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BESIEE]

fedrofiz arafas Wt © foer F owremm F w9 § qeart & tag
T wraE g fa oaw gesuwife & wwfugs ya wfus o wfus qer 71 da1¢
faro, o | Fareat WATERg A O ST 9 2T | formt § v gl | GuT w1
4 QISAT &qTE ¢ | 3F WSTAT F JATaS gqT 7wy M & 5o
aqt 41 w1 fear o <@ § agy Wifew ag difammo sm @ g1 wg owTR
afuaway g @, faxafara@aan aar was ) @1 wgraar & wrw faun
T 1§ WA MR FFA 1 Faren wavew w3 w0 qhi| 133 @
& 1 sfagy fagard 91 HeaTaw g% 39 giol § HedIT SI9 FX @ § )
gafea s v wfe | Wi G FT qEArEST F1 &7 q@nT faray v @y
& afw wrea &y @it Sefos wramn @ oF & afowfos weEEd ®
arerT o3 fey 1 g fagr o oaen

ug gwaF frer waem 2@ Fifad €1 oA aiel jIaE 99 qreEr
A AT TEIT FT ST TGV & | T JEIF HAS A g W T/FT WA qure faar
mat § 1 g9 fazar @ f g g5a® fedy wray i mfeew ot ayge a7y o)
AT WTRTST & WienH & farer 1 98 FA § qgrT fagw gt am
2 f W G@ETT & TH W 7 W T § e fagr S |

hens 3o hilh ~1 0

AT L&,
g faedr | frrerr-want

(iii)



fadta dewew & wiawr

@ EFW A (gt aTw Tafq@) #}1oqER famn a@m goaa,
gfsrafons 337 9T us qur wewy Ayg faar @ &0



WqH IO HT AT

T 99 3 &9 A 44 feefrae), afzwy, slv dsty awart # smafire
TOgHT F FIX TF TET-TEIF T @ 71 39A frar g1 Feefaael ik
Afgrat a¥ afiweg, I e & a LR L fau e g, 39 @ ar ar )
qEETas! & fae sgar what 7 wfow ot F grat F faw segw § ) w11
fraafagara & weqa & fau g § wR & Aol % gfee & @
A& ferar @

qg TF N &Y § @St F fag fot vf § ) A0 gfewe F, faen-
fegrraa & aforg & Weagw 7 FH-J-Fw 1 A Q¥ 97 &Y Sy Tfgd 1 saw
ag 3 s aforq Y fedy s e & 9 faguidl aR st &1 fawqe @
Formrart gy aaTt 7 W @Rt gt &), fadva ag s afor 6y fedy fadie
arvar & faeqa WK famg s+ Syafer & fog s, stemgar s waw< )
ATFITH I9ded JEIHI | 598 & go4 & ¢ quieq avosdt faer et €
fagaFT qa a9 fagamd 1 FR--50 oF fazt wrar £ F19-9978 I
B Sl fip 9% Y =wifge | fFa ik o GEY gEaE) #Y wa i R
N fam o sFor R e dd s 5 v frlr gdems 6
qfora-fr®r 7 WTaaE WRT FE AT 0

rafee, qEra ¥ 8 a8 gwF S|t gl § fee € § ) afeew
.convergence) X fa@t I I gEF FT &1 AX A wEONT
w1 gad wifww fFm & foeat g€y (pure) WX wAwgE@ (applied)
forg & fasafagarag & (a9 F O30T § GTHROGAT  ATATEEAT gy
g S YFUL F A AL W@ AT M I@wl & fag vy
wegaA ¥ agd wiws fauiegda aerw § fag sogaa €

demfra & ufus geaga § awiega F fav gy gew, fomer &
- %l § TEWI & qRTE T AT FHAT G 1 o 5w v f 5w e F Qe
FaEd JET% W At §—4 frAfafad &1 30 €T : wvfe o degw,
o wiw fezfudas; a3 Evwa € graw wawwy;  fewm, siew
oS WR; e, fefden g dfide;  aw, @ i wiw
feafrea, 4feaw qoe (afigan; g O EF, T @I wiw Saifes
afrdw; e, TR T T AEAE Wi wiferw; qiowd, ared g
s (aaf wre’ waiq g T agt ST A A agd & w3

™)



¥ AT ¥) ; aqarss noe Ga, @ikt Wi seame | 7o uiafon § e
fo @Yo fEgzam a1 HoN §, dfewwi o7 fod smew froast da=d’ #1173
®% AT Tg Ufeany 7 qar av, agafq agt A garen Fl F fog gwndr
LEAR &

¥ I0F 7 agA-at am g &1 af & 1 #y favaw @ ¥ qa sreaw
ST E A 7 F 1 ge Ffew A A glar fr A 9w
fagaia (Theory of cquations) #\v faefiwa-w (ecliminants) %
MR F 37 % faar s, av &) wa o7 99 (group) ¥ whwwmm
vaw 4 faar syar, o sear-ian (rumber rings) Hi7  wieel (fields)
®1 gq avg savear 1 ot fr gmafas wwe dsmfoa (abstract algebia)
¥ @d9 9 37 wxa faq w0 e @emes & fag feer af
QH FYE qrr st sogad v ot sifue gt w1 e gt facafagmaa
¥ @Y MIA-GEFT ¥ UF wfuw a1 gafa a7 i, Afaw qu faw7 g fe
afe ANRAT ¥ e f9EE A8 avAT @1 At TAw qent § ot wiww wmw
HEY AT )

giefafa 7 feafa 1 &1, 7w graw a1 35 ww, W fag AT gg@n
€013 oY o glafFerr & qar 2, dromfon o fomd waw arenr qiTaerE
T 9t AT R o sod g waet g ste a7 e e F few @
q 9f 6T £o Fo FTAT ¥ weq qewaT faelt & gy awed T6! %1
931 WYX RO a7 IR0 WY T &7 ST F97 0 3w F1 % f/u, o)
faqiw &7 & 9 warre & faw 4 s wedd arar § e s
IISA-GEIT | § H AAFHT 09T FT G FL G |

A H, wETEA M AZO w1 gfee ¥ ow qew 7 A0 0w wegeew w1g
& fqu & gfaafady $a & s arfeali &1 wwam 3 g 1 (afurat s
) afr F a9 F qzor ¥ A0 S A @ Ay W W woaw W 99
a4 W gAAA T wread e & forawy fwdr afvdra gew o afew ¥
WEO F TAAFAT ZAT 2 )

E2ZHE o, Twgo Yo Uo
FFETE, faara<, 19401

(vi)
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fezfuqe
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1 Feefaeal & wmafae qoas :
2 fezfuse & Syam<for®
3 R feefwdat 1 oraes .
1 AT 7 g9 T I faeare
s agfaa N7 fara-aufag feefaqe

L LU |
wlea
o afearard s sTafaE qorus
7 gafaq dfeaw
s frdt Afeam 71 %9
o #feaqi & ggard fezfaqz

wrr I

TFATAT IR JfAET T
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qwr I
gfma ANz : feeindezl (Determinants) 9T Weqm
af=g A

1. &A1 (Number)
gyfas domfua &1 wivfas gaafng &71€ uvr aur €9 §grm
AFAT & | SO 3w g7 quiwi (positive integers) & & weanw fwmy
wETR 1,2, 3 .., W §EaTd £ | gH 99wl ar arg grn foeg &wm
Q¥ % X T—AF A 721 F¥ d=a1 x & M afe x T8 34 wv waw
a1 §Y g9 aue 9 9 f gea ned g, ;mfw oue 3ar a v awa g, 3%
T B &FQX | I HeAwA F x WO HAAT I AT g1 qFAr S | AG & 90
dearst T gAaT W Y aEar ¢ | M fET, ag #1% W awafa® dwar (real
number) g FdT §—18 a8 34 WX ~} F g af¥w7g (rational) F
M x WX V3 F aE waf@y (irrational) 1 WX mad: gfaeamr
e’ (quadratic equations) FY g9 I §RY X UF  @lEww HEa
(complex number) &Y SITAT § I« ST €F 2+ 3i AT & ATAT § |
X GEF F YAR FY g% qxa] aafaw dr @) waay § Wi afeaw
Wt gw a8 "1 A9 € fF orew #) gaEy of v £ gemar & an-
YA WA ] 9T 99 I fAawl F7 wegga fram @ o kA qemwl & a0y,
IR, AUATYTATTH AT AL
2. &&ar fT (Number rings)
0,41, +2,... . (1)
weal ¥ gy (set) q¥ fa=wrw aifqw o @7 ww @ifegr, s
Aeard (1) # & ¥ g€ w% N d@@rd § 1 A9, r1+4s, r—8, X8
seqrd AY (1) F g1 913 ¢ AR s uF & deur A TAifa w3 ar faw-fas
qsaral w1 )
F9=99 (1) %7 gg quad (property) HEUTH! % W°¥ wvwal ¥
W faerar & 1 S3rgomd, afz 2 W b owgsww (1) ¥ A &
a+bys, (2)
N ag A o geml § O F@) g g W oafk 1 AT s
ag=ag (2) § ¥ A r+s, r—s AT rxs oY 399 FT | e ¥ QA
TR ATy AT F) Fwra) w1 o wga g



3. |Eqn HieY (Number fields)

3.1, gemrsl ¥ 39 "q==w 9% fa=x Fifog A oqur p/q &
7 X! AT GEAT T AT E T p M QI (1) FH § U q T
T vt —

wrdr afcaa-areafar-geama a1 =g (3)

A Afa 0 9 s ITgA (3) H ¥ v gl e g ufTs W
TG & aT rts, r—s, rxs, r+s ATA qEAT@ (3) ® RN AR
r " s 0 g ger wt gAfad w3 av fra-faw st w0

g d geardt & wree (field) F1 weror &1 @g qoeH fafuw
F+q grvaa) & ufafea faeafafas aqsagi 7 gar g - —

ey i el 7 aNeay,; (4)
gaey (afcrg a1 gafcag) avefas seamal #1 g1 (s)
P+QV'3 F &7 It AaET gEATAT 71 TG, gl

pER gt (3) &\ (6)

7ReTT (4), (5) WX (6) ¥ ¥ 74T ¥ TF Fe® AT |

afcwar -—arafas swaan affs deqel & on ageew AT dEnEt
FT UF GET QA7 AT aq wg W § 9« s, 1—s,
rXs, 1+s Wt 3@ awsaw ¥ @ fAew q oA s fag
Y g aw s QA AL |
73 a1 23 ar § fF agew (1) A drew A ¢ w0fE agafy
g8 1 WX 2 999 § 9T §EuT 4 999 A4l & |
3.2, X9 9ET% & AuFa< qredl # g@ 917 ¥ Feqar F @ £ §
fir arar fanefaret gt & 0F wer F waA @ gwn; @y fame
HIT FA-/T AT T AETITA TG |
qEF & WY & 9§ 39 909 9T qfuF AR @ 17 wrawwar g
Y @z ¥ g7 weardl & gAY F7 A 4g 0 fr 9w gara Ay af el
gfward (operations ) H&TraY & frd) fa gu Fres F st ) a1 G awA
L
a0 Srafa® A § gaTa o4y geqrel ¥ ) diee ¥ Fam afeamn
XA a1 qr5F FY gai fafga feard ¥ wama sy § g



4. ﬁF{ﬁ ( Matrices )

I waar @79, m 0 ST F 99 g9 ® f9ew m &t
(columns) Far n dffal (rows) =t @xforgt (arrays) & Y& mav
Y, dfeew 39 & | 39 9FR fawAfefaa oF dfgag §

a;, a3 . . 3m
851 LAWY . . 3m

aff m=nFN A A @ n Ffe (order) F T dfgww (square
matrix) wg & 1

n #ife 3 el fau gu aw dfewm a1 A=t @i sl § a1ged
(association) waTfaT frar sTaFaT € 1 SwF dfgww § @k m=n
g ot g Faw: freafafea @ ae=d §

811 azz . . 32 & N
an‘ anz . . 3nn

n b
(ii) awamr (form) T I a, xr x5 §,
el 1

oY f& n 9T (variables) X, X3, .., X, ¥ ZfPw 9@
(degree) FT &1
(iii) gfauwardr wwar@ (bilinear form)
T I a,xyd
T~ pem]

W 209Xy, .., %o AT Y., Yy H 2N

(iv) gwery wwsTa (Hermitian form)
z x g X, Xy ¥,
res] sl
wgt x, WX xs QW @fewm &g (conjugate complex
numbers) § |



(v) frafafes owardt swiadd (linear transformations) ¥—

Xrae I A x, (t:::]’..., n)l
Swm|

Lg==;3‘ ay l,(s=1,. .., 0),

#fewq Wi SO agarQ aHaEl ¥ faquial 1 www § awr wfs
qau g1 o fagaid & & 91 AR 9T @ 9FR Segd wT: w1 |
feefadz & qoremt 1 faarrr; w1 & feart & omforg #71 fasfea avi )
fezfadel & fawg & forel somor WAt freed Y sraeaar @13 9 Wi 1
w1 gt garar Wt 2 fear smoa; wwr M1 & ey ag=nd awwal & fagaat
#1 fawrg fear amom )



a1

feeinal & srafas quaw

(Elementary properties of Determinants)
1. &

1.1. ST et & fag gam ag @ foan § fr et ) gfaria
AN qw Fife (order) ¥ feefmadt FMam g1 RN 7 feehfirel &
S & fawy § g0 98 A FIS FouAT A 4T forwh wereaey wgt faay w
qoI T H QO R

fage maredt & wew @ feefavicwdaa (Determinant Notation)
& IGGNT T A Aot F1 TG ar | AfFT UF 9T gE F AT 9T 4g FO
ufas siwfa gar f5 o9 a7 San afoq &1 9 5@F qreT § gar @ |
s fagaial &1 a1 afas fas 71 fasma &) 997 & 5 ame & a8
aforas $@ AU F A G (F 98 T AR A 99 FG v g | AfE gold
a<h, o 7 o=y a7 5w faguia ¥ 5w W &1 sy s gran @
qg QIeT-AT &1 gIaT § | 39 IE% | gH 56 §ifHa AT Y §f q=9t FGT )

1.2. Ifadi o gt wife & feefade—feefadel &t safa &
QI gHwTO (linear equations) F @maw ¥ wfyss ddg &)

7T AT & qEwr

a;x+b;y=0 AR ax+byy=0
X QR y §@rHl F T & G g § | T FA-9-FW F qE g9 §
=T @1 a—
b, (a;x+b,y)—b, (a;x+b,y)=o,
wa: (ayb;—azb;) x=0
T ¥, (a;b,—a,b) y=o0 #R @fau, a;b,—a,b=o.

et a;b,—a,b, feeiHdz &1 F aTq-AT ITEIW §; WM WA
@ feer ST @ —

! a; by
Iazbzl

(1)

9% a,b, F ‘sUT fawi’ (leading diagonal ) Fg¥ & | IfF TaH < dfwrat
(rows) %R 2 &% (columns) § 1 38 ¥FR & feefane &1 ‘Tfada Hife
&1’ arqar ‘2 fe #1 feefame’ Fgr omar &1

5



6

fezfde =1 o o s g1 ag ag fv (1) F afa gw a, WiT by,
a, AT b, T T a1 9 fafrwa (interchange) FTE AT
a,b,—ab, F TYH 9T A
bja,—b,a, NI gEAT |
gt weet A, (1) & W @l &1 e fafwr $39 a0 @ o=
a,b, MT ab;, WTT & § U< 39 AT I°F #H MY fog fadm g g
qq:, WM Afg ded x, y $R z—frafafea afaon #1 agee
F7AT § G FH-Y-FH OF qeqr1 7 & faa 2

a;x+by+cz=o, (2)
a,x+byy+c,z=o, (3)
a;x+byy+cyz=o0, (4)

A, gEYET (3) AT (4) F—
(azb;—a;3b)x—(byc;—bscy)z=0
(asb;—asb,)y—(ca;—c32,)z=0

o ez, adE<r (2) F—

z [31(b2°3 —b3c,)+by(cu3—c3a;)+c(aby—ay bz)] = 0.
z & uriw (coefficient) #1 &q 9FTT WY for@m o1 vaw § - —
a,byc3—a bsc,+azbyc;—abic;+azb e, —azb,c,

A g9 A A THe FGT; A STGE afOnms z A==o0.

zdY w1 ag fa=ray o awar g fF—

xA=0, yA=o0.

R, ¥ x, y MRz@aHaad g e s A=o.
qe|r A F I T qHIC foEd §
| ay by ¢!
} a3 b, o i ,
ia; by c3 |
™ & § @A T Fife 7 ggay 3 Fife #1 feefaqz wgr omar 3
gz a, b, c; ® ‘T fawol’ FFXE |
1.3, SHSF F ATE-AT ZaT & R aft gt ar@ n v F (WA
wforg, Frefafed) n qeeTa T §— ‘
axx+by+...+kiz=o,
ax+byy+ . . . +k,z=o,

......
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at urrwr &7 AT F1% fafase w97 (function) wawg § N waw g
arar & afs & @ fEon 1 X, ¥,. .., 2 & FH AW (values) Hgse £
& S &9 UF 919 €7 g AR g | gR QT H wiE g1t & fF et & xw
KA FT GAHAT & {0 g7 FITA 38 TH THFE F A §——

PN b, -k
. & by k;
! . . .

i

| a, b, . . ky

W ® 7 § §99 & n Fife (order n) F1 feefaqe Fgr smuwn iz
ayby- .kn &1 7w faFwor #3719 1.2 & gfada Fife & feefwqz & sqgm
¥ ga qdm wife w1 feefaaz s fear ar)

ot #ife & feefwde & sTiw & g =&t 9717 g9 wife *7 fexfn-
qZ I H TEHA & | WL 3@ AW F Feaed? n Kifz F fezfoqe #7 ofc-
AT 9T T &FA § | AfwT 35wt wd 7g 7€ & 5 ofons aumy w1 o
oF AT &1 gw woAy afoner & fau gadr Qfq w1 ngaee #39%)

gn Tgw g Fife ¥ feefmqer ¥ g9 fadiw wuant &1 gemga <
a1 fwTn Fife 3 fezfade At aformr sa a0 A & e T oy et oy
wife % fezfaaz & 0= &1 & 91 o7 §F |
1.4. afremt a3 Miz—n Fifz F fezfodqz 1 afiwmer 7€ se &
& a7 gt § agafy 97 ga afonest &7 frww ur @ gar o fom
aiF & aforar gw 37 oud fadwar o) € f ag MM F g &
g% aforramt & 3 @7 o’ § WX safay gEd gEw § q ) 9
FLAAT

1.5. qaty wife & feafasal & qoew—star gad §1.2 & 2 g,

frefadz= Coar byo¢
‘ az b2 Cy
a; by ¢ I
Y @ WF fom gva § —
+a,byc;—a byc, +a,byc, —a,b cs+asb e, —asb,e, (1)

frfafeq qea (facts) vw SF ¥ @a: fagy (self-evident) wlx
T g -
(I) sa=9% (1) *T &9
Z4aber & gwHT T L,
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M AT, s WT L, G EaTEd aAHI Y 1, 2, 3 ATfe A R e H
Y ¢ T & Wi zad el Y g2 Y gEfa (repetition) AEY g

(11) semr faot & 97 a; by ¢; & a0 fag (walq +) Fmrd )

(1) star gfada #ife & feefade & gar &, (Rfew § 1. 2) afe
sysaF (1) # "a wamEt o gt W & mard F7 fafrw w1 fean s
&Y Y TES ary 9% & AT 1 § SfwA T QU< ST FW g g g WY
9% fag faoda €3 §1

gereomd, afe (1) & a AT b &1 fafwat Fv fean oo @y &w
freafafaa sass® s grar & |

+bya,c3—ba3¢,+b,a;¢, —bya c;+ byayc, —baasey,

wd qgagrg @ (1) & & w0 g & A fag i farda &1
2. ngifzs & feetmaz

2.1. gow Fife & feefome & g (§ 1.5 7) & wf@md qo-
a9 3| | wa g9 n Fife F feefudz £ afomar &7

qfcamar——fezinae Ap=| 4 b, ok
| a2 b, ik (1)
i an bn . . jn kn

a,b, ... k[a¥&arwd a, a,..a,; "l ¥ ] mfz o1 9 weF @
it feafafea @ afadai (conditions) &1 @ FaT & -
(1) == == 1 &9 fafafas sF ar g —
Z4a bs...ky (2)
SRS, ..., 0 e F N wwnfag a0+t ¥ 1, 2,...,n
wifg AT fat fadiw 9 7 37 92 ar grar &1 Y fa o
9% FY gEfed TG gy ;
(I1) e faot & 92, a, b,. . .k, § owfag @ar &
(1) so i & fag @ e g § fr (2) & o9 Al 92 i
W & o & fafawg ox oY o & a=Ew A W A} ag
TEAT AT TG AT 9% &N AW § ATKA TH I ST T G@A
BT & AR 3 fog farda g sy &1
138 qEa® | a9 TqrAt 9% ‘a Sk b & fafwa’ & awad a, s b, a,
atTh, a, 3T by ..., a2, FT b, F FUUq WAl v wma fafem
simultaneous interchange) & grmw |




9

wht AT A 97 AR fog a8 fagy T araas @ fF s afuersn
¥a,b,. .., k ofe &1 F—T Fa9 UF §— FAF AT 1T | TR
Suafc (proof) =Y famafafes = gex wit & fnfea farar smoasrar &1

9w w—( 1) F @6 & 9 wee a, b, . . ., k wife w weaife
Y o =7 § <faw, S,
...,d,8 a,...p .., q,-- (A)
QW e F fafaaa w9, S fooge e & @ § @, e
fafrma  (Adjacent interchange) #gd & 1| F9Xx (A) & St =W
2 9 M1 W @Y @ p WM g AfwT | 7 Aifog, gAF 9§ m g
ST | 7w, afs g p # fgdt T F FT I EFL, @ m+1 TN
fafrmat & azarq, ag q ¥ S qE AT R AT SATar § | A9 Aifeg, 5w
& q F7 A0 g1 FY M F T JARA F § arm waw fafamal & azang
q 9 &9 9T g F orar @ fr aforw ady Srar g s ww (A) & p WX q
FT T I a8« 4 & gar | ag waear (2m+1) wraw fafay &
qEETE STOT BT § |

o, A dfqe, (2) & g9 gaw fag &1 (2m+1) T afad@m
F & 1 afor ag giar & st oey & fagl 3 awo favd fag @ 3@
& grar 1 fasea ag g fiv afon T & fear g dew sfedg ok sl &
gra= fafaas & @9 gt dgse it a1 ag @ang nad & fedr d
fafma T+ dqse grm

gfafa wor —(1), (1) = (1) Siaddi & Feo gfafa wife F
feefade
a b,
a, b,

FTAM ab,—ab, ;wsTar g1 Fifs, (1) sk (1) &, wm
+a;b,+ab, giaT Tfge #ix 11 & 17w, a #X b ¥ fafewa & fag aw=
s =Tfed | sEETaE s ag gt fF sied ab,+ab, A€ & @war)
qdfm wm—a, W Aifag, fE (1), (1) =i (1) sfydw
(n—1) =iz & ey feefde F1am 70 &7 & fag agfa 1+ (1)
§, feewdz o, 0 oSt 1 wAeaw  (set) § faad a &1 aqew

(sufix) 1%; o= &7 7€ wq=aT § —
a,Z4bg, ... .k (3)

wWd (I) #, An ¥ a0 FA T,
M6CHDte/64—2
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(i) AT—(n—1) @nfaa & A, s, ... ..., , 0 @iz =,
2, 3. ..., ,n e wre frely o # 37 9T o g § qaT I9R
et o7 o2 Y qRaafer g &t o

M () *, A, & AT FA TN
(ii) 92 byes ... kn # g faga @wtw |
#R, waa: (1) 1, Ap T a0 F 97,
(iii) b, ¢, ..., k wfz weri § el @ werdl & fafama & (3)
Fggeami o % faga aaa o g )

#Fifs gAY Tgy UF qfewerar  (hypothesis) ¥ ot F
gfagg— (1), () =T (1) & (n-1) @ife ¥ feefaqe &1 a9 9@
glarar 1@, (2)  F o2 f9ad asToaew 1§ faeafafes @
sFe fovu ST aed -

a b2 Cy kz
b3 C3 . . k3 (' 3a )‘
byc, . .k

oG GATL AT g 7 o & % (1), (1) == (111) sfqeay & (n—1)
Fife & feefade #vafomur drsrardt &, (32) & (2) & 97 @7 o=
F faga A R awd & 57 abyab,,. . ab, wifs &1

wq4 wmi—(2) ¥ afs a # b« fafrwa #¢ & a1, wfaaw (1)
F areor, (2) § gwen fagq @ew oW =g @@ (2) ¥ 3 W
faadt b F1uTaw 12, feafatag @ wohe Fogsmasy g —

——b‘ 4y €y . k2 5
as Cs . k3 ( b)
. . . 3
az ¢, . ky

(3b)37w fafr o= blasct...ke T f;—,rg\;{ (3a) F

Pt 7= abse. . kg 5 fuga ¥ fawda i

b M ¢, ¢ AR d ..., j ARk F amw fafwm & (2)
F1 ®F T TFT7 FT 1T ATEY :—

at bz Cy . . k2 _-bl a C . . kz +Cl Ay b2 .. kz -_
b3 Cy . . k3 a3 C3 . . k3 aj b3 .. k3
bacy, . . ky a, ¢, . . Kk ag bn. . kp
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. ay b2 . . .!.2
Y e R R (1)
ap by . . n

qoR weai 4, afg sfgss — (1), (U) sk (1) & (o-1) #fe &
feeft feefmae #t ofoma sgfada & & (uniquely) & st &y
AT afqeat To e d feefnde ) afomr iy dwa § 1w Jav
& @1 5 § sfass ugfadia w7 & 2 #ife & feefwqe Y afomr 2 &7 &
q¥, I@ATR AW (induction) Fwwr &, 7 el ofr wife ¥ faefw-
Az Fy afoamar o §7F
2.2 fwet a2 7 fag A o FA & g fram—ara fifag, fwfr o
ar bs-- kg Hn ¥ FAEA R fin Fag & 7y awr srqawt
Fra@m Mg, g A= A, qW Afsg oo F amer agt A, sEwor
(inversions) & | TEIEWNY, WF G abycd; AT | FWH FAT
TF HAET QAT & S 4 ¥ W g 9T 4 FA wAr & ) grA AT A
A U9 gg g fF 4 F wmer agt FE@ 1 IowAw g 1 WAl
agt Ap=1. = T, afg n— 1 ¥ F9 2@ 9T n—1 §F I A AA AW
AT F H@T A, § 0 n—1 F AWM THEAW F dew A,
7%, zafz | wm Aifeg,
MAAat At . A =N
T SiIg F1 AAET F ISRANE 37 FA T (total number ) Fgy § ¢
39, af7 n=6, ML IT —
agbscdeeyfs, (s)
gal,  Ae= 2, FF 1 AR 57T 6F a® AAE |
As= 0, FNF 5FFAFE N AqET 53 A A& wraw |
Ae=3, FfF 3,2, 1 57T 4%arrq' o E
i}ﬁ‘(i’!ﬁﬂaﬂ'(, A=2, A2=1, ,{=0
HqUd SORNU A1 EA e g
2+ 3+ 2+ 1=8.
afs abg. ke 7 n F WG A, IHAT F A 1, 2,.., p—1
waat & v A et afcad &g fomm, wadt F A, wrew fafr &
ZATA QANFT FUATAT F 0F FA FT AGAT I qRS §, W Fore”v

%waﬁmﬂww,nmaﬁmmmmgl Jgmg, (5)
F =2 g, f FTe gaar £ 77 4 & 2t wAvaw fafrr ;I @
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I 2,4b;0,def 105 HIX agbsc fedies ST G E | FHT FUwTaT F WY
¥ QEIIT H @I 9T agbyc,djesfe ST EITR 1 OTEH 4, 3,2, 1, 5
oifg g sHFN A A g REA F (5) § § #X mgEw 6 AqQ
FoTaT )

g AR, San F Sfow wEy FwEr ST aET g, wwd & A
wres fafawngl ¥ oxamq oa- auiwTeT & W F QAT A AT Y F TR0,
& (n—1) Fiof (n—1)at nqda gaTEaT §; TR

T AT, HeA & A+ A+ . +A, Traw fafsmal & ab,. .k,
abg---ky & waew g wrar g1 () & s, (2) & fad o
ge &1 fagd (1) g, st N (wafa Aj+A+. . +,), oEat &
SRR 7Y T qear § |

2.3. N #7971 TF gal add ¥ Wi Teg fFar 1 eFar § 1

w7 AT, 1<m <n.

gg i u Afsufragabs - ke Am ¥a8 g3 ax o m &
9 A AT FEE T py § 1T s g g fE sy m @
By 98 TAEGT T § TAT F IR AQ@IR | 3HE afOmmeEas, a8 TAF F
WIGE T SORHT T FTROT g1 STaT & f9ad ga N &1 91 a1 Faaha g |
g e g fr—

N=% pm (9
m=1
3. feafadz % quew
3.1. TAT 1. §2.1 W fag gq feefade A, w freafafon ot §
g&iX (expansion) faat @it aFav § |
(i) =(—1)N arbs. . .k,
agt N=r, s, . . . ,0 Fif el & Fewrol o wor dean o

(i) a,| by e . .k | =b[2ayc, . . k I+ ... +
b303..k3 a3C3.-k3'
brc. - . kp! lancn..kn
+(—l)n_lk‘ ay b; P )

a3 by . . j;

& by . . g

| g R gt § 2F faquFTIF )
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SIqT 2. qF fexiaiz & qiv &, ilevdl mc wiaf & fafrag @ W
w1 afexig 7 Nar, waty —

a; by - k| =1]3a a * * an
b, bz b kz bl bz A bn .
a, b, * -k, ky kp - -k,

w7 1 ¥, gfadia feefdz & fimfafad & 99 F @60 § —

Z(—1)™ a1 Bo ks (7)

agt o, B,.., x wife IRGT § fvdy fg99 = & a, b,.., k
a1t el %) €1 TFE FA G AT TAN F SHAAM 0 T g€ar :) M qwe
F@TE |

[afg p, 7T k & a1 71q § Y qumrer § k¥ qgw w anfad
A p, ST TOEON A dear & fof. ..k F k F wNw §; wofe
Tl mA F FeFAo I FT F@T P+ i g1 ]
ga (7) ¥ Bl a3 SqERwmd, (—1)™ by oK, (8)
%) Afsig | o 9T, g7 7@ TmER (product) M 3w 9FR foad § 5
T8 TN FTHT AUATAT F TATT g1 1Y, Ti 56 98 FT € FF T AP
FT AT —
(—1)™ arbs. .j; ko (9)
(8) & py 7R TH ik Fae A § | 97 gfcomeasy, (9)
T p, HE OF g e ¥ ¥ g ax W 0¥ TE AT | T AF
B,y TET O FF A qorATen d At jY¥oew my g afwa agt j ¥ AR A
a1, §EF afonsersy Mn, TEY 0¥ g ) ot ¥ @@ A
aT oy (9) # sud agy midd, searfa ) §2 3 ®Y ST ® @ gY, F&t
g ag fased s asd & fo M, e ¢ Zy, & IFeFTEN &
TUECE Tt N@g (9) 7 wTay} ¥ Sopnvl & F H&aT F) 9% FIA18 )
wa: (7) ) gw gu TARof foa g5 g
Z(—1)Mabs. . . .k,

e (7) 9 feg gu gey feefmde =1 wa am
AT 1 M A H @Y, g9 I3 3@ qHG § fF gy Iy feefmAT v
Cfr s g g 1 gal weEl F, waw o) gfad feefade oF &) sEww
) yHE FQ@ § | AR T g, wwg 2 fagg @ amar
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a3 &—fwg"iﬂﬁhﬁ,mfﬁ'@ﬁ'iﬁaﬁ%ﬁfmﬁm
*® AT F aft afcad &Y o § A feefadz 1t —1 @ T AT I E I &0
A, Frafoarr § fag ge X whey Fagese qamarg fe
fed) ot @ wl ¥ fafieg @, ol frel Y @ sl & fafrg @,
feefade 3 wra &, feefide #1 —1 o ax X & @ qfcadw @
AT 1
i 2 ¥, fredl <vafat 3 fafa @ o feefade Fma s
oy afcaRer g e |
IIFHT  (corollary)—afx fret wiw (s dfewr) ®, AW
fafrerdi & zaw, wweear (even number) &R (¥, A, AR, If)
waw vor & gat fan shg at feefree & a @ A8 siaT Al a3an, Se—
ay by ¢ dy| = |¢g 3y b d,
a, by ¢ dzl c, a; b, d;
a; by c; ds c; a; by di
ag by ¢4 dg ¢, a4 by dg

a¥y, afy fed ww (swar dfim) w faww @e@t (odd number)
AT T FE AW A IS A H—1 § o7 T A & qWW
afcaq @ wmar g

FICFIMEW HFabedFcabd Fam 3 fag € wraw
fafmg smaws & ; bR c¥ fafmw ¥ acbd fiFr a Ak ¢

¥ fafma ¥ cabd wr g, fox YO F1a@ oF )

3. 11. FHT 1 H ZER AT FAT FT ‘TEAT o F @ F A ¥ g Svar
& 1wy 39 fou o IuwHT & Freer, T g &1 sy Rt W@ aew o
A W g gFar § | STEOME—

a; bycodi | = | a; bycyds
a; by c; d a; by ¢ d;
as b3 C3 d3 a, bz Cy dz
a4 by ¢4 d, a, by ¢4 dy

o1z, gai feefade =1 ey gge dfim & afe yaea A gadad §
agen feefae frmfafas & awex amar g

a3 | by ¢ dy | —bs| a; ¢ dy |+ec3 2, by dy |[—dy| 3y by ¢ -
b, c; d, a; ¢ d; a, b, d; 2, b ¢, |
by c4 dy a, ¢4 dy ay by dy a4 by ¢,
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ZHY A1, gg feefaqe Y ¥t go a<g ¥ feararasarg —

—ay| by ¢ dy | +by 2, ¢ dy |—cy) 3, by dy |+dy| 3, by ¢
b3 C3 d3 az C3 d3 a3 b3 d3 a, b3 C3
b4 Cs d4 a4 C4 d4 ag b4 d4 e b4 Cq

THT 2 F TGN F 7 oY W T & fr feefade Iam A aa ot a1
qfcade 78 giar afe gr &l wrdfegl ¥, AR dfraal sraa § aga §
FaeT areqd ag g v feefaae o1 ou% was <9 & yox fer o
g&ar g |

gai e (§1) § g o g A Ay ==t F9 0

3.2. AT 4 —afs uw feefadz & 18 @ @w, o1 @ e,
afes (identical) & & feefae w1 7 sra T 0

FAGF, TaT T T IT Y &Y et gt @ fafagg @ sad e
# F1§ siaT A% agar | @few w3 @ 3@ AR # fafrwa @ feefade
F AT —1 F 0T FI 37 5 AW 9f@dT g s anfge 1 waiq, afz
qgR SFET A X AT d FF —X UM | [T, Xx= —X, qT 2x=0.

THY s——afs fret @ (ot dfe) & sew s (element)
N K & 7o < faar strg At feefusiz & A & Wt K & qyom g s €10
T gH IFQIYT & G UF STHT F24, [MifF
T4+Kab,. . ke=K Ztabs.. .k
3.3 TAT 6—n afr w1} feefade, R,
a+0; by 4+, - - ki+k,
ata, by +B; - - Ktk

aga, +b,+By - - kntkn

A feffTdam I TE T g Al 8% ©@W & 0%

AAT T, AW 3@ e 2" Faw-fam [adal & ag o oawd
g & g,

a;+0, b, +B, ’
a+a; by+P,
freafafas ar fezfaeet & am & @ § —

|albla l%ﬂn,, 'albxl, “1131
a; b, a, B, o, b, e, B,




16

ag ¥t ofoyar & wee @ amar ; wife

Z+(a+a,) (bs+Bs).. (ke+ke)
R BT 2" gFweH F Aomfudiy AT g9 FI HA & A TAF H®
¥y a1 oY UF-UF 98 AFT 99 §FA § |

3.4, TAT 7—alx fedli edw (waar dfi) ® seds waaa & fedt
3@l W (Waan 9{#q) & @nq Wawy (corresponding element) FT HYE
®aT-oA  (constant multiple) WgT wraar Wy famr wg A feetade
& A § WIS AL T A@AT | ITEIOA,

a, by ¢ | =]a-tAb b ¢
a, b, ¢ a,+Ab, b, ¢,
a3 by ¢ a3+Ab; by ¢

SIfci—aat & fow §2.1 & femgm feefme A, sfC
A A, A, F QX FOE-HAT AT F FA xHRy § | g8 W AW
d@ifrg, fs A, ww Qar feefade 39t A, Fx @9 F w35 waua
Xe FEA qTX, +Ayr @Y Iared gary, gt A o r QAT q@R
w@WaT
oE, IAT 1 q§—

A;,:"—Z(— I)Natbs. . .(Xu—}-lyu) .. .yt. . .ke

= 1 ag by .x, .y . ki 4+ Ja b Ay Loy Ky
aa b, . x.v . k { a, b, . Ay, . y,. k,
an bp . x, . yn . ky | a, by . A¥n - Yn- kn

afeq, a9 ¥ gou feefaqe 7o § wifs, w99 5 &, 98 F W
feefaqz 1 A a7 @ forgd Y sdw oF g Fafww § 1 9@ Ap'= Ag-

THT 7 % ITIHA——HT 7 57 e #3F SEHT F% €9 § Fg0
W AFAT § SAELATH, WAT 7 F IqUea”. HATAWT (application) ¥
freafafaa « fagy fear o awar g - —

firedi feefiqe & wedw W (waan fi) & avadl (subsequent)
watq oA wawl (waan dfsaal) & feavaoe e 39 o) W feefie
® W7 § B A A0 ggar; a9,

ay b| Cy = al—!-Xer—lCl bl—{—ucl Cy
a, b, o a,+Aby+ue, bytoe, ¢
a3 by ¢ az-+Abstuc; bytues ¢

qIaEt & TAM GT qdad! (preceding) FT &4 9T WY IudEw AT w9

L
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q¥T 7 FT UF AT faE@ 3@ T g—
fod wiw (wwar dfid) & oSl ® ww @ (T i)
] g 3 oo fezladz & aw 7 w1 aaT =gl egan; a9,

a; by ¢, | = , a;+Ab; b; ¢, +Hub,
a, b, ¢, , a,+Ab, b, cy+ kb,
a3 b3 C3 a3+).b3 b3 C3+ llbg,

TAHT FWFA F A 7AF fa@d &1 WA 9weF F AN
o TR # 1% faguia a1 faaw fagifa =€ feg or @9 1 ofEa
g WERd sATA | @ar wifse 5 faar @9-awd @ut e gl
¥ quSil F7 TFGER A Sed ar wTw ¥ feat o @ # gwEe
T 1 gufaT, WA 97 &, 92T 6 #vgfie F @ gy, adwr S A
=ifge 1 8aT 7 #d  frg awT & waifea ofinw A gsQ § gg ew fam-
fafaa STET ¥ @ EFA§ —
afs, A= | a;+Ab; b;+He, c+Va,
a+Ab, b+ He, ¢ +Va, l
a;+Ab; b+ ucs  C3+Va,
WH 9AT 6 F FW Y feaw wEd § —

ta; byc | + | Ab Mey va, [ ;
a, b, ¢, Ab, Hc, va, 1
a; b; ¢3 | Ab; Hc; vag

AT 6 F FRO ) 3y feefade avaFa g @a &, WRT 4 AT s,
¥ RV, FAP TG | 59,
Ab; by ¢
Ab, b, ¢,
Ab, by ¢,
waeawy, A = (1+An)

= 0

a, by ¢ ;
a, by ¢
a3 by ¢

faeqot—fomr @9-fasmy dfaqel & qowl #) owgER A S &R
e 3 oY Afeat Y ot & s aftormeaww SN o8 Ao
freed gmma oy § 1 9T ¥ geEid A & oF gearwid (fallacy) W
g aTa g s A = 0 EY ST 21 9 FG TT TFX T AT FFAT ¢ |

‘g W § ¥ O TV H FAIC | gAR AT R WHT FT g
&ifere, oz feg, e it ey e v ) ggFaa Fh=—1,p=1,
V=1, FT ARIT FGTS | FAF 9T g 4 F 3T I F AT A =0
fagg & omar 2 1 =T 3@ NFR FT SUURkad oF qA@ WR waifew
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qfcma &1 fage #) A 1 @H F wma S-E T dfeefaae o
W wafEfad @Y W F ST 0F T8 e 1+A0 & o w R
Y g faasr w3 ]

3.5 a¥m 1—7 & fafww swwat (applications)

AT 7 AR 9D ITANAT & AW F fag gfam wvafe dgw
frfafaa d@¥FaT #T STER F6T—

r'k=In+mr+...+tr,

A g @3 v fr afe gur o uw feefade A, @
Y gw SEd F qar feefmqe A’ swdd, s kdff dffm =A,
& agelt ifim w119 + gad dfi FT moaAr 4.4 i dfRr
A7 Y | A TFR F T FT AT T ITAR FA 9 ¢/ =Ac;+Hey+
..+Kc, ERITI

qzATA TF
1. freafafaa &1 a0 sa@ FAC
A=| 87 42 3 —1

45 18 7 4
50 17 3 —5
91 9 6 0

S 0T g9 gt FUATER  SEY uTew Y IAR-gEd aeanca-feeta-
#% (numerical determinants) Tgd FTH FT &Fa (qer FTCM | AR
g9 FA ¥ fau suafera Qfadl w1 aoia I fegeae* AT Ufawm N
AT ——FARAD WE WEAITA (37, 1926) F qf=d wearg # faw
ameT | gEy I feefade #Y Aifc Fw F F aOF sa@ & A qun,
6 Mz ¥ feefade ;Y 5 #ife ¥ feefmaal &, swfe ¥ 4 wife 4,
atfs, mfs, #& @ T @9 § |

afz, ¢ ;==c;— 2c;—C;, C3=C3+3c, A A,

A= 0 42 0 —1
2 18 19 4
13 17 —12 ~—5
67 9 6 0

*Whittaker and Robinson’ The Calculus of observations (London, 1926)~
Chapter V,
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(R ig1¥)=—42, 2 19 4] + 2 18
13 . —12 —5 13 17
67 6 0 67 9

Ta Fife F g7 feefaeddl & R F@ ),
A=—42{2(30)— 13(— 24)+ 67(—95+48)} +

19 l
—12
6|

+ {2(102+108)—13(108—171)+67(—216—323)},

Eucll
2. fage Ffsg fo—
1 1 1| =@-B)P—-r)(r—0).
a B v
By yo of
!Tﬁ', C'2=(‘Q‘—'Ci, C'3==C3-—-C2,
a fear g feefade = | 1 0 0
a p-a y-B
By v(a-B) a(B-v)

A, W49 1 W1 5 ¥=(a-B) (B-) l -1 —1 ,
Y

= (a-B) (B-7) (v-0)
[feeqoit—ng fecfudz, aor @ STmEEl ¥ MQ o9

fezfome,

d9%« TG (Remainder theorem) %Y GgmaaT & &Yer gt forg o @+

gragt 38 1-3 F fag v FArgfee @ wwg ]

3. fagm Ffsg—
A= o (e-By (a-v) (a3 ) =o.
(-2 o (B-Y) (B-5)
(Y-“gz (r-By> o (v-9) /
(6-a)* (5-)> (3-v)* o
feefrdal ¥ o (¥few, wemaEst =X, 2) B @A
g A fr o fen g feefade ‘e e @ it
feefadel #1 quase & fd ¥vds § & @W Faw T4l
31 Aot gt gE TN 7 WOF WA F & F @
v, afg,
ry=n—1, WM, /75,0, F ¥ (a—p) A wEAA
ry=r,— Ty SR, & (B—y) A 5w FT faar o,
Uyemry—r, WX 'y §Y  (y—a) Y wewr 2 faar 9,

F qwT
TR ¥
I T

fe =g,
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&, AV(E—B) ¢—v) (D)

—a+f - a+B—2y  04p-29 .
= | Bt+y-20 B4y B~y B+y—28

y+8-20 y+8-2B —Y+48 y-8

(6-0)? (8-p)? (-7 0

gH, afs ¢’ |=c;—¢;, ¢h=Cp—c;, C'3=C3—c4 AT (B"G),
(y—B) =T (8—v) @St &1 = F faar sy @ gEET ®9 GE@T QY
ST g -—

(B—a) (v—B) (6—7)| 2 2 2 @a4p—25
2 2 2 B+y—25

2 2 2 y—3

20—0-f  25-B-y -y 0

g afaw fezfadz # afe,

r'y=I—1p I')==I,—T;

faar <Q @ g9ST 9 QET @) Sarg —

(0] 0 0 a—y |,

] ] 0 B—s

2 2 2 ¥—3d
20—a—B 28=B-y &=y )

TAFT T A(T qgelt dfdq & foFrar o @Y 98 gra @ siar & ity
QT FA 9L, AT wife w7 fezfmme (a—y) F 0T F370 I9H F
dfss @ Fa@ F &

4. fagg *ifeg,
0 (a—B)? (a—v)* | =o0.
(B—a)’ 0 (B—v)?
(y—0)? (v—B) 0
5. fagg  Fifew,
a B v | = (a+B+Y) B—7) (v—) (a—B).
0.2 Bz 'Y‘
B+y y+a a+P
(gaTE—r1'3=r,+r; NFT) |
6. fagw afsw,
1 1 1 1 =0.
o p Y 5

B+y Yy+8  &+a o+P
) a B v
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7. faga Fifa,
0 o2 —p? ?—y? o282 i =0
B2—a? 0 p2—y2 Bz_szl
YP—a?  y2_p? 0 Y2582 !
522 52_'32 5242 0
(TA@—RT 6 FT START FfSQ ) |
8. fagg #ifag,
20 a+B aty atd | =o.
B+a 2B P4y B+
y+a y+B 2y v+4-9
3+a 8+P O+47v 28

9. fagg #few,

' 1 1 1 1 |=(a—B)(a—Y)(a—3d)(B—1)(B—5)y—?).
a B Y o
Byd yda  Saf  aPy

! 0.2 BZ .Y2 82

10. faga Fifsg,

A=]| 0 a b ¢ | =(af—be—cd)2
—a 0 d e
—b —d 0 f
—~c —e —f 0
(z@ feefude &1 amdg & ma frar v v @ afe e qawy
ay bl Cy dl

a, b, ¢, d,
a3 by ¢ d
l a, by ¢ d4
At F 1 ggFr gaK X(— )N arbyed,, @R agt N #T AT § 2.2
F foow ¥ w9 fear STQaT 1SRRI, A & W H STHr gear §
g A 9% W AGH | g § fww wm oA o frafafaa git—
a%f? [a,b,c d; T a1 F1Iw fowar f=ga (—1)2
b%? c2d? fad & waF &7 faga + &nm,

oUF .'.‘.zbgcld3 ﬂﬂ_(
aebf ¥ A 93 {gw a;b,cd,, fomd ¥ weiw w1 P (—1)2 v ]

adfc ¥ @ g3, wdF 7 + fagq, TaT cdbe & q ), WAFH —
faga g
wa: A =a%24b2%?4c2d2— 2aebf+ 2afcd— 2becd.)
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11. fagy Fifswg,
afe A=]0 ¢ b d
C 0 a e
b a o f
d e f o
A A & T EWIT ——

a2d2-b2e2-+c2f2— obcef— 2cafd — 2abde.

12. fagya Fifag s,
0 1 1 1
1 0 22 y* | &7 94K =Zx*—2Ty%2
1 22 o0 x?

1 y2 x2 0
13. fymafafas feefaqz w1 31 &1 & quawa ¥ =7 § aq9q FAfFT—
x-+a b c d I
b x+c d a
c d x+a b ’
d a b X+c f
[@A—a1 GFTE @S x4 a4c4 (b+d) AT uF ghaww

(quadratic) @vs ¥ Fifew | ]
14. afg 4 Ffe & uvF feefudic AT uF @y feefgde A’ 3w
FH qAqAT ST fF—
c'1=c;+ACy, =0+ pucs, cs=c3tvey, ¢ =c,.

a1, faga wfse fo—
A'= (1+Mw)A.

4. fezfwaai & fog W@

§2.1% fru o feefmz A, #1 o8 wuw fawo & gfas
faar a1 wFar & 1 gEwr 9@ (aybyes.. k) ET A fmmamar @

srafas A & gaa gfa: A€ d3aa (double suffix notation)
FTI7ERT FFaT 911 R Q@ gR ESE F1 AT Afuw dfre vy § S
F R & | Iu feeiwqe A, ooy o df|m aur oF w@w #v
TIUT a,g B, T |arg| ¥ TFE FT qHA §

FH-l uF feefame it guFt aget dfi|m & afsm @r qatw

@?ﬂ%’l m (alb2C3..4kn) Y | alb]cl...k. l y g% fear
7 aFar §, AfFT @ ERAT F AR F aedr A @ awdr



23

5. fezfaAal & "17% AFTT (standard types of determinants)

5.1. AN 1 TUAGH : Q&taww (alternants)
9RT 8—feefirie
Ae= | o3 B y3 &
@ P g2 8 ‘
a B v &

11 1 1

TE (B ) (e—Y)N0—8)B—1)(B—0) (y—d) ® FTEI &t &;
nwife s d@ra feetwrde, mafqg (@ 'p°2... 1) feefwde & =g
ge o B, ..., « wfe A & A F TOEN ® FOEE AT 1 T8
= 39 arg ¢ fr @St | quil @ Sagea 3@ | 3@ TR & feefee
Y QHIATE FE g |

N\a & TR F 9 g0 @Q & 7 ag famfafaa ¥ a@ guar
ST qFAT §——

(a) @B, v, 8 =X & 6 7@ % @wuE! g (homogeneous
polynomial ) F¥ Tg, 5= T[OTTF 41 &I ;

(b) o & wufaFaw 3 @ F F-gWITdr agus  (non-homogeneous
polynomial) #¥ dIg, & o F =A@ FIEH P, v, A & F wOw
(function) &Y

9 a=P ¥ qvfeefaaz a7 21 srar & FifF aa suw i wfaw
R E 1 3THT AT A AT, BF o A S ague § 9w o afs awww whg
N 7] fFar stre A, feefade & oF @2 (a—B) BT &Y TFIT F qHl
yagFgraTaFar 2 o, B, v, 5 ° ¥ faFdi div &Y &1 AT A, FT TF &
AT 1 oA

A =K@—B)a—7)(a—8)B—1)B—3)(y—9). (10)

7, UF K &t a, B, v, 88 Taga g1 91fgy, HifF A, @
QT gAY dgIs € Wl a, B, v, 8 F 6 W T §, wa: K uwF
gearers  w=< (numerical constant) 3 1\ AT (10) ¥ afgd
d aPy FTOWF K & AR Ay § a@ 1 81 w3 K=1 o)

As=(@—B)a—7)(a—3)B—1)(B—8Xy—9J)

T Sifeaw TUAER B gwaT § T (e, B, v, 3) ¥ WHE W@ F
N a, B,. ..« WE F HAA F FTH THR P IOFFT F1 (@, B, ..., k)
¥ P FW@ & 1 3H Afow suawE §—

(n—1D+m=2)+.. +1
e g & | feefmme (o' B2 .1) & "@ Y (n— )+(—2)+
A1 T A, AT mad A, 7Y am fre ST e g
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5.2. %% (The circulant)

-
qT 99—
feelmde A= a, a, a3 . . a,
ap a a . . a,,|=I@a+a0 .
r
aQ gy 2, 3 . . ap +.. .+a_m°—
as as ag a,

gt TIREA ®Y 1 & nF qH |7 a?aﬂmmafwmtha&zﬁaz
w! FFT T § )
A Afae, o frafafad n deaEi § 15 oF g8 me—

. . 2km
Wk =CO0S il + i sin 2" k=1, 2,...,n)
n

A afs g &9 ¢, F TIM I UF 77 WA ¢ Qa7 W fF
¢';=c,+wc,+w%cs+.. . o™,
A AFAT FFE FIAT TG IIQ@T,
feag e | @ fF o"=191 afz a,+a0+.. . +a,0™!=a
fad aY g feefade &1 agar @ 4t grmr—
a;42,0+2;0% 4+ . .. +a,0" ! =aq,

an(On+a|(l)+az(l)2+ .. +an_10)n—l =0,
a, 0" +a," a0+, . +a, " '=w,

azm“+a3m“+‘+ .. +anm2n—2+almn —1__ n—la’
5, A feafAe & g & &7 0F @€ a=a,+a,0+. . . +a,0" " A |
qHT 5F FTOT, T A FTH CH @ 21 TgTF o=k (k=1, 2,...,n)
% foe @ gar & foad oo,

n
A=K k1‘1l (@42, o+ . .. +a,o0 ). (11

Taa wfaf, K g7 93 & @y g aifgy, Fifs A a9
ay, a,...,2, 90 # n A& F TEEEr g, WX safag, 98 oF
"gemers 7= grm, (1) & QA1 oeff & a] F oisl 7 qam F@ 93
& 3@ § f& K=1 % 1
6. faum wT g% FAFAA (Odd and even permutations)

6.1. 1,5,...,0 sfEndemai 1 1. 2,..., n FT TF FAX FgQ
gafeygeud 1,. 2,.. . n R HHFAFAF @I Mg 1,5,...,0
% 1, 2, ..,n FAY FI (pairs) F g fafrmal & e fearan
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THAT § ; ATFA TF THI H F7 F fF7 MF7 § 17 & faw sy fafqua
form wm € ¥ mgfach =€t €19 1 g9 T=l ¥ uF w, wAF faw-faw fafr
F gg FAH ATAT ST GFAT §; IIMGITH, 432615 F, 1234569
freafafes fafrwat $ garo agar s oawar 2

(432615) (132645) (123645) (123465)
132645/, \123645), 123465), \123456)/,
THH 98 gW 1 F1 990 & § w@q g, fevo &1 gfadia waw & w@d g, v
T TF R & Sairea fafmal & ozamq aifen ofoorm s T &
afFq, gqr aiferofom Ry g s ard e fF e e B @ A
74, {6 5 1 9f99 S A, 4 F) 9% & |, fe, wifa; av ag o &Y g

2 fr g Faw sraw fafquai M ErFm A o NT 1 F gaw g F d9
% fow zq g1 TEW FIT —

432615 432165

132165/, 131265/,
ATEAq |, 99T 92F @ o F@w, fafawat & F g =g (sets of inter-
changes), 9" 432615%1 123456 § & AT & FAF TFLH W & |

o, g Ao r, s, ..., 0F0 1, 2, ...,n 7 fFar famw add &
am & fag K fafqaa smazgss @9 & 1 &Y, feefuqz & ofcan 7 faw g
Aray gfaas (f@T, §2.1) F F01, A,=(a; b,...k,) F 99X & 9]
a.b; ... ke FT fag 7 (= D* g1 1 &fww, Jar gafagg a9 &, afa@a L 1T
T F, A, w7 afcarn sxfadg Y sifen ) o1 awod ag gotfe
foret oft a ® a1 arer fag 7 &7 fraio sgfadta ea & g =nfeg . s@
of gggm e r,s,...0 # 1, 2...n, & fafrwat & =g fedt ot =z
§ o (—1) 1 fag T adr gmr | wa:gw FgEka & o, s, 00, 0
1, 2,..,nH a3 ¥ fau ofz o a0+ ¥ fauw (gaaraw) = q
fafamat & smazgwar g & aY e o ad F f faww (srqam &)
Tear 7 fafamaa wrazas &1 )

qEAGTE, TeAF HH=T I 79 fasiy qu F ware aw waan faww F
T A Fe AT aTaTE 1 afe 9ET 1, 2, ..., N F WAEFHN A 919 & forg
aw et & fafraal # srazasar gt & @Y I @ FAT FET AT | gq9F
faudra, afe aras Fad a3 & fav san faww e # fafora sraeas §w

& Y I faww AT FET AT |
M6CHDte/63—3
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6.2. feefide =1 garar fag fawr s ag faga e o7 q@vay § &5
I,8..., 0® 1,2,...,n ¥ M & faq uF faie 0% & afg faew (waan
) den § fafrg srrms R e AN AR aOF F W QT v ¥
faw faww (sroar aw) dear |® & fafawg arawas €9 | Qa1 g9 9T, ¥€
Ifaa S qeEwa Wi i g9 A,=(a, b,...k,) FT afeamar Z-La, b,.. .k,
¥ g foaw feedt oz & fag A &1 97 g9ar W A7 38 a1 9T fade §m
fe sad gadw (suffix) 1, 2,... , n & TOF9IT | § "war faww w9=g
§ 1 feefumei & afomrdd st ag M os swadsr 8
7. RAFAA (Differentiation)

afg ot feefade & oaag fady s x & wow &1, @ IuFT wAFA
woiiw  (differential coefficient) frwfafes Ofs & s famr o
qFar g —
afx A, feefmae a,; b . . Kk l

a, b, . . k ‘i
Y FFE FQT AR A 5qF AT X FFATG Eﬁ,‘:‘—f}— 3 n fezfadal w1
GRS A I oF Gfed (99T @) § gIgEl B AIHAd HEO &
W 1 9T n—1 dfFaE (wgar &@Wl) ¥ magdl 7 $1¢ afad ag e
1T |

IJrgLy,
d|x2x 1
dx | x3 x2 x
x4 x3 x2
= 2x 1 o+ | x2 x 1 x2 x 1
x3 x2 x 3x22x 1 | + x3 x2 x
x4 x3 x2 | x4 x3 x2 4x3 3x2 2x

54 fraw S AT 1 Y agraa & fagy ey o awar ;) s
A=Z(—1)Nab,... ke
forelt UET FY HIHlAT F F v fraAt F1 afs FIT/ 9 A0 &L
a—

dbs K

dA ~ [ dar bk
ax —x=D 1 ax roketar

d
+...+ab,... j.——:{';—
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F4ifF, IS, qg WY e § fF—

E(—pn 2 da' bs.. ko= da,  da,
dx dx
b, . . b,
K. Kk
T, ‘;_A I n feafada} &1 A1 g o & e &Y O ofea F A F
X

aF qfd7 & gIFT TN ¥ § AT 49 n— 1 iffwAt 7§ Aaver § dw
dfemat gdr g )

qEAEAT 3V
1. faga wifsa-
1 By By =] 1 a | =—{aBy)
I 1 yt+o v+l 1 B P
1 otBf a24p? 1 v v

[gAm@—c,=c,—s,c;, ¢3=c;—s;¢; MWT; ot s, =a'+P+r' ]

2. faga ffg—

1 a Py
‘ 1 B ya
1 v aff

= —C((l, ﬁa Y.

3. faga sifo—

1 Bty B+7)? l = {(a, B, 7).
1 y+o (y+o)?
1 oty (@+p) |

4. fagg AfFy 5 999 Ffz #7198 was feefade, o oger
gt waa (i) 1, B+v+95, o2 o® AR (i) 1, a, B2+7*+8% Pro
g 4B 7,8 F FTAEEATY

I W Fefaaal 1 Y fafae it +6(a, B, v, 8) F TqAR R T
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5. {wgw srfeg—

a, a, a3+ - ag |=M@a+aet. .. +ae™),
——an al az AR ar)_l
—an_, —ap a, * * * an
_az .__.a3 .._.u4 . . . al

agf o JATHFT — 1 F n T BT TFE FEAT 2

[fecquit—aax fzu g =%%F &1 Taow’ =o6% (‘skew’ circulant)
FEA S | IUT 4 f20 a0 wobF § AT AT A9 AT 1T Fiforw)

6. faggsifso e on #ife #1 G775 (oot saw dfaaan g——

ay 3.2 a3 cee azn

nFife & T%F (faawr g797 afF T a+ag .y, ay+an,,,. . 7R
2 1) Aarn Fwife & fauw =% (fogar 77 97 a,—a, . a,—a, .
orfz 1) F OIAEHA F FAAL TS |

7. faza ifem o wqd #ife &1 9g =24 fow®r waw dfad a,, a,,
ay, g B, {(@ta) (et a) @ —a @ —a)?y ¥ FwER
gar 2

8. afz, QM) =(x—a)(x—a,). . .(x—ap), ar f&5za FIfmm—

bl - I T T B
1 4 N ap 1 | a ’ Toa, |
Qx | : ‘
aj? S ap? l ajz . - - a2
| (x—ap)t - (x—an)! ai™ . oapt

9. W3 8/ x=y™' W@HL y ¥ @l § A7 Frow wiv fage wfore
fe Hp, ST a, 9,..,a, % p @ A #AAAM (A% (homo-
geneous products) F AW F1 GFe FAT g, fAwmfafaa & awaz
grAT g—

1 . . . 1 = [ . . 1
a : * ! an a, : . . dp
alll-2 a:-2 an-z . . . 32-2
all\+p-l . . . a: +p-1 arl!-l . . . ar‘\‘-l
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10. fagy Fifao—

] 11 1 [ =@E-nNt—o)(e—PB)a+p+Y)
a B v

! B By
[qATq (——Tg AT @S AT 8 FT FEAAT T AT FAFAL ) o, B, ¥ W
fezfade #1 a1d AR &, #T: 997 gAT &S @, B, ¥ § THATA AT ATRY AR
ga# gl QY madl & fafrrr & F1E sia< A8 agar =fay, @it fefuqz
q R 95A d1A @S & (AR |7, 37 TFC & w4y A fafomg & faga
qfeada g1 sar g |

uFiaeF (alternant) {(a, B, v, O) ® &% & IUIF FI&ATT § TWEIX
W gz F1 fagy frar o aFar 2 1 ]

11. fagy Ffsm —
1 1 1 =B—7F—a)(a—B)By+yataP).
;(12 B2 ,YZ
|3 [33 v3
12. @9 #WIT WREd gt & fasant ar ufus #ifc & feemae 7
7 faeare rfsg




[tqa 2
feztaaz & Swam<for® (Minors)

1. gqq Iqarefore  (First minors)

l.l.nﬁﬁ%%ﬁ?AnT— al bl B kl‘
a, b2 . k2
an b, . .k,

7 et waga a, F1 Afw 1 a, fow dfm ok o sy § 8 s9 A
F fe 3 9T n— 1 Fife &1 AN feelaqe goar § 3@ ar &1 ITETF
FEA & | T AAQ & fAg WY @Y wwT ITETiE J1a fRw S oasd €0
TAET Sq I9FIAE FFT TTAT & 4

fet @ mdg r AR s arer & df|El #1 q9r a®mR Db
Tad & AW w9l &1 AT [ 9T n—-2 Fife F1 oY feefame
T 3¥ fadtr Swafors F3d § | g, =99, . .l SeafreT s«
TH & auFAT AfET | TAH SIS F OFH an, B,. .. A THE FAT

An & fFd@r Y @9 wgar 9fid & @ frar smawar g, ([fee
TEAT AT, §3. 11); SIEIONA, TAF T § TE@TL F74 T,

An=a,0i— a0+ . . . +(—1)""" apap, (1)
o1z, afz gfacha 9 & s fFar g, @t —
An=—20,+bB—. . . +(—1)"%kx,. (2)

1.2. I g daa agufa 7 fag 71 & fawa 7 wfus aam Fy smaeear
grat & 1 gfawur & faw ag Sfaa grm & o9 agavet (Co-factors) ¥ gw
qfcag ST F oy aficamsT freafafaa o0& & oo & Sy 8

ggawe ¥ @ead Ay, B,.. K (r=1, 2,...n) gt & f®

A, F1 afs 3% fafire @i & yar fFar smo at —
An=a)A;+2,A,+ ... +anAn
=b;B;+b,B,+...+bnBn
=Kk,K;+kK+ . . . +k K,
30
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A afg A, &1 TR IaF! fafa dfat & fear sean,
An=alAl+b‘B!+ co +k1K|

=anAn+ann+...+ann
qfcaTeT & a8 e @Y 9T § fF oy, B, . . ofe § & Swaww faga
AmINY A, B,,....of sra @ ¥ &
1. 3. et Y fadiw Swaefors & g T 9aT W & ST S
qHAT 2 | IR, I AW F & fAC o C, &1 79 +7, § T —7,,
Mg gfFatgn A, 7 @A Q dfmat &1 fafma s § @,

An—- - az b2 kz
al b’ . . kl
as b3 . . k3
a, b, . .kl
=—a,0,+bf,—C v+ .. -,
FafF ggast 1 afoaraT & ggER —

Ap=aA2+b,By+¢,Co+. . .5
FACAEH,
Co=—1,.
AF; A A g g A s e Dy s A 46,8 ar -9, &w
@Egfd A, 7 afzewdaQdafa st ogardfm e (799 3 1 I9-
qag fEq) qv A, F A T FIE AT AL AT 1 WX FF IF AN gQ

feafwe &7 afz qe= dfeq & yoreHL AT,

Ap=a303—bsBs+c3y7;—d3d3+. . .,
T3, Ap=23A;+b;B;+¢;C3+d;D; 4. . .,
qqd:, D3=—83

1. 4. 799 gearg (§4) 7 @A fa: wq@y g3 (double suffix
notation) & X & aqmar AT | AfT W ITFT FHWT qgf FI AV §1.3 W/
AT ATIAEHT | as | Fa 7796 A, ars F ITATHF F7
(—1)7+*2 e gaT & 1 i, A 9 feafd & (— 1) T g
2 oY r-ff gfdm o1T s-F @ Y frFe & aRawar €

2. g1 Ap=(arb;... . k) T,
An=2,A,+bB,+.. . +kKr (3)
afx g A, oA df|, al, ar by ... ke F T 9T ag bs. . kg
™ E wet s R r faw § ¥R s @@ 1, 2,...n wfx
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werent ¥ ¥ @Y uw g @ feefwAz & a bs...kg W &
[ qfrat @1 it & walq, feefide oo & au@) @1 ST g At
A;, B,.. K, § A, # - iffg & 0¥ ofads § #1% sfaz ) o=t |
Tafan, an feefaqz F I ax, (3) 1 s AT R AT E —
0=aA;+bB.+.. +kK.. (4)

el & fou s T g% ¥, T 9w F7 e wik aform
T fFar S wwar & | 39 fAowst 1 gw q69 & 91 Fg a9 8 |

et afe (a1 &dw) & srmal 1 swA-N9F AgEest & quAES B
g A gt

fatt dfer & srmal w1 feelt gadt dfew & dva agEedt & qUmESl
FT AR TR Fav )

feelt wiw & sramat 1 frel AR TN F G agEeEi @ e
®T dhr T gt )
IIIFT Tl FY EH THT F €T F A F7 TS § |

qAT 1o—fefirte A=(a,b,. . .k, ) 1 forelt Wt cifact svaan =i
| gare fean v awan g ¢ F g famfafes wof § & feft gwe 3
g % § -—
A=arA+bB+...+kK,, (5)
A=xX+%,X5+ . . . +xXp, (6)
agt r (F1AT) 1, 2,....,n onfe dRaRi F A RS g § qww x
TH AW 2, b,. ..k anfe et § @ 915 0w & 1 @ wfafoa—

0=asAr+bBr+ ... + kK, ( 7)
0=y1X;+y.Xo+ .. . +y, X, (8)
T r R s A femEEnT § W 1, 2, ... 0§ S § wmxmk

yQafemawzgsta b, ...,k dMgacd

3. §§ 4-6 W TEATEAT

79 EH I T el W oweqad w3 faas fag dfeww @
‘' (‘rank’ in a matrix) § fafga g wet w1 qwHAT TTIF &Y AT
1 0 faw Fi o w91 ad woamw § A onweh, e = awemi
¥ P ow A T e F @ AT -6 Faw T A A
eI 9 |
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4. F-ONATE QFATE ANEFION FT ATYA——(The solution of
non-homogenous linear equations)

4.1.
ax+byy+ecz=0 E2iEs
a,Xx+by+c,z=0 AHFLOTT HT

X, y, z § THOTE THAM THFHT Fd 2 |
a,x+by=—c, T
a,X-Fby=—c, &1

X, y & H-WHET CHATT THFIT FE § |

4.2. 97 x, y, ..., t % UF 99 g & 2 fF m g@EHIr
ax-tby+ ... +kt=I ( r=1, 2, ..., m )

w9 F FF G 9T AW F GYE F AT A1 IOAT FHH F1 At
(consistent) Fga & 1 afg x, y, ...t F TW FFF AW qWA T &
ar e w1 fqAeh (inconsistent) FEY & | SEERU™, x+y=2,
X—y=0, 3x— 2y=1 HfaQ& & FifF x=1MT y=1 g4 € T
FHIHIOT HYee §1 A & | gEU WY, X+y=2, X—y=10, 3IX—2y=6
faQet &, #ifr x, y ¥ 0¥ ww wwg 7@ 2 a7 a1 afw g3
gl g

4.3.x,y, ..., tuafe n=71 7 faafafas n o-gqadr owu@
gaErt 9T faa fifeg —

ax+by+ ... Fkt=Il (r=1, 2, ...,n). (9)

A Afsw, A=(ab, ... kn) & WX A, B, ... mix A #
a,, by,... wifs & wgavwe § |

T 10 ¥ g9 WA & fF Ta A=A, IbA=0..., z&fqu,
(9) & s@F THFLT KT I OT A, ¥ IO F&F A4 T

AX+0.y+ ...+ 0.t=1, Aj+ ... -+lhAn;

a9, Ax=(1{bycs...... kn), (10)
MATTad ool faa@ 3 Fam@r g
T ww1Y, (9) & YIF GHIEOT 1 IS &Tq B, ¥ T F&E SN
9T

Ay=1;B;+...+1nBa=(a,l,c;. . .kn) (11)
Taarfe Tenf o

STAF0F A (9) F TwHEWH FT dwa AIGAT AT &
F (10), (11) 3R T F HTET FT TR ¥ AT FWATE
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R § T e F1 afs sy {FAT AT &Y 98 T THR GO0 1—

‘A.x 30 fezfade s s @EM A A flaw wmaz ] ™
37§ aman §;

Aysafezaefauatiaiga A §{tb S eamar 1 ™
PR g ;  genfy gl V'f

ST A=0dl (9) F T-aHEARN THFC fadey & W § I qF
f& (10), (11) 701 T & wqeT =7 Aol § qCEA TTH FT HAF
fezfadz g/ 7 &1 s

sq @ o feefidz gra & at (9) ¥ wefiweor faddy o &1 o
& A AaRel 3y : oy o=l g9 ae § F4

5. GRETA! QFETT GHEHTOT FT Q19F (The solution of homo-

gencous linear equations)

THE 11—0F HT990%F # qafeq afqsy [necessary and  sufficient
condition] 7§ & fF x, y,.. ., t wifa n 5 #1 §F =ra, oY @ g A
&1, 39 o fau s o fF - wwET g

arx+by+ ... +krt=0 (r=1,2, ... n) (12)

q9 OF qTA gl YT g1 A1o——
(asb,. .kn) =0 grir |
5.1. SEEqF 7T g 7
am difwe, (12) F @dEor x, y,...t F I AMP ¥
I g4 g A w9 UF 49 & T Ag £ gy o A afww
T A=(a b..kn) @ T A Foa, by, ... Wik ¥ agEe
Ap, Br,... mfg ) (12)%9‘!1&' a'q"rmar‘tw% gUd A, & T
#F& Az AT, oformmeaey, dar §4.3 F ZAT &, Ax=o0. ?H”r YHIT,
Ay=0, Nz=0,. .. At=0. dfF gardY afvweaar & waaTe, XYoo
q ¥ 959 qer JALT g a1 gAY Feal A mﬁsrqag‘r g1 mfaq
A & T EEm

5.2. Qg &Y §?
_wm iy, A=0.

T fret & oot w1 @ 1< 9 et ¥ qrow o @
g1 geafy =91 A 77 fafirrar o § wgeaqy w8 @ |
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5.2.1. 3% Hfafex, o9 999 g« g8 W9 g fd A, 740 &4
foy, (12) F & r=1 a0 THFT FT FF AT n—1 FHHN Y
afe,

bey+cz+ .. . +kt=—arx (r=2, 3,. .., n), (13)
gt and avE & o @1 feefade A 21 79, A FWEIT A, @FCAIT
e faege §4.3 F aOF §—

Ayy=—(ay¢;. . . kn)x=Bx,

Ajz=—(b,a3dy. . . kp)x=C x; mfe-mifa |
safaw, wmr F1 faeafafeq ag==7 (sct of valucs),

x=AE, y=B)§, z=C, E...,
g, &5 0, UF TAT =7 § T AL &l 914 T4 721 &, (7 A, £520,)
AR Fg (13) F qHIFON 1 §Jee FLATE | AfF,
ay Al—-f—bl Bi+...=A=0,

AW, ZafAU ATAT F7T I F9599 IA TS gU ST THIFIO F1 HY HJT2 FaT
g Str=1gm ¥ w@r) 9y gg fagg fromr e 5 g faeey
Fagrge & fauw A=o0 F1 g1 uF 9w wfgaw @ amd A;s< 0 81

afe Aj=0 g A 7 AfFm, F€ AR g747 wErfow Cs g9
TR T3 a M e WA F, X A z AL &, T7 1/ s wae
F fafma & (12) F wfiFoN F d399 (notation) FF-FF aTA
T § AT TH A HIAAE, A, ST 9N 8FFTHF Cs €, T @Y gar
399 aray fawear & f afs A=o g afs A &1 F12 waw sgardfos
TG AT X, ¥,.., t FTHF AT 99 & TN 7T 777 T4 § AR oy
(12) F g gHIFOT §Jcz 21 I E |

5.2.2. I, AT AFTU, A=0 & S A FT Ye&F 599 IUATLOF
it 37 &5 AT 39 F97 4 s feafa a7 fasme Fifso, s ifse, R &
nfas qfFat aar @ arer @ IrErRfug e g1 o g, afsa R afaagt
o &AL T FH-J-FW UF  ITEIROEF  OET § A YA AR FT |
T AT gaat 3 fafqma & §3%q9 F1 39 99 axfaw & R qfwa
FIAT gH qrenr IgarefoF, feefade (aby- - pyy) ® 2, 1 Y97
STRIAF a7 9w | qgt ¢ FuiATAT F7 (R4-1)at 51T )

(12) % ™A 9z femfafes R+ 1 gdFon 9x fa=ne fifaw,
arx-+by+...+eh=0(=1,2,...,R+ 1) (12')
gt A wy=g xy,... & (R+1)F 9T K1 9% Fav 1
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o, IFHeq T & FAR, A'=(a,b,. . epyy) =0 AfFT gy & afz-
FETAT & HIAL A’ Ha; F1 SqarvforF: geg AE g0 | A, §5.21 9,
(12") & gaftw=or a9 "@qee &, 5=

x=A’y, y=B', ,..., A==E/, (14)
agt Ay, By ,... =fs A" 9 a, , b,... wfs & Igardus 2
oY, A0 M o1, afs R4-1<r<n, 2 &y,

arA' +bB' . . . o E
ag feefaqe g it A #ay, by,... & TIT 9T ap, by,... T@ A 4
aET @ HIT R+1 ®ife 1 a8 feefwqz (12) & giwwoi & qorist
¥ 9T §; wACT gAT qfeFeTAT &, TWAT AT IFF EWIT | gEfew,
(14) Famasas (12') a1, afex faeafafes @ 6, d@qcz #7012

arx-+bry+4-... fek=0 (R41<r<n)

AT, (12) F n FHFIT AT A= G AT EH X, y,---, AR (14) FAW
AR gAF FATar (12) FFTaRIFTTA AT TR | 2q8% q9ET, (14) A X
FT AT 77 T80 2 |

5. [T fezfmdz & Iaarfor® (The minors of a zero determinant)
T 12— afz Ao,

. 1-:.—.1,2,..-,11
ArBS——ASBn ArCS_:Aﬂ('l" e (S: ]' 2, PR ,]1).

afs A= o0 g #itz afz, A TS gaw grarfos e ad § Qv r-Fi afa
(av #dw) % mgde st dfs@ (v EAW) & Gg@St & |ETATE!
(proportional) #¥q, srafa,

famafafaa o awrF<n #1 gfam—
ax+byd...+kt=0 (r=1,2,....n). (15)
3 x=A,, y=B,,..., t=K;; & dJez gq &; i, I97 10 7,
4 A +b;B+. .+ K =A=0,
aA+bB 4. +kKi=0 (=2, 3,...n).
o9 I 9 «ifwg fF s & 2, 3,...n, wifs et § 8 uF g w7 few
n—1 frafafeas gdtawi 1 3fEg,
by+cz+... +kt=—ax (r£s).
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AT §4.3 F TOF F AIFL g0 A F & o¥ feefuqe Ay 1 w@sx
Y § fF—

(b,cy- - -kn)y=—(a,c;- - -kn)X,

(bgCa- - +kn)z=—(bjayds. - - kp)x,
nifg-anfe; Tad aag s FE O AT TV g | AR A=A A,

Asy=Bsx, Agz=Cx, ....w;fg1 7 aHFO7 a9 g AN IF

AW ST AT 1 X, y,-.., t WE (15) F THEFCN &1 HIE FT AR
zafau @ aq W 3F W I9

x=A,, y=B, ..., t=K,.
qqng, ASB1=A1B5, ASC,:—-AlCS, e (16)
I7Tfeq T AEY TFT a9 A FOATAT AT FFAT & T gH

x=A, y=B, ..., t=K,

(r5£1) 67 (115) 7 ATGT AT FL FH | ’ITSITI’(SWZIGT‘T‘HTWEF‘@WFHEH‘{T
SJTaT g |

afz w1 Wt 99w JaRfnF gA AT A g A, B=A; B, ™t A, B
| AT T AFA g, T A FA TR AHIFTON F AT 7 FL AV

Ar _ B, _K;

As Be_ ’ ”—Ks. (17)
FfFal F asra @9 9% @@y fFar #v sy ar—

A, A, _ An

B, B, '~ B,’

e wt & fen ot adr fpar grand s w2

qrAEAT T

1. ax-+4by+tcztdt=a" (r=0,1,23),
FEYFN FT gA FH fagy Fem fE
g (0D @70 @) e o (10,123,
a (a— b) (a—c) (a—d)
o ¥ fafwsr =@l & aoriwi FT oA § WFC a, b, ¢, d F
Faafwre (identities) ST &S )
2. afg N ' ahg
hb f
I gf ¢
fiakafs G, F, Cxwaen: A ¥ g, f, ¢ & agave g ar fagy arfong fam
aG24-2hFG+bF24+2¢gGC+-2fFCH-cC2=CA.
[ger@a—aG-+hF4-gC=0, waifg #1 sSTAE Fife)
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3. w9 2 ¥ feay o feefuaz afs o & awa @ at fage Ao fv——
BC==F2, GH=AF,..., O saeaeq, 79 C#£0 g al,

1
a(ax2+2hxy+by?+2gx+2fy+c)=(ax +hy+g)>+ < (Cy—F).

ag +t faqu wifaw fr afz a,. ,h areafas ded gF 5T C &7
(negative) g1 @ A #YT B Y 3§ & g |
[A=bc—f%F=gh—af, zearfs]

4. fagy Fifoe fis 3 &7 o faad #dfa @ (Cartesian
equations)
ax+by+cr=0 (r=1, 2, 3)
gi, #wrHY (concurrent) a1 WHIAX (parallel) 1T afg (a, b, c;)=0 &1

[aea—afiFwot #1 awae) gar faw w7 w97 11 €7 ST
Frfora 1]

5. 7 sfaay A Fifow fF 37 = Faaet 71 oF gafqes afdwa fag
(Finite point) g a&—fsa% swfa gidm o1 §—
arx+bry+crz+d =0 (r=1, 2, 3, 4).
6. faga Fifsy v g7 3 1 wwfrE=w, 9t faw gu & gti—
x2+y24-2g x+2fry+¢,=0 (r=1,2, 3)
#1 &ifasw &1 & (orthogonally) FTear gl—at grm—

x24+y? —x —y 1 l =0.
< 2y f, [
l C g2 f; 1 '
C; g; fy 11

sifaw gEETr F1 59 yFR fafar—

Uoc+gix+fiy gi+x  fi+y
| Ctgx+hy g+x fi4y
i c+gx+fiy  g+x  fi+y

o= fagu Fifaw fF 393 Fegrgm 3@, 99 fag =1 o0 & foad ot
(polars) faT gu 7 awi & arder wTey ghr |

7. fezfude ¥ w7 7 9u sfqeg # wwve Ffag fF T fau g gt =
QT W wifa® @ (orthogonal circle) & &
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1 1 1 1
a B vy x
a2 BZ 72 xz ,
0'3 BB 73 x3 I
®1 @S F UAET F €T F yFe Ffw, A7 fww, feefmaz A x, x2 F
IraTforRl AR @S F UEES § Ox, X2 & quiwt 93 faww w57,
JEATES!T @7 F TqF q9T TS 959 & feefaaz) 71919 qa Ff9w §
9. Wz 8 F faswwt w71 wfgw Fifz & fezfmazl av & fazmz Ffsw )

7. feat feefudz &1 A@E-WET (Laplace’s expansion of a

determinant)
7.1. fg'?.'ﬁTETE' An= ay bl Cy . . kl i
a, b, c, . N
i a, by cn . . ky

F1 39 &7 H g9 fFHar o7 aFar & —

2("‘1)N ar bsCt .. kO (18)
gg @5aq (sum) In dwifqg @@=t &, r,5,..., 0 1, 2,..., n
A frfr sr A 9, o farg ) N @9 r, s,..., 0 F IewAW
(inversions) F Fo =T § |

oiq g9 ag feqmdd fF oqAr qfsani ok @wig A, § 59 oF =4
frmnfafa Y & xg fafoss feafqat &

(18) & 37 o=@ ¥, fad abq & wafF p sk fm q &,
faefafe gwea st @ar & —
apbg (AB)pg="pbgZ +c¢...ke (19
g GFAT L_n—2 gwifag qd&i @, ,....0 &, p AR q F HwawEy,
1, 2,..., n T A, N A@E | (19) & R AN QA w1
Fa vl 9 fafaaa s faar oo &t o o2 faada faga & @y, e
g, #ifE (18) & T H AT ww:, feefude 7Y afcarar &, ar at
+ (AB)pq ST a1 — (AB)pg, n—2 Fife ¥ 97 feefade ¥ T IaT 3
M A, # ¥ @7 AR g WA, qar pAY AW qF dfwat
A 3 $ a2 JuaT 2| 59 feefaqae #1 gud  sowr-faaor (leading
diagonal) ¥ swae A1 W =iforg, g (cdy. . ko) ? 9@t L, u,..

.0, Ffe p M g FHEET, 1, 2,..., n FHWAA G |
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o wfafEa, #ifs (18) § 9@ &1 oF @q=aq ap by (AB)pq T
2oaf a o b ¥ fafiwa ¥ (AB)py & #1% 3ax 7@ ggar, z@faw
fezfaee %1 aficamar & so=r aweag ag g {5 (18) 7 Y o= 7 0F a9
—agbp (ABpq) ¥ & 1| %, (18) (apbg—agbp) (AB)pq T=T FT
UF gH=AG &R0 |

AT g @ I § F  (AB)pg= +(cdu...ky), M7 feefuae
apbq—agb, 1 (aphq) ¥ wEe far o ewar A% T wFR (18) §
# o1 & g gfafafy aw=ag F7 99747 AT gRIr—

-+ (apbq) (cdy...Ky).
g% Hfafed, 1. 2,...n & p. q HEET & § GWIfad
THTF T Y (18) F @7 @i &1 firmw s aFar 21 gufag,
An=Z4(ab,) (cd ...kq)
w2t 3@ §FAT FT p, q F G WA TIRT F FJAAT AT B |

Td ®F § aW & a7 fag A &1 AT oF qfda F18 T8 @ Aqar aaifw
feefade (aby) & st fawor arw 97 apby # wa #1 faga wwwm
o oy faga feefmie (adu.. k) & Fm fawl & 93 cd,.. K,
§ T ) AqeE (18) § AT FIA 9T gH A 2 fF—

An=Z(—1)N (a,by) (ctdu...k¢) (20)
AET—
(1) Fa= 1 p, q & qF [WITAT AT ¥ F90AT 4T 3T,

(i) t, u,.. , 0 3fe, p W7 q F7 GEF, 1, 2, ...n & A FA
7 g
(i) N &% p, q,t,u,....0 § FIEGT T I FT FF deaT g |
HFAT (20) F, A, FT IS TGA & AT AT TG FT AGT 2 1

7.2. § 7.1 § @0 O THIFI A= q7g GHA AH F A% qg AT
9t fera 731 & 5 3387 Q¥ war< § o A fRar s g @ S—
An-=E(—1)" (apbge,) (di...ky), (21)
=Z(—1)" (apbge,ds) (c,. . .ky), (22)
TeaTts, ganfa | 92 Sfua g f& arew @ s fawqa memmw #90
FAT (20), A, ¥ gfadta srareforst & o waw 3 1 e (21),
g STaTduET & 0F JER, AT (22), TGT ITGTHURT ¥ 0F JHIT
g, zanfe-ganfz |

§7.1 &1 fae-fas =91 §, srer-mem ad=) & wegam wig: fearsrar g o
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§7.1. ¥ ga9 A, 1 3°F wIH N @l & v frar ar ) avwa @
ZaeT faegy 1 &Y, ar afa®, =W a7 gt § ym fFar ST asar g1 SIEW
& faw, a WX ¢ qar b #v d F fafawa #3779 @ @ § fF—

Hn= | ¢ dy a b . . k, i .
c; dp a4y by . .ok
¢, 4, a, b, . . . k,

THE TAH Y AT A ATCATE-THIA, A F JAT AL TG A J ATATH-
JUIT &1 G g1 GHAT 7 547 2 |

7.3. frft wrm-ma ® faga wv fraton

Ffadtw weara, §1.4 &, sremE-TER F fFA 0w & faw sugE fae A
F ATEET F AT AAT AT AFAT & feefmiz A= Ja | w1 Wifew
fagar 147 9fF 91 -7 &9 T HIET a g | TEH, sd, qAT S A
(si<s;) w9 & Feema-gAre F1 2fan frwsr =1 41 gram—

Aryqt arn:‘i .
I XA (ry 1ai 51,82) (23)
201 A262 |

&

7el,

(1) A (1,158, 5) 77 fezfade &1 oFz F7r & M A A
AT BT AT SRt 797 5,27 AT 5,-9 @i &1 AFI A &
qIT AT & | AW

(1) &FFF, 1, 1y (r,<ry) ¥ FF Aarfaq a7 T 9T AT

§1.4%, A F @R 7 AT agy 5 7, frafafaad swe @

qFAE —

("“l)rl+51arlsl /_'_\(l';; S]),

@, A (r;8) ag feefadz & st A & rd1 af|@ R 5,9
| F1 fawra 399X T giaT g1 "a, #@ifE, <, "I §,<s,,
AT A, A(rg; ) #FO(r—1)E dfm ok (s,—1)F w@w
Fgrm ) zmfaw A(r; s) IR T 7 % 90 ap,., & faefafaa
& wwe e o w6a §—

—2
(...l)l'z"'sz B2a2 A(fl, T Sy, 32)
M6CHDte/63--4
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FE, A (1125 56 %), A 8) & & & ang, Al dfsa R
T T fAHT W WATT TS | 5 T, famfafggag A F @R "
gur—

( l)rH F218148; arys, AraS; A(fp 181 8;),

o afau, frafafag @ A & ara™-yaT § gRr—

(— l)rl+rz+sl+s2] anSt 4152 |>< AN LT PHE $).

(24)
watq, wene-gaR € fee og @A e faga (—1)o g,
WgloqT & 99w @T ¥ W7 I Ragal & dfgaai s Wi &y
THAT qEATHT FT AT §

{fmmwﬁﬁw%mmﬁ,fmawfﬁafwmgm
&, T, =g, wfz sl & arcerm-sar & fam Wy a3erar § an fFan
AT FFAT 1

LN A28y

7.4. (20)F FEF AT AT TSF 7 Hoeg] A0E AHA {7 & A7 Ad——
{Hﬁﬁu%ﬁmﬁfg&f’ma%fmﬁﬁaﬁ'mﬁmﬂmﬁaﬁ?n|

(l) ‘ Y b] Cy d] 1
! H 2 b2 C" d2 |
Poas by ey dy |
'oas be g dg o
= ]al by X ey dil — '1, by |2 dsy '1] 1‘ ¢ iy (g
‘a2 by |L4 ds s bsl og dy Cy d !
-+ g bzi K¢ dy — g bp_j ;C; dyl -4 E(l3 by vC| d”
d3 bgu Cs d4 4 b4 1Ty d_}' {1'4 b4l f\-2 dz'

(20) & 339 a3 AT [o2 7 78T TR 1 g7H T F70T & oFf & apore-
el & a9, To——
(11b283d4. ('|b3'32d4, a1b4c2d3, e

(24) & Iwiw &, faga g9 &7 4 4 F—

(___1)1+2+|+2’ (___1)1+3+1+2' (_‘__])H—4+HZ” N

(u) a;, b o dy ¢ ! =+ =~ (arhs) (codjey).
0 0 c2 dy ey
0 0 c3 dy e3:
0 0 C4 d4 Cq !
4s bs cs ds c¢s5

gt faga (—1)' " gt (24) F swEw ¥ qEry aqrem
ARSET LI
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| 0
0
A= (1bses),
1
gl

- - <3
As

<1
C2
C3
Cs

0

by
5
b4
by
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2
3 A3A]t
Al—
3 A
Ax+

== Al 2

[
¢y
Ca !
€3
Ca i
Cq

oz Al
L
a4b,C;)

Y, A = (b

¢ b4cl )y L.

(A

N2 (
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a1 feimaal &1 Tomes

1. §%FA (summation) F1 qfTatat
TF &3 qfOTET FTH G99 ¥ I 97 @Y 2 5 0w e 99,

n
I ab, (D

F1 FIFA UF TF AT TF FFAT 7 F947 2, FA
ar by. (2)
qfzniz. 78 & fF 97 71 amieas  maEa (literal suffix) feedy o2 &
AR AT &, FHFTC (1) § r A7 @1 &, A1 98 AHAT 9=, I9 §F 9&y
F GFAT AT AN K TET W AT r HT fafqe 1A 39 a4 &
ag afardt at @ g1 & 5 arew §IW § wway ¥ fafas amt F afay
(range) &1 STHAT E1 1 AW B AT 991 & fAU g ag AA w9 & fF

@ AT F AL AT OEL L, 2,0.., 0 F

g a7, ey & g HI 3ETEI Af 2—

n

ars Xs Y apXs  ® TES FTAT 7, (3)
s~}
17] N
arj bjs , L oabj, FIFT AT L (4)
y—1
n 1
Qs Xr X, . % b g X, Xg  HT TFE FIAT (5)

re=1 s 1

sfaw sxETor @ v W7 s A FT & Al et safan SFEa | dml
& gryer e s

TH 97, ATLATL AT 1 Ty F1 q74: ‘A% F7qy’ (Dummy  suffix)
F2d &1 g uF frored ava & fr ag ame ow 0¥ e &gy, fewd
afeafa #wiw IvAw A dwed #7 aey fasaar g1 graifE @ ad §
EHFT AW I A9 T fFa7 AT 1 AfF 98 T OF aRE ¥ SR
Y @gT 7 "HaT § FIF aEqa | gfiF (symbol) 1 wF T W@ WX

44
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i 7Y g i aY-ar wer, o afvdy’ § o @ ; SsE & fag

a X, AT agj Xj

AT ¥ uw @ ad fawaar § 1 997, T 9 an X+ amXe+ .- Fag X
F YFE T 21

qg ATAT AT AR AEN AT Aq57 qA&AG (Free Suffis) Fgamam g
HFaq FY afardr

ArsXg (6)

q FAT AT IA AFA AAF T T4 AT BmA ¢ @ Wi faag @ afew
AR g I 0 AFH & oF gtafafy ar @y qeg A @ & s faew-
farfaa g1

-Zla“xS (r=1, 2, ..., n)
=

W, (6) d,rxfanageqarsmasmg f& ag1, 2, ..., n §9
firefl 3 U A A A & o @ cadd 8, A9 8 gt ag aved A8 @
f 50 93 & A9 F7 H< aFa a7 @ g )

T af R # 59 9fvaTel 1 STENT R n UFET asraen (linear
equations) F qeq ¥ UFATA wqraewi (transformations) & foy
¥ |

2. x (i==1, 2, ..., n)ATTEn T4 &1 g7 fqw=fafaqd n oFgET
At #1 2fE,

ag Xi (t="1, 2, «--, n) (7)
9T g, X; ¥ aqq bXs (i=1, 2, ..., n) F T § HAT, FT gH
xi=bj, X, (i=1,2,..,n) (8)

a1 gfaeyqrad  (substitution) FXF &, At (7) F wHEE W I
A AW §—

anbigXs (=1, 2, ..., n). (9)

aq, farafafag n gfEon & far—
CrsX5=0, (10)
@@,  Cs==aybis (11)

-M'T‘%}t;ﬁ;r%;aﬁq&qrgﬁaﬁmmqz‘fwaﬁtwfgr{ﬁ?mﬁaﬁega
et g Frd e ag (0% ) A X W o
F2\
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afz feefaaz | | cs | =0 @ (10), w7 11 9, X (i=1,2,..-,n)
¥ WAl & 39 g9 § GgeE T & 9 g g A T A9 & | AfF, Xi
w (10) F THFCN FI qP F7F § ar garv o9 fafafaa n aiwo
gl W & —
arj Xj==arj bjs Xs=¢X4:= 0, (12)
o g,
Tvar wie & x; T E,
m feefadz |ag | @ d; (99 118)
qgel & H, n FHEF by X =0
X, & A & 99 GG § A 510 § A TGN WA A G §; WA
| b | = 0.
o, afs | es| =0 @ |ag| @ |by] feefamer
¥ W'QW@W%\'w'zlcrs!'mlaribisla%ﬁﬁn
HIAFTTET bl (=b's) & n o7 %7, MY 07T G&a giar & fF—
b Crs Izklarsf X b !, (13)

E-7}

gtk FTHE a AR b & 7HT ¥ wada & | 99 fagia feafa 7 @ a =0,
OR &4, 1948, dre =1, 097 d%d g § fF—

!crslzlars! X !brs'- (14)

FIX Y g Far AT § 7y (14) ¥ fafeq v Ageaqer www 1 avaw R
&ar & agrfa ot ITufea a8 @y 91 aFar | W 9feeE # g I YWY
# A Suwfeat [ zAw & gEd wwE ofas ave 2 A ag @) fafea
& & fr 78 afires gfegd 3

3. feefwdal & qum & fraw & Suafeaat

THT 13—AW AT | a, |, | by |, n®fx & & feafude
g aa %1 uAed feefwdr | o, | g, st

Crs= Z 2;i by

i

3.1. wgdY Seafea—zwd 3f7: o9Ey &aq (Jdouble suflix notation )
FT IR

T ieet werm ¥ §4 & g A
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76 IUF & W Fa A WA o F, GHAT b HA F, T AF W6 G
AT H G qf 1 AT T ATET AT A IHY AT 7 A1 TG AT |
T gF,

atgbar  FHT  ay b tapby ... AW
iy by T AT FAT TF 9% § RO AT A 92, qf r=2 Z AT a;by
grmy frfafan =0 7 faa gu, feefame | epq | #1 3f@

4a b(‘h a0 bdz . . 3 ban
aHa bat A bu?_ . . 4,0 b(In
! haPe  Png e .. g ban
7w feefmdz & gO ¥,
Qyp Agg A3t + -+ dpy (15)

% 9UIE FY 379 FS(C | TAT GH 70 A€ FL qFA  § | dgp & HATET AR
a;; N TAAA F; azs%mmazxﬁmrma ganfs
a1 R AT F g EW @A fF | opg | FF RIAH (15) uF &®
ﬁmm%,fﬂwﬁﬁﬁ]‘%fmmmi{——

apbr, agby - a1rbm {
axby axbg . - a5bgp
. . Y .
anzbll anzb/Z anzbzn |
=y dgs * gy . by b - - by
l bsl bSZ : ° bsn \
1

bzl sz : : bzn I
afg r, s, ..., z geqTd aq & fafass 9 agam 78 § @1, b feefame
A &Y AT & FifE qa 3w q dfeat wfwe (identical) & w §

T & §2. 2 F1 AR A AR A R gA @A g fF A9, s, .2
oify ded, feeft s § 1, 2, -, n AR G E, @ D feefade
(—1D)¥ | bpg | FaTER G M &, agt N aqa & r,5, ...,z § &-
F9Y F SO AT KT gEAT F | AL,

Icm l =z(""l)N alrazs_'_‘_: 3nz|bpq‘l (16)

T a,b,, AT GF I Y FFE FIO &, 39F AW FE)
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wgl, @@, In gwifag qQ®t ¥ r,s, ...,z WfE 11, 2, ..., n
afRaa R M AJ[_ e g & o N ,w&@g r, s, ..., 2
| IO A KA qeAT ¥ 1 AfFT (16) F | bpg | F AW FIA arem
G T | | apg | T FOR &, vauq,

lcpql=lapq|><|bpq’.

3.2. @ IMAfca—3HH GFT g @FHaq (single suflix notation)
F I & | famafafaa w1 far—

A= " arb(, A= } a; By
' a, b, a, B,
a, AA' =] ap bl 0 0
a, bz 0 0 (17)

—_1 0 0.1 Bl
0 —1 UZ Bz

gg @earg #1 fafg & qur feefuqz &1 sua afaw ST <wi § e @
@r ST AT )
feefadz (17) &, 98 wea@ & §3.5 & ddhaw &7 F4W 41 Ffw,
r'y=r+ar;+bry,
r'3=ry+ 2,034 byry,

A (17) & 797 €9 HT g T g—

AN = ’ 0 0 au+ba, 3151+b132[
0 0 aa,+bya, aBy+byBy
| —1 0 @y Bl
0o -1 ay B2

o g feefude a1 afz 3ua vaw Y &6l & gqr< fan oo &Y,

AN =) aja+bia; 4,8, +bB,
(18)

aa; +bya, a8, + by,

IoaT g%t #1 n Fife F feefaael & w7 a0F & oy fear o gwar g |

A #ifa,
A=(alb2‘ " *kp), A"-‘-(G:Bz' ) .Kn)'



a,
fezfade | a, k, o 0
aﬂ kn 0 . 3 0
{ —1 0 ag LY
0 — 1 a, L

fara®r ard graFT a< F7 fasar W fgen Gar € fF gas ger
(principal diagonal) #T qeiw maqa —1 & wx  faed w7 el %
o#
A 15 ST q87 " afe gw 4t fag—
Ui=r+a b+ K,

r’2= r2+azrn+‘+b2rn.*2+ “enr +k2r2n'

’
v’y =rgtar,  Fbara, .. K

¥yaqya,
A A' = 0 . . 0 a|a|+ “e +k|an . . aIKI ‘{" P + len
0 . . 0 am+...+k 8 . LAt ...tk
~——-l . . 0 ay . . K.‘
[ T | ap L K,

-

ga sifaw fezfadz #7, 9% 929 n &t &, afg gqe &3 a7 ag udar
qz A 777 7t g, A grn— (Fag 7 ¥ fom gfadva seara §7. 3 ¥faw))

(=) —=1 0o . o '.|laet...+Ka, - apg+.. . +Kx,
0—1 . 0! |am+... tkua, . ax+.. +kxg

0 0 .—1, lat...+ka, . 2K+ +kx,!
c=(—-—1)2“ a;ar{-.. ‘+klan . . a’lkl+' ~'+k]Kn

aa+...+tkpa, . . an“l+"'+knxn‘
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£7% afafem, #4ifF, 2n uF gag@n (even number) §, gafay feefade
# o qra fag a 937 2 99 @ | Jaug—

| ar . K

;-!Ql N S a[(l;{'..“!*k'!un .a,x,—{—.._+k,wn§

A R . i(19)
b | i

i

lan - Kn| @payt. . +Kpay 3ok .. bk |

an .k,

AT 13 Y 5% T &7 g W qF TOFT Y |

4. fezfndat & qua £t o fafaat

wir 13 7 feu v famw £ wra: dfeww-fRawt (matrix rule) ar
qferat w1 €19t & Mo & fra| (the rule for multiplication of rows by
columns) FA& 1 (19) A a1fed ara #1 av% & feefadz &1 ageit of@
T & f70, g0 A 7 qge 9fFd & Te3F waga a1, A F FeAada & %
At ¥ o w4 A dfET gar F far gl g A S gEd dfe &
AT AIFA R, A’ F IAUACEIHT d AFqAT q 0T FW@F ) (18) A
FZIAAT & TF TOFT ATHTAT & FHAT T GFaAT § )

uw fezfuqz & w | qfaagi 4iv @i & fafma § F1¢ s@e a5
azar 1 gafam, (18) & ag wAwE @A s aFar g 6F afa

[A:" ay by, /\'=l a4y Bz{
| a

) Ay le

&, (18) Y 37 &1 F oY ey 7w —

AN =] ao+bB 3,9+bB,
, (20)

a0y +bf,  axa,-kbyf,

AN =] a9 +ta, b +ba,
02))

a,B+a,B, bB;-+b,B;

(20) &, A Frdfsadl & sgal &1 A7 #1 dfFEl F wagEl & o fean
T g, (21) ®, A ¥ W FAIAEF, A’ F &N F gqmdt § o fear

tamT wearg 3fEq |
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T § 1 59T ¥ 97 7 gaTeT ‘dfwat | wuw’ (multiplication by rows),
91X gt #7 ‘eddl § Qo (multiplication by columns) g %X faay
Srare |

n ®ife & fezfaAel & Fav &1 g€ a1 1 e wgwr & : g% & wT
ITAFT THT F F§ IZE TS (Y 0 F | 27§97 A 32080 f7w s |
& 3% quar qfara & gar & : gt ag aoer-wee e £ aa § e w1
v W g A ® 97 33 Afrrw-fow 1 ooar F@ ) afe,
a3t 7% @97 3 7F &AM F1 T @ 7 fqard 7 gaaar @ e |

qeATES 1T

feefudel 3 qua & fras) 1 gavr-wen SFTEH § a7 @ ¥ w9l-
FAT QAFF gfeq fTr AT FFF & | BW T IS F Gre-ge q aqn &
Y I@F 7 ¥ F9 § F9 0F IIEIT F dT9F F1 fd o &7 )
1. 0 (a—P)? (@—? |=2{(B—Y)(7—a)a—B)}?
B—a)? 0 (B—y)?
(y—a)* (v—P)? 0

gy fezfaae freafafa &Y feafaast & dfsady & quawar & gvay

g__
a? —20 1 |, 1 a g? |
32“231‘ ‘IBZ
! I B

v o—ov ]

=< ™R

Hg 8 ¥, 577 ¥ 9zem o(f— )y —o)a—P) ¥, a9
(a—B) & TITEX

(w7 8 Y an ¥ & fory gy qed aa?) &7 amane fom 9F & M &
faaol & 9% &7 @ H @Y U ®EmcHE  w9?  (numerical constant)
FY ATEA F GIHT AT F 1 ]

—~

g (B—v)(v—o)

2. WYW WA |§ W59 3 a7 feafnaz foafafay @ fzfwas a1 dizagy &
ANAHA §—

@ —20 10|, |1 @g0
B2 —2p 1 0 | L1 B opo
72—2710‘ ‘1"{"/20
azwzsioi 1 6 8 0

o\, wETE, AR
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3. fagg #fag fe n wife 71 ag feefade, faad ¢ 6 i o s 7 @
FTWAT9 (ar—ag)? &, T AT TG 0> 3 g |

4. n*fe & Iy feefude &1 am s Ffov, faaq ¢ 9 dfaq MTs
&9 FT waad (a,—ag)’ &, 99 (i) n=4, (i) n>4.
5. 9% 3T 4 F afcmt @7, a,—a; F ufas ara F @4 a2 1, fawny
yfoT |

6. fagu =ifum,

(a—x)® (a—y)® (a—z) a’

(b—x)* (b—y)® (b—z)® b}

(c—x)P (c—y) -z’ &

x3 yJ 23 )
== —9abc=xyz(b--c)(c—a)(a-—b)(y--z)(z—X}X—Y).

7. fagag Ffag fF—
(a—x)?* (@a-y? (a—z)* a?
(b—x)* (b--y)* (b—2)* b?
(c—x)? (c--y? (c—2? ¢
x* y* = z
T U Y AT § TG, k=1, 2§ TR IHFT AT A AT IA k=0

Uk &g k>3 g

8 faga Ffow, afe s,=a'+p+y'+8"; @
2

So S1 S2 S | 1 1 1 1
S1 S2 53 Sa i _ B v 3
S, S3 S4 Ss | 2 B2 42 §2
! S35 64 S5 S¢ | I a® By &

wa:, XY 8 F¥ wergan A, fagu fay f ead & qgen feefuaz, o, B, v, 5
& A Fawi ¥ worAwd said, {E(a, B, v, §)*} ¥ awaw g

9. fazg ffwg fF (x—a)(x—B)(x—7)(x—8) freafafay feefmae wr
UF §T | IEFT gEU @ oY A9 wifew

So Sy Sy 83 S,

Sy 8, S; S¢ Ss

S2 S3 S4 S35 Se

| 83 S¢ Sy 8¢ S

1 x x* x? x*
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- & s, gauat & farma & gar oo gar @ fFag e
FeafaY &7 47T & TrARA §; 9T FT N 8 W gAT §; R,

Ay=| 11110 1111 7?
06780!, Dp-| @By 8 ?
azp2y? §2 0 0z B2 y2 §2 7
ABiy? § 0 o3B3yl 83 7
7717 at Bt oyt 54 7

Ay FY sifaw dfaT F qgar T wagq, gfe o @ P gl ay quaws A,
A, Ft wfqw dfFa 9 maifea ag 7 sdw, gafav, afegq 0, 0, 0, 0,1 Y A,
Frafandfa amsr a9 AT TEm AR g v A, A=A gW & fav,
A, & fag &@w d 1, x, x2, x3, x* 19 T1fge

A & G, AT 8 FY HZWFAT ¥ M &Y TF7 ¢ |

10. fazg Mfas fF 93, sp=a"+B +v",

1 1 1 X 1 1 1 = SO Sl 82 .
a B vy a By Sy S; S3
ol By a? p? y? Sy S4 Ss

1z g3 g & 5 93w feefadz & A9 d 9t (indices) #r awiv
¥, #wlaq fexfaaz £ =W & 57397 #1 A3Tq 9 & 98 T8 )

11.  freafafaa feefaaei & @s wa Afag, 99 se=a'+p+y" &Y,

So S; S2 So S S4 | So St S3 S4
S» Sy S4 | » | S2 54 S¢ | . | St 5283 S5 |,
S4 S5 Sg S4 S¢ Sg S3 S4 Ss S

’ 1 x x2x*

12, 95 8-11 & fAowai &1, #fys fife ¥ fezfaqal & ot fagre
T |
13. sgd #fz FQ feefwdet #1 a wifq, fomr dfmat frafafes
§—

Xy — 2% —2yr 1; 1 X yr Xryh qRr=1, 2, 3, ¢

2, 9= e, faga Afag, fin feefame ag, st are=(xr—%;)?+(yr—ys)?
T B o §, 99 o =17 fag (xr, y;) oF 499 (concyclic) g\
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14. U ix (sphere) & ot fagel &7 oweax gfeai # @da wrfad
Frfog 1
15. a+ib ctid |, )
—(c—id) a—ib t AT F
31 feelwrel & mea ) faw 7, fagy afsg fr = et
(square) 3 avT F1, afg ST &t & gAL AwT F T fopar sE Av OEEH
A A At T AW AT R

16. a’4-b>+¢’— 3abc F1 AT Fife F w%% (fEy gt weaw, § 5. 2)
F €7 g% Fifog N fagg Ao 5 (a’+ b3+ c’— 3abc) (A4 B+
C>—3ABC) & X*+Y’+Z°—3XYZ ¥ &9 § Y fo@y o7 g&at g |

ag Wt fagy &ifem i afs A=a?—be, B=b?—ca, C=c2—ab, q@1
A+ B?+C'— 3ABC=(a%+-b%+-c?-- 3abc)?

17. #fg X=ax+hy, Y=hx+by ; (x., yi). (x5 y5), (x, y) & 77t &
aﬁﬂmé’; Sn=xy Xi-+Y;: Yy, Spp=XXo+y,Y,, wrfz §; @t frge
Frfwa fF S, =S, AT,

3 S“ Slz‘:~ia h ]X}xl YI ]2

1S 821 [ h bl xy

18A. HFAT Fi G(0TE! & arT, Wiy Afw S =a, x"°, n =20
4 ®18 faar gam g aaaTA (quadratic form) 2, srat
x!, x2,..x" q1fe n Tad@7 T (independent variables )
2afF x & 9@ 1 9z W a@rT Aifwe fr, X A=, ;
s;‘p__.x;lx,.,x, wgt (xi,xi,. X3 ), A=1,., m, =
), k% X" & AT & o FAT 1 A5 w@ry | fagy

wrfg—
b '{ 2
!

fS)‘ui,z' ia,, 1l)( 'x)\,
18B.— oA 17 & afewrm &, i\ =7 (x, y, z,) ST ArFTw
(space) # A fagali & fadwiet ( co-ordinates)
(xb Y1, zl)s (X2, Y2, 22)' (X3, Y3, 23) a3 ﬁ!’(’a‘l"{

Hfg |
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5. gt &t MU (Multiplication of arrays)
5.1. 2 o geforat AHifse foaw sqal & gear, Jfwal @ d&ar
¥ afaw 2, &9,
ay by ¢; o By vy (A)
a3 by B
AR Iidt & 38 & 7w FT Fifwe 77 fezfaAS & fRar wmr g
weeqeq faerfafgs feefade s gar &)
A=la o +bB; -+, ag+biBaters (1)
a,0,+byBy 51y 230, +baBs+cors
afz & A T J9T FT AT IT 927 FT AT & F (597, A
"ifstg, B,y, mfaa §, @Y gwd&@w fR d By, (byo;—bye,) & | TH HFTT,
By, ¥ a8 —(bc,~b,c,) F 1AM 28 az 3 AFY § F A Fus a3
(by c2) X (B1 ¥2)
& =gt (byc,) #T1 arwd 39 feafadz & & o7 (A) F1 qaw qooi & faw
JY &I & qAaT & | WY AT (Byyy) F oawad gfadw g § g
g feefade ¥ &)
@Y @z oqez gv sar g OF afg A v gwiT fEar S ar saw
freafafas o gir—

(bic2) (Brv2) + (€132) (7102) + (a1bz) (@4B2) 5 (2)

Tad Afaflcwm, Q) A AN AR GIT AT T E AT A F IR § @93 gy
FETZ 1 ATUT A, (2) T 7T 931 F AW & ANEL §

FAR Wet 7 7z, (A) #7 a<fodl & a7 av¥ =, gfadm wife &
" fezfaael & ag quasatl F 9w & qR@Ey iar g

¥g, a, b,.. X,...t 97 W F.050 A7 a8 AAAFT A0 f5 k 799
n-at AT t, N-af 1817 2, 1T n<N &; uw uar gy @57 0y 39q §
i F Fifsg S gw 91w g

1 gxforat ifsa—
lag.... k...t oy .. K .. T,‘
I .. .. e
a, .. k..t o, .. K, .. T,

gHY dfaal ¥ o0 FY 9%, n Fife w7 A Feafade qaar § ag A §—
AE 8.20!-{-. . +tl Ty . al(ln-i- .. +t1Tn

a0 .t Ty . @+ T,



5.

& feefade wr afs s@re fFar sng &1 399 ws 97 4 grr—nd @< k
F A% g HAT FNAA F AULE & 1A,
a0+ Fkg . 3004 kx|, (4)
a,ay+ . KK, 28Kk,
st g1 fgefaaz (a,b,. .k,) #T (a,B,. . Kp) F7 TUART EWT 1 59 afa-
s, ()7, AFTARLF TN I AT A E f5ad a, b,.. ., k Fa7 &
FAAT AT FIE VAT FTT LT 8 ) '
qITT, A HTHY THL, TH TUAHAT FTIR A1, 379 TUTHEAT F1 FI
NC, gt g, s feqgu Nwai & &, n fafara e g asa & fafwe add
Y geAT ¢ | 59 48 78 g & fF g frmfefeaa swa faga s faar &

THT 14—n wfr v feafadz A, ot @ Qe achor w1t dferat &
oy & I ST gt , foes N owdiw st n dfemat g, syl n<N, gt
A qefmi @ a9 @69 A, 0 Ffe & s feeiavel & wwea qua-
Fel ® A & aET grEv
5.2 Y9I 15—n e F1 ag feefadz, st 9w @ axforl #t dfeaad @
o T qT e Zar @ faad N w@iw i) n dfeat g sgi n>N, g7
® FUAT T}

ares 7, 7@ 7FR g fezfadz, n #ifr & 99 @ ey feafwdey
(zero determinants) F gfFdl & TUNFS F &R AT @, N AAF
Femr /' fasdd (ciphers) § (n—N) &9 &I 3 & IR AQX |
IITELG ——
aja;+biBy  a,0,+biB, aja3-+biBs
aa+bB;  a,0,+b58,  a,054-b,B;
a3a;+b3P;  a30,+b3B, aza3+bsP;
frsafataa 17 gl 1 afEat & qor $3 37 9 qT grar g—

a; by o, By

a b, o B,

a; by a; Bs
A1 freafafas A gma feefmasd & dfiadl @ o &7 37 ax @t =
feefaaz waT §—

a b 0 (e By 0
a, b, 0 ’ a B, O
a3 by 0 a B; O
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gaAraeT qfsr
1. freafafaa 14 adfoml § as 91 sifmat Rk 4w g
1 0o o© 0 0 o o
xi+yl -2 —2y 1 1 X, Y1 xi+yi
x+yi —2x, —2ys 1 1 X, Yo o Xi+Y:

Y 15 F ATEIR, T afFaa § o F7 § o feefarde sr Qv
g AT § | fagu Fifg fF @& 9@ d&9 &7 qaT W07 Srar § AN
gaaw ¥ el =1 fagel 7 owar gt # T
2. AT (space) ¥ foedl aiw fagal & fag WY ot waR 1 &
#Ey q1a FIfAT |

3. afza,B,7,.., FME, noGd (degree) F faRfl garFTw F 7 (roots)
&, A afg s, 97 g & 1-F "Il & AT F gF FQT § A fagy Hifag
fir—

V' osg Sy |
NS CE O
S S S

[ S s s |=IB—17 (r—a) @—P).
Sz 53 54

(gRE—ITATEET R F I 8 TAT AAT 14 ¥ g1 FLAfRT )
4. freafafaa adforal 1 (qfmai &) a1 FFT a I feelwde g g
2, 9T Y FTAA TOR @ A JT O, qearaFd (identities)
T FHA;
(G a b c (i) a b c d
a” b ¢ a” b ¢ o
5. ®iFat (conics) & W4: ITAW § AT I T &FIT 717 HAifare
S=ax?4 .42fyz+
X=ax-+hy+gz, Y=hx4-by +f7z. Z=gx+fy+cz.
Su=xX+¥,Y+2Z ;
M6CHDte[63—5
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ayg Wt v #fwg fF A, B,..,H #ww;, S & fad9% (discriminants)
# a, b,...,h F gg@w® (cofactors) & | A Hfwq, E=y, z,—y, z,,
=Z;X,—2;%;,  §=X;¥,—Xzy;, @,

Sy Sip |
‘ =AE24+Bn24-c(3+2FMS+2GLE42HEN.
SZI SZZ
(g7 —  feefude ot §—
xX+. . +z,Z, x;X,+..+z,Z,
XX+ .. +2,Z; XX+ .. +2,Z,

/] g 7 ¥ Aol 1 AR T—
X1 Y1 Zy Xy Yy Z,
X2 Y2 22 XY, 2,
o, z&fAT, T (y,2(Y 1 Z2) 0
afsw, (Y,2,) %1 afz qu-qx forar strg, & @y g,
hx,+ by, +fz, gx,+fy,+cz,
hx,+by, +1z, gxy+fy;+cz;
AN fF freafataa 2 adfordl 1 qrae -
Xy i % h b f
X2 Y2 22 g f ¢
o gafae, AE+Hn+Ge &1
qaua griw arat feefwdz, E(AE4+-Hn+GP) #Y awg & 17 auf v
qg
6. fam wifr & feefdal &1 om: n Fife AR m Ffe F feefatet &
AU T SATATN T SE T g | g At Y, (2, b, ) F7 (a4B;)
{ TUAET FTH AT T JFAT |

) a; by ¢ l a, By |
a, by ¢ X o, B
a3 by ¢

a0, +bB  aa+bf;, o
a;3a,+b3B, a,0,+b:p, 3
qgw AR sify feefudsi 71 9% wfaw @i § TR & gwie
a5 & fi5 S faan g afcors 31 s AT ] 1 S & adrE F
arat q& o g—

{Z4c(ash) } > (B,
Ta# 51 Of F71 9a1 SHaL To o feaar & 5w

a,a,-+b,p, a,a,+bB; ¢ ‘
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MR gyt a1, NE oF A F A foefwdd & om aw faw &
ST § AT §, A T—
Z+c(asbr) X (a,8,),
A gwet A fagt #1 fawara §t o & v
T FEM JRIEI 56 T g o wvan §—
a; by ¢ dy | X‘axﬁn
a, b, ¢, d, a B
a; by c; d,
a, by ¢4 dg
=| ajo;+bB; aj+bB, ¢ dy |
a,a,+b,B;  a0,+bB, ¢, d,
a30 +bsBy  azo,+byB, 3 ds
a40,+bB; asa,+bB, c; dy
g qfors T §Y s §, afz gw sifaw feefade & 9o fay =k
G T § ATATE-RET I =T 1%
ag awa g f& aArawy A9 faar gan a1 wfus adg = ) 7g
sfas<raF 7 g g WY I g @)

a; by ¢ a, B a; by ¢ a; By o
b X |lap|=|abe| X |agpo
a3 b; ¢ a; by ¢ 0 01

ao+bB;  a4+bf, o .
a0, +b8;  a,a,+b,8, ¢!
azo;+bsfy  aza,+biB; o i

=




g 4
ST FTTRY A I9R faEw
(Jacobi’s theorem and its extensions)
1. Swat w1 ¥R/
Ty 16—Amsifag  feefmdz A =(a,b;..kn) & A, B,..3f7

ar, br,. .ofe & wgaEwe § a, A'=(AB,..Kp)=A™!
afz gw frafafaa <Y feefaael w1 4fmal & P 17—

Al A b, .. kg 1 A’=!A‘ B, .. K,
a b, .. ky Ay By .. K,
an bﬂ knl An Bn . Kn
a, AA=|A o ..o0 , ;
0o A 0
0 0 A

6 a, A¢+b, Bg+..+kKs, T TAE AT SAr =+s MTaq@AF
FIE AT & T r=s.
AT, AA'=A",
R, gafag, 97 A=), A'=A""l.
afeT TTA FAEEATE AT A’ FE G J@TY L FAF, THT 127,
A=0,dY, ArBs—A, B=0 5% wacawyq, A’ F7 9% 49 &I TGWI
§ ATHATE-TEI TG AT T AR &7 SR |
qA:, T A=0, A'=0=A""",
qfTIT—A’ #Y, A F1 wgEEst (ADJUGATE) feefadz g §1
THT 17—wAw 16 ® awawd, A’ K A, w1 9gEE, 3, A2 ¥ aw@
glar & 1 7T s T wraat & feg WY Qan €Y gt S awar 2
et

1 0 ..0 a; by ..k
Asz . Kz w 32b2 ..k2

An Bn .. Kn an bn ee kn

60
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¥ afg qfwal ¥ o faam s, &,

a, a, ..a,

0O A .. 0
o0 .. A
ST g & forad www fawr (leading diagonal) & &t s & awqr A=
# AR R T E | T IR,
Al By .. K |=a AN

B, .. K,
sta A0, qY T v § e g afor gre g st o

q A=0, T 9fmy, S JHT FT AT F § 6 g A0 g A FAA

ST 16F A/ o= faa FQ@ a9 W 4; ¥4F B,C,—BCr w7 § )
o afafam, afsgn A'F I F soardfos (minor) 9% AT @At

a1g, wgt 6 J aviarar &7 s--af #ex @ av gw fefafas fefmyiw

et & o FRY E—

Ay L) LK a, .. ..k,)

Ay o Jy oo Kyl tar e e ke

v 0 S | .. 0 e e ee e

VA o T Ko {2n o0 o kg

T R Q)
0 .0 A
ST T & foraw g, r—dY ofed F ww § AR s fawer ¥ oo a@
AfF9EE sHga@i g (1) FAWG A R
2. Wwtel & gHT FT AEE T (General form of Jacobi’s theorem)

2.1. Q& IWEREF (complementary minors)—n &ifz & fdft
feefadz A &, fredd 41 gé 1 ofadt st r el @ wawai €, et r<n 3,
fezfadz #1 oF Soafrs s & )

o1& T Gt SR A SIAHF & et e St & &Y Y st (¢lements)
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T RIE ITE n-—r e FT QF gaw feefqdz aar @ 1| @ ® IUgE
fog & afey g™ a1or STETHNE T q<F IUETLIF F2Q E |

W fag &7 fagizor zo faam & fear oo ff o @menE-saR
(Laplace expansion) ¥3a X+ ,y,_,, % €7 FT g et y,_, I9@-
fors e %7 & @ | 30 99

a by ¢ d
ajs b3 C3 d 3
ay b‘ Cyq d4

(1)

a; b ¢ d ]

A,

a; ¢
a G

FT qQh STERIF + | b, dy | &) (2)
b |
wifs, (1) F w=d MR AT [T g1 ATE-SET 74 (2,63)
(byd,) 72 1

SHT 18—SAT 167 & GHaAq &, W o s M, A’ &1 oF sgarine
&, ot r gfemat st w&@w § SR v, A ® @@ IgERfas
TeF JraTfow § | ar

mtl'='Yn——r A’P—l (3)
fasiw ®v &, FuT faan g feefmdz (1), ale A & @ spadl & fag
wafeaa %aw |

A, C I_
A, G |7

SRR

HTET 93 3T ST #1 aA-9<« faaw-feafqaqi (particular cases)
Afae & 1afg r=1, @ (3) uF 599 Sw@rfuF (first minor) #Y
qfeamsr wr &; Sergoord, afewrar & (1) | fear gwr A, feefaae
(bycsdy) grafg, r>1aR A=oar I M =otarfrgaadm 12 %
@y | waua (3) FEY M T E1, F@ A r=1 AR IE W A=o.

o 7g fagy w7 arar @ omar & 5 (3) qa o @& s i g o
X 3F T S 1> 1 AT A£0.

gafae ara i, o> 1, 78 W A 20; 38 3 ww Afwe fFu, A
#1 a8 IJyaThors & e gz, it MWl §, A’ & 99 wawal § §
gi oy Ve qera & 1 Y, IF Swamfors iy aficnen §, g fag & o,
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A ® UF AT § +Hry,_, T2 2147 91f80, 59, A 1 g0 & &
forg gFy §—

l
e Wsrmi
I

J
Hg AFAT | Yor ]l

|
i
)
1
1
|
[ PR W
i
i
] [

m'srmsrﬁwﬁaaﬁaﬁmémé’rqaﬁta@mwm A’ & a9
r qfeal HR 99 © & T IIAT & | TEY 39 THG TH FIA |
AT A, auiATAT F 98 r HAX A,. ., E O I F n—r 4@

F,..,K§.|
farafafea e w1 Ifeg—
iA] .. El Fl .. K, a; .. (] fl .. kl }
Ar .. E.F .. K¢
0 ..01 ..0 X
0 .. 00 ..1 a, .. e f,.. k,

Taq qgr feefudz & mwer fawor & wfaw n-r ;a1 &, ) sifmnr
qferal ¥ A9 R qa99 0§ | IWFA TUwA & gH freafafen feefmde

ST EXaT & |
I A .. 0 0 .. O
0 .. A0 .. 0
i fr fy.. fa
i .. . . . .. ..
| ki .. ke Keyy.. kn
g TR H,

mtr XA——:A'YH_"
T gafaq, (3) a= s g o
>1 #R A0



qENA 5
gufag sk faww-aafaa feefwqe

(Symmetrical And Skew-Symmetrical
Determinants)
1. feefiriz | as | F aafwd FETomar 2 afz gaF r AR s & fag
*re =25
feefade a,, *1 fawn-gnfas Fed & afs 5@ ralx s & foQ
apg=—ag, &1 | 8 9FeaTaT F1 0% et afonw ag giar & fF 0¥ feefme
& waw fawo F R wawa g g &, 7 o, =—a,.

2. THY 19, fawm Wfe & foeelt fam-gafaa feefde = om0 0
g1

feafadz & w9 | #1¢ sia 78 gzar afg qfsaat sl wwt v fafer
(interchange) #% faar sy | v fayn-gufya feefiiz @ @ F &
fafrma sT o ag 2 fF gger a feefwae v was sfag :-18 o
#< faar s, watq aeqy feefade w1 (—1)" o < fearomr) gafaan
wifed faug-eafad feefadz & a@ § #1¢ e =& qear afz ga
(—1)"gm = faarsno; o) afs nfaow (odd) & atag &7 T
CAL |

3. a9 oz f gw am Fife (even order) F feefumal #1 w=i #3, &0
faww Fifz & faon-owfag feefrde & gau TS 9T wame &7 |

fawn #ife &1 vw fauw-gufag feefaqz |a | ifsw 1 amifae
f& ) Y dfsg o1 s-F W F waUT a, F19g@T (cofactor) Ay &
M Ars IET F (— 1) Asr &, 4T A=A, FIF A R A &
Faq g AT @ T A Fofsa F axw @ ok w9 aEo dfa 47 o,
AR SaTEEA §2 AT, A FT A wwW, I Fr A qfew &1 (—1)
TATEET 8 THE HAfET, A a I F g0 A &1 n— | qfqaal & sragal
FHATE)

4. AWt g4 OF FI arfens of o 1 weags #3418 ¢ 9g Gar g fx ggar
T G IIART g1 AT 8



g9 20. feefwdz | a,, a;, .. a, X

ay 83 .. 33 X ( )
.. : 1
I dny A5 .. ann Xn %
l Yl Yz . Yn S '
=|a, | S—Z | }‘_‘ AL X Y, (2)
= s =

Wgt Aps AEAT A, | ars | T apg FTAGAS B |

TMTFT ag 92 forgd & o Xalwarg Y A 2, SE
fam oz 7 X,Y, & ag S &1, X, & womar gwed X &1, R Y, & womar ans Y
FT IFT T Y T 1T & | G 94 TCEW 7Ad & fF XY, FTAwiw A, &
afem, (1)®1, el M7 (n-- 1) 4 dfeai & sreeme-ga $76 9EN
ag W 2@ § fF XY, M7 2, S ot & fag fawda &1 z@faw, XY, 1
T - AL R T Afafor, v 1(i) Mavg I A F s
ST & &1 Sed® 9% | aray S g snfew av o e X Y, w49, (2)
HA FIOCH AR I ATARE |

5. g7 21. 2n #ifc av #1¢ fqumanfwg  feefwae, s
wagEt & fafl ago= w=a w1 oaw gAr g |
7 20 &, A A 56 | a,, | , 2n— 1 F1eT 7 O faww-awfia feefame
g ; @iy S99 199 IFFTAM AR | W@, AW a5 Y,=—X,
5=0 foa® waeey, yqq 207 faar g feefaqe (1), anwife a1 0w
faan-aafag feefare g s § 1| @ @ frafafea §—

n n

E z AI‘S Xl’ XS! (3)

r=1 s=1
dfF, | a, | =0, A A,=ALA, (T97 12),
am A35=An. Ass’ T Arl/All=Ars/Als
At A=A A [/A,,. Faua (3) 91 g§—
XiVAuEXV AR £ X WAL, (4)
agt X, & 9gd o arar fag (—1) p &, I =9 9FT 47 197 § fh—
A=(—D"V(AnAy).
9 A, Ay, @E W 202, Fifz & faawamfag fezfuae & Al
7fs g 98 WM & BF SOF 779 #agal ¥, n—1 9T &, TF GgI% Kq F
FEAT  (4), n TG F UF TgII HAT FT I g1 SCAT | 77 FATA /T
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2n—2 Fifz 3 el feefidz & fagafzaa g @y ag 2n Afe & feefwde
F fag Y @ew v 1 g,

0 ap
—ay 0
o)<, s, U g0 & (perfect square) § | WA FATT WA &A §,
4 n=1.

AW (induction) ¥ 98 T g fF a8 wHE, n &F AR QU
#TAa1 (integer values)® AT &ca & |
6. cHTfHETT (The Pfaffian)

ag dgIe “HifwaT Fgamar § famwr av, aw Fife & uF fauw-anfaa
fezfade & sTE AT, @ Tgwl sk feefwmel & o3 9 #
faega wemmw g 10

qIF AT T+ arfga Aeqaa & fag agt g Fa« a3t &1 & Seore
FLT | HITHAAT F7 747 U9F g0 gC W 30 TEAw § g # ST &qHKAT,
FifF ITHT Fae fame s B AT & & geaww aaas garg |
Sito oA, qEq {ErRFEA T N AiwA g AewEn (Tafa, 1885),

qi=at qeamT |

UHo FATE UT Jo URo WIS, FAT AA9AT (A, 1936), §22, 7at
A |

a7 fo AT, wdreuma T @ fgedt otiw feefadag 11V &3, (saq,
1890-1930) | 5@ g # feefumel # faguial & sas faww
A1 agas oy y faarmr g o oF "W & & &
THHT g R wgEite & o faar o awar § 1 5@W == ot
faeqa & =it Atfafae & fau g5 Fsamea § &1

=a211’

wereTaer g (fae)
1. fagg ffgo,
agp a;; . . . 3y X
ay ayp . . . 4 X
dny Ay . . . A Xn
X, X, . . . X,0

=—{A X+ .+ (AgtA) XeXs+-o )
W:Aﬂh [ arslﬁ: bsr ngg'
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afg a, =a, W jag|=0 T fagu Afoy fr saffaa g a=-
91T (quadratic form) Y T@ TTX Y foa Ty & |
AuXi+. . FALRXDY AL

n n oS
2. gz S=% T axx, 2Xy=9", a=a,.
' r=1 s=1 o Xy
#X k<n, ar fagg sifem, fF feafafed x.x,,. . %k dE@@a@ gy
J=a1.1 aIZ . . . alk Xl:
Q1 Ax . . . Ay X_v_i
e ae ... agk Xy
Xy X, . . . XS

A —F 1 & ITWW F, 9/ 9x, W A= #Hifvg sk
TR 10 FT G FFST )
3. Ar=(azbycy), Ar=(asbsc)), Aiz=(asbic)), As=(ajbycy), #IX
A}, As §a, FT azdz 3 fagg Afag f5, Al=—A}, =@
Ai=A} , WX gg W fF . —

A2 A3§ Al |=0, |At A} A=A A
sz B; Bl; B‘i B3 B'?
G G G G G

qA1E -— (97T 17 ) B3C}—B{Ci=—a,A; ¥9 T899 10 &7 AT
ffaT | 4. A, afc n ®ife #71 oF feefmqz &1, as, AFTOF gfafafa
HITA N, A, A T a FT dgaTE g AR A =0, & fag Mg,
A+ Alx A, o Agg =
Ay Ap+Alx .. Ay

.......................

Anl An2 Ann+ A/x
Siq ‘;ﬁ' al|+x a2 . aln =0
az ay+X a,
! anl anz ann_'_x

5. fagy #faw fF ofq<i (differences)  fagi & Ifaw Mk ST
famig & afga —

sina cose sin2a cos2a [=256 IT sin 4 (a—B).
sinp cosPp sin2B cos2f

siny cosy sin2y cos2y

sind cosd sin2§ cos28

sinX cosg sin2g cos28

P ek ek ekt
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8. fagu fAfwg, A= | a,, | R afs @Faw # afea@y  (summation
convention) FT H{AWW fFa1 oY, (‘g7 waEel & fag ¥aw @
ww FT )y frar s ), @t 99w 10 % qf ot Y € TR KET

HT AT §—
g aas=0=am Aga 99 r5£ s,

ags Agr =A=apq A gq T I=5.

ag Wt fage ifirg fF afz n 9 x g@in 90X ¥ Xr=a,qxq ¥ €A

(transformation) Zarr Hagy & @— Axs=AgsXe.

7. 997 9 &Y, few gu www (circulant) =X feefadz (@),03,..0D) &
TR T3 Fagy AT, et @y, 0, T (unity) F n-F far-fiea
qT g0

8. fagu e f, afg f(a)=g(a)=h(a) & r=1,2,3 N Freafafea

feefire &, e sge, x Fage €, (x-a)’ qx @e d | ‘
fi(x) 81(x) hy(x) |
fy(x) 82(%) hy(x)
fy(x) £;(x) hy(x)
[rwma: T T feefade q¢ faam HifvT fad cj=c,—c;, ©=6,-¢;, WX
QUET-SAY (remainder theorem) &1 ITgw Hifww)
9. gft el feefode & waqe, x ¥ agme E AR S@x=a @t afc r w&w
(dfrrat) aTraT g o € q feefide &1 oF @9 (x-a) ' ¢
10. IA n=5, a,=a,=a,=1, a,=a WX a=a? § q W F &7
Iyafeaat garw fr feefre iR e €T
(a®+a+ 3)(a—1)*(a*+ 3a’+ 4a24 2a+1)
T AT E—IT 9 ] A Wi 1



AT 11
{fesq (MATRICS)






e 6
1. qwuma gfaearga (Linear Substitutions)

qreafas ar €8T (real or complex)n H@ATeri 9T gH 1 T4 & fa=1x
F FFA € | TZAT, 73 5 F ATT-HAT FQA0 AT Xp, Xy, . ,%0 FEAT §;
T 38 5 I9F IIA TF TAT X AR IAR I 0 IFST A, qT qTHI A,
TSGITET HA foam 1 gar & 1 SR, qrare fa-faw wew A,
(three-dimensional space), faY fag O & o< ard #@ wer fau gi 5K
foret gak fag P Y feafy 5 ga<i & ade fdxrial & fratfca 1 om asdr
avgw fag P 9T, 5431 O OP 9x R 1 & A %A §, 39T (vector)
OP%F (wgar fag P ) ST A AKX ITRIX ¥ IHE FLATEH A&l & wqfaw
FFTT F 9TH (components) X;, X,, X; FT TAGAT W X Y (X, Xz, X;)
¥ wHE FI

Wq g9 X F1  HaA TF AEIT 1 9T FT AT § AT IAR W CF
‘@agqy (number) FEY & | ag ey @fawd=nz & wemma § wefaa
Afx &1 & gewr-ar faar-ar & S, IAq |, x AR y  qRAfIH SqTHT 67
gat g

wq, 717 NfA, ) genrd x W] X, fAd 975 w9 x;, xp,. . ,%n
X, X,,. . X, &, farafates nafiFon & oF 9499 330 9339 §—

Xr=arX;+arnX+. ... +agp%n (r=1,..,n), (1)
foad a, fauguaax &)

(Srexer & faq, fAdwis sarfafs & =&t & afcad (change of
axes) q¥ fa=arT Af5a o3t x, W X, 06 & IFRIF IRLFH A AF 3 qAT-
qT FAAA F qAAE 1)

arafas ar gfaw, n? deamt & @Ysaq ¥ AU A w1 daaw
(motation) ¥ &1 # ART—

4y 32 .. 3y,
a1 Qp .. 8y
an 22 .- 2y

fag— o uHo grE, A Aaufeawy, sweara 1 |
71
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WX Ax §had ¥ 39 ‘awar’ ® aufag faas g2s (1) adwon @ ofgw
AEIATHI FZAARCARNE | AIAFIF T (1) FEFHFON S
gw °f fag g5y §—
X=Ax (2)

413 ¥ R¥ATE A & ISF qg T ¢ £ 9= o (1) W ag F T
FON R frame @ @AY ar Fae (2) FT A@ F FAFHF FHIHON &
faaa @ & s v FFaT 8 )
2. #fezra-aw wwwd & fog g sfreamm

(Linear substitutions as a guide to matrix addition)

T syrfafa &1 93 uw guidaa a=x g fF I X AR Y, s
TF W X, X, X38R Y, Y,, Yy & FTIAFAT Aqq7 AT TF qwK

Z. gt X+Y gar & foms 925 X, +Y,, Xo+ Y, X3+ Y; R §1
O, TF ‘deqr’ x A oF ‘geur X 9¥ fam) ffvw faasr d9w
a7 g—

X=Ax, (2)
FFTAFTATIN TN §1H 1 TF g@Q ‘weay’ Y >t Ao, it 0 e @—
Y=Bx, (3)
wgt, B $9 02 §94TH1 & A= FT TAF g—
by by .. by

--------------

w1z, (3) famfafaa n FHFON FT 6 THFHAS T F—
Yr=br X, +bX,+... +bx, (r=1, 2,..,n)
WA, §H G § F947 AT A, A Hr A d R, X+Yqsw
gy 1 THE FQ § forad 72w X+ Y, § | g
X+ Y= (apn+br ) X1+ (82 +bn) Xat+. .+ (2 +by ) Xy,
WX gafae g9

X+Y=(A+B)x

fore @ § 9 15 g7 A+B ¥ frafafaa n? @@l & a=g Y qw@i-
a;+byy a+by; .. apt+bn
an,+bm an2+bn2 . ann+ bnn

9 THTEA A R B I A TAHT & IR Hqar g 7 gfearey
FT ICE T3 W & | T 9SG § g9 THHT §&9AT § WegqT FGT
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3. afzwm (Matrices)
3.1. fgvafcSr ¥ Adlk B fom asaat & wedfts § 97 vl a1
dfeat #Y Fer Taa 9y | A AY af ot g o gaN W dgT R g
ST B I7 FH=ag) 9T A fa=m g foaad st i dfeat € g
HAT-AAT gt Tt § |
qf AT 1. —areafa® av @fws, mn deamil 1 ow qoit W, fred
m dfiat s n w@w g, dfow wd &

ay 3 .. 3y )
A ax a,
4m Am2 .- 3mp

9T m=n AT, A TN T n Ffe FTAT AT FFRE

fora wng o Afram FY I Fa U qET A a1 o 1 T A s
& & W F § | IO, qfearT § fgu o dfew & fau o g @%-
a7 [a) & | TEF T FreF (square bracket) FT SAF Y afcardy & €,
og qaT & fag =@ o @ & 5 aw feefade o faeme adi s @ & ey
gfaar & forg Afgra’ qgr ST @

st ga Zar fr Aferal #1 faae g sfoeamaat & wrdw gun
fmat gt §2 A &1 S & 1 Afw, §2 9 A F, A1 frey dfem A1 e A
ar AT uF agay wa< @ | wfaearEl &, A #1 R ‘dean’ x & g3
(operator) aT & FIA ATH FT TG TAAT T ¢ | AfeF Y afcarar F
A =@ ATE &1, R M AT F qe g, srae AT gre far smar
forqd for Afera d@aaq faega oot & s gras
3.2. wA gW Fy oHt ofeawd & few@ A+B, A—B, 2A, wify
st ® 79 ge9 AR giafeaa = & frag e smad, 9 A ok B QY
dfewal Y gFT FG E |

qf AT 2. — dfeww A ik B T & g s (con-
FORMABLE FOR ADDITION) & g 9@ Seaw # dfeqaf &1 wear uw
W wAE W Tl T HRaTagw g g )

“zgT qTeqa a2 & o foae dfeaat A § § saet € dfwat BH
™ R @I ATEIH O BAE )

qf QST 3.-—a@F (ADDITION )—g% sifywa A, forawy r-af dfi alte

s-X WIW & wAqT ars § 3 g ga A B, foraa -t dfwr aie s
M6CHDte/63 6
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W s waa b §, & abr wuwr d@wew Wt ofewmar avit ek @
Wy § wa A, B @i & fag spmeeita g, st aw Iwelt afowmn
Iq dfgwm ¥ @ ot § ot r-at difie 2l s-§ wiW W qawE a,+b,
4
HERT WY A+B ¥ w%e &3 §

[*‘l s [a' 1 e dfewm

a, 2, 0]
QWA §; TN A 2 Hife & feft a1 Afeww (square matrix) & are
&Y SYET AT AT, ST FF FE ST AT WA A

[a, 0]+ bl 0]- = [a,+b, Cy
a, 0 by ¢, a+b; ¢,

qfTaTaT 4. —dfaww A ag dfewn & s aaaa A & saawt o -1
T HR AR E

qf IS 5. —SAAWAR (SUBTRACTION),

A—B % aftamar av sareqr A+H(—B) & @ et § v pwe @
afgwl w1 staT wgd &)

g, dfgvm —A aformar # wqER, dfgww [—a, —b) R,
wgt A uw-ifer & dfcaw [a, b] § 1 aa & ofowmar 5 9,

[31 bl]"’ [az bz]= [31 bn]+ —a; —b,
¢ 4, c; d ¢ 4, —c; —d,
o1} qg, gfowmeT 3 @,

[al“az b—b,

g—c d,—d,

¥ E AT :

qfITaT 6. —uw dfewm, freer sedw swaw g8, geadfee
(NULL MATRIX) %7 St & 3T 0 forar wrr 3

qf T 7.—< #few® A 3R B e w3 TR §, A< gw A=B
firgd &, s AT afewa A R fag s g St A w1 e e,
B ® €W aaq® ® a<E @i

qficaTsT 6 MR 7 ¥ 98 T &) srar § fF ‘A=B’ IR ‘A—B=0" v
ATy oF & EaT §, waq 9% FF AT a TAT G b B I AT

qf AT 8. —fiwelt ey gaTE v

afy 1w, aeafaw o @fey, de g AR AW Afev g @Y 1A
o qun Afrem o s § faeret sl saww A € WeEw @ sy o
r-t g &
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ITTET, afx
—_ ay b, ¥, 3b1
A Ci dn] il 3A—[3°1 3d|]

3, saR gafmii d g e g Fr afk g A+A F S a) 24,
5A— 2A ¥ w9 9X 3A, sifeanfe, eI g am Erm T I o &
faeae & g0 ag WY Fg o & fr et aferm Y ool dfeasl & avr o
qra &7 H W faar o Gwar g, SIEIMT A+A+HA+H(1+DA ®
g3 (4+i) A i faar ST AT )

3.3 o, Fifs Afcal &1 T 47 qawherT @19 IT5 qAqE) & GRT AT
a9 FraTfa giav g S areafas v dfaw dend i § @y @
o gt ¢ f areror fswrforg F @b & g s free @ @ € s faw
fgmid A T AR §; Aomfo § G s sgamea § 9 fora @
REAE—

(i) wrg=a-frawr (associative law), f#1 T% ITTRRWT E—

(a+b)+c=a+(b+c),
o & wAF Fra+b+cA THe frgrsmaFar g

(ii) =ufafraa fraw (commutative law), formsr o saRRY It
: a+b=b+a;

(iii) den-fraw (distributive law), e SRR 50 TFR §—

r(a+b)=ra4rb, —(a—b)=-—a+b

#feaw @dFwr  (A+B)+C=A+B+C) F (a+b)c=a

+(b+c) &1 Hrar H Fer afoms § Fay o awar @, wwt gE www,
(a, b, mf), A, B, C afeat #Y (wmsifo), r-ff dfig sls¥F ww
HAAIT FY THE T §, AT TAS G569 51 A+B4-C ¥ wae fovaqr 91 aar
g1 Ty, afer wHOrA+B=B+A # Wita+b=b+a &1 @Er
W G qEOTH F7T AT FHAT § | FACT, qrEAA W wAfawg ¥ fraw
1T W] qawed & foag @gse f od § o Frafafaa sos e wd)
R geed §—

A+B+(C+D)=A+B+C+D

=(B+C)+(A+D)

wifg, snfg
I a<E, T wrER 9 fy

r(a4+-b)=ra-}rb
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99 1, a, b, areafas ar @iy @] §, agafa g

r(A+B)=rA+rB
fag q%d & o1&, r, Freafas av @A F1E GeAT §, g AT §oAWY
% R(A+B), RA, RB mifz wiiwt #1 5l fafem 7t fomr @, o«
R, A, B a9 & dfeaw & | sa) 5= gx ey afr=gdl 7§31 1

4. Afggm oA & fag usa@ wfaea™T (Linear Substitutions
as a guide to matrix multiplication)
frfafea aiwm # AfEg—
X1=a,,Y1+3a5Y2, YI:“bllzl+b12221 (l)
Xa=2a5Y1+ 23>, y:=by2,+by2,
srgt a %X b faw gu 7r=< (constants) § | IAHT FLHAT ¥ FH X;, X; B
a, b 9 z,, z, ¥ & 7 o997 FC THA ¢; AT H,
Xy=(a, by +a,by, )z +(ag b +21:b2)2, Ay @)
X2=(321b11+322b2v)zl +(a2,b12+a5b2)2y, S
afg § 1% q3a9 &1 990 fFmr T A FAT (1) F FHEHTN FT TF TG
forar o aFar g—

X=Ay, y=Bz (18)
o afg X F1 @ &1 z ¥ 981 7 Fg A,
X=ABz, (2a)

TG % g9 AB &7 qq=q ag @M fF (2a) awaqa & (2) & qwiw<on
FT UF NAIFTHF €T 21 §; ggiq AB ¥ fvafafas dfgwr a1 waem femr
ST,
[a“b“—{-a,zbz,, ay by axzbzz] (3)
aybytanby,  aybitagby
T g9 A #I1X B 3t Afeadi ¥ Tomwsr AB Y sita=nfr afedmr &t
wrwTE faer s € 1 S 3| afcmar & o gfaar 7 gfte ¥, @ qema,
® ‘STiaf® qUAES (Scalar product) #t afcarar 2 31 wfww Sfaq
grma
5. T AT F1 NAfF TUART (The scalar product or inner
product of two numbers)

TfTTYT 9—wm sivfrg, g1 # fag g st &, x s y @Y dend §
% wTF a2 x;, X - o, X, WY, Yoo o Yn B AT X Vi +XoYat - ..
+Xpyp, ®Y AT HEATH F1 ‘A fH TUAG FEA § | AT deaqreit & qEwt
RN demafe maRn g afe men @ a ‘wimlw owEA’ AqEE R
StTaT § st awa TE¢ gt |
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qui FY gfer ¥ 7@ qfTATNT FT T FIY TR gH ‘HEAT ok Wt TR
faregar o frar et & 71 1 3 wFR, afe gAR o &Y A [an] WK
[bys] & al,
apbptanby+agby,+. o . +amby, m
¥ U AT, [aps) T 5wt GfF T &7 [byg] § gEX & W ZAT Wi -
% & N, qAR TRl H, [a,] Y @ GfF Y gw o Tt ‘wen’ A o
g o azw (2, a0, ..,2;,) &1 S IR [bs] F @R @A
AT qaea 99 ‘qear @t @ fomd uzw (byg, by, .., bpy) § 0

6. ﬁ'@'?ﬂl‘ A (Matrix multiplication)

6.1. AFCATET 10—a dfeaw A, Ba), 7wt AB & fog speia
(CONFORMABLE FOR THE PRODUCT AB) %8 W & 5/ A @
WY # g, B # dfawal Y dem & quEw g g0

qfTATET 11— EET-——TuaEe AB &t qfcamer aft dwa ) s@
A, B #fzaa 3@ nomes & fag sgesa g : a9 ag ow gan afew g d
e i-9 dfva it k-3 @ *1 oma A # i dfm w, Ba k-d @w @
Aiaf® TUEET F IET AT § |

afestraT & qerTr & g afcor frrar o awar & fF AB # dfeaad
Y wEaT T ST A F A AB F &l ) dear ag N BAL

Afaadl & FTRAT FN ATTWHAT FT AIHG S FATRANT AfeFai (non-
conformable matrices) 9% UM FT FAH FLH fFAT ST FHAT g | T TR,

afz A=[a,,] B==[b, c,]
a y’ b, ¢}’
3, @Y AB &Y qf e a9 A€ @ a9 AB &7 F1S 99 7Y 1@ e, Fifw A v
S G 7 F9 TF HerT @ Sfafh B & geis W 7 qr wex § o afomm-
waeq afearar § wfaa wiafe quAws’ 7E aAET a1 g9t | gEY qIE,
BA=[b, c,]. [a,]
b, ¢, az
= b131+°|az],
bya;+c,a,

S o aar Afeaw @ ot 2 dfrat ik 1w@w 0

=gy g fF aF TY TSl #1 @d W FF W | OER
eI %.6.1,6.3 F Ry q & )
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6.2 THA 22—dfrwa AB, awrwaar, dfesa BA & farq @ 21

ST gu QT &, @ AB 51X BA 11 q¥ft ae T a9 € 91T A F @t #y
"1 B #Y dfeqal #Y g€ & IUEs, W91 B ¥ @l 1 =471 A F7 ofimat
*Y F@T F TOE G T IOAFAT FY G F A0 097 R wR k-F w@w
¥ waqq T 41 gii—

AB #, A ®Y i-H i FT B F k-F & ¥ AT TOMAHA;

BA W, B#Vi-df dffd #TAF k-3 @w ¥ wiaf® 1omwa | foas
FAEa®T Afcrw AB, araTAaAT, A€ dfea T ST St BA ¥

6.3. '}ﬁ-{!ﬂl‘ﬂ A IedALTUA (Pre-multiplication and post-
multiplication) : ®if¥ AB#1TBA 9 frr g0 g wsfraAafs ‘AsIBY
o WY FE gewrar AR giafkeaaar qaaF T8 71 ad 99 9% 98 W A
gY sq 5 39 F97 FT arad AB ¥ § a1 BA ¥ | qafa, weear & fau gw
qF-TT /I IO FT AR FG AT AT A Tgr gRm 6 &
a@-a2 wel F ST F faer oY v oA o &% ) GfeEw A #, dfew B
¥ IRHPA F R AfgF AB NI §; AfeFw A 71, dfww B @-
O FI 9 Afer BA FT gar & 1
TLW%%EWWWGT%—

a b a Y]=[aa+bp ay+bd]
B 3 ca+dB cy+-dd

X ax-+hy+gz7}.
h b f hx+by+fz
gx-+fy+4-cz

6.4. A % fanz aa:r-fm (The distributive law for multipli-

cation)
afmg g (complex numbers) ¥ TorAwe | St famw a1} § SAH
uF dza-faaw Y & fwst oF IIgw a(b+c)=ab+ac g1 a@ faaw
Ffgrat F draforg o St aEp AT )

gfaqar ¥ gfez ¥, & & g0 I« n e F o Gzt o ) faa #4,
iR [aik], [big),. . =z wY 5%z F & fag A, B,...mf Fv x@w
F41 |

teiar & g% T4ty ¥ww: Pre-multiplication T Post-multiplication
& agafc §g 3w Pre- F & 9 fore- M Post ¥ T T aft- FT X@WT
W FAE)
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AR TR g R [a;] @ ¥ A Sodfewm &1 Aw Qv § feaw
i-ff Jfeg I k- WY 1 wage U S ¥ ogEEr wmar )
worerey qfoumeT 11 9,

[aik]X[bik]S 2 a. lb).k]
7 @3 F 5 £ AR e qad §— LA=1'
A(B+C) =[aik] x ([by]+[cid)
=[ai] X [bik+cik] (fcamer 3 F)

n
==[ Z air(bak+crk)] (sfommer 11)
A,

[ T [a;Abak] ] [ T apcnk ]("f’m'" 3)

=AB+AC (vformer 11)
m aﬁ %)

(A+B)C=AC+BC
WY fage forar o awaT )

6.5. U % fag argea f@w  (The associative law for
multiplication) &firsy Heamil & TUAHT 9T AT G ATAT OF FA Fraw
argay framw 8 1 gawT I (ab)ec=a(be) ¥ foad & s@F F abe
¥ g g foqr St

/T W T IFRK F I a9 R AR W N o wfe § dv el
afesq A, B, C & 13 2 1 g 1 fagy 54 f5 (AB)C=A(BC) W
wfqsq § AH T FY ABC ¥ ¥FE 4T

A #fwg, B=[bi], [C=ci] X BC=[y,], o, afowrer 11 &
TR,

n
Yix= ’_f‘ b;; cjx

@Y, A(BC) Tx Qar dfgwa grm foraad i-df dfe o' k& &0 w1 wawa
of grmr—

n n n n
Zoame = Z a4 I b= Zaby (1)
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Y ¥R, " dfog AB=[B,], 7&f, afomar 11§,

Pix= £ ajj bjx
i=1
@, (AB)C us Gar dfzad & faasy i-of afaq s -3 & 7 wawr 71 §—
n n n
I Bregy= Z I a;bj Oy @
1=1 =1 je=1
AfFr (2) & wF T a@ 9 ARE AT (1) ¥ WA N7 ¢ agaAfy SR
Tl a1 famare 9 %7 AT 1T §; I & fAu, (1) § 1=2, j=3
AATIE A ST (2) Hl=3, j=2 FT F@ IR |
"qTa, A(BC)=(AB)C #R g% g7 aMi 1 ABC ¥ wWdls & w&e
Wm'%ré ]
A% . HfE F AT AA, AAA, ... AT FT 7e F3T €
6.6. WHNAF HI qAET (The summation convention) ZHTYY
o F FY 991 § gfeafga faguig araca §1 qww o9 F aqx qg Sfaw
T fF g Gwo 1 9f ey (Feamg 3) &7 99En ARy FX &, foad
WA,
n
bij cjy, I bjjcj FN IFE FIG@T |
i=1
T & fawne 9,

n n
a; by cj, 12 Z ajb; cj W T FWIE)
=1 j=1
AR TF A § 6.5% (1) AT (2) F WATHAR T F G0F I F IR
7 &2 §Y ST § 6 30 TR & SoE § aIE oW aren #15 f weey
‘g% wEy’ (dummy suffix) gFT AR aﬂ%mnaﬂé{«ﬂwﬁmm
qFAT §; I,
aj by; ej=aij by e
@ wfafer, afcaréy & Soanr § iRt mesr ABC. . . . Z ¥ waast
%Y =T F1 fraw Tove §) T §; W} ava |, dfeww) 1 g e 59
TP §—
[ai bij Cjp. - . .2 tk]
X A i ARk QY wgEw § N i
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7. 7oA & fog wafafrra faasw (The Commutative Law for

Multiplication)

7. 1. e frgm oY wfaw deam & que F an gian & w9 fafaa-
frasw FgaTaT & | Tw#1 Jargwor, ab=ba ¥ 1WA 22 ¥ W TE IR
g f& afgwt & ag ey amr 7&Y g, e o7 OF wewayy woETE W
4

af 9T 12, n @z & o G = dfeww B, 0 M 1 aEEFRY
dfgaa (UNIT MATRIX) wga &, fom® smm faso @@ wgml a¢
U gl SR T wenErsrq AT oAl § A g oTawr | § waw
F@ E

I 7 qfaqal 1< &l €7 §&at n F71 909 G39 § T9ee g1 o4 § ) wa-
w3, fafsm #ife & qeamara dfewat & foau qam-q9® w®1 £ sz
T TAE gEdT )

" ifsw, C, n#ifz &1 15 & dfzam, w7 1, ndife #1 a@wHd
ifer §; @ IC=CI=C

o, [=12=DB=.. . .

TAfI, 1 7 a7 v 2 Y qrem<or ArSwrfora 7 OF § g & | % gw, el
oy Sromiforg 7 1 X x #R x X1 F 37 x W@ qFF § g6 FH Afewat
% Jromforg & g7 IXC #R Cx1 ¥ 339 C 7@ a3 § )

WY wfafea afz k #r5, anafas arafes der &, @ kL.C=C.kI
o) 79 ¥ w4F kC Afeqw F @< gnm |

7.2. TP FTa g fF afg A o tar gfzag § fomw n gfwat
§ B Qur dfea @ fored n @9 &, W 1, n Y a7 qeqwmard dfeaw & Ay
IA=A %1 BI=B, agaft A #T B a7 #fgaw ady 2, afz A v afawm
TAA A AR 1 qoAha Al & fag sasera agr g6 o
8. WA f79® (The Division Law)

araTe Frerfere & swrorm-faaw o @y g § fas sy, afg qoe-
WXy TARA, A A X, Ay, a W&, I g wnfed 1 ag faaw
Afed TUAEHT 9X W A glaT | g Afedw  (null matrix) &Y
THE FA & fau O #71 I1ghr Ffew | a1, AO=0A=0, FfFw 7g I&
7 & 5 geftecr AB=0 wiafma ag iR F A a1 B graafgwa g
I & fay, afz

A=[a b], B=[ b 2b],
00 —-a —2a
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A pmET ABur g dferm 2, geifs A A ff g afpw et a
B @
T wnar, 73 W dA 5 AB Y A Y SR BA R AEN | -

gomd, afe
a b], d» 0
A=[o o] B= [-a 0
2
&, AB [gg ’ BA—-—-[ab b

—a? —-ab

9. fagar af=gl &1 awiw

gragmarg fF A, B.. wife wdtw o dfeasr &1 s Q@
&, e T g &, 7o FFy o7 FF § WX TgAT ATHTC GERATHT BT TG W
g fRu oI G & AT § AT HEATHT 1 &Y T FIA |

Hryrer degr a, b M Afzaw A, B #§ Y 5T & S¥ 39 THI Fg %A
§—

(1) azxaft ab=ba gxar & 741ty AB 19: BA & fsg gxar 8 4

(i) azafr ab=0 & agfafea ST fr arar a, ar b, v A
fra g, aarfs AB=0 gl F g oaas gl g fF mat A o1 B
1 7 A7 & Afgy | 737 29 F g9 39 41 9 fHe mdi
10. feeit a1 dfew =1 feefade

10.1. afs A o ot dfeaw & & 0o feefnde, fawd waga ad &
st afeaw & & WX 341 @art g2 g, dfzam #7 feefuqe agr Sm@v @ 1 5@
T [A] ¥ NFE FWE | T AR, afe AFT AT dfm AR kI @ F
ay waga g, faad A=[ay], @ |A)], fezfmame |aj] # sFes@rg

TAT 13 & 98w & 4g faew fasrar o gwar § fFafe A %X B, n
Fife F a7 Afgam & AT 37 QHT Afead] #1 WwEaT AB § aY dfeew AB
w1 fefade, A 3R B dfeadi & feefrdsl ® Tomes & aw@T Qar §;
aqiq

~

|AB|=|A|x B|
T TR, [BA|=(B|x A
ifF |A| %R |B| degmd &, gafay wafafmr &1 faw (commutative
law) IF%F we & fag awy R W JA| X [B|=[B|x |A|
waua, |AB|=|BA|, sgafrdfraw AB dfcaw BA ¥ fasa @ sawrHIOwr
73 & fF feetma= & a1 #, dfaaa) i< @t & fafaag §, 1€ weax ad)
qIqr FA0F qrATaTaT dfre F ¥ 0F fafawa ¥ weac 9w sar g
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10.2. §¥ Id 9T £qTF 97 HTa%AF @ {6 § 10.1 & @fiwwor |AB|=
r'Alx|B|® A &k B Wi & afgaw & 1 afz k 21 wear @ Ay ag &y A
g f [kA|=K(A

o § gfaar #r 3fee §, am Aifvw, A & fife 571 o7 o wfgww

3 AT k=2 &, A ag wym fo—
‘|A+Bl=|A|+|BF

geq9 &9 ¥ o7 § (Rf@w wow mwmm FT Ny 6) R zafau 2ALL2)A
#EY T FT YTATAT J AT AT AT FHAT § ) AT A,

A= [a; an ag)
[321 ay 333]
a31 43 anp
fora® waegEy,

2311 2312 2313
2A 2321 2322 2323 (WF{W 8%),
20y, 2ay, 2ay
nqua, [2A]=2%(A]
T 1T qF AT TvsT Y AT § Atz gw §10.1 Fy Aferm qumed 2Ix A
AP &%, w3t 21 arera 7 19 Fife F gegwsrdr dfeFm (unit matrix ) w7

T § w= Ffe,

J 200
[020] 2
002

JETIAT T

(v 1—4 Wfas &7 ¥ ga Ffow)
1. #fe#m A+B I Fifew, w3,

o ML kg

1 -1 3 -3,
(i) A=[2 —2], B=[4 -]
3 -3 5 =5

Gi) A=[1 2 3], B=[¢ 5 6]
4 -4

Fae—(i) [1(‘;’ 13] G [g -6} Gip[s 7 9]
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2. a1 dfexd A+ B &1 afcamr ag g9 § 9—
(i) A # 3dfsal 7 B & 4 df¥qat &1
(i) A # 3&q9 AR BH 4 &9 &,
(i) A ¥ 3dfFqai AR BH 3 &9 &l 7
geat— (i), (i), gr; (iii) Faawr a9 AF 3 @A AR B H 3
qfeerat g |
3. Far Afgaw BA ¥ dfzaw AB Y afvwmr a9 dwa @ 5@ AB |
g3 2 qreY oreH g 7
IqT— AB (i) afx A & 4 &9 &,
(ii) afe B # 3 dfeat 2§,
(ii) A & &7 Y d@r 9 W B # dfFat 41 e 9%
fasz
BA (i) afe B# 3 &% §;
(ii) afx AF 4 5fFat &;
(iii) =@&7 |

4 AB #T BA TUERAT &1 J1T FIT7 FA—

S O Ay (RN 1 R

Y 5-—8 ¥ Farefa@l (quatcrnions) &7 ==t IaF #feww wvl
qAFHT A€

5. afg (, V(—1) & 9% F@1 & w1, 4, j, k *9w ¥4

TFR
I=[1 0], i==[1 0], j:[O 1], k::[O L]
01 (022 -1 0 )
a, ij=k, jk=i, ki=j, ji=—k, ki=—i, ik=—]j #, i=j2=K2= —I
6. afza,b,c, d, Ixafas o d@fgy dea@ § M afz
Q=al+bi+cj+dk,
Q'=al—bi—cj—dk’ at,
QQ'=(a?b*4-c?+d) 1.
7. afza, B, r, 8, areafaw ar dfuys deam § wWiX ofz
=al+Bi+yj+8k, P'=al—Bi—yj—8k, A,

AU
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QPP'Q' =Q.(a*4p>+r2+8%) L Q'
=QQ". (a*+p2+72+8%) 1 (T §7)
=(82+b2+C2+d2)I. (02+B2+72+82) 1
=(a%+b>+c?4-d%) (0*+p>+22+89)1
=Q'P'PQ.
8. wzd 59 fau v afconst #t a7 WY fagg Fifsw st 1, 4, j, k

AT qY F—

1000 010 0 0 010 00 01
0100f (k100 O 0 001 00-10
0010 000-1]1-1 ooof’] 01 00
0001 001 O 0-100:; 10 09

9. fawafafas @ afzaqt 1 feu—

B [ 0!

01 “l—10

10.

Y Y g dfesm al+bt AR al—bt ana Fifsw, w=t a, b
Fwafa® (real) geard & | fagy Fifso f5 oF g @fas der
qz 37 dfeaqi & gwr &1 awg fa= fear o1 awar & o= gage
areafa® geard gi | faaw =7 & faga Fifag 6,
(al+bu)(al—by)==(a®+bII,
(al+b)(cI+di)=(ac—bd)I4(ab+bc):

[GECIEAIE LA

[xy 2] [a h g] ]-[ax +by2+-cz?+ 2fyz- 2gzx +-2hxy],

11.

g fc
gt oF gqrarr Ffaardt aeem 08 aferw F w9 F foed Faa o
qfFer ST uw & 2 )
faga Fiforg fr afesm aefFor A?—B?=(A—B)(A+B)
g oY T gWr w9 AB--BA, #HIX 3g fw  smamawdw,
aA2+42hAB+bB? #1,a, h, b H&aTHl F saT9% A} & faw, vy
e & (linear factors) AWARH F & ¥ AF TF el fora@T JT qFav
57 a¥ ff— AB=BA a8 g@r |
afe A, A, greafas a1 gfas de=ad § ®IX A, nFfE &7 0F ¥
Gfgww g, &1, AZ-(\+A2) A+A M 1=1 (A—MDA—L,D),
et I, n ®ife &1 qeaaard &fcFa (unit matrix) & 1
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(dwva—arat o, Fe-fram ¥, A2—MAI—AJA+HALL § 1)

13 3@ fo)=pa’ +pA" ...+ Py TE Py, A FEUE E W
afs f(A), #feqa pA°+p, A"+ ... +p, B XFE F@T§ A,
f (A)=po(A—MI). . .(A—2,D),
agt Ay, .. .A, SIfE @EET f (M) =0 & q& (roots) &

14. afz B=AA4pl, sgt A "X p @emd § @, BA=AB.
Iq-Afewdt ( sub-matrices ) ® Iuaw afga—

15 Afga P= [Pu P12 Pis]

P21 P22 P2
P31 P32 P

1 [g“ g"] ¥ gwz fwar o qFAT 3 W@t Py IFe ST §
2. 22

[p" p"] #1, P, THE T2 [p"]aﬁ, P, w¥e F@T B
P21 P22 P23
[Ps1 Ps2] ¥, Py SFE FAT ] [psy] #T1

afg Q, Qyy WfT ¥ THY WFIX & I Afcadt F1 garan fear I fomd
Pik ¥ I gik & @1 faga Hifwrg,

P+Q= [P11+Qu P12+le],
Py+Qa Ppt+Qp

PQ=[P,1Q1+P2Qz P1|Q1£+P12sz]
PuQu+P22Qx Py Qu+PrQy

feeqol— PQ T 98T ‘WW 9 ®Y § quwA PQ F qgy @ w@HWl 7

os G s 8. s ag @9 [py)x[qik] & s fwar g

16. ¥ 5% 1 ®I ¢ F & 9T, ¥ 9 # fau 7y ¥ i ¥ dfewit v
T@TY, = 8 Y fagy Ffog

17. APy AR Q7 ¥ scdd Nifrai iR N @i ;1 ©F dfeww
¢ ot fagag sifsg & w9 r=1,2,3, s=1,2,3, a,

3
[Prs]x[Qrs]=[ z Prk Qk; ] .
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19.

20.

21.

22.

23.
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et wfewm & wifwe saiaw (Elementary transformations of
a matrix)
I a8 dfewm § S qowerr dfeaw 1 &), it WY jt gfeal
Ffafrm s o | fagg Fvg fFor araferm A ST I &
99T T qfor a7 gar & f5 A F <t dfat # fafwa & smn
TIT IR, Ljj § ST & afconmweasy, A # & @ 7 fafq-
AP AT
frar (deduction) ¥, #g W faga Fifs f,

Li=1 I ILi=Ly;
afg H=I + [h;j], wniq q@wad dfgq & giaa faafa &1 oF
waga h SEF AT T Saw T at HA &1 A S MA@ 98 garg
fF ofsw i % s o)X dfi+hdfea j =T Sy @1 Y 9wIR AH
FTATIAE G g e fF@Wj FWE 9 &W j+h &7 |
qreT gar &1
afz H, n Ffe F7 qar dfewr § 5t qemard dfcry & & fago &
3 UF F 99 k 7@ ¥ A1 grav g a HA areqa A, A #Y orAy
qfr ®t k & o F< 3 F afcomw F gwe § WX AH, 36 591, 39
gfoomA FY T ST A F 1T &H FT K F JOT FT 37 9 /Y€@T |

Afew A 9T W=

fage fifsw fs @ Afgat
[ cos?0  cos@ sin@ } [ cos’yp cosd sin® }

cosO sin®@  sin?0 cosp sing  sin’y

FT UNHS T Z1T & afE 0 W & FT A, dn F1 A faww
(odd multiple) &Y 1

A Ay, Ao Aa) W (g, 1) D Tam, 1R o
#Y famioaTd (direction cosines) gt @t fagy Fifsy fF qurmwe,

Af Mi‘z MAs ] X [ pf Kz Byl

Mo A Ay Pz pz Bl

Mz A A Mils P23 n3

T T AR e Tt AT o1 1 5% m @TE S g |
afg L w9 22 & g dfeaq #1 yae Fav § a7 fage fifag
L2=L.



HEATT 7
Hefua A1TFA (RELATED MATRICS)

1. et #fzam w1 afad@ (The Transpose of a Matrix)

1.1. 9FTATET 13— A afz n @it =1 A% afew 3 @Y 9w
dfera @Y A w1 afcad (0 A w1 afed-dafeww) s8q &
o A @1 rai@w r=1, 2, ..,n N ¢ - dfEq &

T OH T 21 ogER A ¥ AEE W g
aft A=A’ 1 @ A #1 gufAad (symmetrical) #gTsmar
ag af oAt @t srrmerETT dfgawi (rectangular matrices)  w¥

AT EYfT & 1 FRTET F fru—

1 27 @ 135]
3 4 [246 OTET UF gAY
5 6

& afead & =ifw v a7 dfaat ga & ©w g
ZH weqTa #, n #ife & g dfewnt v fam w7 wwg v Afedg w6y,
IAF I qAAT T TFT T4 A I iy ifaT AR kF ww H gy 13w
F¥aq A7, afs A=[ay], @ A'=[a];, Fitw, A "7 i dfsw
AT k-3 & A a8 waua & oy A &7 kAt dfam o id w@w A
1.2. SR, 23——uftad & fay Iexwan w1 fraw (Law of Reversal
for a Transpose)—A T B, afz n #ife & svafezm § &,
(ABY =B'A’;
srafe, Tomee AB &1 afvad, Sorw A afeadl & wumws & aoEs gar
§ 1.1. § 970 T GHAT §, HIH AAC,
A=[ay], B=[bj],
forad, A’=[aki], B! =[bxi]
9, uF Afcam #1 3ga id) 9T o kI =9 A Tame § 9FE FE OX,
A gFe #1 af@qrEY F war 93,
AB=[aj b ], (AB)’'=[ay; bjj]
Fr i@ dfs by, byi,...,bp WX A’ #T kat @w

7w, B’
. JAgn T—3T A 1 wiafew qUAwH (inner product)

aky, 8k .

Ty —



89

n n
E bjj agj= I 4 bji .
j=1 i=1
AT, AT g7 AFeT Y afarer 9T g7 W) @t B WA &7 [UAwHA 36
w1 faar sv gwar d—
B’ A'=[bji ayj] = [ax; bii]
= (AB)".

SUIHY— A, B,... K afe n ®ffr & = dfeww §, @ T
AB.. K #71qfead, quaws K'. .  B'A’ g@r & |
Y F T,

(ABC) = C’ (ABY
= C'B’A’
YT gafaw, % ¥ g€ avg dfawa 1 f ot gear & faw faga &

ST gFAT & |

2. WHwY T (The Kronecker delta)

Tt Sik @1 afoameT freafafeaa gerer ¥ & sret 83—

Sik=0 ¥ ik,
Sik=1 ST i=k.

I FAE TAHT A & qg OF QAT Ay IzTRIwr § o rgedegew
(Tensor Calculus) & Tgad s=wr g7 & | #feaa fomfoa & qeawsrdr
Hfewm #1 [8ik] & wwe w7y ghaaqel v & fomw wrer fawer &
T, watq 59 i=k 1T 8, 1 W 97 99 71 § A9 gaT § |
3. ggeEew dfesd X qerA Afewq (The adjoint matrix and
the reciprocal matrix)

3.1. ®qia<wr (Transformations)—wgr qformer £ s ®W-
= & faa—

T fog, X A x ‘deard’ gt —

X=Ax, )

AT dagy € wigt A, dfew [ai] F1 gweE F@T )
aft A = | 70 AX M IaTX F ©&F & & wfada =0

¥ s forar o7 gwav 8, (@, wearw 10, § 4. 3) F6ifE o8 W g

s

n
X=X a;x, (13)

=]

MG6CHDte/63—7
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¥ ggEe (co-factor) A; FUWFW@ § AR i=1, 2,....n F WAl
# fag S &, a1 en famfafaa s g §—
> Aitxi=}3n xk;‘: aikAit

k==1 i

i=1 i=1

=Z Xk iy A (s%7 10)
K==

=xt A
i, =L (Ay/A)X

i=1
T, x1=2k (Akif A)Xy (2a)
=]

Tq qIE qW aHIETO (2a) FI
x = A1 X, (2)
F qfrETeE ®7 7 for aFa &, St (1) FTIF  (complement) § awd
A~ F7 arad Afeam [ A/A ] & &
3.2. sitganfew aformad—ana #tfs A = [ai], n Fife &7 0F =55
dfzqq 8, ag Y ww ifog fF A ar |A], feefade japd &Y, &R
A, AR ars & GgEIS FT T FIAT g |

qFGTT 14— A=[a] N Tw (rEgervira dfew) w1 s @ afe
A=0 ; gy (qewoim Afrw) w2d § afen <0
qf AT 1 5-dfam [A] B, dfew [a;] w1 (Fgees #few) sgramn )
qiCATT 16—t [aix] o% aowmita dfw g1 at afew [Aki/A]
[aik] v s dfema gt

ag a7 27 A & fo sifaw & afomamii §, A T @FT Ay & WY
fr dfew a7 it df AR k-F v A ST &)

3.3. e Afew & eR— o dfeF FR aW FT I,
ST 24 WX 25 F IATY TC [OEAT J, G T GHAT |
AT 24—]ajy] afe n N w1 NE geEo w1 Al § R Ay,
afzA=layl, ¥ a,; *1 agEw , O

[aa] x [Aw/A) = L, (1)
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L [A/A] % [au] = L, (2)
. wgt I, n ®ifz &1 Feawwrd Afewm g o
AR [aik] X [Aki/ A] 7 i 9f) 9R k-3 &9 § w@Eq O §—

1

A

Me

. a, Agj

-

st fo gfada w=ama & 98T 10 F AIART A ATE T2 k g "AR
TF gT 3 O« i=k g1 FIUD, JEEA 2 [Sik] = I. zafaw (1)
faga < fear mar &)
ZET T, GFAT T IRT &1 IFQIEYT FT STIRT FH 9T gW 3@d g %
[Aki/ Al X [aik]=[A)i aik/A]
=[5,
AR zafay (2) «r faga & TH7 &

3.4 THT 24 T GEEAT ¥ A8 FEO1 IR A9 & R T A, [ai]
g%e FIAT g ar,

[Aki/ Al=AT"
Fifs T 24 F (1) M (2) FT ggraar & g feaan sma+7 ¢ fr g3
gHa ¥, AAT'==] #1T A"'A=1L

afq oF dfcam F1afs sa% sgepw & o frar oo v afons oF
(aeaweT<y @feam) ar § o

afee, agafy g ag ar 93 € i A™Y, A 7 0% o0 § g9 ) a%
ag faga 78 frar & f ag sgorm s €Y €T 8 1 99 25 7 g@ ax fa=
FH |
YT 25—afz A 1§ e o dfrrm 2 @t daw gw @ At
Gar g & framy afs A & o faran smg &t afcorma aeemETd dfora 8

are «rfew, R agr #15 A7 dfcam g@ s a1 & fF AR=I 3%
ag o a Afsw fe A, dferm [A/A] #F1 9% F@T @1 @), w4g
24 &, AA'=1 uR zafag A(R-AT)=AR-AA-'=I-I=0
T gg Toee g fa (werer & ot o s ifem) —
ATA(R-A)=A".0=0 (st w=aTa, §6.5),
nafq [((F79 24 F (2) 9],

I(R-A"")=0, sufq R-A"'=0 (%1 7=, §7.1) waua afe
AR=], @R wa@ & A~ v,

Tagt Ivdw ffg T w9 F fag g seATaet F w5 6 ¥ gow A
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T4 g1, afs RA=1, a1
(R-A")A=RA-A"'A=I-1=0,

i zafag, (R-A-1) AA-1=0. A'=0 ;
uaig (R-A") I1=0, wmaiq R-A'=o0. 5a: 3fs RA=L & @ R
"l g A g
3.5. AT 25 ¥ IAAT FHIT TAT FgAT T 7 grr fw A~ |
3 A %7 @F qord 8, afex 72 fF A F7 adt aF gorr §)
T Afafrd, A & [chd #1 sIofd T35 A g1 g, 7,
(A=A
Fqife 99T 24 T, AA ' =AA=], qg ¥ T g fF A, Al FTUw
sqeAn & AT I 25 8, Al #1 (@@ UF) AT
4. Afesal & fog a@i® fA@H® (The index law for matrices)
g7 A% A%, . .aifz @3l F1 AA, AAA,...sfz ¥ fao san
FLATG | FArHT s g9 quiw  (Positive integers) 2 &1 =¥
H¥aq | a8 qAtated g fF——
AI"XAS=AI'+\
5, A, A FT FA &1 HIT s UF o QUITE &Y, AT g9 §3a9 A FT
warr (A) Frawz 7 F o s@ F  qwadaT dew
ATX A=A, (1)
for &y & st ot 1, s uw A o quite &1 a9 fF A FTAaEa [HEY
gr weaw feafa / (1) ;1 fagg adr #4G1; (1) #7 uw oFY Syufe &
Ofg &1 awar 39 & fag qata @Rl 59 >0, s= —t, MT>1>0327 |
qma Afqu, t=r--k, s@ik>0, a¥
Arf A-t =Ar A—r—k =ArA.rA'k

afe, AA- =1 (337 24), o 5=, >,
ATAT= A" AATTATH = ATILATHL = AT ATHL
forga, ATA™= A'A!' = 1.
qagq AT At =1 A* = A*=A".
gy w13, g 3¢ fagy T 9%q § fF,
(A7) = A" (2)

o9 M r @YY 8 I AT X0 OIE Y A
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5. 3{!‘?*#\! & ﬁ'-rq IexAAT &7 faaw (The law of reversal for
reciprocals)
AT 265 G & UAGH F1 e, T2 W0 7 I7 AU & 70w 51
U g &; fafee w0 4,
(AB)' = B A",
(ABC)! = C'B' A",
(A'BY)! = B A,

Iaafa—aT @1 & TUAERS & fAT, gER 919,

(B'A').(AB) = B'A'AB (w31 weara, §6.5)
=B'IB
=B!'B=1 (=€ wemma, §7.1).

gaua, B! A, AB &7 gF IcHH g WX, Y9 258, AB F1 (aft
qF) A E
1 g€ F Uawd & foe, gAR T1E,
(C'B'A')(ABC)=C'IC
=C!C =1,
agr FqET G F7 fHdr W g & fou gueTar 9T a9qr g

TR 27——agew Y 3ire afcad # a@feg aweae wfafma aw
Qe & sty

(A')—~1=(A—~l)l
guqta——afcamr &, dfcag A~ 71 §—
[Aki/A],

waeaed, (A7) =[A,/A]
zaa gfafad, A'=[ay]
qix gafa, quAws w1 afewrst & 91 937 10 7 o au afoma &,
A (AT =[8,]=I1.
Haud, (A™')’, A’ FT OF qord § WX, 749 25 &, (a@ ow) Sqoh ¢ |
6. Wﬂ"’ﬂ'ﬂ fl’f;w (Singular matrices)

afg A #1% wgeFwng dfeaw § a1 guw feefaqe oo gar & ok
Fgfey A %7 SR €Y 9141 ST Gt 93aft SuET ggEew dfgw amn
ST gt & | gge wfafa,
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AT 28—t srgewvia AR ®1 A% AEEEW ¥ VMG T
dfawm g
qufa—afzs A=[a, ] 7R | ay | =0, &,
j:l aj Ak1=0’ j:z.l A]i ak) =0
AT & qR T 154k HR T FY | 390 T,
[2u] x [Aa] #7% [Au] % [ax]
T e dfeaa &)
7. egexwoi Afcadl & fag wiow fRUR (The division law for

non-singular matrices)
7.1. THT 29-—(i) afz afrwm A, wowim § & @Fwcr AB=0
# ag fafga & f& B=0.
(i) af #fex B ogewwoitw §, @ @HrEIw AB=0 ® ug
fafgx & f5 A=o.
Iaafer— (i) fw dfcFa A sqoFaoiia §, SaaT oF an A7 § W
A—A=I.
4fs AB==0, g &z gt mar & fF,
A—'AB=A"1x0=0.
AfF7 A-'AB=IB=B %X zafay, B=0.
(ii) =fs B sgcpwvita &, SO UF A B~ § 9T BB '=1.
4 AB=0 g e g f,
AB B~!'=0xB~'=0.
AfFT ABB—'=Al=A, %X zafau A=0
7.2. #feaat & fag wrom fram g =iz famafafes &9 & sgren
war g,
‘gfg AB=0, a1 a1 @t A=0, a1 B=0, #1T a1 A ®X B =1
gy dfeaa & 1
7.3. gRYT 30—afe A 7§ fewm & ok B uw saewwvitg dfeww 3
(3t WY n wife & wafem §) @ oF AR Faw ow dfewm X dan
grm f§, A=BX, (1)
a9 0% X ¥« gw wfeww Y qargrn fe A=YB. (2)
zod gfafad, X=B~' A, Y=AB~
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qafa—ag @ g fF X=B'A (1) #1 d§g= s g, wfF
BB 'A=IA=A. o+ #nfafwa afs A=BR, ar
0=BR—A=B (R—B—'A),
X 0=B—'B (R—B! A)
0=I (R—B! A),
forad wewaey, R—B™' A g7 dfeww €1
g8 91T, Y=AB™' & ¥Fa« Gar Afeag & S (2) #1 @< F@IE |
7.4. g AT §3 QaY afcfeafaai § W w€t a1 § s@fF A $i B At
oF & :ife & a1 Afcam 7 g0
ITTHT—A, afe m dfe@i 3T n @l w1 w1 dfeww i B afe m wife
®T T FeFANY FMfawm A, X=B"' A,
A=BX
1 sgfadta v gar § )
A, afs m dfial W n w@WE wE Afer @R C, afen wifew
g sgewAIfa T Afew § @Y, Y=AC™,
A=YC
w1 arefait e @ § |
FifF, B ¥ m @9 %k A & mifmar & B! R A, EAwd
B! A & fau #geg g St m 9frat o) o w6l # dferw oA,
B. B A=IA=A,
stet [, m wife &1 qem