
Announcements: Oct 25

• Come pick up your midterm up front

• No WebWork due this week

• No Quiz Friday

• Midterm 3 on Friday Nov 17

• Upcoming Office Hours
I Me: Wednesday 3-4, Skiles 234
I Qianli: Wednesday 1-2, Clough 280
I Arjun: Wednesday, 2:30-3:30, Skiles 230
I Kemi: Thursday 9:30-10:30, Skiles 230
I Martin: Friday 2-3, Skiles 230

Other sources of help:
I Math Lab, Clough 280, Mon - Thu 12-6
I Tutoring: http://www.successprograms.gatech.edu/tutoring



(Section 3.1)

Determinants



Outline

• A recursive formula for the determinant

• Special formulas for 2× 2 and 3× 3

• Inverses via determinants



A formula for the determinant

We will give a recursive formula.

First some terminology:

Aij = ijth minor of A

Aij

= (n− 1)× (n− 1) matrix obtained by deleting the ith row and jth column

Cij = (−1)i+j det(Aij)

Cij

= ijth cofactor of A

Finally:

det(A) = a11C11 + a12C12 + · · · a1nC1n



A formula for the determinant

The recursive formula:

det(A) = a11C11 + a12C12 + · · · a1nC1n

Need to start somewhere...

1× 1 matrices
det(a11) =

a11

2× 2 matrices

det

(
a11 a12

a21 a22

)
=

a11C11 + a12C12

= a11 det(A11) + a12(− det(A12))

= a11(a22) + a12(−a21)



A formula for the determinant

3× 3 matrices

det

 a11 a12 a13

a21 a22 a23

a31 a32 a33

 =



Determinants

Compute

det

 5 1 0
−1 3 2
4 0 −1





A formula for the determinant

Another formula for 3× 3 matrices

det

 a11 a12 a13

a21 a22 a23

a31 a32 a33

 = a11a22a33 + a12a23a31 + a13a21a32

− a13a22a31 − a12a21a33 − a11a23a32

Use this formula to compute

det

 5 1 0
−1 3 2
4 0 −1





Expanding across other rows and columns

The formula we gave for det(A) is the expansion across the first row. It turns
out you can compute the determinant by expanding across any row or column:

det(A) = ai1Ci1 + · · ·+ ainCin for any fixed i

det(A) = a1jC1j + · · ·+ anjCnj for any fixed j

Compute:

det

 2 1 0
1 1 0
5 9 1





Determinants of triangular matrices

If A is upper (or lower) triangular, det(A) is easy to compute:

det


2 1 5 −2
0 1 2 −3
0 0 5 9
0 0 0 10





Determinants

What is the determinant?

det


0 7 0 0 0
1 0 0 0 0
0 0 0 0 3
0 0 2 0 0
0 0 0 2 0



Poll



A formula for the inverse
(from Section 3.3)

2× 2 matrices

A =

(
a b
c d

)
 A−1 =

1

ad− bc

(
d −b

−c a

)

n× n matrices

A−1 =
1

det(A)

 C11 · · · Cn1

...
. . .

...
C1n . . . Cnn


=

1

det(A)
(Cij)

T

Check that these agree!

The proof uses Cramer’s rule (see the notes on the course home page).



A formula for the inverse
(from Section 3.3)

n× n matrices

A−1 =
1

det(A)

 C11 · · · Cn1

...
. . .

...
C1n . . . Cnn


=

1

det(A)
(Cij)

T

Compute: 1 0 1
0 1 1
1 1 0

−1



Summary

• Special formulas for 2× 2 and 3× 3 matrices

• Cofactor expansion (works great when there is a row with lots of zeros)

• Formula for the inverse


