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Abychom nécemu porozuméli, musime to roztrhat na kousky a tv
znovu sestavit do podoby, kterd nds uspokoji. Bude se nejspis lisit
od pitvodniho tvaru uZ vzhledem k riiznosti nasich mysli. Nase
syntéza je vsak vysledkem viasiniho usili, studia a mnoha diskusi

a musime za ni prevzit osobni zodpovédnost.
J. G. Synge

(z predmluvy ke knize Relativity: The Special Theory)




Mezinarodni soustava jednotek SI

. délka — metr,

. hmotnost — kilogram.,

. ¢as — sekunda,

. elektricky proud — ampér,

. termodynamicka teplota — kelvin,

. latkové mnozstvi — mol,

. svitivost — kandela.




Tabulka 1.1 Nékteré zakladni jednotky SI

VELICINA NAZEV JEDNOTKY SYMBOL

délka metr
cas sekunda
hmotnost kilogram

Tabulka 1.2 Predpony jednotek SI
NASOBEK PREDPONA /NACKA NASOBEK PREDPONA ZNACKA

10—24 yokto-
l(]_f; zepto-
10~ atto-
[0—15 femto-
piko-
nano-
mikro-
mili-
centi-
deci-

10> yotta-
1021 zetta-
1018 exa-
101> peta-
1012 tera-
10? giga-
10° mega-
10° kilo-
102 hekto-
10! deka-

o Z0O4dTmN<
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Nejuzivanéjsi predpony jsou vytiStény tucné.




Tabulka 1.3 Radové velikosti a rozméry
DELKA V METRECH
k nejvzdalendjsimu kvazaru (1996) 2.10%°
k mlhoviné v Andromedé 2-10%?
k nejblizsi hvézdé (Proxima Centauri) 4.1010
k nejvzdalendjsi planeté (Pluto) 6-1012
polomér Zem¢ 6-10°
vySka Mount Everestu 9.10°
vyika ¢lovéka 2-10°
tloustka této stranky .10~
vlnovd délka svétla 5.1077
typickd velikost viru 1-10~8
polomér atomu vodiku 5-1071
polomér protonu .10~

Jeden metr je vzdalenost, kterou urazi svétlo ve vakuu
za dobu 1/299 792 458 sekundy.

Zadny konec¢ny vysledek by obecné nemél byt zapsdn
Cislem s vétSim poctem platnych mist, nez mély vychozi
udaje.
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Mosc of space Jooks as empty as this, the glow of distane galaxies like clotted dust. This
emptiness is normal; our own bright home-world is the exception. A tenfold larger view
would show no new structure, no néw void; the universe is roughly uniform at such di-
mensions. Novelty on o grand a scale is to be songht over time rather than from place to
place. All swift change is in the past. This view will dim slowly, for 2 few billion years at
least, a5 the faint clusters drift still farcher aparc. i




10% eters

~ 100 million light-years

24 )
10 metru

We look toward our distant home in the Milky Way. Butwe see mostly one large intervening
cluster of galaxies, called the Virgo Cluster. Galaxies as # rule associate into orbiting
clusrers and groups. There is reason to believe that our Milky Way is irself an ourlier of the
" big Virgo Cluster, responsive to its steady gravitational pull: parct of & supercluster. Out
there beyond the Milky Way is a good-sized volume nearly devoid of noticeable galaxies.
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These are the galaxics of our own cosmic region, cach single bright spot made by the
summed light of stars by the billion. Their murual gravity binds strs into galaxies, every
one g cotiple swirm of moving stars.
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This flat circular disk is our own Galaxy, the Milky Way, with its spiral strocture. It travels
in space with two saellite galaxies, the iregular linle Clouds of Magellan. Moo many
fralaxies are Jarger than ours; nor are many seen that ape smaller-than the Clouds.
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We loak face-on directly at the Milky Way spiral. A hundred billion stars muevally bound
by gravity encircle cthe central region, some passing close in, some in wider orbits. Our

. own sun swings with the rest in dignified passage clockwise abour the distant galacric
center, onoe every thoee hundred million years. External galaxies akin t6 our ¢wn are scat-
rered throughour space as far as we can see. They too rotate slowly as chey drift.
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Clouds of stars and glowing gas, with patches of darkening dust, mark the slow.changing
spiral patterns of the Galaxy disk. Our distant sun cannor be seen here, I:-u.t it is in the center
of the image, near the border of one spiral am.
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In this view we ate within the disk of the Galaxy, right among a host of stars visible here

as individuals. Almost every star of the thousand mapped by the old watchers of the sky,
: those who first gathered stars into constellations, lies within rhis square, our own galactic

neighborhood, There are many other stars as well, too fint for the eye o see.
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A skyful of distince srars: One among them, eentral, but too fint to pick cut, is our sun.
The star Arcturus, prominent in the northern sky of earth, shines brighdy, Arceurus is in-
tripsically more luminous than our sun, and here we are nearer to it as well.
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Most of the matcer we kriow is formed intg stars, spheres of gas nourished by central
nuclear fires that often maintain the glow for a very long time. At this point in the joutney,

with no star nearby, we see the realm of the sears chiefly as a distant background, no differ
ent from the night sky we view from earth. For several frames the star background remains
unchanged: The visible stars are strewn so deep in space thar these seeps are small in
comparison. Hence they cause no noticeable shifes.
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Here one central sear is brighter than the resr, only because it is 5o much nearer. That sear
is the sun. The contrast becween night and day, berween the cold gliteer of the searry sky
and life-giving warmth, is the consequence simply of our planer's location next ta one
modest star. Once we have drawn away from the sun, we can recognize that it is one sear
among many stirs, and all distant stars are in some way song. .

10 metru




Only the sun is to be seen, againse & background of fainter stars beyond: Once that was all
we knew of the frontier of the sun’s system. We know now that a grear cloud of icy comets
orbits slowly here, though invisible in the weuk sunlight. We see comets only as year after
year a few fall into the brighter regions near earth. There we catch sight of them, moving
in the sky like temporary planers, the sun’s fires boiling out theirlong faine tails.

10 metru
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All the sun's planers circulate within the small sgeare, Prom earth the planets hive always
stond ont, & few strange brighe stars restlessly wandering in'a skyful of unchanging pat-

terns. Seen here from outside, the planers take on their Copemnican aspect; they move
around the snn on these nested cllipses, mapped by colored lines.

10 metru
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The paths of the outer planets fill this picture. That strongly tilted orbir belongs o litde,
awry Pluto. The four others are those of big Nepmne, Uranos, Satom, and Jupiter, with
their many satellites. Between Jupiter's path and the sun run the inner planets in their
smaller orbirs. The planets circulare councerclockwise here, all in neary the same plane,
which we view at an angle: The planetary system, apart from Pluro, is flar as a pancake.
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Mars, Earth, Venus, Mercury. Another swarm of objects oo small and fa
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Endosed in the parh of massivie Tupicer, these are the orbir
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Now we see the inner solar system. The green arc is traversed by planet Earth during some
six weeks each Seprember and October.
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This path marks the earth’s way for four days in Ocrober; within it the moon’s roure
indicared relarive to canch. The moon a el rimes lies somewhere on that small ellipse which
moves along with the earth in ies arbit.
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The farchest place our own kind has yer visited is the companion moon, our nearest celestial
- neighbor. Bright moonlight and the tides witness her prostimiy.
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space, a spacecraft in otbit, no Adas and no turdes to support

atound the sun carries it across such a sguare as this every hour
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The earch in demil: blue sky, whire clouds, dark seas, brown lands, a globe turning always
eastward, The makers of aps had for three cenruries prepared ws for this sighe, bue it
became real to eyes as well as to mind only around 1967
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This region, viewed from 2 low orbir, holds the whole of Lake Michigan; the broad sheet
of warer, like the flac silted lunds around it, was formed by continental glaciers in the most
recent geological past, a few tens of thousands of years ago. The day's weather is marked
by clouds areayed in streees and clumps. Though we are looking at the homes of tens of
millions of people, the work of human hands is hardly to be seen,
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' Thie meteopolitan arex of Chicago nestles ar the souch end of the lake. On a day like this,
someone walking slong the stréet might have looked up to & blue sky; but the camera

plane was flying so high it would have been hard to pick our, The latrice visible among so
many blumed steeets is the mile-square god of wide Chicago boulevards.
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The heart of the city appears, place of home and work for a million people. The whole:

; ~ strucrure shown here—ciry discrices, parks, hatbor—is familiar to them, The conflagration
of 1871 burned the city of wooden houses which then lay wichin this square, Most of the
deail shown is newer, though the streer and railroad layour survived the fice, as in the
foture they will ootlive most of the individual buildings.
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Now we look ar a view that is nor 2 maplike wacery of symbols, bur a scene of familiar
places within the city: Lake Shore Diive, Soldiers' Field, an airstrip, boat docks, museutns,
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The picnic in the park is not far from the roaring highway and the boats at their docks.
The picnickers can enjoy & sense of privacy all the same, for no cne else is near. Were people
evenly spread over all the word's land area, these rwo could lay claim to six times the arez
of this whole squate. To mise their own grain, they would need ro cultivate only this
grassy plot.
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A man and & woman are at a picnic in the park. This picnic is the center of every picrure
“outward to the view among the galaxies.
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This is the scale of human companionship, conversation, touch: A man is asleep on 2 warm
Ocrober day. Around him 2re nevessities and pleasares for mind and body. Between this
image and the next frame inward, the size of the image would for once march the size of
what it represents, “'Of all things man is the measure," wrote Frotagoras the Sophist.
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The seale is now intimate: This is the look of the back of your own hand, z little enlarged.
‘Thar animate stracture, guided by eye and mirvd, joined over time by many another in the
human endeavor, has fashioned all the representations we have of the world, incuding this
of the hand itself.
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A searching look ax the skin as if through o strong magnifier, The creasing is both the sign
and the means of the skin's flexibiliry.
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-Heze we share the world of the microscopist, who has unlocked so much of narure, Foreach
image still closer in than this one, we come nine-tenths of the remaining distance toward
the inner end of our journey, jusc below the skin of the man, within a cell passing along a
riny blood vessel, |




0.1 millimate 100 microns
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Unexpected detail appears; we can scarcely orient cusselves. Deeper still, we enter an ingi-
mrate world within, as unfamiliac to us as the distant stars,
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Wi pass through the living skin to enter a capillary vessel, whese blood oozes by, Most
blood cells ase the small, incomplete, short-lived disks thar give red blood its color: this
whire cell, a lymphocyte, is a long-lived parcicipant in the complex cellular and chemical
strategy called the immune system, the body's defense against infection.
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We are inside the ruffly lymphocyte, only to face another surface, & protecrive membrane
within the cell thar encloses its nueleus. The minute pores allow marerials from within to
enter the larger volume of the cell. Every complere cell has such a nucleus, whose melecular
products inform the entire life of the cell. In one human body are & hundred times more
cells chan chere are stars in the Galaxy.,
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Held safely inside the cell nuclens are enormously long molecules, the eoiled coils of DA,
cunningly spooled and folded within this tiny space. These viral instructions ave carcfully
duplicared at every cell division. One such thread of DMA, & few centimeters long, is stored
in each of the forcy-six chromosomes within the nuclens of every human cell,
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In this close-up the DA is seen 25 2 long twisted molecular ladder, the double helix, The
individualicy of the organism is held in the running sequence of the differing rungs. Thae
chemical message is spelled oot ar greac lengeh in a molecular alphaber of faur lerrers, One
alphaber serves all life, but the tale rerold in every cell of the body differs from individual
to individual. The two rails of the ladder come apart daring eell duplication, each to ace
as & remplace for one complete new copy of the ladder of rangs. e
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These building blocks are moleculsr typography, the lewers of the genetic message. It is
their particular order thar spells ouc the long rext. The forms are chemical parterns, the
ordinary stable structures of bound atoms, themselves indifferent ro life. The central carbon
atom is bonded to three visible hydrogen atoms (and to ancther acom thar lies behind}, A
similar linkage might well be found abundantly among cathon and hydrogen atoms drifing
in the cold thin clouds of incerstellar spage. :
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The quantum laws of atomie scale require a description of electron motion that is more
subtle and less sequential than for the moying panticles of ordinary experience. Accordingly,
the dot texture shown does not map individual electrons; instead, it suggrests the dond of
elecerical charge the elecirons paine out during their symmetrical bur uncrackable quantum
pitreern of motion. In that cloud the surface electrons are shared by the bonded atoms.

a
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dance a neat sphere of electric charge. The four ourer elecerons of carbon can come and go,
whether'in flame, in dizmond, or in DNA. But these inner electrons remain indifferent to P
ordinary experiences, which cannot disturb their seclusion; they respend only 1o the no-

cleus within. :
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The compact core of the arom begins to appear. The balance of aromic force is set by this
nucleus, whose steong electrical artraction binds the electron dance, To bind six negatively
charged electrons, exactly six positive procons must cluster within the nucleus: That
number (the atomic number) defines the element carbon. We know abont a hundred distinet

species of these tiny proton clusters, the elements: Modular bur diverse, they determine the
material universe,
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We see clearly the minnte and massive kernel of this particular carbon avom., Its close-packed
nuclesr components are in vigorons guancum motion, bue here the motion is profoundly
restricted and fluidlike. Bound by nonelectrical nuclear forces of terrible strength bue of
very limired reach, the six neutrons and six procons seem to tonch. With twelve auclear
particles, this nucleus is dubbed carbon-12: The most common isotope of carbon, it is the
maodern srandard of aromic weight.
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A wansient view of the eternally daneing strueture of stable carbon-12. Those nettrons and
protons that join o form ic are universal necledr rodules. Procons ape found free as natural

h hydrogen; neatrons can be set free by encrgetic nucléar reaction as in che fission of uranium.
Seudy of these particles as independent objects has revealed one more analegne to chemisery:
They too react upon collisions at high enough energy to produce a host of new particles,
mosily transient oneg. .
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Even the proton has its inner structure, symmetrical, shifting, again unmackable, Here seill
stronger forces operate ac srill shoreer ranges. These arise among fast-moving quarks in
intense interaction, The patvern of colored does is no photo bur an shsrrace symbol of the
physics we just hegin o comprefend.
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What will we see, and whar will we come to understand, once we entee the fest lewsis?




Obr. 1.1 Obarveny elektronovy obraz chiipkového viru. Lipo-
proteiny hostitele (obarveny zluté) obklopuji jadro viru (zelené).
Celkovy prumér atvaru je mensi nez 50 nm.
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Jedna sekunda je doba trvani 9 192631 770 period své-
telného zareni, emitovaného pri prechodu atomu ce-
sta 133 mezi dvéma konkrétnimi hladinami jeho velmi

jemné struktury.

Obr. 1.2 V navrhu me-
trick¢ soustavy z roku
[792 byla hodina de-
finovana tak, aby den
mél 10 hodin. Tato
mySlenka se neujala.
Tvurce téchto desetiho-
dinovych hodinek byl
proziravy a opatril je
jesté malym cifernikem
ukazujicim tradi¢ni
dvanactihodinovy cas.
Ukazuji oboji hodinky
stejny cas?
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- Obr. 1.3 Cesiovy frekvencni normal v Narodnim dstavu pro
standardy a technologii v Boulderu (Colorado). Je standardem
jednotky ¢asu pro Spojené stdty americké. Casové signaly Na-
morniobservatore 1ze ziskat na adrese http://tycho.usno.navy.mil

- /time.html; telefonicky v USA na lince (001)-303-499 7111,
- vCRnalince 14 122.




Tabulka 1.5 Radové hmotnosti vybranych

objektu
OBIJEKT KILOGRAMY
znamy vesmir 110”2
nase Galaxie 2.104
Slunce 2-10%0
Mésic 7-10%
asteroid Eros 5.-101°
hora [-10%2
zaoceansky parnik 7-107
slon 5-10°
Elovek [-10?
y & 7rnko hroznu 3.1073
prachova Castecka 7-10710
. molekula penicilinu 510717
o Mo, atom uranu 41072
Obr. 1.6 Mezi- proton 2.10—27
narodni hmotnostni elektron 9.1031

standard 1 kg ma
tvar valce, jehoz
vyska 1 prumér jsou
39 mm.

lu=1,6605402-10"2" kg.




Jak fyzika poznava svét?




Jak fyzika poznava svét?

Objekty a déje kolem

nas

Fyzikalni modely ob-
jektl a deéjn

Zkoumame, poznavame, ovlivoujeme
a pretvarime je. Na zakladé znalosti
(vzdy neaplnych) o nich zjednodusu-
jeme, zanedbavame, vytvarime

\\

Zkoumame modely, dochézime k no-
vim vysledkiin a zakonitostem plat-
nym pro maodely

nesoithlasi

Srovnavaime tyto vysledky s dalsimi
vlastnostmi skutecnyveh objektit a dajn.
Zjistime ze:

=onhlasi

Uzivame f}fzikélni model

dale




Srovnavame tyto vysledky s dalsimi
nesouhlasi | vlastnostmi skutecnych objekti a deji.
Zjistime #e:

sonhlasi

Uzivame fyzikalni model
dale

Uptesnujeme podminky starého  modelu
(Napt. klasicka mechanika v < c)

Stary model upravime
(Rovnice idealniho plynu — Van der Waal-
s0Va roviice |

Vytvorime novy model pro ty podminky, pro
néz stary model neplati

(Relativisticka mechanika — kvantova me-
chanilka)

Model opustime a vytvorime novy
(Fluidova teorie — kineticka teorie tepla)




Skalarni a vektoroveé fyzikalni veliéiny

Umeét:

Vylozit vlastnosti vektorovych velicin a pravidla pocitani s vektory
Pracovat s vektory v semikartézském vyjadieni.

Vyslovit definice skalarniho a vektorového soucinu dvou vektorrti.




Vztazné soustavy, soustavy souradnic

Vyznam trojice souradnic (x,y, z) charakterizujicich polohu bodu P(x, vy, z)
v trojrozmérné pravotocéivé soustavé pravouhlyvch souradnic Oxyz.




Geometricky vyznam drahové soufadnice s (kratce draha) popisujici polohu
hmotneho bodu na libovolne krivee k.




Dvé vici sobé vzajemné se nepohybujici vztazné soustavy souradnic (Oxzy
a O'z'y’2") a jejich rozdilny popis téhoz vektoru F.
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Vyznam jednotkového vektoru FY ve sméru vektoru sily F.




Dveé vektorové veliciny @, b jsou si rovny (d = b)

prave tehdy, kdyz

jsou shodné po strance kvalitativni
maji stejnou velikost

maji stejny smer.




Tihova sila G a sila F7, kterou pusobi téleso na podlozku. Obé vektorove veliciny

jsou shodné, avsak nejsou zcela totozne po strance fyzikalni.




Semikartézské vyjadreni vektoru

Kolmé priiméty (kratce: Priumeéty) vektorové veliciny @ do soutradnicovyvech os

(; = acosa,a, = acos3,a, =acosy. souradnice vektoru a




Obr. 1.9: Vyjadieni vektorit @ a b pomoci jejich slozek a,, a,,a. (resp. b, (= 0),by, b.)
a jednotkovych vektoru 7, 7. k. V obrazku jsou rovnéz vyznaceny uhly, které svira vektor a se
souradnicovymi osami.




Semikartezske vyjadreni vektoru.

Jednotkové vektory ve sméru souradnicovych os Oz, Oy, Oz budeme znacit 7. 7. k. Tvto vek-
tory jsou navzajem kolmé (obr. 1.9) a plati pro né 7] = |71 = k| = 1.

a = a;v+ ay]+ a.k semikartézské vyjadreni




Prumét vektoru do zvolen¢ho sméru (jin¢ho vektoru):

Prumeét d, souctu vektoru @ + b + € do orientovane primky p.




Vektory a,b jsou dany svymi soufadnicemi ay,ay,a-, by, by, b-.

Vektor ¢ je dan vztahem

Ul‘ﬁE‘TE‘ 1 Et;lfjit' 7 _‘ .




C"fﬂ — (1-:13 - 2b$j (_:y — Cly - 2by, (_::_ — (L:_ - 2b:’__




Skalarni souc¢in dvou vektort

c(= a-b) =abcosa, definice skalarniho soucinu




pro 0< a < 7w/2
— pro a=1m/2
<0 pro w/2 <a <7

S uzitim prumetia ap = acosa, b, = bcos a lze psat

ab= apb = b,a




Vagon je tazen na primém useku délky s = 20m lanem., které svira se smérem rychlosti
vagonu uhel a = 20° a které je napinano silon o velikosti F' = 800 N. Vyjadrete praci W
vyvkonanou silou F' pomoci skalarniho soucinu a vypoctéte ji.




Vyjadrete skaldrni soucin vektori @ = (a,, ay, a.),b = (b, by, b.) pomoci jejich souradnic.

Reseni:

= (auT+ a7+ a-k)- (b7 + b+ b.k) =
ab 7T+ ab, 7+ ... +a, bj: k=a by +ayb, + a.b.,




Vektorovy soucin dvou vektoru

Geometricky vvznam vektorového souc¢inu a x b.




¢l = absin a,

a x E\ — absin a,

Smeér: kolmy na rovinn danou vektorv a, b tak,
ze vektory da.b.c¢ (v uvedeném poradi)
tvorl pravotoc¢ivy trojhran




Priklad uziti vektorového souéinu: otacivy moment M sily F' ptsobici na téleso
v bodé P, jehoz polohovy vektor je 7, je roven M = 7 x F.

Sila F' piisobici na téleso v bodé P vyvozuje vzhledem k pocatku soutadnic otaéivy
moment M =7 x F', kde 7 je polohovy vektor bodu P (obr. 1.14}).




Vlastnosti vektorového soucinu:

Velikost vektoru €, tj. ¢ = absina, je rovna plosnému obsahu kosodélnika

Jednotky |c] = [a][b] ;
7 definice vektoru = @ x b plyne

a) axb=—bxa;

—_—

b) k(@ = b) = (ki) x b=a x (kb);

¢) @x (by+by)=ax by +axbs.




Na konci ty€e délky [/ ptisobi sila rovnobézné s osou Ox. Urcete
otaCivy moment sily vzhledem k pocatku.




Vektor M zakreslime v bodé O, smeér je ziejmy z obr.

- 1
M = |F|-|F| sin 90" = ilF'




VEKTORY

Oznacme i, j a k jednotkové vektory ve smérech os x, v a z. Pak
plati

i-i=j-j=k-k=1,
i-j=j-k=k-i=0,
ixi=jfjxj=kxk=20,
ixj=k, jxk=i kxi=]j.

Pro vektor a o slozkich a,, a, a a; plati

a= arf—l—-:;r_,j—l—ﬂzk.

ayr=a-i;, ay=a-§; a

=a-k.

-
4

Necht # je mensi z uhli sevienych vektory a a b. Potom
plati

a-b=b-a=a,b, +a,b,+a.b. =abcost,




ay d;

E}'_:,[_- b,

—l—k

— bya )i+ (a by — b.ay .}j + (ayby — byay )k,

la x b| =absing.




Pro vektory a. b, ¢ a skalar s plati:

a-(b+c)=(a-b)+(a-c)
ax(b+c)=(axb)+ (axc),
(sa)-b=a-(sb) =s(a-b)=s(b-a),
(sa) xb=a x (shb)=s(ax b)=—s(b xa),
a-bxe)=b-(cxa)=c-(axb),

ax(bxc)=(a-c)b—(a-b)c.

Zname-li skalarni 1 vektorovy soucin neznamého vektoru v
se znamym nenulovym vektorem @, muzeme vzdy jednoznacné
urCit vektor v: Jestlize v - a = y av x a = b, pak plati

v=(ra+ax b)}uz.




Derivace a integraly:




d d d

—(au £bv) =a—u £b—uv

dx dx dx

d du dv , "
— v = —v +u— derivace soucinu

dx dx dx
dw dy

—w(v(t)) = —— derivace sloZzené funkce

dr i dy dt

— =1 / derivace inverzni funkce x (i)

u(xydx' =u(x); struéné se psava

dx
d

dx

/(aaj:bv)dx =a/ud.:-: ib/vdx
/u—dx = Uv —f—v dx . per partes™

fw(y)d—} dr = / W(t)dr substituce,
kde W je slozena funkce W (1) = w(y(r)).

u(x)dy = u(x)



— SINX = COS X

dx
d

— COSX = —sInX

dx

d to |
2 tox =
dx cos? x

d t |
— cotox = —
dx 5 sin? x

d , , dut

dx dx
d | dut

— SNy = Cosl—

dx dx
d o du

— COSU = —SIN U —
dx dx




fd)::i
Im—l—l
i
X" dx (m # —1)
f m —+ 1 7
dx
— = In | x|
X
fe‘r dy =e*
[sinx dy = — cos x
[msx dy = sinx
ftg.xd.x = — In|cos x|
q | | ,
sin“xdx = —x — —sin2x
2 4
f —{ax l —
e dy = ——e™
a

1
xe Y dx = ——(ax + [ye ™"
a

I
f):ze_” dx = ——S(c;r.z,rz 4+ 2ax + e ™™

> n!
x"eTdx =
0 qntl
>, —ax? g 1.3.5...2n— 1) [
X ¢ X = [ —
0 m+l1gn \ a




Li81 se né¢jak derivace (integrace) skalarni funkce(x) podle x
od derivovani (integrovani) skalarni funkce(?) podle ¢?




Li81 se né¢jak derivace (integrace) skalarni funkce(x) podle x
od derivovani (integrovani) skalarni funkce(?) podle ¢?




Vektorova funkce (skalarniho argumentu) a jeji
derivace

v(to) U — g AU
= lim = lim —.
dt t—to t —tg  At—0 Af

O

Obr. 1.18: Vektor #(ty) mé smér tecny ke kiivee ¢.




Integral skalarni funkce

Primitivni funkce k dané funkci f(x) (tzv. neurcity integral funkce f(x)),

Riemannuv integral funkce f(z) (tzv. urcity integral funkce f(x)).

Primitivni funkce k funkci f(z) se obvykle znaci symbolem

/ flx ) dx .




Kdy se nam ,,hodi* Riemannuv integral:

Chceme-li napf. urCit praci W, nutnou k protazeni pruziny tuhosti & pri
jejim protazeni z [ (x = 0) do stavu I'= [+ Al (). x = Al):

EJ
O z
W,
Sila F (i jeji prumeét do osy Ox) protahujici pruzinn je funkeci protazeni (resp.
stlaceni) .

§




Pro mal¢ deformace je f (x) = k£ x. Pak elementarni prace AW

AW = F,Ar = f(x)Axr = kxrAx

é
< |
N
Y/ N\ |V
0 ¢ et Az Al &

Geometricky vyznam elementarni prace AW pfi protazeni pruziny z délky x na
délku = + Axr.




Celkova prace W (sily F (x) natusekux =0 azx=Al)
je pak tém¢r rovna souctu:

Soucet se blizi tim vice piesné hodnoté prace W' tim
vic, ¢im jemn&jsi je déleni intervalu (0, Al)




1 1 1 5
W = -Al|AB| = ZAl-EAl = Zk(Al)*
5 ; 5 elA




V pripade obecné (ale ,,pekne®) funkce:

SIS IS,

T \ .
0 1 r  o+Az 2 *

Geometricky vyznam Riemannova integralu obecné funkce f(z) v intervalu (1, z2}




Vztah mez1 Riemannovym integralem a primitivni
funkci:

0




Urcete integral I = |~ kxdz




Urcete integral I = |~ kxdz

Primitivni funkce k funkci

pak

Poznamka: Vysledek vypoctu nezavisi na integracni konstanté C, ktera se pri tvoreni

rozdilu F'(xs) — F'(xq) zrusi. Je ji tedy mozno volit libovolné, napr. rovnu nule.



Kinematika hmotného bodu

Definice: Hmotny bod je téleso o hmotnosti m, jehoz tvar a rozmery
nejsou pri uvazovaném deji podstatné

Polohovy vektor:

polohovy vektor







