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First-Order RC Transient
Step-Response

o Assume the switch Sis closedatt=0 (’ +
1

o Apply KVL to the series RC circuit shown: i
1 Vv =
= f idt + Ri = V -1

o Differentiating both sides which gives:

i di L)-_

o The solution to this homogeneous equation consists of only the complementary

function since the particular solution is zero.
o To find the complementary Solution, solve the auxiliary equation:

| -1 -1 N\
RC RC Time constant
. t W
The complementary Solution is : I = Aem i=A 67
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First-Order RC Transient
Step-Response

o To determine the constant “A” we note that : /’ +
i
at t=0is Rio=V or i0o=V/R. =

C
Where Vc (0) =0 e ]

o Now substituting the value of Io into current equation
o We obtain A=V/Ratt=0.
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First-Order RC Transient
Step-Response

» The voltage across the resistor is:

v, = Ri = Ve VR

» The voltage across the capacitor is:

Vv

v, = %J‘idt = Y|l —s~V%)

Transient-response is almost finished after 5r,
then steady state
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Alternating Current Transients

RC Sinusoidal Transient

, ~—
d ]
v = {
V ax 8in (wt + @)

TC

R: + —f%dt = maxSin(mt‘{"(f))

meax
(D +EE> = _Spe cos (of + ¢)

ic = ce VRC

. Vmax .

L = sin (ot + ¢ + tan~11/0CR
VR? + (1/wC)? ( ? )

Vmax

VE? + (1/uC)?

i — ce_t/RC +

sin (ot + ¢ + tan~!' 1/oCR)




Alternating Current Transients

RC Sinusoidal Transient

To determine the constant ¢, let { =0 then the initial current

max

o = 7 sin¢. Substituting this into (63) and setting £ =0, we obtain

max Vmax

i, sing = ¢(1) + VT A0R sin (¢ + tan—'1/uCR)

or ¢ = VE“ sing — L e
VEE + (1/uC)?

Substitution of ¢ from (65) into (63) results in the complete current

sin (¢ + tan~! 1/wCR)

Vmﬂx
VR? + (1/0C)?
Vm-ﬂ-x
+
\/R2 + (1/uC)?

i = e-_”RC[E;éixBintﬁ — sin(¢-+tan“lfmCR):|

sin (ot + ¢ + tan~! 1/uCR)




10



Example (1)

A series RC circuit with R = 5000 ohms and C = 20 pf has a constant voltage V = 100 v
applied at t = 0 and the capacitor has no initial charge. Find the equations of i, V; and

VC.
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Example (1)
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Example (2)

A series RC circuit with R = 100 ohms and C = 25 uf has a sinusoidal voltage source v =
250 sin (500t + @) applied at a time when @ = 0°. Find the current, assuming there is no
initial charge on the capacitor.







Example (4)

In the two-mesh network shown in Fig.4 the switch is closed at t = 0. Find the transient
mesh currents il and i2 shown in the diagram, and the transient capacitor voltage Vc.







Example (5)

In the RC circuit of Fig. 3 the switch is closed on position 1 at t=0 and after 1 TC
is moved to position 2. Find the complete current transient.
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Example (5)
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Example (5)
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Example (5)
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