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Definitionsfor M atrices and Linear Algebra

Function:ADDCOL (M, list 1, list 2, ..., list n) /5[ Bt — il M I
—addcolfifft M » fgop= 1 Bon= 20 L s n)
appends the column(s) given by the one or morse(lmtmatnces) onto the
matrix M.

Function:ADDROW (M, list 1, list 2, ..., list n) /5717 ]| gt~ %E[@ M [
—addrow(fifft M » Bl 1 Bl 20 L0 SR n)
appends the row(s) given by the one or more I@tsn@trices) onto the matrix
M.

Function:ADJOINT (matrix) //:f~— %E[iﬁ[ﬁ@f’fr&g‘%gﬁﬁi
—adjoint(Fifr)

computes the adjoint of a matrix.

Function:AUGCOEFMATRIX ([eq 1, ...], [var 1, ...]) //}{if]@ AR ARV (R
g
P ETHI
—augcoefmatrix([ A=\ 1 HFH= 2 ] [BHrl > &gr2- ...])
the augmented coefficient matrix for the variabagl,... of the system of
linear equations eql,.... This is the coefficieatnx with a column adjoined
for the constant terms in each equation (i.e. tmagelependent upon varl,...).

Eunction:CHARPOLY (M, var) //2}~= i M fi /ﬁﬁf‘é\rmpﬂ
—charpoly(fiffi M > #&gj0)
computes the characteristic polynomial for Matrix\Mh respect to var. That
is, DETERMINANT(M - DIAGMATRIX(LENGTH(M),var)).

Function:COEFMATRIX ([eq 1, ...], [var 1, ..J) /G AL  fr Bg st o
P
—coefmatrix([HA=" 1> HA 2 ... [yl > &Hr2- ...])
the coefficient matrix for the variables varl,f.tlee system of linear
equations eql,...

Function:COL (M, i) //ZVETEIi A pusyi =
—COI(Hilft M > Y1)



gives a matrix of the ith column of the matrix M.

Function:CONJUGATE (X) /-3 (i X fro-H iy
—conjugateffifili X)
a function in the EIGEN package on the SHARE dosctlt returns the
complex conjugate of its argument. This package bealpaded by
LOAD(EIGEN); . For a complete description of thisgiage, do
PRINTFILE("eigen.usg"); .

Function:COPYMATRIX (M) // ¥~ #iffi M
—copymatrixfiffi M)
creates a copy of the matrix M. This is the onlyw@make a copy aside
from recreating M elementwise. Copying a matrix roayuseful when
SETELMX is used.

Function:DETERMINANT (M)  //F}j1— »‘rﬁlﬁﬁigl’v{%ﬁ[J;ﬁ
—determinant(iffi M)
computes the determinant of M by a method simdagaussian elimination.
The form of the result depends upon the setting@switch RATMX. There
is a special routine for dealing with sparse deteimants which can be used
by setting the switches RATMX: TRUE and SPARSE:TRUE.

Function:ECHELON (M) /GR{HT M {555 iy
produces the echelon form of the matrix M. ThaMsyith elementary row
operations performed on it such that the first mers element in each row in
the resulting matrix is a one and the column elémender the first one in
each row are all zero.

Function:EIGENVALUES (mat) //Ff ETHIfi pfﬂ;\ﬁ ER
—-eigenvaluesgifiii M)

There is a package on the SHARE; directory whiaftaias functions for
computing EIGENVALUES and EIGENVECTORS and relatedaltrix
computations. For information on it do
PRINTFILE(EIGEN,USAGE,SHARE); . EIGENVALUES(mat)kes a
MATRIX as its argument and returns a list of ligte first sublist of which is
the list of eigenvalues of the matrix and the othdslist of which is the list of
the multiplicities of the eigenvalues in the copasding order. [ The
MACSYMA function SOLVE is used here to find the te@f the



characteristic polynomial of the matrix. Sometirs€3LVE may not be able to
find the roots of the polynomial;in that case nothin this package except
CONJUGATE, INNERPRODUCT, UNITVECTOR, COLUMNVECTORd@
GRAMSCHMIDT will work unless you know the eigenvahi In some cases
SOLVE may generate very messy eigenvalues. Youwaay to simplify the
answers yourself before you go on. There are piemsgor this and they will
be explained below. ( This usually happens when\@biteturns a
not-so-obviously real expression for an eigenvathech is supposed to be
real...)] The EIGENVALUES command is available dthg from

MACSYMA. To use the other functions you must havaded in the EIGEN
package, either by a previous call to EIGENVALUBSEby doing
LOADFILE("eigen"); .

Function:EIGENVECTORS (MAT) //?Jrﬂ‘rﬁlﬁﬁwﬁ f%’qmﬁ'l
—eigenvectorsgiffi M)

takes a MATRIX as its argument and returns a lisists the first sublist of
which is the output of the EIGENVALUES command &hnel other sublists of
which are the eigenvectors of the matrix correspantb those eigenvalues
respectively. This function will work directly frodACSYMA, but if you
wish to take advantage of the flags for controllingee below), you must
first load in the EIGEN package from the SHAREgdiory. You may do that
by LOADFILE("eigen");. The flags that affect thigrfction are:
NONDIAGONALIZABLE[FALSE] will be set to TRUE or FAISE
depending on whether the matrix is nondiagonalezabldiagonalizable after
an EIGENVECTORS command is executed. HERMITIANMAKRHALSE]
If set to TRUE will cause the degenerate eigenveaibthe hermitian matrix
to be orthogonalized using the Gram-Schmidt algorit
KNOWNEIGVALS[FALSE] If set to TRUE the EIGEN packagvill assume
the eigenvalues of the matrix are known to the asdrstored under the global
name LISTEIGVALS. LISTEIGVALS should be set to stisimilar to the
output of the EIGENVALUES command. ( The MACSYMAnktion
ALGSYS is used here to solve for the eigenvect®osnetimes if the
eigenvalues are messy, ALGSYS may not be abledaduge a solution. In
that case you are advised to try to simplify trgeavalues by first finding
them using EIGENVALUES command and then using wheatenarvelous
tricks you might have to reduce them to somethingker. You can then use
the KNOWNEIGVALS flag to proceed further. )



EunctionEMATRIX (m, n, X, i, ) /AE mxn i o = My kL x of

HERT R AR
will create an m by n matrix all of whose elemeants zero except for the i,j
element which is x.

Function.ENTERMATRIX (m, n)
allows one to enter a matrix element by elemertt MACSYMA requesting
values for each of the m*n entries.

Function:GENMATRIX (array, i2, j2, i1, j1)
generates a matrix from the array using array(iIgt.the first (upper-left)
element and array(i2,j2) for the last (lower-riggl@ment of the matrix. If
j1=i1 then j1 may be omitted. If j1=i1=1 then ilda@i may both be omitted. If
a selected element of the array doesn't exist &@slycone will be used.

Function:GRAMSCHMIDT (X) /[~ VFHeigen * | gramschimidt? 2 gt

X
a function in the EIGEN package. Do LOAD(EIGEN)use it.
GRAMSCHMIDT takes a LIST of lists the sublists ofileh are of equal
length and not necessarily orthogonal (with respethe innerproduct defined
above) as its argument and returns a similar éishesublist of which is
orthogonal to all others. (Returned results mayaarintegers that are
factored. This is due to the fact that the MACSY t#ction FACTOR is
used to simplify each substage of the Gram-Schabgdirithm. This prevents
the expressions from getting very messy and helpsduce the sizes of the
numbers that are produced along the way.)

Function:IDENT (n) /A~ nxn v 8160 SEfi
produces an n by n identity matrix

Function:INNERPRODUCT (X,Y)  //F-G@i=V gk eigen: FJ%W‘H(IJEFWPJ%
a function in the EIGEN package. Do LOAD(EIGEN)use it.
INNERPRODUCT takes two LISTS of equal length asaiguments and
returns their inner (scalar) product defined byr{tptex Conjugate of X).Y
(The "dot" operation is the same as the usual efieetl for vectors).

Function:INVERT (matrix) //:f~— Jfifififiv"~ il



finds the inverse of a matrix using the adjointnoek This allows a user to
compute the inverse of a matrix with bfloat entoepolynomials with
floating pt. coefficients without converting to ei@m. The DETERMINANT
command is used to compute cofactors, so if RATMIKALSE (the default)
the inverse is computed without changing the repmadion of the elements.
The current implementation is inefficient for maé&s of high order. The
DETOUT flag if true keeps the determinant factooed of the inverse. Note:
the results are not automatically expanded. linilagrix originally had
polynomial entries, better appearing output cagdeerated by
EXPAND(INVERT(mat)),DETOUT. If it is desirable tdvén divide through
by the determinant this can be accomplished by XUE®) or alternatively
from scratch by
EXPAND(ADJOINT(mat))/EXPAND(DETERMINANT(mat)).
INVERT(mat):=ADJOINT(mat)/DETERMINANT(mat). See als
DESCRIBE("™"); for another method of inverting atnx.

Function:MATRIX (row 1, ..., row n) //<E55— Hifili M
—matrix@T 1] > ... > T nF)

defines a rectangular matrix with the indicatedsofach row has the form of
a list of expressions, e.g. [A, X**2,Y, 0] is &liof 4 elements. There are a
number of MACSYMA commands which deal with matrickes example:
DETERMINANT, CHARPOLY, GENMATRIX, ADDCOL, ADDROW,
COPYMATRIX, TRANSPOSE, ECHELON, and RANK. Therediso a
package on the SHARE directory for computing EIGENJES. Try
DESCRIBE on these for more information. Matrix nplltation is effected
by using the dot operator, ".", which is also cameat if the user wishes to
represent other non-commutative algebraic opersitibhe exponential of the
"." operation is """ . Thus, for a matrix A, A.AAM2 and, if it exists, AM-1
is the inverse of A. The operations +,-,*,** aréelement-by-element
operations; all operations are normally carriediodtll, including the . (dot)
operation. Many switches exist for controlling slifipation rules involving
dot and matrix-list operations. Options Relatingvtatrices: LMXCHAR,
RMXCHAR, RATMX, LISTARITH, DETOUT, DOALLMXOPS,
DOMXEXPT DOMXMXOPS, DOSCMXOPS, DOSCMXPLUS,
SCALARMATRIX, and SPARSE. Do DESCRIBE(option) foetdils on
them.

Function:MATRIXMAP (fn, M)



will map the function fn onto each element of thatmx M.

Function:MATRIXP (exp) //?[Jﬁé”rexpﬁ?} b= il > RLER TRUEF\[ £, FALSE
is TRUE if exp is a matrix else FALSE

Function:MATTRACE (M) //Z}3iffif~ trace: {Hfe- VA" nehrpl
computes the trace [sum of the elements on the chiagonal] of the square
matrix M. It is used by NCHARPOLY, an alternaticeNMIACSYMA's
CHARPOLY. It is used by doing LOADFILE("nchrpl");

Function:MINOR (M, i, j) //M FEIffi A oy i 5127 = s At
computes the i,) minor of the matrix M. That is,with row i and column |
removed.

Function:RANK (M) //Zt BT M o7
computes the rank of the matrix M. That is, theeomf the largest
non-singular subdeterminant of M. Caveat: RANK metyrn the wrong
answer if it cannot determine that a matrix elentleat is equivalent to zero is
indeed so.

Variable:RATM X
default: [FALSE] - if FALSE will cause determinaand matrix addition,
subtraction, and multiplication to be performedhia representation of the
matrix elements and will cause the result of matrsersion to be left in
general representation. If it is TRUE, the 4 operst mentioned above will be
performed in CRE form and the result of matrix irseewill be in CRE form.
Note that this may cause the elements to be expaia@pending on the
setting of RATFAC) which might not always be dedire

Function:ROW (M, i) //EFVH',»‘IW]&W M FHIFYET i %]
gives a matrix of the ith row of matrix M.

Variable:SCALARMATRIXP
default: [TRUE] - if TRUE, then whenever a 1 x 1tmais produced as a
result of computing the dot product of matricesiit be converted to a scalar,
namely the only element of the matrix. If set tolAlthen this conversion
occurs whenever a 1 x 1 matrix is simplified. if ®eFALSE, no conversion
will be done.



Function:SETELMX (x, i, j, M)
changes the i,j element of M to x. The altered madrreturned as the value.
The notation M[i,j]:x may also be used, alteringva similar manner, but
returning x as the value

Function:SIMILARITYTRANSFORM (MAT)
a function in the EIGEN package. Do LOAD(EIGEN)use it.
SIMILARITYTRANSFORM takes a MATRIX as its argumeand returns a
list which is the output of the UNITEIGENVECTORSmmand. In addition
if the flag NONDIAGONALIZABLE is FALSE two global ratrices
LEFTMATRIX and RIGHTMATRIX will be generated. Theseatrices have
the property that LEFTMATRIX.MAT.RIGHTMATRIX is aidgonal matrix
with the eigenvalues of MAT on the diagonal. If NDMGONALIZABLE is
TRUE these two matrices will not be generatecdhdfflag
HERMITIANMATRIX is TRUE then LEFTMATRIX is the comigx
conjugate of the transpose of RIGHTMATRIX. OthemvlEEFTMATRIX is
the inverse of RIGHTMATRIX. RIGHTMATRIX is the makrthe columns of
which are the unit eigenvectors of MAT. The otHag$ (see
DESCRIBE(EIGENVALUES); and DESCRIBE(EIGENVECTORShave
the same effects since SIMILARITYTRANSFORM callg thther functions
in the package in order to be able to form RIGHTNRAX.

Variable:SPARSE
default: [FALSE] - if TRUE and if RATMX:TRUE then BTERMINANT
will use special routines for computing sparse eii@ants.

Function:SUBMATRIX (m1, ..., M, n1, ...)
creates a new matrix composed of the matrix M wotlis mi deleted, and
columns ni deleted.

Function:TRANSPOSE (M) /%l M F‘@E‘»‘fﬁf
produces the transpose of the matrix M.

Function:TRIANGULARIZE (M) /Gl M = ) S S M o4

i1

produces the upper triangular form of the matrixviich needn't be square.



Function:ZEROMATRIX (m,n) /[~ mxn{ussafil
takes integers m,n as arguments and returns anmmiatrix of 0's.
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@) (3,1,2) (6,4,2)
(b) (-3,1,7)~(9,-3,-21)
(c) (5,-6,7y~(-5,6,-7)
(d) (2,0,-5)~(5,0,-2)
2.7 I ] o %ﬁﬁ’?ﬁgﬁi}g@@ SEH R
(@) (3,-2,4y(-5,7,1)
(b) (2,4,0)~(-3,-6,0)
(c) (3,7,2)~(3,7,-8)
(d) (-2,-1,5)~(3,9,7)
3oty FA»[T A2 R _Fpo = %ﬁﬁ”ﬂ%’?}ﬁlfﬁ‘ [ERIEEES
(@) (2,-5,-1), (0,4,6)(-3,7,1)
(b) (3,-6,7), (-2,0,-4)(5,-9,-2)
(c) (-8,2,0), (1,3,0)(6,-5,0)
(d) (1,1,2), (5,5,57(-6,4,2)
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(%i1) A:matrix([-6,41,[3,-2], [L,8]); /5l £7E0EL A » 57 ST 76, 4> 5
9T 265 3, -2 ST 35| %L 1, 8
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(%i1) Axmatrix([-6,41,[3,-2].[1,8]); /il £ FEIVEL A > BT~ Fl[iuR S F -6, 40 BT
S L 3, -20 2= JlEY L 1, 8
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(e) (2x* -7x®+4x+3)+(8X +2x? -6x+7)
\%f‘ﬁ“‘ﬁ%ﬁwﬂ’fﬁ#ﬁ’@ﬁ*‘*ﬂ () IR T ] B2 b x T ) 24
Ao i xPRL xh A TR -

(%I1) (2*xM-T*xX"3+4*Xx+3)+(8*X"3+2*X"2-6*X+7);

(201) 2xT+x +2x°-2x+10

(f) (-3x°+7x* +8x-6)+(2x°-8x+10) [/ ZIFI1-3*x"\3+7*x"2+8*x-6 [l - Zfi:¢
2*x"3-8*x+10
(%i1) (-3*XA3+T*X N 2+8*X-6)+(2*x"3-8*x+10);

(301) —x"+7x°+ 4

(Q) 5(2X7 -6X* +8X2 3x) ] LI [UATHI T+ 7HIA 2XAT-BANAHBIN2 3R
4.'_‘ 5 J—Ljiiﬂ [ * N I—LA%;;/\ jjf



(%i1) 5*(2*X"\T-6*X"4+8*X2-3%X);

(301) 5(2 ' -axtt sz—Bx)

(%12) expand((5*(2*x\7-6*x +8*x"2-3*X))); /] 4 FI= [l ] [ EL e 105 ]
BT maxima T @ F I > ] | SRR = » BT R expandif =)
BERLAR Y Fg:;gn i

(202) 10x - 30x +40x°- 15 x

(h) 3(-2x3+4x+2) /] 2170 xN5-25X"3+4*x+2 Fe 5T E] 3

(%i1) 3*(X"5-2*XA3+A4*X+2);

(301) 3(x5—2x3+ 43+ 2)

(%i2) expand(3*(x"5-2*x"3+4*x+2)); //"'| expand & fr=t

(202) 3Ax"-6x°+12x+6
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(%i3) mattrace(A); |EHJH?LI,%§§EV nchrpl i » [(RI=2Y ]’F'EJF[JJ‘}fﬁ[E'J:*:]’[a'{%Eﬁﬂ%J[
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(%i1) load("nchrpl”); //z " nchrplfSias » B =Fdkp I - g s H i p ‘F'[IAJ .

gl

(5ol
¢ /PROGRA~1/MAXTIMA~1, 1 /share/maxima/s5.18.1/share/matrix/nchrpl . .mac

(%i2) A: matrix([10,0,-8],[2,-4,3],[-5,7,6]); /51 LA ST FpuT iéj 10, 0,
-8 HIT AV kE) 2, -4, 3 312 [0k F)-5, 7, 6
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(%i3) mattrace(A); //f! V=1V nchrpl B » P P 1 il 15 (e
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(h)|] 0O 1 -3
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(%i2) A: matrix([-4,0,6],[0,1,-3],[6,-3,5]); /il 74 EL A » 53 F[liur FF -4, 0,
6 27= iRkt 0,1, -3 =R %t 6,-3,5

(%i3) mattrace(A); //f i =15EFITV nchrplfia - ISR T D ﬁf[ﬁ‘ﬁ’ﬁiﬂ’?
HH g 447 - mattraceFil) 17 FTH A pﬁig}\r
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2. By R

(@) 2x,-2x,-3x,=-2

3X,-3X, -2X,+5X, =7

X, X, -2X3-X ,=-3
(%i1) eql:2*x1-2*x2-3*x3=-2; [iastE AR £ 2 7T 4 By FE R |
A7 1 A 20 0 A o BV solve([WRHZS 1 47 0 LA 2 7]
PE o RS 0 EE] R AL R 20 o A ) e A
E o e LU B T T sove (]
PEZ 1 WAHE 20 0 R Rl R A2 H@rn})\
[ A= T, eqd > HAEZY 1B 2%, -2X, -3X ;=-2

(30l) -3 x3-Z2x24+:xl=-2

(%i2) eq2:3*x1-3*x2-2*x3+5*x4=7; [/ 1= R, eq2y AT 2 5
3X,-3X, -2X3+5X, =7

(30Z2) Sxd-2x3-3x2+3xI=7

(%i3) eq3:x1-x2-2*x3-x4=-3; [/ R, eql3y HAHS 3L
X=X, =2X5-X,=-3

(%503) - xd-2x3-x24+x1=-13



(%i4) solve([eql,eq2,eq3],[x1,x2,x3,x4]);//" | sloverfal® 5" eql- eq2- eq3
FII AR XL o S 2R X2 A A5 X3 o HIBr x4 » T B AR o R0 s A
[N %r1 %r2 7 I'] 55 fL (= Higy NI xd=ar [l]] x3=4-2& < x2=b’ x1=b-3a+5
X3 FIX1H J@f\_ﬁ [EF x4 I x2 RBEIpY

sgolve: dependent equations eliminated: (3)
(Fo0d) [ [x1=%r2-3%r1+5, x2=%x2, x3=4-2 31, xd=%r11] ]

(b) 3x,-7x,+4x,=10
X;-2X, +X ;=3
2%, -X ,-2X ;=6

(%i1) eql:3*x1-7*x2+4*x3=10; [/ 1A= FFE i, eqly HAY 14
3X,- 7%, +4x,=10

(%c0l) 4x3-T7xZ+3xl=10

(%i2) eq2:x1-2*x2+x3=3; [/ A= FFEEEL eq2y HFEHFY 2 £ X, -2X, +X,=3

(%02) x3-2x2+4+x1=3

(%i3) eq3:2*x1-x2-2*x3=6; //HH=" FHEEL eq3> HAHZY 3 5 2X,-X,-2X,=6
(%503) - 2x3-z2+2xi1=8

(%i14) solve([eql,eq2,eq3],[x1,x2,x3]);//"'| sloveiZislEt 5" eql - eq2: eq37!
FHIG XL > F HIBX2 0 S G x3 > U, x1=-2 > x2=-4 > Xx3=-3 hljiti~ i

(30d) [[xl=-2,x2=-4, x3=-31]1]

(€) X, +2x,-X3+X, =5
X, +4X,-3X4-3X, =6
2X,+3X, -X ;+4%, =8

(%i1) eql:x1+2*x2-x3+x4=5; [/ /A= C R, eqly AT 18
X +2X,-X3+X,=5

(%o0l) xd-x3+2 x2+xI=5



(%i2) eq2:x1+4*x2-3*x3-3*x4=6; /[ HHd " IR eq2y HAISY 2 8
X, +4X,-3X53-3X, =6

(302) -3 xd-3 x3+4 xZ2+txl=08

(%i3) e93:2*x1+3*x2-x3+4*x4=8; [/ /=" R eq3y AT 31
2X,+3X,-X 3 +4X,=8

(%03) 4 xd—-x3+3 x2+2 xI=8

(%i4) solve([eql,eq2,eq3],[X1,X2,x3,XA]);// M54 E 25 2 i
(304) []

(d) X, +2x, +2x,=2
X, +8X,+5x,=-6
X, +X, +5X;+5%, =3

(%i1) eql:x1+8*x3+5*x4=-6; /[ HFH=" £ HIEEL eql HFHEFY 1B X, +8X,+5x, =-6

(%o0l) 5 xd4+8 x3+txi=-F

(%i2) eq2:x1+x2+5*x3+5*x4=3; /[ 1A=\ LI eq2y HFEEY 2 5]
X, +X, +5X;+5%, =3

(%02) bHoxd+h x3+x2+x1=3

(%i3) eq3:x1+2*x2+2*x3=2; [[HFH" 7 FIEEL eq30 HFEHFY 3 £ X, +2X, +2X,=2

(%03) 2 x3+2 x24+xi=2

(%i4) solve([eql,eq2,eq3],[x1,x2,x3,x4]);//" | sloveif6L% 175" eql- eq2- eq3
FIR IR XL A IR X2 IR X3 > A HIGy x4 > o f pradepl oyt A R A
(AN Qr3 | I sy hL = dile» [P x4=2 > [I]] x3=-(%r3+16)/8" <
x2=-(3%r3-24)/8 x1=%r3

3 EFrI—24 Eri+ilea
(5o0d) [[xI1=%r3, ::{E':—TF :><:3=—TF xd=211]

(&) X, +2X, -4X5-X , X =7



-X, +10X,-3x, -4X;=-16
2%, +5X, -5X 3-4X , -X ;=2
4x, +11X,-7X4-10X, -2X ;=7

(%i1) eql:x1+2*x2-4*x3-X4+Xx5=7]/ /A" ¢ G eql> HAISY 1 ES
X, +2X, -4X5-X , X =7

(%0l) x5-—xd-4d x34+2 x2+txi1=7

(%i2) eq2:-x1+10*x3-3*x4-4*x5=-16; /[ =" £ FEE, eq2y A 2 1)
X, +10X,-3X , -4X,=-16

(%o02d) —4 x5-3 xd4+10 x3-x1=-16&

(%i3) eq3:2*x1+5*x2-5*x3-4*x4-x5=2; [/ 7L eq3y HALS 3 £
2X,+5X, -5X5-4X , -X =2

(%03) —x5—-4 x4-5 x3+5 x2+2 x1=2

(%i4) eqd:4*x1+11*x2-7*x3-10*x4-2*x5=7; [/ =" £ R, eqd HH 4 1)
4X,+11X,-7X,-10x,-2X;=7

(Fod) -2 x5-10 x4-7 x3+11 x2+4 x1=7

(%i5) solve([eql,eq2,eq3,eq4],[x1,x2,x3,x4,x5]);//"'| sloveizsit 175" eql >
eq2> eq3: eqaF{I4 IHrx1 » 4 X2 » A X3 > JErxd > F TEKE > o
(R R RS AE (A% > 90rd ~ %or2 it )8 L= Bl [NIF=x5=5>
x4=%r2> [[] x3=%rl> < x2=2%r2-3%r1+3 x1=-3%r2+10%r1-4

solve: dependent equations eliminated: (4)
(%30b) [[x1=-3 %2r2+10 $ri -4, x2=2 8r2-3 $r1+3, x3=%r1, xd=
gr2, x5=51]

(f) X, +2x, +6x,=-1
2X,+X, +X ;=8
3X, +X,-X;=15
X, +3X, +10X,=-5



(%i1) eql:x1+2*x2+6*x3=-1; //HF=" £ FEEE eql AT 1 EL X, +2X, +6X,=-1

(F0l) BxF+2xa+xi=-1

(%i2) eq2:2*x1+x2+x3=8; /[ =" FFEEEL eq2y HAHFY 2 B 2x,+X, +X ;=8

(%02) x4+ x2+2xi=18

(%i3) eq3:3*x1+x2-x3=15; //HAH=" CFEEEE eq3y HFEFY 3 Bh 3x,+X,-X ;=15

(%03) - x34+ x24+ 3 x1=15

(%i4) eqd:x1+3*x2+10*x3=-5; [/ HF=" ¢ FEEE eqd s HAHSY 417
X, +3X,+10x,=-5

(%o0d) 10x34+3x2+4+xiI=-5

(%i5) solve([eql,eq2,eq3,eq4],[x1,x2,x3});'| sloveifsit A" eqly eq2: eq3-
eqaFTIh HIEr XL » F X2 S HHrX3 » FOS A LA A (E R
Ll x1=3 » x2=4 F{I x3=-2

solve: dependent equations eliminated: (4)
(%cb) [ [xl1=3, x2=4, x3=-211]

SEHRED Elﬁ 'J‘Eﬁﬁ’?ﬁiﬁﬁm [F[Jﬁiil?‘[ Tk SPYE Y& R
@) (2,-1,1), S={(1,0,2), (-1,1,1)}

(0) (-1,2,1), S={(1,0,2), (-1,1,1)}

(©) (-1,1,1,2), S={(1,0,1,-1), (0,1,1,1)}

(d) (2,-1,1,-3), S={(1,0,1,-1), (0,1,1,1)}

(€) -x3+2x% +3x+3, S={C+X % +x+1,x% +x+1,x+1}

() 2x3-x 2 +x+3, S={x3+x? +x+1, X* +x+1, x+1}

(% 2=t o (03 (6 o)
o (5 2l o) (o 1) (6 o)

1.5 A R A
RORE R FRL D ERASEA AR




(a){[1 } j (_2 6}}"&MM(R)

-2 4 4 -
_2 —
CT o N DA UG

(€) {x*+2x2, -x?+3x+1, X*-x? +2x-1}7F P,(R)

(d) {x°-x, 2x* +4, -2x°+3x* +2x+6}7+ P,(R)

(e){(1,-1,2), (1,-2,1), (1,1,4)% R®
(M {(1,-1,2), (2,0,1), (-1,2,-1)}+ R®

1 0) (0 -1\ (-1 2) (2 1) .
o5 0D (F (2 e

(h){[_l2 2] (2 _11) (_11 3] @ _12j}"& M o (R)

(i) {x *-x3+5x2-8x+6, -x* +x°>-5x° +5x-3, x* +3x°-3x+5, 2xX +3x3+4x> -x+1,
x®-x+2}7 P, (R)
(i) {x *-x3+5x%-8x+6, -X* +x>-5x” +5x-3, X* +3x” -3x+5, 2X' +X°+4x” +8x} F
P,(R)

1.6 5 iy

22 )% UL ROOFE
(@) {(1,0,-1), (2,5,1), (0,-4,3)}

(b) {(2,-4,1), (0,3,-1), (6,0,-1)}

©) {(1,2,-1), (1,0,2), (2,1,1)}

(d) {(-1,3,1), (2,-4,-3), (-3,8,2)}

©) {(1,-3,-2), (-3,1,3), (-2,-10,-2)}

3 IS AL P, (RFUELIE
(@) {-1-x+2x%, 2+x-2x*, 1-2x+4x°}

(b) {142x+x?, 3+x?, x+x°}

(c) {1-2x-2x?, -2+3x-x*, 1-x+6x°}

(d) {-1+2x+4x?, 3-4x-10% , -2-5x-6x°}
(€) {142x-x?, 4-2x+x, -1+18x-9¥ }

4. 27FIF0 x3-2x2 +1, 4% -x+3, W 3x-2ﬂg\,§ 75 Pg(R)ZSH e piy FA‘[“;;t

1.7y A T &







