
Linear Combinations

Span
A sequence of vectors 1 2, ,..., n

mv v v R   spans  nR   if each vector  nu R  is their linear 

combination, i.e. there exist scalars 1 2, ,..., m R      s.t.

1 1 2 2 ... .m nu v v v     

In other words it means that  1 2( , ,..., ) n
mL v v v R
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Linear Independence

Basis





Linear Transformations

A linear transformation (map, function)  f : R → R  has the form
f(x) = a ∙ x,
so it is just the multiplication with some scalar  a. Note that  a = f(1).

A linear transformation (map, function)  f : R2 → R  has the form
f(x1,x2) = a1 ∙ x1 + a2 ∙ x2 ,

so it is just the inner product
f(x1,x2) = (a1,a2) ∙ (x1,x2).

Note that  a1 = f(1,0)  and  a2= f(0,1).

A linear transformation (map, function)  f : R2 → R2  has the form
f(x1,x2) = (a11 ∙ x1 + a12 ∙ x2 , a21 ∙ x1 + a22 ∙ x=)

so it is just the matrix product

Note that  the first column of this matrix is  f(1,0)  written as a  column vector, the 
second column of this matrix is  f(0,1)  written as a  column vector.

Linear Transformations

ei = (0, … ,0,1,0, … ,0).
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Let  F: R3 → R3  be a linear map given by   
F(1,0,0) = (1,1,0),   F(0,1,0) = (0,10,-2),  F(0,0,1) = (-1,-6,1),

and  v = (-2,3,-1). 
(a)  Find a vector  u  of length  1  such tat  F(u) = v.
(b)  Find a vector  w  in  R3   which is NOT  in the image of  F, that is there exists 
no vector  p  such that  w = F(p).

Example.

Exercises



Eigenvalues and Eigenvectors
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6. Find eigenvalues and eigenvectors of the following matrices

(a) 
1 3

.
2 0

 
 
 

  (b)   
3 0

.
4 5

 
 
 

  (c)   
1 3

.
2 4

 
  

  (d)   
0 2

.
1 3

 
  

7. Find eigenvalues and eigenvectors of the following matrix  

(a) 

1 0 2

0 5 0 .

3 0 2

 
 
 
 
 

 (b) 

0 0 2

0 7 0 .

1 0 3

 
 
 
  


