Differential Equations and
Engineering Applications

MATH 2210

Applications of Laplace Transform
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Introduction to Laplace Transform (1/3)

m For any function f(t), its Laplace Transform is given
as:

F(s) = Ofe‘“ f (t)dt
0

m f(t) is said to be in time-domain, where the
iIndependent variable, time t is a real quantity

m F(s) [Laplace Transform of f(t)] is said to be in s-
domain, where independent variable, s is a
complex quantity
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Introduction to Laplace Transform (2/3)

m Laplace Transform is a mathematical tool, which
helps in analyzing the system of interest.

|t takes us from Time-Domain description of system
(represented by Differential Equations) to a s-Domain
description (represented by algebraic equations in

variable “s”).

It is relatively easy to solve algebraic equation,
rather than the differential equations.
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Introduction to Laplace Transform (3/3)

m Solution of algebraic equations in “s”, with zero
initial conditions, gives Transfer Function of the

system.

Transfer Function = Ratio of the Laplace Transform of the
output to the Laplace Transform of input, when the initial
conditions are zero.

Once we know the transfer function of a system, we can
easily evaluate the response of the system for any input
signal.

The roots of denominator of the transfer function (called
as Poles of the system) determine the stability of system.

System is STABLE if all poles have —ve real part.
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Properties of Laplace Transform

J () F(s)
of (1) + be(t) aF (s)+ bG(s)
1) sF(s)— f(0)
/(@) s"F(s)—sf(0)- f'(0)
[f(0)dr L Egs)
0 S
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Properties of Laplace Transform

210 1y T
ds

1 f() |F(o)do

& f (1) F(s=a)
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Some Useful Laplace Transform Pairs

J () F(s)
1
1 _
S
t 1
2
eal‘
S—a
. a
sin(at)
s’ +a’
cos(at) >
s’ +a’
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Application of Laplace Transform to
Differential Equations

m Consider 15t order differential equation:

y'(t)+ay(t)=x(t); y(0)

m Taking Laplace Transform of both sides, this time-
domain equation can be written in s-domain as

[SY (5)— y(0)]+alY (8)] = X (5)
Y (s) = (1jx (5) +(1)y(0)

S+a S+a

|\ 7 (& 4
Y Y

Forced Response Natural Response
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Application of Laplace Transform to

Differential Equations

m The response of system to the forcing function alone
is called forced response:

1
Y, (5) = ( an(s): . ()

m The response of system due to the initial conditions
of systems only is called natural response:

Y, (5) = ( L )y(O):»yn(t)

m The total response of the system:

y(t) =y () +y,(t)
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Application of Laplace Transform to

Differential Equations

m The transfer function of the system is defined as:

lLannCSJsrr] OUTPUT(displacement, temperature,...)
O (5) B Y (S) B N (S)/ Numerator
X (s - D(s
( )"Cszzero ( )\ Denominator
INPUT( force, heat,...) 1
where - (S N a)

N(s) and D(s) are polynomials in “s”.
The roots of N(s) are called ZEROs of system.
The roots of D(s) are called POLEs of the system.
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Application of Laplace Transform to
Differential Equations
Transfer Function Analysis:

m Response of System: Once transfer function H(s) of
the system is known to us, the response of system
for any input can be calculated as:

OUTPUT Transfer INPUT
Function

Y(s)=H(s)X(s), and y(t)=L"{Y(s)}

m Stability of System: The stability of the system can
be checked from the poles of H(s), i.e., the roots of
the denominator polynomial D(s), as

@em is STABLE if all poles have —ve real @

Response




" J
Activity:
1)Find the Laplace transformation of
the following equation:

2
mn B = £ (1)
dt dt
2)What are the Force and the Natural
response of the system

3)Find Transfer Function
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Activity:
1)For the following TF, find zeros
and the stability of the system:

S+1

H(s) =
(5) s° +55+6

2)Find the corresponding DE?
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s-Domain Analysis in MATLAB

Transfer Function H(s)Representation

Using MATLAB:

~N(s)  s+2
D(s) s°+2s+10

H(s)

1) DEFINE NUMERATOR > num=[no1, no2, ..., ...]

2) DEFINE DENOMINATOR > den=[no1, no2, ..., ...]

Transfer Function
Just name Generator Command

/

3) DEFINE TRANSFER FUNCTION > sys=tf(num,den)




>>
>>
>>
>>
>>
>>
>>

% Coefficients of N(s)
num=[1 2]; < S+ 2

% Coefficients of D(s) 5
den=[1 2 10]: «——— S + 25 +10
% Transfer Function H(s) of system
sys=tf(num,den);

% Type sys and check the resutls displayed

>>SYS

Transfer function:

s"2 + 2 s + 10

~

s + 2
___________ OUTPUT

J




1)desponse o! gystem (Zero Initial Conditions

Impulse Load

Find H(s) by defining:
num and den using:
tf(num,den)

|

impulse(sys,time)



Impulse command computes the impulse response of a function

Laplace Function

7

[T, t] = Impulse(sys,t);
where t = ti:dt:tf \\\\

Time

Example:Find impulse response of the following
function for 0<t<30 :
N (S S+ 2
H(s)=—( )= 5
D(s) s°+2s+10




>>
>>
>>
>>

>>

N (S S+ 2
H(s) = (5) _ >
D(s) s“+2s5+10
num=[1 2]; % CoeTTicients of N(s)

den=[1 2 10]; % Coefficients of D(s)
sys=tf(num,den); % System Trans.Func. H(s)
t1=0:0.1:30; % Time vector

[h,t] = Impulse(sys,tl);

>> plot(t,h), grid

1

0.5

0.6 H

0.4 H

0.2F

-0.2

-0.4

18



2 ) NSEeRSystem (Zero Initial Conditions)

Sine /\\/ or Squarel | or Pulse Load
I

Find H(s) by defining
L num and den using:

.

tf(num,den)

Generate signal type using:
[x,t]=gensig(‘type’,period,duration,step)

Solve system by:
Isim(sys,x,time)
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s-Domain Analysis in MATLAB

Generating Signals: The MATLAB command Jensig
iIs used to generate time-domain analog signals.

[u,t] = gensig (‘Type’,tau,tf,ts)

Type = sine, square, pulse

tau = Period (one cycle)

tf = Duration (total time)

ts = Time spacing (step)

u = value of signal

t = corresponding time instants

Generate Signal
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s-Domain Analysis in MATLAB

>> % Generate and Plot Sine wave of period 5 sec for

a total time of 30 sec. Total Time

>> [u,t] = gensig("sine”,5,30,0.1);

>> plot(t,u), grid Type N — Step

\




If H(s) isgivenand it requeste to find y(t) for x(t)

Transfer
Function
(known)

H(s) =

INPUT
(available)

OUTPUT(Desired) ?

Y (S)

X (9)

I.Cs=zero

22

Use Isim(sys,Xx,t)

Generate the input signal x(t) using gensig
Generate Transfer Function sys=tf(num,den)
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N(s)  s+2

Ex.:Find response of the following function H (S) = =
D(s) s“+2s+10
>> U System Transfer Function H(s)

>> num=[1,2]; den=[1,2,10];

>> sys=tf(num,den);
>> [x,t] = gensig("sine”,5,30,0.1);

>> |sim (sys,X,t);

input

Linear Simulation Results /
1 T T T T T

0.G A/_

06 -

0.4

0.z

N _ output

Am plitude

0.2 -

04

-0E

-0.8

Time [(=ec)



L[ Initial Conditions are not zero

[
(" Find H(s) by defining: |
L num and den using:

sys=tf(num,den)
I

Find state space by using:
b [A,B,C,D]=tf2ss(num,den)

Generate signal type using:
L [x,t]=gensig(‘type’,period,duration,step)

Solve system by:
Isim(A,B,C,D,x,time,IC)
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Response of System (Non-zero Initial Conditions):

H (s) I1s given and it Is requested to find y(t) for x(t)

Generate the input signal x(t)
Represent the system in State- space form using
tf2ss(num,den)

Isim(A,B,C,D,x,t,x0); where sys is system
description is state-space and x0 is initial state vector




>>

>>
>>
>>
>>
>>

>>

input/g/'2 1

% System Transfer Function H(s)

num=[1,2]; den=[1,2,10];

% Transfer Function to State Space
[A,B,C,D]=tf2ss(num,den);

% Generate the i1nput signal x(t)
[X,€t] = gensig("sine”,5,30,0.1);

Isim(A,B,C,D,x,t,[0 5]);

Linear Simulstion Results

1 | 1 | 1
0 & 10 15 20 25 30
Time (zec)

26



Applications of Laplace Transform

1. Thermal Systems

27
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Variables:

m Temperature: © [kelvin]]
m Heat flow rate, q [J/s]

Element Laws: ;
m [hermal Capacitance: o(t) = E[qi” (t) —q,, (t)],

where C: thermal capacitance [J/K]

m Thermal Resistance: |d(t)=— [e(t) 0,(t))

perfect insulation
where R: thermal resistance of the )
path between the two bodies [Ks/J] LMLl il bl s

R
61 q: 62

CS TSI




" J 29
Example 1:

A thermal capacitance C, is enclosed by insulation
of resistance R. Heat is added at a rate q;(t). The
ambient temperature surrounding the exterior is ©,,.
Find the system model in terms of ©(t), qi(t), and ©,

i
e %

8. C

(1) e % 6,

N
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Example 1:
Differential Equation:

.

b,

60 == [0,0- 0, 0}
where g, (t) = g, ().

1
Jout (t) — E (Q(t)_ Qa )

4

Hence, 6(t) = %[qi (t) —%(e(t)— 0, )}

: 1 1 1
Q(t)+—0Olt)=—a.(t)+—24..
)+ == (t) SaM+=20,
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Example 1:
s-Domain Representation

m Taking Laplace Transform of the differential equation:

1 q 0,
SO(s) — 6’(O)+R—H(s)—SC RO

1 _ qi ‘9a
= [s + R—C}H(s) = LC + RO } +6(0)

:9(5):[(3 RC| . 0(0)

9, Oa 6’(O)s+[g‘ +

6, }
RC

1 1]
S| S+——| |S+——
Bk

and 4(t) = L{6(s)}

S[S +

1
RC

|

31
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Example 1:

Simulation Parameters

Simulate the thermal capacitance system for:

C=1.0*"10° J/K,
R=2.0*107 s-K/J,
©,=300 K, and
qi(t)=1000 K.

Assume 6(0)=6_,=300 K.

7

o

32
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Example 1:
Function for ODE Solver

33

function dthetadt = ThermalEx1(t, theta)

R=2e-3;

C=1e3;

qi=1000;

theta a=300;

dthetadt=[ (1/(R*C))*theta(1)+(1/C)*qi+(1/(R*C))*theta_a];
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Example 1: MATI AR lell ||9'I-|nn
S0(5) ~0(0) + = ~0(6) = 9,

ODE analysis SC SRC
= {s +i}6(s) =[ 4 } 6(0)
>> clear all, clc RC sC sRC
>> t=0:30;
>> [tl,theta ode] = ode45 o 0 o . 0
[C+F2C_ o) % )S{c*m}

transter function A=9(s)=

=+ =
1 1 1
S| S+—— S+—— S| S+——

| re) rel 1Rl
>> R=2e-3; C=1e3; gi=100u, B
>> theta a=300; theta zero=300;
>> num = [theta_zero ,((1/C)*qi+(1/(R*C))*theta_a)];
>> den = [1, 1/(R*C), 0];
>> sys=tf(num,den);
>> [theta _tf, t2]=impulse(sys, t);
>> subplot(2,1,1), plot(tl,theta ode), title("ODE Analysis™)
>> subplot(2,1,2), plot(t2,theta tf),
>> title("Transfer Function Analysis®)
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Example 1: MATLAB Simulation Results

302

ODE Analysis
/ ______
0 5 10 15 20 25 30

301///
300

Transfer Function Analysis

302

301//,
300

0

5 10 15 20 25 30
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Example 2:

Consider the following thermal capacitance,
C1, of temperature ©1(t). It is assumed that
the system is perfectly insulated except for the
thermal resistances R1 and R2. Heat is added
at a rate qi(t), and the ambient temperature is

Oa. LULLLLLLLLLLLL L LS

g,, C &,

—

—*——-Rz

r“' 777Z
qi(7)

|

/22
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Example 2:

Differential Equation:

'////gf/////////( L

N

: 1 AN § 6,

91 (t) — a[qin (t) o qout (t)]1 R,— §*—Rz
TIIIITTIATNATTT7 777,

where g, (t) = g, (t). <4

(0= o (6,0-0,)+ o (6,0)-0,)

. 1 1(1 1 1(1 1
Hence, €, (t) = —(d.(t) - + Ot)+ + 6.,
(1) c1q'() Cl(Rl sz (1) Cl(Rl R2ja

| 1 101 1
Ot)+bo(t)=aq.(t)+bb., b=—, a= + .
©)+b0(t)=a,0) +b6,, b= Cl(m sz



Example 2:
s-Domain Representation

m Taking Laplace Transform of the differential equation:

bé,
S

s6(s)— 6(0) +ba(s) = agi N

— [s+b]o(s) = [agi i bfa} 6(0)

—
6(0)s +[aq, +ba, ]

o) = s[s+b]

and  O(t) = L{O(s)}

38
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Example 2:
Simulation Parameters

Simulate the system for 5 sec.

C1=1.0"10° J/K,
R1=2.0*10-3 s-K/J,
R2=1.5*10-3 s-K/J,

©,=300 K, and
i(t)=1000 K.

Assume 6(0)=6_,=300 K.

LIS L L

39
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Example 2:
Function for ODE Solver

40

function dthetadt = ThermalEx2(t, theta)
Cl=1e3;

R1=2e-3;

R2=1.5e-3;

a=1/C1;

b=1/C1*(1/R1+1/R2);

qi=1000;

theta a=300;

dthetadt = [-b*theta(l)+a*qi+b*theta a];




Example 2: MATLAB Simulation

41

clear all, clc

t=0:0.1:5;
ODE analysis
[tl,theta ode] = ode45("ThermalEx2",t,[300]);

Transfer function Analysis
R1=2e-3; R2=1.5e-3; Cl=1e3; qi=1000;
a=1/C1; b=1/C1*(1/R1+1/R2); A(0)s + [aqi + bé’a]

theta a=300; theta_zero=300; 0 (S) — [ b]
num = [theta zero,(a*qi+b*theta a)]; SIS+
den = [1,b,0];

sys=tf(num,den);

[theta tf, t2]=impulse(sys,t);

subplot(2,1,1), plot(tl,theta ode), title("ODE Analysis™)
subplot(2,1,2), plot(t2,theta_tf),
title("Transfer Function Analysis®)
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Example 2: MATLAB Simulation Results

ODE Analysis
301
300.5 A
300, 1 2 3 4 5
Transfer Function Analysis
301
300.5 o
300




Applications of Laplace Transform

2. Mechanical Systems

43



Variables:

Displacement x
Velocity v=dx/dt
Acceleration a=dv/dt

Element Laws:

m Mass (Newton’s second law):

d
f =—(mv
dt( )

d d

f =—(mv)=m—v=ma=mX

ot dt

44
X
V
a
m —f




Element Laws:

45

m Friction (Friction resistance force):

f. =BAv=B(v,-V,)

m,

= OO

777777%777%777777777777797777%7
dashpot representation

m,

Oil film representation

m Stiffness (Stiffness resistance force):

f. =kAX=k(X, — X,)
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Example 1

Consider the following model
2 X(t)

K

7

%;;VV— M—— f_ (1) M=1, K=100, B=2
— a

R

Obtain differential equation representation.

Obtain s-domain representation

Simulate the system for following cases:
s CASE 1: Initial Conditions are zero, and f, (t)=10
s CASE 2: Initial Conditions are zero, and f, (t)= 50 sin(2t)
s CASE 3: I.Cs. x=[2.5; 2.5],and f, (t)= 50 sin(2t)

46
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Example 1 - Differential Equation

g X(1)
B . K 1 4 K
X—l‘mx—l‘mxsza N M——'fa(t)
- - Z
_X,
KX R A

BX —
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Example 1 - s-Domain Representation

1 B
("F.(s)  (s+)x(0)+x(0)
X (8)= ZMB K. 2M B K
(S +I\/IS+I\/I) (S +MS+M)
—
1 B
(. )F.(s) (s+ - )x(0) +x(0)
XO(g)=— Moy XO(s)= Mo
(s°+ s+ ) (s°+ s+ )
M M
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Example 1 - CASE 1

CASE 1: Initial Conditions are zero, and f_ (1)=10

Initial conditions are zero, and hence, we need to determine the
forced response due to the forcing function only.

f (t)=10= Fa(s):lg

1 10
T\E e
X(s) (I\/I; a(S)K i (EA) ! _N(s)
(s°+ s+ ) s(s°+ s+ ) D(s)
M M
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Example 1 - Function for ODE Solver

50

function dzdt = MechEx1(t,z)

1;
100;
2

X
11

fa=10;
%fa=50*s1n(2*t);

dzdt = [ z(2); -(B/M)*z(2)-(K/M)*z(1)+(1/M)*fa ];




Example 1
CASE 1 - MATLAB Code

clear all, clc

t=0:0.005:20; % Simulation Time

%ODE analysis

[tl,z ode] = oded5("MechEx1",t,[0;0]);

% transfer function Analysis (J&l)
M=1; K=100; B=2: M

51

fa=10; X(s)= K
num = [fa/M]; den = [1 B/M K/M 0]; S(s®+-—S+-—)
sys=tf(num,den);

[x _tf, t2]=impulse(sys, t);

subplot(2,1,1), plot(tl,z ode(:,1)),title("ODE Analysis™)
subplot(2,1,2), plot(t2,x _tf),
title("Transfer Function Analysis®)




Example 1
CASE 1 - MATLAB Simulation Results
ODE Analysis
0.2 | |
% 5 10 15 20
Transfer Function Analysis
0.2 | | 3
0.1\/\]\/\»~: -
% 5 10 15 20
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Example 1 - CASE 2

CASE 2: Initial Conditions are zero, and f, (t)=50 sin(2t)

Some sinusoidal force is applied, and initial conditions are
zero, therefore, in order to perform s-domain analysis, we
proceed as follows:

Generate the input signal using gensig

Determine the transfer function for the system

Simulate the system using Isim

1

e X _NE )
e DO (524 B Ky
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Example 1

CASE 2 - MATLAB Code

clear all, clc

t=0:0.005:20; % Simullation Time
%ODE analysis
[tl,z ode] = ode45("MechEx1",t,[0;0]);

1
% transfer function Analysis (———)
% Parameters X (S) — M
M=1; K=100; B=2; , B K
% Generate the input signal fa(t) s(s '+‘&H‘S‘Fi0f)

[fa,t] = gensig("sine”,pi1,20,0.005); fa=50*fa;

% System Transfer Function H(s)

num = [1/M]; den = [1 B/M K/M];

sys=tf(num,den);

% System Response

x=Isim(sys,fa,t);

subplot(2,1,1), plot(tl,z ode(:,1)), title("ODE Analysis®)
subplot(2,1,2), plot(t,x), title("Transfer Function Analysis®)
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Example 1
CASE 2 - MATLAB Simulation Results

ODE Analysis

0 5 10 15 20
Transfer Function Analysis

95
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Example 1 - CASE 3

CASE 3: Non-Zero Initial Conditions and f, (t)=50 sin(2t)

Some sinusoidal force is applied, and initial conditions are
non-zero, therefore, in order to perform s-domain analysis, we
proceed as follows:

Generate the input signal using gensig
Determine the transfer function for the system

Trnasfrom the system fuction to state-space form

Simulate the system using Isim, with give initial conditions

1

o X Ny

F®) oo D) (g2, B g, Ky
M M

[A,B,C,D] = tf2ss(num,den)



" A 57
Example 1
CASE 3 - MATLAB Code
clear all, clc
t=0:0.005:20; % Simulation Time
%ODE analysis
[tl,z ode] = ode45("MechEx1l",t,[2.5;2.5]);
1
% transfer function Analysis (‘*)
% Parameters H(s)= A(s) _NE)_ M
M=1; K=100; B=2; F.(5) s D(S) (52+BS+K‘>
% Generate the i1nput signal fa(t) M M ]

[fa,t] = gensig("sine”,p1,20,0.005); fa=50*fa;
% state space system
[A,B,C,D]=tf2ss(num,den)

x=Isim(A,B,C,D,fa,t,[2.5;2.5]);
subplot(2,1,1), plot(tl,z ode(:,1)), title("ODE Analysis®)

subplot(2,1,2), plot(t,x), title("Transfer Function Analysis®)




Example 1
CASE 3 - MATLAB Simulation Results
ODE Analysis
4 ‘

0 5 10 15 20

Transfer Function Analysis
4 \ » »
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Applications of Laplace Transform

3. Electrical Systems

59
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Variables:

Voltage v (volts)
Current | (amperes)

Element Laws:

m Resistor (Ohm’s law):

i
v % R% V=Rl
Open Circuit = R = infinite
Short circuit & R = zero

R

60

resistance in ohms



" 61
Element Laws:

m Capacitor , , _

== a=Cv

C capacitance in farad
Curren through capacitoris given as

i_d_q_d(Cv):C@
dt at dt
1.
— dv =—1Idt,
C

by Integrating, the voltage across capcitor is given as

1L
v(t) = v(t,) +2 J} i(1)dA
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Element Laws:

L
m Inductor — W L inductance in henrys
Ry _

v=Lg
dt

which can be re -arrnaged as
di = * vt
L

which can be solved as

. . 1
i(t) =i(t,) + t{ v(1)dA
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s-Domain Circuit Analysis

RESISTOR

V. (t) = Ri, (t) i (1)

Transforming this equation, we get

VR(S) =R IR(S)
or  I;(s)=xV:(s)

—_ -\I-/ RN N(tl }
R

63
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s-Domain Circuit Analysis

64

CAPACITOR
Ve (1) = Ve (t,) + gjic (A)dA Vc (t)
I (1) =2 || -
or i.(t)=c L) C
dt

Transforming this equation, we get
C to |
Ve (s) = V(s . < 1c(5)
or  1.(s)=CsV.(s)-Cv.(t,)
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s-Domain Circuit Analysis

INDUCTOR V (t)
di ' -
(D)=L (D) =

or iL(t):iL(to)+%j;vL(ﬂ)d/1

Transforming this equation, we get
V. (s)=sL1,(s)-Lit,)

(), V. ()

or | (S) =
 (S) - o




" 66

Example 1 | oo o
-

For the circuit shown in the Figure, _ VvV

V; =10V, VI ¢ ° (t)

R =10,000 Q, o o —

C = 10pF. _L

Using Nodal analysis, find the mathematical model that represents the
circuit considering the initial conditions equal to zero and a time interval
of 0 to 20 ms. Use Matlab to find the numerical solution of the model.

Solution:

Using Nodal Analysis: . V,
1 dv (t) Fa ovévw ——
R( V) g V. @& ;Tt v. ()

dvo(t) _ Vi vo(t) : o -
d¢ CR CR 1
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Simulation Using ODE Solver v

av,(t) v V() L= h

d& CR CR i T o (1)

clear

[t,v] = ode45(°“ELEC _Ex1*,[0 0.5],.[0]);
plot(t,v(:,1))

title(“The Output Voltage®);
xlabel("time t");

ylabel (“Voltage “V’");

function dvdt = ELEC _EX1(t,v)

Vi =10;
R = 10000;
C = 10e-6;

dvdt = [( Vs /7 (C*R) ) - ( v(1) 7/ (C*R))]:
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Simulation Results Using ODE Solver

The Output Voltage
10 ‘ \ T

Voltage “V”

0.5

time t

68



Example 1 — Analysis in s-Domain

v (s) = (=Vi(s) + ve (1) ]

(s + =)

Voltage

H,(s) =

Transfer  Function

Vo) ()
Vi(s) (s+¢&)

69
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Example 1 — Analysis in s-Domain

70

CASE 1:
v, =10V,
R =10,000 Q,
C =10uF
Vc(t0)=0
Capacitor is initially
discharged
(re)10
V,(s) = Fe~
S(s+ &)

clear all, clc

t=0:0.005:1; % Simulation Time

% ODE analysis

[tl,v] = oded5("ELEC Ex1*,t,[0]D);

% transfer function Analysis
R=10e3; C=10e-6;

num2 = [10/(R*C)]; den2 = [1 1/(R*C) 0O];
sys2=tf(num2,den2);

[vc, t3]=impulse(sys2, t);
subplot(3,1,1), plot(tl,v(:,1)),
title("Transfer Function Analysis”®)
subplot(3,1,2), plot(t3,vc),
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CASE 1: 0 | | | ODE Alnalj,-'sisl
vi =10V,

R =10,000 Q,
C =10uF
Vc(t0) = 0
Capacitor IS initia”y 0 01 02 03 04 05 05 07 08 09 i

d|SCharged Transfer Function Analysis
10 . . T . . .

(o I E=N (] ca
T T T T

= - E-% (] a
T T T T

| | | | 1
0s 0B 07 s 09 1

_ (re)10
VO(S) o S(S+R1C)
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CASE 2:
V. =10 sin(2*pi*50*t),
R =10,000 Q,

C =10uF
Vc(t0)=0

Capacitor is initially
discharged

72

H.(9)= (40

clear all, clc

t=0:0.001:1; % Simulation Time

% ODE analysis

[tl,v] = oded5("ELEC Ex1",t,[0]);
% transfer function Analysis

% Generate the i1nput signal
tau=1/50;

[vi,t2] = gensig("sine”,tau,1,0.001);

vi=10*Vvi;
% Parameters
R=10e3; C=10e-6;

num2 = [1/(R*C)]; den2 = [1 1/(R*C)];

sys2=tf(num2,den2);

vc=Isim(sys2,vi,t2);
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CASE 2:
v

C =10uF
Vc(t0)=0

discharged

=10 sin(2*pi*50*t),
R =10,000 Q,

Capacitor is initially

(re)

H,(s) =

(s+ )

ODE Analysis
1 T T T
0.5 H
|:| -
_I:IE | | 1 | | | | | |
a 0.1 n2 03 04 05 0B 07 08B 0O
Transfer Function Analysis
1
0.5 H
|:| -
_I:IE | | 1 | | | | | |
a 0.1 o2 03 04 05 OB 07 08 09
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