1. Compute the analytic expression of the step response of the LTI system
described by the following transfer function:

(s+24)

PO = 3149y

Solution:

(s+24) 1

Y(s)=F©Us)= s*+3s+45)s’

By partial fraction decomposition:

A+B=0
2
Y(s) = 2(s+24) 1_4, ZBS+C _(4+B)s 2+(3A+C)s+45A:> AeC ]
(s> +3s+45)s s (s> +35+45) s(s +3s +45) 45 A— o
A=8/15
=<:B=-8/15
C=-3/5

Y(s):ﬁ-[l— (s+9/8) }

15 | s (% +3s+45)

The polynomials s* +3s+45 and s+9/8 can be rewritten as it follows:
s +3s+45=(s+3/2)% +(34/19/2)°

s+9/8=s+3/2-3/8

vey=2|1 (s+3/2) L1 331972
15 |5 (s+3/2)°+(3V19/2)° 419 (s+3/2)* +(3419/2)* |

By Laplace antitransform, we achieve the analytic expression of y(?):

8l 2 (319 N ENT)
y(t)—E{l—e cos[ 5 t}+4\/E sin ( 5 Hl(t)




Matlab code to verify the computation:
syms s

Y s=(s+24)/(s"2+3%s+45)/s;

v _t=ilaplace(Y s),

Compute the parameters for drawing the step response:
Y(0)=lims¥Y(s)=0
¥'(0) =1lims*Y(s) =1
(0)=limsY(s)= ﬁ
Y 50 15

Rewrite the trinomial term of the denominator of F:

E_i 0,224
a, 15 :{f— ’
o, =671
w, =~/45 "
Taso, = (% = 2/sec 2 Tyaso, = 3T = 2 sec, where [t = —i = % sec.

Number of oscillations = 1/(28) @ 2.2

7
T,..=—F——=0,48sec
w,\J1- &
i

s% =100e""¢" = 49%



—7E

= 1~ 0,79

Vmax = Voo| 1+ €

. . . 2T 2w |
T,, oscillation period, = - = am_lJ—_g‘Z_O'96 sec

Note the parameters are computed without taking into account the presence of the zero at
numerator of F.

By using Matlab, we can achieve the plot of y (define the system transfer function by the
function #f and then use the command stzep for achieving the plot) and verify how the estimated

parameters (computed above) are close to the real ones (from the Matlab plot).
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2. Compute the analytic expression of the step response of the LTI system
described by the following transfer function:

(s+15)

)= o200

Solution:

(s+15) 1
(s> +95+20) s

Y(s)=F(s)U(s) =

By partial fraction decomposition:

Y(s)= (s+15) 1_ (s+15) 1 _4 B  C
(sz+9s+20)s (s+4)(s+5)s s s+4 s+5

A=1lim (S+15)
5§50 (s + 4)(s + 5)

B 1im 8F15)__11
H-4s(s—i-5) 4
C—tim8H15) 5
H—SS(S+4)
Y(s)=3/—4—%+ 2
s s+4 s+5

_3
4

By Laplace antitransform, we achieve the analytic expression of y(?):
3 11 4 5 s
H=|———e " +2 7" |l(t
y(t) { 22 (t)

Compute the parameters for drawing the step response y(?):

y(0)=limsY(s)=0
¥'(0) =lims’Y(s) =1
lim y(¢) =i Y()—E
o V) = S =Y

T,,=4,6r =1 sec, where ris determined by the pole with lower absolute value (7=—1/(—4)).
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