Example 6.40 (Simple RL network). Consider the resistor-inductor (RL) network shown in Figure 6.26 with input
vi and output vp. This system is LTI, since it can be characterized by a linear differential equation with constant
coefficients. (a) Find the frequency response H of the system. (b) Find the response v, of the system to the input

vi(t) = sgnt. B
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Figure 6.26: Simple RL network.

Solution. (a) From basic circuit analysis, we can write

vi(t) =Ri(t)+L%i(t) and (6.35)
vo(t) = LLi(r). (6.36)

~ =

(Recall that the voltage v across an inductor L is related to the current i through the inductor as v(¢) = L%i (¢).) Taking
the Fourier transform of (6.35) and (6.36) yields

using time~-domain Vi(0) =RI(®) + joLl(®)

differentintion Progecty = (R+joL)l(®) and (6.37)
€T ,
ff:cxtt) > Ju Xw V(@) = joLl(o). (6.38)
From (6.37) and (6.38), we have @
— ) .
) Hiw) — V(@) Substiiute (6.33) in
@ Sinte Sygtem iS LTJ, (w)_vl(w) numerator dnd (6.37)
Volw) = Vi(w) Hlw) = __JjoLl(o) In denominatel
oy = U L) R+ joL)(0)
Hlw) —VZ'TM-) _ JjoL ‘) Cancel I-s (6.39)
R+ joL’ '

Thus, we have found the frequency response of the system.
(b) Now, suppose that v|(¢) = sgnt (as given). Taking the Fourier transform of the input v; (with the aid of

Table 6.2), we have - F3 sgan
= 2? 30 t10) ) p o FT toble
Vi(w) = —. (6.40)

jo
From the definition of the system, we know
Virom ® Va(0) = H(w)V; (o). (6.41)
Substituting (6T4O) and (6.39) into (6.41), we obtain Substi Fute
vilu)  Hw) V(@) = <Ri“;i)L> <]2a))
oL 0) cencel factors of jw
T R+joL’
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Taking the inverse Fourier transform of both sides of this equation, we obtain ng \nverse FT

1 2L
va(t) = {R—|—ja)L} ®) divide numerater and
_r;—l{ 2 } ) dencminater by L
R/L+ jo

gl {R/L+ w} ) linearity

Using Table 6.2, we can simplify to obtain frem FT it2bie
va(t) = 2¢F/Mur). e mtult) «—— 3755
Thus, we have found the response v; to the input v; (t) = sgnt. |
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