
Laplace Transformation and Transfer Function

2024-2023العام الدراس ي  محمدعبداللهمحمد خير . د

جامعة المنارة
كلية الهندسة

الميكاترونكسقسم 
تمقرر المعادلات التفاضلية و التحويلا

https://manara.edu.sy/

https://manara.edu.sy/


Contents

https://manara.edu.sy/

Basic Definition
Partial Fraction Expansion

Complex Poles
Multiple Poles
Improper Rational Function

https://manara.edu.sy/


Basic Definitions

https://manara.edu.sy/

xbxbxbxbyayayaya mm

mm

nn

nn ++++=++++ −

−

−

−

1

)1(

1

)(

01

)1(

1

)(

0 ..........

dtetfsFtfL st




−==
0

)()()(

nn

nn

mm

mm

asasasa

bsbsbsb

sX

sY

inputL

outputL
sG

++++

++++
===

−

−

−

−

1

1

10

1

1

10

.....

.....

)(

)(

][

][
)(

Laplace Transformation
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Partial Fraction Expansion
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Ns = [3, 2]; 
Ds = [1, 3, 2]; 
[r, p, k] = residue(Ns,Ds)

r =
4
-1

p =
-2
-1

k =
[]
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syms s t; 
Fs=(3*s+2)/(s^2+3*s+2);  
ft=ilaplace(Fs)

ft =
4*exp(-2*t) - exp(-t)
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syms s
factor(s^3 + 5*s^2 + 12*s + 8)
ans =
(s+1)*(s^2+4*s+8)

The factor(s) function did not factor the quadratic term. We will use the roots(p) function.

p=[1 4 8];
roots_p=roots(p)
roots_p =
-2.0000 + 2.0000i
-2.0000 - 2.0000i
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syms s
Fs=(s + 3)/(s^3 + 5*s^2 + 12*s + 8); 
ft=ilaplace(Fs)

ft =
(2*exp(-t))/5 - (2*exp(-2*t)*(cos(2*t) - (3*sin(2*t))/4))/5
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syms s; 
Fs=(s+3)/((s+2)*(s+1)^2); 
ft=ilaplace(Fs)
exp(-2*t) - exp(-t) + 2*t*exp(-t)

We can use the following script to check the partial fraction expansion.

syms s
Ns = [1 3];                  % Coefficients of the numerator N(s) of F(s)
expand((s + 1)^2);    % Expands (s + 1)^2 to s^2 + 2*s + 1;
d1 = [1 2 1];               % Coefficients of (s + 1)^2 = s^2 + 2*s + 1 term in D(s)
d2 = [0 1 2];               % Coefficients of (s + 2) term in D(s)
Ds=conv(d1,d2);       % Multiplies polynomials d1 and d2 to express the

% denominator D(s) of F(s) as a polynomial
[r,p,k]=residue(Ns,Ds)

r =
1.0000

-1.0000
2.0000

p =
-2.0000
-1.0000
-1.0000

k =
[]
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syms s; % The function collect(s) below multiplies (s+1)^3 by (s+2)^2
% and we use it to express the denominator D(s) as a polynomial so that we can
% use the coefficients of the resulting polynomial with the residue function
Ds=collect(((s+1)^3)*((s+2)^2))
Ds =
s^5+7*s^4+19*s^3+25*s^2+16*s+4

Ns=[1 3 1]; Ds=[1 7 19 25 16 4]; [r,p,k]=residue(Ns,Ds)

r =
4.0000
1.0000
-4.0000
3.0000
-1.0000

p =
-2.0000
-2.0000
-1.0000
-1.0000
-1.0000

k =
[]
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syms s; 
Fs=-1/((s+1)^3) + 3/((s+1)^2) - 4/(s+1) + 1/((s+2)^2) + 4/(s+2); 
ft=ilaplace(Fs)
ft =
4*exp(-2*t) - 4*exp(-t) + 3*t*exp(-t) + t*exp(-2*t) - (t^2*exp(-t))/2
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Ns = [1 2 2];
Ds = [1 1];

[r, p, k] = residue(Ns, Ds)

r =
1

p =
-1

k =
1     1
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p=[1 8 10 4]; r=roots(p) % Find the roots of D(s)

syms s
y=expand((s + 0.7146 - 0.3132j)*(s + 0.7146 + 0.3132j)) % Find quadratic form

r =
-6.5708          
-0.7146 + 0.3132i
-0.7146 - 0.3132i

y =
s^2 + (3573*s)/2500 + 3043737/5000000
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انتهت المحاضرة
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