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(a) Transformation From Standard Basis To Another Basis in R3
Calculate the coordinate transformation between the following bases:

-1 0
0o 0f,
0 -1

i.e. find a matrix T, such that X, = TX, where X, contains the coordinates of a vector in a basis of the
columns of U and %, is the coordinates of the same vector in the basis of the columns of V.

1
U= |0
0

O = O

0
of, V=
1

o = O

1 0 1
LetX, = |0| and compute X,. Repeat this forX, = [1|. Now letX, = |2|. What is X,,?
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(b) Transformation Between Two Bases in R3
Calculate the coordinate transformation between the following bases:

.

—_—
1 0

i.e. find a matrix T, such that X,, = TX,. Let X, = [0] and compute X,,. Repeat this for ¥, = [1:| .
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Now let X, = . What is X,,?
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2. Diagonalization Q-’Wm W% ‘,(x \,g

(a) Consider a matrix A, a matrix V whose columns are the eigenvectors of A, and a diagonal matrix A
with the eigenvalues of A on the diagonal (in the same order as the eigenvectors (or columns) of V).
From these definitions, show that

AV =VA
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3. Introduction to Inductors

An inductor is a circuit element analogous to a capacitor; its voltage changes as a function of the derivative

of the current across it. That is: d10)
L(t
Vi(t) = L———

(1) dt

When first studying capacitors, we analyzed a circuit where a current source was directly attached to a
capacitor. In Figure 1, we form the equivalent "fundamental” circuit for an inductor:

Vs L

IL(I)

Figure 1: Inductor in series with a voltage source.

(a) What is the current through an inductor as a function of time? If the inductance is L = 3H, what is the
current at # = 6s? Assume that the voltage source turns from OV t time ¢ = Os, and there’s no
current flowing in the circuit before the voltage source turns on.
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(b) Now, we add some resistance in series with the inductor, as in Figure 2.
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Figure 2: Inductor in series with a voltage source.

Solve for the curren@n the circuit over time, in terms of R, L, Vs, t.
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(c) (Practice) Suppose R = 500Q,L = 1mH, Vs = 5V. Plot the current through and voltage across the
inductor (I.(¢),VL(t)), as these quantities evolve over time.

4. Fibonacci Sequence

(a) The Fibonacci sequence is built as follows: the n-th number (F,) is sum of the previous two numbers

in the sequence. That is:
Fi=F_1+F

If the sequence is initialized with ] = 0 and F, = 1, then the first 11 numbers in the Fibonacci sequence

are:
0,1,1,2,3,5,8,13,21,34,55,...

‘We can express this computation as a matrix multiplication:
)
n—1

What is A? 7\
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(b) Find the eigenvalues and corresponding eigenvectors of A.
f ——

~ (c) Diagonalize A (that is, in the expressioh A = VAV~ kolve for each component matrix.)




~—  (d) Use the diagonalized result to show that we can arrive at an analytical result for any F;;:

o F_L 1+\/§ n—l_L 1_\/5 n—1
"5 2 NAW

A= (\\_//\\,/*)k

= WAV WA === (UAV)

“w 4
=\ /v

|
t
MO-JPMA/I




