Lecture 4: System response and transfer function
Tuesday, October 13, 2020 8:36 AM

References:

Tranquillo JV. Biomedical Signals and Systems, Morgan & Claypool
Publishers, Dec. 2013. Ch. 8 (Sec. 8.2 - 8.6).

Transfer function (see Lecture 3):
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For zero initial conditions (I.C.), the system response u to an input fis directly
proportional to the input.

The transfer function, in the Laplace/ domain, is the relative strength of
that linear response.



Impulse response:
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In the time domain
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Signal decomposition into discrete-

sample impulses (see Lecture 3):
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System response owing to superposition
linearity and time-invariance in the
impulse response

Continuous-time limit:
(sum over n becomes integral over 0)
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System response is the convolution of
the input and the impulse response, in
the time domain.



Conv.oI%Jtio.n in.the time domain maps to " (5) - H (5) . 5 (})

multiplication in the Laplace/Fourier domain:

Correspondingly,'the transfer function is l/\ (5> = L ( L(H)

the Laplace/Fourier transform of the
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Proof-- convolution in time maps to multlplication in the Laplace/Fourier domain:

—

L M(e) j (6) W(E-0) 46) L/]C* U

0 ("*" denotes convolution)

Lo

_st
_ j %9)“6-0)419 e ’ df
o \N; sE s )
0 L e ¢ b
E=t"+0
~50 \;l:’

= o SW

Y
[ jm) L( 1e))

= 5(5) oAb



First-order system:
)

A non-zero I.C. u(0) = uo is equivalent to
an additional driving force f(t) = uo o(t).

For purposes of defining the system response and transfer function, we ignore
I.C.s, and consider the system were activated with a driving force f(t) at all
times, starting well before t = 0.

Transfer functions in Laplace/
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Impulse response (inverse Laplace of transfer function):

by = o7 e

At

(D
N
N
— , > L
Step response:
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Note: step response is integral of b

impulse response, since u(s) = 1/s h(s). Transfer function at
zero frequency (DC)

Steady-state

Second-order system:

Canonical form (2 coupled LTI ODEs in u and v):
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Transfer function:
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Impulse response (inverse Laplace of transfer function):
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Step response (integral of impulse response):




