RLC Exam like Example

Consider this circuit where the switch has been closed long enough
for the circuit to stabilized. Then open switch at t=0.

ya
V“? C: LJ 4MH
‘}-OV_CP 10, kT

200
Ry

(a) Write the DE for circuit & initial conditions (current or voltage
across each element).

(b) Solve DE for I through R,

(c) What type of damping does this have? What R, 1s needed for
the other damping types?

(d) For the (c¢) which 1s underdamped what 1s the 3 natural freq.,
damped freq. and damping factor?

(a) Using KVL -
Lg+iR+£J.i-dt =0
dt C

e Differentiating

2. -
d ;+Rﬂ+£:0
dt dt C
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e [nitial conditions, C is fully charged, acts a V source

C has Ve =40V

e L acts as a short before switch opens (no change in I)
¢ Therefore, current controlled by R
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V. =0,V, =IR=40V

(b) Assuming an exponential solution then get the equations

1(t) = Ae*
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e Solving this quadratic

e The roots are

R (R)Z 1 |2
S=—=+ —
2L |\2L) LC

R__ 20 - =2.5x10° sec™
2L 2x4x10
1 1

e T 10105 " 2.5x10" sec™
X X

e Thus the discriminate

2
(fij -1 |25x10°F —25x107 |- ~1.875x107 sec?
2L) LC

¢ Because the discriminate 1s negative.
e This is an underdamped solution
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e Underdamped solved using ‘a, ®” form

a = R_ 2.5%x10° sec™t
2L

®> = 1 2.5x10" =5000 rad / sec
LC

Lot =0 —a®=25%x10" —6.25x10° =1.875x10’
o =4.33x10°

e Thus the solution will be of the form
i(t)=e*|Aei* + Ae ]
e Att=0,1=2A
i(0)=e[Ae” +Ae’|= A +A,
A +A =2A
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e As 2™ order also need the derivative at t = 0

L%H(,szc
L%:VC—IOR:O
a_y
dt
dld(?):_aeat [Aleja)t + Aze—ja)t]_l_eat [j(()Aieja)t . ja)e—ja)t]

=—o|A + A+ jolA - A]=0
~jolA = A= —alA+ A

. 2.5x10°
2
J4.33x103[ ]

A-A="2[A+A]=
Jo

e Thus
A+A =2

A — A, = j1.155
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e Adding
2A =2+ j1.155
A =1+ j0.577
e Subtracting
2A, =2-j1.155
A, =1-]0.577

~i(t)= e”“{[e”"’t +e1 40577 jlei ejwt]}

2coswt Zs;ﬁmt
i(t)=e*""[2cosawt +1.155sin ot ]
e Alternate solution - assume

i(t)= Ae ™ cos(at +0)

e Att=20
Acosf@ =2

A__ 2
cosd
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%:—aeo cos@ —we’ siné

=—aCc0S8 —wsind =0

a .
cosfd =——sin@
a

_smH =tand = _z
cosd 10,

0 =tan(-0.577)=-30°

2

A= =2.31
cos(—30°)

~i(t)=2.31e7"" cos(awt — 30°)

(¢) This was underdamped, for critical damping

(ijz _ 1
2L LC

thus




eFor overdamped needs R; >40Q) - say 60€2

eThus

a = R =7.5x%x10° sec™?
2L

e Thus the discriminate

2
(ﬁ) _1 =[(7.5><1o3)2 —2.5><107]=3.125><107
oL)  LC

e Thus the solution is
s, = ++/3.125x107 =13090 sec ™

s, = —+/3.125x10" =1909 sec™
i(t)= [Ale—13090t n Aze—1909 t]




