CHAPTER 3

INITIAL CONDITIONS IN NETWORKS
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Learning Outcomes:

At the end of this module, students will be able to:

1) Understand the importance of considering the initial conditions for circuit analysis.

2) Understand the importance of energy storage elements in a circuit

3) Apply the conditions in problems

An electric switch is turned on or off in some circuit (for example in a circuit consisting of resistance and inductance), transient currents or voltages (quickly changing current or voltage) will occur for a short period after these switching actions. After the transient has ended, the current or voltage returns to its steady state situation . Duration of transient phenomena are over after only a few micro or milliseconds, or few seconds or more depending on the values of circuit parameters (like R,L and C).The situation relating to the sudden application of dc voltage to circuits possessing resistance (R), inductance (L), and capacitance (C) is discussed below.

1.Inductor:

The current that flows through a linear inductor must always be a continuous. The voltage across the inductor is not proportional to the current flowing through it but to the rate of change of the current with respect to time. i.e vL=Ldi/dt

The voltage across the inductor is zero when the current flowing through an inductor does not change with time. This observation implies that the inductor acts as a short circuit under steady state dc current. In other words, under the steady state condition, the inductor terminals are shorted through a conducting wire.
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Alternating current (ac), on the other hand, is constantly changing; therefore, an inductor will create an opposition voltage polarity that tends to limit the changing current. If current changes very rapidly with time, then inductor causes a large opposition voltage across its terminals. If current changes through the inductor from one level to another level instantaneously i.e. in sec., then the voltage across it would become infinite and this would require infinite power at the terminals of the inductor. Thus, instantaneous changes in the current through an inductor are not possible at all in practice.

Speaking with respect to current, the current flowing through the inductor cannot

change instantaneously

i (0-)=i(0+)

However, the voltage across an inductor can change abruptly. These properties of inductor are important since they will be used to determine “boundary conditions”.

Example:-

In the circuit shown in Fig.61,switch K is closed at t=0. Find the values of i , di/dt and d2i/dt2 at t=0+. Given R=10Ω L=1H and V=100V
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Fig.61

Solution:
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The circuit is open circuited and current through inductor at t<0 is i(0-)=0 so ,as the rule says, current through inductor cannot change instantaneously. i.e after the switch is closed, even if voltage source is there, the current through inductor just after closing of the switch t=0+ is also zero ie i(0-) = i(0+) = 0

Circuit at t<0
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For t > 0,



V-iR-L[image: image52.jpg]





=0

at t=0+ ,i(0+)=0 so substituting in loop equation,
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=100V/H
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 (0+) differentiate the loop equation
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-R
=0 at t=0+

(0+) = -

2. Capacitor:
The relationship between current and voltage in capacitor is i= C dv/dt.
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When voltage is not changing with time, or, in other words, the capacitor is fully charged , the current through the capacitor is zero . This means that the capacitor resembles as an open circuit and blocks the flow of current through the capacitor. An instantaneous change in capacitance voltage must be accompanied by an infinite current that requiring an

infinite power source.

The voltage across and charge on a capacitor cannot change instantaneously (i.e. just right before the change of voltage = just right after the change of voltage). Vc(0-) = Vc(0+)

However, current through a capacitor can change abruptly. The capacitor acts as an open circuit when the it is fully charged) . It acts as a short circuit ,if the capacitor is uncharged and a voltage is applied suddenly.
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Example:

In the circuit shown in Fig.62 the switch is closed at t=0 Find the values of i , di/dt and d2i/dt2 at t=0+ if R=1000Ω, C=1µF and V=100V. Capacitor is initially uncharged.
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Fig.62

Solution: at t < 0 circuit is open circuited and capacitor is uncharged, so current through capacitor is 0 and voltage across capacitor cannot change instantaneously so Vc(0-) = Vc(0+) =0

So at t=0+

Loop equation is
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V- i(0+)R-
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as

V-i(0+)R-=0

i(0+)=V/R= 0.1A

To find di/dt

Differentiating the loop equation,
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To find d2i/dt2

Double differentiating the loop equation
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Equivalent forms of elements in terms of initial condition of the elements.
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Example:

1)In the network shown in Fig.63, the switch K opened at t=0 .Solve for v, dv/dt, and d2v/dt2 at t=0+ if I=10 A R=100Ω and L=1H
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Fig.63

Solution:

For t < 0 circuit is
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Inductor =short

circuit ,as switch

was closed till t=0,

since long time

At t > 0



As source is not there, iL(current through inductor) =0

Current through the inductor ,cannot change instantaneously ,so iL(0-)=iL(0+)=0. So at t=0+ inductor acts as an open circuit and current from source passes through resistor .
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Inductor =open

circuit

so v(0+)= 10 x 100= 1000V

The loop equation for t > 0 is
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Differentiating

So dv/dt(0+) = -vR/L = - 105 V/s

Double differentiating loop equation at t=0+
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At t=0+
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 107 V/s2.

Example 2: In the circuit shown in Fig.64, current through the inductor is i and voltage across the capacitor is v. Find a)v(0+) and i(0+) b)dv/dt and di/dt at t=0+ c) v(∞) and i(∞).
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Fig.64

Solution:

a) At t=0- The equivalent circuit is
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i(0+) =i(0-)=40/(3+5)= 5A

v(0+)= v(0-)=5x5=25V

b) A t=0+ the equivalent circuit is

iR(0+)=v(0+)/5= 25/5=5A i(0+) + 4 = ic(0+) + iR(0+)
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ic(0+)=4A

ic= C dv/dt

dv/dt at t=0+ = ic(0+)/C

= 40V/s

Writing loop equation for first loop

3i +L di/dt +v=0

So at t=0+ 3x5 + 0.25x [image: image6.jpg]di
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c) As t approaches infinity , the equivalent circuit is i(∞)= -4x5/(5+3) = - 2.5 A v(∞) = 7.5 V
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Example 3: In the circuit shown in Fig.65, the switch is opened at t=0. Find a) iR , iL and i c at t=0+

b) diR/dt , diL/dt  and diC/dt at t=0+

c) iR , iL and ic at t=∞
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Fig.65

Solution:

a) At t=0- equivalent circuit is

25k
20k
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60//20 = 15k

iR(0-)=80/(25+15)= 2mA.

iL(0-)=60x2/(60+20)=1.5mA iL(0-)= 1.5mA

vc(0-)= vc(0+)=0

vc(0-)= vc(0+)=0

iL(0-)= iL(0+)= 1.5mA
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Equivalent circuit at t=0+

iR(0+)= 80/45k =1.778mA.

iR(0+)= iL(0+)+ ic(0+)

ic(0+)=0.278mA

b) vL(0+)=vc(0+) = 0 vL=L diL/dt


Applying KVL

80 = 45 iR + vc

Differentiating and rearranging …[image: image8.jpg]dig 1 dvg
a+ a5 dt




But
ic =C[image: image9.jpg]dve
dt
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iR = iC + iL
Differentiating and rearranging ,


c) As t approaches infinity, equivalent circuit is
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1.778mA.


Example 4: For the circuit shown in Fig.66, Calculate a)iL vc and vR at

	t=0+
	b) diL/dt , dvc/dt and dvR/dt at t=0+ c) iL , vc and vR as t=∞.
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a) At t = 0-, u(t) = 0. Consider the circuit shown in Figure 66 (a)


iL(0-) = 0, and vR(0-) =0. But, -vR(0-) + v c(0-) + 10 = 0, or vC(0-) = -10V.

Fig.66(a)

At t = 0+, since the inductor current and capacitor voltage cannot change abruptly,the inductor current must still be equal to 0A

iL(0+) = 0


The capacitor has a voltage equal to –10V.

vC(0+) =10V

Since it is in series with the +10V source, together they represent a direct short at t = 0+. This means that the entire 2A from the current source flows through the capacitor and not the resistor. Therefore, vR(0+) = 0 V.

b) LdiL/dt = vL At t = 0+, vL(0+) = 0, therefore


iC(0+) = 2 A

so.

Since vR = vC + 10, then


c)As t approaches infinity ,equivalent circuit is

iL(∞)=10 x 2/(40+10) = 400mA


vC(∞) = 2[10||40] –10 = 16 – 10 = 6V vR(∞) = 2[10||40] = 16 V


Exercise

1) In the circuit shown in Fig.67, the first switch is closed and second switch is opened as shown at t=0. Find the current through the

inductor at t=0 and t = ∞
(Ans : 8/3 A ,5A)


Fig.67

2)For the circuit shown in Fig.68,


Find a) i and v at t=0+

b)di/dt and dv/dt at t=0+

c)i and v as t tends to infinity

Ans( 2A ,12 V;-4A/s,-5 V/s;0A,0V)

Fig.68


3) For the circuit shown in Fig.69, Find a) iL(0+) , vc(0+) and vR(0+) .

b) diL(0+)/dt, dvc(0+)/dt and dvR(0+)/dt

c) iL(∞),vc(∞) and vR(∞)


Fig.69

Ans (0A , -20 V , 4 V;0A/s, 2V/s,2/3 V/s;1A , -20 V, 4 V )

-------------- END --------------


