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CHAPTER FIVE

TRANSIENT ANALYSIS

5.1 RC NETWORK

Considering the RC Network shown in Figure 5.1, we can use KCL to write
Equation (5.1).

= C V. (1)

Ayl

SR

Figure 5.1 Source-free RC Network

e, v, _

5.1
dt R G

ie.,

dv, (D), v.(D _
dt CR

If V, is the initial voltage across the capacitor, then the solution to Equation

(5.1)is
T

v (t) = Vme_ (5.2)

where
CR is the time constant

Equation (5.2) represents the voltage across a discharging capacitor. To obtain
the voltage across a charging capacitor, let us consider Figure 5.2.
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Cﬁ) A —C V(t)

Figure 5.2 Charging of a Capacitor

Using KCL, we get

0, vV,

53
dt R G

If the capacitor is initially uncharged, thatis v,(¢) = 0at ¢ =0, the solution
to Equation (5.3) is given as

U B HO
v, (1) =V El —e %ﬁg (5.4)

Examples 5.1 and 5.2 illustrate the use of MATLAB for solving problems
related to RC Network.
Example 5.1

Assume that for Figure 5.2 C = 10 UF, use MATLAB to plot the voltage
across the capacitor if R is equal to (a) 1.0 kQ, (b) 10kQ and (c) 0.1 kQ.

Solution
MATLAB Script

% Charging of an RC circuit

%
¢ = 10e-6;
rl =1e3;
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taul = c¢*rl;

t=0:0.002:0.05;

vl = 10*(1-exp(-t/taul));
r2 = 10e3;

tau2 = c*r2;

v2 = 10*(1-exp(-t/tau2));
r3 =.1e3;

tau3 = c*r3;

v3 = 10*(1-exp(-t/tau3));

plot(t,vl,'+,t,v2,'0', t,v3,'*")

axis([0 0.06 0 12])

title('Charging of a capacitor with three time constants')
xlabel('Time, s')

ylabel('Voltage across capacitor’)

text(0.03, 5.0, '+ for R = 1 Kilohms')

text(0.03, 6.0, 'o for R = 10 Kilohms')

text(0.03, 7.0, "* for R = 0.1 Kilohms')

3 shows the charging curves.

Charging of a capacitor with three time constants

F FE KK AR E XK KKK 1
% SREPREEEORR X

+ * for R = 0.1 Kilohms
- o for R = 10 Kilohms
+ for R = 1 Kilohms

Time. s

Figure 5.3 Charging of Capacitor
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From Figure 5.3, it can be seen that as the time constant is small, it takes a
short time for the capacitor to charge up.

Example 5.2

For Figure 5.2, the input voltage is a rectangular pulse with an amplitude of 5V
and a width of 0.5s. If C = 10 YF, plot the output voltage, v,(¢), for

resistance R equal to (a) 1000 Q, and (b) 10,000 Q. The plots should start
from zero seconds and end at 1.5 seconds.

Solution
MATLAB Script

% The problem will be solved using a function program rceval
function [v, t] = rceval(r, ¢)
% rceval is a function program for calculating
% the output voltage given the values of
% resistance and capacitance.
% usage [v, t] = rceval(r, c)
% r is the resistance value(ohms)
% c is the capacitance value(Farads)
% v is the output voltage
% t is the time corresponding to voltage v
tau =r¥*c;
for i=1:50
t(i) = 1/100;
v(i) = 5*(1-exp(-t(i)/tau));
end
vmax = v(50);

fori=51:100

t(i) = i/100;

v(i) = vmax*exp(-t(i-50)/tau);
end
end

% The problem will be solved using function program
% rceval

% The output is obtained for the various resistances

¢ =10.0e-6;

rl =2500;



[v1,tl1] = rceval(rl,c);
r2 =10000;
[v2,t2] = rceval(r2,c);

% plot the voltages

plot(tl,v1,"*w', t2,v2,'+w")

axis([0 1 0 6])

title('Response of an RC circuit to pulse input')
xlabel('Time, s')

ylabel('Voltage, V')

text(0.55,5.5," is for 2500 Ohms')
text(0.55,5.0, '+ is for 10000 Ohms')

Figure 5.4 shows the charging and discharging curves.

Response of an RC circuit to pulse input

6 T T T T
*is for 2500 Ohms
5 + is for 10000 Ohms
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Time. s

Figure 5.4 Charging and Discharging of a Capacitor with Different
Time Constants
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5.2 RL NETWORK

Consider the RL circuit shown in Figure 5.5.

Figure 5.5 Source-free RL Circuit

Using the KVL, we get

, dit)

+ Ri(t) =0 (5.5)

If the initial current flowing through the inductor is /, , then the solution to
Equation (5.5) is

i(t) = lme_%@ (5.6)

where
T= % (5.7)

Equation (5.6) represents the current response of a source-free RL circuit with
initial current /, , and it represents the natural response of an RL circuit.

Figure 5.6 is an RL circuit with source voltage v(¢) = V.
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Figure 5.6 RL Circuit with a Voltage Source

Using KVL, we get

, di(t)
t

+Ri(t) =V (5.8)

If the initial current flowing through the series circuit is zero, the solution of
Equation (5.8) is

:
i(t) = %El —e_ﬁ%ﬁé (5.9)
The voltage across the resistor is
v (t) = Ri(?)
_ ngl-eﬂ%é (5.10)
The voltage across the inductor is
V(1) =V =i (1)
_, HE
=V,e (5.11)

The following example illustrates the use of MATLAB for solving RL circuit
problems.
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Example 5.3

For the sequential circuit shown in Figure 5.7, the current flowing through the
inductor is zero. At ¢ = 0, the switch moved from position a to b, where it
remained for 1 s. After the 1 s delay, the switch moved from position b to
position ¢, where it remained indefinitely. Sketch the current flowing through
the inductor versus time.

50 Ohms g, 200 H
AN b ?L Y

Cc

40V 150 Ohms § 50 Ohms

Figure 5.7 RL Circuit for Example 5.3

Solution

For 0 <t< 1 s, we can use Equation (5.9) to find the current

O 280

i(t) = 0.4@ e D”D% (5.12)
where

1= g =200 =25
At t=1s

i(1) = 04(1 - ™) (5.13)

= Imax
For > 1 s, we can use Equation (5.6) to obtain the current
005 E
i(ty=I_e" " " (5.14)



where

_ L/ -200/ -
n= bR, =200 =1 s

The MATLAB program for plotting () is shown below.

MATLAB Script

% Solution to Example 5.3

% taul is time constant when switch is at b

% tau?2 is the time constant when the switch is in position ¢
%

taul = 200/100;

for k=1:20

t(k) = k/20;

i(k) = 0.4*(1-exp(-t(k)/taul));
end

imax = i(20);
tau2 = 200/200;
for k=21:120
t(k) = k/20;
i(k) = imax*exp(-t(k-20)/tau2);
end

% plot the current

plot(t,i,'0")

axis([0 6 0 0.18])
title('Current of an RL circuit')
xlabel('Time, s')
ylabel('Current, A")

Figure 5.8 shows the current i(?) .

© 1999 CRC PressLLC
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Current of an RL circuit

0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

Current, A

Figure 5.8 Current Flowing through Inductor

53 RLC CIRCUIT

For the series RLC circuit shown in Figure 5.9, we can use KVL to obtain
the Equation (5.15).

V (t) =V, R V(1)

_.
—
~

Figure 5.9 Series RLC Circuit
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di(t)
dt

Differentiating the above expression, we get

1 .
ve(t) =L +E:[°z(r)dr + Ri(t) (5.15)

dv(t)  d%() _di(t) ir)
= + +
dt L dr? R dt C

ie.,

Ldvg(t) _d%i() L Rdi) i)
L dt  dt* L dt LC

(5.16)

The homogeneous solution can be found by making Vv (#) = constant, thus

o= i) | Rdi(t) | i(0)

(5.17)
d*> L dt LC
The characteristic equation is
0=A> +aA +b (5.18)

where

a:% and
b=Yic

The roots of the characteristic equation can be determined. If we assume that
the roots are

A=a,B
then, the solution to the homogeneous solution is
i,(t) = Ae™ + A,e™ (5.19)

where
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A, and A, are constants.

If v (?) is a constant, then the forced solution will also be a constant and be

given as

i (1) = 4, (5.20)
The total solution is given as

i(t) = Ae™ + A,e™ + A, (5.21)
where

A,, A, and A, are obtained from initial conditions.

Example 5.4 illustrates the use of MATLAB for finding the roots of
characteristic equations. The MATLAB function roots, described in Section
6.3.1, is used to obtain the roots of characteristic equations.

Example 5.4

For the series RLC circuit shown in Figure 5.9, If L = 10 H, R = 400 Ohms

di(0)
t

and C=100uF, v4(¢) =0,7(0) =4 A and =15 Ass, find i(2).

Solution

Since V()= 0, we use Equation (5.17) to get

_ d’i(r) . 400 di(t)

0
dt* 10

+10004(¢)

The characteristic equation is

0=A> +40A +1000

The MATLAB function roots is used to obtain the roots of the characteristics
equation.
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MATLAB Script

p =140 1000];
lambda = roots(p)

lambda =
-20.0000 +24.49491
-20.0000 -24.4949i

Using the roots obtained from MATLAB, i(?) is given as
i(t) = ™" (A4, cos(24.4949¢) + A, sin(24.4949¢)

i(0)=e™(4 +4,(0) O 4 4

di(t
’d%) = 20" [ 4, cos(24.49497) + 4, sin(24.49491)| +

e[~ 24.4949 4, 5in(24.49491) +24.4949 4, cos(24.49491)|

di(0)
——— =2449494, -204, =15

Since A, =4, A, = 38784

(1) = e [4cos(24.4949¢) +3.8784sin(24.4949¢)]

Perhaps the simplest way to obtain voltages and currents in an RLC circuit is to
use Laplace transform. Table 5.1 shows Laplace transform pairs that are
useful for solving RLC circuit problems.

From the RLC circuit, we write differential equations by using network
analysis tools. The differential equations are converted into algebraic
equations using the Laplace transform. The unknown current or voltage is
then solved in the s-domain. By using an inverse Laplace transform, the
solution can be expressed in the time domain. We will illustrate this method
using Example 5.5



Table 5.1

Laplace Transform Pairs

f(t) f(s)
1
1 1 - >0
s
1
2 t — >0
s
n!
3 t" n+l s>0
s
—at 1
4 e s>a
sta
t —at 1
5 € s>a
(s+a)’
. w
6 sin(wt) - $>0
sTtw
S
7 cos(wr) - 5 s>0
sTt+w
8 “ sin(wt) 2
e w —
(s+a)® +w’
at ( t) S + a
9 e” cos(w —
(s+a)® +w’
dar "
A sF(s)— f£(0
N (9= £(0")
!
11 If(l-)dr F(s)
()
s
12 ft=t) e F(s)
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Example 5.5

The switch in Figure 5.10 has been opened for a long time. If the switch opens
att=0, find the voltage v(¢). Assumethat R=10Q,L=1/32 H,

C=50puFand [ =2 A.

>$=

Figure 5.10 Circuit for Example 5.5

At t <0, the voltage across the capacitor is
ve(0) = (2)(10) =20 Vv

In addition, the current flowing through the inductor
i,(0)=0

At t> 0, the switch closes and all the four elements of Figure 5.10 remain in
parallel. Using KCL, we get

15=%+cdvm+ I WT)dr +i (0)

Taking the Laplace transform of the above expression, we get

BP9 v v o+ 4149
) sL S

Simplifying the above expression, we get
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4 ohms 2 ohms

Lo j L j é) .

2 Ohms 2 Ohms

2 Shme 2 Sheme

For [, =2A,C=50uF,R=10Q, L=1/32H, V(s) becomes

_ 40000 +20s
V(S) ) 4
s~ +2000s +64*10
V(s) = 40000 + 20s _ A + B

" (s+1600)(s +400) (s +1600) (s +400)

A= Lim V(s)(s+1600) = -6.67

s - —1600

B=[jm V(s)s+400) = 2667

s— —400

W(t) = =6.67e " +26.67¢ "

The plot of V() is shown in Figure 5.13.

5.4 STATE VARIABLE APPROACH

Another method of finding the transient response of an RLC circuit is the state
variable technique. = The later method (i) can be used to analyze and
synthesize control systems, (ii) can be applied to time-varying and nonlinear
systems, (iii) is suitable for digital and computer solution and (iv) can be used

to develop the general system characteristics.

A state of a system is a minimal set of variables chosen such that if their
values are known at the time 7, and all inputs are known for times greater

than f,, one can calculate the output of the system for times greater than 7,.
In general, if we designate X as the state variable, # as the input, and y as

the output of a system, we can express the input # and output ) as



(1) = Ax(t) + Bu(?) (522)

y(t) =Cx(t)+ Du(t) (5.23)
where

G, ()0 O, ()0 D ()0

A (0F F.(0 08
wty=0 . O x)=0 . O y)=0 . O

0 0 0 O 0 O

0- 0 0 O 0 O

F, (OH B, (OB B.(O)8

and 4, B, C, and D are matrices determined by constants of a system.

For example, consider a single-input and a single-output system described by
the differential equation

d4 t d3 t d2 t d t

We define the components of the state vector as

x (1) = (1)
_dy(t) _ (1) _
(=20 =50 =)
_ &Py _de(t) _
x(= "0 =5 D= ()

x4(t) - d y(t) - dx}ft) )

ar a0

© 1999 CRC PressLLC



© 1999 CRC PressLLC

d*y(t) _dx,(t) _

xS(t) = dt4

dt

_x4(t)

Using Equations (5.24) and (5.25), we get

x,() = 6u(t) = 3x, (1) —4x,(£) =8x,(1) =2x,(1)

From the Equations (5.25) and (5.26), we get

Eﬁ(z)ﬁ o0 1 0  O[Ix()
%2.(0%_%0 0 1 0L
GnD 200 0 1@
Jog B ot
or (1) = Ax(t) + Bu(r)
where
Fg 1o
)-C:%z(t)g Azgo 0 1
ol T 0 o
g0 00 7
Since
(t) = x,(2)

0 00

0 o0

O %)@(t)

0 o

0 00

0 %D

00 00

0O 0
D’B — [0

107 O
O O

30 %D

(5.25)

(5.26)

(5.27)

(5.28)

(5.29)

we can express the output V(?) in terms of the state x(¢) and input u(¢) as

w(2)

where

= Cx(t) + Du(t)

(5.30)
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c=[1 0 0 0 ana D=[q] (5.31)

In RLC circuits, if the voltage across a capacitor and the current flowing in an
inductor are known at some initial time 7, then the capacitor voltage and
inductor current will allow the description of system behavior for all
subsequent times. This suggests the following guidelines for the selection of
acceptable state variables for RLC circuits:

1. Currents associated with inductors are state variables.
2. Voltages associated with capacitors are state variables.
3. Currents or voltages associated with resistors do not specify

independent state variables.
4. When closed loops of capacitors or junctions of inductors exist in a

circuit, the state variables chosen according to rules 1 and 2 are not
independent.

Consider the circuit shown in Figure 5.11.

R, R, Ry

£ Y® -

N
< +
\|
A
o

+
N
hY
71
(@]
N

—

\AAAS
—

¢

Il

Figure 5.11 Circuit for State Analysis
Using the above guidelines, we select the state variables to be V,, V,,and i, .

Using nodal analysis, we have
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dvl(t)+1/1_l/s +V1_V2 -

C
bodt R, R,

0

c dv,(1) V2=V,
Podt R,

+i =0
Using loop analysis

. di (£)
V,=iR +L——=
2 173 dt

The output y(¢) is given as

y(1) = w (1) = v, ()

Simplifying Equations (5.32) to (5.34), we get

dvl(t):_( 1,1 - A
dt CR CR,”' CR, CR

dv,(t) _ "V, i
dt CR, GR, C,

1

dt L L

Expressing the equations in matrix form, we get

o 1 1 1 0
%}D TCcr "R’ Cr 0
0 0 114 114 1% ID
, 0= O 1 _ Ut
g/fm 0  GR, C,R, C,¥*U
0, 0 O | R.OHH
00 O 0 — -2
O L L

(5.32)

(5.33)

(5.34)

(5.35)

(5.36)

(5.37)

(5.38)
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and the output is
0,0
y=[t -1 g (5:40)
==

MATLAB functions for solving ordinary differential equations are ODE
functions. These are described in the following section.

54.1 MATLAB Ode Functions

MATLAB has two functions, ode23 and ode45, for computing numerical
solutions to ordinary differential equations. The ode23 function integrates a
system of ordinary differential equations using second- and third-order Runge-
Kutta formulas; the ode45 function uses fourth- and fifth-order Runge-Kutta
integration equations.

The general forms of the ode functions are
[tx] = ode23 (xprime, tstart, tfinal, xo, tol,trace)
or
[tx] = ode45 (xprime, tstart, tfinal, xo, tol, trace)
where

xprime  is the name (in quotation marks) of the MATLAB function
or m-file that contains the differential equations to be integrated. The

function will compute the state derivative vector Xx(#) given the
current time ¢, and state vector X(#) . The function must have 2 input
arguments, scalar ¢ (time) and column vector X (state) and the

function returns the output argument xdot, (x), a column vector of
state derivatives

dx(t,)
dt

x(4) =
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tstart  is the starting time for the integration

tfinal  is the final time for the integration

X0 is a column vector of initial conditions

tol is optional. It specifies the desired accuracy of the solution.

Let us illustrate the use of MATLAB ode functions with the following two
examples.

Example 5.6

For Figure 5.2, VS =10V, R=10,000 Q, C=10pF. Find the output voltage

v, (), between the interval 0 to 20 ms, assuming V,(0) =0 and by (a)

using a numerical solution to the differential equation; and (b) analytical
solution.

Solution

From Equation (5.3), we have

c,O vV, _,

dt R
thus
dv() _ V. _v, (1) _ 100 —10v,(¢)
dt CR CR

From Equation(5.4), the analytical solution is
0 -FLH0
v (t) = 10% -e %QE

MATLAB Script
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% Solution for first order differential equation
% the function diff1(t,y) is created to evaluate
% the differential equation

% Its m-file is diffl.m

%

% Transient analysis of RC circuit using ode
% function and analytical solution

% numerical solution using ode

t0=0;

tf = 20e-3;

x0 = 0; % initial conditions

[t, vo] = ode23('diff1',t0,tf,x0);

% the analytical solution given by Equation(5.4) is
vo_analy = 10*(1-exp(-10*t));

% plot two solutions

subplot(121)

plot(t,vo,'b")

title('State Variable Approach’)

xlabel('Time, s'),ylabel('Capacitor Voltage, V'),grid
subplot(122)

plot(t,vo_analy,'b")

title('Analytical Approach')

xlabel('Time, s'),ylabel('Capacitor Voltage, V'),grid

%

function dy = diff1(t,y)
dy =100 - 10%*y;

end

Figure 5.12 shows the plot obtained using Equation (5.4) and that obtained
from the MATLAB ode23 function. From the two plots, we can see that the
two results are identical.
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State “ariable Approach Analytical Approach
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Figure 5.12 Output Voltage v,(¢) Obtained from (a) State
Variable Approach and (b) Analytical Method

Example 5.7

For Figure 5.10, if R = 10Q, L= 1/32 H, C = 50uF, use a numerical solution
of the differential equation to solve V(#). Compare the numerical solution to

the analytical solution obtained from Example 5.5.

Solution

From Example 5.5, v.(0) =20V, i, (0) =0, and
di, (1)
L ;l‘ =ve(?)

dve (@ . ve®)
C#+1L+ CR -1

=0



Simplifying, we get

di (t) _v(t)

dat L

dv.(t) I, i (1) v(b)
i ~C C RC

Assuming that

x, (1) =i, (2)
X, (1) =ve(2)

We get
. 1
X () = x,(1)

- I, 1 1
% (0 =5 =50 (D) =5 m ()

We create function m-file containing the above differential equations.
MATLAB Script

% Solution of second-order differential equation
% The function diff2(x,y) is created to evaluate the diff. equation
% the name of the m-file is diff2.m

% the function is defined as:

%

function xdot = diff2(t,x)

1s=2;

c=150e-6; L=1/32; r=10;

kl=1/c; % 1/C

k2= 1/L; % l/L

k3 =1/(r*c); % 1/RC

xdot(1) = k2*x(2);

xdot(2) = k1*is - k1*x(1) - k3*x(2);
end

© 1999 CRC PressLLC
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To simulate the differential equation defined in diff2 in the interval 0 < t < 30
ms, we note that

x(0)=i,(0)=0V

x,(0) =v.(0) =20

Using the MATLAB ode23 function, we get

% solution of second-order differential equation

% the function diff2(x,y) is created to evaluate

% the differential equation

% the name of m-file is diff2.m

%

% Transient analysis of RLC circuit using ode function
% numerical solution

t0 = 0;

tf = 30e-3;

x0 = [0 20]; % Initial conditions
[t,x] = ode23('diff2',t0,tf,x0);

% Second column of matrix x represent capacitor voltage
subplot(211), plot(t,x(:,2))

xlabel('Time, s'), ylabel('Capacitor voltage, V')

text(0.01, 7, 'State Variable Approach')

% Transient analysis of RLC circuit from Example 5.5
t2 =0:1e-3:30e-3;

vt = -6.667*exp(-1600*t2) + 26.667*exp(-400*t2);
subplot(212), plot(t2,vt)

xlabel('Time, s'), ylabel('Capacitor voltage, V')
text(0.01, 4.5, 'Results from Example 5.5")

The plot is shown in Figure 5.13.
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Figure 5.13 Capacitor Voltage v,(#) Obtained from Both State
Variable Approach and Laplace Transform

The results from the state variable approach and those obtained from Example
5.5 are identical.

Example 5.8

For Figure 5.11, if vg(¢) = 5u(t) where u(t) is the unit step function and
R =R, =R, =10KQ, C, =C,=5UF, and L =10 H, find and plot
the voltage v, () within the intervals of 0 to 5 s.

Solution

Using the element values and Equations (5.36) to (5.38), we have

—dg’ ) = —40v,(1) +20v, (1) +207,



M = 20\}1(1‘) —20V2(f) _il(t)

diy(1)
dt

= 0.1v,(¢) —1000i ()

We create an m-file containing the above differential equations.
MATLAB Script

%

% solution of a set of first order differential equations
% the function diff3(t,v) is created to evaluate

% the differential equation

% the name of the m-file is diff3.m

%

function vdot = diff3(t,v)
vdot(1) = -40*v(1) + 20*v(2) + 20*5;
vdot(2) = 20*v(1) - 20*v(2) - v(3);

vdot(3) = 0.1*v(2) -1000*v(3);
end

To obtain the output voltage in the interval of 0 <t < 5s, we note that the
output voltage

Vo () = v, (1) =, (2)
Note that at t <0, the step signal is zero so
vo(0) =v,(0) =7,(0) =0

Using ode45 we get

% solution of a set of first-order differential equations
% the function diff3(t,v) is created to evaluate

% the differential equation

% the name of the m-file is diff3.m

%

% Transient analysis of RLC circuit using state
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% variable approach

t0=0;
tf=2;
x0 = [0 0 0]; % initial conditions

[t,x] = ode23('diff3', 0, tf, x0);
tt = length(t);
fori=I1:tt
vo(i) = x(i,1) - x(1,2);
end
plot(t, vo)

title('Transient analysis of RLC")
xlabel('Time, s'), ylabel('Output voltage")

The plot of the output voltage is shown in Figure 5.14.

Dutput voltage

nsf

Transient analysis of RLC

D L L L
1] 0.4 1 1.4

Time, s

Figure 5.14 Output Voltage ¢ | -
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EXERCISES

5.1 If the switch is opened at # = 0, find v,(¢). Plotv,(f) between the

time interval 0 <t <5s.

20 kilohms 10 kilohms
PN AN
t=0
§ 1 microfarads T V(1)

Figure PS5.1 Figure for Exercise 5.1



5.2 The switch is close at t = 0; find #(¢) between the intervals 0 to 10
ms. The resistance values are in ohms.

(1) Se e Jan

Figure PS.2 Figure for Exercise 5.2

5.3 For the series RLC circuit, the switch is closed at t = 0. The initial
energy in the storage elements is zero. Use MATLAB to find v, (7).

10 Ohms 1.25H
3: AN Y
t=0

8v Ct) 0.25 microfarads —~ V. (t)

Figure P5.3 Circuit for Exercise 5.3

5.4 Use MATLAB to solve the following differential equation

3 2
ddy;gt) +7 ddytgﬂ +14 dyd(t’) +12)(1) =10
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with initial conditions

2
GO _, O
dt dt

»(0) =1,

Plot y(t) within the intervals of 0 and 10 s.

5.5 For Figure P5.5, if Vg =5u(t), determine the voltages Vi(t), Va(t),

Vi(t) and V4(t) between the intervals of 0 to 20 s. Assume that the initial
voltage across each capacitor is zero.

1kilohms ~ V, 1 kilohms v, 1 kilohms 1 kilohms v,

e

|
I

Vs 1pF 2pF 3pF
Figure P5.5 RC Network
5.6 For the differential equation

CHD 45D 4 6300) = 3sin(1) +7cos(1)

with initial conditions )(0) =4 and 0 =-1
t

(a) Determine (%) using Laplace transforms.
(b) Use MATLAB to determine )(?).
(c) Sketch y(t) obtained in parts (a) and (b).

(d) Compare the results obtained in part c.
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