Electrical Science: 2021-22
Lecture 15

AC Response for-a Parallel RLC Circuits

By Dr. Sanjay Vidhyadharan
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Parallel RLC Circuit

®

<A> Applied alternating voltage: £ = Epax cos it

>) —
~

Resulting alternating current: I = Ly, cos{wf — &)

Goals:

« Find Iy, § fOr given Epge, w.

)

« Find currents Ig, I, I- through devices.

@

C Junctionrule: I =Ig +1Ip + I

C@P—i
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Parallel RLC Circuit
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Parallel RLC Circuit

1 L 1 1 z
Impedance: Z=F = \/RZ + (wL wC)

Current amplitude and phase angle:

£ 1 1 z >
n () :
v tand = IL,max - IC,max — 1/WL — wC
IR max 1/R

Currents through devices:

5 Emax

« Ig = cos(wt) = IRy cos{wt)

e I} = /Edt Emax sin(wt) = I mayx COS (wt— g)

T
- I = C d_ = —wWCEpax sin(wt) = I¢ yax COS (wt—l— 2)
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Parallel RLC Circuit

Example 1: Find the current amplitudes I,,1, ,1; Part (b):
(a) for angular frequency ® = 2rad/s,

(b) for angular frequency ® = 4rad/s.

1
Xp=R=100,_ X;=wl=10Q, X¢=—5=250
W

8max =50V
® ppas —Emis _ 5 pmas _ Emer _ gy
XR XL
R=10Q O@I;
— AWM ez = SmeT _ o0

C Xo

i [PeT = [0 = 204, [T = | [ — [7ee| = 154,

| i Ipes = \J (15902 + (I3)? = 15.8A.
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Parallel RLC Circuit

Example 2: A resistor, an ideal capacitor and an ideal inductor are connected in parallel to a
source of alternating voltage of 160 V at a frequency of 250 Hz. A current of 2 A flows through
the resistor and a current of 0.8 A flows through the inductor. The total current through the circuit
is 2.5 A. Assess the resistance of the resistor, the capacity of the ideal capacitor and the
inductance of the ideal inductor (presume that I > [,).

I
[}
™y
=)
e

ELECTRICAL ELECTRONICS COMMUNICATION INSTRUMENTATION



Parallel RLC Circuit

Example 2. A resistor, an ideal capacitor and an ideal inductor are connected in parallel to a source of
alternating voltage of 160 V at a frequency of 250 Hz. A current of 2 A flows through the resistor and a current
of 0.8 A flows through the inductor. The total current through the circuitis 2.5 A. Assess the resistance of the
resistor, the capacity of the ideal capacitor and the inductance of the ideal inductor (presume that I > |,).

V=160 V
f= 250 Hz V — IuR, V=Xyh =2nfLIL, I
=2 A V=Xclc =,
I=25A In LT c= %
R =17 [0 v
. 2 L= o500 1701
H] 7
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Parallel RLC Circuit
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We express the relation between the currents from the phasor diagram:
I* = (fe — L) + I2.
We multiply out and rearrange:
P=1-2hlc+1}+1%,
0 =I§ —2Iy I + I:IE —|—IR2 —1?).

We solve the quadratic equation for the unknown current I

2% + \/ (21,)2 — 4(2 + I — I?)

I =
(Toha S

We rearrange:

(Toha = It (L) — (B + 13 - I?),

(Icha = I + /T2 — I2.

And we use the assigned values:
(Ich =08++/25°—2°A =234,
(Ic)y = 0.8 — /252 — 22 A = —0.TA.
Only the positive value of the effective current [ = 2.3 A is physically meaningful in our case.

from Ohm's law:

o T _ 2.3
T 2fU  2-7-250-160
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Power in RLC Parallel AC Circuits

If current varies with frequency in an RLC circuit, then the power delivered to it
also varies with frequency. But the average power is not simply current times
voltage, as it is in purely resistive circuits. As was-seen in Figure 2, voltage and
current are out of phase in an RLC circuit. There is a phase angle ¢ between the
source voltage V and the current I, which can be found from

Capacitor power

R
COS @ — 7 A , & A
Pove = I Vems €COS 7 : Ip | Active power
0

IL - IC I Net v
reactive Apparent power
power

' I
L v Inductor power
(a) (b)
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RL Parallel Circuit
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RL Parallel Circuit

Example 3: Determine the phase angle, Z,, |, Iz, |, P in a parallel RL circuit
containing a 1.4 mH coil, a 25 Q resistor, and a 10 V source operating at 4 kHz.
Solution: Determine the reactance of coil X :

X, =wL=2nfL
X, =6.28x4x10°%1.4x10 7 =35.17 Q

Determine current in branch one (Iy):
"TR

I,=2=04A
25

V 10 L
: - : I = - I = =—j0.284 A
Determine current in branch two (1,): L jX, 73517 J
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RL Parallel Circuit

Example 3: Determine the phase angle, Z,, I, I, I, P in a parallel RL circuit
containing a 1.4 mH coil, a 25 Q resistor, and a 10 V source operating at 4 kHz.
Solution: Determine the reactance of coil X, :

I,=0.4—j0.284 = 0.491/—35.4°

This value agrees very closely with the approximation made from
the phasors.

Determine total impedance: I I[x=400mA | %
O P B
Zt —_ I, =284 mA
Il
I

10/0°
Z = = 20.37/35.4° Q
‘' 0.491/-354°

Determine the real power dissipated by the circuit:

P=VxIxcos® P = 10X0.491Xc0s35.4°=4 W
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RC Parallel Circuit
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RC Parallel Circuit

*The referencevector is labeled E and
represents the voltage in the circuit, which is
common to all elements.

*Since the current through the resistor is in
phase with the voltage across it, Iz (8 A) is
shown superimposed on the voltage vector.
*The capacitor current I~ (12 A) leads the
voltage by 90 degrees and is positioned in an
upward direction, leading the voltage vector by
90 degrees.

*The vector addition of I; and I gives a resultant

0=tan! -

h"'"-l

that represents the total (IT) or line current (14.4
A).

=TT
=V 8+ 122
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RC Parallel Circuit

E 120V 19A
120V R 1 x a. IR=1"= =
60 Hz o T 2080 R 100
E 120V
b. o= = —6A
T Xo o 200

c. Ip=4 /I +12=+/122+6°=13.4A
6
d.f0 = tan ! (I—“) — tan ! (—) — 96.6°
In 12

e. [7—13.4/26.6°° ITzr=12/0° Io=6/90°

f. Ip=12+j6 Ia=124j0 Ic=01ij6
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Thankyou
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