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Problem Set 3 Solutions

1: 14.70)

a) H(s) = Vo(s)
Vi(s)

= Y1Y2

Y1Y2+Y4(Y2+Y3)
where Y1 = 1/R1 = G1, Y2 = 1/R2 = G2, Y3 = sC1, and

Y4 = sC2. Then we have that

H(s) =
G1G2

G1G2 + sC2(G1 +G2 + sC1)

Note that H(0) = 1 and H(∞) = 0 confirming this circuit realizes a lowpass filter.

b) To construct a highpass filter exchange positions of R1 with C1 and R2 with C2. The numerator
polynomial will have term with s2.

c) Cannot construct a bandpass filter with this circuit configuration..

d) Cannot construct a band reject filter with this circuit configuration..

2: 15.3a) x(t) = exp(−2t) cos(3t)u(t), X(s) = s+2
(s+2)2+9

syms t s x g p f2 X G P F2
x=exp(-2*t)*cos(3*t)*heaviside(t)
X=laplace(x)
X= 1/9*(s+2)/(1/9*(s+2)̂ 2+1)

2: 15.7b) g(t) = (4 + 3 exp(−2t))u(t), X(s) = 4/s+ 3/(s+ 2).

g = (4 + 3*exp(-2*t))*heaviside(t)
G = laplace(g) G = 4/s + 3/(s+2)

2: 15.9b) g(t) = 2 exp(−4t)u(t− 1) = 2 exp(−4) exp(−4(t− 1))u(t− 1). Use time shift property to

get that G(s) = 2 exp(−s)
exp(4)(s+4) .

g = 2*exp(-4*t)*heaviside(t-1)
G=laplace(g)
G= 2*exp(-s-4)/(s+4)

2: 15.9d) p(t) = 6u(t− 2)− 6u(t− 4). Use time shift property to get that P (s) = 6/s exp(−2s)−
6/s exp(−4s).

p = 6*(heaviside(t-2)-heaviside(t-4))
P=laplace(p)
P= 6*exp(-2*s)/s -6*exp(-4*s)/s



2: 15.14 Taking the second derivative of f(t) we get that

f ′′(t) = 5δ(t)− 7.5δ(t− 2) + 2.5δ(t− 6)

Taking Laplace transforms of both sides we get that s2F (s) = 5− 7.5 exp(−2s) + 2.5 exp(−6s) or

F (s) = 5/s2 − 7.5 exp(−2s)/s2 + 2.5 exp(−6s)/s2

Alternately, we could express f(t) = 5tu(t)− 7.5tu(t− 2) + 2.5tu(t− 6).

f2 = 5*t*(heaviside(t)-heaviside(t-2)) + (15-2.5*t) * heaviside(t-2)-heaviside(t-6))
F2 = laplace(f2)
F2 = 5/ sˆ2-15/2*exp(-2*s)/sˆ2+5/2*exp(-6*s)/sˆ2

3) deferred to PS 4

4) Consider the circuit below.

a) When s = 0, the capacitors are open circuits; the currents through the resistors R1 and R2 are
zero and the node voltage at the op amp input terminals is zero. The current through R3 is
zero; the output node voltage is zero: . When s is infinite the capacitors are short circuits
and the voltage at the op amp input terminals is unity. The current through R3 is1/R3; the
output node voltage is(R3+R4)/R3:

b) For negative times all the voltages and currents in the circuit are zero; thus just after the input
switches to unity, the voltages across both capacitors are zero. The node voltages at the op
amp input terminals are both unity. The current down through R3, and to the left through
R4, is 1/R3. Just after time zero, the circuit output voltage is (R3+R4)/R3: . For very large
times, all the voltages and currents in the circuit are at steady state and thus the current
through both capacitors is zero. Because the capacitor currents are both zero, the currents
through R1 and R2 are also zero. Since the voltage drop across R1 is zero, the node voltages
at the op amp input terminals are both zero. The current down through R3 is then 0 and the
output node voltage is zero:

c) Let the node voltage between the two capacitors be X and the node voltage at the op amp
input terminals be Y. The input node voltage is unity; the output node voltage is the transfer
function.  1/R2 + 2sC −sC −1/R2

−sC 1/R1 + sC 0
0 1/R3 + 1/R4 1/R4

 X
Y
H

 =

 sC
0
0


d) syms s;syms R1 R2 R3 R4 c positive;

mat=[1/R2+2*s*c -s*c -1/R2;-s*c 1/R1+s*c 0;0 1/R3+1/R4 -1/R4];
vec=[s*c;0;0];
H=[0 0 1]*inv(mat)*vec,H0=limit(H,s,0),Hinf=limit(H,s,inf)
H=sˆ2*cˆ2*(R4+R3)*R2*R1/
(R3+2*s*c*R2*R3+R3*ŝ 2*ĉ 2*R2*R1-s*c*R1*R4)
H0=0 Hinf=(R4+R3)/R3

e) R1=1;R2=1;R3=1;R4=1;c=1;nn=[c*c*(R3+R4)*R1*R2 0 0];
dn=[c*c*R1*R2*R3 c*(2*R2*R3-R1*R4) R3];freqs(nn,dn)

f) MATLAB commands: step(nn,dn)
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