R-L and R-C Circuits




R-L Circuit

Considering a R-L circuit:
R=5Q |

——MA——
v=120sinat Q) } L =0.1H

If at t=0, the switch is closed. What will be the
response inductor current i?

The system differential equation is:
. d
V=RI+L—
dt



R-L Circuit

After some time (transient state), the current
reaches steady state as shown in the figure.

Current response of R-L cirsuit (R=5, L=0.1)
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R-L Circuit

At steady state, v and | can be represented by
phasor V and |, where

8, is the phase angle

V=V _12 of V.
rms \/é 6, isthe phase ange
of I. It is determined
| =] QI =l +9| 0 by 6, and impedance
rms angle 6(8 = 8, - 0)

or
| =| ej (a6 o) dI — J(,d J(C*I"'Ql,o) — J(,d

'ms

The differential equatlon becomes

V =(R+ jal)l



R-L Circuit

Let X =alL |Inductor Readance

V =(R+ | X)I

Let
Z=R+jX_=|Z06 Q:tan‘l(%po
We have Q/ —QI —y

Generally we choose V as reference, then 6, =0

V =|V|0O ':\722“‘ -9 |l lagsV
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R-L Circuit

The power supplied by the power source is

S=VI' =V||
=P+]Q

Or In other form,

cod+ jV|l|sind

Lagging — positive
reacive power

S=VI' =(R+jX )| O’
=[II'"R+ I’ X, =P+jQ



R-C Circuit

Considering a R-C circuit:

v=120sinat Q) V. -

- C=0.005

If at t=0, the switch iIs closed. What will be the

response capacitor voltage v_?

The system differential equation is:

V= RC% +\,
dt



R-C Circuit

After some time (transient state), the voltage
reaches steady state as shown in the figure.

Voltage response of R-C circuit (R=5, C=0.005)
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R-C Circuit

At steady state, v and v, can be represented by
phasor V and V., where

V :\/rms Q/ \/rms :12})/\/2

VC :VC,rmS a/c

dv. dv.
=V, | =C—==jalV,

dt JONG ” JWNe

or

T N
VC_I(jaC) I ( quC)



R-C Circuit

© V=R-j)

Let X, = }/a[:

Capaator Readance

V=(R=X)! «
Let Z=R-jX.=Z[0-0 6=tan'(-*)
We have Q/—QI =0 R

Generally we choose V as reference, then 8, =0

V =\V|00

:\72 :“‘ O |lleasV .
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R-C Circuit

The power suppliec

by the power source Is

S=VI' =V||

co® - jV|l|sind

=P-JQ

Or In other form,

L eading— negative

reacive power

S=VI" =(
=lII'R-j

R—jX )1

I'X. =P-jQ
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