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Topic 3. Example 1. If p = |1, 3, 1, 2i and q = |2, 1,�1, 3i in R
4 then p� q = |1,�2, 0, 1i and

kp� qk = k |1,�2, 0, 1ik =
p
12 + (�2)2 + 02 + 12 =

p
1 + 4 + 0 + 1 =

p
6.

Topic 3. Example 2. If u = |0, 2, 2,�1i and v = |� 1, 1, 1,�1i in R
4 then

hu|vi = h0, 2, 2,�1|� 1, 1, 1,�1i = 0 · (�1) + 2 · 1 + 2 · 1 + (�1) · (�1) = 0 + 2 + 2 + 1 = 5

and
kuk =

p
0 + 4 + 4 + 1 =

p
9 = 3 and kvk =

p
1 + 1 + 1 + 1 =

p
4 = 2.

Since |5|  3 · 2 we observe that, in this case,

|hu|vi|  kuk · kvk.

Topic 3. Example 4. Let u = |2,�1,�2i and v = |2, 1, 3i. Find vectors v1 and v2 such that
v = v1 + v2 and v1 is parallel to u and v2 is perpendicular to u.

Since the projection of v onto u is parallel to u then let

v1 = proju(v) =
1

kuk2 hu|viu =
1

9
· (�3) · u = �1

3 |2,�1,�2i =
���2

3 , 13 ,
2
3

↵

and
v2 = u� v1 = |2,�1,�2i �

���2
3 , 13 ,

2
3

↵
=

��8
3 ,

2
3 ,

7
3

↵
.

Then u = v1 + v2 and v1 is parallel to u and v2 is perpendicular to u.
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