Example: 2Q

The input to this circuit is the voltage of the voltage M
rce, V. (t). Th is th itor vol v, (). *
sou ce,. i(t). The output |s.t e t?apamto voltage, v, (t) o CD . s
Determine the transfer function, impulse response and step _
response of this circuit. :
Solution:
The transfer function is
R, 1 4\/\/
R,Cs+1 R,C s ¥
H(s)——2 o T n 11
R n Rz s+ Rl —+ R2 VI(S) - R2 C_S T VO(S)
1"R,Cs+1 R;R,C -

Using Ri=2 Q, R, =8 Q and C=5F

gives
0.1

&)= 501
The impulse response is h(t)= £ ~H (s)|=0.1e"***'u(t) V.

The step response is

0.1
s(s+0.125)

—1 —1

%—leoﬁ(l—eo'lm)u(t) Vv
s s+0.125

Example:
The input to a linear circuit is the voltage, v; (t). The output is the voltage, v, (t). The impulse

response of the circuit is
h(t)=12te *'u(t) V

Determine the step response of this circuit.

Solution:
The transfer function is:



12

12

H (s)=£[12te™u (t)]:(

The Laplace transform of the step response is:

H(S)_ 12 -
s s(s+4)

v |alw

s+4) T s2+85+16
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+
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The constant k is evaluated by multiplying both sides of the last equation by s(s+4)

12:§(s+4)2—3s+ks(s+4):[z+k

The step response is

Example:
The input to this circuit is the voltage source

voltage, v; (t). The output is the voltage,
V, (t). Specify value of R, C and L that cause

the transfer function of this circuit to be

15x%10°

_W(s)
(s+2000)(s +5000)

Solution:

in the frequency domain as
10 kQ

s’+(3+4k)s+12 = k =3

3t+%]]u(t) v
10 kQ R
MW

1 kQ > L
C) o 0 | 5 kQ < vy(t)

!

R

The transfer function can also be calculated form the circuit itself. The circuit can be represented

Ls +

V. (s)

5 kQ




We can save ourselves some work be noticing that the 10000 ohm resistor, the resistor labeled R
and the op amp comprise a non-inverting amplifier. Thus

R

V, (s)= [1+m]vc(s)

Now, writing node equations,

Ve (s)—Vil(s Vo(S)—Va(s) Vo(s
Ve (s)—Vi(s) 1)000 ( >jLCsVC(s)zo and ( >Ls ( )+ 505)0>:

Solving these node equations gives

1 [1+ R ]5000
1000C |~ 10000 L
H(s)=

_-[s+- 1 ][S+'5000J
1000C L

Comparing these two equations for the transfer function gives

]:(s+2000) or [s+ J:(s+5000)

S+
[ 1000C 1000C

[s +$] =(s+2000) or [s +$] = (s +5000)

1 R 5000
( j =15x10°

1000 \* " 10000) L

The solution isn’t unique, but there are only two possibilities. One of these possibilities is

s —(s+2000) = C=05puF
[+1oooc] (5+2000) H

5000
(HT) =(s+50000 = L=1H

1 [1 R ]5000215><1o6 -~ R=5k

1ooo(o.5><106) 10000/ 1



Example:
The input to this circuit is the voltage of the voltage source, v, (t) . The output is the capacitor

voltage, v, (t) . Determine the step response of this circuit.

2 H 6Q
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v () valt)  vp(t) = 5v,(0) 112F _[ V(1)

O L O

Solution:

oYY — AN —10

25 Q =+ 60 +
C_f Vi(s) 4Q§ V,(s) <i Vy(s)=5 Vy(s) E Q= Vv (s)

—O - o)

V,(s)= 6}212 w()=() b(s):(éjsva(s):(éjs(éjvi(s)

The transfer function is:

The Laplace transform of the step response is:
v, (s)= 20 : :§+ -5 N -10 :
s(s+2)° S s+2 (s+2)
Taking the inverse Laplace transform:

V, (t)=[5-5e* (1+2t) Ju(t) V




Example:

The input to this circuit is the voltage source voltage, v (t). The output is the voltage, v, (t).
Specify value of k, C and L that cause the step response of this circuit to be

v, (t):[2+4e‘3t —6e‘2‘]u(t) v

P 14.9-8
_O_/WY\__ 4\/\/7_0
@ Vi(s) 4§2§ V,(s) <i Vy(s) = KV, (s) Ci Q= V(s)
L O o
From the circuit:
1 4 1
4 Cs L 6C
H(5)=[ 4 0 =S =] |00
4+Ls 6+i s+ﬂ s+i
Cs L 6C

From the given step response:

H(S) -3t 2t 2 4 6 12
—<=FL|(2+4e7 -6 t)|=— - =
s [( Tae ° )u()] s+s+3 s+2 s(s+3)(s+2)
SO
12
H =
(5) s(s+3)(s+2)
Comparing the two representations of the transfer functions Ieté=3 = C=% F,
4

I=2 = L=2 Hand 2x3xk=12 = k=2 V/V.
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