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Abelian group, 83. 
Adjoint of a determinant, 00; 

of a matrix, 77, 80; 
of a quadratic forro, 159. 

Aftine transformation, 70. 
Algebraic complemen t, 23 
Anharmonic ratio, 103. 
Associative law for matrices, 64. 
Augmented matrix, 44. 
Axis coürdinates, 113. 

Bézout's method of elimination, 238. 
Bilinear forros, 114-117; 

deterroinant, matrix, rank of, 114 ¡ 
equivalence of, 116,283; 
normal forms of, 116, 288, 289¡ 
pairs of, 283, 287-292¡ 
reducibility of, 116; 
singular, 114. 

Binary forms, 5; 
biqnadratic, 260 i 
cubic, 239¡ 
discriminant of, 237 ¡ 
factors of, 188¡ 
invariants of, 235; 
resultant of, 201,236, 239¡ 
symmetric functions, 255. 

Biquadratic, binary, 260. 
Boole, 260. 
Bordered determinants, 28, 156-160. 
Bromwich, 270, 312-315. 

Cancellation, 7. 
Category of pairs of bilinear forros, 287; 

of collineations, 293; 
of pairs of quadratic forms, 305. 

Cayley, 63, 154, 260, ·200. 
Characteristic eqnation, fnnction, matrix, 

282. 
Characteristic of a quadratic form, 149; 

of a collineation, 293 ¡ 
of a pair of bilinear forms, 287; 
of a pair of quadratic forms, 005. 

Class of objects, 81; 
of quadratic forms, 148. 

Cofactor, 23. 
Cogredieut variables1 90. 
Collineation, 68,284,292, 
Combinant, 115. 
Commutative group, 83; 

law for matrices, 63. 
Complement of a minor, 23. 
Complete system of invariants, 93. 
Complex quantity, 8, OO. 
Component oí complex quantity, 61. 
Composite elementary divisors, Z70. 
Concomitants, 109. 
Cone, 120-123, 156. 
Conjugate of a matrix, 21, 6.5, 80 ¡ 

planes, 158 ¡ 
points, 121. 

Contiuuity, 14. 
Contragredient variables, 108. 
Contravariant, 109. 
CoOrdinates, bomogeneons, 11; 

point, p18.ne, line (axis, ray), 107-113. 
Correlation, 117. 
Corresponding polynomials, 178. 
Covariant, absolute, 91; 

integral rational, 99¡ 
relative, 97. 

Cramer's Rule, 43. 
Cross-ratio, 103, 107. 
Cubic, binary, 239. 
Cyclic group, 87. 

Definite quadratic form, 100. 
Degree of a polynomial, 1, 4¡ 

of a X~matrix, Z11; 
of a product, 6, Z11. 

Descriptiva property, 88,232. 
Determinant, 20¡ 

817 

adjoint of, 30; 
bordered, 28, 156-160¡ 
Laplace's development of, 26; 
matrix of, 21; 
minors of, 22 ; 
of a bilinear forro, 114; 
of a roatrix, 21 ¡ 
of a transformation, 66; 
orthogrmal, l!í4; 
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Oeterminant-Continued. 
product of two, 26¡ 
rank of, 22; 
skew-symmetric, 59; 
symmetric, 56. 

Discriminant of a binary biquadratic, 260; 
of a binary cubic, 239¡ 
of a binary form, 237, 259; 
of a polynomial in one variable, 2.50; 
of a quadratic form, 128; 
of a quadric imrface, 118. 

Division of polynomials, 180; 
of A-matrices, 278 ¡ 
of matrices, 75. 

Dil'isor of zero, 65, 80. 
Doma.in of rationality, 175,212,216. 
Dyad (dyadic polynomial), 79. 
Dyalitic method of elimination, 199. 

Element of a determinant or matri:r, 20; 
of a set, system, or group, 81. 

Elementary divisors of a A-matrix, 271; 
of a ('l)llineation, 286; 
of a pau of bilinear forms, 284; 
of a pair of quadratic forms, 303; 
simple, composite, 270. 

Elementary symmetric function, 242, 2.53. 
Elementary transformation of a matrix, 55; 

of a >,..matrix, 262. 
Elimination, 198,217,238, 
Equations, linear, 43; 

homogeneous, linear, 47; 
quadratic, 149¡ 
quadratic, pairs of, 307; 
quadra.tic, pencils of, 312. 

Equianharmouic points, 107. 
Equivalenr.:e, Y2 
Equivalent matrices, 55, 93¡ 

collineations, 286; 
>--•matrices, 26'.l, 274; 
pairs of biline,u forms, 283; 
pairs oí matrices, 281; 
pairs of quadratic forms, 170,303; 
quadratic forms, 1::J5, 148. 

Euclid's algorithm, 189, 192, 206. 
Euler's theorem for homogeneous functions, 

237. 

Factors of a polynomial, 174, 187, 203; see 
invariant factor.,. 

Fixed points of a collineation, 285; 
lines, planes of a colliueation, 286. 

Forms, 4; see bilinear, quadratic, binary 
forms; 

biquatiratic, 260: 
cubic, 239¡ 
polar, 127. 

Fours group, 87. 
Fractional matrices, 86. 
Frobenius, 262, 270. 
Fundamental system of solntions, 49J 

theorem of algebr~, 16. 

Generator of a quadric surface, 119. 
Gibbs, 79. 
Greatest common divisor of integers, 188; 

of polynomials in one variable, 191, 197¡ 
of polynomials in two variables, 206. 

Ground.form, 96. 
Group, 80; 

Abelian or commutative, 83; 
cyclic, 87; 
fours group, 87 ¡ 
isomorphic, 83; 
sub-, 83. 

Group property, 82. 

Hami1ton, 79, 296. 
Harmouic division, 104. 
Homogeneity, principle of, 226. 
Homogeneous coiirdinates, 11 ; 

invariants, 230; 
linear equations1 47, 49¡ 
polynomials, 4. 

ldemfaetor, 74. 
ldtntical vanishing (eqnality) of polynomi, 

als, 2, 5, 7, 10; 
elernent of a group, 8'J; 
transformation, 67 . 

lndefinite quadratic form, 150. 
lndex of inertia of quadratic form, 146. 
lnvariant, absolute algebraic, 89; 

arithmetical, 91, 94,115,124, 129,146,287; 
complete systeru of, 93; 
geometric, 88,103; 
homogeneous, 230; 
integral ratioual, 99, 101, 115, 129, 137, 

159, 166, 218, 259, 260; 
!rrational, 167,259,260; 
rational, 00, 222; see also integral, ra, 

twnal; 
relative algebraic, 96, 115; see integral 

rati-Onal. 
lnv3l'iant factors of a >..-matrix, 2.69 ¡ 

of a collineation, 286; 
of a pair of bilinear forms, 284; 
of a pair of quadratic forms, 303. 

In verse of a transformation, 67; 
of an element of a group, 82; 
of a matrix, 75, 80; 
of a quadratic form, 160. 

lsobaric polynomial, 222; 
symmetric function, 24.5, 255, 256. 

Isomorphic groups, 83. 

INDEX 

Jacobi, 144. 

Kronecker, 4, 139, 26'2, 314. 

A-equation of two conics, 164; 
of two quadratic forms, 166. 

X-matrix, 262. 
Lagrange's reduction, 131. 
Laplace's development, 26. 
Law of lnertia, 144; 

of Nullity, 78, 80. 
Line at infinity, 13. 
Line-coOrdinates, 108, 110. 
Linear dependence, conditions for, 36-38¡ 

of geometric configurations, 39; 
of polynomials, 35, 38; 
of sets of constants, 35, 48. 

Linear equations, 43, 47, 49¡ 
transformatious, 66. 

Li1.1ear factors of polynomials in one vari
able, 187 i 

of binary forms, 188; 
of >..-matrices, Z70. 

Matrix:, theory of, ID-'22, 54-66, 74-80, 86, 93, 
262-283, 296-302; 

adjoint of, 77, 80; 
as a complex quantity, 60; 
augmented, 44; 
conjugate, 21; 
determinant of, 21 ¡ 
division of one by another, 75; 
elementary transformation of, 55¡ 
equivalent1 55; 
fractional, 86; 
in verse of, 75; 
multiplication by matrix, ru; 
multiplication by sea.lar, 62; 
normal form of a, 56 (Exercise 3) ; 
normal form of a symnietrical, 59; 
o' a biimear form, 114; 
of a determinant, 21; 
of a quadratic form, 128; 
of a quadric surface, 118; 
of a system of linear equations, 44; 
of a transformation, 66. 
orthogonal, 154,302, 304¡ 
powers of, 75; 
product of two, 63¡ 
rank of, 22; 
rank of product of two, 77; 
scalar, 76; 
similar, 283; 
singular, 65; 
skew-sym metric, 59; 
sum or difference of two, 62 ¡ 

Matrix - Continued. 
symmetric, 56; 
transposed, 21; 
unimodular, 83; 
unit, 74. 

Minors of a determinar.it, 2'l; 
complementary, 2"2¡ 
corres¡.iouding, 31; 
principal, 23, 57-59. 

Mixed coucomitants, 109. 
Moore, 86. 
Multiplication theorem, 28. 
Multiplicity of roots of an equation, 18¡ 

of pieces of curves and surfaces, 211, 2M 

Neighborhood of a point, 81 161 214. 
Newton's formulre, 244. 
Normal formol a bilinear form, 116; 

of a binary biquadratic, 261; 
of a biuary cubic. 239; 
of a >..-matrix, 267; 
of a matrix, 56 (Exercise 3) ; 
cif a pair of biliuear fonns, 289; 
of a pair of quadratic forros_, 169, 171, :ni¡ 
of a quadratic form, 135; 
of a quadric surface, 124; 
of a real quadratic form, 148; 
of a symmetrical matrix, 59. 

Nullity, Sylvester's Law of, 78, 80. 
Null-system, 117. 

Order of a determinant or matrix, a>; 
of a group, 87. 

Orthogonal transformation, matrix, determi
nant, 154, 173, 30'2, 304. 

Pencil of conics, 1'63, 312; 
of biliuear forros, 279; 
of quadratic forms, 165, 310. 

Period of an e\ement of a group, 87. 
Plane at infinity, 13; 

conjugate, 158. 
Plane-coürdinates, 107. 
Point in space of n dimensious, 9; 

at infinity, 12; 
conjugate, 121; 
equation of a, 107, 108; 
neighborhood of a, 8, 16, 214-. 

Polar plan e, 122; 
form, 127; 
tetrahedron, 125. 

Pole, 124. 
Polynomial, definition, degree of, et.e., 1, 4¡ 

continuity of a, 14; 
correspondiug, 178; 
dyadic, 79; 



32ú INDEX 

Polynomial- Continued. 
in a matrix, 296; 
isobaric, 222 ¡ 
linear dependence of, 35; 
real, 5; 
:roots of a1 18; 
!ymmetric, 240, 252. 

Prime (relaiively) polynomials, 175, 
Principal minora, 23, 57-59. 
Product, degree of, 1, 4 ¡ 

of det.erminants, 26¡ 
of matrices, 63, 277. 

Projective transformation, 69; 
property, 88, 232. 

Pseudo-tangent lines &nd planes, 120. 

Quadratic forme, 127 ; 
adjoint of, 15~ ¡ 
de:finite and indefinite, 150¡ 
invariants of, 129,137,146,159, 1651 003; 
inverse or reciproca.l of, l60j 
law of inertia of, 144; 
matrix, discriminant, rank of, 128¡ 
normal forros of, 135, 148, 169, 171, 306; 
pairs of, 165, 302; 
polar of, 127; 
real, 144; 
reducibility of, 136, 147; 
reduction of, to sum of sqnares, 131, 139, 

167,170, 173j 
regularly arranged, 147 ¡ 
signatura of, 146; 
singular, 128; 
vertex of, 129. 

QuMric surface, matrix, discrimina.nt, rank 
of, 118; 

classification of, 123, 149, 173¡ 
ruling of, 119; 
singular, 118; 
tangent to, 119, 120, 155. 

Quantic, 4; 
Quatemary form, ó. 

Rank of a matrix or determinant, 22, 
M-59; 

of a bilinea.r form, 114; 
of a >..-matrix, 262; 
of a quadratic form, 128; 
of a quadric surface, 118; 
of a system of bomogeneous linear equa

tions, 47; 
of a system of points or linear forms, 

94; 
of tbe adjoint of a'quadratic forro, 161; 
of the product of two matrices, 77. 

Rational invariants, 96, 222; see aleo in
variant, integral, rational; 

of a >..-matri.x, 270. 

Rational relation, 244. 
Rationality, doma.in of, 175,212,216. 
Ray coOrdinates, 113. 
Real polynomials, 5, 174; · 

matrix, >..-matriJ.:, elementary transforma,. 
tion, 278; 

quadratic forms, 144--154, 161, 17~173. 
Reciproca! or inverse of a quadratic form1 

160. 
Reciprocation, 117. 
Reducibility of a polynomia.11 174 ¡ 

in a doma.in, 174, 175; 
of bilinear forma, 116 ¡ 
of binary forms, 188; 
of determinants, 176; 
of polynomia.ls in one variable, 187; 
of quadra.tic forma, 136, 147. 

Regula.rly arranged quadratic form, 147. 
Resulta.nt of linear forms, 9..'í; 

of two biuary forms, 201, 23ti, 239,257; 
of two polynomials in one variable, 195. 

239,248. 
Roots of a polynomial or equatjon, 18. 
Rnling of a quadric surta.ce, 119. 

8-fnnctions, 241, 253. 
~-fnnctions, 240, 252. 
Scala.r, 62; 

m,,atrix, 76. 
Self-eonjugate tetrahedron, 125 ¡ 

triangle, 164. 
Semi-defioite quadratic form, 150~ 
Set of objects, 80. 
Sgn, 147. 
Siguature of a quadratic form, 146, 
Similar matrices, 283. 
Simple eilementary divisora, 270. 
Singular matrix:, 65; 

bilinear form, 114¡ 
conic, 163, 272; 
linear transformation, 67; 
quadratic forr.v, 128¡ 
quadric surface, 118. 

Skew-symmetric determinant, 59; 
bilinear form, 117; 
matrix, 59. 

Smitb, H. J. S., 262. 
Subgroup, 83. 
Subresultant, 197. 
Sylvester, 78,144,199,262. 
Symbolic product of bilinear forros, 114. 
Symmetric determinant and matrix, 5C 

299; 
bilinear form, 115,¡ 
binary function, 255; 
polynomial, 240; 
polynomial in paire of variables, 252; 
teruary functiou, 257. 

System, 80. 

!NlJEX 

fangent lines and planes to quadric surface, 
true and pseudo, 119, OO. 

'fernary form, 5; 
symmetric function, 257. 

Trausformation, affine, 70; 
determinant and matrix of, 66; 
e1ementary (of a matrix), 55, 262¡ 
identical, 67; 
in verse, 67 ; 
linear, 66; 
orthogoual, 154,173,804; 
projective, 69; 
singular, 67, 

Transposed rnatrix, 21. 

Unimodular matrix, 83. 
Unit matrix, 74. 

Vertex of a cone, 120,122,123,156; 
of a quadratic forro, 129. 

Weieretrass, 262,270,314. 
Weight of a.u invariant, 96, 225¡ 

of a covariant, 97, 226; 
of a polynomial, 222; 
of a symmetric polynomial, 245, 253. 
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