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inflexion point x, tm/"(x,,)g

Example. Consideragraph of the functi

whren
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‘This function is foncave at x> Band boven atx <03 T, [+ = 6x. but 6;

: 1 fact [y = 6x; but 6x> 0 at X% 0 and
6x<0atx <0.hence, > 0t 30 and "< 0.t x < 0. hene i folows, that the funzuuny—
x'is concave atx > 0 and convex at x < 0. Then the pointx = is the inflexion point of the

function = x".
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This is the famous I\’ewmthumeﬁ:mfulﬂ Itis valid for any function f( x ), which is continuous on a
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Exdmple. Calculate the integral: ) sin x dx
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Solution. Using the table of integrals for some elementary functions ( see above ), we’ll receive:

x ™

Vsinx dx = —cosx | = cos 7~ (~cos 0)=2.
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22, s-:-la(‘ multiple of a m:r!x

)yl
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Definition:
A posiive hteger ' is said o be the rank of & non- zero malrx A
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(i) 3+ Every minor of order greater than  of A s zer
‘The rank of a matrix A s denoled by p(4).
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Theorem 6.1:
“ only i |1 — A

Theorem 6.2:

) s
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LE EN']'S
o AR i 30 1 e i s O
P et called its clémgnta ot mamiiers. We wri
ey . i e R U T Ao
1 .iv;"g ?‘mma o a5 bt ) e g, 15 on € 4 aifies 5 € B, then 4 is called
o oo copigned 1 i el
Z Heendi S Genoted hy\,‘»y i
R ot e oo Hiney b w,.am the's

A=B Sy i ACB a BeA g
€4, ACE and A=B are written p€A, AZE and 4*"{

il e
& respectively.

terize the elements

Uyt deuobe sets whi

= the set of integers: -

= the set of rational numberd;
— ‘the set of réal numbers
— the set of compléx numbers. ¢

We also i @to denote the empéy or il ety 6, he et which containg o elements; this
S set fs. éssﬁmgd c’o‘b= 2 aubset of every ottler det.
U requy mbarg af & set, axp seés theinselves. For exampl m}.}me i a sét
of fines 5'a ek or oints. 16 help clérity thess difuations, we use the Wards class, collection
7 ona Fomity synohgmously with set, The words subdlass, subrollection and subfumily bave,,
‘meapings analogous to gubset

v
Example Ads T aels A and B sbove can lso be wiithan'ss |

Example A2: ThE okt of nubers are Telated s inll ws: NCZCQCRC

Eeample 437 Lat O

Example A4:  The members of u.c s (2,8), @, (5, s)) are the
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SBTS AND RELATIONS [APPENDIX A

he following theorem &
applies, A
i W,
Theorem A.1: Lot 4, B and 0 pe any b, Then: (i) AcA; W dgn £ BCA
then 4 = p, .ﬁa(m)u,«cs and BCG, ACC. 2 o

Ack h‘&phmuﬁ'a%“cfw ’“’""‘ =J'\!,”_:fb‘al 'ﬁi’
h

Voper

e < i i

A "R (o0,
& .mn.,a fkm. S
d the eleménts L

’ A set {ay, a,, Xed by the w-\ﬁve‘hﬁe r“ u'l
RN ety S THE Lt s o mp
#9818 0 each (€1 a sek A, rther than an clement .
< Do o i =

“Sk1' opERATIONS x
Lot 4 a0 be uiiiary Gels,
elements bel B; .mﬂ the mﬁ;“v clion of A and B, w
of elements sannmn. ) ?\‘n
AUB, = @: 1EAnrzEB) and AnB =
 ihat is, f 4 and B do not haye any clements in common, then A and B sre
.

Skt of
i o A snd B, writin AU, 35 55 2t
e inign of A and 5, aled

izcAadzEB)

“aaid to by disjoini
We asédime Uial all ol ‘ela ave ibsets of  fixed wnsiéraal Tot (dbnoted m’: 0.
T’nen the cmnplmm: of A, written A<, is the Bet of eleménts which do zot belo

A= z€U:zeA)

Examle A3 The folovin da
re seta sre

¢
3, Ly \qf-dw (4’ B tnye

LA N R0 W;\Al—vu'f
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e Ly SETS AND RELATIONS

5, St e the sbove perstions iy vasion Ta oF " faentitios which are listed
to

table BEGW. In fact
Themm A2: Sets uhntythe Jaws in Table 1.

S T e

And =4

2 (AUBUG = Auwug . (AnBING = An(ENO)
L e A T T T e

S5 Commatative Lavs
. AnB = BnA

= Distribative Laws

i A0ENG = WoBnAVD &, An@EUQ) = UnBYLANG)
) it

s Aup .

. AuU FeT

T Avas
B (A9¢

De Morgan'a Lawa
9. (AUBK = AenBe o, (AnBr = AuBe
Table 1

Remark: Each of the above laws follows from an analogous logical law. For example,
ANB = (z:z€AmdzEB) = (z:z€Bmdz€d) = Bnd

(Here we use the fact that the composite stafement “p and cr' wiiten pag. &
Jogically equivalent to the composite atatement “g znd 7" »)

The retatibiahsp betérsen s inclislon and the abovs et apekitions follows.
Theorem A3: HEach of the following conditions is equivalent to A C Bt
@ AnB=4 Becas ) BUA®
(i) AUB=B (i) ANB*=0
Wo generaiz, the sbove st opeatons s fallos. st (A 1) be a1 Loty ot
*sets. Then L)ne‘wmm q(,m A, written U, 4, (or simply UiA), i :t_of elements
e o to o ok s f the A andfhe intereaction o i A e
e cet of elements cach belonging fo every A

simply Nidy

PROIJU(,T Kts
Let A and B be tyo jets.

nrd:r:d pmu (n., b) where a € A and
AXB = (®}):aE€4 bEF)

The prodiat sét of A and B, dencted by A X B, consists of all

The product of a set with itself, say. A A, is denoted by 4°
P v
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SEIS AND ReLumoyg

- : [APPENDIX A
SOl Af; gy ey
Thuaadmhnml]urw,m g Rkt
P g e RE=RR o hown b, e
sents an orde d Flﬂ' (a,b) Bi real nrm:bm, Ind e Ve
Example 47;

Let 4=1,23) wnd B=(s,b). Then
LAXE = (0, 00,00, 03,060

Remark: The m'u&reﬂ Dair (1) s defned ;lgumuxylyy (a,) = {{e}, {3,8)). From this

m he i ety mar b e iy (o0)=(6) i nd oy
1f a=oad b=d o

The Concopt of Drodict e i extended to ay frte mumber
The product set of the sefs Ay, A, written Ay X AzX -+
call thggl;s (21,05, ,a..) where G E 4y for each i,

s it natural way.
XAy s the set eonssing of
P S5

|- RELATIONS

A binary rlation or simply reation B from a sef A o a st et ordered
Lo i (o be4xB atly oneof th folling tateménts:
(i) “aissélated od”, witten aRd,
4 () “is nobrelated 0", witten o D,

A relation fmm asetd o the same st A is cnlled a relation in 4,

Branpl A3: Set o s 2 editian i s i of s Fo, g s pe o el A B,
ither ACB ot ACB| ¥

S
Ohserve thxt any relﬂtmn R fmm At B uniquely d!‘flnEn a subset E of A XB as follows:
- (f.):0BE)
L N :
Conversely, any subset J4 uf AXB defines a relation frem A toBas fallows.
anlfandan]ny (g,b)EE ; S

o
I; view of the abqve mrrgpnndence between réia ions from A o B nnd s\lhsats ql Ax )?

o) e We Tedefing redefing a elstion as Tollovs: & ! i

l‘ 38 Uiy

Definition: A rdahm Riromdto B isa nubset of AXB.
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