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1 Exercise 1.1

We want to prove that ||d + ¢]| < u + v, but we want to take an alternate route. Instead,
we prove an equivalent statement, namely || + @]|* < (||@]] + [|V]])? = (u + v)2.

i+ = (@+7)- (d+7)
( —

jal|* + 2| - 7] + [|7]]?
|

|
<[l + 2ffall|[#1] + ]2
= (llall + [[91])?
= (u+v)?
The opposite direction follows in the same manner by writing ||u|| = ||& — ¥ + 9/|| and using

the information from the first part of the proof.

2 Exercise 1.2

This problem is easier to explain with a diagram, but instead we note the following. First,
||@ x ¥]| = uvsinf. Next, the area of a parallelogram is given by A = b(h). In our case, the
base is given by ||#]| and the height is given by ||u||sinf. Thus our area becomes:

A =b(h) = ||V]|||u]|sind = uvsind = ||u x V||

3 Exercise 1.4

Let @ = uj€] + w9y + uses and U = v1€1 + v2€5 + v3€3. Then we have

U-U = (ur€1 + uges + usey) - (vi€q + va€z + vs€3)

= w16} - (V1€] + V263 + V3€3) + U263 - (V167 + Vo€ + V3€3) + uz€s - (V167 + Vo€l + V3€3)



Using the identities from (1.6) and carrying through the product, we are left with

U-U = ULEL - V1€] + U6y - Va€sy + UsE3 - U3€3

= UV + UgVy + U3V3
3
i=1
Now for the cross product (a few steps are omitted):

UXU = (u1€] + ugé3 + uzé3) X (v1€1 + Vo€l + v3€3)
uiv1(€1 X €1) + ugvy (€5 X €1) + uzvi(€3 X €1) + ... + ugv3(€] X €3) + ugvs(€3 X €3)
+usvs(€3 X €3)

—

= (UQUg — U3U2)€_i + (U3U1 — ulvg)e_é + (ulv2 — U2U1>€3
3 3 3
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4 Exercise 1.5

det[A] = (A11 Ao Ags + A9 AsgAsy + A13As1 Aso) — (A1 Aoz Ags + A Aoy Asg + A13Ax Asy)

And since Aj; = €}’ - €, convince yourselves that the first term in the determinant cannot be
equal to the second. Thus, the determinant is non-zero and A is invertible. Next, we show
that A;.A;, = 0;;. To do this, we make use of the identities (1.14) and (1.16).

—/ — —/ —/
AirAjrej = Airér = € = 0;5€;

Thus we see our desired result.

5 Exercise 1.6

The bases considered in Example 1.1 corresponding to 6 = 7 yields the following change of

bases matrix.
V2

Vo2
2 2
V2 V2
2 2
0o 0 1

With the given vectors (1,1,3) and (X, v/2,3) in their respective bases, we want to find
A = u} (in the notation of the chapter). Thus we need to use identity (1.17) to say that

A= uy = Apuy + Apus + Aggus

=0

(1) +0(3)



6 Exercise 1.7

This is the same as Exercise 1.4, but now you must represent the vectors « and ¢ in both
bases e; and €}. The actual work is no different.



