
Fri Jan 26
       1.8  introduction to linear transformations

Announcements: 

Warm-up Exercise:



1.8  Introduction to linear transformations.  

Definition:  A function T which has domain equal to n and whose range lies in m is called a linear 
transformation if it transforms sums to sums, and scalar multiples to scalar multiples.  Precisely, 
T : n  m is linear if and only if

T u v = T u T v                 u, v n                    
T c u = c T u                        c , u n  .      

Notation  In this case we call m the codomain.  We call T u  the image of u.  The range of T is the 
collection of all images T u , for u n.

Important connection to matrices:   Each matrix Am n gives rise to a linear transformation T : n  m, 
namely

T x A x        x n.   
This is because, as we checked last week,

A u v = A u A v                 u, v n                    
A c u = c A u                       c , u n            

Exercise 1)  Let T : 2 3  be defined by

T
x1

x2

1 3

3 5

1 7

x1

x2
.

1a  Find T u  for u =
2

1
 .



T
x1

x2
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x1
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 .

1b  Is there an x 2 whose image under T is b =

3

2

5
 ?   Is   x  unique?

1c   Is  c = 

3

2

5
  in the range of T ?

Hints:  The following reduced row echelon computation may be helpful for b, c:



T
x1

x2

1 3

3 5

1 7

x1

x2

1d  Describe the range of T as the span of two vectors.

1e  Make a geometric sketch that indicates what the transformation does.  Do this by making a picture of 
the domain 2 on the left, with grid lines, and a picture of the codomain 3 on the right, showing how the 
domain grid lines are transformed by T.



Exercise 2)  Consider the linear transformation S : 2    given by  

S
x1

x2
: = 1 2

x1

x2
  .

Make a geometric sketch that indicates what the transformation does.  In this case the interesting behavior 
is in the domain.


