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Resonance in series RLC circuits
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I = - 0 - = S =InZ6, where
R+ jwl+1/jwC R+ j(wL—1/wC)
= Vi 7 — tan-! {wal/wC} .
VR? + (wL —1/wC)? R
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Resonance in series RLC circuits

Ve — V-

+
Vi 20 _‘, Ve
Vin £ V,
I = - 0 - = S =InZ6, where
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* As w is varied, both I, and 6 change.
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Resonance in series RLC circuits

Ve — V-

+
Vo 20 _‘, Ve
Vin £ V,
1= 7 0 = S = I £0, where
R+ jwl+1/jwC R+ j(wL—1/wC)
= Vim 9= —tan! [M] ,
VR? + (wL —1/wC)? R

* As w is varied, both I, and 6 change.

* When wlL = 1/wC, Iy, reaches its maximum value, /73X =V, /R, and
0 becomes 0, i.e., the current | is in phase with the applied voltage.
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Resonance in series RLC circuits

Ve — V-

+
Vi 20 _‘, Ve
Vin £ V,
I = - 0 - = S =InZ6, where
R+ jwl+1/jwC R+ j(wL—1/wC)
= Vi 7 — tan-! [wal/wC] .
VR? + (wL —1/wC)? R

* As w is varied, both I, and 6 change.

* When wlL = 1/wC, Iy, reaches its maximum value, /73X =V, /R, and
0 becomes 0, i.e., the current | is in phase with the applied voltage.

* The above condition is called “resonance,” and the corresponding frequency is
called the “resonance frequency” (wp).

wo =1/VLC
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Resonance in series RLC circuits

Ve -+ V-

Vo 20 Ve

Vin tan—1 {wal/wC}
m = , 0=—tan ' | ———| .
VR? 4+ (wL—1/wC)? R



Resonance in series RLC circuits

F Ve - V- ‘ }
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* As w deviates from wq, I, decreases.



Resonance in series RLC circuits

F Ve - V- ‘ }
| 01 R=10Q B
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m = m s = —tan! {7/ .
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* As w deviates from wq, I, decreases.

* As w — 0, the term 1/wC dominates, and 6 — 7/2.



Resonance in series RLC circuits

fo fo

+ Ve — 4+ V- ‘ : 90 :
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* As w deviates from wq, I, decreases.
* As w — 0, the term 1/wC dominates, and 6 — 7/2.

* As w — oo, the term wl dominates, and 6 — —7/2.
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Resonance in series RLC circuits

fo fo

+ Ve — 4+ V- ‘ 90
| 01F [R=10Q B F 4
L L=1mH 1% L 4
+ — C=1pF ¢
Vi L0 Ve S 1 80r 1
_ £ L 12 ¢ 4
0 i | —90 | I
10? 10° 10* 10° 10? 10° 10* 10°
Frequency (Hz) Frequency (Hz)
Vin tan—1 {wal/wC}
m = s = —tan _ .
VR? 4+ (wL—1/wC)? R

* As w deviates from wq, I, decreases.
* As w — 0, the term 1/wC dominates, and 6 — 7/2.

* As w — oo, the term wl dominates, and 6 — —7/2.

(SEQUEL file: ee101_reso_rlc_1.sqproj)
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Resonance in series RLC circuits
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Resonance in series RLC circuits

|max
m

+ Im/\/2
v,

/1IN W -

wp Wy W2

* The maximum power that can be absorbed by the resistor is
1 1
Pmax - 5 (InTax)2 R = 5 V,%/R
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Resonance in series RLC circuits

|max
m

+ Im/\/2
v,

/1IN W -

wp W W2

* The maximum power that can be absorbed by the resistor is

1 1
Pmax = 5 (InTax)2 R = E V,%/R.

* Define w1 and wy (see figure) as frequencies at which I, = Ih2* V2, i.e., the
power absorbed by R is Pmax/2.
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Resonance in series RLC circuits

|max
m

+ Im/\/2
v,

/1IN W -

wp W W2

* The maximum power that can be absorbed by the resistor is
1 1
Pmax = = (InTax)2 R=—- V,%/R.
2 2
* Define w1 and wy (see figure) as frequencies at which I, = I,',?ax/ﬁ, i.e., the
power absorbed by R is Pmax/2.

* The bandwidth of a resonant circuit is defined as B = wy — w1, and the quality

factor as Q = wo/B. Quality is a measure of the sharpness of the I, versus
frequency relationship.
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Resonance in series RLC circuits

Vin I
VR? + (wl —1/wC)? n/v2

For w =wo, Im = 1M =V, /R.

Im =

For w = w; or w = wo, Iy = IM3X/\/2. 0

AN

wp Wy W2
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Resonance in series RLC circuits

Vin I
VR? + (wl —1/wC)? n/v2

For w =wo, Im = 1M =V, /R.

Im =

Forw:wlorw:wzlm:’nqqax/ﬁ‘ 0
VAR W -
wh wy W2
N 1 (Vm> Vin f
R _ = or w=uwi,2.
V2 R R2 + (wL—1/wC)?
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Resonance in series RLC circuits

Vin I
VR? + (wl —1/wC)? n/v2

For w = wp, Im = 1M =V, /R.

Im =

Forw:wlorw=w2v/m:’nqqax/ﬁ‘ 0
VAR W -
wh wy W2
N 1 (Vm) Vin fo
=) = rw=uwip.
V2 \R R?2 4+ (wL —1/wC)?

2R? = R? + (wL—1/wC)? - R = +(wL — 1/wC).
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Resonance in series RLC circuits

Vin I
VR? + (wl —1/wC)? n/v2

For w = wp, Im = 1M =V, /R.

Im =

Forw:wlorw=w2v/m:’nqqax/ﬁ‘ 0

AN
w) Wy w2
1 (Vm) Vin
= — (2 =
V2 \ R VR2 + (wl —1/wC)?
2R? = R? + (wL—1/wC)? - R = +(wL — 1/wC).
Solving for w (and discarding negative solutions), we get

R+ <R 2+ 1
wip = F— — —.
2= %50 2L LC

forw =wi.
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Resonance in series RLC circuits

Vin I
VR? + (wl —1/wC)? n/v2

For w = wp, Im = 1M =V, /R.

Im =

Forw:wlorw=w2v/m:’nqqax/ﬁ‘ 0

M/L\u v
1 (Vm) Vi
= —(2) =
V2 \ R VR?+ (wL —1/wC)?
2R? = R? + (wL—1/wC)? - R = +(wL — 1/wC).

Solving for w (and discarding negative solutions), we get

forw =wi.

R+ <R 2+ 1
wip = F— — —.
2= %50 2L LC

* Bandwidth B =wy —w; = R/L.
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Resonance in series RLC circuits

Vin I
VR? + (wl —1/wC)? n/v2

For w = wp, Im = 1M =V, /R.

Im =

Forw:wlorw=w2v/m:’nqqax/ﬁ‘ 0

M/L\u v
1 (Vm) Vi
= —(2) =
V2 \ R VR?+ (wL —1/wC)?
2R? = R? + (wL—1/wC)? - R = +(wL — 1/wC).

Solving for w (and discarding negative solutions), we get

forw =wi.

R+ R 2+ 1
w12 =F— — —.
2= %50 2L LC
* Bandwidth B =wy —w; = R/L.
* Quality Q =wo/B =wol/R.
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Resonance in series RLC circuits

Vi I
RZ 4 (wL — 1/wC)?’ In/V2

For w = wq, Im = I,Tax =Vn/R.

Im =

For w = w1 or w = wp, /m:’nrqnax/ﬁ‘

AN

wp Wy W2

N 1 (Vm) Vim fo
— == rw=wipo.
V2 \ R R? + (wL —1/wC)?
2R? = R? + (wL—1/wC)? - R = +(wL — 1/wC).
Solving for w (and discarding negative solutions), we get
R . <R 2 L

w = — i

L2 =Tl 2L Lc

* Bandwidth B =wy —w; = R/L.

* Quality Q =wo/B =wol/R.

* Show that, at resonance (i.e., w = wp), |Vi| = |V¢c| = Q Vim.
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Resonance in series RLC circuits

Vin I
R2 4 (wL — 1/wC)? /2
For w = wq, Im = I,Tax =Vn/R.

Im =

Forw:wlorw=w2v/m:’nrrax/ﬁ‘ 0

AN

wp Wy W2

N (Vm) Vin o
_ _ — rw—w .
V2 \R R2 + (WL — 1/wC)? b

2R? = R? + (wL—1/wC)? - R = +(wL — 1/wC).

Solving for w (and discarding negative solutions), we get

w12::FE+ <R>2+i
’ 2L 2L LC
* Bandwidth B =wy —w; = R/L.
* Quality Q =wo/B =wol/R.
* Show that, at resonance (i.e., w = wp), |Vi| = |V¢c| = Q Vim.
* Show that wy = /wiws .

M. B. Patil, IIT Bombay



Resonance in series RLC circuits

+ Vg — + VL — 90 J fOQ
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As R is increased,
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Resonance in series RLC circuits

90

‘
R =100 |

+ Vg — + VL — T
Ol L=1mH 1T
I=1ln 20 - C=1uF 1 8 q
+ = L R=10Q I |
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As R is increased,
* The quality factor @ = wolL/R decreases, i.e., I; versus w curve becomes

broader.
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Resonance in series RLC circuits

+ Vg — + VL — T 90 o
01k | —1mH 1 T 7 1
I=1ln 20 - C=1uF 1 8 q
+ = L R=100 I |

Vi 20 Ve = R—200 <
_ =+ =t J
0 —90 i
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As R is increased,
* The quality factor @ = wolL/R decreases, i.e., I; versus w curve becomes

broader.

* The maximum current (at w = wp) decreases (since /3% =V, /R).

M. B. Patil, IIT Bombay



Resonance in series RLC circuits

Ve — v —
I =16

+
Vi 20 Ve

As R is increased,

T 90 T

01 | —1mH Tt R=100 i

- C=1uF 18 B

g L R=100Q 5” ol i

< R =200 3
E L T 4
0 T L 790 L L

10% 10° 10* 10° 10% 10% 10*

Frequency (Hz)

Frequency (Hz)

* The quality factor @ = wolL/R decreases, i.e., I; versus w curve becomes

broader.

* The maximum current (at w = wp) decreases (since /3% =V, /R).

* The resonance frequency (wo = 1/V/LC) is not affected.
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Resonance in series RLC circuits
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Resonance in series RLC circuits

Ve b v |
Vi /0 T Ve
Vin £ V,
I= — 0 - = — =In £0, where
R+ jwl+1/jwC R+ j(wl—1/wC)

Vin wl—1/wC

Im = , 9:—tan*1{ }
VR?2 + (wL —1/wC)? R

* For w < wp, wlL < 1/wC, the net impedance is capacitive, and the current leads
the applied voltage.
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Resonance in series RLC circuits

+
Vi /0 T Ve
1= 'vmzo = - Vim =1, £0, where
R+ jwl+1/jwC R+ j(wl—1/wC)
Vv, L—-1/wC
Im = - , 0=—tan"! [u] .
VR?2 + (wL —1/wC)? R

* For w < wp, wlL < 1/wC, the net impedance is capacitive, and the current leads
the applied voltage.

* For w = wp, wL = 1/wC, the net impedance is purely resistive, and the current
is in phase with the applied voltage.
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Resonance in series RLC circuits

+
Vi /0 T Ve
1= 'vmzo = - Vim =1, £0, where
R+ jwl+1/jwC R+ j(wl—1/wC)
Vv, L—-1/wC
Im = - , 0=—tan"! [u] .
VR?2 + (wL —1/wC)? R

* For w < wp, wlL < 1/wC, the net impedance is capacitive, and the current leads
the applied voltage.

* For w = wp, wL = 1/wC, the net impedance is purely resistive, and the current
is in phase with the applied voltage.

* For w > wg, wL > 1/wC, the net impedance is inductive, and the current lags
the applied voltage.
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Resonance in series RLC circuits

Ve b v |
Vi /0 T Ve
Vin £ V,
I= — 0 - = — =In £0, where
R+ jwl+1/jwC R+ j(wl—1/wC)
Vv, L—-1
I = m 6= —tan! [w] ,
VR?2 + (wL —1/wC)? R

* For w < wp, wlL < 1/wC, the net impedance is capacitive, and the current leads
the applied voltage.

* For w = wp, wL = 1/wC, the net impedance is purely resistive, and the current
is in phase with the applied voltage.

* For w > wg, wL > 1/wC, the net impedance is inductive, and the current lags
the applied voltage.

* Let us look at an example (next slide).
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Resonance in

series RLC circuits

R=10Q
L=1mH
C=1uF

| |
0 100 200

|
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— V, (V) (left axis)
— i (A) (right axis)
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Resonance in series RLC circuits: phasor diagrams

v, Ve R=100
- L=1mH
C=1uF

Vi
Fove 4 L 4 L 4

Im(V)
<
P
<
B

Ve |
b 1L 1L A 1
Ve g | Ve

30 4 L Ve i L i

f=4.3kHz f=fy~5kHz
a1 PRI L
-1 0 1 2 -1 0 1 2 -1 0 1 2
Re(V) Re(V) Re(V)

f=5.9 kHz
P!
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Resonance in parallel RLC circuits

<+

Im Z0 =YV, where Y = G + jwC + 1/jwl (G =1/R).

V= .lmLO ; = . fm = Vi £0, where
G+ jwC+1/jwl G+ j(wC—1/wl)
o Im 9= _tan? [M} _
VG2 4 (wC —1/wl)? G
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Resonance in parallel RLC circuits

<+

Im Z0 =YV, where Y = G + jwC + 1/jwl (G =1/R).

V= .lmLO ; = . fm = Vi £0, where
G+ jwC+1/jwl G+ j(wC—1/wl)
o Im 9= _tan? [M} _
VG2 4 (wC —1/wl)? G

* As w is varied, both Vj;, and 6 change.
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Resonance in parallel RLC circuits

<+

Im Z0 =YV, where Y = G + jwC + 1/jwl (G =1/R).

V = .lmLO - = - Im = Vn £0, where
G+ jwC+1/jwl G+ j(wC—1/wl)
- Im 9= _tan? {wC—l/wL} .
VG2 4 (wC —1/wl)? G

* As w is varied, both Vj;, and 6 change.

* When wC = 1/wl, V,, reaches its maximum value, V13X = | /G = I,R, and
0 becomes 0, i.e., the voltage V is in phase with the source current.
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Resonance in parallel RLC circuits

<+

Im Z0 =YV, where Y = G + jwC + 1/jwl (G =1/R).

V = .lmLO - = - Im = Vn £0, where
G+ jwC+1/jwl G+ j(wC—1/wl)
Im 9= _tan? {M} .
VG2 4 (wC —1/wl)? G

*

*

As w is varied, both V, and 6 change.

When wC = 1/wL, Vi, reaches its maximum value, V73X = |, /G = IR, and
0 becomes 0, i.e., the voltage V is in phase with the source current.

The above condition is called “resonance,” and the corresponding frequency is
called the “resonance frequency” (wp).

wo = l/m
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Resonance in parallel RLC circuits

Series RLC circuit: Iy = Vim , 6=—tan! {M} .
R? + (wL —1/wC)? R
I —1/wlL
Parallel RLC circuit: Vi = m 9= —tan-1 [u} ,
VG2 + (wC — 1/wl)? G
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Resonance in parallel RLC circuits

V, L—1
Series RLC circuit: Iy = m . 0= —tan ! {w} )
R? + (wL —1/wC)? R
[} C—1/wL
Parallel RLC circuit: Vp, = o , 0=—tan" ! [u} .
VG2 + (wC — 1/wl)? G
* The two situations are identical if we make the following substitutions:
|-V,
R < 1/R,
L~ C.
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Resonance in parallel RLC circuits

Series RLC circuit: Iy = Vim , 6=—tan! {M} .
R? + (wL —1/wC)? R
I —1/wlL
Parallel RLC circuit: Vi = m 9= —tan-1 [u} ,
VG2 + (wC — 1/wl)? G

* The two situations are identical if we make the following substitutions:
|-V,
R < 1/R,
L~ C.
* Thus, our results for series RLC circuits can be easily extended to parallel RLC
circuits.
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Resonance in parallel RLC circuits

Series RLC circuit: Iy = Vim , 6=—tan! {M} .
R? + (wL —1/wC)? R
I —1/wlL
Parallel RLC circuit: Vi = m 9= —tan-1 [u} ,
VG2 + (wC — 1/wl)? G

* The two situations are identical if we make the following substitutions:
|-V,
R < 1/R,
L~ C.
* Thus, our results for series RLC circuits can be easily extended to parallel RLC
circuits.

* Show that ! + ! ’ + L
ow at w = _— R -
12 = FoRe 2RC Lc

= Bandwidth B =1/RC.
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Resonance in parallel RLC circuits

Series RLC circuit: Iy = Vim , 6=—tan! {M} .
R? + (wL —1/wC)? R
I —1/wlL
Parallel RLC circuit: Vi = m 9= —tan-1 [u} ,
VG2 + (wC — 1/wl)? G

* The two situations are identical if we make the following substitutions:
|-V,
R < 1/R,
L~ C.
* Thus, our results for series RLC circuits can be easily extended to parallel RLC
circuits.

* Show that ! + ! ’ + L
ow at w = _— R -
12 = FoRe 2RC Lc

= Bandwidth B =1/RC.

* Show that, at resonance (i.e., w = wp),

I =lc| = Qlm.

M. B. Patil, IIT Bombay



Resonance in parallel RLC circuits

Series RLC circuit: Iy = Vim , 6=—tan! {M} .
R? + (wL —1/wC)? R
I —1/wlL
Parallel RLC circuit: Vi = m 9= —tan-1 [u} ,
VG2 + (wC — 1/wl)? G

* The two situations are identical if we make the following substitutions:
|-V,
R < 1/R,
L~ C.

* Thus, our results for series RLC circuits can be easily extended to parallel RLC
circuits.

* Show that ! + ! 2+ L
ow at w = —_— —_— —
12 = Fope 2RC Lc

= Bandwidth B =1/RC.

* Show that, at resonance (i.e., w = wp),

* Show that wy = \/wiw; .

I =lc| = Qlm.
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Resonance in parallel RLC circuits: home work

]
En
]
e
-
&

ln = 50 mA
R =2k

L=40mH
C=0.25 uF

Im 20

<+

— i

* Calculate wo, fy, B, Q.

* Calculate Ig, I, I¢c at w = wp, w1, wo.

* Verify graphically that Iz +1; + 1c = |5 in each case.

* Plot the power absorbed by R as a function of frequency for f,/10 < f < 10 fy.
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