
ELEC2400, Assignment Number 1

1. (20 marks Total)

(a) Sketch the following signals and express them in the form

x(t) = f1(t)1(t − t1) + f2(t)1(t − t2) + · · ·

i. (5 marks)

x(t) =

{

1 − |t| ; |t| < 1
0 ; Otherwise

ii. (5 marks)

x(t) =







cos(t) ; |t| < π
|t/π| − 1 ; |t| ∈ [π, 2π]

0 ; Otherwise

iii. ( 5 marks)

x(t) =







exp(3t) ; |t| < 3
t2 − 9 ; |t| ∈ [3, 6]

0 ; Otherwise

(b) (5 marks) Derive differential equation relating voltagev0(t) to voltagevi(t) in the
circuit of figure 1. Assume that the op-amp is ideal (infinite differential gain and
infinite input impedance).

2. (30 marks Total) Compute and sketch the convolution

y(t) = [h ⊛ u](t) =

∫

∞

−∞

h(t − σ)u(σ) dσ

for the following cases

(a) (10 marks)

h(t) =







1 − t ; t ∈ [0, 2]
t − 3 ; t ∈ (2, 3]

0 ; Otherwise

u(t) =

{

1 ; t ≥ 0
0 ; Otherwise
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Figure 1:Circuit considered in question 1b

(b) (10 marks)

h(t) =

{

1 ; t ∈ [−1, 3]
0 ; Otherwise

u(t) =

{

1 ; t ∈ [0, 2] ∪ [3, 4]
0 ; Otherwise

(c) (10 marks)

h(t) =

{

1 ; |t| ≤ 1
0 ; Otherwise

u(t) =

∞
∑

k=−∞

δ(t − Tk)

Here,δ is the Dirac delta function, and the question should be answered for the case
T = 4 andT = 1.

3. (25 marks total) Suppose a linear system has an impulse response

h(t) =

{

2e−t/2 sin 3t ; t ≥ 0
0 ; Otherwise

.

(a) (6 marks) Sketch the impulse response.

(b) (9 marks) Suppose this system is driven by an arbitrary inputu(t), write down an
expression for what the outputy(t) of the system will be.

(c) (10 marks) Is this a causal or a non-causal linear system? Explain youranswer in
terms a convolution relationship.
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4. (25 marks total) Consider the circuit shown below
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(a) (5 marks) Derive a differential equation relationship between the voltage source sig-
nalv(t) and the signalvR(t) which is the voltage across the resistor.

(b) (5 marks) Present an observer canonical form state-space description of this same
differential equation relationship.

(c) For the particular case of

C = 25000µF, L = 10H, R = 50Ω

provide an expression for the matrix exponentialeAt associated with the preceding
state space realisation.

(d) (5 marks) Use the results of the preceding two parts to derive the system impulse
responseh(t).

(e) (10 marks) Again using the results of preceding parts, use state-space methods to
calculate and plot a the signalvR(t) that, at timet = 0 satisfies

vR(0) = −2 V,
d

dt
vR(t)

∣

∣

∣

∣

t=0

= −1 V/s

whenv(t) is the signal

v(t) =







1 ; |t − 1.5| ≤ 0.5

0 ; Otherwise
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