3dB: {T(WSdB){ — 2 {T(WO){
2
1 B R_2 o R _
(1/R)?+(w3aBC—1/w3qpL)® 2 S (W?)dBRC deBL) -

W3dBRC - R/wgdBL — :l:l

: E1.1 Analysis of Circuits (2017-10213)
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12: Resonance

Bandwidth and Q

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

In

Y 1

T = Trtj(wC—1wr)

=1
Bandwidth is the range of frequencies for é@

2
WhiCh’ %! is greater than half its peak.
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Low Pass Filter

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

Y _ /jwC _ 1 ’ »
X T Rtjwl+:2s T LC(jw)’+RCjw+1 Y
, X=LL 7 100m a
Asymptotes land 75 (jw) . Y ::10u
= 2aouC 200 I
: _ _ T _ X Y| _ _1 _ 1 Y _
@w.: Zp =—Zc =100j,1 = =%, | & = =5 L% =3

Magntitude Plot:
Small ( = less loss, higher peak, smaller bandwidth.

Large ¢ more loss, smaller peak at a lower w, larger bandwidth.

Phase Plot:
Small ¢ = fast phase change: 7 over 2( decades.

2%~ 5 (14 Llogyg £ ) for 10~ < £ < 10+¢

R=20

R=5, {=0.03 0 =5, (=
0 20 R=20,2=0.1 R=>, (7008
—~ - - E R=20, {=0.1
m R=60, {=0.3 =
2 0 R=120, {=0.6 X R=60, {=0.3
2 \Y, A < > -05 R=120, {=0.6
> 20 g
-4 vV
R -40 . -1 \ . - :
2 0 2 4 100 1k 10k 100 251 1k 3.98k 10k
\Y w (rad/s) w (rad/s)
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Resonance Peak for LP filter

12: Resonance Y 1

® Quadratic Factors + Y — LC(]w)2+RCjw—|—1 X=1
® Damping Factor and Q

o Parallel RLC

® Behaviour at Resonance

® Away from resonance —

@ Bandwidth and Q
® Power and Energy at
Resonance &

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

—_—
S
=
=2

o'l
=
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Resonance Peak for LP filter

12: Resonance

. 1
— LC(jw)?4+RCjw+1

<<

® Quadratic Factors +
® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance wC = \/g = 10007 C = b — bwc

® Away from resonance 2aw c 2c

@ Bandwidth and Q
® Power and Energy at
Resonance &

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

—_—
S
=
=2

o'l
=

: E1.1 Analysis of Circuits (2017-10213)
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Resonance Peak for LP filter

12: Resonance Y L 1 L 1

® Quadratic Factors + y — LC (i 2 RC'j 1 S W 2 W

® Damping Factor and Q (]W) + jw+ ('] We ) +2C'] We +1
o Parallel RLC

® Behaviour at Resonance wC = \/g = ]_OOO, C — 20300 — béucc — 2§0

® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance &

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

—_—
S
=
=2

o'l
=

: E1.1 Analysis of Circuits (2017-10213)
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Resonance Peak for LP filter

12: Resonance

1 1
— - - = L R Y
LC(jw)?’+RCjw+1 (522) +2¢5 2 +1 X=1

<<

® Quadratic Factors +
® Damping Factor and Q
o Parallel RLC

Q.
10
® Behaviour at Resonance wC = \/g = ]_OOO, C = b — bwc — I H

® Away from resonance 2awc 2c 200

@ Bandwidth and Q
® Power and Energy at
Resonance &

100m C

>~

is a function of w% SO w,. just scales frequency axis (= shift on log axis).

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 —10/11
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Resonance Peak for LP filter

12: Resonance Y L 1 o 1 I R
@ Quadratic Factors & X LC(j 2 RCi 1 - W )2 . W _ Y

® Damping Factor and Q (]W) + jw+ ('] We ) +2C'] We +1 X=1 100m C
o Parallel RLC S —

@ Behaviour at Resonance wC p— \/g p— ]_ OOO . C p— b p— béucc p— 2§0 10”

® Away from resonance 2aw © p—

@ Bandwidth and Q Y

® Powerand Energyat ~ Is a function of wi SO w,. just scales frequency axis (= shift on log axis).
o Low Pass Filter The damping factor, (, (“zeta”) determines the shape of the peak.

® Resonance Peak for LP
filter

® Summary
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12: Resonance

Resonance Peak for LP filter

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q

® Power and Energy at
Resonance

® Low Pass Filter

® Resonance Peak for LP
filter

® Summary

Y __ 1 — 1 L R Y
X 2\ 2 ; - Cw \2 - W
LC(w) "+ RCjw+1 (422 ) +2¢i &2 +1 X=1100m e
_ Cc __ __ bw. _ R T “[10p
Do = \/_ 1000, ¢ = 2awc =~ 2¢ T 200 R

Y
X

IS a function of — S0 w,. just scales frequency axis (= shift on log axis).

The damping factor C (“zeta”) determines the shape of the peak.

Peak frequency:

Wp = wey/ 1 — 2¢?

IY/X| (dB)

30
20
10

990, 14dB R=20, ¢=0.1

/\

07 08 090 1 12 14
w (krad/s)
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12: Resonance

Resonance Peak for LP filter

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q

® Power and Energy at
Resonance

® Low Pass Filter

® Resonance Peak for LP
filter

® Summary

Y __ 1 — 1 L R Y
X 2\ 2 ; - Cw \2 - W
LC(w) "+ RCjw+1 (422 ) +2¢i &2 +1 X=1100m e
_ Cc __ __ bw. _ R T “[10p
Do = \/_ 1000, ¢ = 2awc =~ 2¢ T 200 R

Y
X

IS a function of — S0 w,. just scales frequency axis (= shift on log axis).

The damping factor C (“zeta”) determines the shape of the peak.

Peak frequency:

Wp = wey/ 1 — 2¢?

¢ > 0.71 = no peak,

IY/X| (dB)

30
20
10

990, 14dB R=20, ¢=0.1

/\

07 08 090 1 12 14
w (krad/s)

: E1.1 Analysis of Circuits (2017-10213)
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12: Resonance

Resonance Peak for LP filter

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q

® Power and Energy at
Resonance

® Low Pass Filter

® Resonance Peak for LP
filter

® Summary

Y 1 _ 1

X 7 LC(jw)? 4+RCjw+1 (L%)QHCL%H
o C __ _ bw. _ R

we = /% = 1000, ¢ = 2awc = 2¢ T 200

Y
X

A= 100m c
_IOu

IS a function of — S0 w,. just scales frequency axis (= shift on log axis).

The damping factor C (“zeta”) determines the shape of the peak.

Peak frequency:

Wp = wey/ 1 — 2¢?

¢ > 0.71 = no peak,
¢ > 1 = can factorize

IY/X| (dB)

30
20
10

990, 14dB R=20, ¢=0.1

/\

0.7

08 09 1 12 14
w (krad/s)
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12: Resonance

Resonance Peak for LP filter

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q

® Power and Energy at
Resonance

® Low Pass Filter

® Resonance Peak for LP
filter

® Summary

Y 1 _ 1

X 7 LC(jw)? 4+RCjw+1 (L%)QHCL%H
o C __ _ bw. _ R

we = /% = 1000, ¢ = 2awc = 2¢ T 200

Y

X

A= 100m c
_IOu

IS a function of — S0 w,. just scales frequency axis (= shift on log axis).

The damping factor C (“zeta”) determines the shape of the peak.

0

Peak frequency: 30
wp = wey/1 — 2¢? g
X
¢ > 0.71 = no peak, =
¢ > 1 = can factorize 1057

Gain relative to asymptote:

. 1
@ wp! 2¢/1-¢2

08 09 1 12 14

w (krad/s)
N
@ We- i ~ Q
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12: Resonance

Resonance Peak for LP filter

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q

® Power and Energy at
Resonance

® Low Pass Filter

® Resonance Peak for LP
filter

® Summary

Y 1 o 1

X 7 LC(jw)? 4+RCjw+1 (jwﬁc)2+26jw&c+1
— c _ bw., _ R

e = \/__ 1000, ¢ = 2awc = 2¢ — 200

Y

X

A= 100m c
_IOu

IS a function of — S0 w,. just scales frequency axis (= shift on log axis).

The damping factor C (“zeta”) determines the shape of the peak.

Peak frequency: 30

Wp = wey/ 1 — 2¢?

999, 26dB
990, 14dB

o 20
; 10
¢ > 0.71 = no peak, =
¢ > 1 = can factorize 105708 09 1 12 14
w (krad/s)
Gain relative to asymptote: @ wp: ﬁ @ wWe: % ~ ()

: E1.1 Analysis of Circuits (2017-10213)
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12: Resonance

Resonance Peak for LP filter

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q

® Power and Energy at
Resonance

® Low Pass Filter

® Resonance Peak for LP
filter

® Summary

Y 1 o 1

X 7 LC(jw)? 4+RCjw+1 (jwﬁc)2+26jw&c+1
— c _ bw., _ R

e = \/__ 1000, ¢ = 2awc = 2¢ — 200

Y

X

A= 100m c
_IOu

IS a function of — S0 w,. just scales frequency axis (= shift on log axis).

The damping factor C (“zeta”) determines the shape of the peak.

Peak frequency: . 301 499 26 SB R=5, =003
— /1 — - 990, 14dB R=20, {=0.1
wp = we/ 1 —2¢ @ | 906, 508 R=60, (=03
; 10

¢ > 0.71 = no peak, > 0 —
¢ > 1 = can factorize 105708 09 1 12 14

w (krad/s)

. . 1 1

Gain relative to asymptote: @ wy: ——— @ w,.: == ~
ymp p 2C\/@ c- 2¢ Q

: E1.1 Analysis of Circuits (2017-10213)
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12: Resonance

Resonance Peak for LP filter

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q

® Power and Energy at
Resonance

® Low Pass Filter

® Resonance Peak for LP
filter

® Summary

Y __ 1 — 1 L R Y
X 2\ 2 ; - Cw )2 - w
LC(w) "+ RCjw+1 (422 ) +2¢i &2 +1 X=1100m e
_ C . bwc . R T __10},1
we = /% = 1000, ¢ = 2awc = 2¢ T 200 e

Y
X

The damping factor C (“zeta”) determines the shape of the peak.

Peak frequency:

Wp = wey/ 1 — 2¢?

¢ > 0.5 = passes under corner,
¢ > 0.71 = no peak,
¢ > 1 = can factorize

Gain relative to asymptote: @ wp:

IY/X| (dB)

30

IS a function of — S0 w,. just scales frequency axis (= shift on log axis).

999, 26dB R=5, {=0.03

990, 14dB R=20, {=0.1

906, 5B R=60, {=0.3
529, 4d =120, {=0.6
\

07 08 09 1 12 14

w (krad/s)

C 1
2¢y/1—¢2 @ we: 3¢ & Q
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12: Resonance

Resonance Peak for LP filter

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q

® Power and Energy at
Resonance

® Low Pass Filter

® Resonance Peak for LP
filter

® Summary

Y __ 1 — 1 L R Y
X 2\ 2 ; - Cw )2 - w
LC(w) "+ RCjw+1 (422 ) +2¢i &2 +1 X=1100m e
_ C . bwc . R T __10},1
we = /% = 1000, ¢ = 2awc = 2¢ T 200 e

Y
X

The damping factor C (“zeta”) determines the shape of the peak.

Peak frequency:

Wp = wey/ 1 — 2¢?

¢ > 0.5 = passes under corner,
¢ > 0.71 = no peak,
¢ > 1 = can factorize

IY/X| (dB)

30

IS a function of — S0 w,. just scales frequency axis (= shift on log axis).

999, 26dB R=5, {=0.03

990, 14dB R=20, {=0.1

906, 5B R=60, {=0.3
529, 4d =120, {=0.6
\

07 08 09 1 12 14

w (krad/s)

Gain relative to asymptote: @ wp: ﬁ @ we: % ~

Three frequencies: w),= peak, w.= asymptotes cross, w,.= real impedance
For ¢ < 0.3, w, =~ w. ~ w,. All get called the resonant frequency.

: E1.1 Analysis of Circuits (2017-10213)
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Resonance Peak for LP filter

12: Resonance Y L 1 L 1 I R
@ Quadratic Factors & X LC(j 2 RCi 1 - W )2 W _ Y
® Damping Factor and Q (]W> + jw+ (] We ) +2€] We +1 X=1 100m C
o Parallel RLC b R = ::10u
® Behaviour at Resonance W = ol 1000 = c =
® Away from resonance ¢ \/_ C 20,(,06 2c 200 e
@ Bandwidth and Q Y
® Powrer and Energy at ~ Is afunction of — S0 w,. just scales frequency axis (= shift on log axis).
esonance +
o Low Pass Filter The damping factor C (“zeta”) determines the shape of the peak.
® Resonance Peak for LP
filter P k f
® Summary el LG LIS LG 5 301 999, 2638 R=5, {=0.03
_ /1 _ - 990, 14dB R=20, {=0.1
wp = wey/ 1 —2¢ @ “°[ 906, 5dB R=60, {=0.3
¢ > 0.5 = passes under corner, < 1o °2%.4d <120,¢=06
> 0. = 0 —
C_O71$nopea.k, =
¢ > 1 = can factorize 105708 09 1 12 14

w (krad/s)

Gain relative to asymptote: @ wp: ﬁ @ we: % ~

Three frequencies: w),= peak, w.= asymptotes cross, w,.= real impedance
For ¢ < 0.3, w, =~ w. ~ w,. All get called the resonant frequency.

The exact relationship between w,,, w. and w, and the gain at these
frequencies is affected by any other corner frequencies in the response.

: E1.1 Analysis of Circuits (2017-10213) Resonance: 12 -10/11
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Summary

12: Resonance e Resonance is a peak in energy absorption

® Quadratic Factors +
® Damping Factor and Q

o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance &

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary
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Summary
12 Resonance e Resonance is a peak in energy absorption
® Quadratic Factors +
:Eamﬁ"fi facctorandfé o Parallel or series circuit has a real impedance at w;.
aralle

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q
® Power and Energy at
Resonance &

® Low Pass Filter
® Resonance Peak for LP
filter

® Summary

> peak response may be at a slightly different frequency
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Summary
12: Resonance e Resonance is a peak in energy absorption
® Quadratic Factors &
:Eamﬁ"l‘i facct‘”a“dQ o Parallel or series circuit has a real impedance at w;.
aralle
® Behaviour at Resonance > peak response may be at a slightly different frequency
® Away from resonance ) )
® Bandwidth and Q o The quality factor, (), of the resonance is
® Power and Energy at
Resonance + Q A Wo xStOfEd enel’gy ~ wo ~ 1
Low Pass Fil - i ~ i ~ 9
o rowpasshiler power in R 3 dB bandwidth "~ 2¢
filter
® Summary
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Summary
12: Resonance e Resonance is a peak in energy absorption
® Quadratic Factors &
:Eamﬁ"l‘i facct”a“dQ o Parallel or series circuit has a real impedance at w;.
aralle
® Behaviour at Resonance > peak response may be at a slightly different frequency
® Away from resonance ) )
® Bandwidth and Q o The quality factor, (), of the resonance is
® Power and Energy at
Resonance + Q A Wo ><St0red enel’gy ~ wo ~ 1
Low Pass Fil — i ~ i ~ 9~
o rowpasshiler power in R 3 dB bandwidth "~ 2¢
filter g 0
o Summary o 3 dB bandwidth is where power falls by % or voltage by %
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Summary
12: Resonance e Resonance is a peak in energy absorption
® Quadratic Factors &
:Eamﬁ"l‘i facct”a“dQ o Parallel or series circuit has a real impedance at w;.
aralle
® Behaviour at Resonance > peak response may be at a slightly different frequency
® Away from resonance ) )
® Bandwidth and Q o The quality factor, (), of the resonance is
® Power and Energy at
Resonance + Q A Wo ><St0red enel’gy ~ wo ~ 1
Low Pass Fil — i ~ i ~ 9~
o rowpasshiler power in R 3 dB bandwidth "~ 2¢
filter g 0
o Summary o 3 dB bandwidth is where power falls by % or voltage by %

o The stored energy sloshes between L and C'

: E1.1 Analysis of Circuits (2017-10213)
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Summary
12: Resonance e Resonance is a peak in energy absorption
® Quadratic Factors +
e Emﬁli facct"fa”dQ o Parallel or series circuit has a real impedance at w;.
® Paralle
® Behaviour at Resonance > peak response may be at a slightly different frequency
® Away from resonance ) )
® Bandwidth and Q o The quality factor, (), of the resonance is
® Power and Energy at
Resonance + Q A Wo ><St0red energy ~ wo ~ 1
Low Pass Fil - i ~ i ~ 9
o rowpasshiler power in R 3 dB bandwidth "~ 2¢
filter g 5
o Summary o 3 dB bandwidth is where power falls by % or voltage by %

o The stored energy sloshes between L and C'

@

N2 .
e Quadratic factor: (i—“’) + 2¢ (i—w) +1

: E1.1 Analysis of Circuits (2017-10213)
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Summary
12:QRe:°“:“Eet e Resonance is a peak in energy absorption
® Quadratic Factors +
:Emﬁli facct‘”a”d@ o Parallel or series circuit has a real impedance at w;.
® Behaviour at Resonance > peak response may be at a slightly different frequency
® Away from resonance
i o The quality factor, (), of the resonance is
® Power and Energy at
Resonance + Q2 A woxStored energy o 1
e e powerink = 3 dB bandW|dth 2¢
filter g 0
o Summary o 3 dB bandwidth is where power falls by 5 or voltage by E
o The stored energy sloshes between L and C'
: 2 .
e Quadratic factor: (i—“’) + 2¢ (i—w) +1
N2 b (i __ bsgn(a)
o a(jw) +b(jw)+c = we=,/Zand(= - =22

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 —11/11
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Summary
12:QRe:°“:“Eet e Resonance is a peak in energy absorption
® Quadratic Factors +
:Emﬁli facct‘”a”d@ o Parallel or series circuit has a real impedance at w;.
® Behaviour at Resonance > peak response may be at a slightly different frequency
® Away from resonance
i o The quality factor, (), of the resonance is
® Power and Energy at
Resonance + Q2 A woxStored energy o 1
e e powerink = 3 dB bandW|dth 2¢
filter g 0
o Summary o 3 dB bandwidth is where power falls by 5 or voltage by E
o The stored energy sloshes between L and C'
: 2 .
e Quadratic factor: (i—“’) + 2¢ (i—w) +1
N2 b (i __ bsgn(a)
o a(jw) +b(jw)+c = we=,/Zand(= - =22

o =40 dB/decade slope change in magnitude response
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Summary
12: Resonance e Resonance is a peak in energy absorption
® Quadratic Factors +
e Emﬁli facct"fa”dQ o Parallel or series circuit has a real impedance at w;.
® Paralle
® Behaviour at Resonance > peak response may be at a slightly different frequency
® Away from resonance ) )
® Bandwidth and Q o The quality factor, (), of the resonance is
® Power and Energy at
Resonance + Q2 A woxStored energy 1
Low P Fil _—
o rowpasshiler power in R ~ 3dB bandW|dth 2¢
filter g 5
o Summary o 3 dB bandwidth is where power falls by 5 or voltage by E

o The stored energy sloshes between L and C'

N2 .
e Quadratic factor: (i—“’) + 2¢ (i—w) +1

@

o a(jw)?+b(jw)+ec = we=/Cand(= _ bsgn(a)

2awc 4ac
o =40 dB/decade slope change in magnitude response

o phase changes rapidly by 180° over w = 10F¢w,

' E1.1 Analysis of Circuits (2017-10213) Resonance: 12 —11/11
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12: Resonance

Summary

® Quadratic Factors

® Damping Factor and Q
o Parallel RLC

® Behaviour at Resonance
® Away from resonance

@ Bandwidth and Q

® Power and Energy at
Resonance

® Low Pass Filter

® Resonance Peak for LP
filter

® Summary

e Resonance is a peak in energy absorption

o Parallel or series circuit has a real impedance at w;.
> peak response may be at a slightly different frequency

o The quality factor, (), of the resonance is
Q2 A woxStored energy 1

power in R ~ 3 dB bandW|dth 2¢

o 3 dB bandwidth is where power falls by = 5 or voltage by E

o The stored energy sloshes between L and C'

o a(jw)+b(jw)tec = we= /Zand(= L =tenld

o =40 dB/decade slope change in magnitude response

N2 .
e Quadratic factor: (i—“’) + 2¢ (i—w) +1

o phase changes rapidly by 180O over w = 10F¢w,

o Gain error in asymptote is 5> ~ () at wy
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Summary
12 Resonance e Resonance is a peak in energy absorption
® Quadratic Factors +
® Damping Factor and Q o Parallel or series circuit has a real impedance at w;.

@ Parallel RLC

® Behaviour at Resonance

® Away from resonance

@ Bandwidth and Q O
® Power and Energy at

Resonance +

® Low Pass Filter

® Resonance Peak for LP

filter
O

® Summary

©)

> peak response may be at a slightly different frequency

The quality factor, (), of the resonance is
Q2 A woxStored energy 1

power in R ~ 3 dB bandW|dth 2¢

3 dB bandwidth is where power falls by 5 or voltage by E

The stored energy sloshes between L and C'

N2 .
e Quadratic factor: (i—“’) + 2¢ (‘Zd—w) +1

©)

@)

©)

@

a(jw)’ +b(jw)+c = we= VEand ¢ = — bsen(a)

2awc dac

140 dB/decade slope change in magnitude response
phase changes rapidly by 180° over w = 10T¢w,

. : S
Gain error in asymptote is 5> ~ Q) at wy

For further details see Hayt Ch 16 or Irwin Ch 12.
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