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Def. The n-box in 1Rm determined by n indep.
Vectors a , G2

...,
an is the set

S = EXERM X : taittiGat ...+ than
,

Vi
, octi < 1]

n = 1
,

the volume of 1-box is Mill : F=(a)

n = 2
,

the volume of 2-box isAll Hall

vol" : 1/ 1IK: 119 . 11"sino Hall" = 119 . 11"Hall" (1 - 250

↑ - l . /"Hall -solaHall = (· ) (·) - (·)(· al
as in

10
a

· de+1)=de
vol = det1] ↑
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by 4-1 in IR3
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n = 3

11111111 vol : 1h/l x (vol of 2-box determined by 2.)
in 1123

Es = Kill x11x1l : Mill 2011xall

vol : NailiGio11x = ( (axs)"= det1dec
· det1]

: vol = det1]
*

vol
.

of n-box determined by G ,
Es, ..,

an

= (AltitudeI1l) x (vol. of (n-1-box determined by2 .
...n

E



Lemma

Given... ...nER
.

Let Afa--] , Bear ...an]
where 5 ::

- Vac-Usts- ...
- ran for some scalar2 . Us . .... In

=> det (ATA) = det (BYB)

p.f .

Let E
= is the elementary matrix with the operatorR ,

+ R.
- r: Fir

then BT: EnEn- ... EsEzAY : EAT
,

where E : EnEn-1 ... EsEz

: B : LEAY" : AET

: det (BY B) = det )(EAT) (AET1) = det(E) det(A Alde+

(ET
= 1 · det(AA) -1 = det (A Al

Recall Property 5 in 4-2



Thm 4
.
7

The volume of the n-box in 1Rm determined by n indep.
Vectors 1 , 2 ...,

An is given by

vol = det(AA)
,

where A:[ ...an]
pf .

By induction ! (E
1. n = 1 ,

2 checked !

2. Assume the the thm is proved for all K-box for K = n-1

5. When there's n rectors
,

leta : b-p St . Desplarias. ..., n) and J1:·
Fi = z un

↳ by the idea of projection or by the Gram-Schmidt process in Ch6.

: we have p = rai + Bast ... Man for some scalar U2 , Us. ..., In and B : 1
- (retzt ...+ Unu)

b
-

I :E, ---AnLet B :[-] ,
BB:↓-

~

-

An ob An Ga Gian



:Brin↓
~
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Green & ·En

: det (BB) = 1/1 : detailsII
--

Gian
by induction

by L

Lemma -b x (vol
.

of (n-1-box determined by2 .
...n)"= (volume of n-box)

2

↳

·

det (AA) #
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Note the volume of n-box is Not relevant withder of rectors

Similar with the prove of Lemma
,

but use the Property

Let I is change the order of some ms in AtIII

EAT
: det (E) = (-1)

"
for some k

det (C c) = det (E) det (ATA) det (El) = (=1)" det (ATA) (1) = det (AA)


