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Additions (a,b) + (c,d) = (a + ¢, b + 4)
Multiplications (a,b) x (c,4) = (ac = bd, boc + ad)

It is evident that there is a 1 to 1 qorrespondonco between the complex
numbers (a,0) and the real numbers a which is defined by (a,0)<«»>a (reads
implies and is implied by a). Under it sums correspond to sums and products
to products. That is: :

(azo) + (c,0) .= @& +(c,0) (8,0) x (c¥0) = (ac,0)
a + g = a 2 e X e - JE
Such .a correspondence is called an isomo hism, and we say that the set of
complex numbers (a,0) is isomorphic to the set of real numbers a relative to
addition and multiplication. | '

The arithmetic of the pure imaginaries is given by the tbllowing ruless
Addition O;b + 0,d = 0, b + &
Multiplication 0,b x 0,d = =bd,0
It is important to note that the product of two pure imaginaries is a
real numbere. In particular, (0,1) x (0,1) = (=1,0)

We now recall that our motivation for introducing the complex numbers was
our inability to solve the equation-x?n =1 in terms of real numbers. Let us
see how the introduction of complex numbers enables us to provide such a solu=
tion. By means of the isomorphism above, we see that this equation corresponds
to the equation (x,y)z = (x,¥7) x (x,¥5) = (=1,0) !

As we have noted, (x,y) = (0,1) is a solution of this equation,,and we also
see that (x,y) = (0,-1) is another solution. Therefore our introduction of
complex numbers permits us to solve equations of this type, which had no so=-
lution in terms of real numbers. :

In order to complete our discussion we need to show the correspondence be=
tween our two definitions of complex numbers. We first note the following
identities:  (0,b) = (b,0) x (0,1) and (a,b) = (a,0) + [(b,0) x (0,3)]

We then set up the following relationship between the two notationss

(a,b) notation =~ (a + bi) notation
Real numbers (2,0) a
Unit imaginary (0,1) i
Using the identities above, we then derive the correspondencess
(a,b) notation (a + bi) notation
Pure imaginaries (G,b) bi
Complex numbers (ayb) a + bi

Prom these we show that the rules for the equality, addition, and mlti=
pPlication of complex numbers in the & + bi notation, which were stated as
definitions at the beginnihg of our discussion, are in agreement with the
corresponding définitions in the (a,b) notatione Firnally, we observe that
with these definitions‘the complex numbers form a field.




1. BRANCHES OF MATHEMATICS

Mathematics is the science of numbers, quantities and space, and their rela=
tionshipse. Arithmetic and geometiry have been the fundamental branches of mathe=
matics since antiquitye Over the centuries arithmetic wes extended by algebra,
in which symbols are used to represent numbers, variables and constants, either
as a means of exprossing'generll relationships or to indicate quanxitiés satis-
fying particular conditionse

Arithmetic and algebre were unified with geometry in gmalytical geometry, which
provided & technique for mapping smambers a8 points on & graph, for converting
equations into gooﬁetric shapes, and vice versaée. This analytical approach opened
the way to most of the disciplines of higher, or advanced mathematics referred to
by the single word "enslysis®. The first development of amalysis was galoulus,

a system for enalyzing change and motien, whese basic concepts are the 1imit of
a sequence of numbers or objects and the lilit of a functione

Meny advances have taken place in number theexry, dealing with the properties
of the integers (ordinary whole pumbers). The same applies to algebra and geometxyl,
so that we have algebras jmcluding the algebre of sets, vectors and matrices, and
Banach, Boolean oY homological algebras, and non=Euclidean geometries such as
elliptie, hyperbolic, and Riemannian geometriese. Topology, another development of
modern mathematics, is the study of the properties of geometric shapes which de
not change when subjected to continuous transformation or deformatione

Mathematics has always been founded on logice This led to the creation of sym=
bolie logie, set theory and group theorye Symbolic logic éttempts to reduce all
humen reasoning to pathematical notation. The set=theoretic approach now permeates
all mathematicse Among other things, the theory of sets provides & new kind of
arithmetic for dealing with infinitye. Both symbolic loglc and set theory are inter=
related with group theoxy, which plays & unifying role in enalysis and reveals.
unexpected similarities between diffevent mathematical domains. The theory of
graphs is a recent development of the set theory and of problems in finite com=
pinatorial mathematics.

Probability theoxy, the mathematics of uncertainty and chance, Serves $o0 mea~
sure the likelihood of various events and studies methods for finding the rqleva;ﬁ
numexical valuese Methematical statistics 1s concerned with the techniques of
collecting, presenting and analyzing data. It is pased on the study of probebility

and, conversely, information obtained from statistics is needed for working out
probebilitiese. The two disciplines mot only find wide application in everyday
1ife (economics, administration, technology and science, etc.), but alse spring
from life. '
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mathematical ¢ bernetica, information mathematics ang Computin Science, ope=
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Tations résearch, and others, 1nvolving programming, broblems of automatie con=
trol and model constrnction, which would be unthinkabie without computers apje

one of the main features of modern time,
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to unirfy Jusnifai Bjednotit
to provige pPro’vaiq Poskytnout, ds4t, opatiit
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to convert into kon‘vyst Preménit, prevést na
equation i ‘kweidn rovnice
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advance 3d ‘vasns pPokrok, zdokonaleni, vyvoj
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to deal with, dealt,dealt disl, delt zabyvat se nééim, bojedndvat

- Property propati vlastnost
integer intidse celé &islo
to apply to 3’plai tykat se, platit 03 aplikovat
to include in Klusq zahrnovat, obsahavat
set set mnozZina, soubop

matrix, matrices
Eucliq, Euclideapn
to sudbject to
continuous

meitriks, =igiz
Jusklid, ju, “k1lidign
82b “dZekt
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matice, matrice
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to attempt
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to permeate
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to reveal
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finite
combinatorial mathematics
probability
uncertainty

chance

t0 measure; measure
likelihood

event

relevant

value

to be concerned with

datum, date
(sg. se nyni nepouZiva)

based on

conversely
vice versa

to spring, sprang,sprung
area

applied math@matics
cybernetics

information mathematics
computing science
computer science

operations (US) research
operational (GB)research

programming
automatic control
unthinkable
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vytvoFeni, vanik
pokusit se, snaZit se
prevést na; zjadnodusit
zdpis, oznaleni
usuzovéni, uvaha
mnoZinovy

prolinat, pronikat
nekone&no

grupa; skupina
odhalovat, vyjevovat
podobnost

oblast, obor (definidni)
neddvny, novy

kone&ny

kombinatorika
pravdépodobnost
nejistota

ndhodea, moZnost

méFit; mira
pravdépodobnost

jev, priped, uddlost
p¥islusny, vhodny
hodnota ,

tykat se, zabyvat se &im
udaj, date

zaloZeny na

nagpak, obrdcené

pramenit, vznikat

oblast; ploSny obsah (geom. )
apliko&ané matematika
kybernetika

informatika

operadni vyzkum, op. analyza

programovand
automatické ¥izendi

nemyslitelny
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to process prouses zZpracovévat
to perform pe form provddét, vykondvat
computation Jkompjus “teisn vypodet, poditdns
complex kompleks sloZity
lengthy lenoi zdlouhavy
computerization kempjusteral “zeisn Prevddéni ne podita¥,uziti p,
feature fisds charakteristicky rys, znak
Useful Phrases
disciplines referred to by obory, které oznalujeme (o kterych
the single word Tanalysis® mluvime pod) jednim slovem "arialyza"
more advances have taken place k dal&imu rozvoji doZlo
in number theory v teorii &isel
the same applies to algebra totéZ plati o algebre
topology is concerned with e, topologie se zabyvéd &im
statistics finds wide epplication statistika se Ziroce uplatﬁuje
last decades have seen the intro- vV poslednich desetiletich Jsme byli
duction of new branches svédky zavedmni novych obord
new kinds of algebra such as coe nové typy algebry, nap#iklad coo

Eoznimicy

l. N&které ndzvy védnich obord jsou Zakondeny na =8, ale maji sloveso v jednot-
ném &isle: Mathematics is a science.

Podobnés pPhysics, statistics, economics, cybernetics, linguistics, aje

—

(Ale: logic, arithmetic.) Prizvuk Je zpravidla na 2.slabice od konce.
2o P¥izvuk v pojmenovénich v&dnich obors zakoncéenych na =logy, =graphy,
~meiry, -scopy, -nomy atd. Je ustdlen na 3.slabice od konces

topology, geology, biology, geography, geometry, trigqggmetry,
spectroscopy, astronomy, philosophy, ‘aje

3. V obecném vyznam se ndzvy véd a jejich obord uZivaji bez &lenus
Arithmetic and algebra were unified with geometry in analysis.,
Ale pro odlifent riznych druhd Jednoho oboru pouzZijeme &lenus
Probability is the mathematics of chance, This is 2 Boolean algebra,
~ (algebra = algebraic structure )

4> Pozorujte nﬁsledujici vyznamovg ekvivalentni vyrazy (na levé strané struktura
the ceo 0f o0o , na pravé Pro angliétinu typicks sloZens Pojmenovdni, kde
prvai slovo je p¥ivliastek, druhé zékladni podstatnd jméno)s

the theory of sets = set theory

the theory of groups = group theory
the theory of numbers = number theory
the theory of measure = measure theory

the theory of information information theory

the theory of probability = Probability theory
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a)

b)

e)
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Kone&né jsou v matematice Zasté sloZend pojmenovdni typi:

the Riemann integral, the Lebesgue /lebeg/ measure, a Hilbert space,
the Cauchy /ko$i/ formula, & Banach algebra, the/a Hasse diagram, atd.

privlastnovacl pad (bez 8lenu): Cramer s rule, Taylor s theorem,
Euclid’s geometry (také the geometry of Buclid), aje

g archaizujfci (latinskou) pFiponou -ean nebo =ian 3 Euclidean geométry,

Riemannien geometry, the Cartesian product /ke: “tiszien/, an Abelian

/a‘beljsn/ group, Newtonien physics /srovnej také Shakespearian theatre,
Victorian pexriod/.

PreloZte:

1o V obdobi v&deckotechnické revoluce se matematické vysledky (achievements)
a metody Siroce uplatnuji v rozmanityeh oborech teorie i praxe.

2, Jednou z charakteristickych vlastnosti soulasné matematiky je vaznik
novych odvétvi, ve kterych se prolinaji metody riznych matematickych
discipline

3. Na p¥irodovédecké fakultd jsou katedry matematiky, fyziky, chemie,
biologle, biochemie, geologie a zemépisu.

4o Matematika mdla wZdy tzké vztahy k logice a filosofii.

5., Matematickd lingvistika studuje jazykové stxuktury s pouZitim (using)
matematickych a logickych modelle

6o Vyznam tohoto oboru vzrostl v poslednich letech p¥i tvorbé (in developing)
umdlych jazykd pro politade & v oblasti automatického prekladu z jednoho
jazyka do druhéhoe

aencnen ea e ED

2o THE ABSTRACT LANGUAGE OF MATHEMATICS -

Mathematics is an important tool for science. But while science is close=
ly tied to ithe physical world, mathematics is essentially abstract. The first
phase of the abstraction of mathematics from physical reality is the use of
undefined words in definitions, eege,in the following oness

Points the common part of two intersecting lines.
Line: the figure traced by & point whlch moves aleng the shortest path
between the points.

Thus we have defined point in terms of line and line in terms of pointe
Clearly, such definitions are going in circle. Adding another word, between,
we may define:

Line segment: that portion of a line contained between two given points
on & line,

The words other than those underlined are without special meanings amnd thus
may be used freely.

Once we have built up our vocabulary from undéfined words and other words

defined in terms of them, we can make statements about these new terms. They
will be declarative sentences (assertions) which are so precisely stated
that they are either true or false. Statements accepted as true are called
axioms., Certainly the geometry of Euclid was a grand abstraction from
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physical space. But the type of abstraction found in modern mathematics is
of an even higher order, i.e., the objects, relations, and operations with
which it deals are alrsady themselves abstractions., ;

When we have shown that the truth of a given statement follows logically
from the assumed truth of our axioms, we call this statement a theorem and say
thet "we have proved it." The main interest of a thematician is to invent new
theorems and to comstruct proofs fbr them , and é!g two mental processes vital
4o all mathematical progress are abstraction and proof.

The rules of mathematical reasoning may be viewed as the grammar of mathe=
matics. Its vocabulary, in addition to technical terms discussed above, typi-
cally includes symbols such ass

numerals for numbers;

letters for unimown numbers;

T for the ratio of the circumference to the diameter of a cirele;

sin (for sine), cos (for cosine) and tan (for tangent) for the ratios
between sides in a right triangle;

Vv for & square root; oo for infinity;
I, o} ,2 and —> for selected other concepts in higher mathematics.,

abstract batrekt 2 abstraktni
to abstract, abstraction 2b strxkt, ob strzkin abstrahovat, abstrakee

tool tusl ' nédstroj, prostiedek

to tie tai vézat, pojit (se)
essential 1 ’sen®l zdsadni, podstatny
phase feiz fége, stadium, stupen
reality ri “21iti skutednost, realita
undefined ‘andi “faind nedefinovany

common komsn spoledny; ebecny; b&iny
to intersect into ‘sekt protinat (se)

iine (straight line)

lain, streit 1.

p¥imka, &é4ra

to trace treis nakreslit, vyznadit

to move along mui:v 9°lon pohybovat se pe

path pas® cesta, drdhag vzddlenost
term tasm termin, vyraz, &len (mat.)
in terms of vyjéd¥eno jako, pomoct
clearly ‘klisli ziejmé, je ziejmé,Ze

to go in circle in soskl pohybovat se v kruhu
line segment lain segmsont usedka

portion possn éist, isek

to underline ‘ands‘lain podtrhnout

meaning misnin vyznam, smysl

once wans Jednou, jakmile, kdy%




vocabulary
statement
declarative
sentence
assertion
to state

precise
| . true
false
to accept
axiom
grand
order
truth
to assume
theorem
to prove
to invent
proof
vital to

progress
rule

to view as
grammar

in addition to
typical of
numeral
unknown

ratio
circumference
diameter

sine (zkr. «in)

cosine (zkre. cos)
tangent (zkr. tan)
side

right triangle
square; square root
sign

to imply

to build up (built,built) “bild “ap

va kabjulori
steitmant
a1 “klerativ
sentaons

3 sasdn
steit

pri ‘sais
trus

fosls

2k ‘sept
®ksiom
grand

0:da

trusd
2’sjuim
6isrom
prusv
in‘vent

- prusf

vaitl

prougres
rusl

vijus

groemd

in 2"disn
tipikl
njusmrl

‘an ‘noun
reisSiou

s2 kamfrns
dai ‘emits
sain

kousain, kos
tendZont, ten
said

rait traisngl
skwed, Se. rust
sain

im‘plai

L2

vybudovat, vytvorit
slovnik; slovni zdsoba
vypovéd, tvrzeni, vita
oznamovaci, vypovidaci
véta (gram.)

tvrzen{

vyslovit (vétu), uvést
pFesny

pravdivy; platny, vérny

. nepravdivy; neplatny

prijimat

axiom, zékladni ziejmd vEta
znamenity, genidln{

¥4d, stupen, poFadi

pravda, pravdivost,platnost
predpoklddsat

véta, poudka

dokédzat
vynalézt,vymyslit,objevit
dikeaz

(£2ivotnd) ddleZity,
rozhodujici pro

pokrok, rozvoj, postup vpied
pravidlo, predpis

divat se na jako, povaZovat
gramatika, mluvnice

vedle, kromé &eho

typicky, pfiznaéhj pro
éislovka; &iselny

nezndmy, nezndmd (velidina)
pomér, podfl

~obvod (geoms)

primér (lkruhu)

sinus

kosinus

tangens; tedna

strana |
pravoihly trojdhelnik
8tverec; druhd odmocnina
znak, znaménko

implikovat, znamenat
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Useful Phrases
we define point in texrms of line bod definujeme pomoci pojmu p¥imke
guch definitions are going . takové definice se pohybuji v kruhu
in circle :
statements accepted as true ‘ tvrzeni pi"ij:;mana’ za pravdivé
are called axioms : nazyvéame axiomy
the rules are viewed as pravidla chdpeme jako (povaZujeme za)
the grammer of mathematics gramatiin matematiky
its vecabulary includes symbols do sl vniko pat?i symboly

Anglickd abeceda

a /ei/, b /vi:i/, c [si:/, 4 /dais/, e [is/, £ [ef/, g [/d%is/, h /eid/,
i /ei/, § /dZei/, k /kei/, 1 [el/, m /em/, n [/en/, o [ou/, P /ris/,
q /kjus/, » /as/, s /fes/, t [tis/, u [iui/, v [vis/, w /dabljus/,

x /feks/, y /wai/, z /zed/; ch = ¢ + h /sizeil/,

Heckd abeceda

A of alpha /21Es / F v au /njus/

B 3 beta /vista/ = ? xi /zai/

I Yy scemma /gemy/ 0 O omicrom /ou ‘maikran/
A § delta /delts/ W e .t /pai/

E € epsilon /ep ‘sailen/ P 'R irho /rou/

2 § zete /zista/ 'Y o’ sigme /sigma/

H " eta fista / Blier s ke /to:/

0 1 theta /eista/ Y v upsilon  /Jusp’sailayn/
I ( iote /a1 outa/ ¢ # em /2ai/

K 3 Xxappa /xepa/ X% vy - chi /kai/

A A 1lanmbda /1emads/ 1%' v psi /sai/

¥ u m /mjus/ ﬂ  omege / oumiga/

Cten{ symbold

V”« the root sign; \/x =~ the square root of x; oS = infinity
2 i sum, summation /sam, sam’eidn/; j - dintegral /integrsl/;
oL partial differential /pa:3l jifa'renél/y—} - dimplies /implaiz/.

Pozndmky

|
l, Number - a) &islo, b) podet; numeral - a) dislice, b) ¢islovka; &islice je

1 takés figure (10 is a double-figure number) a digit (kterdkoli z &islic

1 0 = 9)3 a number of two digits (a two-digit number): 32; a binary /bainsri/
’ ' digit & either 1 or 0 (zero =-/zisrou/) = bite.

|

\

2e Zkratky: i.eeo = that is (tj.); eogo = for example (for instance) = nap¥eg
etco = and so on (forth) = atde; cfe - compare (srove); viz. - namely
(totiZ); et ale = and othérs (aje)e.
QeEsDs (late quod erat demonstrandum) = which was to be pyoved (demonstrated)
= cof bylo (t¥eba) dokdzat (cebede, chd)
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3. V odborné anglidtin& jsou velmi Zasté vazby s trpnym rodem, zatimco v Zedti-
né dévéme prednost &innému rodu nebo poufijeme zvratného slovesa.

Such statements are called axioms lze preloZit trojim zpisobems
Takovéd tvrzeni Jsou nazyvédna / se nazyvaji / nazyvéme axiomy.

2 hlediska jazykové praxe nés zde zajimé t¥eti zplsob, protoZe chybny doslov-
ny pPeklad "Such statements we call axioms" je poruSenim pravidla o slovoale=
du v anglické vété (SVOMPT).

Pamatujme si: Zaéneme=1i takovou vétn nasim 4.pddem, pokralujeme v angliétine
automaticky trpnou vazbou. Vzor: Hamleta napsal Shakespeare = Hamlet was
written by Shakespeare (jinak bychom samozrejme vztah obratili). Tedy:

Axiomy nedokazujeme. Axioms are not proved. (OvSem takés We do not prove a.)
Véty dokazujeme pomoci dikazle Theorems are proved by proofs.
Didkaz ponechdévéme Etend¥i. The proof is left to the reader,

PreloZte do angli¥tiny (s pouZitim trpného rodu)s

l. V axiomatickém systému pojem "mnoZina" a vztah "byt prvkem" (element)
nedefinujeme (tak jako nedefinujeme v geometrii pojmy "bod" a "p¥imka™).
Pro tyto nedefinované pojmy vyslovime Fadu nedokazovanych tvrzeni gvanych
axiomw. Z t8chto axiomi se pak buduje celd teorie mmnoZin deduktivnd.

2. Prvnf pokus o vybudovédni axiomatické teorie predstavuje Euklidova préce
nzéklady” (Elements), kterd obsahuje 5 znémych axiomi a 5 postuldtd eukli-
dovské geometiie. Rozvoj axiomatickych metod se v3ak datuje a% do 19.stoleti,
kdy Lobadevskij a Bolyai poloZili zédklady geometrie neeuklidovské.

3. Matematickd indukce je postup, ktery se pouZivd k dikazim (to prove) urdi=
t¥ch typl matematickfch vét a vyrazl. Zaklddd se na IV. Peanovéd axiomu pFi-
rozenych Sisele

3. THE NUMBER SYSTEM AND REAL NUMBERS -

Numbers are basic ideas in mathematics and it is essential to know all
t+he important properties of our number system. We must start with the natural
numbers 1,2,3, ooe used in counting things and objects. The count is indicated
by cardinal numbers, while the position in an ordered list is indicated by
ordinal numbers. To add, subtract, multiply and divide pairs of natural numbers
were the very first lessons of everybody's elementary arithmetic. A major step
in the development of mathematics was the invention of fractians‘to give mean-
ing to divisions like 7-+2 or 225 (different from say 6 =3 = 2). later on
zerc and negative numbers were added to form, together with the positive inte-

gers and fractions, the system of rational numbers. This made it possible to

| subtract any rational number from one another, eege; 3 = 5. Numbers that cannot
be expressed as ordinary fractions, such as Vi'andif, are called irrational
numbers. They are written as infinite decimal expansionss 1¢4142 ... and

361415 oooe

(Note that the decimal expansions of the rational numbers are also infinite,
for example, 1/4 = 0625000 cooy 1/3 = 0633333 cee, 1/T7 = 0142857142857 ees

These, however, repeat after a certain point, whereas the irrationals do not
have this property.)
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The collection of the rationals plus the irrationals is called the system
of real numbers. It is quite difficult to give a completely satisfactory de-
2222 numbers
Tinition of a'real number, but for the bresent purpose the following will suffice.

Def.l. A real number is a number which can be represented by an infinite decimal
expansion.

Def.2 (of equality), Two Symbols, a and b, representing real numbers are equal

if and only if they represent the sameé real number,
Thus a real number can be expressed in & variety of notations:

1 2,/
X €oge Tzs % s 06.5000,., ° “‘i/% o %‘2,%-’-%’ %— “ % 2

Theorem 1, If a,b,¢c represent real numbers and if g =Db, thena +c¢c = b + ey
$iziC % Ve 0y 'sc = be, and a/c = b/c (provided o ¥ 0).

Addition of Real Numbers
———ns D- steal Numbers

Closure Law of Additions The sum a + b of any real numbers is g unique
real number c,

This Property may seem trivial, but let us consider some situations where closure
is not trues a) The Sum of two odd numbdrs is not an odd number. b) The sum of

two irrational nugbers is not necessarily irrational, for (2 +V§) + (4 =\B) = 6.

¢) The sum of two prime numbers is not.necessarily & prime, for 7 + 11 = 18.

Commutative Law of Addition a + b=b+ a (1ees, the order is not imﬁortant)
Associative Law of Addition (& + b) + ¢ = a+ (b+e¢) :

T eseea el

Defeds & + b + ¢ is defined to be the sum (a + b) + ce Hence follows

Theorem 2. a4+ b+c¢ = c+b+as,

s2torem o
In a similar way we can define the sum of four real numbers,

Def.4. The real number zéro is called the identity element in the addition
of real numbers.

Defe5. The additive inverse of a real number a is the real number =g having
the property that a + (~8) = -a 4+a = 0, :
We must further define the difference of two real numbers,
Defo6. Let a and b be real numbers, Then, by definition, a = b = a + (=b),
We shall have frequent occasion to refer to the absolute value of & real number,
o ~.—._-——-_—‘
This is written l&] and is defined as followss

Defe7o The absolute value of g real number a, la[ s 18 the real number such
that:s a) If a is positive or zero, then |a] = a,
b) If a is negative, then |a] = -a,

Multiplication of Real Numbers

The laws of mltiplication are easy to learn; they are almost the same, with
"product® written in the place of "gumw,

The real number 1 is the multiplicative identitx.

The multiplicative inverse of a f 0 is a’ having the Property that
axa’= a’xa a 3,
(Note: a £ 0 is to be read: a is different from zero; a’ is reads a prime.)

s R ST S5 = =




11 ‘ L3

Now let us define divisiom. Just as the difference of & and b is defined
to be the sum of a and the additive inverse of b, the quotient of & by b
is defined to be the product of a and the multiplicative inverse of be

Defs8s Let a and b be real numbers, and let b # O Then the quotient of a by
b i3 defined to be a/b = a x b°,

Note that division by zero is not defined. Zero may never appear in the deno=
minator of a fraction.

There is one final law connecting multiplication and additions
Distributive lew ax(b+s)=(axd)+ (axec)

Phis law has & number of important comnsequences. The first of these is the
miltiplicative property of zero.

Theoremlg. Let a be any real number; then a x 0 = O.
From this theorem we conclude the following useful results

Theorem 4. If a and b are two real numbers such that ab = O, then
a=0, orb= 0,

This théorom has very many applications, especially in the solution of
equations. :

A second consequence of the distributive law is the set of rules for multi=-
plying signed numbers. These are easily derived from the following theorems

Theorem 5. For any real number a, (-1) x & = -a
Corollary. (=1) x (=1) = 1

Putting a = =1 in Theorem 5 and applying the convention that =(-a) = a ,
we can prove the usual rules.

Theorem 6o ILet p and q be any positive real numbers, Thens
a) px (=q) = - (pq), b) (=p) x (=q) = pq
In summary, the laws above form the foundation of the whole subject of
ar;thmetic and ordinary algebra. They should be carefully memoxrized. In more
advanced mathematics they are taken to be axioms of an abstract system called
a field. Hence we may say that the real numbers form a field.
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Useful Phxrases

this made it possible to subtract
any rational number from one another
the sum is not necessarily & prime
closed under addition

from the definition the following
theorem follows immediately

this is defined as follows

the quotient is defined to be a/b
the laws are easy to learn

the rules are easily derived

L33

to umoZnilo navzdjem od sebe ode~
éitat jakdkoli raciondlni &isla

soudet nemus{i byt prvedislo

uzavien vzhledem ke séitdnd

z definice vyplyvd okamZitd
ndsledujici{ véta

to definujeme ndsledovnéd

podil definujeme jako a/b

Je lehké se naudit pravidla (zdkony)
pravidle se daji snadno odvodit

the laws should be memorized pravidla bychom se méli nauldit

zpaméti

let us put a = =1 poloZme a = =1

Poz

lo Let us consider/define/have/put atde = uvazujme, definujme, m&jme, poloZme
Stejnou vybizeci funkci mé rozkezpisobs: Suppose/assume = piédpoklédejme.
1et a be a real number - Nechf a J8 eeo Let S be a set - Budif S mnoZina.

2 Any v kladnyoh vitich - jakfkoli, 1ibovolng (arbitrary), kaZay
Let a be any real number. Any number divisible by 2 is eveno
Let p and q be any (arbitrary) positive real numbers.

Jo- Struktura (implikace) If ceo(such that) eee , then cee

If & and b are two real numbers such that ab = 0, then a = 0O or b = O,
JestliZe takovd, Ze +  pak (plati, Ze)

SeStina uZivéd slove “plati® daleko 3ast&ji nei anglidtina, kde stadi napi.
jen then (viz p¥iklad)s Such that bychom snad mohli rovndZ pPelozit
#o nichZ platf, Ze". DalS{ priklad:

" Nechi platf inkluse ACB - Iet Ac B (¥tis Let A be & subset of B
Let A be contained in B)

Plat{ = holds (singuldr) nebo hold (plurdl) nebo is true / are true,
ale tato slovesa ndsleduji Jen po podm&tu (tj. musi pFedchizet to, co plati).
- Nap¥es Tato wéta plat{ = This theorem holds (does not hold).

soe pak plati véta 3 = then Theorem 3 holds.
(vSimnéte si znovu rozdilného slovosledu)

V nasSem p¥ikladé naho¥e uvedeném bychom mohli tedy také ¥icte
eee, then (the equality) a = 0 holds (ale s tim se tak dasto nesetkdvime),
4. The rationals plus the irrationals form the system of real numbers (reals).

Zde méme priklad tzve. konverze, tejo prechodu slova z jednoho slovniho
druhu do jiného; v nadem p¥ipadé jde o zpodstatndld p¥idavnd -jménas

a variable (quantity) = prom&nnd (tj. velid¢ina); variables = variable quan-
tities; & conic (section) = ku¥elosedka (plurdl: conics?); a prime, primess

= a prime number, prime numbers (prvodislo, prvodisla).




Algebraic expressionsland operations:

6 xy 6 = coefficient, x,y = unknowns

3ax + 4by - a binomial (sum of two

terms); + = plus sign

2xy = 4x + Ty = 3 =0 an equation
whose left side is a polynomial of
four termsgy = is the sign of equality

9«8
9x 8

(a+b)e{a=b)=5
two binomials enclosed in brackets

48+ 4 =12 = , 3 = division signs
48 = dividend, 4 = divisor, l2-quotient

ey X = multiplication signs

= 2a The right member of the
v 3b equation is a fraction.
2a = numerator, 3b = denominator
%? s &b
asb=c: d a proportion
x2 x is reised to the second power
%X = base, 2 - exponent;
the operation of involution
x3 is to be read:
g x to be read:
Vx a rooty the operation of
; evolution (taking roots)
'h’ .
V?E} V® ; Vx ; read:s the cube root of x; the
x z a power with a fractional exponent
x> a = power exponent
ity n-1 = binomial expon&nt
b1\2
(a +2)
( .) round brackets, [ S s L
parentheses q gl
Practions:

3

Decimal fractionss

23,318 or 23°318 (point instead

of comma)

0e72 or 72 (zero may be omitted)
1.14285 a repeating decimal
15 % ’

one third,—%i— six elevenths,

-

How to read thems:

sixxy
three a x plus four b y

two x y minus four x plus seven y
minus three is equal to zero
(equals zero)

nine times eight,
nine multiplied by eight

a plus b into a minus b
equals five

forty-eight divided by fours
is twelve (equals twelve)

.x is equal to two a

over (by) three b

the ratio of a and b

a is to b as ¢ is to 4

X squared, X square,
x to the second (power),
the square of x

x cubed, x cube, the cube of x,
x to the third‘power

x to the n-th; x to the minus n-th
the square root of x i

fourth roo% of x3 the n=th root «..
x to the minus one-=half

x to the a square(d)

x to the n minus one

e plus b over ¢ all squared

{ } ~ *braces

6 six and two=thirds

2
3
fwenty-three point three one eight

zero (nought) point sevemty=twn
one point one four two eight five

fifteen percent

Note: Commas separate largiznumbers into groups of thgee digitss 65,237,948
07 in the USA,

"Hhilkion” denotes 10

in Great Britain, but 1
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cvilent
Ao Btdte: (a - B)m &= 3db + 3ab?= 13

% 9£z+ 6x + 1 = (3x +1) ¢ (3x + 1) ; "iﬁ - g s
i ,.._1_. - i o a “bEVFT
2 T ‘2(1 3) s %42 zaV *-%ac

2 3,
xge T2\/1 -L 3 V a3 = a"; a, = (1 +%) o4l (an-readza sub n)

3
-%- ; %% : 18-%— 3 4,009.32 ; 0.8806 ; 21 % T5% 3 217 % «

B. PPelofte:

de 8&iténim, od&{tdnim, ndsobenim a d&lenim &iselnych vyrazd dostdvdme jejich

soudty, rozdily, soudiny a podfly (... respectively. ).

2. Exponent Je index nebo symbol, ktery oznaduje, na jakou mocninu mgd byt po=-
vySena néjakd velidina.

3. KaZdé redlné &islo odpovidéd v grafickém zobrazeni néjakému bodu na Efselné
ose (real line), jejim% poddtkem Je O & kde napravo jsou kladnd a nalevo
zdpornd &isla.

4. Cisla d&litelnd 2 se nazyvaji sudd, ostatni jsou lichd. Prvodisla nemaji
Z4dného jiného &initele neZ jednidku (unity) nebo samo prvodislo.

5¢ Krdceni (cancelling) je jeden ze zplisobl, jak zjednodusime matematické A
razy v romnicich nebo ve zlomeich. DalSi algebraické operace jsou rozklad
na &initele (factoring), odstranovini zdvorek, aj.

4+ COMPLEX NUMBERS

Many problems cannot be solved by the use of real numbers alone, for instance,
x?- =le The new symbol i is then introduced, with the property that iza =le Ex=
pressions like & + bi are called complex numbersg a is the real part and bi is
the imaginary part.

The arithmetic operations on complex numbers are defined as follows:
Equalitys a + bi = ¢ + di if and only if a=¢ and b = d,
Addition: (a + bi) + (c + di) = (a + ¢) + (b + d)i.

Multiplication: (a + bi) x (¢ + di) = (ac = bd) + (be + ad)ie

Note that the definition of multiplication is consistent with the property that
1*= -1, For we can multiply (a + bi)e(c + di) by ordinary algebra and obtain
ac + i(bc + ad) + i{ad). When we replace i*with =1 and rearrange, we obtain the
formuls in the definition.

We will now give an alternative development of the complex numbers in g logi=
cal and nonimaginary fashion. A complex number is defined to be an ordered pair
of real numbers (a,b)s, The complex number (ay0) is called the real part, and
(0,b) the imaginary part of the complex number (a,b). The pairs (a,0) are identi-
fied with the real numbers a and (0,b) is a pure imaginary number., The arithme-
tic of complex numbers is then given by the following basic definitions:

Equality: Two complex numbers (a,b) and (c,d) are said to be equal
if and only if a =c¢c and b = d.







