
4.6 Laplace Transform MATLAB Laboratory Experiment
Purpose: This experimentpresentsthe frequency domain analysis of continuous-timelinear systemsusing
MATLAB. The impulse,step,sinusoidal,andexponentialresponsesof continuous-timesystemswill be examined
usingthe transferfunctionmethodbasedon the Laplacetransform.In addition,MATLAB will be usedto perform
the partial fraction expansionand to find the inverseLaplacetransform.

Part 1. Considerthe linear systemrepresentedby the transferfunction

��������� �
	�����	�����	��
Using MATLAB, find and plot:

(a) The systemimpulse response.

(b) The systemstep response.

(c) The systemzero-stateresponsedue to the input signal � ���������������! "����#$�%���
.

(d) The systemzero-stateresponsedue to the input signal � �������'&�(*)!#+�,���
.

Part 2. Considerthe transfer function
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(a) Find the factored form of the transfer function by using the MATLAB function

[z,p,k]=tf2zp(num,den) .

(b) The partial fraction expansionof rational functions can be performed using the MATLAB function
residue . Find the Laplaceinverseof the given transferfunction using the MATLAB function residue ; that
is, find analytically the systemimpulse response.

Part 3. Considerthe systemdefined by
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andthe input signalrepresentedin Figure4.13. UseMATLAB to plot thezero-stateresponseof this system.(Hint:
SeeExample4.24.)
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FIGURE 4.13: An input signal

Part 4. Find andplot the zero-inputresponseof a flexible beam[9], whosetransferfunction is given by
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with the initial conditions g�h T>i�K�VkjlM6N O9m g�hon i�K�VkjlM
NpV m�q NpV m.O�m�edm�Wrm�S . (Hint: Find s K�L"M and t K�L"M as defined in
formulas(4.36) and (4.52) and usethe MATLAB function impulse .)

Submitfour plots for Part1, oneplot for Part3, andoneplot for Part4, andpresentanalyticalresultsobtained
in Parts 2–4.
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SUPPLEMENT:

udv�w�x�y{z.|X}F~I�!�����
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���"�.�>��|r� � }>~9� � � ��� ���k�I�2��~9� � � }�� �!���I�"�
��w+z.|��.~+�����I�6��|���~�� }�� ���k�I�
���"�.�>�^|9� � }�~�� � � �F� ���k�I�
��~9� � � ��� ���k�I�.�
��w � z.|��.~$���k�I�
��|��.~9� }�� ���k�I�
���.�"�>��|�� � }�~9� � � ��� �!���I�6�5~�� � � �F� ���k�I�.�

���"�"�>��w � � � z.| � � } ~$���k���2��~�� }�� �����$�"����w � � } ~$�������

(4.36)

� v!w.xay�w � �5|�� � }�w � � } ���"�.�>�^|d}�w6��|��
(4.52)

MATLAB Solution Program

% Experiment 4
%
% PART 1
%
num=[1 1]; den=[1 5 6];
% (a) Impulse response
t=0:0.01:5; h=impulse(num,den,t);
%
figure (1)
plot(t,h); grid; xlabel(’Time [s]’); ylabel(’Impulse response’)
print -deps figure4 _1.eps
% (b) Step response
ystep=step(num,den,t);
%
figure (2)
plot(t,ystep); grid; xlabel(’Time [s]’); ylabel(’Step response’)
print -deps figure4_2.eps
% (c) Sinusiodal zero-state response
time=0:0.01:10; f=sin(2*time); yzs=lsim(num,den,f,time);
%
figure (3)
plot(time,yzs); xlabel(’Time [s]’); ylabel(’Sinusoidal zero-state response’);
grid; print -deps figure4_3.eps
% (d) Exponential zero-state response
f=exp(-t); yzs=lsim(num,den,f,t);
%
figure (4)
plot(t,yzs); xlabel(’Time [s]’); ylabel(’Exponential zero-state response’);
grid; print -deps figure4_4.eps
%
% PART 2
%
% (a) Transfer function factored form
num=[2 0 1 -3 1 4]; den=[5 2 -1 -3 5 2 -4 2 -1]; [z,p,k]=tf2zp(num,den)
% H(s)=k*((s-z(1))*(s-z(2))*...*(s-z(5)))/((s-p(1) )*(s-p(2))*...*(s-p(8)))
% (b) Transfer function partial fraction form
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[R,p,K]=residue(num,den);
% H(s)=num(s)/den(s)=R(1)/(s-p(1))+R(2)/(s-p(2))+... +R(8)/(s-p(8))+K(s)
R
K
r1=abs(R(1))
r3=R(3)
r4=abs(R(4))
r6=R(6)
r7=abs(R(7))
phi1=angle(R(1))
phi4=angle(R(4))
phi7=angle(R(7))
h=2*r1*exp(real(p(1))*t).*cos(imag(p(1))*t+phi1)+r3*exp( p(3)*t)...
+2*r4*exp(real(p(4))*t).*cos(imag(p(4))*t+phi4)+r6*exp( p(6)*t)...
+2*r7*exp(real(p(7))*t).*cos(imag(p(7))*t+phi7);
%
figure (5)
plot(t,h); grid; xlabel(’Time [s]’); ylabel(’Impulse response’)
print -deps figure4_5.eps
%
% PART 3
%
num=1; den=[1 5 4]; dens=[1 5 4 0]; denr=[1 5 4 0 0];
ystep=step(num,den,time); % also ystep=impulse(num,dens)
yramp=lsim(num,den,time,time); % also yramp=impulse(num,denr)
ystepshift=[zeros(300,1); ystep(1:701)];
yrampshift=[zeros(200,1); yramp(1:801)];
y=ystep-yramp+ystepshift+yrampshift;
%
figure (6)
plot(time,y); grid; xlabel(’Time [s]’); ylabel(’Zero-state response’)
print -deps figure4 _6.eps
%
% PART 4
%
num=[1.65 -0.331 -576 90.6 19080]; den=[1 0.996 463 97.8 12131 8.11 0];
% using (4.36) we have
t=0:1:10000; y4th0=1; a5=den(2); numI=[1 a5*y4th0];
yzi=impulse(numI,den,t);
%
figure (7)
plot(t,yzi); grid; xlabel(’Time [s]’); ylabel(’Zero-input response’)
print -deps figure4_7.eps
%
figure (8)
yzi=impulse(numI,den,time);
plot(time,yzi); grid; xlabel(’Time [s]’); ylabel(’Zero-input response’);
axis([0 10 0 0.001]); print -deps figure4_8.eps

MATLAB Results

>>
z =
-0.5462 + 1.3017i
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-0.5462 - 1.3017i
0.9509 + 0.5795i
0.9509 - 0.5795i
-0.8094
p =
-0.8144 + 0.9415i
-0.8144 - 0.9415i
-0.9718
0.6412 + 0.6253i
0.6412 - 0.6253i
0.6734
0.1225 + 0.4805i
0.1225 - 0.4805i
k = 0.4000
R =
-0.0875 - 0.0188i
-0.0875 + 0.0188i
0.0767
0.2652 + 0.0400i
0.2652 - 0.0400i
0.7293
-0.5807 + 0.7724i
-0.5807 - 0.7724i
K = []
r1 = 0.0895
r3 = 0.0767
r4 = 0.2682
r6 = 0.7293
r7 = 0.9663
phi1 = -2.9303
phi4 = 0.1496
phi7 = 2.2154
>>

Figures Generated by the MATLAB Solution Program
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Figure 4.1
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Figure 4.2
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Figure 4.3
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Figure 4.4
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Figure 4.5
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Figure 4.6
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Figure 4.7
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Figure 4.8

Note a different rangefor the time axis in Figure 4.8 comparingto Figure 4.7. Both figuresrepresentthe same
signal, but in the different time spans.

Analytical Results

Part 2. (b) The systempolesobtainedwith the MATLAB are

�+�F� �����a�l �¡9¢$��£$�X¤�����¤9£$�X¥"� ¦2����¥
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with the correspondingnumericalvaluesgiven previouslyin MATLAB Resultssection.The analyticalexpression
for the impulse responseis
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Note that the usednotation is consistentwith the MATLAB programand the resultsobtained. All anglesin the
aboveformula are expressedin radians.

Part 3. Using the linearity principle we have

Ú «�¾� ��Û «,¾� °�Ü «,¾� ¯�Ü «,¾ ° ®  ¯ Û «%¾ °�³  Ý Þ�«�¾� � Þ�ß
Ä,à%á
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Part 4. From formula (4.36), we havefor æ?ç'è and the given initial conditions

é�ê!ë�ì ç�í�î.ï�ðfñFò"ó�ôkõIö
÷ ë ï9ð%ñ�ò"ó!ô�õ�ö�ç ë ÷�ôdø ù9ù�è ú û$üFý ê�ë"ì ç ë ÷�ôXøRù9ù�èþ êÙë"ì
Using formula (4.55), we obtain

ï"üFý ê,ÿ�ì ç�� õ ��� û*üFý ê�ë"ì�� ç�� õ ��� ë ÷�ôXøRù�ù9èë	� ÷�ôXøRù�ù9è ë î ÷�
�è� ë ñ ÷^ù�Xø � ë�� ÷���������� ë�� ÷��Xø���� ë��

26


