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Vandemonde s Vandemonde
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Vandermode Fourier
[1-3] s Hadamard
[4]
[5~7]
s Vandermonde V andermonde
Vandemonde
0
Qn n n n
A* A
A Qn ny A
| Al= detA = () »
s
Sn n 5
= (ni2iz is)(nyoys ji) (mk2ks ki),
n> i2: i37 ’ iS; n2 > j20j3> 7].1; s Ny > kz: k37 ’ kla
n> n2> n3> > n 1,
( ): (_ 1)(Sfl)+(£*l)+ +(l*l): (_ l)rl*r
= ((lldzai2£3 qisn)( 0412/2 ajzj3 qj[nz) ((lnykzaksz ak/nr);
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, Vandermonde , f(x) = ci+ cx
+ C3x2+ + cnx"_1+ " n n s
. 0
f(x)= c1+ e+ esx’+  + e '+ 2" Q(i= L2 ,n)x Q,
f(x) n ai, a2, L an Q JS(x) ?
ci1+ cra1+ csa%+ + Cnalll_1= flai)- “,11’
2 n— 1 n
ci+ c2ax+ c3ax+ + ca2 = f(az2)- a2,
(3)
ci+ cran+ C3a%+ + cna”,l_1 = f(an)- an,
1 1 1 1
ai a? as an
Va(an, as, ,an) = | ai ai a3 an |, (4)
n— 1 n-1 n—1 n—1
ai an as an
(3) :
(ci,co, ,en)Valar, ar, ,an) = (f(a1)- al,f(a2)- ds .f(an)- an) (5)
B (5) Va(at, a2,
an) 0
Vi(ar, a2, —, an) Vandermonde
11 Va(a, a, , an) a, ay ., a n  Vandermonde
Vi(al, a2, , an) al, a2, , an
2
P,l(i,j) n En L;] 7Pn(L7])(L .])
E” .] Q( O) 12 ;Pn(i) En l
o( 0)
[ 8~ 10]
A O n, :
P.(i,j)A = AP.(i,j) = A (6)
Pu(i,j)A = APu(i,j ) = A (7)
P.(i )A = AP,(i1) = A = A (8)
, n A i,] () A L J
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A J T, A ;A i
[ 10] : A QB OuwC Qo
il
o &l IF A B (9)
a= ao+ ail+ ayj+ azk Q, a= S.+ V, Sa= a0 a
, Vo= aii+ ay + ask = (a1, ay a3) R’ ,
; : a, b Q,
ab= (Sa+ V)(So+ Vi)= SSe— Vo Vot SVt SiVot Vo W (10)
31 a, b 0, p O pap_lz b, a b
) a b Sa= Sy | Vul=1 WVl (11)
2 a b pap = b, 4 b . pdp = bk )
31 a ¢ a c, :
(a— c)a(a- c)_l: c (12)
(a- c)ala- ¢) "= ¢, (a— c)a= c(a- ¢)
Sa = Se, (Vo= Vo)(Sat+ Vo) = (Se= Vo)(Vu= Vo),
SaVa— SaVem Vo Vot Vo V- Vo Vo=
SVo= S Ve Vo Vot Vo V- Vo V,
SaVa= SaVom Vo Vo= SVo- S V.- V.V,
Sa=S¢ Vo Vo= V. 'V,
32 a, b, ¢ . (a-c)a(a-¢) '= (b= c)b(b=-¢) ", a,
b, ¢
(a— c)a(a- c)_1= (b—¢)b(b- c)_l, (13)
a b , c a (13)

(a= c)(Sa+ Vi)(a= ¢) "= (b= c)(Si+ Vi)(b= ¢)7,

Sa+ (a- ¢)Vafa-¢c) "= So+ (b= ¢) Vi(b= ¢) ',

(a= ¢)Va(a= ¢)" "= (b= ¢)Vi(b- ¢) ",

(b—¢) (a= ¢)Vi= Vi(b- ¢) '(a- ¢), (14)

(b= o) =~ (b= (14
(b—c)(a-¢c) Vo= V(b= c)(a- c),
(Sp— Se+ Vi— Vy)(Sa— Se+ V= V)V, =
Vi(So— Se+ Vo= Vi)(Sa= Se+ Va— Vo),
Sp= Se= So Sa= Sc= So,
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(So+ Vo= Vu)(So+ Va= Vo) Va= Vi(So+ Vo= Vi)(So+ V- V) (15)
3
(10) ( )=( ) - ( ) . R [11]),
(15) = S(Z)‘/:L_ SO‘/u ‘/a+ SO‘/L Va_ SO‘/L ‘/a+ SO‘/L ‘/a_ SO‘/L ‘/a_

(Vo Vo)Vet (Ve V)Ver Vo (Vo V)= Vo (Vo Vo)-
SoVi  Vat SoVa Vit (Vu Vo) Vi- (V. Vi) Vi+

V. (Vo Vo=V, (V. V)=

SoVi— SoVi Va— (Vi Vi Vi+ (Ve Vi)Va- SoVi Vit
SoVo Vot (Vo VW= (V. Vo )Vi- Vy (V. Vo+
(Vi Vo)Ve= (Vi Vo) Va

(15) = SiVi+ SoVi Vi- SoVi Vit (Vi Vi) Vi= (V. V) V-
(‘/b ‘/() ‘/a‘l‘ (‘/o Vz:)‘/b— (‘/11 ‘/L) ‘/u,‘l‘ SO‘/I) ‘/b‘l'
(Vo W)Vo— (VW V) Ve

9 ‘/a ‘/a: ‘/b ‘/b
SoVe Vi— SoVa Vit SiVa+ (V. Vo Va- SoVi Vit (Va Vo Vi=
SoVi Vi— SoVi Vu+ SoVit SoVi Vut (V. Vo )Vi+ (Vi Vi)V,

(16)
(16)
SoVe Vi— SoVuVu= SoVu V- SoVi V.,
So(Vo Va= Vo V)= 0
a, b Vo Vo Vo V=0 a= b, Vo Vu—- V.
Vi 0, So= 0 Sa— Se= So= 0,

S.= Su= S (17)
So= 0 (16)
(‘/L ‘/() ‘/a+ (‘/u ‘/a)‘/bz (‘/( ‘/(,)‘/I)-I- (‘/b ‘/b) Va,
(Ve Vo= Vo Vi)Vot (Vo Vo= V. V)V,=0 (18)
a b | Vil=1 VI, V. W . (18)

Vo Voo Vi V= V., V.- V. V.= 0,

Vo Vo= Vo Vo= Vi (19)

(1), (17,19
3132

31 a, b, c . (a-c)a(a—¢) '= (b= c)b(b- ¢)'
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Vandermonde
a,b,c
Vandermonde
S
1 1 1 1
al a? as ap
2 2 2
Vi(ar, as, , an)= ai aj a3 anl|,a Q ,i= 1,2, ,n
n—1 n—1 n— 1 n— 1
ail ar as an )

ao = ai, 1= 1,2, ,n;

ain= (ai— ai)a(a;- (11)_1 (i= 12 ,n),

a;, k-1 g, k-1,

ain= (@ mi— arb1)a-1( i1~ ari1) k=23, ,n-2 (20)
i= k+ Lk+ 2 ,n,
L a4 ap
4 1 Vandermonde Vilai, a2, ,a,) =0
ai, as, , an 3 at, a2, , an 2 s
Vil ar, a2, , an) o ,
Vilar, a2, , an) = a— ai a3— ai as— ai An— a1
az1— ax a4 - az an1— a
-1, -3~ Qn-2, -3 n, n-3= Qn-2,n-3
an,n-2— @Qn-1,n-2
n2 n
Va( a1, a2, , an) = ik — ah+ 1k (21)
k=0 i= +2
al, a2, , an 2 , Va(ar, a2, , an)
, Valar, a2, ,an) =0, ai, az, , a, ,
V2( a1, a2) 0
n= 3 ,
1 1 1
Vi(ai, ar a3) = ar az ajz| ||=
P ail a? (l%
1 1 1
0 ar— ai a3 — ai =
yO (a2— ai)az (a3— ai)aj
a— ai a3— daj
(a2- ar)ax ax— a1)”'(az= a1) (a3— ar)as(as— a1))”'(as- a) H_
1 1
T e @)ea(ar- @) (a3 ar)as(as= an)”! H
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a— ai

a3— ai as— azy+
ai, a2, a3 , +V3(a1, a?, a3) + = OZ+a31— al + = 07 a3l— ajz1 =
-1 -1
0Z (a2— ai)az(a2— a1)” = (a3— ai)asz(asz— ai)” 7 ai, a2, a3 #
n=3 , n- 1 Vandermonde R n
#
+ Vi(ar, a2, , , an) + ai, a2, , , an 3, (6
, + Vo(ai, a2, , , an) +
1 1 1 s 1
al a2 a3’ s an
+ Vu(ar, a2, , , an) + = s s s w s =
n—2 n—2 n—2 n-2
al a2 a3 an
n— 1 n—1 n— 1 n—1
\0/1 a? a3 5 an
e N
1 1 1 s 1
al as as an
S S S w S =
n—2 n—2 n—2 n—2
ai a a3 an
n—2 n—2 n-2
L0 (a- a1)a2 (a3— ai)a3 (an— at)an’)

1 1 1

0 a - ai

0 (ax- ai)a

a3z — aj s a, — aj

(az— ai)as (an— ai)an (8),(9

S S

S w S
0 (ax— ai)ay’ (as- ai)a¥’ (an— a)ds’
L0 (ax— a1 a5 ? (as- ai)ay? (an— ay) dy?

+ d2— a1+ ,
-

+ Adp— A1+ @
1 1 1
(a2— ai)ax ar— ar)"

(a2~ a)arar— ar)”')?

(an— ar)an(an— ar)'

((an— a1)an(an— (11)71)2 =

(a3— a)ax(az— a))

(a3 a)as(az— a) ')

S

S w S
(((a a)axfar ar)) )% ((as ar)as(as— ar) )" (= ar)an(a— a1)')"
N
1 1 s 1
a2l asl anl
2 2 2
+a2— a1+ # + a3— ai+ , + aQp,— ai+ # azl a3l anl =
S E} w S
n—2 n—2 n—2
a2l a3l ant’}
+a2— al+ # + a3— al+ , +an— al+ # + Va-1(a2, a3, , , anl) + #
ai, az, a3 s 311 az = a3, + Ve 1( a, a3, , , anl) + =0,

+ Vll(aly az, , , an,) + = 0#
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al? a27 s an 3 > 311 a217 a317 L anl ”
3 B + Vlk 1( azi1, asl, , , anl) + X 0;» + Vn(ab az, , , an) + X 09
+ Va(ai, a2, , ,an) + = +a2— al+ # + a3— al+ , + an— al+ @

+ Vlk 1( azl, asl, , , anl) + =
+ a2— al+ # + a3— al+ , + an— al+ # + a3l— a2+ # + a4 — a2+ .,
+ Apl— W+ # + a— axn+ # + A— AR+ , + A2~ AR+ , + Ap-1p-3— Ap-2p-3+ @

+ Qp,n-3— Ap-2,n-3+ # + Ap, n-2— Ap-1 p-2+ =

n-2 n
F oo+ @k — ak+l k+,
k=0 iz k+2
n , #
ai, az, , , ,(21) V andermonde # R
#
2 -1
f(x)= ci+ cxx+ e3x™+ , + e+ 2" f(x)=
2 n— 1 n
cl+ xc2+ x ¢3+ , +x o+ x s s
2 -1
1 a1 a T
1 2 n—1
a? a2 s a?
S E} S w E}
1 2 n—-1
/an a/n ) a’l
1 1 , 1
ai a? s an
2 2 2
al a2 an | |F + Valar,az , , an)+ #
S S w S
n—1 n—1 n—1
ail a? s Qn
#
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The Double Determinant of Vandermonde.s Type

Over Quaternion Field

Hou Renmin, Zhao Xuqiang, Wang Liangtao
( Departm ent of Mathematics and Infom ation Science,

Yantai University, Yantai, Shandong 264000, P R China)

Abstract: Based on the double determinant theory the problem about the determinant of Vander
monde. s type over quaternion field is studied, and a necessary and sufficient condition that this dow

ble determinant is not equal to zero is got.

Key words: quaternion field; double determinant; Vandermonde determinant



