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called the multiplicative inverse



Questions

• Does every matrix have an inverse ?

• If a matrix has an inverse, how do we calculate it ?

• If not, does this mean the problem have no solution ?
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This number is called the determinant of the matrix
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Homogeneous system of equations

Solve one equation, you automatically solve the other.

Choose one variable to be anything you want                     
and let an equation give you the other.
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Punch lines 
Homogeneous system of equations

11 22 21 12If 0,   

equations have only one solution:  0, 0. 

 
x y
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− ≠

11 22 21 12If 0,   

equations have infintely many solutions.
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Return to our recursion problem :
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Eigenvalue / Eigenvector Method

Motivated by the solution formula  xn = rnx0 for one recursion equation, 
let’s look for exponential solutions.
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Question:   Can we find constants r and c1 , c2 so that 

is a solution ?

Motivated by the solution formula  xn = rnx0 for one recursion equation, 
let’s look for exponential solutions.
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Question:   Can we find constants r and c1 , c2 so that 
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Motivated by the solution formula  xn = rnx0 for one recursion equation, 
let’s look for exponential solutions.
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for all n .
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Have only the solution c1 = 0, c2 = 0 
unless the determinant equals 0.
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(and only if)

for all n .
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( )( )0.2 0.4 1.5 0.8 0r r− − =− ×Determinant:



1

1

0.2 1.5

0.8 0.4
n n n

n n n

x x y
y x y

+

+

= +
= +

Example

1

2

n

n

n

n

x c
y c

r
r

⎛ ⎞⎛ ⎞
= ⎜ ⎟⎜ ⎟

⎝ ⎠ ⎝ ⎠

( )
( )

1 2

1 2

0.2 1.5

0.8 0.4

0

0

r

r

c c

c c

−

−

+ =

+ =
2 0.6 1.12 1.4  or  0.80r r r− − = −⇒ =Determinant:



1

1

0.2 1.5

0.8 0.4
n n n

n n n

x x y
y x y

+

+

= +
= +

Example

1

2

n

n

n

n

x c
y c

r
r

⎛ ⎞⎛ ⎞
= ⎜ ⎟⎜ ⎟

⎝ ⎠ ⎝ ⎠

( )
( )

1 2

1 2

0.2 1.5

0.8 0.4

0

0

r

r

c c

c c

−

−

+ =

+ =
2 0.6 1.12 1.4  or  0.80r r r− − = −⇒ =Determinant:



1

1

0.2 1.5

0.8 0.4
n n n

n n n

x x y
y x y

+

+

= +
= +

Example

1

2

n

n

n

n

x c
y c

r
r

⎛ ⎞⎛ ⎞
= ⎜ ⎟⎜ ⎟

⎝ ⎠ ⎝ ⎠

( )
( )

1 2

1 2

0.2 1.5

0.8 0.4

0

0

r

r

c c

c c

−

−

+ =

+ =

Determinant:

One choice is 1.4r =

2 0.6 1.12 1.4  or  0.80r r r− − = −⇒ =



1

1

0.2 1.5

0.8 0.4
n n n

n n n

x x y
y x y

+

+

= +
= +

Example

1

2

n

n

n

n

x c
y c

r
r

⎛ ⎞⎛ ⎞
= ⎜ ⎟⎜ ⎟

⎝ ⎠ ⎝ ⎠

( )
( )

1 2

1 2

0.2 1.5

0.8 0.4

0

0

r

r

c c

c c

−

−

+ =

+ =

Determinant:

One choice is 1.4r =

1 2

1 2

1.2 1.5

0.8

0
0

c c
c c

−

−

+ =
=

2 0.6 1.12 1.4  or  0.80r r r− − = −⇒ =



1

1

0.2 1.5

0.8 0.4
n n n

n n n

x x y
y x y

+

+

= +
= +

Example

1

2

n

n

n

n

x c
y c

r
r

⎛ ⎞⎛ ⎞
= ⎜ ⎟⎜ ⎟

⎝ ⎠ ⎝ ⎠

( )
( )

1 2

1 2

0.2 1.5

0.8 0.4

0

0

r

r

c c

c c

−

−

+ =

+ =

Determinant:

One choice is 1.4r =

1 2

1 2

1.2 1.5

0.8

0
0

c c
c c

−

−

+ =
=

Since the determinant equals 0,                                 
these equations are multiples of each other.                    

We need solve only one.
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We get infinitely many exponential solutions :
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this is the same sequence we started to calculate recursively 
in an earlier example !
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 ( as we suspected ) lim , limn nn n
x y

→+∞ →+∞
= ∞ = ∞

Both juvenile & adult numbers are exponentially unbounded .



1

1

11 12

21 22

n n

n n

a a

a a

x x
y y

+

+

⎛ ⎞ ⎛ ⎞⎛ ⎞
=⎜ ⎟ ⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠⎝ ⎠

Eigenvalue / Eigenvector Method
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r and c1 , c2 
must satisfy for all n .
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