Answer on Question#60929 — Physics — Electric Circuits

Consider the circuit in Fig. P6.4 where R = 100Q, L = 100mH, C = 10uF, e = 100 sin(wt)

volts. Find iz (t), i, (t), ic(t), V(t), the storage energy of the capacitor, the storage energy of the
inductor, and the total storage energy in 3 cases:

a) w =500rad/s, b)w = 1000rad/s, c) w = 2000rad/s
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Solution. Find inductive and capacitive reactance

. . 1 .
X; = wL inductive reactance, X, = — ~ Capacitive reactance. Hence
1

a) XL =500-0.1 =50Q XC = m = 200Q
b) X, =1000-0.1=1000 X, = m = 1000
¢) X, =2000-0.1=200Q X,= Wlolo—e = 500

Using complex impedance is an important technique for handling multi-component AC circuits.
Represent inductive reactance as jwL. R and L in parallel hence
i i 2 272
i=l+;_> | = ]w'RL =]wLR+wLR
Z; R joL R+jwL RZ+w?12
Zj and C in series hence total impedance equal

j
=7+
7 = jwLR*+w?L?R | j _ w?L?R ( 1 wLR? )
T R24+@212 wC ~ RZ+w2I?2 wC = R24+w2I2)’
272 2
w?L?R . 1 WLR
rel = ———=imZ = (—+—)
R2+w?L2 wC  R2%2+w?lL?

1Z| = /(reZ)? + (imZ)2

a) reZ=——U"20 = 20QimZ = (200 +%) = 2400 |Z| ~ 2410

) en 100

lm=m=m=0.41A
Hence i (t) = 0.41sin (wt + %), current on capacitor. Current Triangle for a Parallel RLC
Circuit

i¢=ip+if

R and L in parallel hence |igz|R = |i,|wL — 2|ig| = |i ]| = |ig] = 0'—\/4; ~ 0.1834
li,] = 0.366A

Therefore ig(t) = 0.183 sin(wt) and i, (t) = 0.366 sin (a)t — g)

cv? _ 107°-(0.41-200)2
- 2
LI> _ 0.1-0.033489

Storage energy of the inductor w = 5 =5 = 0.02] = 20mJ

Storage energy of the capacitor w = = 0.034] = 34mJ



b)

c)

Total storage energy equal sum storage energy of the capacitor and storage energy of the
inductor w = 54m/J.
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m =1z~ 158

Hence i-(t) = 0.63sin (wt+g), max current on capacitor. Current Triangle for a

Parallel RLC Circuit
i& = ig +if
0.63

R and L in parallel hence |igz|R = |i|wL = |ig| = |i | = lig] = |iy]| = 5~ 0.445

Therefore igx(t) = 0.445 sin(wt) and i (t) = 0.445 sin (wt - g)

cv? _ 1075:(0.63-100)2
2 2
LI> _ 0.1-0.0198

Storage energy of the inductor w = ~ == = 0.001) = 1myJ

Total storage energy equal sum storage energy of the capacitor and storage energy of the

Storage energy of the capacitor w = ~ 0.02] = 20mJ

inductor w = 21m/.

re7 = —29000100  _ 9400 im7z = (50 +M) =900 |Z| = 120.4Q
40000+10000 10000+40000
em 100

=M 2 0834
m =171 = 1204~ 083

Hence i-(t) = 0.83sin (a)t+§), max current on capacitor. Current Triangle for a

Parallel RLC Circuit
i¢ =i +1if
R and L in parallel hence |ig|R = |i,|wL = |ig| = 2|i | = |i,] = 0'—\/? ~ 0.3714

lig| = 0.7424
Therefore ix(t) = 0.742 sin(wt) and i, (t) = 0.371 sin (wt - g)

2 -5. .20)2
Storage energy of the capacitor w = % = w ~ 0.009] =9mJ

2 .
Storage energy of the inductor w = % = M =0.007] = 7mJ

Total storage energy equal sum storage energy of the capacitor and storage energy of the
inductor w = 16m/.
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