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1. BRANCHES OF MATHEMATICS

Mathematics is the science of numbers, quantities and space, and their rela=
tionships. Arithmetic and geometry have been the fundamental branches of mathe-
matics since antiquity. Over the centuries arithmetic was exzbended by algebra,
in whieh symbols are used %o reprosent mumbers, variables and constants, either
&s & means of expressing general relatiomshipe or to indlcate quantitiéé satig~
fying particular conditions.

Arithmetic and algebre were unified with geometry in auelyilcal geometry, which
provided & technique for mapping muwmbers as points on a graph, for cenverting
equations intc geometric shapes, and vice versa. This analytieal approach epened
the way to most of the disciplines of higher, or advanced mmtaa@atieg referred o
by the single word "analysis®. The first development of analysis was ealculns,

a system for amalyzing cshange and motien, whese baslic comsepia are the limit ef
& sequence of numbers or objects and the lixnit of a functiem.

Meny advances have taken place im pumber itheery, deeling with the properties
of the integers (ordinary whole mumbers). The same applies to algebras and geometry,
so that we have algebras including the algebre ef sets, vectors and matrices, and
Banach, Boolean or homolegleal algebras, end non=Buclifdtan geomeiries such as
elliptie, hyperbolic, and Riemannian geometries. ?@fwléﬁy, another development of
modern mathematics, is the study of the properties of geomeiric shapes which de
not change when subjected to continuecus trensformetion or deformation.

Mathematlcs has always been founded on logic. This led to the creaiion of sym-
bolils icgieg set theory and group theory. Symbolic logic attempts to reduce all
humen rezsoning to mathematical notation. The set=thesoretic approach now permeates
2ll mathematicse Among other things, the theory of seis provides a new kind of
arithmetic for dealing with infinitye. Both symbolic logie and set theéxw’are intexe
related with group theory, which plays a unifying role in anslysis and reveals
unexpected aimilaxlﬁies between different mathematical domains. Ihe theoxy of
graphs is & recent development of the set %heory and of problems in finite com=

binatorial methematicse.
Probability theory, the mathematics of uncertainty and chance, sexrves %o mea~

sure the likelihood of various evenis and studies methods for finding the relevat
mmerical values. Mathematicsl gsiatisitics is- concerned with the technligues ef
collecting, presenting and analyzing data. It is based on the study of probablility
and, conversely, information obtained from statistics is needed Tor working out
probabilities. The twe discliplines noet only find wide spplicetion in everyday

1ife {econcmics, sdministration, technology and sclence, stce ), but alse spring

iits.
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Last decades have seen the introduction of new areas of applied mathematics,

mathematical cybernetics, information mathematics and computing science, ope-

rations research, and others, involving programming, problems of automatie con=
trol eand model construction, which would be unthinkable without computers able

to process very large quantities of data and to perform complex and lengthy

computations at e high speed. Comyuterization of the human activiiies above is

cne of the mein features of modern time.

guantity
space
relationship
fundamental
branch
antiquity

. t6 extend
variable

to satisfy
particular
to anify

to provide
to map

to convert into
equation
shape
appxroach

to refer to
ealeulus

motion
. sejuence
advance
theory

to deal with, dealt,dealst

 property
integer

to apply.to

to include

set

matrix, matrices

Euclid, Euclidean

to subject to
continuous

kwontiti
speis
ri“leifen3ip
fands ‘mentl
brasné

en “tilkwitd
iks “tend
veerisbl
sxtisfai

pa tikjule
Juenifai
pra’vaid
mep
kon‘vast

1 “kweisn
Seip

2 proud

i “fos
kxlkjulos

mousn

-81skwans

2d ‘vasns

eiori

dizl, delt
propati

intidZe

afplai

in‘klusd

set

meitriks, -isiz
Jusklid, jus ‘klidien
sab “dZekt
k;h'tinjﬁas

mnoZstvi, velidina
prostor

vztah, zdvislost
zédkladni, podstatny
odiétvi, oborg vétey
starovék, antika
roz3iFit |
proménné

uspokojit, vyhovét
Jednotlivy; zvidstni
BJjednotit

poskytnout, dat, opatiit
zobrazit

pPeménit, pPevést na
rovnice

tvar; utvar, podoba
pristup, pojeti
odkazovat na, mluvit o

diferencidlni a integrdini
podet, kalkul

pohyd

posloupnost, Fada

pokrok, zdokonaleni, vyvoj
teorde

zabyvat se n&dim, pojedndvat
viastnost '
celé &islo

tykat se, platit o; aplikovat
zahrnovat, obsahovat
mnoZina, soubor

matice, matrice

Euklides, euklidovsky
vodrobit, vystavit

souvisly, spojity (funkce)
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creation

to attempt

$o0 reduce tso
notation

reasoning
set=theoretic

10 permeate
infinity

group

to reveal
gimilarity

domain

recent

finite .
combinatorial mathematlics
probability
uncertainty

chaﬁce

t{0 measureg measure
likelihood

event

relevant

value

to be concerned with

datum, date
(sg. se nyni nepoufiva)

based on

conversely
vice versa

to spring, sprang,sprung
area

applied math®matics
cybernetics

information mathematics
computing science
computeyr science

operations (US) research
operational (GB)research

programming
automatic control
unthinkable

kri ‘eidn

2 tempt
ri‘djuss

no “teidn
rizzniyg

‘set 912 retik
pe:mieit

in finiti
gru:p

rivisl
,sima'mnriti
do “mein
rissnt
fatnait

, kombine toriel m.
,probe ‘bileti
an ‘sestnti
Gasns

meZo
laiklihud
i‘vent
relavent
valjusz

kon “sasnd
deitsm, deito

beist_2n
ganrvgzgli

vaisl vo:s?d
sprin, spmey, spran
8arig
9°plaid , mx9i ‘mietiks
,saiba netiks

,inf ‘meidn m.
,kam'pjuztiq saisns
Lkam pjusts

L4 -
+OPa reisnz S ma
,opa'reiénl ri s8¢
prougremin
,ozta'mamik kaﬁ%roul

an “©inkabl

L1l

vytvoPeni, vanlk
pokusit se, snaZit se
p¥evéet na; zjednodusit
zédpis, oznadeni
usuzovéni, uvaha
mnoZinovy

prolinat, pronikat
nekonedno

grupa; skupina
odhalovat, vyjevovat
podobnost

oblast, obor (definidni)
neddvny, novy

kone&ny

kombinatorika
pravddpodobnost
nejistota

ndhodea, moZnost

mé¥rit; mira
pravdépodobnost

jev, p¥ipad, uddlost
p¥islusnyf, vhodny
hodnote

tykat se, zabyvat se &im
ddaj, data

zaloZeny na
nagpak, obricend

pramenit, vznikat

oblast; ploSny obsah (geom.)

aplikoﬁané matematika
kybernetika

informatike

oparadni vyzkum, op. analfza

programovind
automatické Pizendi
hemyslitelni



to process ' prouses zpracovivat

to perform 4 pe fo:m proviédét, wykondvat
computation Jeompju: “teidn vypodet, poditdni

complex - kompleks 8loZity

lengthy lenei zdlouhavy

computerization kequu:tarai’ggién pPevddéni na polita¥,ufiti p.
feature fisds charakieristicky rys, znak

Useful Phrases

disciplines referred to by obory, které oznadujeme (o ktergch

the single word "analysis® mluvime pod) jednim slovem “aralyzan

more advances have taken place k dalSimu rozvoji doSlo

in number theory _ v teorii &isel

the same applies to algebra totéZ plati o algebdiFe

topology is concerned with ... topologie se zabyvd &im

statistics findes wide application statistika se Ziroce uplatﬁuje
 last decades have seen the intro=- v poslednich desetiletich jsme Dbyli

duetion of new branches svédky zavedani novych obord

new kinds of algebra such 28 s.. nové typy algebry, napPiklad ..

Poznémicy

1. NEkteré ndzvy védnich obord jsou zakondeny na =3, ale maji sloveso v jednot-

ném &isle: Mathematics is a science.
Podobnés physics, statistics, economics, cybernetics, linguistics, aj.

ey

(Ales logic, arithmetic.) Prizvuk je zpravidla na 2.slabice od konece.

P¥izvuk v poJmenovdnich v&dnich obord zakondenych na =logy, =-graphy,

. =me{ry, =sScopy, -nomy atd. ‘Je ustdlen na 3.slabice od konces

3.

4.

topology, geology, blology, geography, gegmetry, trigonometry,
spsctroseopy, astronomy, philosophy, ajes

¥ obecném vyznamu se ndzvy v&d a jejich obord uZivajdf bez élenus
Arithmetic and algebrs were wnified with geometry in analysis.
Als pro odliSeni rlznfeh druhl jednoho oboru pouZijeme &lenu:

Probability is the mathematice of chanece. This is & Boolean algebra.

(algebra = algebraic structure)

Pozorujte ndsledujici vyznamovd ekvivalentni v¥razy (na levé strand struktura
the seo 0f 200 , na pEavé pro anglidtifiu typickd sloZens pojmenovini, kde
prvni slovo je p¥ivliestek, druhé zdkladni podstatné jméno)s

the theory of sets = get theory

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

)

information theory
probability theoxry

the theory of information
the thepry of probability
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5, Konedné jsou v matematice Zastéd sloZens pojmenovéni typl:

a) the Riemann integral, the Lebesgue /lsbeg/ measure, a Hilbert space,
the Cauchy /ko$i/ formuls, a Banach algebra, the/a Hasse dlagram, atd.

) prﬁvlastnovacz pdd (bez dlenmu)s Cramer’s Tule, Taylor 8 theoren,
Buelid ‘s geometry (také the geomeiry of Buclid), aje

¢) 2 archeizuifefl (latinskon) pifponeu a@an nebo nian s Eueclidesn geonetzy,
Riemannien geometry, the Cartesian product /ke: tiszien/, an Abelien
/a‘belisn/ group, Newbtonien physics /srovnej takdé Shakespearian thestre,
Vietorian pexriod/.

PreloZtes
1o ¥ obdobi vddeckotechnické revoluce se mabematlické vialedky {(achievements)

a metody Siroce uplatnulsl v rozmanityeh oborech teorie i praxe.

2, Jednou z eharakteristickyeh vliastnosti sculasné matematiky je vanik
novyeh odvdivi, ve kterych se prolinsji metody rdznych matematickfeh
discipline.

3, Ha pPirodovidecké fakulté Jsou ketedry metemstiky, fyziky, chemie,
biologie, biochemie, geologie a zemépisu.

4o Hatemaitike méla vzdy Gzké vatahy k loglce & filosofii.

5, Hatematickd lingvistika studuje Jazykové strukttury s pouditis (using)
matematickfeh a loglckyeh modell.

6o Viznam tohoto oboru vzrostl v poslednich letech p¥i tvorbd (im developing)
umdlych jazykd pro politede & v oblasti automatlckéheo pFekladu z jednoho
jasyks do drubéhoe

R CIDED e D D NG

2« THE ABSTRACT LANGUAGE OF HATHEMATIOCS

Hethematics 48 an important tool for scieunce. But while selence is ecloseg ‘
1y tied %o the physical world, mathemstics is essentislly absirect. The Tirss
phase of the abstraciion of mathematics from physical reality is the use eof
undefined words in definitions, eegsyin the following omess

Point: the common part of two intersecting linss.
Lins: the figurs traced by a2 point which moves along the shortest path
between the points.

Thus we have defimed point in terms of line and line in terms of point.
Clsarly, such definitions are going in ecircle, Adding another word, bstiween,
we may defines

Tine segment: that portien of & line contained belween two given points
on & line.

The werds other than those underiined are without special meanings and thus
may be uged freely.

Onoe we have built up our vocabulary from undéfined words and other words
defined in terms of them, we can make statemants about these new terms. They
will be declawative sentences (asseriions) which are so precisely stated
that they are either true or false. Statemenis accepted as itrue are called -
axlioms. Certainly the geomstry of Euclid was a grand abstracilon from
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phyeical space. But the type of abastraction found in modern mathematics is
of an even higher oxder, i.e., the objects, relations, and operations with
which it deals are already themselves abstractions..

_When we have shown that the truth of & given statement follows logicelly
from the assumed truth of our axioms, we call this statement a theorem and say
that "we have proved it." The main interest of & meathematician i® to invent new
theorems and to construct proofs for them , and tg two mental processéé vital
. %o all mathematical progress are abstraction and proof.

The rules of mathematical reésoning may be viewsd as the grammar of meithe-=
matics. Its vocabulary, in addition to technical tems d:l.scussed above, typi-
cally includes symbols such ast ’

numerals for numberss

letteras for unknown numbers;

T for the ratie of the circumfersnce to the diameter of a circle;

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

\f— for a square root; oo for infinity;
f, o ,2 and —+ for selected other comcepts in higher mathematics.

sbstract 2bstrekt . . abstraktni ‘

to absiract, abstraction ob strekt, b strzkén abstrahovat, abstrakes
tool tusl " néstroj, prostiedek

t6 tie tal védzat, pojit (=me)
essential 1 ‘sensl zésadni, podstatny
phase feiz fédze, stadium, stupen
reality ri2liti -gkutednost, realita
undefined ‘andi “faind nedefinovany

coumon komon spoledny; ebecny; b&Zny
to interseet into “sekt . protinat (se)

line {straight line) lain, streit 1.  pFimke, Séra

to trace treis nakreslit, vyznadsit

to move along masv 9 lon pohybovat se pe

path pasé ' cesta, drdhas vzddlenost
term tasm termin, vyraz, 8len (mat.)
in terms of i vyjddfeno jeko, pemocf
clearly ' kidieli zhe jm&, je ziejmé, Ze
to go in cirele in s9:kl - pohybovat se v kyuhu
line segment , lain segmont isedksa

portion ; posén ddst, ivsek

4o underline ‘ands “lain podtrhnout

meaning misnin v¥znam, smysl

once wans Jednoou, jakmile, kdyZ



to build up (built,built) “bild ap

vocabulary
statement
declarative
sentence
assertion
to state
precise
$rue

false

to accept
/axiom
grand
order
truth

to assume
theorem

to prove
to invent
proct
vital to

progress
rule
to view as

gramnma

in addition teo

typical of
numeral
unknown
ratio
circunference

diameter

sine (zkr, ein)
cosine (zkr. cos)

tangent (zkr. tan)

side

right trisngle

sguare; sgquare root

sign
to imply

vo kabjulari
steitmont
di “Klerativ
sentsns

2 s3sdn
stelt

pri ‘sais
trus

fosls

2k “sept
zksiem
grend

otd9

trusd
?2’gjutm
eioram
prusv

in‘vent

- prust

vaitl

prougres

rasl

vius

groemd

in 2'di%n
tipikl
njnsmrl

‘an “noun
reisiou

s 2 kamfrns
dai emits
sain

kousain, kos
tendZant, teen
said

rait tralsgngl

skwe?, S. rust

sain

imépl&i

vybudovat, vytvoPrit
slovniks slovni zdsoba
vipovéd, tvrzeni, vita
oznamovaci, vypovidaci
véta (gram.)

$vrzeni

vyslovit (v&tu), uvést
presny '
pravdivy; platny, vérny
nepravdivy; neplatny
p¥ijimat

axiom, zékladni zPejmd vita
snamenity, genidlni

¥4d, stupen, pofadi

pravda, pravdivost,platnest
predpoklddat

véta, poudka

dokdzat
vynalézt,vypyslit,objevit
dikez

(Zivotnd) ddleZity,
rozhodujfci pro

pokrok, rozvoj, postup vpFed
pravidlo, pFedpis

- divat se na jako, povaZovat

gramatika, mluvnice
vedle, kromé &eho
typiecky, pPiznadny pro
&islovka; Eiselny
neznimy, nezndmé {velidina)
pomér, podil

obvoed (geome)

primdr (kruhu)

sinus

kosinus

tangenss tedna

stransa .
praveihly trojdhelinik
Etverscy druhd odmocnina
znak, znaménko

implikovaet, znamernat



Usefnl Phrases

we define point im terms of lins

such definitiens are g@*ﬁg
in eirecle

statements accepted as true
are called axioms

the rulss are viewed as
; apmer of mathematlicse

it8 veosabulary includes symbols

bed definujeme pomoci pojmu pPimka
takové definice se pohybuji v kruhu

tvrzeni prijlmana za pravdiva
nazyvane axiomy

pravidls chdpeme jJeke (povaZujems za)
gramati%m matematiky

de siovaiin patPi symboly

e jeify, Vv /bis/, ¢ fsis/, d /fais/, e fis/, £ [fef/, g /d¥is/, h [eid/,
i /ai/, 3 /dfei/, k /kei/, 1 /jel/, = fem/, =un [fen/, o fou/, p /pis/,
a fkjus/, © Jas/, s fes/, % [titf, w fiux/, v /vii/, w jdabljus/,

z jeks/, y /wai/, z fzed/y ch = ¢ + h /sizeid/,

Hecké sbeceda

4 o aliphsa /&1 /
B [3 veta /vists/
Py eamms /guma/
A §  delta /delt3/
E € epsilon /ep ‘seilon/
Z § =zeta /zista/
H n  eta fiste /
0 - thete /eiste/
I ¢ dota /ei “outa/
K 2% keppe flewpa /

A X lambda /1amés/
¥ o mu /mjus/

Ctend symbold

¥ v nu /njus/

—_ ? o /zai/
0 © omicron Jou ‘maikran/
T © »pt /pai/
P R rho Jrou/

3 o sigma /sigma/
T Y tau /toz/
¥ v upsilon /3uzp ‘sailon/
¢ & »m /£8i/ .
X x ehi /kai/

{? W psi /sai/

§. w omege / oumigs/

@fmw the ro0% signg Vx = the square root of x3 o = infinity
Z - sum, summation /sam, sam’eiln/; ‘j = dintegral /integrsl/;
© - partial aifferential /pa:l difs‘rendl/; —> - dimplies /impleiz/.

Poznd

le Number ~ a) &islo, b) podet; numeral - a) 3islice, b) &islovka; Eislice je
také: figure (10 is a double~figure number) a digit (kiterdkeli z dislic
O = 9); a number of two digits (a two=digit number)s 323 a binary /bainer;/
digit & either 1 or O (zero -/zisrou/) = bit.

20 Zkratky: i.eo = that is ($3.);

etc. = and .80 on (forth) = atde; cf. = compare (srov.); vize = namely

eogo = Tor example (for instance) = nap¥.g

(totiZ); et ale = and othdrs (aje).
QBeDe (late quod erat demonstrandum) = which was to be pyoved {demonstrated)

~ cof bylo (tPeba) dokdzat (c.b.d., cbd)

.




9 L 2/3

3 ¥ odborné anglidting jsou velmi Basté yezby s 1 ym rodem, zatimece v Eedti=
né dédvdme prednost dimnnému rodu nebo pouiijeme zvratného slovesa.

Such siatements are called axioms 1ze pPeloZit trojim zphsobems
Takovd tvrzeni jsou nazyvéna / se nazyveji / nazjvime axiomy.

7 hlediske jazykové praxe nés zde zajimé tPeti zplsob, protoZe chybny doslov-
ny p¥eklad "Such statements we call axioms™ je porufSenim pravidla o slovosle-
du v anglické vét& (SVOMPT).

Pamatujme si: Zadneme=li takovou vétu naSim 4.pddem, pokralujeme v angliStiné
automaticky trpnou vazbou. Vzors Hamleta napsal Shakespeare = Hamlet was
written by Shakespeare (jinak bychom samozfejmd vztah obratili)e  Tedy:

Axiomy nedokazujeme. Axioms ere not proved. (OvSem také: We do not prove 8o )
Vity dokazujeme pomoci dikazi. Theorems are proved by proofs.
Dikaz ponechédvéme &tend¥i, The proof is left to the reader,

Prelofte do angli¥tiny (s pouditim trpného rodu)s

le V axiomatickém systému pojem “mnoZina" a vztah "bjt prvkem" (element)
pnedefinujeme (tak jako nedefinujeme v geometrii pojmy "bod" a “p¥imka® )
Pro tyto nedefinované pojmy vyslovime Padu nedokazovanych tvrzeni svanych
axidmy. Z tchto axidml se pak buduje celd teorie mmo#in deduktivné.

2. Prvni pokus o vybudovdn{ axiomatické teorie pPfedstavuje Euklidova préce
n7dkiady" (Elements), kteri obsahuje 5 zndmych axiomd & 5 postuldtd eukli~
dovské geometiie. Rozvoj axiomatickych metod se v3ak datuje aZ do 19.stoletd,
kdy Lobadevskij a Bolyai poloZili zdklady geometrie neeuklidovské.

3. Matematickd indukce je postup, ktery se pouzivd k dikazim (to provg) uréi-
tych typd matematickych v&t & vyrazli. Zaklddéd se na IV. Peanové axiomu pFi-
rozenych &issels '

3. THE NUMBER SYSTEM AND REAL NUMBERS

Numbers are basic ideas in mathematics and it is essentlal to know all
the important properties of our number sysieme We must start with the npatural
numbers 1,2,3, eoe used in counting things and objects. The eount 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 matural numbers
were the very first lessons of everybody ‘s elementary axithmetic. A major step
in the development of mathematics was the invention of fractiens to give mean-
ing to divisions like 7-f-2 or 245 (different from say 6%+3 = 2). Later om o
zero and negative numbers were added to form, together with the positive inte-":

gers and fractions, the system of rational numbers. This made 1% possible to

subtract any rational number from one another, eege; 3 = 5. Numbers that cannot
be expressed as ordinary fractions, such as 2 andW, are called irrational

numbers. They are written as infinite decimal expansions: l.4142 see and
301415 XX ]

(Note that the decimel expansions of the rational numbers are also infinite,
for example, 1/4 = 025000 soey 1/3 = 0633333 ceey 1/7 = 0142857142857 cee
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 guite difficult to give a completely satisfactory de-

finition of a‘real number, but for the present purpose the following will suffice.

Defsl. A real number is a mumber which can be represented by an infinite decimal
expansion.

Def.2 (of equality)e Two gymbols, & and b, representing reél nugbers are egqual
if and only if they vrepresent the sameé real number.
Thus a real number can be expressed in a variety of notationd:

Z
o £ £y o000, B Lp 2,1 (A)2 1

From the definition of equalitiy above the following theorem follows immediatelys

%

Theorem 1., If a,b,e represent real numbers and if a = b, then a + ¢ = b + -
' &=-¢c=Dbe~c, ac =be, and afc = b/c (provided ¢ ¥ 0).
Addition of Resl Numbers

Closure lLaw of Addition: The sum & + b of any real numbers is a 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 numbérs is not am odd number. b) The sum of

- two irrational nugbers is not necessarily irrational, for (2 +V§) + (4 ={B) = 6.
e} The sum of two prime numbers is not necessarily a prime, for 7 + 11 = 18

Commutative Law of Addition & + b =b + & (is€s, the order is not important)
Associative Law of Addition {(a + bl +c¢ = a <+ (b+ c)

Defs3s &8 + b + ¢ is defined to be the sum (a2 + B) + ¢. Hence follows
Theorem 2. a+b+e = c+b+ae
In a similar weay we can define the sum of four real numbers.

Defs4. The real number zero is called the identity element in the addition
‘ of real numbers. .

Defe5. The additive imverse of a real number & is the real number g having
the property that & + (=a) = =g ¢+ 8 = O,

We must further defime the difference of two real numbers.

Def.6. Let a and b be real numbers, Then, by definition, a =« b = a + (mb)s

We shall have frequent occasion to refer to the absolute value of a real number.

This is written |a| and is defined as follows:

Defe7s The abscluie value of & real number 8, ia[ ¢ 18 the real number such
that: a) If a is positive or zero, then |a] = a.
b) If a is negative, then la| = =ae

Multiplication of Real Numbers

The laws of multiplication are easy to learn; they are almost the same, with
"product" written in the place of "sunm',

The real number 1 is the multiplicative identity.
The multiplicative inverse of a f 0 is 2a” having the property that

axa’= a’"xa = 1.
(Note: a # 0 is to be read: a is different from zeros & ° is read: a prime..)
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Now let us dsfine division. Just as the difference of & and b is defined
to be the sum of a and the additive inverse of b, the quotient of a by b
is defined %0 be the product of & and the maultiplicative inverse of b

Defs8. Let a and b be real numbers, and let b # O. Then the guotient of a by
b iz defived to be /b =2 X b’ e

Note that division by zero is not defined. Zero may never appear in the deno-
minstor of & fraction.

There is one final law connscting mltiplication and additions
Distributive Tew axz (b + o) = (axb) + (a x ¢)

This lew has a number of important consequences. The first of these iz the
multiplicative property of zero.

Theorem 3. Let a be any real number; then & x 0 = Q.
Prom this theorem we concluds the following useful results

Theorsm 4. If a and b are two real numbers such thet ab = Q; then
a=0, o b= 0,

‘This theorsm has very many applications, especilally in the solution of
equations.

A second consequence of the distributive law is the met of rules for multie
plying signed numbers. These are easily derived from the following theorem,

Theorem 5. For any real number &, (=1) x & = =g
Corollarye (=1) x (=1) = 1

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

Theorem 6. Let p and g be any positive real numbers. Then:
a) px (=q) = = (pq), b} (=p) x (=q) = pq
In summaxry, the laws above form the foundation of the whole subject of
arithmetic and ordinary algebrae They should be carefully memorized. In more
advanced mathematies they are taken to be axioms of an abstract system called
a field. Hence we may say that the real numbers form a field. '

D o G S S G B
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Useful Phrages

" this mede it possible to subiract %o umeZnilo navzdjem od sebe ode~
any rational numbex from one another - ¢itet jakdkoli raciondlni &isla
the sum is not necessarily s prime soudet nemusi byt prvedisle
closed under addition uzavien vzhledem ke sditdni
from the definition the following z definice vyplyvéd okamZité
theorem follows immediately nésledujici vita
this is defined as follows to definujeme ndsledovné
the quoitient is defined to be a/sd pod{l defimujeme jako a/b
the laws are easy to learn ) Je lehké se naudit pravidla (zdkony)
the rules ars easily derived pravidia se deji snedno odvodit
the laws should be memorized © pravidla bychom se méli naudil

zpaméti
let us put & = =1 polofme & = =1

le

Pozndmlcy

Let us consider/define/have/put atde = uvazujme, definujme, méjme, poloZme
Stejnou vybizeci funkel mwd rozkezplsob: Suppose/assume - predpoklideims.
let @ be a reel number - Necht a je ese Let S be a set = Budif S mnoZina.

2e Any v kladnfch vEtdch = jakykoli, libovoluy (arbitrary), ka¥dy

Let & be any real number. Any number divisible by 2 is even.

" Let p and q be any {(arbitrary) positive real numbers.

e

Struktura (implikace) If eeos(such that) cee , Lhen see

If & and b are two veal numbers such that ab = 0, then a = 0 or b = O,
Jestlife takovd, Ze pak {(plati, Ze)
fo8tine viivd slova “plati®? daleko Sastdji nei anglidtina, kde stadi naph.
jen then {viz p¥iklad). Such that bychom snad mohli rovnd% pheloiit
#o michZ platf, Ze". Dalsi priklad:
Hecht plati inkluse ACB =~ Tet Ac B {(Etis Let A be s subset of B

Let 4 be contained in B)

Plat{ = holds (singuldr) nebo hold (plurdl) mnebe is true / are true,

ele tato slovesa nédsleduji jen po podmdtu (tj. musi pPedchizet to, co platids
Nap¥es Tato wita plati = This theovem holds (does not hold). '

soe pak plati v8ta 3 = then Theowrsn 3 holds.
{(v3imnéte si znovu rozdilndho slovosledu)

& s

V nasem p¥iklad® nahofe uvedeném bychom mohli tedy také Ffote
veo, then (the equality) & = O holds (ale s tim se tak Zasto nesetkivime).

4e The rationalg plus the ivrationalg form the system of resl numbers {(resls).

- Zde méme pPiklad tzve konverze, tej. prechodu slova z jednoho slovniho
drubu do jinéhog v naSem piipadé jde o zpodstatnidld pridavnd jménas

a varisble (quantity) = promémns {(tje veliEina); variables = variable quane
tities; a conic (section) = kuZelosedka (plurdls conics); & prime, primess
= & prime number, prime numbers (prvodislo, prvodislal. :




Algebraic expressionsland operations:

6 xy 6 = coefficient, x,y = unknowns

3ax + 4by =~ a binomisl (sum of two

terms); + = plus sign

2%y = 42 + Ty = 3 = 0O an equation
whose left side is a polynomial of
four terms; = is the sign of equality

g ; g ey X = multiplicatien signs
(a+DbY-{a=Db)as

two binomials enclosed in bracksts

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

28 The right member of the
equation is =& fractionf

X = 3b
3b = denominator

2& - numerator,

5 ¢+ &2 b
a $besegc g d a proportion
xz x is raised to the second power
% = base;, 2 - exponent;
the operation of involution
x3 is to be read:
= x to be read:
Vx a rooty the operation of
3 evolution (taking roots)
qu; \/—x‘ \[‘ 3 reads the cube root of x; the
X z & power with a fractional exponent
xa & = power exponent
=L n=l = binomial exponént
9 .
fa+ 2)
e

round brackets,
parenthesges

()

Fraciions:

3 one third,

Decimal fractions:

23,318 ox 23°318 (point instead

of comms)

0.72 or 72 (zexro may be omitted)
114285 8 repeating decimal
15 % '

Nete: Commas separate 1argf
“bilkion® denctes 10

How t0 read them:

[ ] square brackets

.8ix elevenths, 6

-

sizxy
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)

.% is equal to two a

over (by) three b

the ratio of a and b

a is to b as ¢ is to 4

Z 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

fourth root of x3 the n=th root ...
x to the minus one-half
x to the a square(d)

x to the n minus one

& plus b over ¢ all sqguared

{‘ } ' * braces

-%— six and two=thirds
twenty=three point three one eight

zero {nought) point seventy-two
one point one four two eight five

fifteen percent

numbers intoc groups of thﬁee digits: 65,237,948,
-in Great Britain, but 10

in the US4,
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cvilent

Ao Stetes (a - -b)s-- &= 3db + 3at?- 13

' 9£z+ 6x + 1= (3x+1)* (3x+1); "ﬁﬁ = a o
eFu iy 5. 2(1-%) x5 = _~P1VE¥ = qas

ac. 3

Ve g 2a
) 3 '
xge T2V{1 -_g.. 3 V & - a./#; a, = (1 +-;x-];-) B+l (ay~readta sub n)
1, 12 1

T B3 6 18+ 3 4,00932 3 048806 3 21 %3 T5% $ 2617 % «

B. PPelofte:

1o S&iténim, od&itdnim, ndsobenim a d&lenim iselnych vyrazt dostdvime jejich
soulty, rozdily, souliny a podily (e.. respectively.).

2. Exponent Je index nebo symbol, ktery oznaduje, na jakou mocninu ma byt po=-
vyfena n&jakd velidina.

‘3o KaZdé redlné &islo odpovidd v grafickém zobrazeni néjakému bodu na &fselné
ose (real line), jejimZ poddtkem je O a kde napravo jsou kladnd a nalevo
zépornd &isla.

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

5. Krdceni (cancelling) je jeden ze zpisobd, jak zjednodusiime matematické vj-
razy v romnicich nebo ve zlomcigh. Dalsi algebraické operace jsou rozklad
na &initele (factoring), odstranovédni zdvorek, aj.

4+ COMPLEX NUMBERS

Many problems cannot be solved by the use of real numbers alone, for instance,
x'= =1, The new symbol i is then introduced, with the property that is -1, Ex=
pressions like & + bi are called complex numbers; a is the real part and bi is
the imaginary part.

The arithmstic operations on complex numbers are defined as follows:
Equality: a2 + bi = ¢ + di if and only if a =¢ and b = d.
Additions (a + bi) + (c + di) = (a + ¢) + (b + d)i.

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

Note that the definition of multiplication is consistent with the property that
i*= =1, For we can ultiply (a2 + bide(c + di) by ordinary algebra and obtain
ac + i(be + ad) + i{ad). When we replace i with -1 and rearrange, we obtain the
formula in the deéefinition.

We will now give an alternative development of the complex numbers in a logie
cal and nonimaginary fashion. A complex number is defined to be an ordered pair
of real numbers (a,b). The complex number (a,0) is called the real part, and
'(O,b) the imaginary part of the complex number (a,b)s The pairs (2,0) are identiw=
fied with the real numbers a and (0,b) is a pure imaginary number. The arithme-
tic of éomplex 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 =¢ and b = de
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Addition: (a,b) + (c,d) = (a + ¢, b % 4)
Multiplication: (a, ) % (c,d) = (ae = bd, be + ad)

It is evident that there is a 1 to 1 correspondence beiween 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 oroducts
to products. That is: .

(aio) + (c,0) = & +(c,0) (a,0) x (c§0) = (ac,0)
a8 + ¢ = a 2 ] X & = Vé%
Suech.a correspondence is called an isomorphiem, and we say that the set of
complex numbers (a,0) is isomorphic to the set of real numbers a relative to
addition and multiplicatione

The arithmetic of the puvre lmaginaries is given by the following rules:
Addition Osb + 0,4 = 0y b+ 4
Multiplicatzon 0;b % 0,4 = =bd,0
It is important to note that the prcduct of two pure imaginaries is &
real number. 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‘xzs =] in terms of real numbers. lLet us
see how the introduction of cdmplex numbers enables us to provide such 2 solu=
tion. By means of the isomorphism above, we see that this equation corresponds
to the equation (x,y)2 m (%,¥) £ (x,7) = (=1,0) 5

As we have noted, (x,¥) = (0,1) is & solution of this equation,,and we also
see that (x,y) = (0,~1) is snother solution. Therefore our introduction of '
complex numbexrs permits us to solve equations of this type, which had no so-

- lution im terms of real numberse

In order té complete our discussion we need to show the correspondence be-
tween our two definitions of complex mumbers. We first note the following
identities: (0,b) = (b,0) x (0,1) and  (e,b) = (8,0) + [(b,0) x (0,3)]

We then set up the following relationship between the two notetionss

(a,b) notation (a + bi) notation
Real numbers {a,8) ‘a :
Unit imaginary (0,1) i
Using the identities above, we then derive the correspondencess
(a,b) notation (& + bi) notation
Pure imaginaries (G,0) bi
Complex numbers {(a,b) 8 + bi

From these we show that the rules for the equality, addition, and mmltis
plication of complex numbers in the & + bi notation, which were stated as
definitions at the beginning of our discussion, are in agreement with the
coxrresponding défiﬁitioﬁﬂ"inwthe.(a,b) notatione Finally, we observe that
with these definitions the complex numbers form & field.
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The lecturer spoke slowly for evervbody to undersiand him. Prednddeifed mive-
vil pomalu, aby mu kaidy TozZUmEl .
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Vedlej3{ v8ta v angli&tin® mé spojky so thet, in order that, that (aby)e

Po nich pouZijeme pomocnd (moddlni) slovesa may, can po p¥itomném (nebo
budoucim) Zase v hlavni v&t& a might, could po dase minulém.

The lecturer speaks slowly sd that everybody may/can understand him.
The lecturer spoke slowly so that everybedy migéﬁ?could understand him.
Pozorujte uZiti infinitivd Gdelovych v souvditich o logaritmech:

To multiply numbers, their logerithms are added.
To divide pumbers, their logarithms are subtracited.

Te take the power of a number, its logarithm is multiplied by the exponente
To teke the root of a number, its logarithm is divided by the index

of the roote
Cteni symboll (logaritmy)
log x ; logyox the common logarithm of x
i, x 3 logyx ‘ -the natural logarithm of x
(also the Napierian logarithm)
1og10 100 = 2 the logarithm of 100 to the base 10 is 2
Ioglo 1102 = 3,0418 (the integral part is the characteristic,
‘ the decimal part is the mantissa)
the base & = 2071828 'YX}
' 1
Since logy,e = 0.43429 we have %Og X = 0043429 Ipx o 1, = 0.43429 log x

cviCent
4o Gtéte a preloZte (pozorujte struktury the eee. of) :

There are six major developmenis in mathematics that greatly influenced
the modern theory of numbers. They are: l. the definition by Gauss, Kwmer
and Dedekind of algebralce integerg; 2, the restoration of the fundamental
theorem of arithmetic by Dedekind s introductiom in algebraic fields of
ideals; 3e the deZinitive work of Galois on the solution of algebraic equa=
tions by radicdls; 4. the theoxry of finite groupss 5. the modern theory
of fields that followed; 6. the partisl application of arithmetical con-
cepts to certain linear algebras.

Be PreloZte:

logaritmy téchto ¢isel, redlnd &dst komplexniho &isla, uspoiddans
dvojice redlnych &isel, dlkaz pFedchdzejiei vity, rozvo] axiomatickych
metod, limita posloupnosti &isel, zavedeni novyich obori matematiky,
studium viastnosti geometrickyeh divari.

5e GEOMETRY AND TRIGONOMETRY

All the geometry taught in the lower classes of our secondary schools
was ¥known to Euclid whoss theorems are often referred to by the numbers
he gave them, Euclidean geometry deals with finite geometric figures that

can be constructed with the aild of ruler and compass.
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Let us first maks ourselves acquainted with the names of some common  geg-
metric fisuvres. A figure bounded by four straight lines lying in a plane is
called a guadrilateral., A righit-angled parallelogram is a rectangle and a
rectangle with equal sides is a squars. The diagonals of a square intersect
at right angles and bisect each other. A triangle that has two equel sides is
isoseeiegs if 2ll three sides are squal, it is equilateral., Several conditions
have to be fulfilled for twe itriangles to be congruent, e.g.: one side aid
- the two adjacent angles of one must be equal to those of the othere. If the
corresponding angles of two triangles are equal, then they are similar, which
is & necessayy and sufficlent condition for thgﬁx sides to be proporitional 4o
sach other.

- A cirele is a plane figure which is the locus of all points equidistant
“from & fized point salled the centre. The tangent to the circumference is per—
;p&nﬁie@lar %0 the radiuse Egual arcs subtend equal choxrds. Every angle in a
semicirele is a right angle. The opposite angles of a e¢yclic guadrilateral

{whoas V@rﬁieas 1lie on & cirele) are supplementary.

Euelid@am geonetry does not by any means suffice for most of the problems
we meet in physies, engineering and other branches of science. More useful for
the solution of these is gnalytical &
E&gland)g where every line, curve or figure is defined by an equation.

eometyy (more often called co~ordinate in

Cartesien co-ordinates make use of two perpendicular axes for measuring the
distance from the origin. This distance is called the ordinate on the vertical
' axis and the abscissa on the horizontal one. The angle'between the axes is
usually a right angls, but it may alse be acute or obiuse. Polax co=ordinates,
e;geg ars ﬁsed for graphical representation of complex nuwbers. The most come=
wonly met algsbraie curves are the conic ssctions (or coniecs): the circle,
the e#llipse, the parabele and the hyperbola.

In golid (three~dimensional) geometry, the most important solids are the
cube, the prism, the cylin@eri the sphsre and the cone. There are formulas
fer computing the arveas and volumes of both plane figures and solids.

Zrigonometric functions in plane geometry define an angle by the'ratio of
two sides of a right-angled triangle. The sine of an acute angle (sinc) is
the ratio of the side opposite the angle to,the hypotenuse, the cosine {cosor ),
of the adjacent side to the hypotenuse, and the tangent (tano<), of the oppo=
gite side to the adjacent one. The reciprocals are the cosecant (cosecuylcsco<),
the secant (secx), and the cotangent (coto(, ctnec), respéﬂively.

ruler rusl? ’ pravitko

compass ' kampos

a pailr of compasses 9 parov = iz kruzitko, kruzidloe

common komon bézZny¥, obydejny, dasty




to bound
plane
quadrilatersal
right-angled
parallelogram
reétangle
diagonal

to intersect
to bisect

isosceles triangle

squilateral triangle

congruent
adjacent
sufficient
préportional
locus, loeci
equidistant
fixed point
tangent
perpendicular to
radiveg, radii
arc

te subtend

chord

semicirele
cyclic

vertex, vertices
%o lie, lay, lain
supplementery

net by any means
by no means

engineering
co-ordinate
axis, axes
origin
ordinste
abscisse
acuts angle
obtuse angle

polar
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baund

plein
,kwodri'la&gral
Jrait ‘®ngsld

, ers’lelygran
‘rektamel

dai ‘gsnl
Jinto sekt

bai ‘sekt
ai’sosili:z
Akwi “1xtaral
kongrusnt
8’deisant

s» fidsont
pro’possnl
loukas, lousai
,iskwi‘distont
fikst point
tendZant
,paspan’dikjula
‘reidiss, reidiail
atk

sab’ten&-

kosd

‘semi “so:kl
saiklik
vorteks, vastisiz
lai, lei, lein
,s8pli ‘mentari
misnz

,endZi ‘nigrin
kou v:dinit
wkslg, ekelsz
orid¥in
cidinit

b ‘siss

2 k3ust

2b “tiuzs
pould

LS

ohranidit, vymezit
rovina

&tyPdhelnik, &tyPstran
pravoihly

rovnobéinlk

obdélnik

Ghlop¥idks

protinat (se)

pilit |

rovooramenny trojihelnik
rovnostranny trojthelnik
kongruentni, shodny
pFrilehly, sousedni
dostadujicd

timdrny

geometrické misto
stejné vzddleny

pevny {(stanoveny) bod
tedna, tangenta '
kolmf, svislyg kolmice
polomérs paprsek
oblouk '

leZet ped, proti
t&tiva

pllkruh

kruhovy, oyklicky
vrchol ’
1efet {(p¥id. lying)
doplikovy

nijak; vibec une

zde: technické oboxy
soufadnice »

o8&

poddteks vznik, pivod
iaoi'adnice9 osa ¥
usedka, 0sa x

oatry thel

tupy uvhel

polirnd
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representation ,reprizen teisn zZnidzornéndi
curve ‘kosv k¥ivka
curved kasvd zak¥iveny
conic (section) konik seksn kuZelosedka
ellipse i'lips elipsa
parabola P2 rebale parabola
hyperbolsa hai “pa:balo hyperbola
so0lid (figure) - solid figs pevny, t&leso

80lid geometry

three~dimensional ‘©ori:di ‘men¥enl trojrozmdrny

prism - prizm hranol :

eylinder silinde valec

sphere sfis koule

cone koun kuzel

volume voljusm obsah, objem

hypotenuse hai “potinju:z prepona

opposite opezit protilehly '

reciprocal ri “siprokl prevriceny, pievricens hodnota
respectively ri ‘spektivii po Fad¥, v uvedendm poFadd
Useful Phrases

geometric comstruction with
the aid of ruler and compass

prostorovd geometrie

geometrickd konstrukce
pomoci pravitka a kruditka

let us make ourselves acquainted seznamme se

the diagonals bisect each other thlopi#icky se protinaji
proportional to each other navzdjem umsrnd

kartézské soufadnice
pouzivaji dvé osy

Cartesian co-ordinates make use
of two axes

Pozndmky

N&kterd slova latinského a Yeckého piivodu zachovavaji pivodni tvar mnosného
¢isla (vyslovnost je viak anglickd):

=08, =i locus, loci /loukas, lousai/ geometrické misto
fécus, foei /foukss, fousai/ ohnisko
radius, radii /reidiss, reidiai/ polomér
rhombus, rhombi /rombas, rombai/ kosodtverec

-8, =8 formula, formulae /fo:mjuls, formjuli:/ formule, vzorec

také formulas /fo:mjulsz/

=Ull, =@ datum, data /deitom, deita/, udaj, pl. data
maximum, maxims /mxksimam, meeksim3/ maximum
minimum, minima /minimom, minima/ minimum

=QIly =& phenomenon, phenomensa /fi'noginan, -3/ jev .
polyhedron, polyhedra /,p0li hi:drsn, -9/ mnohostén
criterion, criteria /krai “tiarign, -8/ kritérium
automaton, automata /Jo: tomdtin, =3/ automat
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-gx, ices vertex, vertices /vasteks, -tisi:z/ vrchol, uzel
helix, helices /hizliks, helisisz/ 8roubovice, zdvitnice
apex, apices /eipeks, eipisisz/ vrchol
~is, -es basis, bases /beisis, beisisz/ zdklad(na)
axis, axes /zrks:i.s 2ksisz/ osa
analysis, =es /e naitsis, -gitz/ analyza
hypothesis, -=es /hai‘pooisis, ~sitz/ hypotéza
-ies, ~ies geries, sevries /sioriz, siorisz/ Podn, série
Zéstuplky

that (those) a one (ones) zastupuji ve véit& nebo v kontextu jiZ uvedend
podstatnd jména. PPiklady:

The theorems of Euclid and those of Thales /@eilisz/ are well-known.
Buklidovy véiy a Thaletovy véty jsou zndmé,

the geoméiry of 'plane figures and that of solids (nebo of solid ones)
The tangent is the ratio &f the opposite gide te the adjacent one.
We have two triangles: this ome is right-angled, that one is isosceles.

Vzéjemnostni zdjmena sach other e one another.

The diagonals of a square intersect at right éngles s Lle€o, they are
perpendlcular to each other and bisect each other. {dvojéetny vztah)
(jsou navzdjem kolmé, puli se pavzdjem, jedna druhon}

P#i wvatazich vice pFedm&td neZ dvou pouZivime spiSe one another (obecnejéi smysl).

We add numbers to one another, subtract numbers from one another,
multiply numbers or divide them by one another.

Vztainé véty

se uvaddji zdjmeny who (pro osoby), which (pro veci), whose (jehoz, jejichz, atdq
pro osoby i vecl) a that (pro osoby i Ve01), kteréd uffvame misto who/which p¥i
tzve vymezujicim, definuj1c1m pripojeni (tje. prdvé ta osoba nebo vic, a %4dnd
Jind).

V pripadd, Ze that se vztammuje k jinému neZ le.pddu, miZeme je vynechat:

eee numbers Buclid gave to his theorems = &isla, kterd Buklid dal svym vétém,
s0s Problems we -meet in physics = problémy, se kterymi se setkdvdme ve fyzice.

Slovesa give a meet se zde poji se 4.pddem. Mdme vSak slovesa i-s pFfedloZkovymi
péddy. PPi vynechdn? that se predlozky objevuji na konei vity (that nemiZe stdt
po predloZcel.

Pozorujte kroky tramsformace ("algoritmus!) pii pFelkladu Seského textu
% oee VELY, na které (ke kterym) odkazujeme®s

the theorems C) to which  we refer to déme na konec, takie
(prévd ty, @ which we refer to which nahradime that, takZe
ne jiné) G that we refer to that vynechime, takZe
we refer to (konedny vysledek)

Jiné p¥iklady:
The figure we have just drawn is a right-angled triangle.
The conic you are locking at is a parabolae

what = that which = to, co: There is much truth in what you are sayinge.
V tom, co ¥Fikate, je hodné pravdy.

which = coZ se vaztahuje k celé predeslé vété: The angles are equal,
which is & necessary condition ecee = osey ¢0Z je nutnd podminka see
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cvilEnt

Ae Ctéte:

‘. 3 2 2 2
2hr ¢ My 3 V = ﬁ e g 8= 4Ty~ gin & cos K= 1 ;
. o ; . _ _sinod |
sin (o¢ +/3} = sineleos I+ sinficoso ; tancxX = vyl
De Moivre s formula for powers and roois of complex numbers:
if ZFEE(CZS # + 1 sing), Angislar measure:
then 312 &n? {CGS g¢ + 310 n ¢ )” 10 = 1 degrees 16&% 1 minutea
and \/.smvﬁg (cos-ﬁf + 1 sin < Yo 1 = 1 sscond

)

16° 287 47 5 49° 15° 13

© Be

Hadian messures

360° = 2% radiens, 180° = 4 redians, 90° = /2 radians
B, Prelofte:

1s KuZel, jehoZ zdkladnou je kruh, se nazjvd kruhovy kuZel.
2e Dvag dbkly, jejiichi soulet jJe 9009 jsou doplakovée

3. Vicerozmdrné prosto jsou ufitednéd matematické abstrakce, kiterd
& o F g
Jen ztistd slouii geometrii.

4o Obscné znamend slove "prostor” souhrn vSech matematickyeh objek:td
{1libovolndho drubu), o kterdch se v urdité teorii uvaiuje (consider).

S5 Graf, na ktery se prdvé divdte, ukazuje minici se hodnoty zdvisle
proménné velidiny.

6o XuZslosedka, kterou jsme prdavé nakreslili, Jje parabolas

7. Price, o které mluvite, musi b¥t velmi zaiimavi.

6o SETS

4

Properties snd Notations 4 st 48 = genersl name for a collection of dige

tinet objeets or elements (members). The elements may be defined by listing
or by & descriptive statement: 4 = {a§bg@3 g O = {th@ Tirst thres letters of
the al;h@b@t} y O = {amﬁg duliet, Bemeﬁ}g Moxe often, sels arve desoribed by
properties. We writs: {xs?}°? Bee L = {xax iz even, z;>%}w This iz read as
"the set of values of x sueh that x is sven and is greater than zepo®., This
set is infinite, while A4,B,C are finite sets.

Sets are gqual if they contain exactly the same elemenis. We write: 4 = B,
Sets ars egaivalent if they contain the same number of elements, Thus A<¥(,
to be read as "A is equivalent to %, because n{A) = n{C) = 3 {(n stands for
"the nunber of elements®). : C

With reference to the sxamples above, bé&Ag'while HMacbeth ﬁgcg which is
read respectively Yis an element in" and "is not an element..a® ,

The universal sét is & smet to which sll elements under discussion belong.
The pull or gmpiy set contains no elemenis: E = {x}x is an even integer,

12{x<:}.4\ja {"3 or ¢ N
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If all the elements of F are members of another set G, then F is a gpbset
of G, written FEG, 1.€.,"F i3 contained in or equals G."Alternatively, we
say that"G contains or equals F", writtem G2F. If GCP and F#6G, G ié a proper
subget of F. The relations £ and C between sets are called inclusion.

The complement of & given set is the set of those elements which are not in
H and is denoted H'. If zza-{children} and H sfibnys}, then H’k-{girlg}f The
complement of € is ¢/ and vice versa. If M and N are two sets, the set of ele=-
ments contained in M but not inm N is referred to as the relative complemnt or
difference: M = N, to be read "M difference N%,

Disjoint sets have no common elements ; €.8e, A ='{even nnmbers} and
B=s {odd numbers} e A set and its complement aré necessarily disjoint.

The Cartesian product of X and Y, indicated by XX Y (and read "X cross "),
is the set of ordered pairs (x,y) where x€X, y€Y.

Operations with Sets. U (called "cup™) is the symbol for the union of seis.
AUB has the meaning "the set of slements which are either im A or im B or in
both"s N (called "cap") denotes the intersection of sets. ANB means "the set
of elements which are in both A and B, If A = {1,2,3,4,5y 4 B = {2,4,9} ana
£ = {positive whole numbers less than ten}, then A" = {6,7,8,9) , AnB= (2,4},
AUB = {1,2,3.4, 5,9} . Note that in this case elements are listed without
repetition, although 2 and 4 were in both sets, In particular, we have
AUA = BUB = £ and AnA* = BNAB = @.

The Iaws of Union and Intersection:
commutatives AUB = BUA (for union), ANB = BNA (for intersection)
associatives AU(BuUC) = (AUB)UC , An(BNC) = (ANBINC

distributive: for intersecition over union:
An(BUC) = (AnBYUV(ANC)

for union over intersection:
AUV(BNC) = (AUB)N(AUC)

With the exception of the last line, similarity to arithmetic iz evident:
replace the sets by numbers, union by addition and intersection by nm..'l.‘!:ipl‘j.m
cations

Relationships between,and operations on sets can be illustrated by the

so-called Venn diagrams. The student if left to-verify the ftruth of the laws
above by means of them. As an example, the following two diagrams illustrate
the first of De Morgan s _laws: (AUB) = AnB  and (AnB) = AVUB’.

In Fig.l the ares lha.ded is
(AUB)® and in Pige2 A is
shaded horizontally, B is
shaded vertically, and hencs
AnB® is the cross-hatched
area.

(AUB) = ARB .

Principle of Duality: In any statement of the identity of sets, if we
interchange union with intersection, and & with s then the truth of the
identity is not affected.




distinet
element

member; membership of

$o list; list
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dis “tigks
eliment
memby, =S5ip
list

Ls

odlisny, rozliSitelny
prvek

élen; prvek; pPislusnost k
vylmenovat; seznam

sudé &islo

ekvivalenitni

pPesné, priévé

odkaz, zFretel

zékladn{ mnoZina

pat¥it k, do

Prizdnd mnoZina
podmnoZina

vlastni podm,(pravy zlomek)
komplement, doplnék
(a}nsopak, obricenéd
disjuniktni

sjednoceni

prinik; prisedik, prifez
opakovdni

vyjimka; s vyjimkou
nahradit &im

even number isvn
equivalent i “kwivaelant
exactly ig zekt1d
referance refrons
universal set ,Jusni ‘vessl
to belong to bi‘loy -
aull, empty set nal, emii
subset , sabset
proper g&?‘(fr&ction) prop?
complement komplingnt
vice versa vaigi vo:ss
disjoint dis ‘dZoint
wnion Jusnjsn
intersection ints sekdn
repetition ,repi'fﬁén
exception; with exception of |ik ‘sepsn
to replace by ri‘pleis

to illustrate ilgstreit

to shade, to haich Seid, hxg
cross=hatched “kros “hat ¥t
principle pfinsipl
duality djuelitd

te interchange ,ints Seinds
to affect - 9'fekt

Useful Phrases

the elements may be defined by
listing or by a2 descriptive statement
the symbol is to be read

n{A) stends for

elements under discussion

the student is left to verify...

the truth of the identity
is not affscted

zndzornit, objasnit
(vy)8rafovat

p¥i&né vysSrafovany
princip; zédsada

dualita; podvojnost
_zaménit (navzdjem vyménit)
mit vliv na, porusit

prvky miGZeme urdit vyjmenovinim
nebo charakterizovat je popisem

symbol se md (je theba) &ist
n(A) oznaduje, znamend

prvky, které jsou pFredmstem
nas{ uvahy, o kterych uvaiujeme

studentovi se ponechdvd ovéfeni ...

platnost (pravdivost) identity
neni porusena
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$teni symbold

V fextu je u vétdiny symboll a zdpisd uvedeno, jak je &ist.
7zde je uvddime v piehledu, p¥ipadné& s jinymi moZnostmi &teni.

{}

X3

{a,b,c,d} the set containing,

Z{tnull, empty set
x€A is a member of, belongs o,

ﬁ does not belong to
¢, Uy universal set

Al

A =3B A difference B

®
¢ &

the set of
nebe xi such that " AUB the union of sets A and B,
A "cup" B, A union B
whose elements are ANB the intersection of A and B,
A "eap® B, A intersection B

¢ is included/contained in,
is a subset of

x from A

=  includes/contains {(as a subset)
A<B is contained in or equals B
A2B A contains B or is equal to B

L symmetric difference,
(PUQ) = (PAQ)

the complement of A

hence, °*  therefore

Konvenini symboly pro mmo¥iny &isel

N the set of natural numbers 7Z ‘the set of negative integers

Z  the set of integers - Q@ the set of all rational numbers

z¥ the set of positive integers R the set of real numbers

Z: the set of positive integers ¢ the set of complex numbers

and zero

cviCent

Ao Ctdtes
Prove: (AUB) = A°nB’ /

Let x (AUB)’. Now x@AUB, so that x¢4 snd x¢B. Then x€4” and x€3", ~.
that is , x€A'NB"; hence (AUB) € A NB,

Let x€A N B . Now x €A and x€B’y so that x¢‘A and x € Bo _Then x€AUB,
so that x € (AUB)”; hence A'’AN B'C (AUB) o Thus (4 vB)’ ® ANB as requireds

Be PreloZtes

1. Mno¥inové uvahy v jistém slova smyslu matematikové provdddli jiZ od sta-
rovéku. = Prvky mnoZinové teorie obsahuji préce &eského filosofa a logika
Be Bolzana (I781~1848), pPedevSim jeho kniha "Paradoxy nekoneina™e =
AvSak zdklady moderni teorie mmoZin byly poloZeny teprve v 19 stoletd
& jsou spojeny se jménem Georga Cantora (1845=1918).

2, Spodetnd mno¥ina je takovd, jeliZ prvky lze zobrazit vzdjemné jedno=
znaednd (put into one=to-one correspondence with) na mnoZinu vech p¥i-
rozenych &isel. .

3, Vnit¥ek (interior) kruhu s mnoZina v3ech bodld po jedné stirané piimky
v rovindé jsou p¥iklady oteviend mnoZiny. Otgviend mnoZina je doplnék
uzavirené muoZiny. L ‘ . : { .

4, Eulerovy mnoZinové dlagramy pou¥ivaji vnit¥ky kruhl, ov4ald (ovels),

obdélnikd 8i trojdhelnikd k zndzorndni mnoZin.

{Slovigka: countable, open, closed seis)

-
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7+ FROPOSITIONAL AND BOOLEAN ALGEBRA

ls In the algebra of propositions we are concerned with the truth or falsity
of propositions (statements) and their relationships. For example, the statement
"A dog 15 a mammal® is said to have the truth value T. The statement "3 4+ 5 = v
has the truth value F in the denary system. It should be noted that there is no
need for the proposition to ‘make semse”’: "If 5 is bigger than 8 then the moon
has 99 planets™ is also a proposition since it satisfies the requirement of being
either true or false. But "Co away!"™ is no proposition.

If p is a statement, the negation of p is the statement not-p ("it is false
that p"), denoted ~p or p’ or Tpe. If p is true, then ~p is false, and vice
versa.

The conjunction of propositions P and q is the new proposition "both P and q¥
written a8 pAgq. (Notice the similarity between AN B and PAqg both in the mean=
ing and shape.) It is true if and only if both p and g are trueand is false if
either p or q or both are false.

The disjunction of propositions D and q is the new proposition Yeither P or
q or both". The notation is pvgqe. (Compare with AUB.) It is true if either p
or g or both are true and false iff both p and q are false.

The conditional statement (implication). P—> q is read as "if p then g" or
"p implies q". p is here called a Dremise and q the implied conclusion.

The following laws are true (hold) for all propositions:

(a) Law of excluded middle: Either p is true or ~p is true, which is symbolized
by the assertion written p v (~p). ‘
(b) Law of contradiction: Both p end ~p camnot be true. This is symbolized by
~[pA(~D)].
The commutative, associative and distributive laws follow the pattern al=-

ready ncticed in the set laws with A and V replacing N and U . The symbols A »
s ﬂv>(called logical connectives) a®e used to combine propositions to form
compound statemenis.

It is helpful to set out the truth values of a compound proposition for all
possible combinations of truth values for the given proposition in an arrange=
ment termed as a truth table.

Question: Determine the nature of the following by constructing truth tables:

(1), (PAQ)V ~DV~g. (i1) (pA~q) v(~DpAq)
Sedution: T T T I Tiona) | (1) (PA ~qQ) | ~vpAq) (ii)_?
| PP o 7 P F P
S B F P B F I
Fr | p | B F T P T T
FPO| T | 1T B T P | F Foo

Hence we see that (i) is a tautology as it is always true, and (ii)~is a general
statement whose truth will depend on the truihs of P and g

-
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20 Boolsan slgebra,named afiter George Boole (1815=~1864), is closely related

3
10 both set and propositional algebras and shows the "isomorphism® of the two

systems.

The symbol 1 coxresponds to f” the universal set, and O corresponds te Q§9

the empty set. The symbols + and x correspond to U and N, and to YV and A in

the algebras mentioned. The simple coubination of these symbols preduces the
results O+ 0= 0, 1 + 0O =1, and 1 ¢+ 1 = 1. 41580 0 x 0 = 0, 1L 2 0 = 1, and
1l xl1l=1. We need to have some further symbols corresponding to those for sets

and propositions. Let us use a, b, ¢ for this purpose. Then we have 0 4+ a = a,

a+a=8, and 82 + 1 = 1. Also 0 x&a =0, a xa =28, and 8 x 1 = a« Formally,

& Boolean algebra is a wing with an identity element of multiplication and with

x ¢ X = x. for svery element X.

The mein application of Boolean algebra is in the design of electrical

circuits, and hereby in digital computers, in which the binary digits (bits)

0 (true) and 1 (false) rvepresent the two possible truth values in Boolean ope=

rations (or functions)e In general, in a Boolean operation, €.ge; the “and®

operation {(also known as the loglical product, conjunction, intersection or mset),

the result of giving each of & set of variables one of two values is itself one

of two valuess

proposition
propositional

falsity

truth value

mammal

denary system

to make sense

planet

moon

negation

conjunciion

to notice

if and only iff (iff)
disjunction

premise

to imply

conclusion

to hold, held, held
law of excluded middle

contradiction

,prop3° zidn
,Props zisnl
foslsiti
truse valju:
moemal
disneri sistom
meik sens
pleenit

musn
ni‘geisdn
kon “dZankin

noutis

dis “dZenkdn
premis

im plai

kon ‘klu:¥n
hould, h#&ld

iks ‘¥lusdid midl
,kontras ‘diksn

vyrok (logicky)

vyrokovy

nepravéivost
pravdivostni hodnota
savec

desitkovd soustava

davat enysl, mit smysl
obéZnice, planeta

mésfc, Misic

negace, popreni

logicky soufin, prisek
v&imnout si, pozorovat
pravé kdyz

logicky soudet, spojeni
premisa, pPedpoklad

vést k zdvéru, implikovat
ZAvar \

platit, byt platny

zdkon vyloudeného t¥etiho
kontradikee, spor



pattern

helpful

compound propesition
to set out
arrangement

to term

truth $able

to determine
nature

tautology

to mention

to produce

ring

electrical circuit
heraby '
digital computer
binary digit, dit
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p¥ion
helpfal
kompaund
set aut

9 reindimynt
to:m '
tru:0 teibl
di“$9:min
neiée

tos “toladZi
mensn
pra2’djuss
riyg

i“lektrikl sgekit

“his “bai
didgitl
bainari AidZit

meet, syn. "and" operation mist

Join, syn. "inclusivs-or"

operation

Useful Phrases

it shoul be noted that

dZoin

there is no need for the Propo=

sition to make sense

the proposition is mot necessarily

meaningful

the laws follow the pattern of co.

an arrangement termed a truth table

Pozndmky -

1. both = and a either = or
zeném jazyku oznadovina

L7

vzorec, struktura; charakter
uZitedny

sloZeny vyrok, souvéti
vyloZit, sestavit
usporddédni, setazeni
nazvat, pojmenovat
pravdivostni tabulks
uréit, stanovit

povaha, vlastnost
tautologie

zminit se, uvést

dat, vést k; vyrobit
okruh '
elektricky obvod, okruh
a tim, timto (zpﬁsobem)
Eislicovj’poéitaé
dvojkovd €islice, bit

logicky soudin
- logicky soudet

Jje t¥eba poznamenat, Ze

neni t¥eba, aby virok ddval smysl;
vyrok nemusi ddvat smysl

vyrok nemusi mit smysl

pravidla jsou obdobnéd jako v pi{pads...
uspordddni zvané pravdivostni tabulka

Isou dvojElenné logické spojky. Prvni je i v pFiro=

jako slulovaci (conjunction), druhd jake vyludovacs

(disjunction) ; negativnd vyludovacs Je neither = nor.

" "both p and g" - "plati p a q",
= "JestliZe plati p, pak plati g"

"if p then g©»

"either p or q or both" = "plati p nebo q",.

(o "plati® viz také I 3)

Po prvnim uvedeni (pojmenovini) néjaké dvojice se v daldim textu nahrazuje
both vyrazem the two: Boolean algebra is related to both set and pPreposi-
tional algebras and shows the “"isomorphism" of the two (obou) systemse. -

2

Je to jemny prostiedek odkazu na d¥ive uvedend podstatnd jména a ukazuje pskns

funkeil urditdho Elenue-

Heithep! jako zdjmenc znamend “jeden i druhy ze dvou" = obas
on either side of the straight line = po obou strandch pPimky.
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Z hlediske jazykové praxe je zajimavd negace negace, kterd ddvéd logicky +.
Chybny pFeklad Zeské vEty Nemdm nic - I haven ‘g got nothing znamend v an-
glictin& I have something.

V anglidétiné tedy plati pravidlo jen jednoho zdporu ve vétéd.

Nikdy jsem nikomu nic takového neFikal -~ I have never told anybody ggzjhing
like that. (logicky: nikdy = komukoli = cokoli; srovnej any = jakykoli

ve vyrazech any element, any triangle, atd.)

Zkratky a ggratkové slova

iff = if and only if 3 bit = binary digit (srovnej smog = smoke + fng
Zde splynuly zaldtek a konec souslovi. Jindy jde o zaddtky slov.

wff(s) = well-formed formula(s) ; poset = partially ordered set g
Anglidtina vypoletni techniky md zkratky celych syntaktickych jednoteks

LIFO » last in = first out ; FIFO = first in - first out j
GIGO = garbage in = garbage out « nespolehlivy vstup/vistup informaed
(garbage = smeti, brak)

Cteni symbold

Quantifiers/kwontifaiez/ - kvantifikdtory; “Arversal - obecny, univerzdlai

~existential - existendni, maly

;!;P(x) for all x from (capital) K, P of x; given any x from K, ..
3 P(x) there exists an x from K, P of x; for some x from K, cee
PreloZte: é

V matematice a logice rozliSujeme dva druhy symbolf: konstanty a pro-
ménné. JednoduSe Pedeno, konstanty jsou terminy s presné vymezenym vyzna=
mem, ktery je v uvahdch neménny, napf. ¥ aritmetice to jsou symboly 0,1,2,

ﬁ P atd.
Vyrokovéd formule je vyraz, ktery obsahuje proménné a kteny se stane vy-

rokem, dosadime=-1i za tyto proménné néjaké konstanty. Tak napi. "z je celé
¢islo® je vyrokovd formule (ale neni %o vyrok), “3/8 je celé &islo™ Je vy~
rok, ktery jsme obdriell z této formule dosazenim konstanty.

Je=11i P(x) vyrokovd formule, znaldi symbolZP(x) vyrok ®pro keZdé x€K
platd P(x); symbol SP(x) znadi Yexistuje takové xEK, %e plati P(x).

Prvni symbol se nazyva obecny kvantifikdtor, druhy se nazjvd existendni
kvantifikdtor.

D P O R G A TG S G R 0 S

8. SOLUTION OF EQUATIONS

Ao The solution of various giandard types is considered first.
(a) Equation of the type f(x) = O, where f(x) is a polynomial in =x.
Solutions by the Remainder Theorem sometimes enable the degree of the equation
to be reduced by removing a fTactor of the form ax + b.

:(b) Simultaneous egquations. If one of these is linear, substitute for y or x

from the linear equation into the non-linear one, thus reducing it to form (al).
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(e¢) Bquations inmvwolving surds. These equations require care after the solutions
have been obtained. Remember that the V“sign means the positive square root.
Squaring is an irrevergible process.

Xm 3=3x= 9, bubt x = 9D x = 43 or x = =3.

The squaring necessary to remove surd terms ususlly introdueces extrapecus

roots a8 in the following example.

Solve x +VEx + 1 = 7 ' ‘(1
Vox 4+ 1 = 7=x N isolating the surd
e 185t e8P Uxex squaring both sides (2)

(x = 16)(x =3)= 0
E=lborx= 3
Substitute in original equation:

16 + Y81

3+V16 = 7
x = 3 is the omly selutions

Notec. x = 16 satisfies the equation x «V5x + 1 = 7,
which clearly leads to equation (2) on eliminating surds.

(4} Equations involving unknowns in the index.
It is usually necessary to take logarithms to find & solutione.

Selving 5% = 21
we have x log 5 = log 21
or X = %%g?_,é == 1,89

Very few equations can be selved by formal methods. As it is often very
important to find a solution of an equation, an empirical method must be used.

Bs To solve the equation f(x) = 0,
(a) Draw the graph of y = f£{x) and the point x4 , where it cuts the x-axis,
is a solution of £(x)= 0., If this answer is not sufficiently accurate,
draw the graph of vy = £{xz) over s small range of values in the neighbourhood

of x = x4

4 much enlarged scale can be used to do this and the point where the curve
cuts the x-axis can be read off with a much greater degres of accuracy. The pro=
cess can, of course, be repeated as often as required,

{b) Solve by trial and error. Used intelligently, this is a quick and effective
method. Find x, graphically as in (a) and then substitute values of x, near x,,
in £(x) until £(x) becomes as near zero as possible.

(c) Newion’s Method. ZIet f(x) = O have a rpot near to X4y Which may perhaps
have been found as in (a)s Let the frue root be x4 + h 80 that £(x +h) = 0.
Apply Taylor’s theorem. .

; .n
Then f(x"i-h)!f(#f}hf’(x,,) + _.ﬁl&t_allz.ﬂ).._. + see = O
We now make an approximation by ignoring h2'and higher powers, f(x4)+hf'(x4):k0

= %x,%
o
h = £ (x,
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Hence if x, is an approximation, then, in general, & betiter #alue X, is glven

by

xzﬂ x4 -

£{x4)
f'(XQ)

The process can be repeated indefinitely until & solution of sufficient

accuracy is obtained.

Newton s method is an example of an iterative method of finding a solutione.

These methods are of great importance when finding solutions by computer.

various
standard
remainder
degree
to remove

simaltaneous
simltaneous equations

linear

to substitute
surd '

to require
care

to remember
irreversible
extraneous

to isolate

to eliminate
to take logarithms

ﬂempirical

to draw, drew, drawm
to cut
neighbourhoed
to enlarge
scale '
accurate
accuracy
trial

error
intelligently
to ignore
gppreximation

iterative method

veories
stgndad

ri ‘meinde
di'grix

ri ‘masv
,8imsl “teinss

linie
gabstitjust
s2:d

ri “kwaia

kea

71 “memba

iri ‘vassabl
eks “treinjss
aissleit

1 limineit
teik logasri®mz
em pirikl
dro:, drug, dro:n
kat

neibshud
in“lazds

skelil

zkjurst
#kjursel
traisl

ers’
in‘telidZantli
ig nos
9,proksi ‘meidn

itorstiv megad

rizny, rozmanity

béZny, normilnis standard
zbytek

stupeﬁ

odstranit

simulténni, soutasny
systém rovanic

linedrni, l.stupné
dosadit, nahradit
odmocnina, iraciondlni &.
vyfadovat, potfebovat
péle, opatrnost
pamatovat (si)
ireverzibilni

vnéisi, pomocny
izolovat, osamostatnit
eliminovat, vyloudit
logaritmovat
empiricky, zkusmy
nakyreslit, narysovat

" protinat

sousedstvi, okelf
zvét3it (se)

m8fitko, stupnice, Skila
pPesny

pFresnoat

pokus, zkouska

chyba, omyl

obratné, Sikovné

nedbat, nebrat v tvahu

aproximace; p¥ibliZnd
hodnota

iterativni; opakovaci
metoda



Ine Phrases

this onablas’the degres of the
eguation to be reduced

1%t i® necessary to take logarithms
& meh greater degree of asccuracy

the precess is wepeated
&8 ‘often a8 reguired

the problem is selved by trial
and error

£te bold

£2(x) = 0 £ of x is equal to zero
N root sign

== implies

f:; ¢ prime /praim/

£ f second (double) prime

L8

to umoinuje sni3it stupen
rovaice

Je t¥eba logaritmovat
daleko vétsi piesmost

proces (postup) opakujeme podle potieby,
tolikrdt, kolikrdt potPebujeme ‘

tlohu Fedime metodou
pokust a omyld, zkusme

.+« hence
7= is approximately equal to
X49Xy X one (sub one) ...

21t two factorial, n! n factorial

/ 22k “tosriel/

Zvery ne ~ing, odvozované od sloves, jéou v_odborné anglidtiné velmi Zastym
' prostFedkem zkracovdni a zhuifovéni v¥tné skladby.

Z formélntho hlediska lze Fici, Ze ~ing odpovidd v Zeltin
(1) = dei (=oucl) = pFifdavnému jmému slovesnému, : )
(2)_=e, =dc, =ice ( -a, =ouc, =ouce) - piechodniku, kiery, Jak zndmo,. nahra-

2 w_ v

- zujeme v moderni dedtind vedlejsiml vitami p¥islovednymi,
= podstainému Jménu slovesnému.

(3) =nf
PPklady ad (1):

equations involving unknowns (which involve unknowns) = obsahuji¢ci nezndmé

the following example (the example that follows)

Pi{klady ad (2):

Selving 5% = 21, we have ceo (when/if we 501ve oo )

= ndsledujfc{ p¥fklad

= kdyZ/jestlife Fed{ime
i'eéimeoli ® 90

Tyto strukiury jsou &asié v komentd¥ich k riznym dpravédm/postupim pii PeSeni

rovaics dosa

dme za solving: substitut
“hime-11), eliminating (kdy¥ vylouéime% atd.

(dosadime-11), multiplying eee (ndso=-

V textu je itrochu odlifng pPiklad: Substitute for y o x ..., thus reducin
the equation to form (a) = Dosadte (~me) za y mebo Xeooy & tim (Gimi) phe-

vedeme rovnici na tvar (a).

Hékdy se objevuje
portance when fin

en =lng, napfe v textu: These methods are of great ime
solutions by computer (kdyZ hleddme FeSeni pomoci

poditale). Zde je vlesind vynmechdno sloveso to be: when we are finding sse

Ad (3) V matematice jsou Sasté vyrazy:
cos dostaneme/obdrifme <.. Kroms uvede

Pedenim/dosazenim/vyndsobenim/dslenin
né pPechodnikové vazby pouiivd angliftina

v téchto pripadech tzv. gerundia, které plni funkei podmétu, pPedmdtu i pFislo=
vedného urieni ve vétd, Nejtypididji se vyskytuje po predloZce. Tedy misto
Selving 5* mifeme ¥fci By solving - Fefenfm, by multiplying - nédsobenim, atd.

@
by removipg & fadtor ax + b = odstrandnim

p odstranime~li, $im,Ze odstranime, atd.

on eliminating surds = p¥i vyloudeni vyirazd s odmocninami,
after cancelling the like terms = po zkréceni stejnych vyrazd,
hefore solving the equation = p¥ed Yedenim = piredtim nes budeme Fedit oo
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Pozorujte9 Ze gerundium 59 3 levé astrany podst.iménoc (pe pPedlofice), ale na
pravé strané je pdd, ktery vyZaduje sloveso. Je to tedy hybridni tvar.

=ing ve funkci podm@tns Squaripg is an irreversible process - Bnocnﬁni pa dra-
hou je ireverzidilmi proces.

Ale v textu méme rovnéZ The squaring necessary to ... Zde mime opravdové pod-

statné jméno slovesné, signalizované Slemem a také ndsledujicim of oo

vfeden{ rovaic® miifeme tedy p¥eloZit dvojim zplsodems Selving equatioaa(gerudinn}
nebo The solving gf equations im interesting.

Gerundium wideme %48 zamdnit infinitivem: To solve equations is interesting.
Ve funkei pFedmdtu: We like seolving equationse= We like to molve squations.

¥V textu je také p¥{klad gerundia po pPedloice of (vazbu vyfaduje pftdchizajici
podstejméno)s The method of finding & solution = metoda, jak nalézt Felentf.

Hakonec ¥YeSeni = také solution, vylan&eni = eliminaticn, atde., cof jém anknr

zuje, Ze gerundium plni funkei podstatného Jména.

Preloftes .

1o Dobrd znalost oboru celych &isel je nutnou podminkeu preo provédéai ekviva~
lentnich uprav (modifications) p¥i Fedeni rovmiec.

2, V diskusi (When discussing) o Pedemi parametrické rovnice urdujemes, pro
které hgdnoty parametrd neméd rovnice smysl, md konedny pofet FeSeni, nebe
nend PelSeni,

3. Matematici (Galois a jini) dokézali nemoZnost (impossibility of) feieni
rovuic vySsich stupnd nef Stvriého obecné algebraickymi metodamis

4 S pouiitim eMctronického politale (meteody pokusu a omylu) je moZné ioiit
jakoukoli specifickou Glohu (problem) obsahujici rovnice vy3Sich stupnmd,
ale nelze napsat pfesny algebraicky vzorec pro toto Fedeni.

5. JoAs Komensky (Comenius) popsal metodu, jak se ulit cizim jezykim, ndsle-
dujlclm zpfisobem: udme se mluvit mluvenim, peslouchat a rozumét poslouchd-
nim {listen), &ist &tenim a psat psanim.

§o RELATIONS AND FUNCTIORS

1. ®Being greatsr than" or “being equal to® are relations. A binary relstion
holds between two individuals or objecté. We have ternary eor quaternary folation@
involving 3 or 4 ohjects, respectively.

Let R velate & and b (inm that order). Then a relation is symmetriec if and only
if aRb implies bRa for all & and b to which the relation applies. Examples are
wig epqual to" for numbers, "is brother of* for people. But ¥is greater than® or
"is pavrent of" are gsymmeiric relations. ’

aRe is a reflexive relation, i.e., & has relation R with itself. “Is equal
to" is reflexive, toe, just like ®is as high as®.

A relation is sald to be transitive if for every a, b and ¢ to which R applies,
aRb and bRe implies aRc. If & ism &.mliktifle of b and b is a multiple of ¢ (fqr
real numbers), then & must necessarily be a mumltiple of ¢. The relation of im-
clusion between sets is transitive: if ACB and BCC, then ACB.
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A binaxy re'lation having the properties reflexive, symmetric emd transitive

is scalled an equivalence relation.

Note. The student is left to express the three kinds of relation in set-
=-theoretic notation. Here is the graphical representation:

Reflexivity O ' Symmetricity Q Transitivity G

2. Replacing R with £ we obtain order relations connected with intervals.

The cartesian product A, X cee XAy of the sets Ay vooy, hpds the set of all
ordered n=tuples (a4, eocy 8y) where ;1651 for i = 1, sse, no The rea]iline
(or real number system) is R”, and RX = RTX ssey X r1 (x factors). The ex-
tended real number system is r? with two symbols, co and -oco, adjolned, and with
the obvious ordering. If =00 €agh < oo » the closed interval <a,b> and the
open intervel (a,b) are defined to be |

<a,b> -{xsas x‘b}, ' {a,b) = {x:a<x<b} e

We also write <{é,b) = {x:as x ﬁb}, and (8,b> = {x:a-d = b} s denoting
& closed half-line and an open half-limne, Tespectively.

If BC<=®cband B # P, the least wpper bound (supremum) and greatest
lower bound (infimum) of E exist in <& 'co, <o and are denoted by sup E and
inf E. Sometimes (but only when sup EEE) 'we write max E for sup E.

3. The notion of function is dominant im mathematics. It is defined set=
=~theoretically as follows: Given two sets A and B, we say that B is a funetion
of A (or is mapped into B), if for every element of A there is a corresponding

element of B and 1if no two distinet elements of B correspond to the same element
of A. In order tc sharpen the concept still further, the Tunctional relationship
between A and B is frequently defined as "the set of ordered pairs (a,b) where
8 is an element of the set A'and b is an element of the set B, such that
(r,p) = (r,q) themn p = q. k ‘
The symbol f:X-»Y means that £ is a function (or mapping or transformation)
of the set X into the set ¥; ieto, f assigns to each x€X an elgment f(x) £ Y.
If ACX and B<Y, the image of A and the inverse image (or pre=image) of B are
2(A) = {y:y = £(x) for some x€4r},
£B) - {x:2(x) € B} . (77 1s the inverse function)
Note that £ (B) may be empty although B # & .
The domain of f is X, the range of f is f£(X). :
~ If £(X) = Y, T 48 said to map X onto Y. We write f-l(y), instead of 1’“1({ b,
for every y€Y. If £™/(y) consists of at most one point, for each y€Y, f is

said to be one-{o-ome. If f is a .one=to=one relation (correspondence), then
£™ 45 & tunction with domainm £(X) and range X.
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Undoubtedly the most imporiant function in advanced mathematics is the

exponential function. It is defiged, for every complex number z, by the formula

exp(z) = Eo

zh

H

ni

PThis infinite series converges absolutel& for every 2z and converges uniformly

on every bounded subset of the complex plane. Thus exp (written also e) is a

continuous function.

individual

terpary

quaternary

symuetric ;3 symmetricity
reflexive ; reflexivity
transitive; transitivity
miltiple

n=tuple

to adjoin

obvious

half=line

upper

bound

supremim, sSuprema
infimum, infima
dominant

to sharpen

mapping

image

inverse image, pre-image
one=to-one

undoubtedly

1o converge

uniformly

Useful Phrases

a binéry relation holds
between two objects

relations involving 3 or 4 objects
the student is left to express scs

set=theoretic notation

to define set=-theoretically
%z is referred to &8s a variable

indi “vidjusl

t3:nari

kwe “tasnori

51 ‘metrik, = trisiti
ri‘fleksiv, = “iviti
trasnsetiv, - “iviti
maltipl

eantjupl

9°d%oin

obviss

‘ha:f lein

ap2

baund -
su:'pri:mam, =m 3
in’fismam, -ma
domiﬁ%nt

Sazpn

mapin

imids

‘pris ‘imig¥

& Fd
wante wan

an ‘dautidli

kon ‘vos:d¥
Jusnifosmli

‘Jednotlive®, osoba

terndrni, trojléeiny
kvaterndrni, Styrietny
symetricky; symetrie
reflexivni; reflexivita
franzitivni; tranzitivite
nédsobek; ndsobny

n=tice

pFipojit

(samo )zFejmy

polopFinmks

horni, vrchnd

mez, hranice, zavora

supremum (nejho¥ejS{ hodnota)
infimum (nejspodnéjsi hodnote).
dominantni, pFeviddajied
zaost¥it; zpfesnit

zobrazent

obraz
vzor }'(pfi zobzazeni)
vzdjemms Jedndznaénj
nepochybné, bezpochyby
konvergovat; sbihat se
stejnomérné

mezi dvéma pFedmdty platd
binarni relace (vztah)

relace mezi 3 mebo 4 pFedmdty
 bonechévd se studentovi, aby vyJad¥il

mhoZinovy zdpis

definovat v mnoZinové terminologii

hodnoté x Pikdme promémnd
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J

Pozndmicy

les Terminoclogie

real line (3iselnd oss) je synonymum real number system; obdobnd
complex plane (rovina komplexnich &isel) = complex number system.

Operace na mmoZin&. Obdobn& k binary, ternary, atd. mdme
nullary {(nuldrni, O-drni), unary (unidrni), ..., n-ary (n-drni).
/nalsri/ " Jiunsmexri/ fensri/

Dal$i latinské plurdly: '

supremum = SUPTrems, infimum = infima
extremun = either mwinimum or maximum ,
exirema = both minimum and maximum (ob& krajni hodnoty)

2+ Zkratky .
1.uab. = least upper bound, gelebs = greatest lower bound
SeI. (series) = strictly increasing (ost¥e stoupajici)
SeDe = gtrictly decreasing (ostFe klesajici)
3. Odvozovani podstatnych jmen od pF¥{davnych
pirid. jména podst.jména transitive = transitivity
ne =ive na =ivity reflexive = wreflexivity (pPizvuk je
=ivni =ivnost . additive = gdditivity ng 3.slabice
ecommutative - commutativity od konce)
distributive = distributivity
pPid.jména podst.jména divisible = divisibility
na =able e «bility integrable = integrability
=telny =telnost measurable = measurability
probable = probability

4. feské polo - (polopFimka) md tyto anglické protéjdkys
- half = half=1line, half=plane, half=-open, half-closed

gemi = gsemicircle, semicircular, semicontinuous,
(lat.pPedpona) semigroup, semilattice /letis/ = polosvaz,
semicolon /“semi‘koulen/ = stiednik (colon = dvojtedka)
semiautomatic /, semiB:ts ‘matik/

hemi = hemisphere = polokoule, hemispheroid
(Feckd predp.) : . .

@

Stent symbold

a>b & is greatexr than b 3 a=2db 8 is greater than or equal to b
a<b a is less than b ¢ a< b a is less than or equal to b

(a,b) open interval from a to b § <a,b> closed interval froma %0 b
(a,b> half;open interval <a,b) half-closed interval

£{x) f of x, the f=function of x 3§ £ (y) £ to the minus one of y
y = £(x) vy is the function of x, y equals f of x |
£(x45%y) the £ function of x sub ome, x sub two

f(xh,x!, soey X,) a function of n variables, .
' the function of x one, x two, and 80 on, up to x sub n
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£3X—>Y f is a function (mapping) from X to ¥,

f is a function with domain X and range Y

onto = na, into = do

oo n
Z: = the sum as {0 n from zero to infinity
=0 ni of z to the n-th over n factorial
6
cvilent
Ao Ct8te: ¥ = c ¥y + Cy¥p + eee + CoVy 3 - my=m, ; O=ns<m -1
f(x) <0 for x€BCA ; O=X=TC ; flx,)= f(x,) 3
l " x3 . ® m s 1 ,2xn’
exp X = + x g o ®ae P Sr——" $ | e 8
2'. _E!w ’ k! (n=k) ’ nt 7
Zan"’ T=39 ° Ean(x—xo)n;
n=1 n=0
_ 2 4 v :
fs A—»R, ACR f: R—>R ; f£(x) = x® +ax0"1 4+ .00 + Bpa1X + 8y

B.

Ce

Lo

2e

3.

4o

5

6
Te

Ctdte a prelote:

The word function is used in a very broad sense. As an example, consider
the concept "the mother of the boy". The domain X is the set of boys,

the renge Y is the set of women, and to each boy x is assigned the woman fx
who is his mother,

In mathematics, examples of the form "the this of that™ occur everywhere:
the area of a circle, the product of two numbers, the union of two sets,
etc. Whenever the word “of" is used, there is a function involved. FHo wonder
then that this short structural word occupies the very first vlace in the

- frequency word list (frekvendni slovnik) for mathematics.

Here are the first 15 items of fthe list: of,be, and, in, that, we, for, by,
to, this, if, function (12), it, have, on. . One can see that the first no=

~tional (vyznamoves word im the list is the word function.

PreloZte:

P#i studiu (When studying) spojitych funkei si uvidomujmme jejich mimo=
Yadnou dlleZitost.

Urcete, zda kaZdd z ndsledujicich funkci je spojitd v uvedenych hodnotdch.

Mnohé funkce g zemi ‘zndzornit geometricky. Napr. souéet dvou 8isel = + y
je funkece I:R kterou si mlZeme pFredstavit jako projekci roviny do
pPinky.

Infimum ani supremum mnoZziny M nemusi bt prvkem mnoZiny M; pokud infimum
pat¥i do mnoZiny M, Jje jejim nejmen3im a zdroven minimdlnim (minimal)
prvkem. :

Exponencidlni funkce je funkce e*, kde e = 2,718 woo je zdkladem piiroze=
nych logaritmi.

Obsah &tverce zdvisi na délce jeho strany, je tedy funkei délky této strany.

V p¥irodnich vé&déch, zejména ve fyzice, se pomoci matematickych funkecl
vyjadfuje kventitatival strdnka pFidinnych (causal) vztahl mezi faktory,
které jsou pro zkoumané jevy podstatné.
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10 THE DIFFERENTIAL CALCULUS

The differentlal and integral caloulus are two divisions of the (infinite=

sim_al) caicnlua, which truats problems invelving variable gquantities and theix
limits. Higher domeins of the calculus are differential and integral equations,
 differential geometry and the caloulus of variations.

An in%ui‘ti&e idea of the differential calculus ié most easily grasped bsv re=
ference to the graph (Pig.1l) of a function y = £(x), represented in rectangular
-coordlnates by a curve which has a tangent at every point. Join two points
15_4s and Py of the curve by the chord s = i’:f’z s 80 that the gradient (slope) of
the curve is fixed by the difference quotient (yg = 1)+ (xy = 24), oF

Ay+hx (delta y divided by delta x), i.e. the ratio of the increment of ¥

to the increment of x. How let Py aspproach P, along the curve so that the chord
rotates unitil it coincides with the tangemnt t at Py, « To this geomeirical li-
miéing Pprocess thers corresponds an slgebraic process in which the difference

qnoti@mt Ay+ Ax tends to & limlts
- Alw%@% = "Q— = £7(x)
' {peads limi% as x tends to O differential coeflicient, or first derivative,

of v with respeet $0 X+ ¥ ‘is the measure of the gradient of the tangent to
the curve (with angle ¢) at each point of the curve.

In Figel y°= —};Q—g;-— = —2L . dy and dx ave called gifferentisls.
If the scales on the x=» and y-axes are equsl, the differential coefficient is
thee tangent of the mle e (.,.,.L. = tan ck}

Ay

f}{j - 2
W Y= %

: ¢
A
Y AT
1 dx &
_ ‘34 Y2 ) |
Figed . . AXJ 5 Flg.2 o ) 3
g Xy Xy X '-/H"e X
7

*@5& may be abple to differentiaste I ‘tx) as well, i.ee if 'the mrva for £°(x)
hes a %mg@ﬁ‘% at @‘mry point in the range considered, we obiain th@ second de=
mvmiw vy = f”(x) = 'w%% (read: d two y by dx squamd)a In this way
we can form éerivatives of higher orders of which the nth, 1f it ezistss is

mttsn ' “i‘.y(n) - f(n)(x) :xh

-8

In order to difteremiata the elamentaw fnnctiona we usually derive the
appropriate :umita. For exa.pple ity = z" we proceed as follows: we have
= x4 s and y,_ 7 -a-Ay @ (14 4 Ax)
80 that Tg = V4 aAy (34 +A.x§ - xs'a 2x”Ax % (A:)
~thet is, Ay-r'éx s ng +Axo
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Taking the 1imit we obtaln as gradient of the tangent:

lim (2x + Ax) = 2x, 1s6s, -2‘13—-)— = 2X.
HNow 2 x = x-r -%—- X e y-——;‘— X and this says, in geometrical terms, that the
tangent to the parabola y = x at an arbitrary point P (z5s ¥,) can be obtained
by joining P to the peint X = —5— x, on the .xtaxis (PFig.2). The condition that

the funetion should evarywhere have ‘a tangent implies that the :mnction is evem

where continuocus. But there exlst continuous functions vhich m not differen-.

tiable.

If z is & function of two variables x and ¥ (represented geomatrically by
a surface in space) there exist two partial differential coefficients which are
is the derivative of z with y fixed and ~2&~ the

denoted by round @ -5-—
derivative with z fixed.

total differential

toutl dife ren3l

oz oy Dz

The fotal differential of z is dz = ~32-dx + -§3~ &y,

F}

differential 4123 “renil diferencidlnf, diferencidl -

integral integrsl integrdlni, integrdl

infinitesimal ,infini “tesimsl . infinitesimél(nf),
nekonediné maly

division di “vign &ést, odddlen{, odbor

to treat trist pojedndvat o, Pedit

limit limit limita; hranice, mez

caleulus of variations ,vesri ‘eiins variadni podet '

“intuitive in‘tjusitiv intuitivai

"to grasp grassp pochopit

to join dZoin apojit, pi"ip_o;)it

ﬁ:cé:ent g{g%cplisnt skilon (ki‘ivky)

increnent inkriment prirdstek

to approach 9 proud bl{Ziti se

to retate rou teit otddet (se), rotovat

to coincide skouin ‘said shodovat se, krft se

t6 tend o ~ tend snéfovat k, bliZit se k

derivative di “rivetiv derivace

‘to differentiate ,81£7 rendieit diferencovat

range reindZ rozsah, rozmezi, pédsmo

‘appropriate @ proprist vhodny, p¥isludny -

to proceed pro “si:d postupovat

arbitrary asbitreri 1ibovolny

differentiable ,dife ‘rendiebl diferencovatelny

partial patdl parcidlni; Sdstedny

totédlni diferencisdl
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Useful Phrases

the idea of the differential calculus
is most easily grasped with reference

“$o & graph :

let Py approach P, along the curve

the chord rotates until it coincides
with the tangent

we proceed as follows

1ol
et
La]

mySlenku diferencidlniho podtu
pochopime nejsndze z grafu

necht bod P, se p¥ibliZuje
k bodu P, po kFivce

t&tiva se otali,
aZ splyne s tadnoun

postupujeme nésledovné

Pozndmky

1. Konverze , 3. pfechod slova z jedné slovni kategorie do druhé bez zminy
" 4varu, je velmi Zastd mezi podstatnymi jmény (p¥ipadné i p¥i=-
davnymi jmény) a slovesy: o

: the 1imit = limita, hranice proces .
CMmt = g 1imit = limitovat, omezit process *<:~zpracovat (data)
. __ the measure = mira : potadi, uspo¥dddni
measure <_ to measure = mé¥it order <::;sefadit;u§poiédat

range = rozsah, rozmezi

L the ~4ve, fo¥ma
range ‘ = to range = pohybovat se Vv rozmezi Torm ‘=:;%v0¥1t,zrormovat
P¥isluSnost B té &1 oné &dsti Yedl je ve v3té urlena levostrannym i pravo=
strannym okolim (kontextem) a postavenim ve v&té: :

The measures of probability rapge between(the limitsjof 0 and 1.

P

Hixry (hodnoty3~§ravdépodmbnosti se pohybujf v rozmezi mezi © & 1ls- -

{measures = podst.jméno, urdeno zleva the, zprave of a také tim, e na
prvnin mistd v anglické v&t& je podmdt; proto range je jasné sloveso,
t3e pfisudek)’

“total miZe byt 1. podste.jméno, 2.piidavné jmémo, 3.sloveso
, = dhrn, celek = Ghrany,celkovy = 8init dhrpem, celkem

1. The expenses reach & total of 85 pounds. (funkce ve viétés pPedmdt)
Néklady dosahujdl celkovou &astku 85 liber. ‘ ‘

' 2, The total expenses are 85 pounds.
Celkové ndklady &ini 85 liber.

3. The expenses total 85 pounds.
Niklady 3ini celkem (dhrmem) 85 libere

(funkce ve v&td: privlastek)

{(funkce ve vitd: slovesny
prisudek)
2., Pifdavnid jména zakondend na =able jsou v podstaté zkrdcenim vztaZn¥ch vét:

differentiable = that can be differentiated

diferencovaielny = takovy, kiery miZe bjt‘diferencavén, podobnis

integrable = that can be integrated; .measurable = that ean be measured, aj.

Steni symbold
e y prime, ) oo

y double prime, second prime
y y dash y y double dash, two dash
A x delte x, increment of x, change in x
ax differsntial of x, with respect to x
dy first derivative of y with respect to x,
dx differential gquotient
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-%—%; d two y by (over) d x squared, the second derivative of ¥y
with respect to x
lind (2x +4Xx) the limit of 2 x plus delta x *
AxX-»0Q as x tends to zero (as x approaches zexo)
1im —;E:jf, ‘ the limit of x over x minus one
X-r oo as ¥ increases indefinitely
cviCent
Ao Gt3te: v (x) - y(x) = 0 ; Y ey -ty 2y =0 ;
d sin x ’dzx s T ‘ iy 2
— - ®mCos X ; 3 x% .,-Em\ [ 1+ o H
1 .
1im s 5; = 1im | %n oz Dz
Xy N e dz = dx + N
n-+eo (1 = &) n-» o0 8n4l ox oy

B, (t&te a preloftes

. The method the differential calculus employs is to divide a small change
in one variable by a small change in another; to let these changes both shrink
until they approach zero; then - and this is the key = to find the value whieh
the ratio between them approaches as the changes become indefinitely small
(icee “infinitesimal’). Thus a 1limit is the answer we are seeking, and the end
result of differentiation is the rate of change at a given instant or point.

Ce PreloZte:
1. Mezi aplikace diferencidlniho podtu pat¥i extrémy funkei (maxime a minima),
‘posloupnosti, diferencidlni rovnice a diferencidlni geometrie.

2. Maxima a minima se vyskytuji v pFipadé, Ze sklon tedny je horizontédini,
tjﬁ f (X) = Ou

3. Zatimeco u algebraickych rovnic se hledaji hodnoty nezndmych 3isel, vysky-
tuji se v matematické analjze rovnice s nezndmymi funkcemi. NejddleZitdjsd
z nich jsou rovnice diferencidlni.

4. Tak napF. xy'-’ay = 0 je diferencidlni rovnice, v ni¥ y je nezndmé funkce
proméuné x a y je jeji derivace.

5¢ Diferencidlni geometrie se zabjvd aplikacemi diferencidlniho poditu ne mé-
Yeni jakékoli k¥ivosti (curvature) v jakémkoli rozméru.

52 ) € s e OB G

11l. THE INTEGRAL CALCULUS

An intuitive idea of integration is likewise most easily understood (see
Fige3)e The curve y = f(x) between Pg (xo' Fo) to P (x5 yn) Torms with the
ordinates y, and ¥p @and the part of the z-axis of length X, = %, lying between
them an area F(x) which is therefore a function of f(x). The calculation of areas
is the basic problém of the integral calculus; as in the case of the differential
calculus, it is solved by a limiting process. We subdivide the ares by means of
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4

& pumber of ordinates y,, Yy s oee Which are spaced at equal intervals A X; 80 that
we can form two sums o;f, rectangles one of which 1s greater and the other less than
the required area F; in Pig.3: ' '
yoAx+y,,Ax+y,_Ax+y3Ax + Yy AX < F
<y4Ax+y9_Ax +yéAx+y4Ax+ynAx.

The difference of the two sums is the shaded rectangle in Fig.3, wHhose area
decreases as we make LA x smaller, i.e. a5 we increase the number of strips into
which we divide the arsa we are investigating. Now letdx tend $o0 0, so that the
two sums become equal to one another and to tha required area. In order to express

. ‘P‘ ) Ay f
LU oo BT
- |
FlreY ‘ A f
Yo ! 93134 Yo i
Fige3 S Figa4 4
& 01 Ko Xp X, Xy Xy X, X &% a b x

this briefly, we nesd two symbols for swmmations Z(Greek sigma) for sum and the
old long 8 = j which is now called integral. In this way we .o.btain, given the
initial and final va.lues of the abscissa as x, and x respectlvely, the equation

ln.mz yAx =f f(x) dx = F(x).
Ax—20 X Xo

If we displace the initial ordinate y to the left or to the right, we alter
the area F by a fixzed amount, namely by the area introduced or cut off. There
corresponds then to an ‘integrand’ f£(x) an infinite number of integrals, each of
which can be derived from any given one by the addition or subtracting of a con-
stant, the (arbitrary) constant of integration. Such an integral is therefore
usually written without specification of the limits, and is then called an inde-
finite integral. If;, on the other hand, the limits are given, €.Ze X = a as
the lower, x = b as the upper, ja f(x) dx is referred to as a definite integral.

The length of the arc of a curve is also found by integration. The volume v
of & solid and the area of a curved surface are determined by multiple integrals,

Seke v "‘\MS f(x,y,2) dx dy dz.
The area problen, ;1'9' of integration, is the inverse of the tangent problem,

i.e.0f differentiation: d F(x)
if e
- ax
To sum up, here is the fundamental theorem of the differential and intégral
caleculuss If f(x) is continuous for a<x<b and if the function F(x) is

- such that its derivative with respect to x equals f(x), then

= £(x) then Sf(x)dx = P(x).

b
ja £(x) dx = F(b) = F(a).




likewise

to subdivide
to space

to decrease

to increase
strip

to investigate
hrief; briefly
summation
Greek

initial

final

to displace

to alter
anount

to cut off
specification

on the other hand.

multiple

Useful Phrases

¥4 378 oo are spaced

at equal intervals
the ares decreases

a8 we make x smaller
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laikwaiz
“sabdi “vaid
speis

di “krics
in‘kriss
strip
in‘vestigeit
brisf(1i)
sa ‘meisn
grisk

i ‘nisl
fainl

dis ‘pleis
o:lte

o maunt
‘kat ‘of

s oo P .
;Spesifi keisn

maltipl

given the initisl and final values

to sum up, here is eee

Pozndmky

L 11

podobnd, také, rovnii
ddle rozdélit

rozmistit

zmenSovat (se), klesat

zv&tSovat (se), naristat

prouzek, odrezek

zkoumat, vySetiovat

strudny; struéné

soudet, sumace

Pecky; HRek; Yedtina

podatedni; inicidlka

koneény, posledni

premistit, posunout

pozménit, zménit

mnoZstvi, velikost

od¥iznout, oddélit

specifikace, piesné urdeni

na druhé strand, naopak

nédsobny; nasobek

Y13 Ya e+ Jsou rozmistdny

ve stejnych intervalech

ploSny obsah se zmen3i
se zmenSovanim x

jsou=11 dény poddtedni
a konedné hodnoty

jako shrnuti uvedme ese

1. Spojeni 1o make + pridavné jméno (v&tSinou v komparativu) vyjadiuje
"zplsobit Zadouci kvantitu nebo kvalitu nebo jejich zintenzivnéni®:

0 make smaller
larger
to make higher
lower

t0 make

to make

2. Jiny prostdedek k vyjdd¥eni tého¥

=
=
=

podstatnémi jménu:

to shorten

{0 lengthen
t0 widen

to broaden

to strengthen

to deepen

zmensit to
zvétsit to
zvysit to
sniZit to

zkrdtit

prodlouzit = to
rozSifit = to
rozsifit = t0
zesilit = to
prohloubit = fo

make
make
make
make

make
make
make

make -

make

simple{»)

more difficult

better
worse

longer, to
wider, *to
broader,to
stronger,

deeper, to

o ou R

dalsi moZnd synonyma:

increase
increase
increase
increase
increase

zjednodusit
znesnadnit
zlepdist
zhordit

obsahu je pripona =en k p¥idavnému nebo

the length
the width '
the breadth
the strength
the depth
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3. Piipony =ify & =ize maji stejny vfznam; pF{pony odpovidajicich podst.jmen
Jeou ~ification & = ization. (Pozor: des. —ifikovat = angle. =ify!)

to make specifie = to -specify {specifikovat) specification
to make identical = to identify {identifikovat) jdentification
$0 make simple(x) = to simplify (zjednodusit) simplification
to make gemeral = to generalize (zobecnit) geperalization
to meke rationmal = to ratiomslize (racionalizovat) rationalization
$0 make natienal - to natienalize (zndrodnit) - nationalization

to make optimum
to make minimmum
+0 make maximum

~ 4o $islovky néscbmné:

once /wans/ = jedmou, twice /twais/ = dvakrét, '
three times = tFikrdt, four times = StyPikrdt atd.

t0 optimize (optimalizovat) optimization
to minimize {minimalizovat) minimization
to maximize (maximalizovat)  maximization

single /singl/ = jednoduchy miltiple = nésobny, nédsobek
twofold (nebo double) /tusfould/ = dvoji nebo dvojndsobny
threefold /erisfould/ = trojii, trojndsobny
fourfold atde = &tyfndscbny atde
Latinské tvary:

treble /trebl/ = trojndsobny¥, =ndsocbek

quadruple Skwodrupl/ = &tyfndsobny, - ¥ -

quintuple /kwintjupl/ = pEtindsobny, = " =

Ftend symbold ‘ | -

jiaxdx'- x  the integral of 2xdx is x squared
é‘f(x) dx ‘the indefinite integral of fx with respect to z
Sa £(x) dx the definite integral of fx with reppect to x
: ay between the limits a and b
S the indefinite integral of dy over the square root.
6 =y of ¢ square minus y square
‘&fxy dy dx the double integral of xy with respect to y and x
cyilent

Ao Gt&to & pleloZte: Abstract Integration

Poward the end of the 19th century it became clear to many mathematicians
that the Riemann integral should be replaced by some othsr type of integral,
better suited for dealing with limit processes. Among the attempts made in
thie directlion the most notable ones were due to Jordan, Borel, Young, and
lebesgue. It was Lebesguse ’s comstruction which turmed up to bs the most
successful.

- Here 1s the main idea: The Riemann integral of & function f over an inter-
val (a,b) can be approximated by sums of the form o 4 )m(Ei), where
Eg; eeey B, are disjoint intervals whose union is ta,b), m(ﬁ ) denotes the
length of Ei, and t4€EE; for n = 1; coey e
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Lebesgue discovered that a completely satisfactory theory of integration
results if the sets E; in the above sum are allowed %o belong to a larger
class of subsets of the line, the so=called "meagurable sets", and if the class
of functions under consideration is enlarged to what he called "measurable
functions®,

B. PreloZte:

ls Pojem integrél vznikl v 17.stoleti jednak jako proté&jiek pojmu derivace,
jednak jako zobecnéni soudtu. '

rv 2

2. Promdnnd, kteri se bli¥i k nule jako své limit&, se nazjvéd nekonednd
mald veli&ina.

3. Proménnéd je nekonelnd, jestliZe se m&ni takovym zplsobem, Ze Je zvétSena
a zlstane v&t3{ neZ jakdkoli stanovené (assigned) kladné &{slo, at je
Jakkoli veliké.

4. Fermativ p¥incs k rozvoji diferencidlniho a integrdlniho po&tu byl vy=
nikajiei, adkoli byl zastindn (overshadow) vysledky Newtonovymi a Leib-
nitzovymi, :

)
50 MA~li posloupnost {a }4 limitu a, Pikdme, Ze je konvergentni nebo Ze
" konverguje k €islu a. Posloupnost, kierd nekonverguje, &ili nemé (vlaste
ni) limitu, se nazjvé divergentni.

DT 0 Oy 5 2 D G B O D

12, VECTORS

As A vector is a directed line segment. It may be any physical element de-
termined by its magnitude and direction. Force, velocity, or acceleration arei
vectors, because they could mot be sufficiently defined if their direction were
not known. Numbers with which no direction is associated are called scalars.

Vectoras are denoted by 1etters'in boldface type or, in writing, a vector is
usually denotéd by a letter with an arrow above it. A vector of length one is
called & unit vector. The magnitude of a zero vector is zeroc.

Any two vectors parallel to each other, with the same sense of direction
and the same magnitude are considered equal, the starting points being imma-
terial. The'addition and subtraction of vectors and their multiplication by
scalars is governed by the laws of ordinary algébra.ﬂA sum of two vectors is
equal %o a vector which, in geomgtrical representation, begins in the initial
point of the first vector and ends in the terminal point of the second. A vece
tor with a negative sign is of the same magnitude of, but of opposite direction
to, the corresponding positive vector. If a Vector'a is multiplied by a sealar
b, the product is a vector parallel to U whose magnitude has been multiplied
by the factor b. '

When speaking of a product of two vectors, we must always specify whether
we have in mind the scalar product or the vector product. The scalar product
/2’.'37 is equal to the product of the length of & and‘% and the cosine ‘
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of their included angle. The vector product of two vectors /& x‘gy equals the
product of the lengiths of 2 and‘%, the sine of their included angle, and the
unit véctor'g perpendicular to both 2 and:%. The direction of € is the same as
the translation of a right~hand screw rotated from the direction of ES to thet
of b, the angle of rotation being less than 180°,

Be A complex vector space {(or a vector space over the complex field) is

a set V, whose elements are called vectors and in which two operatioms, called
addition and scalar multiplication, are defined, with the following familiar
algebraic properties:

To every pair of vectors x and y thdre corresponds a vector x + ¥y, in such
away that x + y =y + x and x+ (y + 2) = (x + y) + 2; V contains anunique
vector 0 (the zero vector or origin of V) such that x + 0 = x for every x€V;
and to each x €V there corresponds a unique vector =x such that x + (-x)ra Oe

' To each pair (o< ,x), where x:EV'and o< is a scalar (in this context & com=
plex number), there is associated a vector «x €V, in such a way that lx = x,:
o(px) = (XPR)x, and such that the two distridutive laws

(1) K (x +y) = oLx +Xy, (X+/3)x = Xx +/lx

hold, ’

A linear transformation of a vector space V into a vector space V is a
mapping /\ of V into V, such that ~ '
(2) ' C(xx +Ry) =t Ax +,QAy
for all x and y€V and for all scalarst%ﬁand Q In the special case in which
V4 is the field of scalars (this is the sxmplest example of a vector space,
except for the trivial one consisting of 0 alone), /\ is called a linear funce
tionale A linear functional is thus a complex function on V which satisfies (2).
' Note that one often Writes.A.x, rather than f&(x),‘if l\ is linear.
Thekpreceding definitions can of course be made equally well with any field

in place of the complex field. Thus the euclidean spaces Rk are vector spaces
over the real fielde. ‘

vector vekta vekior
directed _ di “rektid orientovany; zam&reny
magnitude | mognitiusd velikost, velidina
force - foss sile

~velocity vi “lositi rychlost
acceleration ‘ 2k, sela ‘reidn zrychleni, akcelerace
direction , di ‘rek3n smdr
to associaté with a'souéieit spojcva&, sdruzavat
scalax ' skeils akalar

in boldface type bduldfeis taip tudnym pismem (tiskem)




arrew
length

parallel to
starting point °
immaterial

to goverm
terminal

to specify

ineluded angle
translation
right=hand screw
familiar(with) .
to consist of
linear functional

Useful Phrases

(the operations) are governed by

gerou

lege

paerglel ,
sta:tiy point
odme tiariel
gavgn

tosminl
spesifai

 in"klu:did wxgel

trains “leidn
rait-hend skrus
fo milje
xon’sist

linie fankdnl

Sipka

délka

rovnobéiny, paralelnf
poddtedni bed
nepodstatny, nediileZity
fidit;$ovlédaf, vlddnout
koncovy; termindl (ped.)

pFesnd stanovit/uréit,
specifikovat

sevieny dhel

posun, translace

pravochedy iroub

dob¥e znidmy (obezndmenf s)
sklddat ase, sestévat z ’
linedrni funkciondl

(operce) se $idi zdkony

the laws of ordinary algebra zékladni algedbry

musime pPesné stanovit,
zda méme na mysli skaldraf souéin

ka%dé dvojici vektori x a y
odpovidd vektor x + ¥

8 vyjimkou trividlnfiho piipadu,
aZ na trividln{ p¥ipad

one often write: Jx, rather thanl&(x) dasto piSemeAx, spiSe nei (a me) A (x)

we must specify whether we have
in mind the scalar product

to every pair of vectors x and y
there corresponds & vector x + ¥y

cse eicept for the trivial case

Poznimicy

le Any iwo vectors ... are considered equal, the starting point& bei. imnnter141
-Jakékolli dva veitnry «os povaZujeme za 8bb& rovmé, p¥ile o&Ztoﬁnich

boedech nezdlez{

The direction of e is the same as -the translation of 2 righit-hand serew
rotated from the direction ..., the angle of rotation b ei less then 180°%.
esey, pFilemf tihel rotace je mensSi nef cco

Obae pPiklady ukazuji, jak being (tzve. absolutni prechodnikové vazba) vyjadiuje
'prﬁvodniiokolnosti néaakého tvrzeni. Je to zpﬁsob v odborné angliétiné velmi
dastye

20 sos in such & way that c.o = takovym zpisobem, Ze .g./tak,ée cos

dal8{ b&%nd spojeni: this way = takto, tudy; any way = jakkoli; évery way =
= kaZdym zplsobemg no way = Zddnym zpisobem, nikterak,nijak;

in some way = do ur¥ité miry, jaksi (také in a way, in one way);

L

. in the same way = stejnd; in another way = jinak; in a similar vay = podobn%;

in.an obvious way = zPejmd 3 in a friendly way = pritelsky.
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3+ Podminkové vty ‘

Jaou obvykle uvedeny spojkou if, kterd mé Seské protdjsky

Jestlife (v hlavni v¥t& v anglidtins Je oznamovaci zpisob) a

kdyby (v hlavni angl.v3t¥ je podminovaci zplsodb = kondiciondl, signa~

, 1izovany should/would (could/might) + infinitiv pFit. nebe minuly)
Jiné spojky jsou wunless = if not; provided (that) = za predpokladu, Ze; :
on condition that = pod podminkou, Ze; supposing (that) = za predpokladu, Zeg
in case (that) = v p¥ipadd, Ze. -
V matematické anglidtind k nim pat#i také glven = if ..o is/are given = mdme-11i,
které plmi funkoi spojky: Given these conditions, we can see = Jsou=1i dédnye..

NejeastdisSi a nejjednodussy je struktura implikace: If sosp then oes, kde
v obou vétdch je pFitomny Sas. Jako piikladu pouZijme podminku aplikovanou na
zlomek a/b (8 poufitim zdkladnich sloves to be a %o .have):s

If a i= less than b, (then) we have a proper fraction (vlastni zlomek).
Rozdily v pbnéiti tasl a zplsobl nastanou p¥i podmince v budoucnosti a t2ve

neskutednfoh podminkéch (v pPitomnosti a v minnlesti = ¥byl bych" a "byl bych bylﬂ)]

a8) If a is less than b, we will have a proper fraction (pravidlo: misto &es,
JestliZe a. bude saw budeme mit oo budelasu je v angl. prit.Zas)

b) If 2 were/was less, we should/would have o.e (pravidlos v if-vdts
Kdyby & bylo eee mEli bychom eee je préterit, v hlev. kondiciondl)

Poznes were je zbytek tzv. konjunktivu (jern u slovesa to be) a je moZny .
i oznamovaci zplisob. Ddle, zde b&Z{ o neskutednost pP{tomnou.

e) it a had been 1eS8 cee, We should/w@g;d have had cce (pravidlo: v if=vits:

Kdyby a bylo byvalo ee, byli bychom méll cee Je &as pFedminuly, v hle:
~ ‘ v&té minuly kondiciondl)

Jiny p¥{klad ve v3ech t¥ech p¥ipadech rozdilu mezi ce3tinou a anglidtinous

a) He will help you if you ask him - Pomdfe vém, pofdddte~1i ho o to.

b) He would help you if you asked him = Pomohl by vém, kdybyste ho poZddali.
¢) He would have helped you if you had asked him = :
= Byl by védm pomohl, kdybyste ho byli o %o poZddali.

Jten{ symbold

!ﬁ] the magnitude (length) of the vector a ;
& dot b ; the scalar product of & and b, the dot product of a and b
& cross b g the vector product of a and b, the cross produect of & and b

1
v

@) mé

x

cvzémi»

As Gtste s pFeloite;
Vector fields tangent to a sphere

Let v denote a vector Pield defined on a sphere S in space. It'assigns toc each
point x of S an oriented line segment issuing from x. We shall say that the field
v is tangent to S, if for each x of S the line segment issuing from x is tangent
%0 3, or equivalently, if it is perpendicular to the radial line where z is the
centre of S. We associate with v & mepping g of S into space by choosing an ori=-
&€in 0 and defining gx to be the endpoint of the vector issuing from o parallel
and equal in lengih to vx. We say that v is continuous whengver the associated
g 18 continuous.

- Theorem. Let v be a continuous vector field defined over & sphere S and tan=
gent to S. Then there is at least one point x of S such that vx = O,

S
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B. Preloites

1. Vektory lze charakterizovat smérem, orientaci (8ili smyslem) a velikosti.
© Smdr a orientace jsou vSak definovény Jen pro nenulové (non=-zero) vektoxy.

2. Nézev ‘skaldr’ je odvozen od slova ‘scale "(stupnice), na ni% mé¥{me mnoZstvi.
Tak napP. teplota je skaldr.

3. S&iténi komplexnich Eisel odpovidd sditdni vektorf. Graficky je miZelme znde
zornit pomoci rovnobéZnika a jeho dhlop¥idky. .

4. DokaZte pomoci vektord, Ye piimka spojujici st¥edové body (midpoints) dvou-
stran trojihelnika je rovnobdind s tPeti stranou a rovnd se poloving jejdi
délky. ,

5. P¥ikladem vektorového prostoru je mmo¥ina vSech funkei definovanfch na inter=
valu <a,b>, prilemZ soudet funkei f-a g je funkce s definovand pFedpisem
(rule) s(x) = £(x) + g(x) pro viechna x <a,b> a c-ndsobek funkce f je
funkce x definovand p¥edpisem f£(x) = c£(x) pro vSechna x <a,b>.

13. GROUPS

A group G is a monoid, such that for every element x @G there exists an ele=-
ment y € G such that. xy = e. Such an element ¥ i8 called an inverse for X. Such
an inverse is unique, because if y~ is also an inverse for x, then

Y= 3y = y(xy) = (yx)y = ey = yo
We demnote this inverse by x‘l (or by =x when the law of composition is written ¢
additively. ‘

For any positive integer n, we lst £l = (x‘l)n. Then'the usual rules for
exponentiation hold for all integers, not only for integers = 0. The trivial
proofs are left to the readers - ~

In the definitions of unit elements and inverses, we could also define left
units and left inverses (in the obvious way). One can easily prove that these

are also units and inverses respectively.
Namely: Let G be a set with an associative law of composition, let e be
a left unit for that law, and assume that every element has a left imverse.
Then e is a unit, and each left inverse is also an inverse. In_particular; G is
8 groupe }
To prove this, let a £€C¢ and let P€G be such that da = e.

Then bab = eb = b,

Multiplying on the left by a left inverse for b yields
ab = e,
or in other words, b is also a right inverse for a. Ome sees also that a is
e left inverse for b. Furthermors, '
82 = aba = ea = g,
whence e 1s & right unite.
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! g Iet G be a group and S a non-empty set. The set of @aps M(S, G)
is 1#801! a group; namely for itwo maps f, g of S into G we define fg to be

the map such that

(fg) (x) - f(x)s(x)g
_and we define 271 to ve the map such that. £™1(x) = £(x)™1, It is thentrivial
to verify that M(S,G) is a group. If G is commutative, so is the law of COmpos=
sition in M(S,G), so that we would write f+g instead of feg, and =f instead

ef f

Q;a. Let S be & non-empty set. Let G'be the set of bijective mappings
of 8 onto itself. Then G is e group, the law of composition being ordinary come
position of mappings. The unit dlement of € is ihe identity map of 5, and the

_other group properties are trivially verified. Whe elements of G are called

22 reutations of S.

- gToup

Useful Phrasgs

the usual rules hold

for all integers

oné can easily prove that

assume that qvery element
has & left inverse

one sees also that a is
a left inverse for b

H(S,G) is itself a group

the other group properties
are irivially verified

grazp grupa- )
monold monsid monoid
unique Jushisk jednoznadng, jedine¥ny
law of compusition los ¢ v kompe zifn kompoziéni zdkon, z. skléddni
‘additively 2ditivli , aditiva§
exponentiation ekspo, nensi ‘eisn umocrovén{
triviel triviQI trividlni, jednoduchy
to prove prusv dokazovat
lett left levy
ebvious . obvies zie jmy
namely neimii totiZ
._furthermare “fa 150 ‘mo: ddle jedts, mimo %o
whence wens proto, tudiZ, z Zehoi plyme,Ze
to verify verifai ovEFLY :
‘bijective mapping bai ‘dZektiv prosté, jednoznadiné zobrazeni
permutation ,P@:miu’teidn permutace

obvykld pravidia platd
pro vSechna celd disla

snadno se 44 dokdzat, Ze

‘ predpokladeama, %e kaZd¥ prvek

md prvek inverzni

vidime rovné%, e a je
iaverznim prvkem k b

M(S,G) je také grupa °

ostatni vliastnosti grupy
se daji trividlné ovérit
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Pozndmky -

1. Vazba there is/are vyjadiuje, fe ndkde nico je (vyskytuje se, nalézé se),
Ze ndco existuje. V matematické angliltin& je velmi Sasté: srovnej existené=
ni kvantifikdtor, jak ukazuje p¥iklad z textus

For every element x €G there is/exists.an element y €C such that ...
Vazba umoZnuje postaveni podmStu za slovesem (na rozdil od slovosledu SVOHPT)
& nékdy se proto there spojuje i s jinymi slovesy mef to be:

there is associated) -
{there corresponds } an elenment ¥ soe
“tthere is assigned '

Druhy typ v&t s there is/are obsahuje piislovoéné urieni mista nebe dasu:.
(typicky se podst.jméno vyskytuje v sge s a/an, v pl. nulovy &len nebo some,
p¥épadné no v obou &islech) '

To every eslement x

There is a difference (mo difference) between the two examples.
There are some differences (no differences) between the two examples.

P¥i pfekladu itakovych v&t do SeStiny zadneme velmi 3asto od konce véty:
Mezi obéma p¥iklady je/meni Zddny/ rozdile ... jpou/nejsou wozdily.

Zajimavéd Jje (a pro vyjadPovdni v matematice s vyhodou pouZitelnd) urditéd )
vyznamové ekvivalence mezl slovesy o be & to have. Pozorujte piiklady:

‘There are three sides in a triangle = A triangle has three sides.
There is no solution to this problem = This problem has no solution.

2. Dals{ p¥iklad pPevrdceného slovosledu (sloveso-podm&t) v oznamovaci v&ts
vezmeme op&t z textus

«+o when the law of composition in G is writiten additively,
so_is she law of composition in M(S,G).

veo pi¥emesli kompozidni zdkon v G aditivné; piSeme(takltaké (aditivnd) ...
: ] Je také psdn aditivné ...
so is/are, piipadnd so does/do k vyjdd¥eni "také®™ znéme 2 nésledujfcich

prikladd; John is a university student. So is Peter (Petr je t8k€ cee)s’
' John studies mathematics. So does Peter (Petr také studuje M.

Vidime zde také (v poslednim p¥fkledu) zdstupnou funkei slovesa to_do.

cvifent

4o Ctite & preloftas

Group theory is concerned with what heppens.when one kind of mathematical
operation is performed on different elements, or when different operations.
are successfully performed on a single element. By such analysis it uncovers
the basic structural patterns in mathematics. )

All kind of mathematical objects behave as groups. For instance, an equi-
lateral iriangle can sit on any of iis three sides and still look the same.
The rotetions that carry the triangle from one of these positions to another
constitute a group. Moreover, this group has a structural counterpart in a
certain group of pexrmutations of a single "abstract group",

All three groupsgare realizations of a single "abstract group®. Thus the
same abstract group covers cases from three separate domains: geometry, the
arithmetic of arrangements and algebra. ' ~
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Be Preloite:
1. Grupa je algebra s jednou bindrni operaci, ktersd je asocliativni, md jednot-
kovy prvek a ke kafdémm prvku existuje prvek inmverzni. .

2. MnoZina kladnych raciondlnich &isel p¥i komutativni operaci ndsobeni se
nazyvd Abelova grupa.

3. Pfikladem abelovské grupy je mnofina permutaci n prvkid p¥i (under) operaci
sklddéni, v p¥ipadd Ze n 2. ’
4. Podgrupa (subgroup) grupy G je takovd podmnoZina H muoZiny prvkd (multiplie-

kativné zapsané) grupy G, Ze plati 1. je-li a€H, b€H, je také a.b&H,
2. H Je grupa vzhledem k operaci v G

5. Teorie grup pomdhd pFirodovideldm pFi studiu strukturniho uspoPddini v pPFie
rodé, napf. v analyze seskupeni (configuration) molekul a krystald, uspoid-
ddni gend u Elovika nebo i obvodd v pevné fazi (solid circuits) v elekiro-
nice.

Id

14, TOPOLOGY AND GRAPHS

Topology is the geometry of real situations opposed to Euclid's“geometry
-0f abstract ideas like a point or a line. In tdpology we are not con¢erned with
meaéurements and do not look upon figures as fixed. The questions that eoncern
us very much are: Inside or outside? Do lines cross? Where are we'going? When
you give a pedestrian directions for getting to a place, it is usually more im=-
portant to tell him when %o turn left or right, than to say how many metres he
has to walk. ;

In tYopology a simple closed circle can be replaced by a poly (or n-) gon.
If we take the simplest, this will be s triangle. We now come across an im-
portant topological invaeriant. I =v = e = O for a closed thread where I stands
for invariant, v for vertices (alternatively called podes) and e for ares (or

edges). A circle is a special case. In the case of a cirele we have v = 0 and
e=1l: v =€ = ~ls In order to maintain the invariant of O for a closed figure
in the case of a circlée it is necessary to provide the circle with s point.

We can do it like this (see Fig.l)s. In topology this can be a replacement for
& circle. A triangle has 3 vertices and 3 arcs < (= hence) T = Vee =3« 3=
= O. In this case of an open thread, I = v = e = 1. Compare With Fig.2 diagram-
matically representing a river and its tributaries, where we have v = 22 and

¢ =21, v~0=l.

Fig.l

An arc 'is considered simple which has endpoints but has no intersection with
itself. The endpoints are not considered as belonging to the arce When endpoints
coincide, the arc is called a logp. The term network, or linear graph or graph
means a limited set of points in ordinary space called vertices, some pairs
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being joined by simple arcs. The names of degree or valence of a vertex v refer

to the number of arcs which have v as an endpoint (Fig.3)s Note that a loop is
counted twice. Vertices B and C have degrees of 3 and 2 respectively. A has a

degree of 3, 8 D‘\\\\\\\\‘
A e Fige3 €

The two vertices A and C of the network are stated to be comnected because
there exists a succession of arcs starting at A and ending at € of which each
consecutive pair has a common vertex. Now whereas A and C are connected, A and
D are note. A succession of separate arcs which donnmct a vertex to itself is
called a gycle. When a network has no cycle it is referred to as a tree. A group
of separ;te trees which are in the same category is a forest.

In certain cases arrow-heads are indicated on the arcs and the network is

called a directed or oriented network (Fig.4). Sometimes it is convenient to
' represent a binary relation r

T .
Pige4 p©———)\>s
@ R % by mesns of a directed network.

The elements involved can be represented by the vertices. Thus Q—»R can re=~

present QrR.

The theory of networks has a wide range of application. Examples are the

bus routes in a ecity, a telephone exchange in an office, the nerve system of

a human being, etc.

vertex, vertices

va:teks, =isiz

v protikladu, na rozdil od

opposéd to G'pbuzd

measurement meZamant méreni, mira, rozmér

to look upon luk 2 pon divat se na, povafovat

to concern kan'sasn dotykat se, zajimat

inside insaid uvnit¥

outside autsaid vné, mimo; venku

to cross . kros protinat (se), kP{Zit (ss8)

‘pedestrian pi‘destrisn chodec, pés{

to turn (left, right) tosn zabolit, d4t se (doleva,
doprava)

to walk wosk Jit pésky, chodit

to come across kam 2 kros . dostat se k, narazit na

invariant inveariont imvariant

cloged thread klouzd Ored uzaviend k¥ivka

to stand for stzend znamenat, oznadovat

uzel (grafu), vrchol

nede noud uzel
edge / arc edZ, a:k hrana (tearie grafd)
o maintain mein-tein udriet, zachovat



telephone exchange

office
nerve system
human being

Useful Phraaes
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telifoun iks Zeind¥

ofis
nssv sistem

hjuzmen bising

telefonni UstFedna

iPad, kanceldy

nervovy systém
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to provide with pre vaid opat¥it nddim
like this laik dis takto
replacement ri ‘pleismant ndhrada, zéména
open thread oupn Ored oteviend k¥ivka (8dra)
tributary tribjuteri pritok Feky
loop luzp smyéka
network netwask sit (elektr., dopravai, graf)
valence veilens valence '
connected graph ka‘nektid gref souvisly graf
successaion g3k “sedn sled, poradi, postupnost
consecutive kon ‘sekjutiv za sebou jdouci, ndsledny
- separate seprit jednotlivy, samostatny
cycls saikl cyklus
tree tri: strom
category ketigari kategorie, t¥ida
forest forist les
arrow-head rou ‘hed Spidka 3ipky, hrot
convenient ksn vienjont vyhodny
route rust trat, linke

lidskd bytost, &lovdk

+

we are not concerned with measurements nejde ndm o mé&reni (rozméry)

the questions that concern us very much otazky, které nds velmi zajimaji

dostdvdme se k dileZitému
topologickém invariantu

we come across an important
topological invariant

we can do it like this;

@
the two vertices are stated
to be connected

miZeme to udélat takto:

pravime, Ze oba uzly
jsou souvislé

the network is referred to as a tree o siti mluvime jako o stromu

Poznamky

de A network is referred to as a tree}_ Jje pasivni transformace véty v &inném
= We refer 1o a mnetwork as a tree rodu S obecnym podmétem “we"

PFedloZka se v takovych pFipadech (podobnd jako ve vztaZnfch vEtdch s vyne~
chanym that) ponechdna konci slovesného tvaru.

. Jinou vétu z naSeho textu bychom mohli transformovat podobnym zpisobem:

In topology .+« we do not look upon figures as fixed —s
——p figures are not looked upon as fixed
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2, Jedno z mnoha pousiti infinitivu v anglidtiné je po neosobnich vazbich

typu it is possible/impossible/easy/difficult/necessary atd. + infinitiv.

It is necessary to provide the circle with a point.
Je nuitné opat¥it kruZnici bodem, zakreslit/nanést na kruZnici bod.

Sometimes it is convenient to represent'a binary relation r by means of
a directed network. Nékdy je vhodné zndzormit eee

7 této jednoduché vazby odvedime v dnedni anglilting fastou vazdbu
for + predmdt + infinitiv, vyjdd¥ime-li explicitné, pro koho {(pro co) je
néco mognd, snadné, nutné udélat. UkaZme si také pasivni transformaci.

It is necessary for us (for the student) to_provide the circle ...
Je nutné, sbychom opairili eee, aby student opatPil ees.

It is necessary for the circle to be provided with a pointe. ‘
Je nutné, aby kruinice byla opat¥ena bodem = dostala/mé&la néjaky bod.

CvICENL

A. Ctdte a pFeloZte:

The four=colour map problem

The proof of the four=colour map problem is demonstrated in diagram and
map below. The simplest way to show that four colours are necessary for flat
maps is to draw the four regiomns so that each one touches the other three,
as in the diagram. Bach of the three outside areas reguires its own colour,
and the centre must have still another. % ‘

On the map shown below, three colours would be sufficient for five of
the countries - Hungary, Yugoslavia, Rumania, the Soviet Union, and Czecho=
slovakia = but the sixth country, Austria, should be done in a fourth colour.
Having demonstrated /this carfographic working rule, topologists have been
attempting to draw a map on which five colours are needed. No one has suce
ceeded in doing it, but, on the other hand, neither has anyone proved it can-
not be done. In spite of the great help of computers, this enigma remains to
this day one of the great unsolved problems in the field of topologye.

&
) B

A

Suggestion for colours:

A = green, B = yellow,
C = red, D = white

. Note: The studemnt should provide the map with the colours required.
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B, PreloZte:
1. Topologie je obor matematiky, ktery vySetiuje vliastnosti geometrickyeh
dtvard, které se neméni p¥i homeomorfnich zobrazenich.

2. Podle pouZivanych metod se topologie d&li na topologii mmnoZinovou a alge=-
braickou (nebo také kombinatorickou).

3. Obecnoeti svych metod md topologie zdkladn{ vyznam pro celou matematiku.

4. Na topologicky prostor se divdme jako na mmoZinu S, ve které Jsou’ defino=
véna okoli'(neighbourhoods) prvkld, t.j. podmoZiny mno¥iny S, které splaujf
uréité axiomy.

5. Teorie grafll byva zafazovéna (to class in) do kombinatorické analyzy nebe
do topologle.

6. Problémy z teorie grafll se vykytuji v pracich o elektrickych obvodech,
v strukturnich vzorcich v organické chemii, atd. :

7. Je zndmo, %e Eduard Cech (1893-1960), profesor brnénské univerzity, dosdhl
- svétového uzndni svymi pracemi v oboru topologie.

15, PROBABILITY

Mathematical probabllity is a measure of chance or possibility. It is ex-
pressed by numbers p which satisfy the inequality O=p=l. Thus, for example,
the probability of obtaining the number 4 if a six-sided die is thrown is 1/6.

- The probability p = 1/2 applies to the occurrence of an even number,

There are three definitions of'probability: classical, statistiéal and axio-
matic. Basic ciassical notions are random experiment, random event and others.
An experiment has a finite numper of muthally exclusive possible outcomes {or

results). These vary unpredictably from one performance of the experiment,
called trial, to amother. The outcomes depend both om the conditions preserved
in carrying out‘the experiment ahd on uncontrollable random factors. A random
event can occur (happen) simultaneously with more events. For example, if a die
is thrown and 2 turns up (falls), then two other random events are involved,
namely, the\occurrence of an even number and of a prime. Thus to every random
experiment there is associated a certain set of chance events happening togethers
The eveg#@ are given names mostly derived from set-thebreticai terminology,
A certain event cccurs in every outcome of a given experiment (p = 1), 4n im-
possible event.is one which cannot occur on any trial (p = 0). All other events
are called possible events (p lies beiween O and 1), The union of two events
A and Bvis an event happening iff both A and B happen simultaneously (A UB).
A complementary event, denoted A”, is the failure, or nonoccurrence of the event
Ao ACB denotes that A is contained in B if event B happens every timé event A
does. A gimple eveni is one that does not include any other 'possible event.

Thus the set of simple events is the set of all mutually exclusive outcomes
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of & random experiment. Two events A and B are said to be mutually sxclusive

iPf ANB = ﬁf. An outcome favourable 1o a glven event A is a simple event E

such that whenever E occurs on a particular trial, A occurs simultaneously,
% oo EC Ao ‘
By the classical definition of probability, the probablility of a random

event E 18 2 fraction

of possible outcomes.

P(B) =
of cutcomes favqurable to event E

g

Note that it is tacitly assumed (in advance,

"equallyhikely"

whose numerator np is the number

and whose denominator is the total number

a priori) that the outcomes are

The basic concopts of the gtatistical appreach are the agbsclute and reistive

frequencies of favourable events in éequences, .68 classes whose members are

taken in some determinate order, usually conceived as a temporal onee The sta-

e P(E) = 1im

e} £

‘ tlstical probability of an event E is then the Jimit of a sequence of numbers

= for n—-;ec s where m is the number of oceurrences.

of the event E and n is the total of successive repeated trials,performed under

the same conditions.

Serious objections were raised against both the classical and statistical
theories of probability: the notion "equally likely™ is undefined and the in-
Pinite sequence of repeated experiments cannot in practice be mathematically
described. The axiomatic definition of probability, developed by the Sbvief mathe-

matician A.N. Kolmogorov (¥ 1903); states that probability is a function P defined
on algebra of random events A with the following properties: 1) 0<P(4)<1l,

3) given mutually exclusive events Ag, Ay o seep Ag,, the pro-

bability of their union is equal to the sum of the probablilities of these

events:

possibility
inequality
six-gided

die, dice

to throw, threw, threw
occurrence
classical
statistical
axiomatic

random expexriment
event

matually exclusive

P(UA) =% P(ag).

pose biliti
ini: kworlitd
‘siks ‘saidid
dai, dais
fron, Oru:
2 karsns
klesikl
sto ‘tistikl
sksis ‘magtik |
rendam iks'periman%
i‘vent
mjusdusli iks klussiv

moZnost

nerovnost

s Sesti stranami

hraci kostka

hédzet, vrhat

vyskyt, uddlost, pPipad

 klasicky

statisticky
axiomaticky

ndhodny pokus

jevs p¥ipad, uddlost

vzdjemné se vyludujiei



outcome

result

to vary
unpredictably
performance
trial

%o depehd on
to preserve

to carry out
uncontrollable
random factors
to happen
similtaneously
to tu:n up

to fall, fell, fellen

certain event
impossible event
possible event
complementary event
failure
nonoccurrence
simple event
favourable to
particular

tacitly

in advance, a priori
equally likely
frequency
determinate

to conceive
temporal

to perform

serious

objection

to raise objections
in practice

to develop

Soviet ®

mathematician
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autkam

ri zalt

veeri

,anpre diktebli
pe fo:mens
fraiol

di ‘pend

pri ‘zeev

“keri ‘aut
,ankan “troulsbl
zndam faktez
haepn

,8imal “teinasli
ta:n ‘ap (
fo:l, fel, Po:lan
s3:tin i ‘vent
im“possbl
posabl

,kompli ‘menteri
feiljs

,nione karsns
simﬁl

feiversbl

pa tikjule
taesitll

2d ‘vains, ei prai ‘ourai

i:kwsli laikli
friskwansi
di “toimingt
kon sisv
temporal
pa’fosm
gisriss

b “d¥eksn
reiz

in 'pr&ktis
di “velsp
souvjet

, m@imo “tifn
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vysledek (pokusu)

vysledek

ménit se, kolisat, 1isit se
nepredvidané

provedé;i; vykon

pokus Cgédnotlivj, af1g{)
zéviset na

zachovdvat, dodriovet

provddét, vykondvat

- nekontrolovatelny

ndhodné vlivy
nastat, stdt se
soudasng, zdroven
ukdzaet se, objevit se
padnout

jisty jev

nemoiZny jev

moiny jev

.komplementdrni, doplakovy jev

nezdayr, neuspéch

piipad, Ze jev nenastane

elementdrni jev

piiznivy

jednotlivy, daf18f, konkrétni

mldky '
pPedem, a priori

stejné moZny (pravdépohobnj)

&etnosty frekvence:

predem uréenj/étanovenj

pojimat (mySlenku), echdpat

dagovy; dodasny

provdddt, vykondvat

vainy, zévainy

némitka, nesouhlas

vznést namitky

v praxi, prakticky

vypracovat, vybudovat

sqvétskﬁ

matematik




61 L 15
Useful Phrases
the probability of obtaining 4 pravdépodobnost, Ze dostanems 4
more events can occur miZe dojit soudasni/zdroven
simultaneously k vice jevim
an impossible event is one nemozZny jev je takovy,
which cannot occur ktery nemiife nastat
two other random events jde zde o dalsdd
are involved . dva nédhodné jevy
it is tacitly assumed that - mllky se predpoklddd, Ze
the axiomatic definition axiomatickoun definici
was developed by Kolmogorov . vypracoval Kolmogorov

Pozndmky

Pro vyjdd¥eni objektivni moZnosti, pravdépodobnosti, hemoZnosti a nejstoty,
nutnosti, a postoje mluviiho ke skutednosti md kafdy jazyk tzv. moddlndi
{zplsobovd) slovesa a piisludnd ekvivalentni p¥islovce: moZnd, snad, jisté aje
- maybe, perhaps, possibly, certainly, surely, necessarily (nutné).

Viimndme si zde sloves can, may, must a need a jejich &eslk¥ch ekvivalentd
a) ve spojeni s pFitomnym infinitivem, b) ve spojeni s minulym infinitivem.

CAN / MAY

a) A possible event can always occur. HMoZny E?!pad miZe vidy nasiat.
(It is always possible for the
event to occur.) \

Such an event may/may mot happen. MoZnd, Ze takovy jev nastane/menastane.
(Perhaps such an event will(not) happen.)
Such an event could/might occurs Takovy Jev by mohl mastat.
{It would be possible for such (P¥ipoustim moZnost takového pFipadu.)
an event to occur.) SO
An impossible event is one which NemoZny jev je takovy, ktery
cannot (can never) happen. nemiZe (nikdy) nastate
b) That cannot have happened. To se nemohlo stdt.
(It seems impossible that (To se, jak pevnd vé¥im, jist& nesialo.)

it happened.)

That may/may not have happened. To se asi/moind stalo/nestalo.

(Perhaps/maybe that happened, MoZnd, Ze se to stalo/nestalo.
did not happen.)
MUST
a) That must be true. (necessarily) Je to Jjist€ pravds, musi to b¥t pravda.
(That is surely/certainly true.)
b) That must have been interesting. To muselo byt zajimavé.
(That was surely interesting.) (Bylo to jisté zajimavé.)
NEED NOT
a) The root need not be positive. Ko¥en nemusi byt kladny.
‘ (ees is not necessarily positive.)  (Neni nuiné, aby ko¥en byl kladnf.)
b) We need not have dome it. —=- Nemuseli jsme to dé&lat.
odlidujte od "/,t/” (Ud&lali jsme to, ale zbytednd,)

We did not need o do 1t. =Nebylo %o nadi. povinnostdi

(a proto jsme to neud&lali).
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cvident
Ao Ctidte a preloZte:

Although the study of probability started out im the 17th century with games
of chance such as dice and cards (Fermat, Cardanc), it soon became clear that
it had important applications to other fields of activity. In the 18th century
Laplace laid the foundations for a theory of errors, and Gauss later developed
this into a real working tool for all experimenters and observers. Any measure-
ment or set of measurements is necessarily inexacty and it -is a matiter of the
highest importance to know how to take a lot of necessarily discordant data,
combine them in the best poasible way, and produce in addition some more useful
estimate of the dependability of the results.

Among modern applications are: information and communication theory, game
theory dealing with competition of all kinds, modern statistical theories,
both for the design of experiments and for the interpretation of the results of
sxperimenta, decision theory, and many mors.

B. PFelofte:

l. Statisticky Jjisty jev je takovy, ktery nastane p¥i ka%dém pozorovani. Jeho
pravddpodobnost je 1. NemoZny jev nembZe nastat pPi Zd4dném pozorovdni., Je-
ho pravdépodobnost je Q.

2. Pravddpodobnost, e nastane alespon jeden z téchto jevi, je soudet pravdé-
podobnosti kaZdého jevu minus pravddpodobnost soulasného vyskytiu obou jevi.

3. Pravdépddobnost vyskytu obou jevi je soudin absolutni pravdépodobnosti jed-
noho jevu ndsobeného podmin&nou (conditional) pravddpodobnosii druhého jevu
za podminek prvniho jevu.

4, JestliZe dva jevy nemohou nastat soudasné, Pikdme (they are said to), Ze se
navzdjem vyluduji. V tom p¥ipadé pravdépodobnost, Ze nastane bud jeden mebo
- druhy, je soudet pravdépodobnosti vyskytu kazdého z niech oddé&lend.

5. V¥podty pravdépodobnosti jsou v riznych aplikacich Casto zdlouhavé a mono=
tonni pro svou repetidni (repetitive) povahu; proto je zde pomoc poditade
neocenitelnd a nepostradatelnd,

16, STATISTICS

It is difficult to give a precise definition of statistics. Loosely speak=
ing, statistics is concerned with making general conclusions, whose truth is
more or less probable, concerning large classes of phenomena, by means of the
study of large numbers of obzervations and with makiﬁg reasonable decisions in
gitvations inveolving uncertainty and incomplete informatione.

"Probability theory is the basis of mathematical statistics; in fact, there
would be little point in distinguishing between them except for a tendency to
regard the theory of probablility as a branch of pure mathematics, and statise
tics as the application of this mathematical thedry to statistical data. How=
ever, in statistics practice and theory interact, so that many statisticians
are practitioners one day (one hour) and theoreticians the nexte

The moderm theory of statistics is the theory of numerical information of

almost every kind. Such informstion is derived from a set of objects, technie
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cally known as ‘population’. Any particular variable under measurement has =
distribution of frequencies over the members of the set. The height of man
(a quantitative characteristic) or the colour of his or her eyes (a qualitative
characteristic) vary from man to man. Nevertheless, we find that the freguency
distribution of these properties in a given population has a definite pattern
that can be expressed by a mathematical formmla.

To make stattistical inference (or judgement) about a population, statistics

investigates samples, which are finite subsets of populations. The quantities
: in whose estimation we are interested are called parameters, while the statisti-
cal data (or measures) found in a sample are called statistics (the singular
being .a statistic). The student will be familiar ﬁith the elementary s£§%iﬂticsz
the (arithmetic) mean,the median, the mode, the mid-range, which are the measures
of central temdency. Other important notions used in statistical inquixy ave: .
variance, deviation, correlation, bias, error,‘confidence, estimator, statistical
significance, sample range, and many others.

The most widely used measure of the variability gf a sample is the

) 2 n (xlvi )
sample variance & = 9. =re———e—
i nr-=1

where X (read "x bar") is the sample mean. Its positive root, s, is called

the sample standard deviation.

The key word connected with the methods of sampling is ‘random”. A sample
drawn from a population is representative and unbiased if it is a random sample,
ls8ey 41 each element of the population Hss an equal chance of being included
in the sample.

loosely lugsli volné

rhenomenon, phenomena £1‘nominsn, =-n Jev, tdkaz

observation ,0bzo: ‘veidn pozorovéni

reagonable rizznadl Tozumny, zdivodnény
decision di‘si¥n ‘rozhodnuti \
incomplete ,inksm plist nedplny

in fact feekt vékutku, viastné, de facto
to distinguish dis "tingwis rozliSovat, &init rozdfl
except, except for ik ‘sept kromé, af na

pure piue disty, teoreticky

to interact JAntor ekt navzijem na sebe plsobit
statistician ,Steetis tisn statistik

practitioner prek ‘tisne praktik

theoretician ,olore “tidn teoretik

almost 0:lmoust témé¥, skoro



sample»range
variability
standard deviation
key word

sampling

to draw a sample
drew, draswn

Useful Phrases

sasmpl reindf
,vearie biliti
stended divi ‘eisn

kis woesd .
satmpliy

drog, drus, droz:n
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population popju “leisn statisticky (zdkladni)
‘ soubor, populace
roquency dlstriutton SR roddient, distrimee
height hait vyska
qualitative kwoslitetiv kvalitativni, jakostni
characteristic Jeerikts ‘ristik znak, charakteristika
nevertheless ,neved les ‘ presto, nicménd
inference (statistical) infgrins usuzovdni, stat. indukce
Judgement dZadZimsnt udsudek, ocendni
sample sa:mpl statisticky vybér,
vybérovy soubor
egtimation ,esti'meién odhad; ocendéndi
parameter po’remite parametr, ukazatel
' zdkladniho souboru
statistic Bto tistik vybérovy ukazatel
mean misn pramér (vybsrovy)
median misdisn medidn; téZnice (gzeom.)
mode moud modus, moddlni hodnota
mid-range ‘mid ‘reind¥ st¥ed rozpéti (aritmeticky s.)
‘inquiry inkwaieri Setbeni, zjisfovénd
variance vesrisns rozptyl, variance
dispersion dis ‘peidn disperze, rozptyl
deviation ,disvi eidn odchylka
bias baiss- zkresleni, vychyleni,
systematickd chyba
confidence konfidns spolehlivost, konfidence
estimator estimeitsd odhad (odhadovéd funkce)
significance sig’‘nifikens - y¥znamnost

rozsah‘vjbéru
variabilita, proménlivost
smérodatnd odchylka
kligové slovo
vybér (jako &innost)
poPidit v¥bér

mé midlo smyslu délat
mezi nimi rozdil

there iz little point
in distinguishing them

praxe a teorie na sebe
navzdjem pisobi

practice and theory interact

any variable under measurement jakdkoll mé¥end proménnd
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the characteristics vary charakterictické znaky se rlzni

from man to man : od &lovéka k &lovéku

statistics investigates samples statistika vySet¥uje vybérové soubery
samples are drawn from populations vibérové moubory se poFizuji

ze zéklsdnich statistickyeh soubord

Poznimky

1l

2e

3.

loosely speaking = informally speaking md opadny vyznam nes
strictly (rigorously) speaking =~ p¥isng {presné) Fedeno
V¥ odbornych textech se Jasto vyskytujdi tvary slovesa to involve = zahrusvai,

obsahovat, tykat se. Ceské ekvivalenty volime podle kontextu. Tek nap¥.
winvolving® v ndsledujicich spojenieh pieklidddme:

situations involving uncertalnty = situsce, v nichZ se vyskyitule nse

' jistota / v nichZ se setkdvéme
matematické virazys s nejistotou, spojené s nejistotou
equations involving exponents = rovnice g exponenty {exponencidini)
numbers involving i , - isla g imagindrni Jednotkou i

Nazvy odbornikd odvozené od pojmenovanl riznych oberd majf{ p¥ipony
"ian’ “‘ist, “ere

mathematics <« mathematician algebra = algebraist {pozor

statistics = statisigpian vhysics = physicist physician =
arithmetic = arithmetician chemistry =  chemist = 1dkai)
logic = logician geology = geologlist
bioclogy = biglogist
geography = geggraphex seonomy ~ economist
astronomy = astronomer =
cvilent

A,

Be
le

26

t&te a preloftes

New developments of statistics

after World War II include sequential analysis, decision function theory,
multivariate analysis (vice-, mnchorozmdrnd s.), time series and stochastie
processes and distribution-free nonparsmetric methods.

Multivariate problems involve component (or factor) analysis, canonicel
correlation analysis (relationships bstween two vesitor quantities), and the
generalization of distribution theory and sampling to multidimensional cases.
Here a highnspee& computer is a most valuable tools

Time series and stochaatic procésses. .
The value of the series at any point 12 a linear function of certsin previocus
values plus a random deviation. Mathematically, those functions are closely
related to the coefficients that arise in the Fourier analysis of the series.
The transition from one state to the next in a succession of states does
not proceed according to any immutable law but is at least paritly dependent
on random and chance factorse. Such systems are known as siochastic processes.

PreloZte:
Zavaddini statistickych metod do rlznych obord lidské Zinnosti nastolilo (to
raise) otdzky, které by sotva mohly byt PeSeny bez teorie pravdépodobnosti.

V rozsdhlych sérifieh ndhodn¥ch pokusi vykazuji data urditou statistickou
pravidelnost, napie. dlouhodobou (long run) stabilitu frekv*ﬁnxﬁh pomérde
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Je hodn& zplsobdl, jak zpracovat (to present) statistické informace graficky.
Jmenujme alespon histogram a graf kumulativnich Setnostd (cumulative polygon
or curve), které jsou zalofeny ma rozloZeni tzve. tHid.

T¥ida ve statistice je definovédna jake mmoZina viech prvkd statistického
souboru, které majf tutéZ hodnotu znaku nebo (je=li znak kvantitativni) je=
jichZ hodnoty zmaku jsou v daném intervalu hodnot.

Kromé teorie pravdépodobnosti spodivéd matematickd statistika na teorii od~
hadu a feorii ov&Foviani hypotéz.

g i D I ST s s

17. COMPUTING SCIENCE I

ls Computer industry and computer systems

Althéugh the higstory of computers begins in the 19408, Charles Babbage,
the inventor of the computer philosophy, had thought of the idea a hundred
years before., However, as far as the 19508, the computer industry did not
exist. It has been growing rapidly since the 1960s.

Over the last decades, more and more computer systems have been installed,
more powerful and more reliable. It has been made possible by great improve~
ments in computer ha;dware. Computer users have become much more experienced,
and have been developing many new applications.

The computer can be described as an information system. The handling of
information in the broadest semse can take maxny forms, from calculations to
the development of a model of a country’s whole economy. |

A computer system is a combination of three different elements. The first

"is the gomputer proper; a central processing unit (CPU), which consists eséen~

tially of an arithmetic and logic wnit, and a central memory.

The second element are input-output devices (I/0). The access to, and con-
trol of, the CPU take place through'inpﬁt devices (typewriter, card reader,
tape reader, itelephone line, etc.). The resulté of the computations are made

available to the user by various iypes of outpﬁt devices (printers, displays,
etcs)s Together with auxiliary storage equipment {e.g. magnetic tapes, discs)
I/0 devices form the peripherals. Both the first and second elements are
called hardware.

The third element of the system is software; i.e. basic and auiiliary pro=
grams essential to the operation and effective application of the computer.

. 20 A brief survey of computer data processing

4 computer with a stored program is s tool for aviomatice data processing
operations. Any program to be written must pass ?hraugh a series of stages
ranging from analysis of the program through devising a sequence of imstruce

tions for the computer to follow and coding these inatructions in a langusge
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the computer will understand, to finally compiling and proving the program. The
sequence of general steps to be followed in preparing a computer program may be
defined as follows: '

1. System design and program planning,
2. Coding,
3. Assembly or compilation,

4. Debugging, :
5. ‘Documentation.

Programming is an activity that begins with the understanding of ;he problem,
proceeds through several levels of detailed logic design, the last of which is
coding (writing in keypunchable form). However, the programmer s job emds with
the final documentation.

3. System design and program plamning

Before starting work the programmers must be presented with a clear specifi-

cation of what is required by the gystem analyst. When a computer application

is being designed, it is necessary to define explicitly the'form and contant of

input/cutput documents and files and describe both the overall flow of work and

thé processing logice

One of the basic techniques of programming is flowcharting. A program
flowehart indicates the sequencé in which the computer must perform operations
t0 solve s probleme. The end xesult of this phase will be a description of the
processing required for the particular application documented by system flow- .

charfs and layouts.

central processing unit

sentrl prousssin ju:snit

computer industry kam ‘pjusterindastri primysl vypodetni techniky

to install insto:l instalovat, uvést do provomza

powerful paugful vykonny; mocny, silny

reliable ri laiebl ~ spolehlivy

improvement im ‘prusvment zdokonaleni, zlepdeni

hardware ‘haidwed ) technické vybaveni po¥itade
" user juiza uZivatel

experienced iks ‘pisrisnst g zkudmnf, zb&hly¥

to handle hendl manipulovat, zpracovédvat

zékladni/istPedni jednotka,
procesor

essentially i‘sen31i podstatng, hlavnd
input, output input, autput vstup, vystup
gpvice di ‘vais za¥izend
iccess to #kses Sistup
typewriter %taipraite rseei stroj

pandt kasd

punched card

divny Stitek



tape

readexr

telsphone line
avallabls

to make available
printer

display
auxiliary
gtorage

equipment

magnetic
dise {GB) disk (US)

peripheral

software

survey

%o atore

dats processing
program (jinak programme)
" 0 pass through
stage

to rangs from ... t0O
to devise
inatruction

codeg to code

t0 compile

te prove

designg to design

assembly
debugging
documentation
level
detailed
keypunchable

programmer
$+o present sb with
system(s) analyst
explicitly

content

file
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telp

riz:de
telifoun lain
3 veilabl-

printea
dis‘plei
osg tiljori
storrid¥

i'kwipmant

m&g'netik
disk

pe'rifarly
softwe?
sgsvel
stos

deit2 prousesin
piougnam
pais Oru:
steidz
reindz
di‘vaiz

in straksn
koud
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iks plisitli
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péska

snimaé

telefonni vedeni, linka
pristupny, k dispoiiéi-
zpPistupnit, ddt k dispozici
tiskérna

zobrazovaci jednotka, displej
p¥idavny, pomocny

paméf; ukldddni do pamdti,
uchovdni v paméti

vybaveni, za¥izeni

magneticky kotoud,
disk

periferni; periferni zaiizeni
programové vybaveni '
pPehled; prizkum (statisticlky)
uloZit do paméti,uchovat v p.
zpracovani dat

program (computer program}
projit &im

stadium, etapa (zpracovdni)
sahat, pohybovat se v rozsahu
navrhnout, vypracovat '
p¥ikaz, instrukce; ndvod

kod; kodovat
kompilovat,.pieklédat
piezkouset, prové¥it

niavrh, projekt, PeSeni,
navrhovat, redit,projektovat

sestavovéni
ladéni programu
dokumentace
stupen, lurovexn
podrobny, detailni

zpracovatelny na klavesni-
covém dérovadi

programidtor

predat nékomu ﬁéco‘

systémovy analytik

jasng, zPetelné, vyslovné
obsah, népln

soubor dati kartotéka, archiv
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overall ouvero:l celkovy

flow flou tok; pribsh, postup, vyvoj
flowchart floudast v¥vojovy diagram

to flowchart " sestavovat vyvojovy diagram
technique tek ‘ni:k technika, metoda ‘
layout | leiaut grafickd Gpravas, ‘formit f

Useful Phrases

the handling may take manipulace miZe mit

many forms mnoho forem

access and control take place pristup a ¥izeni se uskutednuji '

through input devices pomoci vstupnich za¥izeni ‘

ranging from analysis through od analyzy pres instrukce

instructions to compiling aZ ke kompilaci

the sequence of steps 1o be sled krokll, ktery je t¥eba zachovat,

followed is defined as follows Je ndsledujici

flowcharting is one of the basic sestavovéani vyvojovych diagrami

techniques of pProgramming Je Jjedna ze zdkladnich metod
programovéni !

Pozndmky

le information a2 data jsou klidovd slova informatiky a vypodetni techniky.

Prvni z nich (podobné& jako knowledge, advice, luggage aj.), jak ZNémo, mi'
Jen tvar jednotného &isla: mmoho informaci = much information, tyto infor-
mace = this information. Je to tzv. hromadné (kolektivni) podstatné jméno.

Jednotlivé informace = items of information (poloZky) nebo elements of inf,
Rekneme tedy nap¥.: two/many items of information. : :

Toté% plati o data. Mdme sice singulér’datum, ale toho jazyk vypodetni technie
ky nepouZivéd (pouZiti se povaZuje za pedantické). Proto podobné jako This in-
fopmation ig incomplete - Tyto informace Jsou neuiplné Feknemes :

This data i3 to be processed.- Je t¥eba zpracovat tato data. L c

The data is punched into paper tape... and finally it is read into memory

Bvar mnoZného &isla data byl tedy pYehodnocen (snad analogii podle information)
ha hromadné slovo, kTere md z mluvnického hlediska zleva i zprava signdly jede

notného &isla. "' ‘

2. Pozndmka k pravopisu: V britské angliétiné se rozliduje program (of /a computer)

od programme (of a concert, of events, etc.). V americké anglilting Je v obo=
Jim pripadé program s jednim Mo '

TotéZ plati o analogue (tj. analogie, analogicky jev) proti‘ahalog ve spojeni
analog computer, v ,
disg je obecné kotoud (také nap¥e gramofonové deska), ale mime magnetic disk.

3. SlozZend pojmenovéni (slofeniny) vznikaji skldddnim dvou i vice podstatnych
Jmen, z nich? ta, kterd jsou nalevo od posledniho zdkladniho slova, plai
funkei priviastku {shodného = p¥id. jména, nebo neshodného = 2,pédd nebo pred-
loZkovy v¥raz)e Bé3{ zde tedy o konverzi (viz pozndmku v L Ly str.4 nebvo
pozndmku 1 v L 10 na str. 42). Uvedme si zde nékteré daldi piikladys
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a) 2 sloZky: computer_ philosophy/industry/system/hardware/software/users

= fiozofie(koncepce) poditadfl, primysl vy¥podetni techniky,
systém poditadd (vypodetni systém), uZivatelé politale, atd.

inputzoutgut devices = vstupnl/vystupnl zatizeni; zaPizeni vstupu a vystupu; 4
input~-output devicegs = gza¥fizeni pro vstup a v¥stup (zde uZ jsou 3 slozky)

b} 3 sloZky:s =zde ukazuje desky preklad, kterd dvé ze 1t¥{ sloZek tvoPi dohro-
mady bud urdenou nebe urdujici sloZku (3sou tzvs immediate cone-
stituents - bezprostredni sloZky). Naznadme to pomoci zdvorek.

((data processing) centre) - st¥edisko pro zpracovéni dat (vypoletni s.)
(computer (data processing)) =~ zpracovani dat pomoci poéditale
e) 4 slofky: analyzujeme podobn& jako b).
((data acquisition) (control system)) - ?idici systém sb&ru dat

Slo¥kami mohou byt i pridavnd jména, p¥idesti, slovesa a dokonce celé
syntaktické jednotky (tzve citdtové sloZeniny). Pozorujte:

data highe=speed printer « rychlotiskidrna dat

(bezprostfedni sloZky jsou spojeny spojovnikem)
program-compatible computers - programové sluditelné politade
program read-in = zavédéni programu; program write-up = protokol programu
remote-user-shared hardware = Qdastnicky systém
(hardware shared by remote users)

non=return-to-zero recording - zdznam bez navratu k nule
(recording without returning to zero)

cviCEnt
A, Ctdte a preloZte:

Data and information

Sometimes dats is contrasted with information: information results from
the processing of data, i.e., information is derived from the assembly ana-
lysis or summarizing of data into a meaningful forme.

Information bits (bity, impulsy) are characters or digits which are data
and which can be processed to provide information subsequently; the term does
not include digits which may be required for control purposes by hardware or
software.

Information flow analysis is the study of an organization or system in
which analytical techniques are used to ascertain information about the ori-
gin and routing of documentation and to ascertain the requirements and uses
of the data elements at each stage.

Information retrieval is a branch of computing technology related to the
storage and categorization of large quantities of information and the automa-
tic retrieval of specific items from the files and indexes maintained. It in=
corporates the ability to retrieve items with relatively short access time
and the ability to add additional information to the files as it arises.
Usually this requires a dlrect access store with on-line interrogation units.

informatlon flow analysis - analyza toku informa01, routing - smérovani;
information retrieval = vyhledavéni informace; categorization = t¥idéni;
indexes = rejstPikys to incorporate =~ gzahrnovat; access time - vybavovaci
dobag direct access store = pamét s livovolnym (p¥imym) vybérem;

on-line - ve sprafeném reZimu; interrogation units = jednotky dotazu.
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PreloZte:
Po¢itad je programové Fizené (program~controlled) technickd zatizend pro
uchovévdni a rychlé zpracovdni Eiselné a textové informace.

Soucasné samodéinné poditade pracuji na elekironickém zdklads s pouZitim
magnetickych a optickych, ndkdy téZ jinych fyzikdlnich Jjevi.

Zékladni jednotka zvand procesor $idf Sinnost celého poéitade a provadi
algebraické a logické operace s daty. .

Hlavni (vnit¥ni) paméf uchovdvd informaci pro okam¥ité pouzitif, kdeZto
vnéjsi paméti slouZi k uchovdvdni velkych objemd dat pro méné &asté pouziti.

V &islicovych poéitadich je program uloZen ve stejné hlavni pamé&ti jako
mezivysledky (intermediate data) vypodtu a &isla jsou zobrazena 8isly.

Analogové politale zobrazuji ¢isla spojitd se ménicimi fyzikdlnimi veli-
¢inami, Jednoduchym p¥ikladem analogového principu Jje logaritmické pravitke.

Poditale prispivaji rozhodujicim zplsobem k rozvoji védeckotechnické revoe
luce, Jejich vyznam pro matematiku je troji:

Umo¥nuji ov&¥eni a vyvrdceni domndnek vyZzadujici dlouhé vypodty a vySetieni
velkého poltu pripadd (nap¥. problém &ty? barev).

Vyvolaly naléhavou potFebu novych numerickych metod pro reSeni fyzikdlnich,
technickych a ekonomickych problémd. a zpisobily tak bourlivy (dramatic)
rozvo]j numerické matematiky.

Konecné samy se staly predmétem matematického zkoumdni, a daly podné&t{tak
ke vzniku matematické informatiky.

18, COMPUTING SCIENCE II

4. Coding

A computer program is written by coding a sequence of instructions,
which, when executed, will produce & desired result. The steps in a come
puter program must be specified exactly, and all possible conditions which
can occur must be provided for. The program tells the computer what opera=-
tions to perform and on what data to perform them. '

Coding can be done at different levels. The first level, absolute (ma=
chine) language, is the form required by the computer. The other levels
are written in a form more convenient for the programmer, permitting him
to use a more symbolic form of coding. Such languages are oriented towards
the application to which the programs refer. Let COBOL be noted as a busi-
ness oriented and FORTRAN as mathematically oriented high level languages.
While each computer has its own absolute language, high level symbolic
language programming systems are designed for use with many different come

puter systems.

5e¢ Assembly and compilation

Since the computer will not operate using mnemonic codes and symbolic

addresses, these nmust be translated into an absolute form. The conversion
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© of symbolic coding to machine language instruction accepted by the computer

is done by the assembly or compilation process. The compiler program trans=
jlates say COBOL or FORTRAN and creates a maghine language program. Thus the
_soufée program, coded in a symbolic form, will be converted to what is called
‘an object program.

6o Debugging

: Rarély does a program run perfectly the first time. There are usually
‘eirors‘in it. The removing of these errors (bugs) is known as debugginge The
most important part of the debugging phase is testing the program logic with
"8ll types of permissible data. The data test should include a representative
‘set of errors in input data in order to test the handling of error conditions

by the program. As a program may be considered as a number of segments, each
segment comprising a number of routines, esach of these should be tested first

~on simple, then on complex data, originated by the programmexr. The test data

'-is designed to prove that the segment, as interpreted by the programmer, meets

its opérational requirements.

Further tests may be.using "live® or "systems test data® provided by the
s&stems:énalyst. When all the segments comprising one program have been thor-
'4ougﬁlydtested and found satisfactory, they are linked together to form the

‘completé'program. The ‘reliablility of the complete program will be ensured by

}

further testing.

”7& Documentatlon

i1

Once the program has been fully tested and is ready for productive running,

:1t should be carefully documented before being passed to the computer opera-

'tions staff for running. Each program must be completely documented to facili=

tate general program maintenance and major revision for systems expansion, new

“iegulpment or procedures etc.

Detailed operatlng instructions are prepared for the computer operators,

-and where necessary, for staff performing data control and editing functions

ﬂ'er the_prov131on of special parameters for daily runs.

l

i

L
I

A

L .
to'execute eksikju:t _ provést, vykonat

desired di “zaied pozadovany
‘f+o prov1de for pre‘vaid zajistit, poditat s 3im
iZi;iZZ: (machlne)‘ T;;é:igz m? Si:n strojovy jazyk
fﬁu51ness or;enﬁed biznis o: rlentid obechodné orientovany
\Wigh level ‘language hal levl 1. = Jazyk vyssi drovné
_ mnemonic (g%de) 3.5 : nl. mpnlk N - mnemonicky (kdd)

address : . B dresv adresa
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to accept

to create
object program
to run, ran, run
rarely

bug

to test
permissible
segnment

to comprise
routine

to originate
to interpret

to meet (met, met)
a requirement

live data
thoroughly

to link together
reliability

to ensure
carefully

to pass to

" staff

running

to facilitate
program maintenance
revision /
procedure
operator

to edit

parameter

T™un, runs

Useful Phrases

the computer does not cperate
using mnemonic codes

the source program is converted
to what is called an object program |

rarely does a program rTun
perfectly the first time
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ken vasdn
2k ‘sept

kri “eit

"obdéikt prougren

ran, Teen, ran
reall

bag

test

p2 misibl
segmant
kam’praiz
ruetisn

2 ridZineit
in"te:prit

mist, met
i kwaismont

laiv deita
Saxrali

link ts geda
ri,lais biliti
in sua
keafli

pass

stasf

ranin

f2 siliteit
meintnens

ri ‘viZn
pro’si:dis
,0D2 reita
edit

p? memita

ran, ranz
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prevod, konverze

pPijmout

vytvorit

cilovy (pracovni) jazyk
véZet, probihat

malokdy, z¥idka, vyjimedns
chyba, vada (p¥istreje); brouk
zkouSet, testovat
p¥ipustny, dovoleny
gegment

obsahovat, zahrnovat
standardni program
vypracovaty vzniknout
popisovaty prekladat

vyhovovat poZadavku,
splunit poZadavek

.skutedéna ("Ziva") data

dikladné&, dokonale
spojit dohromady
spolehlivost

zajistit, zabezpedit

‘peclivé

postoupit komu
persondl, pracovnici
provoz, chod ﬁoéitaée
usnadnit, ulehgit
ddrzba programi
revize, zména

postup, procedura
operitor, =ka

provddét redakdni tpravu
upravovat (pro tisk)

parametr

chod, béh; iterace

poéitad neoperuje (nepracuje)

s mnemonickymi kody

zdrojovy jazyk se pFevadi
na tzve. cilovy jazyk

mdlokdy b&Zi program dokonale
(vez zdvady) napoprvé
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the segmentg have been found satisfactory bylo zji8téno, Ze segmenty vyhovuji
where necessary; if necessary kde je to nutné; je-li to nutné
(Pozndmka: anglidtina 8asto vynechdvd v podobnych friazich sloveso to be.)

cvICENT

A. Ctéte a pireloite:

Generally, & program written in a high level language makes some sort of
"gense’ and can be read and understood by someone who has not “learned" the
language. In the case of a commercial language, the program resembles a highly
artificial but still recognizable English; in the case of a scientific language,
the resemblance will be to mathematical notation.

However, the fact that these languages have this generality which enables
them to be understood by people does not mean that they are automatically capable
of being understood by all computers, It is still necessary for a compiler to
be written for each machine on which the program is to be run. Thus high level
languages only become general if manufacturers can agree on their features and
provide the appropriate compilers.

B. PPeloZte:
1. Krom® aplikadnich (uZivatelskych) programi, kter

kajici v praxi, jsou také programy systémové, Ye
tade; k nim pat¥{ pPedeviim pFreklidade.

e8i konkrétni dlohy vazni-

é P
Sdci vnit¥ni problémy podi-

2.- U problémové orientovanych jazykl pPevliddd hledisko snadného programoviani,
zatimeo u strojové orientovanyech jazykld zdlezi vice na snadném pFekladu.

3. Programovaci jazyk md svou gramatiku, kterd presnd popisuje syntax jazyka,
tedy (that is) v¥stavbu programu z pfikazl a vystavbu prikazi.

4. Podprogram (subroutine) stadi zapsat jednou, i kdyZ je pouZit nékolikrat;
miZe vzniknout nezédvisle na hlavnim programu (master p.), jehoZ je souddsti.

5. Podprogramy se 5irs8{ pouZitelnosti (applicability) se sdrufuji do knihoven
podprogrami, které se udriuvji na vnéjSich pamétech poditade.

6. Algoritmus je pFedpis urdujici postup akei p#i PeSeni urditého tkolu, ktery
je moZno popsat konednym textem.

7. Algoritmus je schopen pPetvd¥ret prvky urdité vstupni mnoZiny /vstupni ob-
jekty) v objekty vystupni.

8. VyvoJovy diagram vhodn& zachycuje (to present) vykonné p¥ikazy, zatimco po-
pisy tykajici se napf. struktury dat musi byt vyjddfeny jinak.

19, FORTRAN

FORTRAN is an acronym for FORmula TRANSlation. It is a problem oriented high
level programming language for scientific and mathematical use, in which the
source program is writien using a combination of algebraic formulae and English
statements of a standard but readable form.

Data items in FORTRAN are either variables or constants, and are assigned
alphanumeric names by the programmer. Groups of similar items of data can be pro=
cessed as arrays, or itables of data, in which case the individual items are de~

fined by their position or reference within the arrsy by naming the array followed
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by one or more subscripis. Data items in FORTRAN may take the following forms:

Integer A whole number value falling within a range determined by the capa-
city of the computer being used.

Real A number expressed in floating point representation accurate to a
number of significant digits, the range again dependent on the capa=-
bilities of the particular machine being used.

Complex A complex number in which two real numbers are used to expéess the

real and imaginary partse.
Logical A quantity which can only take two values, true or false.
Text Character information, which is not used for mathematical operations.,

The actual operaéions of the program are expressed by means of executable

statements. These can take two basic forms, assign statements and conirol state-

ments. An assign statement takes the form Variable = Expression. The expression
may be either arithmetic or logical. An arithmetic expression can include va-

riables, elements, form arrays, constants and a variety of standard functions,
which are combined by arithmetic operafions, €ogo +, -;*’(multiplication),
/ (division) , ¥ #(exponentiation).

A logical expression is similar but can include the operations AND, NOT, OR,
the logical operators. An example of an arithmetic assignment statement would

be: ROOT = (~B+SQRT (B**2-4"a%C)) / (2*a)

In more usual mathematical notation this expression would be written
b + V1% = 4ac
2
The word ROOT, and the letters A,B,C represent variables, and SQRT the function

provided for calculating square roots. The compiler recognizes these symbols
and translates them into appropriate machine code.

An example of a logical assignment would bes BOOL = A.OReB
In this expression the wvariable BOOL would be given the value true or false
according fo the truth values of the variables A and B and the truth table de=
fined by the Boolean operator OR.

Each statement can be preceded by a numeric label, permitting reference to
the statement by means of control statements. Control statements enable the\pro-

gram to branch to otheristatements and ensble loops to be constructed. Branches
may also be constructed which are conditional on the resulits of arithmetic and
logical operations. Examples of control statements are: GO TC 25, This state=
ment is an unconditional branch to statement number 25, DO 241 =J,K,L is
a statement which calls for the repeated execution statements up to and include
ing that labelled 24. At the first repetition I is éét'to,qugl;J, at the second
to J+L, at the third to J+2L, and so on until the next value would be gréater
than K, at which point the loop is terminated.
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This statement causes & branch to statement numbered 19 if A is less than B

and C is greater than D.

¥hile executable statements specifykthe operations the program is to perform,

non-executable statements merely provide the compiler with information. An exam=

ple is

COMPLEX ROOT 1, ROOT Z, ANS

which indicates $o the compiler that storage is requirsd for three complex va=-
riables with labels as specified. '

acronym

problem oriented
gtandard

data item
alphanumeric

axrray
case
position
subscript

floating point
repregentation

significant digit
dépendent on
capacity, capébility
character

actual

executable

asgign statement
control statement

to recognize

label
to label

branch
to branch

- loop
conditional

to call for (execution)
to terminate

to number

®kronim

problam osrientid -
stendsd

deite alitom

“%1lfanju ‘merik

~

3 rei
keis

pa zisn
sabskript

floutiy point
,reprbzsn teisn

si‘gnifikant

di “pendant

ks ‘pesiti, keips biliti
keerikta

sektjuyl

_eksi kjurtabl

a'sain steitmoant

kon “troul steitmant
rekognaiz

leibl

brasnd

luzp

kan ditional

kosl
toimineit

namba

akronym

problgmové orientovany
normdlni, b&Eny

datova poloZka

alfanumericky,
abecedné &islicovy

pole, Fddka, masiv
pripad

misto, poloha, pozice

- index, rejst¥ik

zobrazeni s pohyblivou
fadovou é&drkou

platnd Zislice

zdvisly na ‘
schopnost, zphsobilost
znak, pismeno

skutelny

proveditelny (prikaz)
pPifazovaci pFikaz

${dici prikaz

poznavat, rozpoznat

ndvésti, oznadeni
oznadit -

skok, vétveni programu
skodit, vetvit se

smycka, cyklus

podminény; podminkovy (véta)
podminovaci (zpisob)

vyvolat (provedeni)
ukondéit

odislovat
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Useful Phrases

the program is written using Program se piSe s pouZitim
algebraic formulae algebraickych vzored
data items may take ' - datové poloZky mohou

the following forms mit ndsledujici tvar

the capacity of the ‘ kapacita (privd)

computer being used pouzivaného poditade

the function provided for funkce uréend pro vypodet
calculating square roots druhych odmocnin

control statements enable ¥idici pi¥ikazy umoZriujdi
the program to branch vétveni programu (skoky)
Pozndmky

Symboly: * se &te star (mebo nékdy asterisk /mstarisk/ ; / = slash (lomitkd)
jako v nadem textu)

Pozorujte rozddfl:

the capacity of the computer being used ~ kapacita (prévs) pouZivaného poditale:
the capacity of the computer used = kapacita pouZitého poditade

Pribéhovy tvar aktualizuje. Podobné: the problems being solved =~ nyni FeSené ...
kdeZto the problems solved (solved problems) - J1Z vyYeBené (dokonavé sloveso ).

The program is to perform statements. - Program mé providst pPikazy.
This symbol is to be read: ecvo = Tento symbol je tieba 3ist: oee

Basto se vyskytujici vazba “tvar slovesa to be + iafinitiv® vyjad¥uje, Ze
nékdo md néco udélat nebo e ndco se md uddlat.

Nékdy tato vazba vyjad¥uje moZnost: Such examples are to be found - Takové

pFiklady lze/moZfno nalézt.

s pPedchozim gouvisi tzv. infinitiv piivliastkovy. PPiklady:

There are many questions. to answer/to be answered.~- Je mnoho otdzek, na kierd
Jje t¥eba odpovédst ("k zodpovézeni®),

Vazba 4.pddu (akusstivu) s infinitivem je Ccasty =zplisob zhué%ovéni, zkracovény
vétné stavby. Z mnoha sloves, po kterych ndsleduje, nés zajimaji ta; kterd se
¢asto vyskytuji v matematickych textech, nap?. want, wish, expsct, consider,
assume, suppose, find, require, enable, aj. Je oviem témed vidy moZné i v an-
gli¥ting pouZit vedlejSi vity s that eee = Je (nebo gby)s Méme pak ekvivalentys:

We want/wish/require/expect all the numbers to be positive = We want/wish/re-

quire that all the numbers are (nebo v americkd anglidtiné konjunktiv be) posi-
tive. We expect that all the numbers will be positive,

We assume/suppose/find the conditions to be sufficient = We assume/suppose/

find that the conditions are sufficient. V Ceském piekladus

Cheeme/pYejeme si/poZadujeme, aby vSechna &isla byla kladnd. Olekdvéme, Ze
v3echna &isla budou kladnd.

P¥edpokldddme/domnivéme se/zjiZtujeme (shleddvéme), Ze podminky Jsou postadujied,
Sloveso enable vSak vyéadujé vazbu 4.pddu (pfedmdtu) s infinitivem zcela mutnd:

Control statements enable the program to branch to other statements and enable
loops to be constructed. (Misto enable bychom mohli pouzit synonyma permit

. nebo allow sefstejnou vazbou.)
Naopak po say uZivédme rad&ji vedlejST vétu s that, i kdyZ je moZni vazba 4.p.+inf,
We say that f is continuous on E. =~ Kikéme, Ze funkce f je spojitd na E.
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Z vazby 4.pddu (predmétu) s infinitivem odvodime vazbu l.pddu (podmstu)
s infinitivem, kterd se rovndi dasto vyskytuje v odborne, tedy 1 matematické
angliétiné,

7 pYedmétu v této komsirukci.se stane podmét tim, Ze vEtu pFevedeme z &imného

rodu do trpneho podle vzoru:; We expect!Johnl|to come — John|is expected|to come,

a)
b)

(OBekdvame, Ze John p¥ijde) Sinny rodi4.p.| infe lepe|trpny rod | inf.
Transformujme tedy v&ty z pozn.5 uvedené ped a) a b) 1 ¢) :

A1l the numbers are wanted/wished/required/expected to be positive.-

The conditions are assumed/supposed/found to be sufficient (to satisfy the re=

¢) The function £ is said to be continuous on the set E. quirements, atd.)
Tyto vazby maji své ekvivalenty také v neosobnich vazbich + vedl.vsta s thats
The conditions seem to be fulfilled = It seems that the conditions are
(Zdd se, %e podminky jsou splnény.) fulfilled.

Podobnd: It is assumed/supposed that the conditions are sufficient.
(PFedpoklddd se/mé se za to, Ze podminky jsou dostaiujici,)

cviGent
Ao (tdte a pPelofte:

A FORTRAN program consisis of one or more segments, of which there is only
one master segment (hlavni), and, optionally, function and subroutine segments.
A function segment is used where the same form of funciion is required se-
veral times in & program. The statements describing the operation required to

calculate the result of using the function are named and written once, and
whenever the function is required in the program it is only necessary to give
the function name and a list of parameters to replace the "dummy® (formdlni)
variables used in the function segment.

A subroutine is similar to a function segment except that it may provide
more than one result, and must be specifically called by a separate statement,
in contrast to & function, which itself may form part of an expression. Input
and output in a FORTRAN program is performed by means of statements which iden=
tify the peripheral unit to bs used and the external format of the list of
items to be input and/or outpute.

B, PreloZte:

1. PPi pPekldddni z jednoho p¥irozendho jazykae do druhého mluvime nékdy v ter—
minologii (in terms of) vipodetndi techn;ky o prekladu ze zdrogcvéhe do ci-
lového (target=object) jazykae

2. VytvoPeni jazyka PL/1 bylo pokusem o kombinaci vlastnosti jasykl na zpra-
covdni ekonomickyech dat typu COBOL a matematickych jazykld, jako je napP.
FORTRAN.

3. Zd4 se, Ze nejpokrolilejsim v tomto sméru je programovaci jazyk PASCAL,
‘kterého se s vyhodou uZivéd k odborné pPipravé (training) studentd informa-
tiky. '

4, Poditad EC=-1033, ktery pat¥i do JSEP (jednotiného systému elektronickych
poditadd), je urden pPedeviim na zpracovani hromadnych dat (business data).

A 5o Poditad PDP~11/34 pat¥i mezi Spidkové svétové minipolitace. Jeho techmické

i programové vybaveni je sluditelné (compatible with) se systémem malych
potitadd socialistickych zemi (SMEP).

6o PoSitade instalovand v Ustavé vypodetni techniky slouii studentim informa-
tiky p¥i vyuce programovacich jazyki a YeSeni teoretickych i praktickych
ulohs
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20. OPERATIONAL RESEARCH

This branch of applied mathematics is concerned with optimizing the perform-
ance of a system. It involves the use of systematic quantitative analysis and of
mathematical models in order to provide executives with the best possible an-
swers to problems concerning management énd,controlo The design of both mechan-
ical and man-machine systems, which implj'interconnected complexes of function=
ally related components, is the domain of systems analysis, and this is often
equated with operational research (O.R.). V

Activities and processes most frequently studied in O.R. projects fall into
many broad categories of which the following are of particular importance:

1. Allocation problems: they arise when givern sets of resources can be come

bined in different ways to achieve desired results.

2. Inventory problems: they can be defined by a seemingly simple question:

what or how much and/or when to order?

3. Replacement and renewal problems: these arise s for example, when machines,

tools and other forms of investment deteriorate in use or become obsolete bee
cause of changes in technology, etcs

4. Information-collection or search problems: they involve the minimization

of costs attributable to decision errors and costs of assembling and analyzing
the necessary. data.

5, Queugng of waiting-line problems: such problems are best defined by the

expression "traffic=jam"; they also occur in telecommunication operations, mae
chine breakdown and machine-service or feeding (including conveyer and assembly
lines). ,

6., Routing problems: these exist when something or someone has 1o be trang-

ported from point A to point B in the most efficient way, normally with a number
of intermediate points. , o

Of course, the problems fo be solved by O.R. are combined problems. Yet, many
seemingly different situations may have enough common characteristics so that
the number of required models need not expand indefinitely. It has become pPos=
sivle to transform problems requiring complex solutions into others of a more
simple type. Linear and dynamic programming have greatly contributed %o eéonomy
in model design.

There is mnevertheless a variety of other theories and teéhniques available
to help the O.R. specialist in solving his problems: probability theory and
statistics, stochastic processes, game and decision theory, queuging theory, and
others, not to mention the contributions made to O.R. by such disciplines as
psychology, sociology, economics, or engineering., Ways of conducting O.Re. might
differ with individual Oe.R. -practitioners. But there would alsc be g good deal

in common. For example, most would agree that the following are the major phases



of an O.Re. project:
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1. Formulating the problem.
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2¢ Constructing a mathematical model to represent the system under study.

3. Deriving a solution from the model,

4, Testing the model and the solution derived from it.

5. Putting the solution to work: implementation.

performance
model

executive (person)

management and control

mechanical
interconnected
component
to squate with

allocation
(of memoxry)

resource

to arise, arose, arisen

{0 achieve
inventory
seemingly

to order
replacement
renewal

to deteriorate
oBsolete
search

geosts
atiributable to
to assemble

queuey. th queune

gquetiing problems/theory

waiting=line

traffic jam

machine breaskdown

machine~gervice

feeding

conveyer {conveyor)

assembly line

p» fosmpns
mddl

ig zekjutiv
menidZmsnt

mi “loenikl
_intaka nektid
kam'pounant

i kweit

,®1% keisn

. ”
Il S0:s

& o 4 [
3 raiz, 2 rouz, 2 rizn

3 8isv
invantri
sisminli

ozda

ri ‘pleismgnt
ri ‘njusal

di “tisriareit
obsalizt

s2:¢

kosts

Ltri “bijustadbl
2 sembl.

kju:

kjusin

weitig lain
treefik dZem

ma 3i:n breikdaun

Sa:vis
fisdig
kan ‘veis

3 sembli lain

inventd®, zdsoby

Sdinnost,; vykonnost

model; vzor

vedouci, odpové&dny pracovnik
Pizeni, ¥{dici &innost
mechanicky ,

vzdjemné propojeny

slozZka

ztotoZnovat

pi¥id&lovani prostredkl
{paméti)

zdroj, prostiedek
vaznikat, povstat:
dosahnout, doc{lit

zddnlive

objednat

vyména, nahrazendi
obnova

zhorsit (se)

zastaraly

vyhleddvani

néklady, vydaje

které lze pPipsat
shromaZdovat )
frontas Tadit se do fronty

problémy/teorie front,
hromadné obsluhy

fronta

dopravni zdcpa

porucha strojd

obsluha, tdriba a opravy
poddvéni, p¥isun materidlu
dopravnik, transportér

montéZni linka



routing problems
efficient
intermediate

to expand4
indefinitely
simplex method
to econtribute to
econony

model design
stochastic process.
game theory
decision theory
to conduct O.Re
to put to work

implementation

Useful Phrases

to provide the executives w
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rustiy problamz
1 fi8nt

,inta ‘misdiat
iks “peend
in‘definitli
simpleks me@ad
¥on “tribjust

1 “konani

modl di‘zain

sto kstik prousss

Zeim §isrd:
41 “sifn Sisvi
k3n dakt

'i:tut o watk

° s & s W
Limpliman teisn

ith
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problémy dopravnich tras
efektivni, G&inny »
mezilehly, prijezdni
rozsitovat se
neomezend
simplexova metoda
pPispdt k
hospoddrnost; ekonomie
navrh modelu, modelovand
stochasticky proces
teorie her

teorie rozhodovand
providet, vést Q.V.
zavést do praxe

realizace, zavedeni do praxe

poskytnout vedoucim pracovnikim

the best answers to problens

costs attributable to decision errors

noet to mention the cantrlbutzgng
of other disciplines

a variety of other theories

co nejlepsi TeSeni problémd

vydaje, které lme pPipsat
chybém v rozhodovani
nemluvé o pPinosu

Jingeh disciplin

5

celd Pada daldich teorii

Prelofte do amglictiny: s

le

o
®

3

Operadni vyzkum Yesi problémy v hospodédPskich 1 jinych orgenizacish ns zdkla-
dé védecké, prevainé matematické analyzy vzédjemného ylsobend (interaction)
lidskych a materidlovych zdrojt. :

éjsd odvétvi primysiuv, kde by se metedy operadnle

Stézi existuje ndjaké slofit
3 ptimalizaci vyroby.

;
ho v¥zkumu nemohly uplatnit pfi o
Po druhé svétové vdlee se prudce rozvijela teorie politadd a automath, mate=
matickd loglika, numericki snalyza a jiné obory, kieré se zabyvagl problémy
vznikajicimi v souvislosti s védeckotechnickou revolucd.

Modely, které simuluji rizné cperace a Sinnostil, spodivaii vétSinou na na-
tematlcxyah zédkladech. Pracujdl g jednoduchymi i sloZitymi promennymz velidi-
nami a &asto s jednou nebo 1 vice funkcemi pravddpodobnosini distribuce
(probability distribution funciions). )

Védecké metody Fizeni, plénovdni a kontroly ndrodniho hospodafstvi a jinjnh
oblasti veregneho Zivota se neobejdon bez vysoce kvalifikovanych odborniki
v jejichZ pPipravé s pra01 matematika zaujimd stdle vyznamn$is{ misto.



© ANGLICKO-CESKY SLOVNEK
Slovnik neobsahuje slovni zdsobu prekladovych cvileni a doplnkové Zetby.

A
abscissa /®b sisa/, pl -ae /[-i:/
tisedka, osa x
absolute /9bslust/ absolutni, tUplny
abstract /®bstrakt/ abstraktni
abstraction /eb strekdn/ abstrakce
acceleration /xk,sela reidn/ -
akcelerace, zrychlenl
to accept /2k ‘sept/ p¥ijmout
" access /#kses/ prlstup
accurate /skjurit/ presny, sprivny
ACCUTACY /ak;urasi/ pFfesnost
achievement /o ¢i:vment/ vykon, &in,
(dosafeny) tspéch
to acquaint o.s. with /3 kweint/
seznémit, obezndmit se s
ecronym /ekrsnim/ akronym
actual /&ktgual/ skutedny
acute /2 kjurt/ ostry (ihel)
to add /xd/ sdéitat
eddition /o disn/ sditdni
additive(ly) /eeditiv(1i)/
aditlvnl, aditivné
address /2 dres/ adressa
adjacent /2 dzeisnt/ prilehly
to adjoin /9 dfoin/ priléhat k,
advance /3d “va:ns/ pokrok, postup
in advance nap¥ed, predem
advanced /ad‘va:nst/ pokroc11y
advanced mathematics vyssi mate
agreement /3 gri:mant/ shoda,
in agreement with v souladu s
allocation /#l% keisn/ pFidéleni
prostiedkld, paméti (comp.)
almost /orlmoust/ +émé¥, skoro
alphanumerhcal /slfs njus ‘merikl/
alfanumericky
t5 alter /fo:lta/ ,zménit, pozménit
alternative /o:1 to:nstiv/ jiny,
alternativad
amount /2 maunt/ mmoZstvi,velikost
angle /z=ngl/ tdhel
angular xggaula/ thlovy
antiquity /&n ‘tikwiti/ starovsk
to appear /23 pia/ obe, jevit se
application / 2epli ‘keidn/
aplikace, pcuzitl
to apply /2 plai/, poufit,tykat se
applied mathematics aplikovans m.
approach /o proud/ p¥istup,pojetdi
to approach pristupovat k-
appropriate /2 proupriat/
vhodny, prislusny, primereny
approximation /a,proksi ‘meisn/
aproximace, p¥ibliZovéni (se)
e priori /ei prai’osrai/
pPedem, napred, a priori

arbitrary Jfa:bitrari/ libovolny
arc /ask/ oblouk (geom., elektr.)
area /fesris/ plocha, oblast
argument /fasgjument/ argument dﬁvod
to arise (arose, arisen) /2 raiz,srouz,
a'rizn/ vyvstat, vzniknout
arrangement /o relndzmant/ sefazeni,
usporadanl, Uprava
array /2 rei/ pole (comps)
arrow /ferou/ Sipka
arrow=head /xrouhed/ Spidke Sipky
assembly /» sembli/ sestaveni (comp.)
assembly line /lain/ montdZni linka
assertion /s sa:3n/ tvrzeni
to assign /o sain/ p¥id&lit, privradit,
urdit, stanovit (hodnotu)
to associate with /2 sousieit/
sdruzovat, spo;ovat
associative /2%soudi eltlv/
asoclatlvnl
to assume /2~ sju'm/ predpoklddat
to attempt /5 temt/ ,pokouset se o&
attributable /,2tri bjustabl/
ktery lze prisoudit (n&jaké pFi&ing)
automatic /, o:t2 mwtik/ automaticky
automation /,o ta’melsn/ automatlzace
automaton, automata / o: tomatan,
o: “tomets/ automat
auxiliary /o: 18 ‘ziljeri/ pomocny
available /2 veilabl/ p¥istupny,
dosaZitelny, k dlspozici
axiom /aksiszm/ axlom
axiomatic /fxksis matik/ axiomaticky
axis, axes /i¥ksis, -i:z/ osa

B
base /beis/ zédkladna, podstava, zdklad
to base /beis/ on zaloZit na
basiec /beisik/ zdkladnd
to belong /bi lon/ pat¥it, pFislulet
bias /baias/ jednostrannost, zkresleni,
vychylendt, systematickd chyba (stat.)
bijective /bail dzektlv/ bijektivni
bijective mapping prosté zobrazeni
binary /bainsri/ bindrni, dvojdetny
binary digit /did%it/ dvojkova &islice
binomial /bai noumgal/ binomicky,
dvojélen
to bisect /bai’sekt/ roz-, pilit
bit /bit/ bit, dvojkovd &islice
boldface type /bouldfeis taip/
tudné pismo (tisk.)
bound /baund/ hranice, mez, zivora
to bound /baund/ ohranidit, vymezit
brace /breis/ sloZend zdvorka, svorka
bracket /brekit/ zdvorka
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branch /bra:nd/ védni obor, odvdtvi,
skok, vétveni (comps)

to branch /oraind/ vétvit se

break-down /breikdaun/ porucha,
defekt (tech.)

brief /vri:f/ strudny, kriatky

breadth /bred¥/ Eifka, Sive

to broaden /bro:sdn/ rozdiYovat(se)

bug /bag/ brouk; zivada (compe)

to build, built, bullt /bild, bilt/
vy-, budovat, stavét

bus /bas/ autobus autobusova
bus route /ru:t/ traf, linka

business /biznis/ obehod, podnikini
business data /deits/ hromadnd d.

C
to calculate /kxlkjuleit/ poditat
calculus /kzlkjulss/ podet,
diferencidlini a integrdlni p.
cap /kwp/ depice, symbol N
capability /,keips biliti/
schopnost, zplsobilost
card [ka:d/ karita, listek
(punched) card /pandt k./
dérny Stitek
care /kea/ péde, starost,opatrnost
careful /keafl/ pedlivy, opatrny
to carry /keri/ nést, nosit
to carry out provést, vykonat
case /keis/ pPipad
in case v pripadéd, Ze
category /kxtigari/ kategorie
causal /ko:zl/ p¥idinny, keauzdlni
central /sentrl/ Ust¥edni, hlavni
central processor unit Fsentyrl
pr? sesapu nit/ dst¥edni jednotka
centre /sente/ stfed
computing centre vypoletni
st¥edisko
certain /sostn/ jisty
chance /&a:ins/ néhoda, moZnost
change /3eindZ/ zména
character flerikte/ znak, plsmeno
characteristic /, kerikts ristik/
charakteristicky rys, znak
to check /8ek/ pie-, kontroloval
chord /ko:d/ té&tiva; struna
circle /sg:kl/ kruh, kruZnice
circuit /sa:kit/ obvod, okruh
circular /se: kjula/ kruhovy
circumference /ss kamfrns/
obvod (kruhu)
classical /klaesikl/ klasicky
clearly /klizli/ z¥ejmé, jasnd
to close /klouz/ uzaviit
closure /klouZs/ uzdvir,
wzavrenost
coefficient /, koui “fidnt/
koeficient

code /koud/ kod .

to code /koud/ kddovat

to coincide /,kouin ‘said/
‘shodovat se, kryt se B8

collection /k» lek3n/ sbér, soubor

colon /koulan/ dvojtedka

combinatorial /,kombina torisl/
kombinatoricky

combinatorial mathematics
kombinatorika

to come across /kam 2 kros/
narazit na, p¥Fijit na

comma /kome/ darka

common /koman/ obecny, obvykly,
spoledny

commitable /ka mjustebl/
zaménitelny

commutative /k2 mjurtetiv/
korutativnd

compass /kampes/ kruZitko, krufidle
(také a pair of compasses)

to compile /kam pall/ sestavit,slofit

compilation / ,kompi “leisn/
sestaveni

compiler /ksm paile/ kompildtor (comp.)

complement /kompllmant/ doplnék

complementary / ,kompli‘mentari/
doplnkovy (uhel) ’

to complete /ksm‘pli:t/ dokondit

complex /kompleks/ sloéitj
complex fraction sloZeny zlomek

composite /kompozit/ sloZeny,8loZity

composition /, komp»2 ‘zi¥n/ sklédand

compound sentence /kem_paund sentans/
sloZend véta, souvetl

to comprise /kam praiz/ zahrnovat

to compute /kam’ pgu:t/ vypoditat

computation /,kompju- “teidn/
poditani, vypodet

computer /kem pjusts/ poditad

computer science /saions/

computing science informatikas

to computerize /kom pjusteraiz/
pPevddsdt na pocltac, pouZivat D

to conceive /kon siiv/ pojimat,chipat,
koneiypovat, pPedstavit si

to concern /ksnsa:n/ tykat se, jit o,
zajimat koho

to be concerned with zabyvat se &im,
zajimat se o co

concerning (predlozka,) pokud jde o

to conclude /kan‘klusd/ zakonéit,
uzavrit, usuzovat

conclusion /kan klusn/ zdvér,
zakondeni, lsudek, rozhodnuti

cone /koun/ kuZel

confidence Monfidns/ spolehlivost,
konfidence (stat.)

congruence /kongruans/ kongruence

congruent /kongruant/ shodny



conic /konilk/ konicky;
kuZelosedka (core section)

conjunction /kon dZankdn/ A
logicky soudin, prﬁsek

connected graph ko nektid greef/
souvisly graf

consecutive /kon sekjutiv/
po sobé, za sebou jdouci

consequence /konsikwons/
nésledek, disledek

to consider /kon sida/
uvaiit, vzit v uvahu,povazovat

to consist of /xan’'sist/
skladat se, sestavat z

consistent /ken sistont/ konzi-
stentni, logicky disledny

content /kontent/ obsah (na
rozdil od formy)

continuous /kan tinjuss/ sou-
visly, spojity (funkce)

contradiction / kontras diksn/
rozpor, protikiad

contribution / ,kontri “bjusdn/
pPispévek

control /kan troul/ $izeni

%o control /k3n troul/ ¥idit,
ovliddat

convenient /kon vi:njsant/
vhodny

convention /kon ‘ven3n/ dohods,
Umluva, konvence

to converge /kan va:dZ/
konvergovat, sblhat se

conversion /kan vasdn/ konverze,
zména, preména, pFevod ne

conveyer /kon‘veis/ transportér

co=ordinate /kou o:dinit/
soufadnice

cosine /kousain/ kosinus

costs fkosts/ pl. néklady

count /kaunt/ pedet

to ecount /kaunt/ poditat

to create /kriéit/ tvoiit, vy-
tvodit

creation Akri elsn/ tvorba

to cross fkxros/ protinat (se8)

cross=hatched / ‘kros hapdt/
pFidng Srafovany

cube /kjusb/ krychle, tTetd
mocnina

curve /kazv/ kPivka

to cut /kat/ protinat (se)

to cut off odFiznout

cyelic(al} /saiklik/ cyklicky

eyiinder /silinde/ vdlec

D
datum, oby3. data (pl) /fdeits/
idaj, ddaje, data
o de&l with (dealt, dealt)
/d3:1, delt/ zabyvat se im
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decimal /desiml/ desetinny; desetinnd
é¢islo

decision /di’ siZn/ rozhodnuti

declarative /di'kL&rativ/ sentence
oznamovaci Veta

to decrease /441 kri: s/ zmenSovat (se)

degree /di‘gri:/ stupen

dehary system /disneri system/
desitkovéd soustava

denominator /di ‘nomineita/ jmenovatel

to depend on /di‘pend/ zdviset na

to derive /di'raiv/ odvazovat

derivation /. deri ‘vei¥n/ odvozovéani

derivative / di ‘rivativ/ derivace

‘design /i zain/ nédvrh, projekt, nakres

to design /di zain/ navrhovat, Pedit

to desire /di ‘zaia/ pPat si, poZadovat
detailed /di:steild/ podrobny

to determine /di'ts:min/ urdit,stanovit
determinate /di ‘tominst/ predem urdeny
to develop /di velap/ vyvinout
deviation /,di°V1 ‘eisn/ odchylka

device /fdi vals/ prost¥edek, za¥izeni
to devise /di vaiz/ vymyslet, navrhnout
diagonal /dai &gngll uhlopfiéka
diameter /dai semits/ primdr

die, pl.dice /dai, dals/ hraci kostka

" differential /,difs rensl/ diferencidl

to differentiate /,difa rendieit/
diferencovat

digit /aidZit/ &islice

digital /didzitl/ c1slloovy

direction /di‘rekdn/ smér, orientace

disc, disk /dlsk/ kotoud, magnet.disk

disjoint /dis d201nt/ disjunktni{moZ.)

disjunction fdis ‘d¥anksn/ disjunkce
1og1cky soudet

to displace /dis ‘pleis/ pPemistit

display /dis ‘plei/ zobrazovaci jednotka,
disple]

distinet /dis tiqkt/ odlidny

to distinguish /dis “tiggwis/ rozeznam
vat, rozlisovat, cinit rozdil

distribution / ,distri bjussn/ distribu=
ce, rozloZeni (stat.)

distrivbutive /,distri bjustiv/
distributivai {(zdkon)

to divide /di “vaid/ d&lit, rozddlit

division /di ‘vi¥n/ d3lendt

dividend /dividend/ délenec

divisor /di‘vaizs/ délitel

divisible !digvizibl/ d8litelny

domain /do ‘mein/ pole, obory
definidnd obor

to draw, drew, drawn /dro:, drus, dron/
kreslit, rysova%g vybrat (ze souboru)

duality /dju’s@iti/ dualita

B
sconomy /i “konymi/ hospoddfstvi
to edit /edit/ wedigovat, upravit text



element /eliment/ prvek
to eliminate /i “limineit/
vyloudit, odstranit
ellipse /i ‘lips/ elipsa
elliptic /i liptik/ elipticky
empty /empti/ prézdny
to enable /i neibl/ umoZnit
to enclose /in klouz/ uzaviit
ohranidiy
endpoint /endpoint/ koncovy bod
engineering /,endéi'nierig/
strojafstvi, technické obory
to enlarge /in‘la:d®/ zvetsit
to ensure /in’$us/ zajistit
equal /iskwal/ rovny, stejny
equality /i ‘kwoliti/ rovnost
equation /i “kweiln/ rovnice
squipment /i kwipmoni/ v¥stroj,
vybaveni, zarizeni
equivalence /i“kwivslsns/
ekvivalence
error /ere/ chyba, omyl
essential /i sen$l/ podstatny
estimate /estimot/ odhad
estimator /,esti meite/ odhad
évent /i vent/ jev, pripad
evolution / Ai:va“lusdn/ evoluce,
odmocnovénd
exactly /ig zsktli/ pPesnsd,pravs
except for /ik ‘sept f3/ af na,
8 vyjimkou
exception /ik “sepdn/ vyjimke
to exclude /iks klu:d/ vyloudit
to execute Jeksikjuit/ vykonat
executive /ig zekjutiv/ vedouet,
odpovédny pracovnik
expansion /iks “pendn/ roEvo;
experienced /iks ‘pierionst/
zkuZeny, zbehly v
explicit /iks plisit/ vyslovny
exponent /iks ‘pounsnt/ exponent
to express /iks ‘pres/ vyjéddiit
to extend /iks “tend/ roz3f¥it o
extraneous /iks “treinjes/ vnéjsi,
pomocny
P
factor /fakts/ &initel, faktor
failure /feiljo/ nezdar, selhdnd

false /fo:ls/ nepravdivy,neplatny

falsity /fo:lsiti/ nepravdivost

familiar (with) /f2'miljs/ dobre
znamy, obezndmeny s

fashion /fx3n/; in this fashion
timto zplsobenm

favourable /feivorgbl/ p¥iznivy

feed /fi:d/ p¥isun (materiilu)

file /fail/ soubor dat; archiv
kartotéka

final /fainl/ konedny

a5

finite /fainait/ konedny

floating point representation /floutin
point ,reprizen teifn/ zobrazeni s po-
hyblivou FAdovou &drkou

flow /flou/ %ok, pribsh, vivoj

flowchart /flouda:t/ vyvojovy diagram

to flowchart vypracovat vyvojs.diagram,

gsestavovat w w

to follow from /folou/ vyplyvat =z

forest /forist/ les

formula,; -ae/-as /foimjule, =is,= z/
formule, vzorec

foundation / ,faun’deisn/ zdklad

fraction /frekidn/ zlomek

framework /freimwssk/ struktura, systém

frequency /fri:kwonsi/ Zetnozt,frskvence

furthermore /fe2:3smo:/ dile jeit,mimato

G
game /geim/ hre
geometry /dZi‘omitri/ geometrie
geometrician / ,d%iemi “tri3n/ geometr
to govern /gaven/ ¥idit
gradient /greidjent/ sklon, smérnice
grand /grend/ velkolepy, znamenity
to grasp /gra:sp/ pochopit
Greek /grisk/ Fecky, Hek, Pedtina
group /grusp/ grupa; skupina
growth /grou®/ rist, varlst, rozvej

H
halfq halves /ha:f, hasvz/ polovina
half-line /ha:flain/ polop¥imka
half=plane jhaafplein[ polorovina
to handle /handl/ zachdzet,manipulovat
to happen /hapn/ nastat, pFihodit se
hardware /ha:dwes/ fechnické vybavendt
roditale
to hateh /hael/ vye-, Srafovat
height /hait/ v¥ska
heighten /haiten/ zvySit, zvEtdit
hence /hens/ odiud, tudf3, prodes
hereby /hiabai/ takto, timto zpiscbem
to hold, held, held /hould, held/
platit, byt platny
however /hauaega/ aviak, nicmén¥, led
hyperbola /hai peosbals/ hyperbola
hypotenuse /hai ‘potinju:z/ pFepona
hypothesis, =es /hai‘po@isis, =-isz/
hypotéza, domnénka -

I
identity /ai “dentiti/ totoZnost,identita
to identify /i ‘dentifai/ ztotoZnit
to ignore /ig'no:/ nedbat, nebrat v tvahu
to illustrate /ilostreit/ ilustrovat,
objasnit, zndzornit
imagge /imidZ/ obraz
immaterial /,im2"tierial/ nepodstatny
immediately /i ‘misdiatli/ bezprostiedns,
ihned, okamZits& ' '



to imply /im’plai/ implikovat,
znamenat, vést nutné k zévéru

improvement /im ‘prusvment/ zlepdeni,
zdokonaleni

.inability /,ina “biliti/ meschopnost

to include /in’klu:d/ zahrnovat,
obsahovat; svirat (ihel)

incomplete / Ankem “plist/ nedplny

40 incresase /in ‘kriis/ rdst, na-
ristat, zvydovat (se), zvétsit

increment /inkramant/ prirdstek

indefinitely /in’definitii/
neomezené, nekonecné

individual /,indi “vidjuasl/ jednotli=
vy, jednotlivec, Jjedinec

inequality /ini: “kwoliti/
nerovnost

inference /inferens/ odvozenl,
zévér, dsudek (stat. 9)

infimum, «2 /in’fi:mam, =3/
infimum, dolni hodnota

infinite /infinit/ nekonedny

infinity /in’finiti/ nekoneéno

infinitesimal / Anfini “tesiml/
nekonednd maly

information /,infa meisn/ infore
mace (v angl. jen singuldr)

initial /4 nisl/ poditednyi

inquiry /in kwaisri/ dotaz(y), .
vySetitvini (state)

to install /in‘sto:l/ instalo-
vat, uvést do provozu

instruction /in’strakin/ in-
strukee, p¥ikazi ndvod

integer /intidZa/ celé &islo

to interact /,inta ‘meekt/
vzidjemmé na sebe pﬁsobit

interchange /,inta Seindi/
vymdnit (sis, st¥idat (ze)

to intersect /,ints sekt/
protinat (se)

intersection /,int? sekin/
prinik; prisedik

to introduce /,intre’djuss/
zavést

intuitive /in tjusitiv/

intuitivnd

to invent /in’vent/ vynalézt,
vymyslit si

invention /in ‘ven3n/ vyndlez,
obiev

inverse /in‘va:s/ obriceny,
opalny, inverzndi

to investigate /in vestlgeit/
zkoumat, vysetrovat studovat

to involve /in’volv/ zahrmout,
zapojit,; to be involved
uplatnovat se

irreversible /,iri ‘vaesobl/
ireverzibilnd
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to isolate faiseleit/ odloudit,
0dd&lit, osamotnit
to issue from /isju:, isu:z/
vychdzet z
item /aitem/ poloZka
data item (aednotlivy) ddaj
iteration /,ite reiln/ opakovéni
iterative /itarativ/ iterativndi

J
jam /dZem/ dopravni zdcpa; dZem
to join /dZoin/ spojit, pPipojit (se)
judgement /d¥adZmaent/ soud, dsudek
just as /dZastez/ privé tak jako

K
key word /ki: wa:d/ klidové slovo

L .
label /leivl/ ndveésSti; Stitek, oznadendi
to label /leibl/ pojmenovat, oznadit
law /lo:/ zdkon, pravidle
layout /leiaut/ graficks tdprava, formst
lengthy /len®i/ zdlouhavy, nudny
length /lene/ délka
level /[levl/ uroven, stupen
to lie, lay, lain /lai, lei, lein/
lezZet

likelihood flaiklihud/ pravdépodobnost

likewise /laikwaiz/ podobng, rovndZ tak

limit /limit/ hranice, mez, limita

ylinear /linis/ linedrni

to link /link/ spojit, pPipojit

list /list/ sezpam

to list /list/ wvést v seznamu,
vyjmenovat

locus, loci /loukes, lousai/
geometrické misto

loop flu:p/ smy8ks, cyklus

M
machine /mar51 n/ stroj
magnetic /meg ‘netik/ magneticky
maﬁnaggégl/m&gnitau'd/ velikost,velidina

to maintain /men ‘tein/ udrovat
maintenance /meintnens/ ddrZba, uchovdni
major /meidZe/ vE431, vyznamndjsdi,znadny
mammal /mEmel/ savec
management /menidZmont/ Fizeni, spriva
marnpowey /menpaus/ pracovni sila
manufacturer [/, mxnju ‘fxkdara/ virobee
to map /mup/ zebrazzt, mapovat
mapping /magpin/ zobrazend
mathematics / ,mabi maxiks/ matematika
mathematician / meBims “tiZn/
matematik
matrix, matrices /meltriks, meitrisiz/
matice, matrice
maximum, =a /mxksimem, =9/ maximum
mean /mi:n/ st¥ed, primér (aritmeticky)
meaning /mi:niy/ vyznam, smysl



measure Sfmefs/ mirs

to measure /mefy méPdt

measurement /meZoment/ méfend,
ml,:&f*czm e mn,Z‘

median /misdisn/ nmedidn (stata)
téEnice {geom.)

to meet a reguiremsnt Smilit/
vyhovét pofadavku

member Smembvs/ Slen, prvek

to mewmorize /memorsiz/
mencrovat, naudit se zpamétl

to mention /menin/ zainit se

mid-range /mid reindi/ stied
rozpétl (stat.)

to minimizes /minimain/
minimalizovaet

mimimng, fmimimam@
wminlmum, minimdind

smonic /ni” ;ﬁmik} code
mpenonicky kad

mode /moud/ modus, wveiiuw

medel /modl/ modBl, vaoxr

moneild Jmonoid/ monoid

moon Jmuin/ ndésie
motion fmoudn/ pohyb

to move Jmuiv/ pohybowv

miltie /melti/ phedpons
machge

mulitivie fm&ﬁﬁlplj wmohoe
nasobny, ndschek

mﬁ%ti@iﬁ@au&gm Jomeliipiie

keidn/ ndsobvensy

tiply /maltivia

b.
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mv?mag fminstiusl/ vzijemnd

H
namely /aneimli/ to
natural /neirl/ p¥iro
nature /neifs/ povaha
necessarily / nesissrili/

nutné
negation /ni geiin/ popPeni,
negace
negative /negativ/ negativni,
mﬂ"ﬁ o le
tzhbourhood /meibshud/

sousedstvd

network /netwesk/ sif .
(elektr., dopravni aj.)

node /noud/ uzel

notation {nc “teiin/ zdpis,
oznadend

t0 note /nout/ viimmout si,
poznamenat »

to notiee /noutis/ vEimmout si,
zpozorovad

n=tuple fentjupl/ n=tice

null /nal/ nulovy, neplatny

numerable /niusm rebl/
spoditatelny

numeral /njusmrl/ $islovis
numerator /njmam@re ta/ &4
numerical /unjus merikl/ 31

&
objection /ob dieksn/ nimitks
observation /.obze: vei¥n/ pozovovani’
to cbserve fob’ z93v/ poz @rev 1h, sledovat
obtuse angle /3@ tjuss angl/
tupfy vhel

@

sccasion fﬁykeién/ prilefitost
to oeour /3 koi/ stdt se, nastatb

vykytovat se @
socurrence faykara{sf v¥skyt,
odd number Jod/ liché &isie
office /ofﬁ&f urad kanceld¥
to omit fo ﬁlﬁi vyn@chary oponinout

;
opey ili;l{}h i ’"‘%13,‘;&; SLaY

osperator J ey Jf‘%l“l‘i% i (,3}?{33:
m@@wgii nal veseareh / opa’
as:8/ operadnd

eperations (118} ¥

order foide/ Péd

t@‘@rﬂﬁr sda/ potidet
,f,;fikmcﬁ.uﬁ:{-
1, DEA Y

t0 amaiﬁ i% Taﬁzzmez%g dat fenmum

alit, zahdii$, zavés:
toone Jautkam/ v?sl@é@k
taide jamts%id’ vné,

: snley
sverall Sfouvercsl/ vie zmtxnmz¢$;9
v%%%@r&x&y calkovy
?

abola /pe’mebala/ pavabola
parallel Jperalel/ rovnob&¥ny,
nohéika
d@@hﬁr Jpv e reemite s parametr,
ut¢cke} soubory
J@ﬁﬁmmhﬁﬁimg = ag, /pe &wmaiuwwg -
shvorka {kﬂlaﬁé;
partial /opa: Smf tdmtedny, parcd
particular /po tikjuls/ g@d@otizvyg
zvlau%nﬁg konkrétnd
in particular zadmhnag ZYLASEE
to pass through /pass 8vu:/ prochizet
pattern jﬁﬁﬁﬁmf vzafg ~elk, m@d@igschema
vedeshrian @1 am trien/ pédi, chedec
percentage /ps sen%iaz/ celkové procento
procentndi Sazba
to perform /ps foim/ vykonat, prevest
performance fpa foimans/ provedent
peripheral /pa’ r;fr@l/ periferni,
periferni zaPizeni (comp,)
to permeate /maxmlem+! prolinat, pronikat
to permit /pe mit/ dovolit, umoZnit
permutation [/ paimju telsnl permitace
perperdlgular f ,paspon ‘dikiule/
kolmys kolmlce
phase /feiz/ fdze, sitadium
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phenomenon, phenomena /fi'nominen,
=ine/ dkaz, jev

plane /plein/ rovina

planet /plwmii/ obé&Znice, planeta

to plot /plot/ vynést do grafu

point /point/ bod, telka
point of view /vju:/ hledisko

polar /pouln/ polédrni

polyeon /poligsn/ mnohouhelnlk

polynomial /,poli ‘noumial/

. mnohodlen

population / ,popju‘leisn/ populace,
zdkladni statisticky soubor

position /pa°zisn/ postaveni,poloha

positive /pozativ/ kladny

possibility / ,posa’biliti/ moZuost

power /pau / mocnina

.- poferful /pauaful/ vykonny (poditad)

practice /pmuktia/'praxe

practitioner /prek tidna/ praktik;
prakticky 1ékar

precise /pri ‘sais/ presny

pre-image /pri:s’imidZ/ vzor (mmoZ.)

premise /premis/ premisa,pPedpoklad

to present /pri zent/ pPedloZit,
dodat, zpracovat (data)(stat.)

prime(number) [praim/ prvodislo

printer /printas/ tiskaP, tiskdrna

prism. /prizm/ hranol

probability / ,probo biliti/
pravdepodobnost

procedure /pro ‘sisd¥e/ provedura,
postup

to proceed /pre’si:d/ postupovat

process /prouses/ posiup, proces

to process data /prouses/
zpracovidvat data

to produce /pras’djuss/ zplsobit,
vyvolat, wytvo¥it, vyrobit

product /prodakt/ souding
vysledek, v obek, produkt

program /prog program {comps)

programme program (koncertu atd.)

to program /prougrem/ programovat

programmer /prougrzm / programitor

programming /prougremin/
programovani

to project /pre’diekt/ projektovat

proof /prust/ dikaz

proper /prope/ viastni

property /propati/ vlastnost

proportien /pra’poidn/ pomér,imdra
pomérnd &dst, dzl

proportional /pras’po:3nd/ tmdrny

to prove /prusv/ dokizai

to provide /pre‘vaid/ opat¥it,
poskytnout, obstarat

purpose /pa:pes/ udel, c¢il, zdmér

Q

quadrilateral / kwodri “letrl/
¢tyPstranny; Etyidhelndik

qualitative /kwolitotiv/ kmalita-
tivni, jakostni

quantitative /kwontitstiv/ kvanti-
tativni

quantity fkwontiti/ mnoZstvi, kvantita

quarter /kwo:te/ &tvriina

quaternary /kws ta:nsri/ kvartérni,
Etyréetny

queue /kjus/ fronta 1idf

$o gueue {up) postavit se do fronty

queuing theory /0isri/ teorie front,
teorie obsluhy

quintuple [kwintjupl/ pdtindsobny

quotient /kwousdnt/ podfl; kvocient

R
radial line /reidisl/ privodid
radian /reidien/ radidn
radius, radii /reidies, reidisi/
polomér; paprsek
to raise /reiz/ to powers umocﬁovat
to raise objections vznést ndmitky
range /reindZ/ rozsah; pdsmo, rozmezi
¥0 range pohybovat se v rozmezi
random /remdom/ ndhoda
random event/experiment nahodny jev,
nidhodny pokus '
rare /res/ neobyldejny, vzdcny,vyjimedny
rate /reit/ mira, pomér, rychlost (zmé-
ny), tempo (ristu)
ratio /reisSiou/ pomér
readable /ri:dabl/ Sitelny, pPrehledny
reader /ri:d9/ snimad (comp.); ctenar
real /risl/ redlny
reality /r1°-&11t1/ skutednogt,realita
rearrange / ‘ri:? reind%/ znovu
upravit, uspoPadat
to reason /ri:zn/ usuzovat, myslit
uvaovat
reasonable /ri:nabl/ rozumny,przmerenj
reasoning /riznxg/ usuzovani, dvaha
to recall /ri’ko:l/ p¥ipomenout (si)
recent /rizsnt/ neddvny
reciprocal /rl “siprokl/ prevriceny,
vzdjemny, pPevrdcend hodnota
to recognize /rekagnaiz/ uznat, pPiznat
rectangle / ‘rek ﬁ&ggl/ pravotthelnfk
to reduce to /r1 ‘djuss/ prevést na
to refer to /ri fa:/ odkazovat na, ode
voldvat se, zminovat se o
reference /refrans/ odkaz
with reference to s ohledem na
to regard /ri‘gasd/ divat se, povaZovat
with regard to pokud se tyka
to relate /ri‘leit/ uvddsdt ve vztah,
byt ¥ poméru k, vztahovat se k
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relation /ri“leisn/ vztah, relace

relevant /relavent/ ddleZity,
zédvainy, tykajlci se, pirisludny

reliable /ri laiabdbl/ spolehlivy

reliability /ri,lais’biliti/
spolehllvost

remainder /ri melndql zbytek

t0 remember /ri ‘memba/ pamatovat si

to remove /ri ‘musv/ odstranit

renewal /ri nju 2l/ obmova

to replace /ri pleis/ nahradit

to rppresent /,repri zent/ vepre-
zentovat, znazornit

to require /ri kwaic/ vyZadovat

requirement /ri kwaiamont/
poZadavek, potreba

research /ri’se:&/ vizkum, vi=-
deckd prdce, bdddni

respectively /ri “spektivii/
poradé, v uvedenem poYadi

to result /ri‘zalt/ mit za
ndsledek, koncit &im

to retrace /ri’treis/ stopovat,
sledovat (zp&t) :

retrieval /xi tri.vl/ vyhledd=
véani dat

to reveal /ri’visl/ odhalit,
ukdzat ;

revision /ri‘viZn/ oprava, revize;
opakovani (udebni litky)

right-angled /%alt w@gled/ pravo-
dhly

right=hand screw / rait hynd skrusz/
pravochodny Sroubd

ring /rin/ okruh (mat.)

root /rust/ koten

to rotate /rou teit/ otddet se,
rotovat

rotation /rou’tein/ rotace

route /rust/ trasa, trat

routine /rustisy/ podprogran

ruler /ru:ls/ pravitko

rule /ru:l/ pravidlo

run /ran/ chod, b&h, iterace

S
sample /sa:mpl/ vzorek, stati-
sticky vybér, vyberovy soubor
satisfactory /,swtis fektari/
uspokojivy, dostatecny
to satisfy /setisfai/ uspokojit,
vyhovét (podminkédm)
to save /seiv/ Set¥it
scalar /skeila/ skaldr
scale /skeil/ stupnice, 3Zkdla
section /sek8n/ Pez
conic sectlon kuZelosedka
segment /segmont/ segment, &dst,
isek, tsed
to select /silekt/ vybrat,zvolit

semicircle / semi ‘s9:k1/ pilkruh

semicolon /‘semi “koulan/ st¥ednik

sense /sens/ smysl

sentence /sentsns/ véta

separate /seprit/ oddéleny, zvldstni

sequence /siskwens/ posloupnost, fada

series, series /sieriz, ~is3z/ Fada

serious /sieries/ véZny, opravdovy

set /set/ mnoZina

set=theoretic /‘set 0in retik/
mnoZinovy

to shade /3eid/ stinovat

shape /Seip/ tvar, podoba

to sharpen /3aspn/ zaocst¥it, zpPesnit

sign /sain/ znak, znaménko

to sign /sain/ oznacit

significance /si ‘gnifikens/ vyzmam(nost)
statistickéd prﬁkaznost

similarity /,simi lariti/ podobnost

simltanecus /,simel “teinas/ soudasny
similtaneous equations systém rovnie

gine /sain/ sinus

skill /skil/ dovednost, odbornost

skilled /skila/ odborny,kvallfikovany

sofiware /softwed/ programové vybavehd

solid /solid/ pevnys pevné tdleso

solid geometry prostorova geometrie

solution /sa’lu:Sn/ Pedeni

to solve /solv/ Yedit

space /speis/ prostor

to space /speis/ proloZit, délat mezery
(polygr.) .

sphere /sfia/ koule

spherical /sferikl/ kulovy, kulovity

spheroid /sferoid/ sféroid

square [skwea/ dtverecsy druhi mocnina

to square povySit na druhou

square root druhd odmocnina

staff /sta:f/ persondl, zamdstnanci

stege /steidZ/ stadium, obdobi, etapa

to stand for (stood) /stend, stud/
znamenat

to state /steit/ vyjdd#it, uvést, udat,
vyslovit, formulovat

statement /steltment/ tvrzeni, vypovsd

statistics /sty “tistiks/ statlstika

statistic (sg); =8 ukazatel statistice
kého vybdru

statistician /,steetis “ti%n/ statistik

step /step/ krok

atorage /stosridZ/ uloZenimdo pamdti,
pamd

to store /sto:/ wklidat do pameti,
uchovévat v pamdti

straight line /streit lain/ pPimka

subdivide /° sabdi ‘vaid/ ddle rozddlit

to subject /sob’dZekt/ podrobit,vystavit
nédemu

to substitute /sabstitju:t/ nahradit,
dosadit



4o subtend /sob tend/ lefet pod,
proti (dhlu, oblouku)
to subtract /sadb tr&kt/ odéitat
subtraction /seb treskcin/
odéitdni
succession /sek sesn/ po¥adi, postup
successively /sak ‘sesivii/postupnd
to suffice /se fais/ stadit
sufficient /sa’'fidnt/ postadujici
summayy /sameri/ souhrn, e sumé
sum, summation /sam, - eiZn/
soudet, suma(ce)
surd /so:d/ iraciondlni &islo,
v¥raz s odmocninou
survey /sa:ivei/ piehled
symbol /simbl/ symbel, =znak

T
tangent /tendZsnt/ tedna,tangenta
tape /teip/ pdska
technique /tek ‘nisk/ technika,
metoda, postup
temporal /temparsl/ Easovy
o tend to /tend/ sméfovat k
term /ta:im/ &len, vyraz, itermin
terminal /tesminl/ koncovy,
termindl (comp.)
ternary /t3:n8ri/ terndrni, t10 3=
etny
theorem /0ieram/ véia, poudks
theorist /@isrist/ teoretik
theory /Oieri/ teorie
thread /ored/ nit, vidkno
closed/open thread uzaviend/
/oteviend kPivka (teorie grafl)
thus /das/ tekto, a tak, tedy
to tie /tai/ védzat (se), pojit (se)
tool /tu:l/ ndstroj, prost¥edsk
total /toutl/ celkovy; celek,thrn
to total &init celkem, dhrnem
trace /treis/ stopa
to trace vyznalit, nakreslit
traffic /tmefilk/ doprava, ruch
to treat /trist/ pojedndvat
tree /tris/ strom
trial /traial/ pokus /dfldi/
by trial and error metodou
pokusu & omylu
triazgle /traiengl/ trojuhelnik
tributary /tridjuteri/ p¥itok
true /tru:/ pravdivy, platany
to be true platit
truth /trusd/ pravda,pravdivost
truth teble pravdivosini ta-
bulka
to turn up /t2:inap/ objevit se
twice /twais/ dvakrdt
typewriter ftalpraiia/ psaci stroj
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U
uncertainty /an” sestnti/ nejistota
undefined /, and1 falnd/ nedefinovany
to underline /’and=’lain/ podtrhnout,
zdGraznit

undoubtedly /an’dautidli/ nepochybnd

to unify /jusnifai/ sjednotit

uniform /juiniftoim/ gednotny, stejno=
mérny ‘

union /au:ngan/ sjednoceni

unique /gu° ‘nisk/ jedinedny, jednca
znadny

universal set /, ju:ni ‘vo:sl/ zakladn1
mozZina

unknovwn / ‘an ‘noun/ nezniméd

unpredictably / ‘anpra’diktabli/
nepiedv1dane

unthinkable / an Olnkebl/
nenyslitelny

upper faps/ hornd

user fjurzs/ uZivatel

v
valence /vellens/ valence
value /weélju:/ hodnota
variable /veariebl/ proménnd
variance /vedriens/ odchylka, rozptyl,
variance

“variation /veari ‘eidn/ variace

calculus of variations variadndi pocet
variety /v raioti/ riznost, pestrost
a Variety 0f cee rﬁzne X X
various /veariss/ rdzny, rozmanity
to vary /veari/ ménit se, kolisat -
vector fvekis/ vektor
velocity /vi“lositi/ rychlost
to verify /verifai/ ové¥ii .
vertex, vertices /vssteks, ~isiz/ vrchol,
uzel
vocabulary /va kebjuleari/ slovnik
volume /voljusm/ obsah, objem; svazek

W
whence /wens/ prodeZ, tudiZ, odkud
whereas /wearaz/ kdezto, zatimco
whereby /wes Bai/ &im¥, a tim

X
to yield /jii¢ld/ ddvat, poskytovat

Z
zero /ziasrou/ nula



91

SUPPLEMENTARY READING MATTER

Text 1
" NUMBERAL SYSTEMS

The common numeral system, which is employed today in most of the civilized
world, is said to have the base teng thus 1t 18 also known as a decimal system -
from the Latin “decem’(ten). Undoubtedly the system had its origin iu an @arly
counting procedure that was based on the utilization of the fingers of both
‘hands rather than one. The basic symbols of this system are ealled digits, im=
plying a historical relatignshlp with the fingers. The fact that the base of the
system is ten is apparent even from & cursory examination of the arrsay that

follows: 1, 2, 3. 4, 5 6, 7, 8 9, 10,

11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30,

One must know the base of a numeral syStém to unddrstand the mesaning of the
number symbolism that is employed. Thus; since the base of the common system is
téng 11 is an abbreviation for ten + 1, 12 is %en + 2, and so ong 21 is an abbrew
viation for.2 tens + 1, 22 1s 2 tens + 2, and so on. Likewise, 4273 is an abbre-
viation for 4 thousands plus 2 hundreds plus 7 tens plus 3, which may e written

4(10 x 10 x 10) + 2(10 x 10) + 7(10) + 3
or 4(10)7 + 2(20)% + 7Y + 3

We can trace the origin of this useful system of notation to anr@arly\ﬁiméu
numerical scheme which may have had itz true conception in the work of the Babye=
lonians. The Hindu system bscame part of our culture when, during the Middlse
Ages, it was transmitted by the Arabs to Western Burope. It appears that §he
Arabs, clever merchanits and traders of the sarly Middle Ages, had adopted the
Hindu scheme in preference to others then in use beecause it seemsd %o facilitats
the arithmetic of their commercial transsctions. The actual symbols of our common
gystem of notation as we know them today, however, did not become standardized
until several centuries after their preliminary adoption in Europe = that is,
after printed materials had received comparativily wide circeulation.

Some numerical sysiems have a base twenty; §robam?v theiyr primitive origina-
tors counted on their tves as well as on their fingers. Most such systems ape
now obsolete. In early English literature, interestingly encugh, there are frem
quent references fo an early counting system of base %wenty, note, for @xample,
"three scors and ten ".The base sixty was employed in antiquity by several ine-
fluential peoples of +the Near Fastg a residue of & number system of base sixuty
is 8till found in our common method of meaguring time and in the manner in which
‘we divide a‘circle into dégrees; minutes, and seconds. Some modern scholars have

advocated the use of & new system of base twelveg there is 1ittls doubt - although
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some persons may find it hard to belisve = that such a system would have some
arithmetical advantages over the usual decimal system.

Modern computing machine techniques frequently require the use of & binary
system of notation; that is, the base is two. If O and 1 are chosen as the fore
mative symbols of a binary system - only two symbols are required - 11011 would
denote the number itwenty-seven. This follows from the fact that, in the binary
system, 11011 means 1(2)% + 1(2)° + 0(2)% + 1(2) + 1, which 458 16 + 8 + 0 + 2 +
+ 1 or twenty-seven.

It should be evident from these comments that the base of a number system,
like many aspects of mathematics, is quite arbitrary; certéinly there is nothing
"natural®™ about the base ten. Mathematical science itself, in fact, iz & man~made
intellectual discipline.

Text 2
THE GREEK MATHEMATICAL GENIUS

Euclid, who also possessed remarkable ability as an organizer and synthesizer,
was probably the first professor of mathematics at the University of Alexandria;
his career at the University, it appears, started shorily before 300 BeCe Vire
tuallﬂmothing is known of Eueclid, the man, although he continues to live through
his works. It seems likely that he received his mathematical education at Plato’s
Academy; certainly there were available to him the,distinguished studies of the
epinent Greek mathematicians and philosophers who preceded hime

Buclid was a prolific writer. We know that he was the author of at least ten
treatises., His writihg of The Flements, in thirteen books, is generallyrregarded
as the most notable event in the history of mathematical exposition and organi-
zation. Although it seems clear that The Elements was written as a reference work
for students of mathematics, and should not be regarded as an encyclopedia of ma=

thematical knowledge in Euclid’s time, yet its coverage of mathematical subjects,
as understood by the Greeks in the third century B.C., is quite remarkable,

The slementary algebra was handiéd geometrically: let us recall the problem
of squaring the number (a + b) and its geometric representation as the area of
a square, {a + b) on a side. The Elements also contains many itreatments of pro-
perties of the natural numbers, theredby carrying on the Pythagorean tradition.
Moreover, there appears the demonstration of the irrationality of V2 using the
method traditionally described as %reduction to an absurdity"” and the Pythago-
rean theorem applied to a right triangle in which each leg is one unit in length.
Euclid demohstrated 465 propositions, which he developed in a logical chain
l from te&n primary propositions given without pioof at the™start. These he divided
into two sets of five each and called “common notibns' and ‘postulates’ as listed

below; the letter C denotes a “common notion’ and P a ‘postulate.
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Cl. Things which are equal to the same thing are also squal to one agother.
C2. If equals be added to equals, the wholes are equal. ‘

C3. If equals be subtracted from equals, the remainders are squal,

C4. Things which coincide with one another are equal to one another.

C5. The whole is greater than the part. ’

Pls. It dis possibdble @c-draw a straight line from any point to any e@her point.

P2. It is possible to pr
straight line,

¢ a finite straight line indefinitely in that

P3. It is possible to describe a circle with any point as centre and with
a radius equal to any Tinite straight line drawn Ffrom the cenire.

P4, All vight angles are equal %o one another.

P5. If a straight line intersects two straight lines so that the inierior
angles on one side of it are together less than two right angles, ithese
giraight lines will interssct, if indefinitely produced, on the side on
which are the angles which are together less than two right sngles.

S0, 1n the work of BEuclid, although orude by modern standards, thers is availe
able the first illustration, at least the first that has come down to us, of

what present-day mathematicians would call a mathematical discourse.

Text 3
EUCLID'S PIFTH POSTULATE AND RON=-EUCLIDEAN GEOMETRY

It appears that the first mathematician %o pubiish articles that revealed =sonme
ideas on non-Buelidean geometry was the Russlan, Nikolai Ivanaviéh Lobacheveky
(1793-1856). In his writings during the years 1829-30 he advanced the belief
that a mathematical discourse which he had developed was actually a new and dige
tinet geometry. He had started with a set of primary propositions that included
the acute-angle hypothesis vather than the twraditional Fifth Postulate.

Unfortunately, the work of Lobachevsky was written in Hussian, which was then
little understood in Westerm Europe and Americs; moreover, there was 1little ex-
change of mathematical literature betwsen Russia and the vest of the world. So,
the Hungarian, Jdnos Bolyai (1802-1860), carried out many studies, published in
1832, that were guite similar to those of Lobachevsky; apparently9 Bolyai did
not kﬁow of the essential duplication. But C.F. Gauss (1777-1855), the brilliant
and versatile German mathematician, wrote to Bolyai’s father that he had known
for several years that it is possible o develop & distinctive gedmetrya'based
on & consistent collection of propositions. At the urging of Gauss, Lobachevsky
was honoured by the Royal Society of GEttingen.

Aceoeptable demonstrations of the consistency of the propositions of the new
geometry, based on the assumpiion that PFuclidean geometry is consistent, came
into being shortly after there was general understanding of the work of Lobachev-
sky, Bolyai and Gauss. Such demonstrations were supplied by several mathemati-
cians, inéluding Arthur Cayley (1821-1895), Eugenio Beltrami (1835=1900), Henri
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Poincaré (1854-1912), and Felix Klein (1849-1925).

The development of another non-BEuclidsaf geometry, based in part upon the hy=
pethesis of the obtuse angle, involved puzzling problems of considerable diffi-
cultye. In fact; ultimate success required the spesific abolition within the new
-geometry of the proposition that a straight line is infinite in extent. (0f course,
" such an abolitlon in this one geometry has no effect on other geometries.) Finale
1y, however, in 1854, G.F.B. Riemann (1826=1866) succeeded in making the necessary
adjustménts, and a second non-Buclidégn geometry was unveiled to the mathematical
world. The new geometry which Riemann created is now known as elliptic geometry.
Success in'the development of this partiéular geometry was an influential factor
in Riemann’s later development of a general class of geometries, a particular in-
stance of which has been found useful in certain studies of ihe space of the cos~

mos, described for some purposes as "curved space.®

Text 4
THE AXIOMATIZATION OF ARITHMETIC

Following the arithmetization of classical mathematics, it was natural that
attention should next be directed toward the foundations of arithmetic itself,
and inifact this is what happened around 1880. Apparently, before the 19th cen=
tury, no one had attempted to define amddition and multiplication in any other way
than by a direct appeal to intuition. X

Leibnitz alone, faithful to his principles, pointed out explicitly that "truths®
as "obvious® as 2 + 2 = 4 are’no less capable of proof, if one reflects on the
deTinitions of the numbers which eppear therein and he did not by any means Te=
gard the commutativity of addition and multiplication as self-evident. As exam-
ples of non-commutative operations, he cited subtraction, division and exponen-
tiation. At one time he even attempted to introduce such operations into his loe
gical calculus. He did not, however, push his reflections on this subject any
further, and in the middle of the 19th century progress was still not made in this.
direction.

Even Weierstrass, whose lectures coniributed greatly to the spread of "arith=
metizing” point of view, did not realize the necessity of a logical clarification
of the theory of integers. The first step in this direction is apparently due to
Grassman who, in 1861, gave a definition of addition and mitiiplication of inte-
gers and proved their fundamefital properties (commutativity, associativity, dis-
tributivity), using nothing but the. operstion x-sx + 1 and the principle of in-
duction.

The latter had been clearly conceived and used for the first time in the 17th
century by Be. Pascal though more or less explicit applications of it are to be

found in the mathematics of antiquity - and it was in current use by mathematicians
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from the second half of the 17th century.

But it was not until 1888 that Dedekind enuncisted s complete system of axioms
for arithmetic (reproduced three years later by Peano and usually known under his
name), which contained in particular a precise formulation of the prineiple of
induction (which Grassman had used without emunciating it explicitly).

With this axiomatization it seemed that~£he definitive foundations of mathe-
‘matics had been attained. But, in fact; 5t the very moment when the axioms of
arithmetic were being clearly’formulated, arithmetic itself was being dethroned
from this role of primordisal sciance in the eyes of many mathematicisans {(begin=-
ning with Dedekind and Peano) in'favour of the most recent of mathematical theow
ries, namely the theory of sets; and the conitroversies which were to surround
the notion of integers cannot be isolated ‘from the great "erisis of foundationa®
of the years 1900-—1930@

Text 5
COMBINATORIAL ANALYSIS

In the language of set theory, combinatorial analysis is concerned with the
arrangement of elements (discrete things) into sets, subject to specified condie
tions. A person playing chess is faced with a combinatorial problem: how bhest to
bring about an arrangement of elements {(chess pieces) on an eight-by=eight lattide,
subject to chess rules, so that a certain element (his opponent ‘s king) will be
unable to avoid capture. '

Combinatorial number probléms are as old as numbers. In China 1,000 years B.C,
mathematicians were exploring number combinations and permutations. The ‘Lo Shu®,
an ancient Chinese magic sguare, is an exercise in elementary combinations. How
can the nine digits be placed in & square array to form eight intersecting sets
of three digits (rows, columns and main diagonals) each summing to the Same nume
ber? Not counting rotations and reflections, the ‘Lo Shu” is the onlyzanswer.

Until the 19th century most comblnatoraal problems were, like magic squares,
studied either as mystical lore or mathematical recreations. It was not until
about 1900 that combinatorial analysis began to be recognized as an independent
branch of mathematicz. The upsurge of intersst in recent decades has many ressong.
Modern mathematics is much concerned with logical foundations, and a large part
of formal logic is combinatoriale. Modern science is much concermed with probabi-
lity, and most probability problems demand prior combinatorial analysise.

The two main types of combinatorial problems are "existence® problems and
Yenumeration®" problems. An exiStence‘problem is simply the question of whether
or not a certain pattern of elements exists. It is answered with an example or
a proof of possibility or impossibility. If the pattern exists, enumeration pro-
blems follow. How many varieties of the pattern are there? What is the best way
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to élassify them? What patterns meet various maxima and minima conditions? And
80 On. ' ,

We can illustrate both types of problem by considering the following simple
question: Is it possible to arrange 2 set of positive integers from 1 to n in &
hexagonal array of n cells so that all rows have a constant sum? In short: Is a
magic hexagon possible? Among the infinite number of ways to piace integers from
1 to n in hexagonal arrays, only one pattern is magic! A pattern of iﬁtegers
arranged in a unique, elegant manner usually has many bizarre properties.

The arrangement of elements in square and rectangular matrices provides a
large portion of modern combinatorial prodblems, many of which have found useful
applications in the field of experimental design. In ‘Latin squares “the elements
are so arrenged that an element of one type appears no more than once in each

row. and column.

Text 6
LEBESGUE 'S THEORY OF INTEGRATION

Ho Lebesgue (1875-1941) may be said to have created the first genuine theory
of integration. Various definitions, theorems and examples existed prior to his
work, but they lacked the coherence and completeness of a true theory.

Nevertheless, these pre-Lebesgue contributicnS‘paveﬁ the way for a sophisti=
cated theory of integration. Specifieally, they provided Lebesgue with both
1) a fully developed measure~theoretic point of view and 2) s number of theore-
tical "problems™ that had been discovered within the éontext of Rieménn's defi=
nition of the integral\(although they were not seriously regarded as problematic
at the time),

To appreciate what Lebesgue did and why he did it, his work must be regarded
with the context of the historical developments that produced 1) and 2). The
theoretical significance of the development‘of g measure=theoretic viewpoint is
that it provided new ways of looking at the Cauchy-Riemann definition of the de-
finite integral = ways that made its generalizabillty more apparentg

Riemann’s theory of integration (1854) was dexrived from Cauchy ‘s by weakening
as far as possible the assumptions on the function to he integrated. That is,
whereas Cauchy restricted himself to continuous functions, Riemann defined a
bounded function f(x) to be integrable on [a,b] if and only if the Cauchy sums

S, k-Ei () (x = % _4)
where g = X <x3<eeey <X =b and ty élxk-l’ xkj approach a unique limiting
value as the norm ofbthe partition approaches O. This unique Hmiting value is
then by definition § £(x)dx . |
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Riemann’s theory of integration, both in its origins and its subsegquent de=
velopment was closely related to investigations in the theory of trigonometric
series. Consequently, it is not surprising that Lebesgue’s first application of
his integral was in this area. And it is in the'theory of trigonometric series
that he demonstrated the utility that the notion of the integral he infroducsd
could have in the study of discontinucus functions of a real variable.

Lebesgue s work ise characterized, in part, by its effective use of termmbym
=term integration of sequence and series that may not converge uniforumly. In
1870°s when the problem bf integrating series term-by-term first came into pro-
minence, the importance of uniform convergence had been overemphasized. By the
end of the century, however, atitention was focused on thé rossibility of terme
=by=-term integration of nonuniformly converging series.

It was discovered that the validity of term-by-term integration could be Pro=
vided if the condition of uniform convergence were replaced by that of uniform
boundedness. But it was then also necessary to impose an additional agsumpticn
(continuity or integrability) on the function to which the series COnvVerges. Th@
complexity of the proofs - caused by these additional assumptions = stands in
sharp contrast with the simplicity and greater generallty later obtained by Lo
besgue whd was able to build upon the work of his predecessors.

The question of term=-by-term integration is of partieular theoreticel inpore
tance in the theory of trigonometric series. It was in the theory of Fourier se-
ries that the nonessential nature of uniform convergence for term=by~term inte=

gration became especially evident.

Textv 7

FROM GAMBLERS ® RULES TO AN AXIOMATIC THEORY OF PROBABILITY

Undoubtedly questions of chance have engaged the attention of men since andi-
quitye However, the mathematical treatment of probability did not begin until the
fifteenth century. One of the first printed discussions of games of chance is
Iuca Pacioli’s "Suma® (1494). In this work Pacioli proposed the now famous "prob-
lem of points™ or "division problem”, in which one is required to determine, on
the basis of partial scores, s fair distribution of the stakes in an interrupted
game of chance. '

In the sixteenth century Girolamo Cardano, ancthér Italian, wrote a gambler’s
handbook in which he siated certain rules that allowed one to solve the dice
problem (odds of getting a specified result) for one die. About Pifty years later
Galileo gave a complete table for the three-=dice problem.

Despite these early attempts at mathematizing the laws of chance, the birth
of probability theory as & mathematical discipline is identified with the year

1654. In that year George Brossin, Chevalier de Mere, a courtier of Louls XIV,
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proposed both the dice problem and the division problem to Blaise Pascal. The
chevalier had found that this theoretical reasoning on the problems did not
agfee with his observations. Pascal communicated the problem to Pierre de Fermat,
and both scon arrived at solutions. Their work is considered the major break-
through in founding the mathematical theory of probability.

The work of Pascal and Fermat generated widespread interest in pppbabilitye
In 1655 Christian Huygens travelled to Paris to learn more of Pascal s ideas.
Although he failed to see the famous Frenchman, he returned home and independent=~
ly composed a treatise on the theory of probabllity that was the first of its
kind to be published {(1658). Although in its infancy the study of probability
centred about games of chance and was plagued by paradoxes resulting from an un-
satisfactory definition of probability, after the year 1700 the theory began to
advance at a rapid pace.

The second significant publication was an essay by Pierre-Remond de Montmori
(1708)s In 1713 the first book devoted entirely to probability appeared. It was
"Ars conjectandi” (i.e. the art of guessing) by Jakob Bermoulli, the first of a
series of major contribvutions by the Bernoulli family. Abraham de Moivre pﬁblished‘
his "Doctrine of Chance® in 1718, and the theory of probability continued to
grow throughout the eighteenth and nineteenth centuries with contributions from
Fuler, Laplace, Gauss, and many others.

In the last one hundred years probability theory has advanced significantly
through the efforts of mathematicians to provide a firm mathematical base on
which to build. The culmination of this effort was the publiecation, during the
19308, of A.N. Kolmogorov s "Foundations of the theory of probability", which
developed probability theory on a rigorous axiomatic basis, thus completing the
transifion of the subject from a collection of suggestions for gamblers to a de=

ductive mathematical system.

- e G am e E w

Historical note. Considering the probabilities in-
volved in throwing four coins,

five coins and so on, Pascal came to the aid of the
mathematicians with an interesting “"triangle®™ now
1 1 named after hime z

Let us consider the triangular array of numbers
(left). Bach number in this "{riangle™ is the sum of
1 3 3 1 the two.numbers immediately above it (0 must be sup=
posed where one of these two numbers is missing).
Thus 4 in the fifth row down is the sum of 1 and 3;
6 is the sum of 3 and 3; and so forth. Hence we would
construct row after row by mere arithmetice.

The really interesting feature of the Pascal tri-
angle is that it gives at once the probabilities in-
volved in coin fossing.

~ Pascal’s triangle~



Text 8
THE BINARY LOGIC OF COMPUTERS

«

Boolean algebra (named after the mathematician George Boole, 1815=1864) usss
algebraic notation to express logical relationships in the same way that con~
ventional algebra is used to express mathematical relationships. In conventional
algebra, an expression such as p+ g =r is a general expression consisting of
variables p, q and r, which can take numbers as values, and symbols standing
for mathematical operations such as addition. In Boolean algebra the same sorts
of expressiom are used, but the variables do not stand for numbers but for sta=
tements, e.g. "the cat is on the mai", and the logical operations which relate
such statements, e.g. “or%, fand".

The relevance of Boolean algebra ito the logic of computers lies in a simpli-
fication of the system in which the values of the variables are restricted to
the two possible truth values of a statement, i.e. "trﬁé" and "false". These va~
lues may be represented by the digits O and 1, thus enadbling the logic of Bool=-
ean algebra to be applied to the binaxry logic of cémputerse

The truth value of a complex logical statement made up of variables and the
relations between them depends on the truth table of each variable ahd the lo=
gical relationships between them.iBasic logical relationships or operations are
defined by means of truth tables which give the truth value of the expression
for all combinations of values for the constituent variables.

An example of a Boolean operation holding between two operands is the ‘and’
operation (also'known as the logical product, conjunction, intersection or meet).
This can be represented symbolically as p‘zq, P«q, Pq, Kpg. The truth table
for the result » of the 'and’operation on the operands p,q is given belows

Operands Result

. p o4 -
1 0 0
0 o 0
0 10
1 1 1

O ,
This can be interpreted as meaning that the operation ‘and’ results in the truth

value 1 only if both operands have this value, but is O if any one of the vari=-
ables has this value.
Boolean operations on two operands are known as dyadic Boolean operations.

[}
]

Truth tables for the following dyadic operations can be found under the appro-
priate entries of this dietionary: “inclusive-or’ operation, ‘exclusive-or’ ope-
ration, equivalence operation, ‘not-and’ operation, “nor’ operation, conditional

implication operation, ‘not=if-then” operation.
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Two Boolean operations are known as complementary operations if the result
of one is the opposite or negation of thse result of the other; e.ge the ‘or”

- operation is complementary to the ’norf operation. Two Boolean operations are
said to be dual operations if the truth table of omne can be transformed inteo the
truth table of the other by negating each value in the table, e.ge, the ‘or’ ope-
ration is the dual of the “and’ operation. ) .

In general, & Boolean operation is an coperstion in which the result of giving
each of a set of variables one of two values is itselif one of two values. Since
the internal states of a digital computer can only have one of two values, cire
cuits can be desigred ito simulate the Boolean operations. Thése devices are
known as logic elements, or gates. For example, the ‘and’ element corresponds
to the Boolsan 'and"operationﬁ and is a loglc element which produces an output
signal of 1 only 1if all its input signals sre alsoc l.

The use of logic elements is fundamental to the operstions by the digital
computers all the operations available to ithe prugrammer are ultimately executed
by means of some combination of signals passiﬁg through logic elements.

Text 9
ITERATION -~ A JOB FOﬁ,b6MPUTERS

Sltera%ion is a single cycle of operati&ns from an iterative routine, icee,
8 program which achieves 2 result by repeatedly pverforming a series of operations
until some specified condition is obtailned. Iterative methods of obtaining appro=
ximate solutions to various iypes of equation are most suitab1e for use by digi-:
tal computer. If an iterative process car be set up, the computer, by virtue 6f
its ability %o perfﬁrm simple calculations gquickly, can produce an answer of any
desired accuracy. The prerequisites for an iterative process are: (1} a starting
point or a guesss (ii) an iterative step. '

Suppose, for instance, we want to find the square root of "a number; then if
we toke as our stariing point the integer which gives the nearsst answer, and

define our iterative process to be§

2
X + &
n-1
z = R inniiand
a 2%,

where a is the number whose square rceot is veguired, we will successively get
better and better answers (i.s. we will produce a series of numbers which con=-
verge to Ya). Take for instance the square root of 2.

If we stert with %y
8o that with only thrse steps we have reached a vexy good approximation. Of

=1 we gel: x, = 1.5, Xy = 1.417, Xy = 1.414

course we need not have started as close to the answer as 1. Suppose we had

started with = = 50, then we would get:
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X2 = 50 xs = 6036 x8 = 1.499
XB = 25 0.02' - Xg _’II 3634 X.9 = 1,418
X4 = 12.54 x7 = 1,97 X10'= 10414

As we might have expected then, the betier guess one takes as a starting
point the less steps one has to make. Usually a compromise has to be made be-
tween making a good guess and having a large number of steps. If we wanted 4o
find the square root of a number which we knew lay between O and 10,000 we might
well take 50 as a starting ﬁoint rather than searech for a closer one.

The iterative process may be continued until any desired accuracy is reached,
In terms of a program this merely requires the insertién of a test routine to
test how much more accurate each step is making the solution. If the value of
our x changes only by one part in 1,000 at a particular step, then our solution
will be within at least one part in 100 of the exact solution.

4 very simple iterative process has been cited here: there are many exiremely
useful and sometimes sophisticated iterative processes for solving various types
of equation. The example was, in fact, an application of Newton's Method, which
may be applied to many types of equation.

It would be wrong to suggest that all equations can be solved by iterative
methods. Where such methods can be used, however, the digital computer proves

invaluable in removing the tedium of repetitive caleulation.

Text 10
LINEAR PROGRAMMING

Linear programming is a secition of mathematical programming which has proved
extremely valuable in many filelds, particularly that of allocation probléms@

Linear programming problems are those in which: (1) the objective can be ex-
pressed as the maximization or minimization of a linear function of the variables
i.e. the variables have fixed costs, profits, etce per unit of the items; and
(i1) the objective function described in (i) is restricted by a set of constraints
which may also be expressed as linear funciions of the variables. Putting this
less formally, linear programming enables us to maximize or minimize & function
which is the sum of multiples of several variables subject to constraints upon
these variables; these constraints can themselves be written as sums of multiples
of the variables.

To iliustrate the use of linear programming we shall consider a very simple
example, for clarity. Suppose we wish to make a diet for pigs, and we want the
diet to cost as 1ittle as possible, but to contain definite mipimum quantities

of various vitamins; using certain basic foods.,
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We consider one unit by weight of this food, say one pound. We want to minie
mize the total cost/so we need to know the cost of each food per ounce.voﬁr con=-
straints are that the diet must contain certain minimal quanti%ies of various
vitamina, and since the vitamin content of each food will depend on its weight
this can be expressed linearly. Thus we will need to know: (i) the cost of each
food per ounce; {ii) the vitamin content per ounce of sach food. We can then
write:

Total cost = a x (cost of first food) + b x (cost of second food), etc.

Content of vitamin 1 = & x (vitamin 1 content of first food) + b x‘(vitamin i
content of second food), etc.

Content of vitamin 2 = a x (vitamin 2 content Qf firet food) + b x (vitamin 2
content of second food), etc.

- Total weight = 16 ounces = a + b + ¢, &tc.

where a, b, ¢, etc. are the amounts of each food.

Use of linear programming will then find for us the values of &, b, ¢, etce,
which will give us the minimunm vitamin content defined and minimize the total
cost. 7

Perhaps linear programning has become s0 popular because its results can be
readily shown to be economically valuable and that‘it can be very easily used
with a dlgital computer.

There are several techniques for the solution of linear programming problems,
the most common of which is the simplex technique developed by Dantzige Other
methods have been developed by Beale and French. It is generally accepted that
the 81mplex method is the most useful. The derivations of the techniques are
lengthy but not too difficult to follow.
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