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Goals · Laplace expansion of def
· Existence a uniqueness of det

D For ACFU
, 11 jen ,

set Ae Firm-1) to be

the matrix created by deleting the ith nor and juth column
from A

3 ~
not 23rd power

Eg If A= thA =(
13 14 15 16

Ihm Klaplace expansion) Suppose At F**

and kken .

Then

def A= ( 1 )k
+

Anj det (Ak])



2min

h
,j) cofactor
-
expansion of defA along the 6-th row of A

· det (a) = (1)a det (d) + (1)b dt()

= ad -be

det(=de
+ (-1)0 . det(s)



= 4(1 .7 - 3 .5) = - 32
.

He (-1)k+] makes a "sign chuckerboard" :
+ - + - ove

- +ov

This can be a helpful mnemonic when II I
:

expanding along
,

some row.

E Tlaplace expansion along columns) For A- FM
,
1*U,

det A= (Aindet
If Wi know det A = det At and this is Laplace expir along
the 15th row of AT



Question What is the determinant of( ?

-3 det (43z) = - 6 - (5) = 30

of Sketch for Laplace Expansion The By permutation expir,

det A = [Sgn(a) Tis
refr

Factor out all the Any terms :

det A = Anjsgn(r)is is
r(h) =j if h



mem

Need to show this is

(-))k +j det Akj

The part has all the correct Ag terms . Must check

that the sign is off by (1k
+J Chint :

swap rows).

Them [F ! det] There is a unique multilinear ,
alternating,

normalized function det : Ex -> F.

If Inspired by Laplace expansion ,
make the following



recursive definition of a function di F*
-> F :

n d(a) =a

d(A)="Ayd(A)
&neck a is multilin ,

alt
,
normalized

.

Thena is a willdefined determinant function.

Our work withcet a ror operations shows that all

determinant functions are determined by a sequence
of row operations to rief :

if E, .... Ge elementary sit
.
ref(A) = Ee E ,

A

then deft=El)



Thus
any

two det functions are in fact the
same !

Time permitting ,
the geneal linear group :

Let F" := F-(0)
, GLu(F)[ F be the invertible new matrices.

Thu GLu(F) = det "F" = [A + Fux/ detAe F
*S

#
Fuxn F

detA +0
WI WI

Ghn(F) FY

(
group under

matrix multiplication



# 12 R2 A(H) = (ii)
e

,
m (1

,1) +3(1 , - 2)
B = (()

,
1)

,
(4-2)

= (4
,

-5)

enm2(b)) + 4(4-2) => A(t) = (c)
= (6

,

- 4)

8 = (10
, 1)

,

(1
. 1)) V = ((-1 ,06 ,

(2
, 11)

R2E a = ( ( 1,2) ,
(1

,07) 3 = (C1 ,
2)

,
(2

,11)

is 140 off p =(ii) Q : : i)
i a =(i)



+ (0 , 1) = (6
,
-6)

AY(t) = Q " A(t)4
t (1

, 1) = + (e . ) + + (e)

= ( : i)( :)( : ill = (4
,
-5) + (6 ,

-6)

= (10
,

- 11)
= (4)(4)
= (18

-18 . (1 ,0) - 6(2, 1 = (6
.

-3)
- 32 · (- 1, 0) - 1172, 1) = (10, -11)


