
Theorem 4.10

Proof  Since B  spans V, the existence of a1, a2, …, ak is assured. 
For any b1, b2, …, bk making v = b1u1 + b2u2 +  + bkuk, we have 
    0 = v - v = (a1 - b1)u1 + (a2 - b2) u2 +  + (ak - bk) uk 
⇒ a1 - b1 = a2 - b2 =  = ak - bk = 0, since B  is L.I.. 

Section 4.4 Coordinate Systems 
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Example: 

: a basis of R3. 

⇒ 

Example:  For the same basis B  above and v = [ 1 -4  4 ]T, to find 
        [v]B , we need to determine the unique scalars c1, c2, c3 such that 

⇒ c1 = -6, c2 = 4, c3 = 3 and [v]B = [ -6  4  3 ]T.  

B =

8
<

:

2

4
1
1
1

3

5 ,

2

4
1
�1
1

3

5 ,

2

4
1
2
2

3

5

9
=

;

[u]B =

2

4
3
6
�2

3

5 u = 3

2

4
1
1
1

3

5+ 6

2

4
1
�1
1

3

5+ (�2)

2

4
1
2
2

3

5 =

2

4
7
�7
5

3

5

c1

2

4
1
1
1

3

5+ c2

2

4
1
�1
1

3

5+ c3

2

4
1
2
2

3

5 =

2

4
1
�4
4

3

5



Example 

Example 



Question

B =

8
<

:

2

4
1
1
1

3

5 ,

2

4
1
�1
1

3

5 ,

2

4
1
2
2

3

5

9
=

;

Let B be a basis for Rn and B be the matrix whose columns are the vectors in
B.
How do we write [v]B in terms of v and B?
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Theorem 4.11

Proof  Let B  = {b1 , b2 , …, bn}, v ∈ Rn, and [v]B = [ c1  c2  cn ]T. 
⇒ v = c1b1 + c2b2 +  + cnbn 
        = [ b1   b2    bn ] [v]B  
        = B[v]B , where B is invertible, since it has n L.I. columns. 
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The equation of the ellipse in 
the xʹ′, yʹ′-coordinate system is 
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Consider the basis B  = {b1 , b2}.  
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Thus, the equation of the ellipse in the x, y-coordinate system is  

or 
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13x2 � 10xy + 13y2 = 72



Example 

(1) e1;    (2) e2;     (3) en;   (4) v; (5) None of the above 



Example 

(1) b1;    (2) bi;     (3) ei;   (4) en; (5) None of the above 



Section 4.4: Problems 1, 5, 7, 9, 11, 13, 15, 19, 23, 27, 31, 33, 
35, 37, 39, 41, 43, 45, 47, 49 

Homework Set for Section 4.4 


