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Module 9: AC Analysis
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Summary

e Steady-state solution of VDE
* Concept of Impedance
* AC Circuits

 Examples
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Review: Forced Solution
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Forced Sinusoidal Solution
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Example Circuit
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Numerical Example

in[120]:= EV = Eigenvaln@ EV // MatrixForm
Out[120)//MatrixForm=

~1.9034x10% + 7.2085x10% i | 4
-1.9034x108 - 7.2085x10% 1 Y2
-4.8545x10% +2.82637x108% i Xl

-

-4.8545x10° - 2.82637x10% i | & = G + jwy
Z,82637 X10°

Note that the eigenvalues have an imaginary part close to the cut-off frequency of the filter (100 MHz):

niizi}= IM[EV] / (2P1 100-1046) // N Plot[Re[xforcel[t][[2]]], {t, 0, 5010* — 9}, PlotRange->{{0, 5010" — 9}, {0, 1.2}}]

oufi21}= {1.14727, -1.14727, 0.449831, -0.449831} 12
f / \ /\ 10k
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1o M -
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Forced Response

* Since we’ve reduced the system to simple constant coefficient
linear differential equations, we know the forced response |

* Note that the sources are also transformed into the eigenspace
through the matrix Q1
- xforce[t_ ] = Q.MatrixExp[Dlamt].Qi.xi +Q.MatrixExp[Dlamt].Qi ,Integrate[Q.Matr-ixExp[—D'Lam sigma].Qi.bs, {sigma, 0, t}];
e =il SN g (P
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Steady-State DC Response

In[140]:= \%Q.MatrixExp[Dlam t].Qi WtrixExp[-Dlam sigma].Qi.bs, {sigma, 0, t}]@

ouf140]= {{0.5}, {0.5+0. 1}, {0.01 +0.1i}, {0.01}}
E— S Z\

The fi also easily derived from the basic vector equation by setting all derivatives to zero:

inff41]:= -Inverse[A] . bs

ou[141}= {{0.5}, {0.5}, {
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Sinusoidal Steady-State
Cuiarmeaeny  (GOMbg

inf143:= xacl[t_] = Q.MatrixExp[Dlamt].Qi.xi +Q.MatrixExp[Dlamt].Qi .Integrate[Q.MatrixExp[-Dlam sigma].Qi . bs Cos[wl sigma] , /{sigma, 0, t}];

inf14s;= Plot[Re [xacl[t][2]], {t, 0, 100104 -9}] /<

Qinvédm’ ‘
&0 Vals
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Higher Frequency Response

xac2[t_] = Q.MatrixExp[Dlamt].Qi.xi +Q.MatrixExp[Dlamt].Qi .Integrate[Q.MatrixExp[-Dlam sigma].Qi . bs C@igma] , {sigma, 0, t}];

Plot[Re[xac2[t][2]], {t, 0, 100 107 -9}, PlotRange » {{0, 100107 -9}, {-.25, .5}}]

Plot[Re[xac2[t][2]], {t, 40 <107 -9, 10010/ -9}]
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Steady-State Sinusoidal Response

 Weighted integral perspective
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F i It D i
Filter Properties N\/V\/Maf‘kl"
Response Type microwave

RS L1
50.00Q 73.99 nH 114.2nH

Topology Order Y'Y Y
Series First - 4 l c2 l C RL
45.67 pF 29.59 pF 50.00 Q
Cutoff Frequency
"\
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4th Order Modified Chebyshev Lowpass
Cutoff Frequency = 100.0 MHz
and Ripple = 0.1 dB

Lowpass v Chebyshev v

<
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AC Analysis

 Can we get here directly without setting up all the VDE and
solving it ?

éaa(f ?M@Aﬁ? Ca(ca[qJ/é
gmuga?p&/ XWZAS’I’MLZ %9570
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“Phasors”

* A complex number by another name
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Concept of Impedance
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Reactance
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Capacitors in AC Circuits

KOﬁv‘vM 7 )
Cprstrnts

EECS 16B Spring 2023 Module 9, Slide 18 Instructors: Prof. Niknejad/Ramchandran



f f _ P N 1%
SRS
# &(QCJ/@V ;M Q?nc/fo ' A / g@%
Stete  lools ke o« lmplax

f

(o stor I= 6-V

~ N P ~
IC — /(AC VC




\

G/LCM&'/Q mzf?ﬁ% €_> ;MVzADinUL



Inductors in AC Circuits
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Direct Solution (no VDE required)
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Phasor Algebra

e Same as any complex number
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