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1. Can you find non-zero square matries A and B such that

(i) A and B are invertible but A + B is singular?
(ii) A and B are singular but A + B is invertible?

Justify your answers.

2. Show that the matrix below is singular for all values of a,b,c,d, e, f, g, h.
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3. Let A be a m x n matrix and y;,ys be vectors in R™. Suppose there are vectors
x1 and x5 in R" such that Ax; = y; and Axs = yo. If w = y; + yo, show that
Ax = w is always consistent.

4. Let vy = (2,1,0,3), va = (3, -1,5,2), vs = (~1,0,2,1).
(i) Show that (2,3, —7,3) € span{vy, va, v3}.
(ii) Find a vector w € R* such that w ¢ span{wvy, vs, vs3}.
5. Let V; and V5 be subspaces of R™. Define
Vi — Vo ={v1 —valvs € V1,03 € Va}.

(i) Show that V; — V5 is a subspace of R™.
(ii) Write down the subspace explicitly if
(a) Vi ={(0,%)|t € R} and V5, = {(¢,0)]t € R}.
(b) Vi ={(t,t,t)|t € R} and V5 = {(—t,¢,0)|t € R}.

6. Suppose Figure 1 represents some electric circuit, with an input and output. If we

record the input voltage and current <U1

; ) and also the output voltage and current
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2?2), the relationship between them is often linear, meaning there exists a matrix
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A called the transfer matriz such that
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Figure 1

Figure 2 shows a ladder network where two circuits (there could be more) are
connected in series, so that the output of one circuit becomes the input of the next
circuit. The left circuit in Figure 2 is called a series circuit, with resistance R,
while the right circuit is called a shunt circuit with resistance Rs.

Figure 2

(a) Using Ohm’s law and Kirchoff’s laws, find the transfer matrices of the series
and shunt circuits.

(b) Hence or otherwise, find the transfer matrix of the ladder network.

(¢) Using your answer from (b), design a ladder network whose transfer matrix
. 1 =8
1 (—0.5 5 >

Remark: A network transfer matrix summarizes the input-output behavior (the
design specifications) of the network without reference to the interior circuits. To phys-
ically build a network with specific properties, an engineer first determines if such a
network can be constructed (or realized). Then the engineer tries to factor the transfer
matrix into matrices corresponding to smaller circuits that perhaps are already manu-
factured and ready for assembly. A standard problem is to find a minimal realization
that uses the smallest number of electrical components.



