
 

Circuit Undamped LC circuits

Up to now we have mainly consideredsystems with
one energystorageelementSecond order systems with

he It t.ie conten atchi ii
Let's start by considering the behavior of anundriven Le circuit with an initial condition

As a starting pointconsider initial conditions
I F i lo o Velo VA

s the.fi iintieretnI.th
we have I ie V Vc

ic C 9 cat

v L ve 29
combining ve LCd LC tv D

This is a homogeneous differential equation no driving
terms

Let's guess a solution for the homogeneous response

No h Aes andftp.dnyalues of s make this e

2A is an arbitrary scale factor usedto meet initial conditions
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substituting to Aest into LC i V D

LC s Aes Aest D LC 5 1 0

E.it iIigittsinesthevclues fsfor

Aside we can find the characteristic equationnatural frequencies s faster more easilyusing
impedances

est KVL

I est SL Jc 0

test fIFZÉ If I 0 then set D

rewriting LC s 1 characteristic eyn

From the characteristic eyn we find s in Aest as

S E s two
w.is the
undamped naturalwhere we define w f frequency

so Van t A e
jot A étoot

whatsit Eaten toe that are

we have complexfunctionsand scalefactors but
we know the total solution WeL It to the actual
problem must be real valued The imaginary terms
must cancel out

can show for this to work A Az are complexconjugates



Circuit Undamped LC Circuits

we can write things in another form Remember

ed Cos wot jsin ost Fitation

Consequently
Cos wot

e téiot

sin wot et
t

Considering this another form for Va h t is

Nc n t A sin wot Ay cos wot
where Ay Ay are real constants

I.IT ttaeI.I
uld write this as a cosine

Uc h t A cos wt Af As Agreal

Let's find our seek factors As Ay for the stated
tithe fissilefactor to match our two initial
conditions

Velo TA
i 101 0 4

Vc h o As SM A 4Ceo VA

A Va
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4 woAzco 0 woAy o a

i Az 0

i Vain t TTA cos wot where W

we can find the current as I I Cdf
in h t w.ca sin wot EVA sin lust

Plotting the solution for to
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Initially the max capacitorvoltage is acroll the
inductor driving inductor currentup The resulting currentdrives the capacitorvoltage towards Zero By the time
the capacitorvoltageis zero thereis a lot of current in the
inductor which continues to changethe capacity in theother
direction Energykeeps sloshing for ringing between
inductor capacitor but it never dissipated
The mathematics of this are similar
to those for a lossless mass spring
System

Let's look at the energy slosh
i 1 fin so in ftp.nluot2 F yes

toilet

Total Energy Wt Lift CVelt
Wtot 4 sin wot CFT cos wot

C sin wot cos wot

ICE
The diesel.gs eetEate Piitctat.im

if iiI
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We can draw important observations from this
behavior

The sinusoidal homogeneous responses are 90
out of phase needed to keep total energyconstant

I.EE EEttekeidiatiift iije the
The two elements drive each other in the circuit

The ratio of homogeneoussinusoidell capacitor
voltage amplitude to inductor current amplitude is

111 E Z characteristic
impedance

to units of R showsupeverywhere in LC circuits

we can get this from energy conservation

L 1212 c Val 1 F 3

Note and are very handy for quickly calculating
solutions to undamped LC oscillations

How can we handle driven LC systems with inputs

Prim_ By similarmethods to the
undriven case

Vilt I LCoff Vc Vilts
Secondorder driven LCCDE

Input could be de sinusoidal
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To solve driven case with inputs the approach isthe same as with first order systems
Welts Nap Votewe just found thisAyy solution to

justneed to match initial
ftp.mtdsysien thv EditsIcw.ts Aycoslust

or Vc n A cos Wot Ag
For sinusoidal inputs Re A ejs6 ejust
use impedance methods to find Struisidal Steady state
solution No p f

For de inputs find Nep as de steady state response
Example de input Ui t Ta with 2,101 0 1,101 0

14kt in 1259521
if ve To z iog
de steady state Ne p To VA
Total solution for 7 0 is

Vc t TTA Asin Wot Ay cos wot
find As Ay to match Velo 0,9 6 1,10 D

Velo To Asiago Ay s 1 D

Ay To
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1 W A cos wot WoAy Sin wot

9
t

WoAsColt way 1,0 D

A

Ve t VA Va cos wot

Example sinusoidal input wilt Tacos wftda

s.is PsedIiummte'jItind Re eat
edut

iest icient

note

Uc p t TA e
Cos wt Ds

note that this solution blows up w wo

Walt V5 Cos wt A Apsinlast Ayeswot

As before find Az Ay to match initial
conditions on Velts 9 t.sk 2lo


