Matsices

¥ Matnix * A matrix is a neclangulon annangement of numbens on functions anwanged into a fixed numben

of nows and columns. R matnix (s wnitten (nside bnackets . Each entn? (n a matnix 15
called an element of the matmx.
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v Row Matnix ¢ A matrix is said to be O xow matxix lf it has onlg one rnow. Ex [ab C‘—)L)w
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¥ Column Matnix ¢ A wmatrix is said to be a column matnix if it has only ont column. Ex
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¥ Diagonal Matnix : A squane wmatnix s said to be a diagonal matnix if all (ts non diagonal

efements ane zeno. EX [é ﬂ 047 non-diagonal elemenis zeno.
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v Squane Matwiz : No. of sows(m)- No. of colums(m) Ex
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+ Scalan Matnix : A diagonal matnix s sard lo be a scalan matnix (if its diagonal elements

ane equal. EX [ bhn_};] g
_ J? » diagonal elements equal
+ Tdentity Matnix ¢ A Squane mathix n which all diagonal elements ane | and nest axe all zeno.

Ex (1] [;jﬁ-xg] 10 0
010
0 00 diagonal elements (1)

o1
+ Null 0R Zeno Matnix : gf all its elemenis ant zeno. We denote zeno matnix by . EX fﬂ},{ﬂ a}
00

'fr'-Equa[ Matnix « Two wmatnices H=fnij] and B - l'”] axe said to be equal if -

W thebi one of the same onden
(i) Each Element of A is equal to the Cﬁhﬁfspﬂndf'ﬂg element of B 1e. Ay = b fﬂﬂ
all i and |
_{TJUppfn tniangulon  Matnix - An upper tniangulon matnix , if 2;=0 v c:-J, i-e. all entnies below pnincipal

e

diagonal ane zeno. Example : 1][ 3]

v lowen tnfnngu!ah Matnix ¢ A lowen tm‘angumh matkix , if 0 =0 V i<f, i-e. all enlnies above paintipal
diagonal ane zeno. Example : [H] [‘H‘
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< Tnanspose of @ matwix  Matnix obtained by inlenchanging “sows  and  columns of A and denoted by

v Propenties (i) (47" = a] b ‘(kH)T= kA' ‘ d@i) [ (A+8) = A"+ 8| (Y (A8)" -

K s ang constant

t

':{'"-ngmetnfc Matnices |[A'= A < Skew - Symmeltnic  matnices ‘H’ = -

’/Dtugoﬂai Elements of a skew symmelnic matnice ane zeno.
v Fon any  squane matnix A with neal entnies than (A+A') is o sgmm:tmc and (A- A') s
skew symmetnic.

v Hmi squane matnix can be expnessed as the sum of o symmetnic and a skew symmetnic matuix .

A= 1 (A+R) 4 L (A-A")
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v Addition of Matsices If A - [ﬂ;ﬂmm and 8 = [bjJmxn two matnices of the same onden mxn, then
theth sum AtB s mxn matnix such that,
| (H'I'B)ij' = Qg + bfj Vi=12..mand j= [ S
" Propenties of matnix addition

(0) Commutativiig A+tB = B+A (i) Existence of idenkity A+0 = A10

A

(u) HSSDEI'athI'tg ‘ (A+8)+C _ A+(B+C) (V) Existence of invense A+ (-A) = 0= (-A)+A

(v) Cancellation [(ows A+8=A+C > 8=C oand B+A=C+A = B=¢C

¥ Scala Multiplication of a matnix  Let / =fa,ﬂmm be a matnix and kK (s a scalan. Then the
Matnix obleined by multiplying each element of matnix A by
K and (s denoted by oK
¥ Puopenties of Scalan Multiplication of a matnix  If A= [ay) and B = [b;] be two matnices of the

same onden , say mxn, and k and [ onxe scalans,
then () | k(A+8) = kA + kB | i [ (k+()A = KA+ LA ‘

vl Multiplication of Matsices Two matnices A and B ane said to be defined fon multiplication,
if the numben of columns of A (prxe- multiplien) is equal to the numben

of nows of 8 (post multiptien). R
A @nﬂig_ A Bfi’i’@ L B

"' Propenties of Multiplication of Matnices eyt

(O Associative law (AB)C = A(BC) (i) Distmibutive low @ _,q (B+C) = ABt AC
¢ = AC + B
v Existence of multiplicative fdent.‘ty TA = AT = A (b) (At8) C

v E!emmtahg openalion (Tnansfa):matfan) G'f 6 malaix ' Thene ane Six openations (inansformation) on a
mainix 3 of which due to now and 3 of
due to column , talled Hemenmkg Tnansfonmation .
() The intenchange of any two Hows On two Column .
(HJ The wultiplication of the elements of any  now On column by a mon- Zeno number.
() The oaddition to the elements of ang how on column, the mhnespandimg elements of any
Othes »ow 0r Column  mulliplied bac any  mon - Zeno numben .

¥ Inventible matnix 9f A s squane matrix of onden wmxn  and if thene exist another squane
matnix B of the same onden such that AB = BA = I,
The A is inventible and B is called invense of A.

v Invense of a squane matnix , if it exists, 5 unique.
f If A and B oane invenlible matnices of the same onden, then (ﬂﬂ)*t 8 A"

¥ Tnvense of a malnix by elementony openations

[et X, A and B be mainices of, the same onden such that X=AB8 . Im onden to apply sequence  of
elementany sow openations on the maixix equation X=AB , we will nppfg Lhese now openations
simultaneously on X and on the finst matnix A of the product on RHS.

Similarly , in onder to apply a sequence of E!Ementany column openations on matnix eq.

X= AB , we will upply , these openations sfmuftanenusl& on X aend on second matnix B of the product

AB on RHS.
In view of the above discussion, we conclude that if A is o matnix suth that A~ exists,



then to find A using elpmentamt now opexations, wuite A:TA and apply sequence of now
openation on A= TIA lill we get, T= BA . The matrix B will be the invense of A. Similanly,

if we wish to find A using column openations , then wxite A=AI and apply a sequence of

column openations on A = AL till we get, I=A8B.

v Remank In case, aftex upp!w'ng, one oh mone e!ementang now (column) openations on A=IA ( A= AI)

if we obtain all zemos (n one on mone nows of the mathix A on LHS. then A" does not

exist.



Detesminants

< Detenminant : To eveny  squane matnix A = [agl of onden m, we can assocate a mo. ( neal
on complex) called detexminant of the squane wmatnix A, where aj = (h{;)”‘ element of A.
Oenoted as : on
¥ Detenminant of matsix of onden one « let A = (0] be the malnix of orden L, then detenminant
of A is defined to be equal to a.

. . _ a, Q B,

v Detenminant of matsix of onden 2X2 « (el A = i 712 = det(d) = Al = A - 1 12
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" Detesminant of matnix of onden 3X3 ¢ [et A = | Uy Oy Oy
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Note : () Fox matxnix A, Al is nead as detenminant of A and not modulus of A
(i) Only squane matnices have detexminants.

v Propenties of Detexminants

() The value of the detenminant nemains unchanged if its sows and columns intenchanged.
(ll) If any two  snows (ow columns) of a detexminant ame intemchanged , then sign  of detenminant
changes_

[ifl') If any two snows (ox columns) of a detexminant ame identical , then value of detexminant
1S Zeno.

(W) If each element of a sow (ox a column) of a detexminant s multiplied by a constant k,
then (ts value gets multiplied b:ag_ K.

V) If some on all elements of a now ox column of o detenminant is expressed sum of two
(ox mowe) tewms, then the detemminant can be expunessed as sum of two (o mone) detexminants.

(vi) If , to each element of any siow ox column of a detesminant, the equimultiple of conxesponding
elements of othen sow (ox column) awe added , then the value of detexminant %emains the same
-e. the value of detexminant nemains same if we apply the opewation %, = ®;+kR; on (= C+ k(.

v Anea of Tuiangle * Anea of Tniangle with ventices (x,,g,),('x,,gl) and (:rj,#,J is,

a1 |% 4 !
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Note -

() Axea is a positive quantity , we alwa?s take the absolute value of A.

(ii} If Anea 13 gr‘uen, use both positive and negutwe values of the detenminant fon caleulation.
(i) The axea of the tuiangle fonmed by  thuee collinear points (5 zesno.



"/ Minons : Minon Of an element aj; of the |Al {s detenminant obtained bg del!’it'mg " mow

: th ;
and j™ column and is denoted by ~ minnon of 0,

v : : - = '
¥ Cofactons : C(ofacton of an element Qt denoted by (s defined by Ajj (-1) @

¥ Adjoint of a matniz :The adjoint of a squase wmatmix A - [a;] (s defined as the tnanspose
of the wmmathix fﬁ,}* ],mm. Adjoint of the matnix A denoted b%

@hf cofactox of the element ﬂﬁ_)
{Si‘ngu!an matnix = A squane maixix A is said to be singulan if Al =0

/ Non- Sinqulan matnix - A squane maixix A (s said to be non - sfngu!an i [Al#£0
" Theonem | If A be any given squane matuix of oxden n, then Fl(adjﬂ) = (adjﬂ)ﬂ ={Al]

Y Theowem 2 If A and B one non- singutan matnices of the same oudes , then AB and

| BA ane also non- singulan matnices of the same onden.
¥ Theonem3  |ABI = |Al 18] whene A and B ane squane matxices of same oxden.

v Theonem4 A squane matnix A is (nventible if and only if A is non- singularn matsix.
¥ Consistent system : If system Of equation have Solution (one on mone) exists.
¥ TImcosistent ggstem »3f system has mo solution or solution does Mol exist.

< System of lineax equation using invewse of a matnix -

Considen the equations , 0, + b,, + ¢,z =d, Hene, A=1a b ¢ X =| % and B = d
a,x + by + ¢,z = d, A b G Y ds
a.x + b;ﬂJ' 0,2 ~ 4, G bs C5 s a5
& O ¢ x d,
Then the system of equalions con be wniften as, AX=8 = 0, b | = |4
0; by ¢35 |l 43 ]

CaseI  If A is o non- singular wmalnix, then its invense exists, Now X = A8

Case I If A is a singulan malnix, then |Al=0 (AdjA) B # 0 sol” does not exist (incosistent)
(ﬂdjﬂ)ﬂ =0 mfr'nite!y many sol” on mo sol”
(consistent on inconsistent)
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