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ON A FORM OF THE ELIMINANT OF TWO QUANTICS

By A. L. Dixon.

[Read June 11th, 1908.—Received June 25th, 1908.]

1. I wish to prove, in the first place, that the eliminant of two equa-
tions of the form
n+1
4, _ 0, i B,

s =0
r—7; 1 T—7;

n+l
z
1

1s given by the symmetrical determinant of the nth order
E(lr 3), —(2v 1)) _(3: 1): cevy —(71:, 1) ’
_(lv 2)) 2(21 s)’ _(3y 2)) [EXT) —(ny 2)
—(]-s 3)) —(2: 3): 2(3: S)y ceey '—(”'1 3)

—(1,n), —(©2,n), —@6,n), ..., Z,9)

s=n+l
multiplied by the discriminant of II (z—7;), where
s=1

(s, &) = (¢, 8) = (4sBi— 4. By)(rs—7),
and  2(t, 8) = (¢ D+, 2+...+@¢, t—1+¢, t+D+...+E 2t+1),

the term (¢, ¢) being omitted.

This determinant is symmetrical with respect to all the numbers
1,2, ..., n+1, and may be written as the sum of (n+1)""! terms, each
term of the sum having a positive sign and being the product of » different
quantities (#s). Each of the numbers 1, 2, 8, ..., (n+1) occurs at least
once in each term, and the sum may be written down by taking 2 of the
numbers, say 2, 8, ..., (n+1), and distributing them, one in each bracket,
and then filling in the other number in each bracket in all possible ways,
so that 1 shall occur at least once, and that in any one term no two
brackets shall occur which contain the same pair of numbers.

This result, which is of practical value as a simple expression for the
eliminant of two equations of a particular form, is a particular case of a
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more general theorem, that, if »,, 7y, ..., 7, and a,, ..., a, are two sets of
arbitrary quantities, and we write (, 7¢) for [ (@) (1) — ¢ (1) (@) J/ (@ — 10>
where ¢(z) and y(z) are two quantics, each of the nth degree, then the
eliminant of ¢ (z) and - (z) is given by

(alf 'r])’ (a'ls T?.)’ (a‘ly 73)9 ceey (al’ 'r‘n) ’

(a'za 7'1), (aﬂr rz), (“2) IrB): ey (a"b 7'")
(a39 Tl), (a'a’ Irg)y (a3, Ta)’ ey (a’m Tn)

(am Tl); (a'na Tﬁ), (a/‘m Ta)a ey (a’m 'r'n)
divided by the product of differences
IL(re—7r) (@, —a).

The eliminant in the form first given is, in fact, the result of putting a, = r,, for all
values of s, in this last expression.

For, writing f(@) = M (z—7,),

0@) _gol) 1 _ 5 A
and . f(=@) 2f’(h) T—7, zz—"u

Y(z v 1 _ 5 B
f(z) fi(r) x—r, z—7r,

©

I

we get for a term of the principal diagonal, % (1, s) for example,

)"y v ) "t ¢(r)
SRR T S o ey T e B o ey
_e) | w_%ﬂ(ﬁ) ¥ () } _¥m) (¢ (n) f (Dol
) Lfn) U ® Je)Ufm) = (Fe)E !
_omy(r)—e' (n)y(r)
{f (n)? '
which is the limit of —(1, s) when 7, is made equal to r,.

If we go further and take the limit when all the a’s ard all the 7's are made equal to
infinity (or zero), we get finally Bezout’s determinant.

2. I take then two equations of the nth degree

n+1

> ._AL == 0’ (A)
1 z—r,

n+1

é B, = 0. (B)
1 ZT—7,

Then (s, ) = (t, s) = (4;B,— A By [ (r;—).
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n+l
Also I write D (r}, 73, ..., 7us+1) for the discriminant of II (z—7,) = 0, and
1

E (ry, 7y ..., 7a41) for the eliminant of the equations (A) and (B).
If we increase the roots of each equation by »,, and write p, = 1.—n,
we have y y 4
1 2 3
Ly Loy
T  T—py ZT—pg

4+...=0,

__B.2__+. BS

T—ps T—pPs

“+...=0.

B,
214

If these equations be multiplied up, and arranged in ascending powers
of z, we get

paps --- prirdi— 5 [A, B+ Aapspy ... paritAspapy-oe prnt..J+... =0,
paps - pns1 By—z[BiB+Bypspy - .- pns1tBspaps oo parat...]+... =0,

where 3 is the sum of the products of p,, pg, ..., pn+1, #—1 at & time.
Again, it is a well known and immediate deduction from Bezout’s
expression for the eliminant as a determinant,* that for two equations of
the for
6 forms a—a,z+... =0,
b—b1x+... == O,

the terms of the eliminant which do not contain either a? ab, or b? are
(ab,—a,b), multiplied by the eliminant of the equations, of the next
lower degree, obtained by putting @ = 0, b = 0, and dividing by z.
Thus, taking our equations in the form just obtained, (ab,—a,d) be-
comes sn+t
2. 2.2

1
P2P3P4 “ee p?‘+1 2 (AlBa_BlAs)/P-h

or (7'-2"7'1)2 (7'3""'1)2 (7‘n+1—"'1)2 Z(Ach"BlAs)/(rf‘Ta)-

3. It is obvious that each term in the eliminant must contain either
A, or B, for every value of s, since, when 4, = 0, B, = 0, the two equa-

tions n+l n+l '
z Au/(z—"'a) = Oy 2z Ba/(x—'rs) =0,
1 1

have & common root z = 7,.

* Salmon, Higher Algebra, p. 82, § 85.
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Also for each term in the eliminant there must be at least two values
of s, say ¢ is one, such that 4, or B, occurs to the first power only, that is
to say, that the term does not contain 4%, 4,B; or B. For, if the term
contained 4%, 4,B; or B? for all but one, that is, for n values of s, its
degree would be 2n+-1, at least, in the 4’s and B’s together, and the
eliminant is only of degree n in the 4’s and B’s respectively.

Thus, from the necessary symmetry in respect to the sets of quantities
4,, B;, 15, the eliminant is completely determined when the terms con-
taining 4, or B; to the first power only are known.

When % =1, we have at once
E (ry, 1)) = (ry—r (A Bg— A4, B)) = D(ry, (1, 2).
Thus the terms in E (,, 7,5, 79 which contain 4, or B, to the first power,
e (= (rg=r? {1, D+, 9} (ry—r9? (2, 3),
and we get
E (), 1y 79 = D (1}, 79, 79 {(1, 21, 3)+(2, 1), 3)+(8, 1)(8, 2) ;.

From this again, the terms in E (ry, 7y, 74, ), of the first power in 4, or
B, will be

D (ry, 79,75, 79 { (1, 2D+ (1, 3) (1, 4)} {(2, 8)(2, 4) + (3, 2)(8, )+ (4, 2(4,8)},
and the complete expression is
E (ryy 79, 75, 79 [ Dy, 73, 73, 7)
= (1,21, 3)(1, H+(2, 1)(2, 3)(1, )+(3, 1)(3, 2)(1, 4)
+(1, 2)(1, 8)(2, 9 +(2, 1)(2, 8)(2, 4)+(8, 1)(8, 2)(2, 4)
+(1, 2)(1, 8)(3, ) +(2, 1)(2, 3)(3, 4)+(3, 1)(3, 2)(3, 4)
+4, 1)(4, 2)(1, 3)+(4, 1)(4, 2)(2, 3)+4, 1)4, 8)(1, 2)+(4, 1){{, 8)(3, 2)
+4, 2)(4, 3)(2, 1)+(4, 2)(4, 3)(3, 1)+ (4, 1)(4, 2)(4, 3).

It is seen, on inspection, that the rules given in § 1, for writing down the
eliminant as a sum of terms, apply to E (r,, 15, 75 and E (1, ry, 75, 7y, and
therefore by induction must apply universally. For, if they apply to
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E (ry 73 ..., Tuy1), they must apply to the terms in E(ry, 7y ..., 74y,
which only contain the number 1 once, since these terms are

{(1, 2)+(1) 3)+---+(1’ n’+1)j' E(')'g, 7’87 vy r‘ﬂ.+l)7

and so, by symmetry, must apply to all the terms of E(r,, »,,

RS /’-ﬂ+1)_

4. Again E (ry, 7y, 79)/D (2, 79, 79), which is
1,21, 3)+(2, 1)(2, 3)+@3, 1), 2),
may obviously be written in the form
1, 2+, 3), =210 |,
—(1,2), 2, 1)+(2, 8)

and then, again by induction,

)X (1’ s)) _(2) 1), _(3, 1): ceey '—(ns 1)
—-(1,2, @9, —6,2, .., —n92
—(1,8), —(©,8, Z@G8,%, .. —mn738

—1,n), —©2,n), —B,2), .. ZMs
may be identified with E (ry, ry, ..., 7041 [ D@y, gy «ovs Tnt1).

For, by adding all the other rows to the last row, and then all the
other columns to the last column, the determinant is easily seen to be
symmetrical with regard to all the numbers 1, 2, 8, ..., (m4+1). Also the
terms in it which contain 1 once only, are (1, 2)+4(1, 8)+...4 (1, n+41)
multiplied by the corresponding determinant got by erasing the first row
and column. Then since the expression is right for E (ry, 7y, 79)/ D (1,74, 79),

it is also vight for E(r, ry, 75, 7/ D(ry, 14, 7, 7,), and so by induction for
all values of n.

5. I have found the number of terms in the eliminant when expressed
as a sum of products of the quantities (», s) as follows.

Disregarding altogether the factor D (ry, ..., 7n41), Suppose the terms of
E (r, ..., 7241 arranged in sets, according as the term contains two of the
numbers 1, 2, 8, ..., n+1, once only, or three numbers once only, and so

on, and put _
E(rlr LRRE] ]'n+1) = S2+S3+S4+...+Sn.
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Then we shall also have

s=n+1 { t=n+1

s§1 l ¢z=:1 (& 8) E(ryy ooy Psm1y Togy oo 7'1;)} = 232+383+---+77'Sn-

Similarly, (¢ £ ¢, ¢ £ 3),

g=n+1 g=n+l { t=n+1 t'=n+1

2 E 2 t’§1 (t S)(t' ) E('rl, ooy Pa1y Tatly cooy To=ly T g1y ooy Tn)}

§=1 8=1 t=1

— Sg+ Ss+ S4+ +n(n 1) S..

A similar sum obtained by taking the product of three brackets
(¢, §)(t', $")(¢", s"), into the eliminant of the equations obtained by cross-
ing out s, §', s” is equal to

4.8.2

nn—1)(n—2)
1.2.3 Sst- S

. 4.
S5+ .92, 1.2.8

S4+

and we may continue the series until we finally arrive at n! S,/n! on the
s=n+1 t=n+1

right-hand side, and Z II (s, &), (¢t s), on the left.

8=1 t==1
From these equations we eliminate S,, S;, ..., by taking the left-hand
sides with alternately positive and negative signs, and arrive at an
identity which may be written

Bui—Z226, 0 B[S+ 23 6, 00, ) By [s, 81 —... = 0,

where, for example, E,_i[s,s’] means the eliminant of the equations
obtained by striking out the terms with s or s’ as suffix.

Now, write N4, for the number of terms in E,,,, N, for the number
in E,, and so on.

In ?;(s, t) we have n+1 choices for s and n for ¢ so that the

number of terms is (n+1)n. In 82. % (5, )(s', ') we have 4n(n+1) pairs
s, §', and for each pair n—1 choices for ¢ or ¢, so that the number of
terms is 3n (n+1) (n—1)%

Determining in this way the number of terms in each constituent, we
have, since all the terms in the eliminants have positive signs, the relation

n+1)n
1.2

Nus—m+1)nNo+ (—1)* Ny

— __(n+11) Z (7;._—1) n—2°N,_o+...+(—=1)*(e+1)N, =0,
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where N, is to be taken as 1. Now we know that Ny =1, N, =8,
N, = 16, and the above relation is satisfied by putting
Nua = (41",

becoming in this case

41—+ 1+ (nf-—é)n(n—-l)”"—... = 0.
Therefore the number of terms in the eliminant is (n41)*"1,
6. This expression for the eliminant as a determinant, once obtained,

may be easily verified in a different manner.
Returning to the equations

n+1l A n+1 B
> =0, > =0,
1 T—7% 1 T—7

multiply the first by B,/(x—7y), and the second by A4,/(x—r), and sub-
fract.

The term (4,B,—A4,B)/(x—r){(x—r;) on the left-hand side of the
resulting equation may be written

4,Bi—4;B) (1 _ 1 }

rs—1 z—r, T—T
and we obviously get

1 s=n+l s=n+l (1’ S)

zZ L9+ 2 Py

T—7" §=2

=0.

There will be #—1 similar equations got by replacing 1 by 2, 8, ..., =,
and we may add to these the equation

2d,/(x—r) =0,
and eliminate the (24 1) quantities 1/(z—7;). The result is
z1,s, —@1), —@6,1, .., —m+1,1)}=0.
—-(1,2), Z©2,s), —@8,92, .., —n+1,2)
—(1,8), —,8, @8, .. —@n+1,3)

| 4, 4,, Ay ooy Aun

By adding all the other columns to the last column, all its constituents
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become zero except the last, which is £4,, and the result is (£Z4,) multi-
plied by the determinant of the nth order already obtained (§ 4). That
by this method of elimination, the extraneous factor = 4, is introduced, is
easily seen, if we notice that all the equations of the type

2{, )@—r)} =2, 9)/@—r) =0,

have a common root z = @, since the sum of the coefficients is zero.

7. By what is really the same method we obtain the eliminant in the
form of the determinant whose elements are (a,, ;) (§ 1).
If ¢(x), Y (z) have a common root z, this is also a root of

[¢@) (@) —¢(@) V(@] (z—a).*
Putting f@ =T @—n),
s=1
we have, by partial fractions,

p@V@—g@ @ _°F__(a )
f@(@—a) s=1f () (@—ry)’

and now putting the left-hand side equal to zero, and giving to a the
n values, a,, dg, ..., @, We have n equations linear in 1/f'(»)(®x—r,), and
the determinant is at once obtained.

It is not difficult to show directly that this determinant, which I will
call D, whose constituents are (a,, 7) is equal to II(r,—7) Il (a;—a) B,
where B is Bezout’s determinant.

If we write f(a,7) for (a, ), it is obvious, by expanding f (as ) in
ascending powers of (a,—a) by Taylor’s theorem and applying the
formula for the multiplication of two determinants, that D is equal to
the product of two determinants, the rows (or columns) of which are
respectively,

ofa,r) 1 f(a,r) 1 0" 'f(a, 1)
f@a, 7, oz ' 2! da® ' 7 m—1)! Qda*' ’
and 1, a—a, @—a)? ..., (@—a)*"},

the latter determinant being II(a,—a,).
Again, applying the same method and expanding in ascending powers

* Salmon, loc. cit., p. 83, § 87, Cayley’s ‘* Statement of Bezout’s method."’



476 ' Mr. A. L. Dixon [June 11,

of (r;—7), the first of these determinants becomes II(r,—7,) multiplied by
+¢ 2

the determinant whose constituents are ﬁ %~. It remains to

show, therefore, that this last determinant is equal to B it is, in fact,

identical with it when ¢ = 0, r = 0. For, if

o) = 4o+4,z+...+4.2"+...+ 42",
V() = By+B,z+...+B.2"+...4+ B, 2",
=2

na

a?, a?

7P, 7

¢p@), ¢)
V@), @)

and therefore, aséuming »>4q,

4y 4,
B, B,

.
)

fla,n =2 ‘A,,, Ayl @y ar 20 4Lt P a0y P,

By, By

+t "
Thus 8,17 %Jaz& L which is the coefficient of a’#* in f(a, 7),

is equal to X(4,B,—A4,B,), where p+q = s+t+1, and, taking »p > g,
gbsort, p—1<sort Thus we have finally Bezout's determinant,
viz.,

(Ao, Bl)y (Aoy BQ’ (AO’ -Bs)s

(A01 BQ); (A(], B3)+(A11 BQ), (A(), B4)+(A11 BS))
(4o, By, (4o, B)+(4y, By, (Ao, By)+(4,, B)+(4s By,

8. There remains the consideration of the modifications to be inftro-
duced when the degrees of the given equations are different, say = and
n—m.

Consider first the determinant whose constituents are (», s), the equa-
tions being given in the forms

ZA4,/@—r) = 0, (A)
2ZBix—r) = 0; ®)

and suppose that the first m coefficients of (B), when it is multiplied up
and arranged in descending powers of z, vanish identically. The equa-
tion (B) may be considered as having  infinite roots, and the expression
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for the eliminant, as already found, will have an extraneous factor
& 4™
If, however, B, = By = By = ... = B, = 0, we have

5,0 =0, if s<m+1, t<m+1,
(s, &) = A, BJ(rs—1), if s<m+1, t>m.

Then 4, can be divided out from either the sth row or the sth column,
where s <m-1, and we have left the pure eliminant, in the form of a
determinant, whose first principal minor of the mth order consists of a
principal diagonal only, all the other elements being zero.

Next consider the determinant whose constituents are (a,, 7). To find
the eliminant of ¢'(z), \ (z), where y-(z) is of degree n, and ¢'(z) of degree
n—m, let us write

t=m

o) = ¢'(@) H (x—1yp.

Then p(r) =0 (t=1,2,..,m));
and therefore (ay 1) = ¢ (@) Y ()f(as—r) (¢t <m+1),

80 that the first m columns of the determinant have each & common
factor y(r), which can be divided out, leaving as a result the pure
eliminant.

9. By a method similar to that used in § 7, we may also find the
eliminant of two quanties ¢(z), V() of degrees » and m respectively, as a
determinant of order n-m, which is equivalent to the result obtained by
Sylvester’s dlalytlc method. Put

§=n 8=m

f@) = 11l (x—a), F(z) = II (x—b,).
8= 8=1

Then 2@ _ _¢®) 1 5" ¢@) 1
f@@—0b)  f(b) z—0b, " =1 fllad(as—b) z—a,’

and V@ Y 1 T (b 1

Foe—a)  Flay o—at 2 Foyl—a) 5—5."

Putting ¢(z) = 0 and Y (z) = 0, we have m-n equations linear in the
m+mn quantities, 1/(x—a,), 1/(z—b,), and the eliminant of ¢(z) and Vv (x)
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appears as the determinant

¢ (b) 0,

oy oy -0,
2(8)
o e
¢ (bu)
0, 0, e o)’
1 ()] , v (b) Y (bn)
Fo)(~a) Fib)be—a) " F(bu)(bu—a)’
__'P(él)__ __‘P_(_)_bs (bm

F(b)(b—ap)’

¥ (by)

__¥(b)

F(b)(by—as)’ F'(by)(bg—an)’

F(by)(by—a)"

’ F'(b'") (bm "ai)’

"{(_m)

P (bm)(bu—an)

A FORM OF THE ELIMINANT OF TWO

QUANTICS.
¢ (a) ¢ (ay) ¢ (an)
fla)(a=b) fla)@a=b) " flam)(an—b)
® (@) » (ag) ¢ (a.)

.f;(al)(al—bz)’

flag(aa=by)’

veey

sy

ey

f’(am) (a'u - bﬁ)

¢@) __o(a) . ¢ (an)
f’(al)(a’l'“b'") f(a"t)(a’?_b"')' f'(“n)(au—bm)
¥a)
Fla)’ 0 N 0
Y(ag)
o F(ay)’ ? 0
0, 0, ¥(a)
E(a'u)

multiplied by the eliminant of f(z) and F (z).

Note on § 5.

It has been pointed out to me by a referee that, wken we know that
the eliminant is the sum of products of (7, s), each product having a posi-
tive sign, the number of terms is at once found by writing 1 for (r, s)

throughout the determinant of § 4.

n, —1,
-1, n,
-1, -1,
= 1, O,
—1, n+1,
-1, O,

_1, =
_1,

”,

0,
0,
n+1,

n, —m—1, —n-—1,
n+1,
01

-1,
-1,

(41"

In this way we get

0,

n+1,




