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SOUND

« A physical discipline that deals with the creation of sound waves, its dissemination and perception of
hearing is called acoustics.

« The sound is a mechanical wave in matter which we perceive by hearing.

« The human ear perceives a range of frequencies around 16Hz to 16kHz.
Sounds of lower frequencies are called infrasound, sounds of higher frequencies are called
ultrasound.

infrasound sound ultrasound
less than 16Hz 16Hz-16kHz more than 16kHz

The frequency limit is not sharp, it is an average value of human population. The upper limit of
audiable sound decreases for example with age.

« The process of sound transmission can be simply considered as a system composed of the following
parts:
1. The source of sound
2. The material, through which the sound travels
3. The audio receiver (microphone, human ear...)
Sources of sound
« Sound is a mechanical wave that is created by a vibrating elastic objects. This vibration is
transmitted into the surrounding medium and raises the sound wave.
« Sounds can be divided generally into two basic groups:

Tones (musical sounds) Noise,
« periodic sounds « aperiodic sounds
« musical instruments sounds, vowels i/ Il . cracking, grinding, pounding
a) simple tones — have a harmonious | \/ \/ « consonants of human speech
course
b) combination tones — more complicated N M

than harmonious |

« Human vocal cords can be the source of sound. We will now briefly describe the construction and

principle of the voice creating.
Creation of human voice

« The vocal cords are mostly involved in the development of voice.

« Speech occurs when air flows from the lungs, up the windpipe and through the vocal cords. Between
the vocal cords there is a hole, a voice slot. Respiratory muscle ligaments are weak during breathing
so that the vocal cords are open. But during speaking the muscles of the larynx glottal are stretch and
this change the width of the voice slot. The exhaled air flows through the vocal cords and causes the
vibration. It can be compared to the reed on whistle. The sound of the voice is produced when
vibrating vocal cords rhythmically interrupt the flow of air which goes out of the trachea.

. Creation of words and syllables are allowed by coordinating of voice body, upper respiratory tract,
tongue, mouth, teeth and lips.

For example whispering is not influenced by the vocal cords. During whispering the sound is
produced only in oral cavity.

http://www.mayoclinic.com
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Spread of sound waves
. Very simply we can say that the sound is a mechanical wave that spreads in any flexible substance.
A substance can be air, water, wood or other material. There is only one medium in which sound
doesn’t spread, it’s the vacuum. Sound travels in the air most frequently, here it is a longitudinal
wave.
« The transmission of sound in air leads to periodic compression and expansion of air which is
reflected by periodic changes in the air pressure.

Longitudinal Waves

Molecules

oo

Wave > ;
Wave length

http:/Awww.passmyexams.co.uk/GCSE/physics/basic-waves-theory.html

« The most important characteristic of substance in respect to the transmission of sound is the speed of

sound in this substance.
Speed of sound

« The size of the speed of sound is significantly smaller than the speed of light.

« Magnitude of the velocity of sound in air depends on the temperature and on the composition of the
air (humidity, dirt, ...).

. At normal temperature the speed of sound is approximately 332m.s™.
In the table you can see other values of speed of sound in different substances.

substance | speed (m.s?) _ o
water @sec) 1500 The speed of sound in liquids Solid Liquid
mercury 1400 and solids is greater than in > )) 7 VR YT ‘
concrete 1700 gases. It’s a result of a ) | Y'Y s JJ
ice 3200 different configurations of IIII B o O 0 o
steel 5000 partICIeS. : é’b %/’? L"g@i& .
glass 5200 %%:r‘t‘ﬁ%jf

D @
= \'_) Gas
« The spread of sound waves is influenced also by obstacles on which L :

sound waves turn out. Reflection and diffraction of waves is reflected.

Echo
- Echois a special case of reflection of sound.
. Itis a consequence of the properties of hearing.
A man is able to distinguish sounds that follow
each other at intervals of least 0,1s. The sound
reaches a distance of 34 metres during this time.
This means that at distance of 17 metres from the
observer the obstacles create an monosyllabic
echo. At greater distance may arise echo of more syllabic. i Iww planetsec com/posted_fag/50627
« Echo is used for example in sonar. Also it is used in medicine in the investigation of ultrasonic and
also in detecting hidden defects of materials by using ultrasound.
Reverb
« If the obstacle is closer than 17 metres, sounds can’t be distinguished, they partially overlap. This is
reflected as an extension of sound — reverb.
- Reverberation is distracting, it reduces the intelligibility of speech and may distort music. The
acoustic properties of music halls can be improved by using drapes, breaking division of wall
surfaces and using the materials that absorb sound.
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Z\VUK

. Fyzikalni obor, ktery se zabyva vznikem zvukového vinéni, jeho Sifenim a vnimani sluchem, se
nazyva akustika.

. Jako zvuk oznacujeme mechanické vinéni v latkovém prostiedi, které vniméame sluchem.

«  Clov&k vnima rozsah frekvenci piiblizné 16Hz az 16kHz.
Zvuky o nizsich frekvencich oznacujeme jako infrazvuk, zvuky o frekvencich vyssich se nazyvaji
ultrazvuk.

infrazvuk zvuk ultrazvuk
meéné nez 16Hz 16Hz-16kHz vice néz 16kHz

Hranice frekvenci neni ostra, jedna se o praimérné hodnoty lidské populace. Horni hranice
slysitelného zvuku se u lidi snizuje naptiklad s ptibyvajicim vékem.

« Dg¢j ptenosu zvuku mizeme zjednodusené povazovat za soustavu sloZzenou z téchto ¢asti:
1. Zdroj zvuku
2. Hmotné prostredi, kterym se zvuk §iii
3. Pfijimac zvuku (mikrofon, lidské ucho,...)

Zdroje zvuku
« Zdrojem zvuku je chvéni pruznych téles. Toto chvéni se pfenédsi do okolniho prostiedi a vzbuzuje
V ném zvukové vinéni.
« Zvuky muzeme rozdélit obecné rozdé€lit do dvou zakladnich skupin:

Tény (hudebni zvuky) Hluky, Sum
« periodické zvuky « neperiodické zvuky
« zvuky hudebnich nastroji, samohlasky feci . praskot, skfipani, buseni
a) jednoduché tony — maji harmonicky « souhlasky lidské teci
prﬁbéh \\ /‘/ \ I
b) slozeny ton — slozit€j$i nez harmonicky M

priibéh E I~

« Zdrojem zvuku mohou byt naptiklad lidské hlasivky, popiSme si nyni stru¢né jejich stavbu a princip
vzniku zvuku.

Vznik lidského hlasu

« Na vzniku hlasu se podileji pfevazné hlasivky.

« Hlas vznikne, kdyz vzduch proudi z plic ptes prudusnici skrz hlasivky. Mezi obéma hlasivkami je
prichod, hlasové Stérbina. Pfi dychani jsou svalové vazy ochablé a hlasova Stérbina je oteviena. Pti
feCi ale svaly hrtanu napinaji hlasivkové vazy, tim se méni Sitka hlasové §térbiny. Vydechovany
vzduch proudi ptfes hlasovou §térbinu a rozechviva hlasivky. MiiZeme to pfirovnat tfeba k jazycku
Vv pistale. Zvuk hlasu vznika tak, Ze kmitajici hlasivky rytmicky pierusuji proud vzduchu jdouciho
Z pradusnice.

« Vznik slov a slabik je umoznén koordinaci hlasového organu, hornich cest dychacich, jazyka, dutiny
astni, zubu a rta.

Napriklad na vzniku Sepotu se hlasivky nepodili. Pfi Sepotu je zvuk vytvafen jen dutinou ustni.

Vocal
Larynx o pelaloiy Vocal cords open during
alr

© MAYO FOUNDATION FOR MEDICAL EDUCATION AND RES
http://www.mayoclinic.com
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Sifeni zvuku
« Velice jednoduse lze fict, Ze zvuk je vinéni, které se Sifi libovolnym pruznym latkovym prosttedim.
Latkou muze byt vzduch, voda, dfevo nebo jiny material. Jediné prostiedi, kterym se zvuk nesifi, je
vakuum. Nejcastéji se zvuk §iii ve vzduchu, zde se jedna o podélné postupné vinéni.
« Pfi Sifeni zvuku ve vzduchu dochazi k periodickému stlacovani a rozpinani vzduchu, které se
projevuje periodickymi zménami tlaku vzduchu.

Longitudinal Waves

/ Compressio \
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° © o, ° 0 0,

° © o ° ece
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. Nejdulezitejsi charakteristikou prostiedi z hlediska §ifeni zvuku je velikost rychlosti zvuku v daném
prostiedi.

Rychlost zvuku
« Velikost rychlosti zvuku je vyrazné mensi nez rychlost svétla. Velikost rychlosti zvuku ve vzduchu
zavisi na teploté a na slozeni vzduchu (vlhkost, ne€istoty). Pti béZné teploté je rychlost zvuku
pFibliznd 332m.s™. V tabulce jsou pro srovnani uvedeny dalsi hodnoty rychlosti v riznych

prostiedich.
prostfedi | Rychlost Pevné latky Kapalné
zvuku ms? | V kapalinach a pevnych ) wpp® O Q.

voda @s5°c) 1500 latkach je rychlost zvuku : . J) oo OQJ
rtut’ 1400 Vet31’ne’z \% EJIyn’eCh. To % e 29 ¥ ¢
beton 1700 vyplyvé z rizného 5 % § a2 4

led 3200 ¢asticového slozeni %,%T“;‘ﬁ 18

ocel 5000 jednotlivych skupenstvi. % I ¥
sklo 5200 * )

Plynné skupenstvi

http://www.zschemie.euweb.cz/latky/latky15. htm

« Sifeni zvuku ovliviiuji také prekazky, na které zvukové vinéni dopada. Projevuje se odraz a ohyb

vInéni.
Ozvéna

« Ozvéna je zvlastnim pfipadem odrazu zvuku.

« Jedna se o dusledek vlastnosti sluchu. Clovék je
schopen rozlisit zvuky, které po sobé nasleduji
s odstupem alespon 0,1s. Za tuto dobu dospéje
zvuk do vzdalenosti 34m. To znamena, Ze pfi
vzdalenosti 17m ptekazky od pozorovatele vznika
tzv. jednoslabi¢na ozvéna. Pti vétsi vzdalenosti
muZe vzniknout viceslabi¢na ozvéna. it lanetsee, comiposted_ag/50627

« Ozvénu vyuziva napiiklad sonar. Dale se vyuziva tfeba v 1€katstvi pfi vySetfovani ultrazvukem, pti
ultrazvukové defektoskopii pti zjiStovani skrytych vad materiala.

Dozvuk

. Pokud je ptekazka blize nez 17m, zvuky neodliSime, ¢astecné se prekryvaji. To se projevi jako
prodlouzeni trvani zvuku — dozvuk.

« Dozvuk plisobi rusivé, sniZzuje srozumitelnost feci a mize zkreslovat hudbu. Akustické vlastnosti
hudebnich salii 1ze zlepsit pouzitim zavési, roz¢lenénim ploch stén, pouzitim materiald, které
pohlcuji zvuk.
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THE EAR

A human ear is a very complex instrument. Understanding the function of hearing involves the knowledge
of physiology and acoustics. In this worksheet we will desribe the basic components of the human ear and
explain how the ear operates.

« Human ear detects and analyzes sound, and converts
the mechanical energy of sound wave into the
. L. . L Outer ear
electrical energy, which is transmitted to the brain in | 1 | Middle
the form of a nerve impulse. ear

Innelr ear

« The ear ability allows us to perceive the loudness of
sound, the wave frequencies, the wave amplitude and
the sound timbre.

« The ear is sensitive to sounds of frequency ranging
from 20Hz to 20kHz.

« The ear consists of three main parts.
1. The outer ear
2. The middle ear
3. Theinner ear

http://mww.riversideonline.com/

. Each part of the ear performs a specific function.

The outer ear:
« The outer ear consits of an earflap and the ear canal.

« The earflap serves to collect and direct sound waves to the auditory
canal and it also provides protection for the middle ear and protection
against eardrum harming.

« Ear canal is about 2 cm long, this causes that it‘s capable of amplifying
frequencies of approximately 3000 Hz.

« In the outer ear the sound is still a mechanical wave which is reflected
by periodic changes in air pressure.

http://www.riversideonline.com/

The middle ear:
« The middle ear consists of the eardrum and three auditory bones — hammer, anvil and stirrup which
is a functional part of Eustachian tube.

Hammer, Anvil Stirrup

« The middle ear serves to transform the
mechanical energy of a sound wave into
vibrations of the bone structure in the middle ear.
Then this vibrations is converted into the liquid
medium of the inner ear.

This process is a hydrodynamic transmission.
During this process it is balanced between the
external acoustic pressure (air wave in the outer
ear) and the pressure of fluid in the inner ear.

Eardrum

Auditory tube


http://www.riversideonline.com/health_reference/Ear-Nose-Throat/EI00027.cfm
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« Sound wave which reaches the ear is directed into the auditory canal and it falls on the eardrum.
Eardrum is a membrane that begins to vibrate as a result of the incoming pressure waves. Eardrum
vibrates at the same frequencies as the sound wave. The vibration of the eardrum causes a chain
vibration through the ossicles (three small bones). The ossicles act as a lever system. Because of
differences in the size, shape and position of these three bones, the force of the vibration increases by
the time it reaches the inner ear.

The inner ear:
« The inner ear transforms the energy of a wave in the inner ear fluid into a nerve impulse.

Vestibular labyrinth

/7 —— Semicircular canal

Vestibular nerve

« The inner ear has three main parts:
1. The vestibule — the entrance cavity
2. The semicircular canals
3. The cochlea

« The semicircular canals possible us to maintain a sense of balance.

« Sound vibrations from the middle ear are transferred to the fluid of
cochlea.

http:/Mww.riversideonline.com/

Cochlea

« Cochlea is a snail-shell like structure, it has a length of about 3.5 cm.

« Cochlea is divided into three fluidfilled parts. The two are canals for the transmission of pressure and
in the third there is the organ of Corti — it converts the pressure impulse to electrical impulses which
are transmitted by the auditory nerve to the brain.

STRUCTURE OF HUMAN EAR

Tem | bone
SRPO Semicircular
w Osscles can’s Vestibular

Malleus Incus Stapes ‘\l e Facial

Internal

Tympanc
mgmg?a e Tympanic cavty fiotve
Eustachian tube
Pnna External audtory
(outer ear) meatus

http://depion.blogspot.cz/2011/06/tips-to-clean-ear-wax.html
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UCHO

Lidské ucho je velmi slozity orgéan. Pro pochopeni principu funkce lidského sluchu je tieba zahrnout
poznatky z fyziologie a akustiky. V tomto pracovnim listu si popiSeme zakladni ¢asti lidského ucha a
vysvétlime si, jak ucho pracuje.

Lidské ucho detekuje a analyzuje zvuk a pfeménuje
mechanickou energii akustického vIinéni na energii
elektrickou, kterd je ve formé nervovych impulzi
pienasena do mozku.

Schopnosti ucha nam umoziuji vnimat hlasitost
zvuku, frekvenci vinéni, amplitudu vinéni a také
barvu zvuku.

Lidské ucho je citlivé na zvuky v rozmezi frekvenci
od 20Hz do 20kHz.

Ucho je slozeno ze tfi hlavnich casti
1. Vngsiucho
2. Stiedni ucho
3. Vnitini ucho

Kazda z téchto ¢asti ucha plni specifickou funkci.

Vnéjsi ucho

Vné;jsi ucho se skladéd ze zvukovodu a usniho boltce.

Boltec zachycuje a smétuje zvukové viny do zvukovodu, také chrani
sttedni ucho a poskytuje ochranu usniho bubinku pfed poskozenim.

Zvukovod je dlouhy asi 2 cm, v disledku toho je schopen zesilovat

frekvence okolo 3000 Hz.

Ve vnéjsim uchu je zvuk stdle mechanickym vinénim, které se

projevuje pravidelnymi zménami tlaku vzduchu.

Stiedni ucho:
Stfedni ucho se sklada z usniho bubinku a tfi sluchovych kistek — kladivka, kovadlinky a trminku,

ktery je funk¢ni soucasti Eustachovy trubice.

Stfedni ucho slouzi k pfeméné mechanické
energie akustické viny na kmitavy pohyb kustek
ve sttednim uchu. Poté se tato energie pfeménuje
ve vibrace kapalného prostiedi vnitiniho ucha.
Jedna se o hydradynamicky pfenos, béhem néhoz
se vyrovnavaji rozdily vnéjsiho akustického tlaku
(zvukova vlna ve vnéj§im uchu) a tlaku tekutiny
ve vnitinim uchu.

Zvukové vinéni dopadajici na ucho je
nasmérovano do zvukovodu a dopada na usni
bubinek. USni bubinek je membrana, ktera

11
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v disledku dopadajicich tlakovych vin za¢ne kmitat. Usni bubinek kmité se stejnou frekvenci, jakou
maji dopadajici akustické viny. Kmitavy pohyb usniho bubinku zptsobi fetézovy ptenos kmitani
mezi kistkami stfedniho ucha. Kistky stfedniho ucha funguji jako paky. Diky rozdilim ve
velikostech, tvaru a umisténi téchto kiistek, se pfi dosaZeni vnitiniho ucha zvySuje energie kmitavého
pohybu.

Vnitini ucho:
« Vnitini ucho pfeménuje energii vinéni v tekutiné vnitiniho ucha na nervovy impulz.
Vestibular labyrinth
« Vnitini ucho ma tfi hlavni ¢asti
1. Predsin (vestibulum)
2. Polokruhové kanalky
3. Hlemyzd

TN ﬁ F

« Polokruhové kanalky umoziuji udrzovat rovnovahu.
« Akustické viny jsou ptenaSeny do tekutiny v hlemyzdi.

http://www.riversideonline.com/
Hlemyzd’
« Hlemyzd je dlouhy asi 3,5 cm.
« Hlemyzd je rozdé€len do tfi ¢asti naplnénych tekutinou. Dvé z nich
« jsou kanalky pro pienos tlaku a tfeti je Cortiho organ — ten pfevadi tlakové impulzy na impulzy
elektrické, které jsou prenaseny sluchovym nervem do mozku.

V. 3§
%
5 &

o

Auditory
tube
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Semicircular
n
Osscles - ls Vestibular
nene
Malleus Incus Stapes Facial

Temporal bone

~ Eustachian tube
Pnna External audtory
(outer ear) meatus

http://depion.blogspot.cz/2011/06/tips-to-clean-ear-wax.html
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THE EAR- WORKSHEET

Human ear detects and analyzes sound, and convertsthe ...................... energy of sound wave into the
......................... energy, which is transmitted to the brain in the formofa ...............................

The ear is sensitive to sounds of frequency ranging from .......... to

The ear consists of three main parts.

1. The.ooooooiiiia. ..
2. The e  —' L

3. The .ooveiiiennn, 3‘;32 \
The ............ ear |
o The...... ear consits of an earflap and the ear canal.

« The earflap serves to collect and direct sound waves to the
protection for the middle ear and protection against eardrum harming.

« Ear canal is about 2 cm long, this causes that it‘s capable of amplifying frequencies of approximately

« Inthe outer ear the sound is stilla ..................... wave which is reflected by periodic changes in

The middle ear:
« The middle ear consists of the eardrum and three auditory bones —.................. e and
................. which is a functional part of Eustachian tube.

o The middle ear serves to transform the ................... energy of a sound wave into ................. of
the bone structure in the middle ear.

« Sound wave which reaches the ear is directed into the ....................... and it falls on the eardrum.
Eardrumisa..................... that begins to vibrate as a result of the incoming pressure waves.
Eardrum vibrates at the ............ frequencies as the sound wave. The vibration of the eardrum
causes a chain vibration through the ........................ (three small bones).

The inner ear:
« The inner ear transforms the energy of a wave in the inner ear fluid intoa ..........................

« The inner ear has three main parts:

1
2.
K
Cochlea
« Cochleaisa............ -shell like structure, it has a length of about ...................
« Cochleais divided into .............. (number) fluid filled parts. The two are canals for the
transmission of pressure and in the third there is the organ ............... — it converts the pressure
impulse to ..........cceoeviinnn. impulses which are transmitted by the auditory nerve to ................

13



STRUCTURE OF HUMAN EAR

A

Label the ear

http://www.northcoaud.com

A

ok wnpE

Inner ear

Outer ear
Middle ear

Ear canal

Ear drum
Eustachian tube

Lobule

Eardrum

Cochlea

Pinna

Semicircular canals
Vestibular cochlear nerve
Eustachian tube
Hammer

. Anvil

10. Stirrup

11. External auditory canal

CoNoOR~WNE
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UCHO - PRACOVNI LIST

Lidské ucho detekuje a analyzuje zvuk a preménuje ................... energii akustického vinéni na energii
........................ , ktera je ve formé€ nervovych impulzi prendSena do ..................ooeiuii.

Lidské ucho je citlivé na vnimani frekvenci v rozsahu od

Ucho se sklada z téchto hlavnich ¢asti:

boltce.

« Boltec zachycuje a sméfuje zvukové vinydo ....................
ochranu usniho bubinku pted poskozenim.

« Zvukovod je dlouhy asi 2 cm, v dusledku toho je schopen zesilovat frekvence okolo ..................
« Ve vngjsimuchu je zvuk stale ....................... vinénim, které se projevuje pravidelnymi zménami

Sti‘edni ucho:
« Stfedni ucho se sklada z usniho bubinku a tii sluchovych kiistek —................... ) e a
....................... , ktery je funk¢ni soucasti Eustachovy trubice.

« Stfedni ucho slouzi k ptemén€ ....................... energie akustické vinyna ......................L
pohyb kistek ve stfednim uchu.

« Zvukové vinéni dopadajici na ucho je nasmérovano do ..................... a dopadé na usni bubinek.
Usni bubinek je ..................... , ktera v disledku dopadajicich tlakovych vin za¢ne kmitat. USni
bubinek kmita se .............. frekvenci, jakou maji dopadajici akustické viny. Kmitavy pohyb usniho

bubinku zplsobi fetézovy prenos kmitani ............................

Vnitini ucho:
« Vnitini ucho pfeménuje energii vinéni v tekutiné vnitinthouchana ..........................
Vestibular labyrinth

« Vnitini ucho ma tii hlavni ¢asti -
4 — Semicircular canal

L_V/Vestlbular nerve

Hlemyzd’

« Hlemyzd je dlouhy asi ..................

« Hlemyzd je rozdélendo .............. (pocet) ¢asti naplnénych
tekutinou. Dvé€ z nich jsou kanalky pro ptenos tlaku a tieti je
........................... —ten pievadi .................. impulzy na
impulzy elektrické, které jsou pirenaseny sluchovym nervem do

S
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STAVBA LIDSKEHO UCHA

A

Popiste lidské ucho:

http://www.northcoaud.com

A

ok wnpE

Vnitini ucho
Vng¢jsi ucho
Stfedni ucho
Zvukovod

Usni bubinek
Eustachova trubice

Laltcek

Usni bubinek
Hlemyzd’

Usni boltec
Polokruhové kanalky
Vestibularni nerv
Eustachova trubice
Kladivko

. Kovadlinka http://www.kghearing.co.nz/about-the-ear.aspx
10. Tfminek

11. Zevni zvukovod

CoNoOR~WNE
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RAINBOW

A rainbow is one of the optical phenomena in the atmosphere.
Understanding how rainbows form can help us to find and also photograph them.

COLOURS OF THE RAINBOW

Refraction

A rainbow is an demonstration of the dispersion of light and one more piece of evidence that visible
light is composed of a spectrum of wavelengths, each associated with a distinct colour.
Two physical phenomena are at work within a rainbow, it is reflection and refraction.

Refraction is a phenomena that occurs when light passes across a
boundary from one substance to another.

When white sunlight is intercepted by a drop of water in the
atmosphere, some of the light refracts into the drop. The water
represents a medium with higher optical density than the surrounding
air. Light waves refracts when they cross over the boundary from the
air to the water. The decrease in speed upon entry of light into a
water droplet causes a bending of the light towards the normal (k in
the picture).

Dispersion

Visible light, also known as white light, consists of a collection of component colours. Each of these
colours has its own wavelength and frequency.

Angle of refraction depends on the wavelength of the colour. Colours of the
visible light spectrum that have shorter wavelengths will deviated more from
their original path than the colours with longer wavelengths.

Red light has the shortest wavelength, yellow is longer and violet is the
longest from the spectrum.

This causes that the white sunlight is broken into different colours heading in
slightly different directions.

http://es.wikipedia.org/wiki/Archivo:Rainbow_formation.png

The light is then reflected off the drop’s inner surface and passes back into the air again, in the
process being further refracted.

The first refraction separate the white sunlight into its colour components, the
second refraction increases the separation.

We can simply say that the colours of the rainbow occurs in three steps:

1. Light waves refracts when they cross over the boundary from the air to the
water.

2. White sunlight broken into different colours heading in slightly different directions.

3. The second refraction increases the separation of the various colours of the spectrum.

The angle of deviation between the incoming light rays from the sun
and the refracted rays directed to the observer's eyes is approximately
42 degrees for the red light. Because of the tendency of shorter
wavelength blue light to refract more than red light, its angle of
deviation from the original sun rays is approximately 40 degrees.

So that’s why red appears on the outside, because it makes an arc of
42 degrees, and purple appears on the inside, with an arc of 40
degrees.
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ARC SHAPE OF THE RAINBOW

A rainbow is most often viewed as a circular arc in the sky.

SUN WATER
DROPLETS

http://www.physicsclassroom.com/class/refrn/ul4l4b.cfm http://watchingtheworldwakeup.blogspot.cz/2008/08/how-rainbow-works.html

You can see red light coming from a raindrop because
the drop is at just the correct angle between your eye
and the sun so that the red light coming from the sun is
refracted, reflected, and refracted again right into your
eye. For red light is the angle approximately 42 degrees.
Blue light comes from another raindrop at a slightly
different angle.

The rainbow is a circle because of that the light can goes
throw all the raindrops that are at a certain angle
between your eye. These raindrops form a circle in the
sky.

light from

secondary
rainbow

Alexander’s dark band

http://wiki.pingry.org/u/physics/index.php/Rainbows,_Reflection,_and_Refraction

Observers on the ground can view only the top half of the circle. The bottom half of
the circular arc is prevented by the presence of the ground.
The whole circle can be seen for example from an airbone plane (on the picture).

http://en.wikipedia.org/wiki/Rainbow

SECONDARY RAINBOW

Sometimes we can see a double rainbow.

The second rainbow is dimmer and thicker and is called a secondary rainbow.
A secondary arc can be seen outside the primary arc.

Sun light can be reflected more than once inside the raindrop. Rays that
escape after two reflections make a secondary rainbow.

The secondary arc can be seen outside the primary arc.

The secondary rainbow has colours in the opposite order than the

p ri m ary_ SUN SECONDARY

BOW DROPLETS
Double-reflected light of
secondary rainbow is o

angled more steeply PRIMARY
downward, so appears to 2 BOW DROPLETS
be above primary rainbow, -
7
I o

http://watchingtheworldwakeup.blogspot.cz/2008/08/how-rainbow-works.html

~
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DUHA

Duha je jednim z optickych jevl v atmosféte. !
Pochopenti pficin vzniku duhy ndm mutze pomoci napiiklad pti hledani a pozorovani duhy a jejim
fotografovani.

BARVY DUHY

Lom svétla

Rozptyl

Duha je ukazkou rozptylu svétla a také dokazuje, ze bile svétlo je slozeno ze spektra barev o riznych
vlnovych délkéch.
Na vzniku duhy se podileji dva fyzikalni jevy — odraz a lom svétla.

Lom svétla je jev, ke kterému dochézi pii pfechodu svételného
paprsku z jednoho prostiedi do druhého.

Pti dopadu bilého slune¢niho svétla na vodni kapku v atmosféte
dochazi k tomu, Ze se ¢ast svételnych paprskii lame. [Voda
predstavuje opticky hustsi prostfedi nez je okolni vzduch. Pti
ptechodu svételnych vin ze vzduchu do vody dochazi k jejich lomu.
Pii lomu svétla dochazi ke snizeni rychlosti svételnych vin a k lomu
k normale k.

Viditelné svétlo, zndmé také jako bilé svétlo, je sloZzeno ze souboru dil¢ich barev. Kazda z téchto
barev ma svou vlastni vlnovou délku a frekvenci.

Uhel lomu zavisi na vinové délce dané barvy. U barev viditelného svételného
spektra, které maji kratsi vlnové délky, dochazi k vyrazné&jsimu lomu od
kolmice nez u barev s vétsi vinovou délkou.

Nejkratsi vinové délky ma cCervené svétlo, zluta delsi a nejvetsi je vinova délka
fialové ¢asti spektra.

Tato vlastnost je pti¢inou rozdéleni bilého svétla do spektra riiznych barev

Vv mirn¢ odlisnych smérech.

http://es.wikipedia.org/wiki/Archivo:Rainbow_formation.png

Nasledné je svétlo odrazeno od vnitiniho povrchu kapky a pfi pfechodu zpét do vzduchu dochazi
opét k jeho lomu.

V prubéhu prvniho lomu bilého svétla dochazi k rozkladu na jednotlivé
slozky, druhy lom zvétsuje rozdil mezi sméry jednotlivych barevnych slozek.

Jednoduse Ize vznik duhy popsat nasledujicimi tfemi kroky:

1. Pfti pfechodu svételného paprsku ze vzduchu do vodni kapky dochazi
k lomu svétla.

2. Svétlo je rozloZeno do riiznych barevnych slozek, které se ldamou v mirné odliSnych smérech.

3. Druhy lom svételnych paprskl zvySuje rozklad jednotlivych barev spektra.

Uhel, ktery svira dopadajici svételny sluneéni paprsek s lomenym
paprskem, ktery sméiuje k pozorovateli, je pro Cervenou barvu
spektra ptiblizn€ 42°. Protoze ma modré svétlo kratsi vinové délky
nez cervené svétlo, je odchylka od piivodniho sméru jina — asi 40°.
Razné vinové délky barev spektra jsou diivodem toho, Ze ¢erveny
oblouk duhy je vzdy v jeji vnéjsi ¢asti a naopak vnitini ¢ast duhy je
fialova.
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TVAR DUHY
« Duha je na obloze Casto zfetelna jako ptulkruhovy oblouk.

SUN WATER
DROPLETS

- - L . B

http:/Aww.physicsclassroom.com/class/refrn/ul4l4b.cfm
http://watchingtheworldwakeup.blogspot.cz/2008/08/how-rainbow-works.html

« Pfi prichodu svétlenou kapkou 1ze pozorovat cervenou b 4
barvu svétla, protoze se kapka nachazi ve spravném ’ indrops
uhlu mezi okem a sluncem. Coz umozni lom, odraz a 7 4
nasledny lom pfimo do naseho oka. Pro ¢ervenou barvu
spektra je tento thel ptiblizn¢ 42°.

« Modré svétlo dopada z kapky pod odliSnym thlem.

« Protoze svétlo prochazi a dopadé na vSechny kapky,
které jsou v ur¢itém uhlu pro nase oko, mé duha tvar

kruhu. Na obloze tedy tyto kapky

vytvareji kruh.

secondary
rainbow

Alexander’s dark band

http://wiki.pingry.org/u/physics/index.php/Rainbows,_Reflection,_and_Refraction
Pozorovatel na zemi miZe sledovat pouze horni polovinu kruhu. Pozorovani spodni
¢asti duhy brani pritomnost zemského povrchu.
Cely kruh bychom mohli pozorovat naptiklad z letadla (viz obrazek).

http://en.wikipedia.org/wiki/Rainbow

SEKUNDARNi DUHA

« Ne&kdy je mozZné pozorovat dvojitou duhu.

« Druhé duha je méné vyrazna, $ir$i a nazyva se sekundarni duha. Sekundarni
duhu je mozné pozorovat vné€ primarni duhy.

« Uvnitf destové kapky miize dojit k vicendsobnému odrazu svételného vinéni.
Paprsky, které opusti kapku po dvojnasobném odrazu, vytvaieji sekundarni
duhu. Sekundarni duhu mizeme pozorovat vné duhy primarni.

« Barvy sekundarni duhy jsou uspotfddany v opa¢ném potadi nez barvy

. 7 4 SUN SECONDARY
primarni duhy. BOW DROPLETS
[e)
Double-reflected light of ,/o
secondary rainbow is .
angled more steeply o PRIMARY
downward, so appears to ps BOW DROPLETS
be above primary rainbow, &O
®— %
You 5

http://watchingtheworldwakeup.blogspot.cz/2008/08/how-rainbow-works.html
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RAINBOW, LIGHT - WORSHEET

Choose the correct answer:
1. Which of the following is seen by reflected

minutes to reach the earth.
A. 8
B. 6
C. 4

21

light?
A. A candle 8. Light always travels in straight lines
B. Astar A. True
C. The Moon B. False
D. An electric lamp 9. A reflection of a surface that is not smooth
. Which of the following gives out light? is called a
A. A mirror A. Diffuse reflection
B. The Moon B. Sharp reflection
C. White paint C. Total internal reflection
D. Astar 10. The higher the optical density of
. Which of the following times will it take something, the ............... a time light has
for light to come to our eyes from sunlight getting through it
reflected off the moon? A. Harder
A. 8,5 minutes B. Easier
B. 1,3 seconds C. Faster
C. 1/100 000 of a second 11. The optical density is known as the
D. 4,3 years A. Index of reflection
. Which of the following statements about B. Index of incidence
colour is NOT true? C. Index of refraction
A. An object looks black in white 12. The reason things appear to be colour is
light because it reflects red, green because they ................. that colour of
and blue light. light.
B. An object looks red in white light A. Absorb
because it absorbs blue and green B. Reflect
light. C. Project
C. An object looks white in white 13. The range of colours we can see is called
light because it reflects red, green A. Infrared
and blue light. B. Ultraviolet
D. A green filter produces green light C. The visible spectrum
because it absorbs red and blue 14. The order of colours in the spectrum is
light. A. ROYGBIV
E. A blue object looks black in red or B. VIBGYOR
green light because it absorbs red C. RGBYOVI
or green light. 15. Wavelengths of light are measured in
Materials that allow light to pass but A. picometers
through which object cannot be clearly B. nanometers
seen are said to be C. micrometers
A. Transparent 16. The primary colours are
B. Opaque A. cyan, magenta, and yellow
C. Translucent B. red, green, and blue
Materials through which object can be C. black and white
seen clearly are said to be 17. Ultraviolet light is used in
A. Transparent A. black lights
B. Opaque B. lasers
C. Translucent C. lightsabers
Light from the sun takes about ............ 18. All objects with white colour

A. absorbs all light
B. deflects all light
C. reflects all light



19. Draw the refracted ray:

air

20. Fill in the table

390 — 455
455 — 492
GREEN
503 - 520
ORANGE
RED

21. The rainbow:
When white sunlight is intercepted by a drop of water in the atmosphere, some of the

light....coooiiii into the drop. The water represents a medium with .................. optical density
than the surrounding air.

Light waves refracts when they cross over the boundary from .............c.ccccevvneee. to the water.

The decrease in speed upon entry of light into a water droplet causes a bending of the light
....................... the normal.

The light is then reflected off the drop’s ........ccccovviiiiiiiiiie
air again, in the process being further refracted.

The first refraction separate the white sunlight into its
components, the second refraction ..........cccccoevevviieinenns
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DUHA, SVETLO — PRACOVNI LIST

Z nabizenych moznosti vyberte jednu spravnou odpoved.
1. Ktery z nasledujicich objekti je

pozorovatelny diky odrazu svétla? 8. Svétlo se $ifi piimocare
A. Svicka A. pravda
B. Hvézda B. nepravda
C. Meésic 9. Odraz od povrchu, ktery neni hladky, se
D. Elektricka lampa nazyva
Ktery z nasledujicich predméta je zdrojem A. Rozptyleny odraz
svétla? B. Ostry odraz
A. zrcadlo C. Totalni odraz
B. Mc¢sic 10. Cim vys3i je optické hustota prostiedi, tim
C. Bil¢ platno je pruchod svétla skrz
D. hvézda toto prostiedi.
Jak dlouho trva svétlu odrazenému od A. Tézsi
povrchu Mésice nez dorazi k nasim o¢im? B. snadnéjsi
A. 8,5min C. rychlejsi
B. 13s 11. Opticka hustota prostiedi souvisi s
C. 1/100 000 s A. Indexem odrazu
D. 4,3 let B. Indexem dopadu
Které z nasledujicich tvrzeni o barvé neni C. Indexem lomu
pravdivé? 12. Diivodem, proc€ se télesa jevi barevné,
A. Predmét ma v bilém svétle Cernou JE této barvy spektra.
barvu, protoze odrazi Gervené, A. Absorpce
zelené a modré svétlo. B. odraz
B. Pfedmét ma v bilém svétle bilou C. Promitnuti
barvu, protoze odrazi ¢ervené, 13. Rozsah viditelného svétla se nazyva
zelené a modré svétlo. A. Infracervené
C. Zeleny filtr vytvoii zelenou, B. Ultrafialové
protoZe absorbuje ¢ervené a modré C. Viditelné spektrum
svétlo. 14. Potadi barev ve spektru je nasledujici:
D. Modry pfedmét ma v cerveném A. COZZMIF
nebo zeleném svétle &ernou barvu, B. FIMZZOC
protoZze pohlcuje ¢ervené nebo C. CZMZOFI
zelené svétlo. 15. VInova délka svétla se urcuje v
Latky, které propousti svétlo, ale objekty A. pikometrech
ptes né nejsou jasné viditelné, se nazyvaji B. nanometrech
A. prihledné C. mikrometrech
B. neprtihledné 16. Mezi zakladni barvy patii
C. prasvitné A. Tyrkysova, perpurova a zluta
Materidl, pfes ktery je predmeét jasné B. Cervena, zelend a modra
viditelny, je C. Cerna a bila
A. prihledny 17. UV zéfeni se vyuziva v/ve
B. neprihledny A. cCernych svétlech
C. prlsvitny B. laserech
Slune¢nimu trva okolo ............ minut nez C. svételnych mecich
dorazi ze Slunce na Zemi. 18. V3echny bilé predméty
A. 8 A. Pohlcuji veskeré svétlo
B. 6 B. Vychyli veskeré svétlo
C. 4 C. odrazeji veskeré svétlo
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19. Dokreslete lomeny paprsek:

air

20. Doplite tabulku.

390 — 455
455 — 492
zelena
503 - 520
oranzovi
dervena
21. Duha:
Pti dopadu bilého slune¢niho svétla na vodni kapku v atmosféfe dochazi k tomu, Ze se ¢ast
svételnych paprskl..............oooveiini |[Voda predstavuje opticky ...........cooovviiiiiiniinn.n
prostiedi nez je okolni vzduch.
Pfi pfechodu svételnych vinze ... do vody dochazi k jejich lomu.
Pti lomu svétla dochazi ke sniZeni rychlosti svételnych vinak lomu .....................o k.
Nasledné je svétlo odrazenood .............cccovviiinnnn.. kapky a pti pfechodu zpét do vzduchu

dochazi opét k jeho lomu.

V pribéhu prvniho lomu bilého svétla dochazi k rozkladu na jednotlivé
.................................. ,druhylom ................................ mezi
sméry jednotlivych barevnych slozek.
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HUMAN EYE — STRUCTURE OF THE HUMAN EYE

The human eye is the organ which gives us the sense of sight, allowing us to observe and lead more about
surrounding world. The eye allows us to see and interpret the shapes, colours and dimensions of object in the
world by processing the light they reflect or emit. The eye is able to detect bright light or dim light, but it
cannot sense object, when light is absent.

In this worksheet we will describe the structure of the eye and explain the process of vision.

The structure of the eye

The human eye is equipped with a variety of optical components including the cornea, iris, pupil, aqueous
and vitreous humours, a variable-focus lens, and the retina. Together, these elements work to form images of
the objects that fall into the field of view for each eye.

The eye is almost spherical in shape, if a diameter of about 2,5 cm.

The eye is essentially an opaque eyeball filled with a water-like fluid.

: Vitreous
Iris
Choroid
Cornea
Optic Nerve
Pupil
Macula
Lens
Retina

Conjunctiva

http://www.tedmontgomery.com/the_eye/index.html

A tough white sheet called sclera covers the outside of the eye. Front of this sheet (sclera) is transparent in
order to allow the light to enter the eye, the cornea.

The sclera

The outside covering of the eye is a protective envelope of leathery

connective tissue known as the sclera. This is the white coating on the outside  Corneal Rings

of the eyeball, commonly known as the white of the eye. It completely
envelops the globe except at the front of the eye and maintains the shape of
the globe. It also provides a firm anchorage for the extra ocular muscles that
control the eye's movement.

In the front of the eyeball is a transparent opening known as the cornea.

The cornea

The cornea is a transparent structure found in the very front of the eye that
helps to focus incoming light. The cornea is a thin membrane that has an
index of refraction of approximately 1.38. The cornea has the dual purpose of
protecting the eye and refracting light as it enters the eye.

Copyright @ 2003 WebMD Corporation

http://www.webmd.com/eye-health/cornea-symptoms-treatments

The pupil
The pupil is the black hole in the middle of the eyeball. Its black appearance is attributed to the fact that the
light that the pupil allows to enter the eye is absorbed on the retina (and elsewhere) and does not exit the
eye. Thus, as you sight at another person's pupil opening, no light is exiting their pupil and coming to your
eye; subsequently, the pupil appears black. The size of the pupil opening can be adjusted by the dilation of
the iris.
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http://www.bioconsulting.com/Bio_Tech_Assessment.html
Theiris
The iris is a coloured ring-shaped membrane. The iris is the part of the eye that gives it colour.
The iris has an adjustable circular opening called the pupil, which can expand or contract depending on the
amount of light entering the eye.
The lens
Light entering the pupil falls onto the lens of the eye where it is altered before passing through to the retina.
The lens is a transparent, biconvex structure, encased in a thin transparent covering.

To Focus on Distant Objects To Focus on Nearby Objects

http://www.tutorvista.com/content/science/science-ii/human-eye-colourful-world/power-accommodation.php#

Aqgueous humor

The interior chamber of the eyeball is filled with a jelly-like tissue called the vitreous humor. After passing
through the lens, light must travel through this humor before striking the sensitive layer of cells called the
retina.

The retina

The retina contains the rods and cones that serve the task of
detecting the intensity and the frequency of the incoming light. An
adult eye is typically equipped with up to 120 million rods that
detect the intensity of light and about 6 million cones that detect the
frequency of light.

When light strikes either the rods or the cones of the retina, it's
converted into an electric signal that is relayed to the brain via the
optic nerve. The brain then translates the electrical signals into the
images we see.
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STAVBA LIDSKEHO OKA

Lidské oko je organ, diky kterému mizeme vyuzivat dalsi z lidskych smysli — zrak. Umoziuje nam
pozorovat a naucit se vice o okolnim svété. Oko ndm umoziuje diky odrazenym resp. pohlcenym paprski
pozorovat a rozeznavat jednotlivé tvary, barvy a rozméry téles. Oko nam umoziuje pozorovat predméty za
jasného svétla nebo 1 za slabého svétla. Pfedméty ale nelze pozorovat za Gplné absence svétla, ve tmé.

V nasledujicich pracovnich listech si popiSeme stavbu oka a vysvétlime princip vidéni.

Stavba lidského oka

Lidské oko se skladd z mnoha optickych ¢asti. Patfi mezi n¢€ rohovka, duhovka, zornice, sklivec, sitnice a
dalsi. Dohromady umoznuji tyto ¢asti vytvaret v oku pozorovanych predméti.

Oko ma ptiblizné tvar koule o priméru asi 2,5 cm.

Je téméft nepruhledné a vyplnéné kapalinou.

: Vitreous
Iris
Choroid
Cornea
Optic Nerve
Pupil
Macula
Lens
Retina

Conjunctiva

http://www.tedmontgoméry.com/the_eye/index.html

Vnéjsi ¢ast oka je tvofena tuhym bilym obalem, ktery se nazyva bélima. Pfedni ¢ast bélimy je prithledna a a
umoznuje vstup svételnych paprski na rohovku.

Bélima

Bélima je vnéj$im ochrannym obalem z tuhé vazivové tkané. Bélima ma

bilou barvu a oko zcela obklopuje aZ na jeho pfedni ¢ast a udrzuje tvar oka. Coroéal Rings

Bélima také umoznuje pevné ukotveni okohybnych svalt, které ovladaji
pohyb oka. V ptedni ¢asti oka se nachazi prihledny otvor znamy jako
rohovka.

Rohovka

Rohovka je prihlednd vrstva, ktera se nachazi v predni ¢asti oka a poméaha
zaosttit dopadajici svétlo. Rohovka je tenkd membrana, kterda ma index lomu
asi 1.38. Rohovka plni dva ukoly. 1. Ochranu o¢i, 2. Pti pruchodu svétla do
oka, svétlo lame.

http://www.webmd.com/eye-health/cornea-symptoms-treatments ey —
Zornice
Zornice je Cerny kruh uprostied ocni koule. Zornice ma ¢ernou barvu protoze vSechno svétlo, které prochéazi
zornici do oka, dopadé az na sitnici a neopousti oko.
Pokud se podivate na zornici jiného ¢lovéka, neopousti jeho oko zadné svétlo a zornice se jev i Cernd
Velikost zornice 1ze ménit pomoci dilatace duhovky..
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http://www.bioconsulting.com/Bio_Tech_Assessment.html
Duhovka
Duhovka je barevny prstenec ve tvaru membrany. Duhovka je ta ¢ast oka, ktera urcuje jeho barvu.
Uvniti duhovky se nachazi nastavitelny kruhovy otvor s ndzvem zornice. Velikost zornice 1ze ménit
Vv zavislosti na mnozstvi dopadajiciho svétla.
Cotka
Svétlo vstupujici pies zornici do oka dopada na o¢ni cocku. Zde je zménén chod svételnych paprski a teprve
nasledné dopada paprsek na sitnici. Cocka je prihledna dvojvypukla struktura obalena tenkou prithlednou
blanou.

To Focus on Distant Objects To Focus on Nearby Objects

http://www.tutorvista.com/content/science/science-ii/human-eye-colourful-world/power-accommodation.php#

Sklivec
Vnitini prostor ocni bulvy je vyplnén rosolovitou hmotou zvanou sklivec. Po prihodu ¢oc¢kou prochézi
svétlo skrz sklivec a teprve poté dopada na sitnici oka.

Sitnice Retina
Sitnice oka obsahuje tyCinky Cipky, které slouzi k rozpoznani

intenzity a frekvence svétla. Dospélé oko je obvykle obsahuje az 120 Opticnerve
miliond ty¢inek, které zachycuji intenzitu svétla, a asi 6 milionti :
¢ipkd, které zachycuji frekvenci svétla — barvu.

Jakmile svétlo dopadne na sitnici oka, na ty¢inky nebo Cipky, je
pfeménéno na elektricky impuls, ktery je odvezen do mozku
zrakovym nervem. Mozek preméni elektrické impulzy na obrazky,
které vidime.

http://www.umm.edu/imagepages/9695.htm
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HUMAN EYE — PROCESS OF VISION

We are able to see things when light from a light source enters our eyes.

We are able to see objects that are not light sources

because the light is reflected from them. So the light O E
leaves a light source, hits an object and is reflected into Ca\:g A /

our eyes - so we can see the object. 2 J,—D\

Some materials reflect light - light bounces off them - K

but some materials absorb light. The more light an 3 d *

object reflects the brighter it will appear to be. ~

http://www.gtchild.co.uk/content/index.php?option=com_t

ESARHAIAREL SRR Mirrors reflect light really well, light bounces off the shiny surface into your

eyes.
%&% Black objects do not reflect any light - light does not bounce off the surface

- they absorb light and appear dark or dull. The more light an object absorbs

y& % the darker it will appear to be.

http://www.pixig.com/article/Why%20We%20See%20the%20Colors%20We%20See

As light enters the eye, it first passes through the cornea. Most of the refraction of light
occurs here. The refractive index of the cornea is 1,37 (index of refraction of the air is
1,00).

The eye can control the amount of light that enters by the opening and closing pupil aperature using the iris.

N Il L
AN £ N
a\\ » .
o \

Undilated Pupil

Portion of retina Portion of retina
that can be seen that can be seen
through undilated pupil through dilated pupil

http://trialx.com/curebyte/2012/08/26/pupil-dilation-photos-and-a-listing-of-clinical-trials/

After passing through the cornea, light enters and refracts through the lens of the eye. The lens has a
refractive index of 1,44.

Accommodation

The term accommodation refers to the ability of the eye lens to change its focal length. This is done by
contraction of the ciliary muscle.

The function of the lens is to refract and focus incoming light onto the retina for processing. The crystalline
lens is made of layers of a fibrous material that has an index of refraction of roughly 1.40.

The lens is attached to the ciliary muscles. These muscles relax and contract in order to change the shape of
the lens.
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When this ciliary muscle is

a) relaxed, its diameter increases and the lens is flattened,;

b) contracted, its diameter is reduced and the lens becomes more spherical.
These changes enable the eye to adjust its focus between far objects and near objects.

Unaccommodated
fens

Accommodated
fens

CHiary muscle

Cifiary muscle contracted
relaxed ~__ P
= Zonular fibers

Zonular fibers

S ~  refaxed
under tension

ACCOMMODATION IN THE NORMAL EYE

http://www.bme.miami.edu/laboratories_homepage/biomedical_atomic_force_microscopy_laboratory/current-projects.html

To Focus on Nearby Objects

The nearest distance at which an object can be seen clearly is called the near point of the eye. For a normal
healthy eye, this distance is about 25 cm.
The far point is the furthest distance the eye can focus on clearly. For a normal healthy eye, this is infinity.

Rods, cones RETINA
The retina is covered with light-sensitive cells
that record the arrival of light. There are two
different types of cells on the retina, called rods
and cones. Light reaching the rods and cones is
converted into electrical signal in nerve fibres
attached to these cells. The electrical is
transmitted to the brain by the optic nerve.
Fovea

Close to the beginning of the optic nerve is an CHOROID
area called the fovea. It is a spot of a diameter of

about 0,25 mm, where vision is exceptionally

acute. The fovea is filled with cones, each

connected to a different nerve fibre.
http://myeyepage.weebly.com/fovea-centralis.html OPTIC NERVE

The distribution of rods and cones is not constant
along the surface of the retina. At the fovea we

have many cones but no rods. The rods are mainly found at the edges of the retina.

There are major differences in the functioning of the rods and the cones.

The rods have different responses to different wavelengths of light. They are also sensitive to light of low
intensity, because many different rods are connected to the same nerve fibre.

The cones are sensitive to different colours. There are three types of cone, each sensitive to different colour.
The cones are only sensitive when the intensity of light is high (bright light). This is why in the dark it is not
possible to distinguish colours.

IRIS
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LIDSKE OKO — PROCES VIDENI

Clovék miize pozorovat predméty, které jsou zdrojem svétla, jestlize vyslany svételny paprsek smétuje do
oka. Miizeme také pozorovat predméty, které nejsou
pfimym zdrojem svétla, ale od kterych se svételny 0

paprsek odrazi. E
Nékteré materialy svétlo odrazeji, n€které jej naopak \ /
pohlcuji. Cim vice svétla material odrazi, tim svétlejsi

se jevi.

http:/Awww.gtchild.co.uk/content/index.php?option=com_cor i id=146& id=66

N M e Velmi dobfe odrazeji svétlo zrcadla, svétlo se poté odrazi od lesklého

povrchu do o¢i.
Naopak ¢erné predméty neodrazeji zadné svétlo — svétlo neni odrazeno od

jejich povrchu, ale naopak je pohlceno — maji matnou nebo tmavou barvu.

y\y \x CIM VICE SVETLA TELESO POHLTI, TIM TMAVSI SE JEVI.

http://www.pixig.com/article/Why%20We%20See%20the%20Colors%20We%20See

Jakmile svétlo vstoupi do oka, prochazi nejprve pies rohovku. Nejvice se svétlo lame
pravé zde. Index lomu rohovky je 1,37 (index lomu vzduchu je 1,00).

Portion of retina Portion of retina
that can be seen that can be seen
through undilated pupil through dilated puplil

http://trialx.com/curebyte/2012/08/26/pupil-dilation-photos-and-a-listing-of-clinical-trials/

po priichodu rohovkou svétlo vstupuje do o&ni Gocky a zde se opét lame. Cotka ma index lomu 1,44,

Akomodace oka

Termin akomodace oka je spojen se schopnosti o¢ni ¢ocky ménit jeji ohniskovou vzdalenost. To je
umoznéno kontrakei svalu.

Funkce ¢ocky spociva v lomu svétla a jeho zaostieni na sitnici oka, kde se zpracovava. Krystalicka cocka je
vyrobena z vrstev vlaknitého materialu, ktery ma index lomu asi 1.40.

Cocka je piipojena k pruznym svalim, které svou kontrakci umoziiuji ménit tvar ¢ocky.
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Svaly jsou
a) uvolnéné, ohniskova vzdalenost roste a coc¢ka je plocha;
b) v napéti, ohniskova vzdalenost se zmensuje, ¢ocka je vice zaoblena

Tato schopnost umoziiuje oku zaostteni mezi oku vzdalenymi a blizkymi predméty.

Unaccommodated Accommodaled

lens

Cifiary muscle
contracted

ACCOMMODATION IN THE NORMAL EYE

http://www.bme.miami.edu/laboratories_homepage/biomedical_atomic_force_microscopy_laboratory/current-projects.html

To Focus on Nearby Objects

Nejblizsi bod oku, ktery mlize oko jesté vidét ostie a pfitom se minimaln¢ namahd, se nazyva blizky bod
oka. Pro zdravé oko je jeho vzdalenost maximalné 25 cm.

Vzdaleny bod oka - nejvétsi vzdalenost, pii které se pozorovany predmét zobrazi ostfe. Pro zdravé oko se
nachazi v nekone¢nu. Jeho poloha se mize s rostoucim vékem meénit.

Tycinky, ¢ipky RETINA

Sitnice je pokryta citlivymi buiikami, které zaznamenavaji
dopadajici svétlo.na sitnici se nachazeji dva typy téchto
bunék — ty€inky a ¢ipky. Svétlo, které dopadne na tyto FOVEA
bunky je déle pireméno v elektricky impuls a optickym
nervem prenesen do mozku.

SCLERA

IRIS

MACULA
Zluta skvrna

Blizko vstupu optického nervu do oka se nachazi oblast
zvana Zluta skvrna. Je to kruhova oblast o primeéru asi

0,25 mm. Je to misto na o¢ni sitnici, kde je nejvétsi hustota
¢ipku a tedy i nejostiejsi vidéni. V oblasti zluté skvrny se
nachazeji ¢ipky, kazdy je propojen s jinym nervovym
vlaknem.

CHOROID

http://myeyepage.weebly.com/fovea-centralis.html

RozloZeni ty¢inek a ¢ipkli neni konstantni na celé sitnici oka. V oblasti Zluté skvrny se nachazi mnoho
¢ipky, ale Zadné ty¢inky. Ty€inky se nachazeji pfevazné na okrajich sitnice.

Ve funkci ty€inek a ¢ipki jsou zasadni rozdily.

Tyc¢inky jsou citlivé na razné vinové délky svétla. Jsou citlivé také na svétlo nizké intenzity, protoz ek

k jednomu nervovému vlaknu je jich pfipojeno vice.

Naopak ¢ipky umoziuji vnimat barvy. Existuji 3 typy ¢ipka, kazdy je citlivy na jinou barvu (Cervena,
zelend, modra). Cipky jsou citlivé pouze na svétlo vyssi intenzity — jasné svétlo. To je také diivod, pro¢ ve
tm¢& nerozeznavame barvy.
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VISION DISORDERS

Colour blindness

Colour-blindness is the inability to distinguish the differences between certain colours.

Complete colour blindness is rare. Colour blindness is associated with non-functioning cone cells or
insufficient numbers of one or more cone cells. It can also be due to brain or nerve damage.

A person with colour-blindness has trouble seeing red, green, blue, or mixtures of these colours. The most
common type is red-green colour-blindness, where red and green are seen as the same colour.

Here are some illustrations of the most common forms of colour-blindness:

The colours of the rainbow

Deuteranope (simulation). Protanope (simulation) Tritanope (simulation)
Normal color vision Absence of green retinal Absence of red retinal Absence of blue retinal
photoreceptors photoreceptors. receptors

http://www.colormatters.com/color-and-vision/what-is-color-blindness

Myopia

Myopia is also known as nearsightedness. The image comes into focus before the retina. Things that are near
to the eye can more easily be seen. This condition can result from the eye being too long, the cornea is too
round or the lens having too much focus power. A diverging lens will correct for nearsightedness.

Myopia

Length of Myopia Corrected

Length of
Normal Eye

Normal Eye

http://www.childrenshospital.org/az/Site1517/mainpageS1517P0.html
Myopia can be corrected with eyeglasses or contact lenses.

Hyperopia

Hyperopia is also called farsightedness. The image produced by the lens and cornea comes into a focal point
behind the retina. Things that are farther away can be easily seen. This results from the eye being too short,
the cornea being too flat, or the focus power of the lens being too weak. A converging lens corrects for
farsightedness.

Hyperopia Corrected

Length of

Normal Eye \

H ia
Length of yperop!

Normal Eye \

http://www.childrenshospital.org/az/Site1517/mainpageS1517P0.html
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Astigmatism

The shape of the lens or cornea is irregular.

Normal Eye Astigmatic Eye
http://www.accuvision.co.uk/astigmatism.html

This leads to a loss of focal points or two focal points on the retina.
POINT OF FOCUS

UGHT ENTERING EYE»

Normal Eye Astigmatic Eye

http://www.accuvision.co.uk/astigmatism.html

A custom ground lens made specifically for each eye will correct astigmatism.

More recently, doctors have been using surgery to correct vision problems. These surgeries employ the same

physics as corrective lenses would outside the eye, only the changes are done to the cornea and lens of the
eye itself.
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PORUCHY ZRAKU

Barvoslepost

Barvoslepost je neschopnost oka rozeznat rozdily mezi uréitymi barvami.

Uplna barvoslepost se vyskytuje vzacné. Barvoslepost je spojena s poruchou funkce &ipkt nebo
nedostate¢nym mnozstvim jednoho nebo vice druhti ¢ipkd. Pti¢inou mize byt také poSkozeni nervu nebo

mozku.
Clovek postizeny barvosleposti ma potize s vnimanim ¢ervené, zelené, modré nebo kombinaci téchto barev.

Nejcastéji se vyskytuje neschopnost rozeznat cervenou a zelenou barvu.
Nize jsou ukazky nejbéznéjsich forem barvosleposti.
Barvy duhy
] I I
Deuteranopie (simulace). Protanopie (simulace) Tritanopie (simulace)

Normélni barevne vidéni Chybi zelené Cipky Absence ¢ervenych ¢ipka. Absence modrych ¢ipkda.

http://www.colormatters.com/color-and-vision/what-is-color-blindness

Myopie

Myopie je také zndma jako kratkozrakost. Obraz predmétu vznika pied sitnici. Dobfe jsou viditelné
pfedméty, které jsou blizké oku. Tato vada mliZe byt zplisobena pfili§ dlouhym tvarem oka, piiliSnym
zakulacenim rohovky nebo velkou optickou mohutnosti cocky. Pro korekei se pouzivaji rozptylky.

Myopia Corrected

Length of

fivesi
yopla Normal Eye

Length of
Normal Eye

http://www.childrenshospital.org/az/Site1517/mainpageS1517P0.html

Korekei myopie miize byt pouZiti bryli nebo kontaktnich cocek.

Hypermetropie

Hypermetropie se také nazyva dalekozrakost. Obraz pfedmétu vytvofeny ¢ockou vznika v ohnisku za sitnici.
Dobte jsou viditelné predméty, které se nachdzeji daleko od oka. Dalekozrakost je zptisobena piili§ kratkym
okem, malo zaoblenou rohovkou nebo ¢ockou s malou optickou mohutnosti. Pti korekci dalekozrakosti se
vyuzivaji spojné cocky.

Hyperopia Corrected

Length of Hyperopia

Normal Eye \

Length of

Normal Eye \

http://www.childrenshospital.org/az/Site1517/mainpageS1517P0.html
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Astigmatismus

Cocka nebo rohovka ma nepravidelny tvar.

Normal Eye Astigmatic Eye
http://www.accuvision.co.uk/astigmatism.html

To vede ke ztraté ohniska nebo existenci vice ohnisek na sitnici.
POINT OF FOCUS

UGHT ENTERING EYE»

Normal Eye Astigmatic Eye

http://www.accuvision.co.uk/astigmatism.html
P11 korekci astigmatismu se vyrabi ¢ocky individualné a specidlné pro kazdé oko.
V posledni dob¢ se pfi 1écbé téchto o¢nich vad vyuZzivaji operacni zakroky. Korekce ¢ocek pii téchto

operacich vyuziva stejnych fyzikalnich principti jako korekce ,,mimo oko*. Ke zménam ale dochézi ptimo
na o¢ni ¢occe nebo rohovce oka..

36


http://www.accuvision.co.uk/astigmatism.html
http://www.accuvision.co.uk/astigmatism.html

OPTICS — WORKSHEET

Optical illusions
1. If you stare (below) at any one of the white circles you will notice black dots appearing and

disappearing in some of the surrounding circles. But if you switch your gaze to one of these black
dots it immediately turns white again and stays white. You can never catch a black dot in the act.
This simple optical illusion shows in a rough way a quantum physics idea: the act of measurement

affects a quantum system.

ordpress.com/category/optical-illusion/

http://rogercostello.y

2. In this illusion the parallel straight horizontal lines appear to be bent.

http://brainden.com/line-illusions.htm
3. This image suggests that the horizontal lines are bent, however, the distortion is caused by the
background that simulates perspective and thus false depth perception is created.

http://brainden.com/line-illusions.htm

4. There is no spiral on the following picture. It's just nicely put squares that our eyes incorrectly
understand as spiral. Look closer.

http://brainden.com/line-illusions.htm
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5. The lines shown in the image are of same length. It is the illusion caused by the circles that makes us
believe that one line is smaller than the other.

ARV
 /
Tests for Color-Blindness

The typical test for color-blindness is based on a person's ability to see numbers inside a circle.
What number do you see?

http://www.colormatters.com/color-and-vision/what-is-color-blindness

Picture 1 Those with total color-blindness cannot read any
Those with normal color vision should read the number.

number 74. Picture 4

Picture 2 Those with normal color vision should not be able
Those with normal color vision should read the to read any number.

number 6. Most of those with red-green deficiencies should
Picture 3 read the number 5.

Those with normal color vision should read the Those with total color -blindness can not read any
number 29. number.

Those with red-green deficiencies read the number

70.
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OPTIKA — PRACOVNI LIST
Optické klamy
1. Pokud se dlouze zadivate na jeden z bilych kruhdl (viz niZe), viimnete si, Ze se na misté nekterych
objevuji Cerné tecky. Jestlize se ale podivate na jednu z téchto Cernych tecek, okamzité zbéla a
zustane bila. Nikdy se vam nepodaii ,,zachytit* ¢ernou tecku.
Tento jednoduchy opticky klam ukazuje myslenku kvantové fyziky: méfeni ovliviiuje kvantovy
systém.

2. V tomto klamu se vodorovné a rovnobézné ¢ary jevi jako ohnuté kiivky.

http://brainden.com/line-illusions.htm
3. Na tomto obrazku se vodorovné ¢ary jevi jako ohnuté. Zkresleni je zplisobeno pozadim, které
stimuluje pohled a tim je vytvoteno falesné vnimani hloubky.

http://brainden.com/line-illusions.htm

4. Na nésledujicim obrazku neni Zadna spirdla. Jedna se o vhodné& uspofadané ¢tverce do kruht, které
naSe oko nespravn¢ vnima jako spiraly. Podivejte se bliZe.

http://brainden.com/line-illusions.htm
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5. Usecky sestrojené na obrazku maji stejné délkou. Iluze je zptisobena polohou kruht, které nas
klamou a nuti nas véfit, Ze jedna linka je kratsi nez druha.

N
—/

A
N

O

Testy barvosleposti

O

Typicky test barvosleposti je zalozen na schopnosti ¢loveka vidét uvnitt kruhti ¢isla.

Jaké dislo vidite?

http://www.colormatters.com/color-and-vision/what-is-color-blindness

1. obrazek
Lidé s normalnim barevnym vidénim mohou vidét
¢islo 74.

2. obrazek
Lidé s normalnim barevnym vidénim mohou vidét
¢islo 6.

3. obrazek
Lidé s normalnim barevnym vidénim mohou vidét
¢islo 29.
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Lidé s ,,Cerveno-zelenym* typem barvosleposti

mohou vidét Cislo 70.

Lidé s uplnou barvosleposti nevidi zadné ¢islo.
4. Obrazek

Lidé s normalnim barevnym vidénim nemohou

vidét zadné cislo.

Vétsina lidi s ,,¢erveno-zelenym* typem

barvosleposti vidi ¢islo 5.

Lidé s uplnou barvosleposti nevidi zadné ¢islo.


http://www.colormatters.com/color-and-vision/what-is-color-blindness

LIGHTNING

We can describe the process of lightning, but many phenomena of lightning have not been explained.
l.

In the development of any lightning strike there is the polarization of positive
and negative charges within a storm cloud.

When clouds accumulate electricity and cannot accumulate it anymore, cloud
discharge electricity as thunder. As strong upward current forms cloud,
particles in the cloud clashed each other and get charged by friction of clash.
Upper part of cloud is positively charged and lower part is negatively charged,
then cloud becomes thunder cloud. It is thought that small particles prone to be
positively charged and big particles prone to be negatively charged. Negatively
charged big particles go downward because of its weight and positively
charged light particles go upward. Then polarization occurs in cloud.

2 Thudner cloud 3 Growth of 4 Lightning
thudner cloud

iz formed
by charging 11
1 Genemtion 131
af clouds )
U]

Strong —y —p J' —

upward rl '

current

Upper becomes + chamged - charge of cloud
Lower becomes - charged  induces + change
electmormagnetically

++++
++++

http://www.alp-plp.co.jp/eng/techical_gmechanism.html
Il.
The polarization of the clouds has an equally important affect on the
surface of the Earth. The cloud's electric field stretches through the space
surrounding it and induces movement of electrons upon Earth. Electrons
on Earth's outer surface are repelled by the negatively charged cloud's
bottom surface. This creates an opposite charge on the Earth's surface.

Buildings, trees and even people can experience a build up of static
charge as electrons are repelled by the cloud's bottom. With the cloud
polarized into opposites and with a positive charge induced upon Earth's
surface.

http://www.jimloy.com/physics/lightnin.htm
1.
As the negative charges collect at the bottom of the cloud it forces the negative charges in the ground to be
forced away from the surface. This leaves the ground positive.
A streamer of negative charges is repelled by the bottom of the cloud and attracted by the ground.
As this streamer of negative charges approaches the ground, a streamer of positive charges is repelled by the
ground and attracted to the negative streamer.
When the two streamers connect, they have created a fairly conductive path which allows a sudden down
surge of electrons to jump to the ground. This is the lightning.
The rapidly moving electrons excite the air along the path so much that it emits light. It also heats the air so
intensely that it rapidly expands creating thunder.
One thing to notice is that the positive charges that make up both the cloud and the ground do not move.
Even the positive streamer launched by the ground is really only made up of positively charged air particles
because the electron(s) left the particle.
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http://www.alp-plp.co.jp/eng/techical_gmechanism.html

Lightning conductor

Buildings may be protected by means of a lightning conductor. This provides a route of low resistance that
allows the large currents to pass to Earth causing little or no damage. A thick copper strip is fixed to the
outside of a building, reaching above the highest point of the building, ending in several sharp spikes. The
other end consists of a plate buried in the ground.

ﬁ mifa: hete i goEng

http://www.astarmathsandphysics.com

When a negatively charged thundercloud passes overhead it acts inductively on the conductor, charging the
points positively and the earthed plate negatively. The negative charge on the plate is dissipated into the
earth. At the same time the points — which are surrounded by large electric fields, being pointed — attract
negative ions from the clouds and give up their electrons which pass down to earth. At the same time
positive ions are repelled upwards from the spikes and spread out to form a 'space charge'. Any discharge
which occurs will pass down the lightning conductor and pass harmlessly to earth.
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BLESK

V tomto pracovnim listu sice popiSeme princip vzniku blesku, mnoho jevi spojenych s bleskem ale jesté
stale neni vysvétleno.

l.

Na zacatku vzniku blesku probiha vzdy polarizace kladnych a zapornych ionti
uvnitt bourkového mraku.

V mraku se hromadi elektricky naboj. |Jakmile je néboj tak velky, Ze se

v mraku jiz nemtize dale akumulovat, dochazi k jeho vybiti.

V oblacich se odd€luji zaporné€ nabité kapky od kladné€ nabitych kapek. Vodni
kapky pfi vystupu pomoci vzdusnych virti a pii padu se ttenim s molekulami
vzduchu zelektrizuji. A to tak, Ze vnitiek kapky je nabity kladn¢ a povrch
zaporn¢. Padajici destové kapky zachytava vitr a prudkymi nérazy je rozbiji
na ¢asti. Castecky destovych kapek, které se od§tépuji, jsou nabité zapornd a
Zbyvajici ¢asti kapek kladné.

Horni ¢ast mraku je kladn¢ nabité a jeho spodni ¢ast je zaporné nabitd. Takto se z mraku stava bourkovy
mrak. Velké zaporn¢€ nabité castice se drzi v dolni ¢asti mraku a kladné nabité ¢astice se drzi v horni vrstvé
mraku. V mraku posléze nastane polarizace.
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http://www.alp-plp.co.jp/eng/techical_gmechanism.html

Polarizace mraku ovliviiuje i zemsky povrch. V okoli bouikového mraku
existuje elektrické pole, které vyvola pohyb elektronti na Zemi. Elektrony
na povrchu Zemé jsou odpuzovany zaporné nabitou spodni ¢asti mraku.
Diky tomu vznika na povrchu Zemé¢ opaény (kladny) ndboj. Budovy,
stromy ale 1 lidé vytvareji diky odpuzovani staticky kladny naboj.

http://www.jimloy.com/physics/lightnin.htm

1.

Diky existenci zaporného naboje ve spodni vrstvé mraku jsou tedy na povrchu Zemé plisobenim
elektrickych sil odpuzovany elektrony a povrch ziskava kladny el. naboj.

ProtoZe se nesouhlasné naboje pfitahuji, smétuje kladna naboj z povrchu Zemé smérem k mraku a naopak
také zaporné ¢astice z mraku jsou ptitahovany k zemi. Jakmile se tyto dva proudy ¢astic propoji, vytvoii
vodivou cestu, ktera umoZzni pienos vétSiho poctu elektronti na zem. Vznika blesk, bleskovy vyboj.

Rychle se pohybujici elektrony rozrusi vzduch v blizkosti vyboje natolik, Ze vyzatuje svétlo. V okoli tohoto
mista se také prudce ohtiva vzduch, ktery velmi rychle expanduje. Tento jev lze slyset ve formé hromu.
Jedna z véci, které je nutno si vSimnou,t. je ta, ze kladné napoj se nepohybuji. Dokonce i el. vyboj je tvoien
jen kladnymi ¢asticemi.
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Hromosvod — Bleskosvod

Budovy mohou byt pied bleskem a jeho uc¢inky chranény pouzitim bleskosvodu.

Prostfednictvim bleskosvodu do |Zem¢ teCou velké proudy, ale je zabranéno velkym Skodam. Bleskosvod
poskytuje proudu cestu s nizkym odporem. Jedna se o silnou médénou ty¢, ktera je ptipevnéna k vnéjsi
stran¢ budovy a dosahuje nad jeji nejvyssi bod, je zakoncena ostrymi hroty. Druhy konec je uzemnén.

Fj’_; 0 1

_ﬁm:&ln-mr

http://www.astarmathsandphysics.com

V okamziku, kdy se bourkovy mrak nachdzi v blizkosti hromosvodu, ziskaji diky indukci jeho ¢asti kladny
elektricky naboj. Zaporny naboj je tedy odveden do zemé. Na mista, kterd jsou obklopena elektrickym
polem, plisobi zdporn€ nabité elektrony ptitazlivou elektrickou silou na kladné ionty a odpudivou na zaporné
elektrony — ty jsou tedy odvedeny do zemé. Soucasné s tim jsou kladné ionty pfitahovany nahoru ke spodni
casti mraku. Veskery proud naboje (elektrontl) projde dolii pies hromosvod a je odveden do zemé.
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MECHANICAL WORK

In our every day language, work is related to expenditure of muscular effort. But this is not the case it the

language of physics. The concept of work in physics is much more narrowly defined than the common use
of word.

Work is done on an object when:
1. aforce acts upon an object
and

2. moves it through a distance.

http://www.predskolaci.cz/

« Any time we use force to move something, we are doing work = in order for a force to qualify as

having done work on an object, there must be a displacement and the force must cause the
displacement.

« Pushing, pulling, lifting, turning and twisting are all examples of work.

Examples:

« A woman that holds a heavy shopping bag does no physical work. The force is hot moving the object
through a distance!

« A horse that pulls a plow through the field does a physical work.

Look at these examples:
Compare:
A.

oF
|

http://constructioncardmocktest.com/cscs-mock-test-1.html

Many times more force acts on the object, many times greater will be the work.

= |
.Tfﬂ
F S 1
&7 &

http://constructioncardmocktest.com/cscs-mock-test-1.html

B.

2S

Many times more displacement, many times greater will be the work.
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C. If an object moves some distance horizontally as a result of a force that is applied at an angle, it
is only the horizontal component of the applied force that is doing work.

________________ >
F.s. cosa
d

http://homework.syossetistops.org/index.php?m=UserPages&e=viewPage&id=1807

Consider a body of mass m and a constant force F acting on it. The body moves a distance s along a straight
line.

Work done by the force F is defined:
W =F-scosa,

where
a ... the angle between the force and the direction along which the object moves
F ... the force

s ... the distance

« The cosine can be positive, negative or zero. Thus the work can be positive, negative or zero.

1. Force acts in the same direction as the displacement.
A force acts rightward upon an object as it is displaced rightward. In such an instance, the force
vector and the displacement vector are in the same direction. Thus, the angle between F and s is 0

degrees.

F F
a=0° S
cosa =1

The work done by a force is the product of the force times the distance moved by the object in
the direction of force.

2. The force vector and the displacement are at right angles to each other. Thus, the angle between
F and s is 90 degrees.
a =90°
cosa =0
W =0

A vertical force can never cause a horizontal displacement;
thus, a vertical force does not do work on a horizontally
displaced object!

The unit of work:
[W] =] ....Joule
« The unit of the work is the joule.
« One joule is the work done by a force of 1N when it moves a body a distance 1m in the direction of
the force.
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MECHANICKA PRACE

V nasem kazdodennim jazyce pouzivame slovo prace pfi vyjadieni jakékoliv namahy spojené se svalovou
namahou. Ve fyzice a jazyku fyziku tomu tak ale neni. Pojem prace ma ve fyzice daleko presnéjsi definici
nez v bézném zivote.

Téleso kona mechanickou praci,
jestlize:
1. Pusobi silou na jiné téleso

a
2. posunuje ho po urcité draze.
http://www.predskolaci.cz/

Y
S

« Kdykoliv je k pohybu urcitého télesa vyuzita sila, kona se prace = sila kona praci, jestlize je pfic¢inou

pohybu télesa.
« Ptikladem konani prace mtize byt posunuti, tahani, zvedani, rotace a krouceni.
Piiklady:

« Zena nesouci tézkou ndkupni tasku nekond mechanickou préci. Sila neni pfi¢inou pohybu télesa!
« Kun tdhnouci pluh pfes pole kona fyzickou praci.

Prostudujte nasledujici ptiklady:

Porovnejte:
2F
¥ |
ﬂ 2F | U
S l
‘ ﬁ S

http://constructioncardmocktest.com/cscs-mock-test-1.html

[ §

Kolikrat vétsi sila piisobi na téleso, tolikrat vétsi praci vykona.

.TFH
F s G
$ ' §

http://constructioncardmocktest.com/cscs-mock-test-1.html

B.

Kolikrat delsi drahu urazi téleso, tolikrat vétsi prace je vykonana.
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C. Jestlize se téleso pohybuje ve vertikdlnim sméru diky sile, kterd ptisobi pod ur¢itym thlem , praci
kond pouze horizontalni slozka sily.

F.s. cosa
d

http://homework.syossetistops.org/index.php?m=UserPages&e=viewPage&id=1807

Uvazujme téleso o hmotnosti m, které ptsobi stala sila o velikosti F. Té&leso kona ptimocary pohyb.

Prace vykonana silou F je definovana:

W=F-scosa,

kde
a ... uhel, ktery svird vektor sily se smérem pohybu télesa
F ... sila

S ... draha urazena télesem

« Kosinus thlu mize byt kladny, zaporny nebo roven nule. Vykonana prace tedy muze byt také
kladna, zaporna nebo rovna nule.

1. Sila pisobi ve sméru pohybu télesa.
Sila ptisobi na téleso ve sméru doprava, téleso je posunuto smérem doprava. V takovém piipadé
ma vektor posunuti a vektor sily stejny smér. Uhel, ktery svira vektor sily F a smér posunuti s je

0 stupntl..

F F

a=0°
cosa =1
Prace vykonana silou F je soucinem velikosti sily F a drahy, kterou urazilo téleso ve sméru
pusobici sily.

2. Vektor sily svira se smérem posunuti pravy uhel. Velikost thlu mezi vektorem sily a smérem
posunutim je tedy 90°.
a =90°
cosa =0
W=0

Sila, ktera plisobi svislym smérem, nikdy nemtize byt
pfi¢inou posunuti ve vertikalnim sméru;

Pfi pohybu télesa smérem vodorovnym tedy nekona praci
Sila ptisobici svislym smérem! hitgwanw cnlincomalovanky.cz

Jednotka prace:
[W] =] ....Joule

« Jednotkou veli¢iny prace je joule.
« Préci jednoho joulu vykona sila o velikosti 1N, kterd posune téleso ve sméru svého ptisobeni po

draze dlouhé 1m.
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WORK - WORKSHEET

l. Choose one correct answer:
1. A body at rest may have:

A. Momentum 3. The work done on body does not depend
B. Speed upon
C. Velocity A. Displacement
D. Energy B. Force applied
2. The unit of work is: C. Angle between force and
A. Joule displacement
B. Newton D. Initial velocity of the body
C. Pascal
D. Watt

Il.  Fillin the gaps:
1. Work is done on an object when:

2. If the force acts in the direction of movement then W =
Work equals ................. 13710 U

Il. Is the person doing work?
1. When holding a book in his hand? ..........................
2. When walking up the stairs? .................oeeviiiininn..
3. When writing aletter? ..............cooiiiiiiiiiiii
4. When carrying a shopping bag in his hand and going at constant speed........................

I11.  In which case does the force the gratest work? The distance is 10m in all cases.
F

C

==~
=
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V.

VI.

VII.

VIII.

A box is dragged across a floor by 100N force directed 60°above the horizontal. How much work

does the force do in pulling the object 8m? Sketch the situation.

A horizontal force pulls a 15 kg carton across the floor at constant speed. The coefficient of sliding
friction between the casrton and the floor is 0.3. How much work is done by the force in moving the

carton by 10 m?

A box of weight 50 kg is pulled 2 m along a horizontal floor by a force of 10N and then the box is
lifted vertically through a height of 1m. What is the total work done on the box. Sketch the

situation.

What is the mass of a diver if gravity does 7925 J work on him when jumping into the water from a
height of 9 m?

If you do 95.15 J work to move a 17.3 kg chair 1.72 m across the floor at constant velocity, and you
are pushing at an angle of 32°relative to the floor, what is the coefficient of kinetic friction between

the floor and the chair?
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MECHANICKA PRACE — PRACOVNI LIST

I.  Vyberte jednu spravnou odpovéd’:
1. Téleso, které je v relativnim klidu,
muze mit:
A. Hybnost
B. Zrychleni
C. Rychlost
D. Energii
2. Jednotkou prace je:
A. Joule
B. Newton
C. Pascal
D. Watt
I1.  Dopliite do prazdnych poli vhodny vyraz:
1. Téleso kona mechanickou préci, jestlize:

B) e

3. Velikost vykonané prace nezavisi na
A. Draze
B. Pusobici sile
C. Uhlem mezi silou a smérem pohybu
D. Pocatecni rychlosti télesa

2. Jestlize sila ptisobi na téleso ve sméru jeho pohybu, potom W =

Velikost mech.prace je rovna soucinu ......

1. Je v nasledujicich situacich kondna prace?

a. Jestlize drzime v ruce knihu? .................
b. Pfi chizi nahoru po schodech? ...............

Pii psani dopisu? .........cooeiiiiiiiiiiiinnn,

Q

V.
drahu 10m.

A
F
S

C
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Jestlize v ruce drzime nakupni tasku a jdeme konstantni rychlosti? ........................

Ve kterém z nésledujicich pfipadi kona sila nejvétsi praci? Ve vSech ptipadech urazi téleso

B

-
e



V. Po podlaze je tazena krabice silou o velikosti 100N, ktera svira s vodorovnym smérem uhel 60°.

Urcete velikost prace pti posunuti télesa o 8m? Proved’te nacrtek situace..

VI.  Krabice o hmotnosti 15 kg je tazena vodorovnou silou konstantni rychlosti. Soucinitel smykového

tfeni mezi podlahou a krabici je 0.3. Jak velka prace vykonana pfi pfesunuti krabice o 10 m?

VII.  Krabice o hmotnosti 50 kg je tazena po draze 2 m po vodorovné podlaze silou o velikosti 10N
a poté je vyzvednuta svislym smérem do vysky 1m. Urcete velikost celkové vykonané prace.

Proved’te nacrtek situace.

VIIl.  Uréete hmotnost potapéce, jestlize pii skoku do vody z vysky 9m vykonala tihova sila praci 7925 J?

IX.  Urcete soucinitel smykového tieni mezi podlahou a zidli, jestlize byla vykonana prace 95,15 J, zidle
ma hmotnost 17,3 kg, pohybovala se stalou rychlosti po draze 1,72 m a mezi podlahou a vektorem

sily je thel 32°.
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SIMPLE MACHINES

In everyday life we are surrounded by many machines and mechanical devices. During a closer examination
we can notice that they contain some simple parts (levers, pulleys, screws,..). In this set of worksheets we
will explain how these components, called simple machines, work.

Simple machine

A machine is a device that transmits power and mechanical motion from one body to another.

Simple machines make work easier by accomplishing one or more following functions: transferring a force
from one place to another, changing the direction of a force, increasing the magnitude of a force, or
increasing the distance of a force. We can simply say:

A simple machine is a mechanical device that transmits power and mechanical motion from one body
to another and changes the direction or magnitude of a force.

Types of simple machines
The term simple machine usually refers to the six classical machines which were defined by Renaissance
scientists:

1. Lever

Pulley

Wedge

Wheel and axle
Inclined plane
Screw

oo hswh

From the physical point of view, simple machines fall into two groups:
1. Machines based on balance of forces

- inclined plane, wedge, screw

2. Machines based on the balance of moment of forces
- this group includes machines revolving around a fixed axis
- lever, pulley, wheel

While determining the balance of the simple machines, we will assume the following simplifications:
- work without friction

- neglect their weight

Claiming that simple machines reduce work is incorrect. They reduce physical effort (and it is something
other than mechanical work). They smaller size of the force in the same proportion as they increases track
on which the force acts.

Simple machines do not reduce the mechanical work.

Bicycle brakes are example of lever.

http://www.cyklotoulky.cz/clanky/clanky-display/oprava-a-udrzba-jizdniho-kola/-/brzdy/009/
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JEDNODUCHE STROJE

V bézném a kazdodennim Zivoté jsme obklopeni mnoha stroji a mechanickymi zatizenimi. Pfi blizSim
prozkoumani mizeme zjistit, ze se skladaji z jednodussich ¢asti (paky, kladky, Srouby,...)
V této skuping pracovnich listi si vysvétlime, jak funguji tyto jednoduché ¢asti, nazyvané jednoduché stroje.

Jednoduchy stroj

Stroj je zafizeni, které pienasi silu a mechanicky pohyb z jednoho télesa na jiné.

Jednoduché stroje usnadiiuji praci tim, Ze vyuzivaji jednoho z nasledujicich principi: prenasSeji ptisobisté
sily z jednoho mista na jiné, méni smér pisobeni sily, zmensuji velikost ptisobici sily nebo zvétsuji
vzdalenost sily. Jednoduse lze fici::

rvr -

Jednoduchy stroj je zarizeni, které prenasi silu a mechanicky pohyb z jednoho télesa na druhé a méni
smér a velikost piuisobici sily.

Typy jednoduchych stroji

Pojem jednoduché stroje obvykle zahrnuje Sest klasickych strojl, které byly definovany renezan¢nimi védci:
1. Péka

Kladka

Klin

Kolo na htideli

Naklonéna rovina

Sroub

o g~ W

Z hlediska fyziky mizeme jednoduché stroje rozd¢lit na dvé skupiny:
1. Stroje zalozené na rovnovaze sil

- Naklonéna rovina, klin, Sroub

2. Stroje zaloZené na rovnovaze momentu sil
- Tato skupina zahrnuje stroje ota¢ivé kolem pevné osy
- Paka, kladka, kolo na htideli

Pfi stanoveni rovnovahy na jednoduchych strojich budeme pouzivat nasledujici zjednoduseni::
- Neuvazujeme tfeni

- Zanedbavame hmotnost strojil

Tvrzeni, ze jednoduché stroje snizuji praci je nespravné!
Snizuji fyzickou namahu (to je néco jiného nez mechanicka prace).
Snizuji velikost piisobici sily, ale ve stejném poméru zvétsuji drahu, po které sila plisobi.

| Jednoduché stroje nezmensuji velikost mechanické prace!

g

Brzdy na kole jsou ptikladem nékolikanasobného uziti paky..

http://www.cyklotoulky.cz/clanky/clanky-display/oprava-a-udrzba-jizdniho-kola/-/brzdy/009/
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LEVER

« Lever is a simple machine that is based on the balance of moments of forces.
« Levers are used to lift heavy weights with the least amount of effort.
« Lever consists of:
. arigid object — very often a bar of some kind
« fulcrum or a pivot
Lever is a bar rotating around an axis that is perpendicular to the bar.
« Alever bar exerts a force to move a load by turning a pivot or fulcrum.

Lever is in equilibrium, if the sum of clockwise moments about any point equals the sum of
clockwise moments about the same point.

There are two basic types of lever:

1. Firstclass lever
- If both forces F;, F, are acting on different sides from the fulcrum.
d1 | dz —Pp]

O

My — M, =0 v
TRETA ¥
* Input force
d\Fy = d,F; W i

- Examples: pliers, scissors, nutcracker

2. Second class lever
- If both forces E’E’ are acting on the same side from the fulcrum. /

:4_61_1_.: d,

Example: bottle opener, wheelbarrow
Note: Sometimes a third type of lever is mentioned:
- powers are acting on the same side from the fulcrum.

| d d N s - Fulcrum pivot
|‘ | 2 ﬁ M1 + MZ =0
[ Effort
! } —M; + M, =0 & '
. - -
| I?_l I:'Z N:

‘d1F1 = szz‘ toad S oad

- Example: tweezers, broom, fishing rod

Load
Effert
=~y
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\ The lever is a simple machine that can change the size and direction of necessary force.

\ The sizes of the forces are in reverse proportion as the sizes of the arms of forces.

This means that even a small force can make greater force. Specifically it is as many times greater as

the arm is smaller.

Using the principle of the lever can be found in many machines and devices in our surroundings. The
human body is not the exception. The principle of lever is used for example at human arm or in other
parts of human body — see the picture.

Force
Force Force |oad o
Load #
Fulerum Fulemum Fulcrum

= Fulcrum

Solved example:
The wire can be cut by a force of 800N. What force must act upon the shoulder of the pliers at a
distance of 20 cm from the axis, if the length of jaw is 4 cm?
F, =800 N

rn=4cm=4-10"2m=0,04m
r,=20cm=2-10"'m=0,2m

F2 =?
Ml = MZ
Firy = Fory
Eo=F
2 = 17'2
F, = 800 NO’O4m
2 0,2m
F, = 800 NO’O4m
2 0,2
F, = 160N

We must exert a force of 160 N.

Example:
1. A classic bottle opener uses the lever principle for opening bottles. Draw the axis of rotation of
the lever to the picture. Find the minimum force you need to open the boottle, if it necessary

opening force is 100N.

2. Estimate the strength of your biceps when lifting dumbbells weighing 5 kg when the forearm is
directed horizontally. The axis of rotation is the elbow joint, the distance is 8 times greater than
the distance from the biceps attachment to the radius bone.

3. A fully loaded wheelbarrow stands on the horizontal field. What force would be recquired to

work at the end of handles. The wheel is loaded with 15 ordinary red bricks.
Find necessary data on the internet or in the tables.
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PAKA

« Péka je jednoduchy stroj, ktery je zaloZen na principu rovnovahy momentt sil.
« Péka se vyuziva ke zvedani t¢zkych bfemen s minimalnim tsilim.
. Péka je slozena z:

. pevného objektu — velmi ¢asto se jedna o néjaky druh tyce

« osy nebo ¢epu
« Péka je ty¢ otaciva kolem osy, kterd je k ni kolma.
. Péka uvadi silou t¢lesa do pohybu diky rotaci kolem osy.

Pika je v rovnovaze, jestliZe soucet vS§ech momentii sil vzhledem k téZe ose je nulovy.
(Soucet momentu otacejicich po sméru i proti sméru chodu hodinovych ruéicek je nulovy.)

Existuji dva zakladni typy paky:
1. Dvojzvratna paka

- Jestlize sily T’:, Fz) pusobi na raznych stranach od osy paky.
d,y ‘ d, —p|

o

; y

* Input force

fulerum *

Output
force

- Priklad: klesté, nizky, louskacek na ofechy

2. Jednozvratna paka

- Jestlize sily E), F? pusobi na jedné strané od osy paky. A
e d1
| | d, .
— 2

P2 iy
PG
\"3’,"'\ _

M; +M, =0
_M1+M2:O

‘d1F1 = szz‘

- Priklad: otvirak na lahve, kolecko s nakladem

Poznamka: n€kdy se uvadi i tfeti typ paky:
- Jedna se o specidlni typ jednozvratné paky

d N R Fulerum
D d, > M, +M, =0
i } —M; +M, =0
. — M =M
| Fy F;
|
‘d1F1 = szz‘

|
O
- Priklad: pinzeta, smetdk, rybatrsky prut
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‘ Pika je jednoduchy stroj, ktery umoziiuje ménit velikost i smér potiebné sily.

‘ Velikosti plisobicich sil jsou v obraceném pomeru jako velikosti ramen téchto sil.

To znamena, ze 1 pisobenim malé sily Ize vyvinou silu mnohonasobné vétsi. A to konkrétné tolikrat
vetsi, kolikrat je mensi rameno této sily.

« S vyuzitim principu paky se mizeme setkat v mnoha strojich a zafizenim v naSem okoli. Vyjimkou
ale neni ani lidské t€lo. Zde je vyuzito principu paky napiiklad na lidské pazi, nebo jinych ¢astech
téla — viz obrazek.

Force

Force Force |oad o
Load #
Fulerum Fulemum Fulcrum

Reseny priklad:
K ptestipnuti dratu je tieba sily 800N. Jak velkou silou musime plisobit na rameno klesti ve
vzdalenosti 20cm od osy, je-1i délka Celisti 4cm?
F, =800N

rn=4cm=4-10"2m=0,04m
r,=20cm=2-10"'m=02m

FZ :7

M1:M2
Firy = For,
Fo=F

2 = 17'2

F. —800N0’04m
2 0,2m
F, = 800 N— dm
2 0,2m
F, = 160N

K prestipnuti dratu je tfeba vyvinout silu 160N.

Priklad.:

1. Kilasicky otvirdk lahvi vyuziva pfi otvirani lahvi principu jednozvratné paky. Do obrazku nize
vyznacte misto, kde podle vas leZi osa otaceni této paky. Urcete, jakou minimalni silu potiebujete
k otevieni lahve, jestlize potiebna oteviraci sila uzavéru je 100N?

2. Odhadnéte silu svého bicepsu (dvojhlavého pazniho svalu) pfi zvedani ¢inky o hmotnosti Skg
v okamziku, kdy pfedlokti smétfuje vodorovné. Osou otaceni je loketni kloub, jeho vzdalenost 8x
veétsi nez vzdalenost od uponu bicepsu na vietenni kosti.

Na vodorovném terénu stoji pln€ naloZené zahradni kolecko. Jakou silou by bylo potieba plisobit na konci

drzadel. V kolecku je naloZeno 15 obycejnych cihel. Parametry se pokuste dohledat na internetu a
v tabulkéch.
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LEVER — WORKSHEET

1. A door is kept closed by a wedge, placed under the door at a distance of 75 cm from
the hinge. A person tries to open the door by applying a force of 40 N at 60 cm from
the hinge, but it doesn’t move. Calculate the friction force between the wedge and the
floor. o

http:/www.gbgm-umec.org/opendoorlansing/index.html

2. A closed carpark barrier is modelled as a light rod which is pivoted at a point. The rod carries a weight of
200N at a point 0,25 metres from the pivot, and it is supported horizontally at a point 1,8 metres from the
pivot, on the other side from the weight. Find the magnitude of the vertical force exerted on the rod by
the support.

3. The total mass of two children is 60 kg. Find their separate masses, given that the children are balanced
on a seesaw when one is 1,6 metres from the centre and the other is 1,4 metres from the centre.
When the heavier child sits 1,6 metres from the centre and the lighter child sits 1,4 metres from the
centre, the seesaw is balanced by applying a vertically downward force, behind the lighter child, at a
distance of 2 metres from the centre. Find the magnitude of this downward force.

http://www.vladeko.cz/detska-hriste/her stavy-pro-verejna-pr ilkyvadlova-| -ii

4. A horizontal uniform plank of length 10 m and mass 50 kg is supported by two vertical ropes, attached 2
metres from the left end and 3metres from the right end. Two children stand on the plank: Alfred (44kg)
4 m from the left end and Martin (36 kg) 2 m from the right end. Find the tension in the ropes.

5. A construction worker rides on structural beam which is being moved into position in the skeleton of a
high building. The mass of the beam and the mass of the worker are 2000 kg and 80 kg. The length of the
beam is 12 m, and the chains which hang vertically from the crane are attached at the left end of the beam
and at a distance of 10 metres from the left end. The worker sits at a distance of 7m from the left end.
Find the tension in each of the chains when the beam is horizontal and at rest.

http://www.gettyimages.com.au
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http://www.gbgm-umc.org/opendoorlansing/index.html
http://www.vladeko.cz/detska-hriste/herni-sestavy-pro-verejna-prostranstvi/kyvadlova-houpacka-ii
http://www.gettyimages.com.au/

6. If A =3 N, determine the weight of B, C, D E and F

10 cm

crosspieces 1) 6N
2)SHN
3)2N
4) 4
5)2N

If A = 3N, determine the
weight of B, C, D, E, and F
http://www.mrfizzix.com/review/torquerev/torquerev.htm
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PAKA — PRACOVNI LIST

1. Dvefte jsou zavieny klinem, ktery je umistény pod dvefmi ve vzdalenosti 75 cm od
zéavesu. Pii pokusu o otevieni dvefi silou o velikosti 40N ve vzdalenosti 60cm od
pantu se ale dvete nepohybuji. Urcete velikost téeci sily mezi klinem a podlahou.

http://Aww.gbgm-umc.org/opendoorlansing/index.html

1. Uzamcena zévora na parkovisti miizeme popsat jako svételnou ty¢ oto¢nou v jednom bodé¢. Na ty¢ ptisobi
sila o velikosti 200N ve vzdalenosti 0,25 metrti od osy otacCeni a je podepiena na opacné stran¢ ve
vzdalenosti 1,8 metrii od ¢epu. Urcete velikost svislé sily, kterd plisobi na ty¢ v misté podpéry.

2. Celkova hmotnost dvou déti je 60 kg. Urcete hmotnost kazdého z déti, jestlize jsou na houpacéce
V rovnovdaze, pokud jsou ve vzdalenostech 1,6 m a 1,4 metrti od stfedu.
houpacka v rovnovéze, jestlize na stran¢ leh¢iho ditéte bude ptisobit sila ve vzdalenosti 2m od stfedu.
Urcete velikost této sily.

http://www.vladeko.cz/detska-hriste/herni-sestavy-pro-verejna-pr i/kyvadlova-| ka-ii

3. Horizontaln¢ umisténé prkno o délce 10 metri a hmotnosti 50 kg je zavéSeno na dvou svislych lanech.
Lana jsou pfipojena 2m od levého konce a 3 m od pravého konce. Na prkné stoji dveé déti: Alfréd (44 kg)
4m od levého konce a Martin (36kg) 2m od pravého konce. Urcete sily plisobici na lana.

4. Na nosniku, ktery je pfesouvan na misto konstrukce vysoké budovy, sedi stavebni délnik. Hmotnost
nosniku a délnika je 2000kg a 80 kg. Délka nosniku je 12 metrt a vzdalenosti 10 metra od levého konce
jsou umistény svislé fetézy. Pracovnik sedi ve vzdalenosti 7 metrii od levého konce. Urcete napéti
Vv jednotlivych fetézech, jestlize je nosnik v klidu.

http://www.gettyimages.com.au
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http://www.gettyimages.com.au/

5. Jestlize A = 3 N, urcete sily oznacené¢ B, C, DE aF

10 cm

crosspieces 1) 6N
2)SHN
3)2N
4) 4
5)2N

If A = 3N, determine the
weight of B, C, D, E, and F
http://www.mrfizzix.com/review/torquerev/torquerev.htm
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PULLEY

This simple machine is made up of a wheel and a rope. The rope fits on the groove of the wheel. One part of
the rope is attached to the load. When you pull on one side of the pulley, the wheel turns and the load will
move. Pulleys let you move loads up, down, or sideways. Pulleys are good for moving objects to hard to
reach places.

block

n DIAGRAM 9
@ u Fixed ]
IXe
u Pulley »
" pamm
] m
~ [ ‘ n
rope u| i -]
] ‘; \ ,‘m",:, 1 u
iy S @
\ = 5 4 A ]
El 5 14 =
F

http://mww.sparknotes.com/testprep/books/sat2/physics/chapter8section2.rhtml http://mww.forteachersforstudents.com.au/Engineers/EngQuest/P-Content/Thignfo7.php

A pulley changes the direction of the force, making it easier to lift things.
A pulley can change the direction or size of the effort force depending on what type of pulley it is.

An example of a pulley is a flagpole. There are usually two hooks on the rope. The chord rotates around the
pulley and lowers the hooks so you can attach the flag. Then pull the chord and the flag raises high on the
pole.

There are three types of pulleys:
1. afixed pulleys
2. amovable pulley
3. acombined pulley

A fixed pulley

A fixed pulley is a pulley in which the wheel does not move. Fixed pulleys change the direction of the effort
force. It does not increase the size of the effort force. The effort force is equal to the resistance force in a
fixed pulley

100N
loow

http://www.petervaldivia.com/technology/mechanisms/index.php
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A movable pulley

A moveable pulley does not change the direction of the effort force but does increase the size of the force.
When you pull on the rope, the pulley and the load come up. You can find the mechanical advantage of a
moveable pulley by counting the number of ropes that lift the load.

50N|

lmon
A combined pulley

A pulley system is simply a fixed and moveable pulley put together. The pulleys are used to increase the
mechanical advantage of the system. A pulley system's mechanical advantage (MA) is equal to the number
of supporting ropes.

A basic equation for a pulley:

In equilibrium, the force F on the pulley axle is equal and opposite to the sum of the tensions in each
line leaving the pulley, and these tensions are equal.

[ I e2) fen

[vs .
[vy) -

FIAL E5FORT

-~
5(c1 St
E‘S(Cl I Im

80N

LOAD
http://dorsetsea.swgfl.org.uk/html/sonof/pulleys.htm
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KLADKA

Tento jednoduchy stroj je sloZen z kola lana. Lano je umisténo v drazce kola a na jeden jeho konec je
piipevnén naklad. Pokud zatdhneme za jeden konec kladky, kolo se za¢ne otacet a naklad se pohybuje.
Kladka umoziuje posunout naklad nahoru, dolti nebo do strany. Kladku je vhodné pouzit pro presunuti téles
na tézko dostupna mista.

block

n DIAGRAM 9
@ u Fixed o
n IXe "
" / | u
n . m
~ [ g w
rope u | 1 u
[ NN [
u : { B n
\ [} P, SRS
| =2 2]
F

http://ww.sparknotes. testprep/books/sat2/physics/chapter ion2.rhtml http://mww.forteachersforstudents.com.au/Engineers/EngQuest/P-Content/Thignfo7.php

Kladka méni smér ptisobeni sily a usnadiiuje zvedani véci.
Kladka umoziuje zménit smér sily nebo jeji velikost, zaleZi na typu kladky.

Prikladem uziti kladky je stoZar na zavéSeni vlajky. Obvykle se sklada ze dvou hacki na lang. Kladka se
oto¢i a hacky na lan¢€ se snizi, coz umozni zaveésit vlajku. Vlajka je opét vytazena vysoko na sloup.

Existuji tfi typy kladek:
1. pevna kladka
2. volna kladka
3. kladkostroj

Pevna kladka
Pevna kladka je kladka s pevné ukotvenym kolem. Pevna kladka méni smér ptisobici sily. Neméni velikost
pusobici sily. Velikost sily potiebné ke zvednuti ndkladu je rovna tize télesa zavéSeného na lang.

100N
100«

http://www.petervaldivia.com/technology/mechanisms/index.php
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Volna kladka
Volna kladka neméni smér plisobici sily, ale zvétSuje jeji velikost. V okamziku, kdy tahame za lano se
kladka i néklad posunuji nahoru. Pomér, v némz se zvétsi sila, 1ze urcit snadno spoctenim lan, ktera zvedaji

naklad.
1

l 100N
Kladkostroj

Kladkostroj je slozen z pevnych a volnych kladek spojenych dohromady. Kladky se pouzivaji pro zvétSeni
,mechanické vyhody* systému. Mechanicka vyhoda systému — pomér zmenseni sily je rovna po¢tu lan, na
kterych visi volné kladky.

Zéakladni rovnice kladkostroje:
Kladkostroj kombinuje vyhody volné a pevné kladku. Znasobuje ptsobici silu, ktera piitom tze
pusobit smérem dolii. P¥i pouziti vice kladek se potiebna sila F vypocte podle vzorce: F = ZG—n , kde G
je tiha bifemene a volnych kladek, n je pocet volnych kladek.

8 <
4 el b o)
- w 2 .
3 € 24
»
3 ,
o
é(Cl I Im
80N

LOAD
http://dorsetsea.swgfl.org.uk/html/sonof/pulleys.htm
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PULLEY — WORKSHEET

1. Determine the mechanical advantage of each of these systems

* e T S e
A:
B:
C:
L |
D:
L L L
http://dorsetsea.swgfl.org.uk/html/sonof/pulleys.htm
2. Imagine that masses m and M are in the following arrangement:
Calculate the acceleration of the masses?
Calculate also for M = 12kg, m = 15kg. M 7o)

3. Which weight requires the least force to move?

10kg 10Kg 10kKg
1 & B 2 & B
a) A b) B ¢) both of them
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4. How much force is required to move the weight?

-
4

300 kg

1000 N
1500 N
500 N
600 N

oSow>»
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KLADKA — PRACOVNI LIST

1 . Urcete pomér zvétSeni sily u jednotlivych kladek a kladkostroji:

b TN L .

fa TN e .

T D I T

e B T

A B C D

http://dorsetsea.swgfl.org.uk/html/sonof/pulleys.htm

2. Uvazujme t€lesa o hmotnostech M a m, ktera jsou uspotfadana dle nasledujiciho nakresu. Vyjadiete
zrychleni téles. Vyfteste také pro konkrétni hodnoty
M = 12kg, m = 15kag. M o

——

3. Kter¢ zatizeni potfebuje pro zvednuti zavazi mensi silu?

10Kg 10Kg 10Kg
2 & B 2 & B
b) A b) B ¢) both of them
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4. jak velka sila je potieba ke zvednuti zavazi?

E. 1000
F. 1500
G. 500 N
H. 600 N

-

300 kg

N
N
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THE INCLINED PLANE

An inclined plane is very important application of [Newton‘s laws.

In physics, a titled surface is called an inclined plane.

An object placed on a tilted surface will often slide down the surface.

The rate at which the object slides down the surface is dependent upon how tilted the surface is. The greater
the tilt of the surface, the faster the rate at which the object will slide down it.

Obijects are known to accelerate down inclined planes because of an unbalanced force. To understand this
type of motion, it is important to analyze the forces acting upon an object on an inclined plane.

E

There are always at least two forces acting upon any object that is positioned on an inclined plane

1. E....normal force.
The normal force acts in a direction perpendicular to the surface.

2. F,..force of gravity.
The force of gravity acts in a downward direction.
The force of gravity will be resolved into two components of force - one directed parallel to the
inclined surface and the other directed perpendicular to the inclined surface.
The diagram below shows how the force of gravity has been replaced by two components

a parallel and a perpendicular component of force of F_G)

\
——— & -
\ .-
FG \‘ ‘,’_,—‘
_-="7
\

The force of gravity can be resolved into two components.
Together, these two components replace the affect of the force of gravity.

.. perpendicular component of F_G’
The perpendicular component of the force of gravity is directed opposite the normal force and
as such balances the normal force

&1

.. parallel component ofF_G’
The parallel component of the force of gravity is not balanced by any other force. This object
will subsequently accelerate down the inclined plane due to the presence of an unbalanced
force. It is the parallel component of the force of gravity that causes this acceleration. The
parallel component of the force of gravity is the net force.
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5

sina =
Fg
F
cosa ==
Fg

IF, = F; - cosa|

Real inclined plain

F, = F; - sinqg|

In the presence of friction or other forces (applied force, tensional forces, etc.), the situation is
slightly more complicated. The perpendicular component of force still balances the normal force
since objects do not accelerate perpendjcular to the incline.

U/ GIOGSE.COmMIGFantyyyim: module chapter-SMpl-machingsfg-GmI7QVSIGNbDS

Using an inclined plane requires less effort over a longer distance.

with
inclined
plane

effort
needed
=10kg |

without
. inclined
. plane

itpivevew.weddingmapper.comiplanivendor/atract

Examples: ramp, slanted road, slide, path up a hill

nnnnnnnnnn ithe_johnstown_inclined_plane/110903
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NAKLONENA ROVINA

Naklonéna rovina patii mezi velmi dilezité aplikace Newtonovych pohybovych zakon.

Ve fyzice oznacujeme povrch rostouci nebo klesajici pod urcitym thlem jako naklonénou rovinu.

Té¢leso umisténé na povrch naklonéné roviny Casto sjede po povrchu dold. Jestli a kdy se téleso bude
pohybovat po naklon&né roviné pohybovat dolti. Zavisi na (hlu naklonu naklon&né roviny. Cim vétsi je thel
naklonu, tim rychleji téleso sjede po naklonéné roviné dolu.

Zrychleni a pohyb dolti po naklonéné roving je zptisoben nerovnovahou sil a jejich vyslednici. Pro
vysvétleni tohoto pohybu musime nejprve provést rozbor sil, které plisobi na téleso umisténé na naklonéné
roving.

E

Na kazd¢ téleso umisténé na naklonéné roviné pisobi vzdy nésledujici dvé sily:

—
1. E,...normalova sila.
Normadlova sila pisobi na téleso ve sméru kolmém k povrchu naklonéné roviny.

2. F_G)...tihové sila.
Tihova sila ptisobi na téleso ve svislém smeéru.
Tihovou silu, kterd piisobi na téleso na naklonéné roving, 1ze rozlozit na dvé slozky — prvni slozka je
rovnobé&zna s povrchem naklonéné roviny a druh4 je k ni kolma.
Nékres situace nize ukazuje rozklad tihové sily na dvé slozky — pohybovou a normalovou slozku

tihové sily Fy.

\
=1\ -
\ -
FG \\J‘,’_,—‘
_-="7
\

Tihova sila miiZe byt rozloZena na dvé slozky.
Vysledny pohybovy u¢inek téchto dvou sloZek je stejny jako pohybovy tcinek pusobici tihové
sily.

F, ... normalova slozka tihové sily F;;
Normalova slozka tihové sily ma smér kolmy k povrchu naklonéné roviny. Ma opacny smér a
stejnou velikost jako normalova sila, tyto sily jsou v rovnovaze.

—
... pohybova slozka tihové sily F;
Pohybova slozka tihové sily neni v rovnovaze s zddnou jinou silou. Pohybové slozka tihové
sily udava télesim na naklonéné roving zrychleni.
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Pohybova slozka tihové sily je vyslednici sil piisobicich na téleso na naklonéné roving.

) F
sing =-2£
Fg

F,

cosa ==
Fg

Realna naklonéna rovina

Budeme-1i uvazovat existenci realnych trecich sil, je situace o néco slozitéjs$i. Normalova slozka
tithové sily je stale v rovnovaze s normdlovou — tlakovou silou ptisobici na téleso. Vysledna sila,
ktera uvadi je téleso do pohybu, je vyslednici pohybové slozky tihové sily a sily tfeci.

F

—

Fy

Ptiklady vyuziti naklonéné roviny:

Using an inclined plane requires less effort over a longer distance.

with
inclined
plane

Output
force

effort
needed
=10 kg

without
inclined
plane

effort
needed
=25kg

:_johnstown_inclined_plane/110903

Piiklady: rampa, Sikma silnice, skluzavka, cesta do kopce ’
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THE INCLINED PLANE - WORKSHEET

1. A block of mass m slides down an inclined plane with a constant speed, v. A force F is applied to the
block and friction between the plane and the block is negligible. What is the correct orientation of the
force F?

2. A block of mass m = 5kg slides down the inclined plane from the figure below. what is the

acceleration of the block? the coefficient of dynamic friction is 0,5.
Draw all forces that acts on the body.

3. For each of the following situations, determine:
a) the acceleration of the block down the plane
b) the time for the block to slide to the bottom of the plane
In each case, assume a frictionless plane unless otherwise stated; assume the block is released from
rest unless otherwise stated. (http://www.education.com)

a)

Him

40°

b)

f

h=10m

v

20 m
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m=10kg

d)

20m

m=10kg
H=025

€« 0m —

f)

20 m

4-['“
vy = 3.0 m's down the planc

9)
20m
40°

V, = 5.0 m's up the planc
h)

'm
HD

m =30 kg
=030
vy = 3.0 ms op the plane
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NAKLONENA ROVINA — PRACOVNI LIST

1. Téleso hmotnosti m se pohybuje dolii po naklonéné roviné konstantni rychlosti v. Na téleso ptsobi
sila o velikosti F, tfeci sily zanedbejme. Ktery ze sméra sily F je spravny

2. Te¢leso o hmotnosti m = 5kg se pohybuje doli po naklonéné roving, viz obrazek nize. Uréete

zrychleni télesa. Soucinitel smykového tfeni je 0,5.
Vyznacte vSechny sily, které ptsobi na téleso.

3. Pro kazdou z nasledujicich situaci urcete:
a) Zrychleni té€lesa pohybujiciho se dolil po naklonéné roviné
b) Cas, po ktery se bude téleso pohybovat.
Ve vSech ptipadech zanedbavame tfeni. Pokud neni uvedeno jinak, predpokladame, Ze se téleso
pohybuje z klidu. (http://www.education.com)

a)

2 m

b)

f

h=10m

20 m
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m=10kg

d)

20m

m=10kg
H=025

€« 0m —

f)

20 m

4-['“
vy = 3.0 m's down the planc

9)
20m
40°

V, = 5.0 m's up the planc

M m
ED

m =30 kg
=030
vy =300 m/s up the plans

h)
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SCREW

A screw is considered a simple machine. The thread of a screw acts as an inclined plane. It delivers a
mechanical advantage because you turn the screw a lot to have it go into the wood a little.

A screw is a shaft that has a in inclined groove along its surface. By rotating the screw (applying a torque),
the force is applied perpendicular to the groove, thus translating a rotational force into a linear one. It is
frequently used to fasten objects together (as the hardware screw & bolt does), although Babylonians
developed a "screw" that could elevate water from a low-lying body to a higher one (which later came to be
known as Archimedes' screw).

The screw is basically an inclined plane wrapped around a cylinder.

Screws are known for high friction, which is why they are used to hold things together.
Screw

A osorew is simgpdly
A spiraled inclined plane

Effect of Wedoe f

Raw effort f

Ferrce o wieod

f

http://www.clear.rice.edu/elec201/Book/basic_mech.htmI#SECTION00936000000000000000

Archimedes screw

http://www.school-for-champions.com/biographies/archimedes.htm

Archimedes' Screw has been used to lift water to higher levels since ancient times. Archimedes (287-
212 B.C.) is the traditional inventor of this device, which was originally used for irrigation in the Nile delta
and for pumping out ships
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WHEEL AND AXLE

shaft

wheel

i,

~ http://ykonline.yksd.com/distanceedcourses/Courses/PhysicalScience/Lessons/ThirdQuarter/Chapter08/08-06.html

http://www.animations.physics.unsw.edu.au/jw/rotation.htm

Wheel and Axle, a simple machine consisting of a wheel (or crank) and an axle that turn on the same axis.
Steering wheels, doorknobs, and screwdrivers are wheel-and-axle devices. A crank replaces the wheel in
devices such as windlasses, bicycle pedals, and hand drills.

The wheel and axle can be regarded as a form of lever: the radius of the wheel corresponds to the force arm,
to which force is applied; the radius of the axle corresponds to the resistance arm; and the axis of the axle
corresponds to the fulcrum. A wheel and axle has a theoretical mechanical advantage (ratio of the force
delivered by the machine to the force put into the machine, disregarding friction) equal to the radius of the
wheel divided by the radius of the axle.

}<% RESISTANCE
MOTION

http://www.pixmule.com/wheel-and-axle/7/
http://hboykin414.tripod.com/wheelaxle.html
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SROUB

Sroub se fadi mezi jednoduché stroje. Zafezy na $roubu funguji na principu naklonéné roviny. Vyhoda
vyuziti Sroubu spociva v tom, ze pii jeho velkém pootoceni se do dfeva posune pouze o kousek.
Sroub je v podstaté hiidel, kterd ma na svém povrchu drazky ve tvaru povrchu naklonéné roviny. Otaéenim
$roubu ptisobi sila kola na drazky a rota¢ni pohyb (sila) je pfeveden na posuvny. Sroub se ¢asto vyuziva ke
spojeni predmétth dohromady, piestoze Babylonané vyvinuli Sroub vyuzivany na ¢erpani vody z nizSich mist
do mist vysSich (ktery je pozdé&ji znam jako Archiméduv Sroub)
Jednoduse lze fici, ze Sroub je naklonéna rovina namotand okolo vélce.
Srouby jsou znamy vysokym tienim a pravé proto se pouZivaji ke spojeni véci dohromady.

Screw

h osorew is simply
A spiraled inclined plane

L

Effect of Wedge T

Fanw effort T

Ferce o wieod

f

http://www.clear.rice.edu/elec201/Book/basic_mech.htmI#SECTION00936000000000000000

Archimédav Sroub

http://www.school-for-champions.com/biographies/archimedes.htm

Archiméduv Sroub se vyuzival k ¢erpani vody do vyse polozenych mist jiz od antickych dob. Archimédes
(287-212 pi.n.l.) patii mezi vynalezce tohoto zafizeni, které bylo piivodné vyuzivano k zavlazovani v delte
feky Nil a také k ¢erpani vody z lodi.
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KOLO NA HRIDELI

shaft

-~

- http://ykonline.yksd.com/distanceedcourses/Courses/PhysicalScience/Lessons/ThirdQuarter/Chapter08/08-06.html

http://www.animations.physics.unsw.edu.au/jw/rotation.htm

Kolo na htideli je jednoduchy stroj, ktery se sklada z kola a napravy, které jsou oto€né kolem téZe osy.
Prikladem kola na htideli jsou volanty, kliky, Sroubovaky. Kolo je nahrazeno klikou naptiklad v zatizenich
jako je navijak, cyklistické pedaly, ruéni vrtacky.

Kolo na htideli mize byt povazovano za jednu z forem paky: polomér hiidele odpovida ramenu sily, ktera
pusobi na rameno; polomér kliky (kola) odpovida druhému ramenu a osa napravy je osou otaceni.

Kolo na htideli vyuziva nesledujici princip: pomér pusobicich sil je roven pievracenému poméru polomért
kola a htidele.

}< RESISTANCE
MOTION

http://www.pixmule.com/wheel-and-axle/7/
http://hboykin414.tripod.com/wheelaxle.html
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SCREW, WHEEL AND AXLE, SIMPLE MACHINES -
WORKSHEET

A fork is an example of a:
Pulley

Wedge

wheel and axle

Owpr

A roller skate is an example of a:
wheel and axle

wedge

lever

Owmp N

A ramp is an example of a/an:
Pulley

screw

inclined plane

Owp o

The bottom of a light bulb would be considered a:
Lever
Screw
wedge

owp

o

Decide which of following statements are true:
i. T/F 1) Simple machines are tools that make work easier.
ii. T/F 2)Simple machines have many complex parts.
iii. T/F 3)Simple machines require no energy to do work.
iv. ~ T/F 4)Simple machines do work with one movement.
v. T/F 5)Simple machines give us an advantage by changing the amount, speed or  direction of
forces.
vi. T/F 6)Simple machines require a much greater force to overcome a smaller force.

6. Screw
A screw is an inclined plane wound about a nail. The ridges are called the thread of a screw. These threads
cut a groove in the wood as you turn the screw, making it hold very tightly. To remove a screw you have to
turn in the opposite direction with a screwdriver. It is very difficult to remove a screw by pulling it straight
out. As with any inclined plane used as a simple machine, the force required is less but the distance travelled
IS greater.
List two trade-offs for using a screw

Provide four examples of a screw ( not those listed above)

7. Write the name of the simple machine that is described in the sentences below:
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Wedge | Gear | Wheel and Axle | Screw | Pulley | Inclined Plane | Lever

These two parts act as one simple machine. They roll and are found on cars, bikes and
wheelbarrows.

A rope, a wheel with a groove in it and a weight make up this simple machine. You can
pull down on the rope to lift the weight.

This simple machine can be used to lift a weight. It has a fulcrum, or pivot point, which
can be located in the center, near the end or at the end of this simple machine.

These simple machines are wheels with teeth on them that fit together when the simple
machines are turned. These simple machines are used to increase or decrease turning
power by changing their size.

This simple machine can be used to split things apart or hold a door open.

Examples of this simple machine are used to hold things together. It is made up of an
inclined plane wrapped around a cylinder.
A heavy object could be rolled up this simple machine, instead of lifting it straight up.

Using this simple machine can save effort, although the object must usually cover more
distance if this simple machine is used.
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§ROUB, KOLO NA HRIDELI, JEDNODUCHE STROJE —

klin

Owpr

klin
paka

Owmp N

kladky

Sroubu

Owp o

paku
Sroub
klin

owp

o

vii. A/N
viii.  A/N
iXx. A/N
X. AIN
xi. A/N
xii. AN

6. Sroub

PRACOVNI LIST

Vidlicka je prikladem:
Kladka

kolo na hiideli

Koleckové brusle jsou ptikladem:
Kola na htideli

Rampa je ptikladem:

naklonéné roviny

Spodni ¢ast Zarovky miiZze byt povaZovana za:

Rozhodnéte, které tvrzeni je spravné:

1) Jednoduché stroje jsou zafizeni, ktera usnadnuji praci.

2) Jednoduché stroje se skladaji z mnoha slozitych dilu.

3) Aby jednoduché stroje konaly praci, nevyzaduji dodavat Zadnou energii.

4) Jednoduché stroje pracuji s jednim pohybem.

5) Jednoduché stroje usnadiuji praci tim, Ze méni velikost, smér pisobici sily nebo zrychleni.
6) Jednoduché stroje vyzaduji velkou silu pro piekonani sily mensi.

List two trade-offs for using a screw

Uved’te ¢tyri

priklady pouziti Sroubu ( jiné neZ jsou uvedeny vyse)
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7. Napiste nazev jednoduchého stroje, ktery je popsat vzdy jednou z nasledujicich vét:

Tyto dvé ¢asti funguji jako jednoduchy stroj. Otaci se a miizeme najit na kole, aut¢ atd.

Kolo s drzkou a vném lano. Zatazenim za lano lze zvedat pfedméty.

Tento jednoduchy stroj mtize byt pouzit pro zvedani biemen. Mé opérny bod, kolem které¢ho se otaci. Tato
osa muze byt ve stfedu, v blizkosti nebo na konci tohoto jednoduchého stroje

Tyto jednoduché stroje se skladaji z ozubenych kol, kterd do sebe zapadaji. Tyto jednoduché stroje se
pouzivaji pro zvyseni nebo sniZeni rychlosti otacek diky zméné¢ jejich velikosti.

Tento jednoduchy stroj se pouziva k oddéleni véci od sebe, nebo také mlize drzet oteviené dvete.

Zastupci tohoto jednoduchého stroje jsou vyuzivani k drzeni véci dohromady u sebe. Skladaji se z naklonéné
roviny namotané na valci.

Pomoci tohoto jednoduchého stroje 1ze posouvat tézké predméty. Misto toho, aby byly zvedany pfimo
vzhiiru, jsou tlateny pod uréitym thlem. S vyuzitim tohoto stroje nam ke zvednuti téles staci vynalozit
mensi silu, ale té€lesa urazi o to delsi drahu.
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MECHANICAL ENERGY

We know that work is done upon an object whenever a force acts upon it to cause it to be displaced.
Work involves a force acting upon an object to cause a displacement. In all instances in which work is done,
there is an object that supplies the force in order to do the work.

In the process of doing work, the object that is doing the work exchanges energy with the object upon which
the work is done. When the work is done upon the object, that object gains an energy. The energy acquired
by the objects upon which work is done is known as mechanical energy.

Mechanical energy is the energy that is possessed by an object

a) due to its motion or

b) due to its position.
Mechanical energy can be either kinetic energy (energy of motion) or potential energy (stored energy of
position).

Kinetic energy

Kinetic energy is energy of motion. The kinetic energy of an object is the energy it possesses because of its
motion. The Kinetic energy* of a point mass m is given by

1 1 1
E,=W=F"s =m-a-§at2 =§m(at)2 =§mv2
Energy as the capacity for doing work is a convertible currency. To give something kinetic energy you must

do work on it. This development uses the concept of work as well as Newton's second law and the motion
equations. It is a special case of the work-energy principle, a powerful general principle of nature

E), = =
k va

m... mass of an object
Vv ... velocity of an object
Ex ... Kinetic energy of an object

1. The kinetic energy depends upon the square of the velocity. (So at twice the speed, the object has 4x
the energy.)

2. The kinetic energy of an object depends upon the speed. (A faster object can do more work.)

3. The kinetic energy depends upon the mass of an object. (A more massive objects can do more work.)

Kinetic energy is an expression of the fact that a moving object can do work on anything it hits; it quantifies
the amount of work the object could do as a result of its motion.

For an object of finite size, this kinetic energy is called the translational kinetic energy of the mass to
distinguish it from any rotational kinetic energy it might possess - the total kinetic energy of a mass can be
expressed as the sum of the translational kinetic energy of its centre of mass plus the kinetic energy of
rotation about its centre of mass.

This assumes that the speed is much less than the speed of light. If the speed is comparable with ¢ then the
relativistic kinetic energy expression must be used.
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Potential energy

Potential energy is energy which results from position or configuration.
An object may have the capacity for doing work as a result of its position in
1. agravitational field (gravitational potential energy)
2. an electric field (electric potential energy), or
3. amagnetic field (magnetic potential energy).
It may have elastic potential energy as a result of
4. astretched spring or other elastic deformation (elastic potential energy).

Gravitational potential energy

Gravitational potential energy is energy an object possesses because of its position in a gravitational field.
The most common use of gravitational potential energy is for an object near the surface of the Earth where
the gravitational acceleration can be assumed to be constant at about 9.8 m/s’,

o o

E,=F-s
Ep:FG.h’
" E,=m-g-h

The potential energy at a height h above that point is equal to the work which
would be required to lift the object to that height with no net change in kinetic
energy.

http://physics.tutorvista.com/energy/potential-energy.html#

Ground

Since the zero of gravitational potential energy can be chosen at any point (like the choice of the zero of a
coordinate system).

Since the force required to lift it is equal to its weight, it follows that the gravitational potential energy is
equal to its weight times the height to which it is lifted.

Elastic potential energy

Elastic potential energy is Potential energy stored as a result of deformation of an elastic object, such as the

stretching of a spring. It is equal to the work done to stretch the spring, which depends upon the spring

constant k as well as the distance stretched.
When compressed or

stretched, a spring gains
elastic potential energy.

When you draw a bow, you don’t stretch the string.
You change the shape of the bow.

\J
02006 HowStuffWorks at rest drawn
http://science.howstuffworks.com/crossbow2.htm

The total mechanical energy
As already mentioned, the mechanical energy of an object can be the result of its motion (kinetic energy)
and/or the result of its stored energy of position (potential energy).
The total amount of mechanical energy is the sum of the potential energy and the kinetic energy. This sum is
simply referred to as the total mechanical energy.

Eyecy = Ep + Eg
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MECHANICKA ENERGIE

Vime, ze téleso kona praci, jestlize ptisobi silou na jiné téleso a zptsobi jeho pohyb po urcité draze.
Préace zahrnuje silu ptsobici na téleso, ktera zptisobi jeho posun. Ve vSech ptipadech musi existovat téleso,
které ptisobi silou a kond praci.

Jestlize t€leso kond praci, pak predava cast svoji energie télesu, na které ptisobi silou. Jestlize je na urcitém
télese vykonana prace, pak toto téleso ziskalo energii. Energie, kterou téleso ziska pii vykonavani
mechanické prace, se nazyva mechanicka energie.

Mechanickou energie je energie, kterou ziskaji télesa:

a) diky svému pohybu nebo

b) diky své poloze.
Mechanickou energii miize mit t€leso ve formé energie kinetické (pohybova energie) nebo potencialni
energie (polohova energie.).

Kineticka energie

Kineticka energie je pohybovou energii. Kinetickou energii maji télesa, ktera se pohybuji. Velikost kinetické
energie je urcena jako:

1 1 1
Ex=W=F-s =m-a-zat2 =§m(at)2 =§mv2
Energie je schopnost konat praci. Aby téleso ziskalo kinetickou energii, musi na ném jiné téleso vykonat

praci a uvést ho do pohybu. Toto odvozeni vyuzivéa pojem prace, ale také druhy Newtonliv pohybovy zdkon
a pohybové rovnice. Jedna se o zvlastni ptipad konani prace a prenosu energie, jedna se obecnou zakonitost
pfirody.

m... hmotnost télesa
V ... rychlost télesa
Ex ... kineticka energie télesa

1. Hodnota kinetické energie je pfimo imérna druhé mocning rychlosti télesa.. (Tedy, zvétsi-li se
rychlost 25x, vzroste hodnota kinetické energie 4x.)
2. Kineticka energie zavisi na velikosti rychlosti télesa.(Rychlejsi télesa mohou vykonat vétsi praci.)

Vv

3. Kineticka energie zavisi na hmotnosti télesa. (T€zsi télesa mohou vykonat vétsi praci.)

Kinetick4 energie je vyjadfenim faktu, Ze pohybujici se télesa mohou konat praci. Kineticka energie udava
mnozstvi prace, kterou mohou pohybujici se télesa vykonat v diisledku svého pohybu.

Pro télesa s kone¢nou hmotnosti se tato kineticka energie nazyva translacni kinetickd energie a je rozdilna
od tzv. rota¢ni kinetické energie. Celkova kineticka energie télesa je urena jako soucet translacni kinetické

A% A%

energie t&ziste télesa a rotacni kinetické energie rotace kolem t&ziste télesa.
V nasich tivahach predpokladame, ze rychlost télesa je mnohem mensi nez rychlost svétla. Pokud by byla

rychlost télesa srovnatelna s rychlosti svétla ¢, museli bychom pouZit vztah pro vypocet relativistické
kinetické energie.
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Potencialni energie

Potencialni energie télesa je diisledkem polohy télesa v dané vztazné soustave.
Téleso muze konat praci v disledku své polohy v
1. Gravita¢nim poli (gravitacni potencialni energie)
2. Elektrickém poli (elektrickd potencialni energie) nebo
3. Magnetickém poli (magneticka potencialni energie).
Té¢leso mlze mit potencialni energie pruznosti jako dusledek
4. Deformace tahem nebo jinym typem deformace (potencialni energie pruznosti).

Potencialni energie tihova

Potencialni energii tthovou maji vSechna télesa, kterd jsou umisténa v tthovém poli, jeji hodnota je uréena
polohou télesa. NejcastéjsSim piipadem je urceni potencidlni energie tithové u téles, ktera se nachazeji

Vv blizkosti povrchu Zemé, kde 1ze hodnotu tihového zrychleni povazovat za konstantni 9.8 m/s?.

o o

f E,=F-s
Ep:FG.h’
h< ‘Ep=m'g'h‘

Potencialni energie tihova télesa ve vysce h nad nulovou hladinou je rovna préci,
ktera bylo vykonana pti zvednuti télesa do vysky h.

http://physics.tutorvista.com/energy/potential-energy.html#

\ Ground

jako nulovou hladinu potencialni energie Ize zvolit libovolné misto (je to stejné jako volba pocatku vztazné
soustavy.

Hodnota tihové potencidlni energie télesa je rovna soucinu jeho hmotnosti a vysky nad nulovou hladinou a
déle hodnot¢ tihového zrychleni.

Potencialni energie pruznosti

Potencialni energie ziskaji a maji vSechna télesa, ktera jsou pruzn€ deformovéana, jako naptiklad pti
natahovani pruziny. Potencidlni energie pruZnosti pruZiny je rovna praci, ktera byla vykonana pfi jeji
deformaci. Velikost prace 1 potencidlni energie pruziny zavisi na tuhosti pruziny k a také na velikosti
deformace.

When you draw a bow, you don't stretch the string.
You change the shape of the bow.

When compressed or
stretched, a spring gains
elastic potential energy.

\J
LS ETR T DS at rest drawn
http://science.howstuffworks.com/crosshow2.htm

Celkova mechanicka energie télesa
Jak je uvedeno vyse, mize mit té¢leso nékolik druhti mechanické energie — pohybovou/ kinetickou energii a
polohovou potencialni energii. Celkova hodnota mechanické energie je dana souctem kinetické energie
télesa a potencidlni energie télesa.

Eyecy = Ep + Eg
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CONSERVING OF MECHANICAL ENERGY

Consider an object of a mass 1kg which is falling down in a free fall from a height of 500 metres.
Now we will study the free fall. Calculate and fill the values of variables in different times of the free fall..
\Value of g is 10m.s™.

SOZ%gtOZ So=0m

hy =500m — s, hy = 500m

Vo = glo vo=0m-s?!

Epo = mghy Epo = 1-10-500 = 5000/
Epo = %mvoz Exo=0]J

sl=%gt12 sl=%-10-(1)2=5m

h, =500m — s, hy = h
v, = gt; v, =10m-s7t

Ey, = mgh, Ey =

Ej = 5mvy” Exy = 50]

52 = %gtzz S, —%

hy = hy =

v, = gt, v, =20m-s"t

E,, = E,, =

Exz = 5mv;? Eyy =200]

"
S3 = S3 =

hy = hy =

V3 = gt vz =

E,; = Eys =

Exs = %mvgz Eys =

S4 = %gtz;z Sy =

hy = h, =

Vy = gty Uy =

Eyy = Epy =

Eps = %mvﬁ Eys =
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Sg = Sg
hs = SS -
Vg = h’8 =
Eys = Vg =
Eys Epg =
t6 = 6S Ek8 =
S6 — tg = 9S
h6 = 59 =
Ve = hg =
Ep6 = Ug
Exe = Ep9 -
t7 = 7S Ekg -
S7 = th =10s
h, = S10 =
v, = hio =
E,; = Vio =
Ep; = Epio =
Ey10=

t S h Ey Ep Emech=Ep+ Ey

[s] [m] [m] U] U] U]

0

1

2

3

4

5

6

7

8

9

10

During the free fall the two types of mechanical energy are transforming. The sum of the kinetic a
the potential energy in each SecoNd iS ........ccccevvereiiiieicnicie e These assumptions are correct in

that case that there is no other force except ...,

The total mechanical energy in an isolated system remains constant as long as the only forces
acting are conservative forces.
The relationship: ceeeeeeereeieiieiieiieiieteetentensensancanns
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CONSERVING OF ENERGY — WORKSHEET

. An object weighing 15 N is lifted from the ground to a height of 0,22 meter. The increase in the
object’s gravitational potential energy is approximately

A. 31017

B. 32]

C. 3,3J

D. 0,34

. A block of wood is pulled along a horizontal bench at a constant speed of 15 m/s by a force of 8N.
How much work is done against friction in 6 seconds?

A. 7207

B. 120J

C. 481

D. 20J

. The total mechanical energy of a body free falling in a vacuum
A. increases.

B. decreases

C. remains the same

D. depends on the shape of the body

. What is the average power output of a 50-kg boy who climbs a 2.0-m step ladder in 10 seconds?
A. 10W

B. 49W

C. 98W

D. 250 W

. A ball with a mass of 1.0 kg sits at the top of a 30 degree incline plane that is 20.0 meters long. If the
potential energy of the ball is 98 J at the top of the incline, what is its potential energy once it rolls
half way down the incline?
A. 0J
B. 49
C. 981
D. 196
. The work done in raising a body must
A. increase the kinetic energy of the body.
B. decrease the total mechanical energy of the body.
C. decrease the internal energy of the body.
D. increase the gravitational potential energy of the body.

. Work is done when a force

. acts vertically on a box moving along a horizontal surface.
I1. exerted on one end of a box is equal and opposite to a force exerted on the other end of the box.
[11. pushes a box up a frictionless incline.
IV. of gravitational attraction acts between a box and the surface of the earth.
A. land Il only
B. Iland IV only
C. lonly
D. Il only
. What happens to the speed of a body if its kinetic energy is doubled?
It is multiplied by 21/2.
it is doubled
it is halved
it is multiplied by 4

COow»
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9. Explain the conservation if energy on a pendulum.

|

| \

| \

| AN

| \

| N\
|

A\
T @ Th

—
http://library.thinkquest.org/2745/data/lawcel.htm

10.A stone falls from the top of a cliff, 80 m high. When it reaches the foot of the cliff, its speed is
38 m.s™. Calculate the proportion of the stone’s initial gravitational potential energy that is converted
to kinetic energy. What happens to the stone’s initial energy?

94


http://library.thinkquest.org/2745/data/lawce1.htm

ZAKON ZACHOVANI MECH.ENERGIE — PRAC.LIST

. T¢leso o tize 15 N je zvednuto do vysky 0,22 metrd. Potencidlni energie tiho télesa vzroste o
A. 310J

B. 32

C. 331

D. 0,34

. Kus dfeva je tazen po vodorovné lavici konstantni rychlosti o velikosti 15m/s silou 8N. Jak velkou
praci vykonaji tfeci sily za dobu 6 s?

A. 720

B. 120J

C. 48]

D. 20J

. Celkova mechanické energie pii volném padu ve vakuu

A. roste.

B. klesa

C. zlstava stejna

D. zalezi na tvaru télesa

. Urcete primérny vykon 50 kg chlapce, ktery vysplha na Zebiik do vysky 2m z al0s.
A 10W

B. 49W

C. 98 W

D. 250 W

. Mi¢ o hmotnosti 1 kg je umistén nahote na naklonéné roviné dlouhé 20metrt se sklonem 30°. Jaka
bude hodnota potencidlni energie mic¢e v poloviné naklonéné roviny, jestliz ev nejvyssim misté byla
jeji hodnota 98J?

A 01J

B. 491

C. 981

D. 1967

. Mechanicka prace zvysuje svou hodnotu, té€leso musi

A. Zvysit kinetickou energii.

B. SniZit hodnotu celkové mechanické energie.

C. Snizit vnitini energii

D. Zvysit hodnotu potencialni energie tihové.

. Téleso kona praci, jestlize

I. plisobi vodorovnym smérem na krabici pohybujici se po vodorovné plose.

Il. plisobi na krabici na jednom konci a velikost piisobici sily je rovna sile pisobici na druhé strané.
I11. tla¢i krabici do svahu (neuvazujeme tieni).

IV. existuje gravitacni plisobni mezi krabici a povrchem

A lall
B. IlalVv
C. 1

D. 1

. Jak se zméni kineticka energie télesa, jestlize se jeho rychlost zdvojnasobi?
Vynasobi se hodnotou 21/2.

Bude 2x vétsi

Bude polovi¢ni

Bude 4x vétsi

Cow>
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9. Popiste zakon zachovani mechanické energie na pohybu kyvadla..

|

| A
|\

| N\

| AY

| N\
|

A\
R G it

_
http://library.thinkquest.org/2745/data/lawcel.htm

10. Kdmen pada z vrcholu utesu z vysky 80metrii. V okamziku, kdy dosahne upati ttesu, je jeho
rychlost m.s™. Ur&ete velikost potencialni energie tihové, kterd se pfeménila na kinetickou energii.
Co se stalo s pocatecni energii kamene?
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POWER

The word power has several different meanings:

Political power, electrical power from power station, ...

In physics, it has a specific meaning.

First of all we will explain, how is important to define new physical quantity.

The quantity work has to do with a force causing a displacement. Work has nothing to do with the amount of
time that this force acts to cause the displacement. Sometimes, the work is done very quickly and other times
the work is done rather slowly. For example, a rock climber takes an abnormally long time to elevate her
body up a few meters along the side of a cliff. On the other hand, a trail hiker (who selects the easier path up
the mountain) might elevate her body a few meters in a short amount of time. The two people might do the
same amount of work, yet the hiker does the work in considerably less time than the rock climber. The
quantity that has to do with the rate at which a certain amount of work is done is known as the power. The
hiker has a greater power rating than the rock climber.

P =

W
t

W ... work
t...time

Unit of power:

Power is measured in watts.

It’s named after James Watt. James Watt was a Scottish engineer famous for his development of the steam
engine in the second half of the 18" century.

The standard metric unit of power is the Watt. As is implied by the equation for power, a unit of power is
equivalent to a unit of work divided by a unit of time. Thus, a Watt is equivalent to a Joule/second. For
historical reasons, the horsepower is occasionally used to describe the power delivered by a machine. One
horsepower is equivalent to approximately 750 Watts.

The watt is defined as a rate of working of 1 joule per second.

(W]
[P] ===
; [t]
W = E = ] . 5_1
In practise we also use kilowatts and megawatts.
1kW = 103W
1MW = 10°W

Example:
The motor of the lift provides a force of 20kN. This force is enough to raise the lift by 9 m in 5 s. Calculate

the output power of the motor.
F = 20kN = 2-10*N

s=9m
t =5s
a =90°
P =?
P=¥ W =F-s-cosa
F-s-cosa
P=—————+
t
F-s
pPp=—
t
2-10*N -9m
N 5s
P=36000W
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Most machines are designed and built to do work on objects. All machines are typically described by a
power rating. The power rating indicates the rate at which that machine can do work upon other objects.

Efficiency

Very few devices can transfer energy from one form into another without wasting some on the way. Let us
explain with an example.

A light bulb is designed to turn electrical energy into light energy. But most bulbs produce a lot of heat
energy too. That energy has not been lost, but it has been wasted. You don’t say “It’s cold in here. Turn on
the light!” Do you?

To measure the efficiency of a device, calculate the percentage of the total energy put in that has become
useful output energy.

Example:

a bulb is provided with 100 J of electrical energy, but only produces 20 J of light. The fraction turned into
light is 20 J out of 100 J = 20/100.

In percentages, that’s 20/100 x 100% = 20%.

The efficiency of a device, machine or engine is defined as the ratio of useful power output to power

input.
_w P
"=E~p,
W ... output useful work P ... power output
E ... input energy Po ... power input
[nl=1
(] =%

The efficiency is usually expressed as a percentage.
Efficiency (%) = (useful power output/power input) x 100

For example when driving a car, energy from burning fuel is transferred into kinetic energy of the car.
However, more than half the energy is lost as heat and sound.

Practise:

1. Two physics students, Will and Ben, are in the weightlifting room. Will lifts the 100-pound barbell
over his head 10 times in one minute; Ben lifts the 100-pound barbell over his head 10 times in 10
seconds. Which student does the most work? Which student delivers the most power?

2. During a physics lab, Jack and Jill ran up a hill. Jack is twice as massive as Jill; yet Jill ascends the
same distance in half the time. Who did the most work? Who delivered the most power? Explain
your answers.

3. Atired squirrel (mass of approximately 1 kg) does push-ups by applying a force to elevate its center-
of-mass by 5 cm in order to do a mere 0.50 Joule of work. If the tired squirrel does all this work in 2
seconds, then determine its power.

4. When doing a chin-up, a physics student lifts her 42.0-kg body a distance of 0.25 meters in 2
seconds. What is the power delivered by the student's biceps?

5. Your household's monthly electric bill is often expressed in kilowatt-hours. One kilowatt-hour is the
amount of energy delivered by the flow of | kilowatt of electricity for one hour. Use conversion
factors to show how many joules of energy you get when you buy 1 kilowatt-hour of electricity.

6. An escalator is used to move 20 passengers every minute from the first floor of a department store to
the second. The second floor is located 5.20 meters above the first floor. The average passenger's
mass is 54.9 kg. Determine the power requirement of the escalator in order to move this number of
passengers in this amount of time.
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VYKON

Slovo vykon mize mit mnoho riiznych vyznamu:

Vykon sportovce, elektricky vykon, vykon politika,..

Ve fyzice ma tato veli¢ina konkrétni a pfesny vyznam.

Nejprve si vysvétlime, pro€ je dilezité zavadét novou fyzikalni veli¢inu.

Praci kona kazda sila, kterd posune téleso po urcité draze.

Préace v sobé nijak nezahrnuje dobu, po kterou sila pisobila na téleso.

Nékdy mize byt prace vykonana velmi rychle, nékdy naopak pomalu.

Napiiklad.: Horolezci trvalo velmi dlouho, nez vylezl na vrchol Gtesu. Na druhou stranu pési turistka, ktera
zvolila snazsi cestu stoupa o par metrtl vyse v kratkém case. |Tito dva lidé konali stejny druh prace, ale pési
turistka zvladla vykonat praci za kratsi dobu nez lezec. Veli¢ina, kterd ndm umozni tyto dva vykony
porovnat, se nazyva vykon. Turistka méla vétsi vykon nez horolezec.

W ... prace
t.. cCas

Jednotka vykonu:

Vykon méfime ve wattech.

Tato jednotka je pojmenovana po Jamesi Wattovi, Watt byl skotsky inZenyr, ktery je znamy jako konstruktér
a inovator parniho stroje v druhé poloving 18. stoleti.

Zakladni jednotka vykonu jsou watty.

Z defini¢niho vztahu pro vykon lze urcit, Ze jednotka vykonu je podilem jednotky prace a jednotky ¢asu.
Tudiz je watt ekvivalentni s jednotkou J/s.

Z historickych diivodu se také nékdy pouzivaji jednotky jako konska sila pro vyjadieni vykonu urcitych
strojl.

Jedna konska sila je asi 750 W.

Vykon jednoho wattu ma téleso, které vykona praci 1J za dobu 1s.

W]
[P] =
; iG] ]
= E ]
V praxi se ¢asto pouzivaji kW a MW.
1kw = 103w
IMW = 10°W

Priklad:
Motor vytahu vyvola silu o velikosti 20kN. Tato sila sta¢i na vyzvednuti vytahu o m za dobu 5 s. Urcete

vykon motoru vytahu.
F = 20kN = 2-10*N

s=9m
t =5s
a =90°
P =?
P=¥ W =F-s-cosa
F-s-cosa
P=—————+
t
F-s
pPp=—
t
2-10*N -9m
N 5s
P=36000W
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Vétsina stroju je sestrojena, aby konala praci na jinych télesech. VSechny stroje jsou charakterizovany
pomoci veli¢iny vykon. Vykon udéava ,,rychlost prace (vykon)®, kterou muze stroj vykonat.

Ucinnost

Velmi malo zafizeni a strojii v nasem okoli dokéze pfeménovat jednotlivé druhy energie, aniz by dochéazelo
k jejim ke ztratam.

Vysvétleme si to na konkrétnim piikladu.

Zarovka je sestrojena, aby preméiiovala elektrickou energii na energii svételnou. Ale kromé elektrické
energie zarovka produkuje také teplo. Energie se v zarovce neztratila, ale byla pfeménéna na neuzite¢nou
formu. Nikdy nefekneme — Je tu zima, zapni svétlo.

Pti urcovani hospodarnosti strojii pocitdme kolik procent dodané energie preméni zafizeni v uzite¢nou
energii.

Priklad:

Zarovce je dodéna elektricka energie o hodnoté 100 J, ale svételna energie produkovana Zarovkou mé
hodnotu jen 20 J. Cast energie, ktera se pfeménila na svétlo je 20/100.

V procentech: 20/100 x 100% = 20%.

Uc¢innost zarizeni je definovana jako pomér uZite¢né prace vykonané strojem a celkové dodané

energie.
_w P
T=F~p,
W ... uzitecna prdce vykonana strojem P ... wkon
E ... dodand energie Po ... pFikon
[n] =1
[n] = %

Ucinnost se obvykle udavé v procentech.
ucinnost (%) = (vykonana uzitecna prace/dodana energie) x 100

Naptiklad pti jizd€ autem se energie hoticiho paliva pfeménuje na kinetickou energii automobilu. Nicméng,
vice nez olovina energie je pfeménéna v teplo a zvuk.

Cviceni:

1. Dva studenti fyziky Will a Ben, jsou v posilovné. Will zvedne ¢inku o hmotnosti 50kg nad hlavu 10x
za minutu, Ben ji zvedne 10x z al10 sekund. Ktery student vykonal vétsi praci? Ktery student mél
vetsi vykon?

2. 'V pribehu laboratofi z fyziky béhali Jack a Jill nahoru do kopce. Jack je 2x t€z8i nez Jill, Jill stacil
na splnéni tkolu polovicni ¢as. Kdo vykonal vétsi praci? Ktery student mél vétsi vykon?

3. Unavena veverka déla kliky (hmotnost asi 1 kg) a vyuziva silu ke zvednuti t€Zisté asi 0 5 cm a
vykona praci pouhych 0,50 J. Pokud vykona veverka tuto praci za 2 s, jaky je jeji vykon?.

4. Pii délani zdviht zvedl student své t€lo o hmotnosti 42kg za dvé sekundy do vzdélenosti 0,25metrt.
Urcete vykon chlapcovych bicepsii?

5. Mésicni utrata za elektiinu je ve vasi domacnosti vyjadiena v KW/h. jedna kilowaatthodina je
mnozstvi energie v kW, které je spotfebovano za jednu hodinu. Pouzijte pfevodni vztah a urcete
kolik joulil spotfebuje vaSe domacnost, jestlize si koupite 1 kW/h elektrické energie.

6. Eskalator je pouzivan pro prepravu 20 osob kazdou minutu do druhého patra, které se nachazi 5,2m
nad prvnim patrem. Primérnd hmotnost pasazéra je 54,9 kg. Urcete primérny vykon motoru
eskalatoru.
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10.

ENERGY - WORKSHEET

Which of the following is the best example of increasing an object's potential energy?
A. rolling a bowling ball

B. turning on a light bulb

C. stretching a rubber band

D. dropping a pencil

An object that has kinetic energy must be...

A. lifted above earth's surface.

B. in motion.

C. atrest.

D. None of the above.

Thermal energy is...

A. Kinetic.

B. potential.

C. both kinetic and potential.

D. neither kinetic nor potential.

Sound energy is...

A. the energy of a compound that changes as its atoms are rearranged to form new compounds.
B. the total energy of the particles that make up an object.

C. the energy caused by an object’s vibrations.

D. the energy of motion.

What device converts chemical energy to mechanical energy?

A. human

B. car

C. jetplane

D. all of the above.

Which of the following is a conversion from chemical energy to thermal energy?
A. Coal is burned to boil water.

B. Food is digested and used to regulate body temperature.

C. Charcoal is burned in a barbeque pit.

D. All of the above.

As height increases, so does...

A. thermal energy.

B. mechanical energy.

C. kinetic energy.

D. potential energy.

The law of of energy states that energy cannot be created or destroyed.
A. transformation

B. absorption

C. conservation

D. stability

According to the law of conservation of energy, in theory, a bouncy ball should never stop bouncing.

However, we know that it eventually stops. Where does the energy go.

A. some gets converted into sound energy and escapes into the surroundings.
B. some gets converted into thermal energy and escapes into the surroundings.
C. BothAand B

D.

Energy is...

A. when the surfaces of two objects rub against each other.

B. the ability to do work.

101



10.

ENERGIE — PRACOVNI LIST

ktery z nésledujicich ptikladl je nejlep$im piikladem rostouci hodnoty potencidlni energie?
A. Kutaleni kule¢nikové koule

B. Zapinani zarovky

C. Natahovani gumicky

D. Upusténi tuzky

Téleso, které ma kinetickou energii, je...

A. Zvednuto ve vysce nad zemskym povrchem

B. V pohybu

C. VKklidu

D. Zadna z vyse uvedenych moZnosti.

Tepelna energie je...

A. Kineticka.

B. potencialni

C. ikineticka i potencialni

D. ani kineticka ani potencialni.

Zvukova energie je...

A. Energie slouceniny, kterd méni svou energii diky zmén¢ struktury atomd.
B. Celkova energie ¢astic, které tvoii objekt.

C. Energie zptisobena vibraci télesa.

D. Pohybovi energie

Které zatizeni preménuje chemickou energii na energii mechanickou?

A. clovek

B. auto

C. tryskové letadlo

D. vSechny z uvedenych.

Vyberte, ktery z nésledujicich déju je preménou chemické energie na teplo:
A. Spélené uhli pfivadi vodu k varu.

B. Stravené jidlo je vyuzito k regulaci télesné teploty.

C. Dtevéné uhli spalené na grilu.

D. VSechny z vySe uvedenych.

S rostouci vyskou roste.........

A. teplo

B. mechanicka energie

C. kineticka energie.

D. potencialni energie.

Zakon energie fika, Ze energie nemuze byt vytvofena ani zni¢ena.
A. pfemény

B. pohlceni

C. zachovani

D. stabilni

Podle zdkona zachovani energie by se skdkajici mi¢ nemél nikdy zastavit. Nicméné z vlastni
zkuSenosti vime, ze se pesto zastavi. Kam se pfeménila energie?

A. Cast se pfeméni ve zvukovou energii a zbytek unikne do okoli.

B. Cast se pfeméni v teplo a zbytek unikne do okoli

C. AiB

Energie je...

A. Dgj, kdy se o sebe tfou dva povrchy.

B. Schopnost konat praci.
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MECHANICAL ENERGY — WORKSHEET

Mechanical Energy
1. Mechanical energy is
A. found in machinery only
B. usually measured at the atomic level
C. the sum of the chemical and thermal energy of an object
D. the sum of the kinetic and potential energy of an object

2. Kinetic energy is
A. the energy of time
B. the energy of motion
C. the energy of distance
D. the energy of matter

3. Potential energy is energy.
A. stored
B. motion
C. Kkinetic
D. mechanical

4. Which of the following is NOT an example of kinetic energy being converted to potential energy?
A. a basketball player jJumping for a rebound
B. releasing a compressed spring
C. squeezing a rubber ball
D. pulling a sled up a hill

5. An example of the conversion of gravitational potential energy into kinetic energy is
A. afalling raindrop
B. agasoline powered engine
C. ahockey puck sliding on ice

6. An example of potential energy is:
A basketball sitting on the rack.
A bird flying.

Water boiling.

Grandma rocking in her chair.
None of the above.

moow»

7. A car or truck moving down the highway has energy by virtue of its motion.
A. Kinetic
B. potential
C. thermodynamic
D. chemical

8. Which is an example of kinetic energy?
A. standing
B. no motion
C. walking
D. abattery

(http://www.testdesigner.com )
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MECHANICKA ENERGIE — PRACOVNI LIST

1. Mechanicka energie
A. Lze najit a urcit pouze pro stroje
B. Se obvykle méfi na atomarni irovni
C. Je souctem chemickeé a tepelné energie télesa
D. Je souctem kinetické a potencialni energie télesa.

2. Kineticka energie je
A. Energii Casu
B. Energii pohybu
C. Energii vzdalenosti
D. Energii hmoty

3. Potencidlni energie je energie.
E. ulozena
F. pohybova
G. Kineticka
H. mechanicka

4. Ktera z nasledujicich moznosti neni piikladem pfemény kinetické energie na energii potencialni:
A. Basketbalovy hra¢ skakajici pti odrazu
B. Uvolnéni stlacené pruziny
C. Mackani gumového micku
D. Tahnuti sani do kopce

5. Ptikladem pfemény potencialni energie tihové na energii kinetickou je:
A. Padajici deStova kapka
B. Benzinova motor
C. puk posouvany po ledé.

6. Prikladem télesa, které mé potencialni energii je:
Basketbalovy mi¢ poloZeny ve stojanu..
Letici ptak

Varici voda

Babicka na houpaci zidli

Nic z vyse uvedeného.

moow>

7. Auto nebo kamion, ktery se pohybuje doli po dalnici, ma diky svému ............................ energii
A. Kinetickou
B. potencialni
C. termodynamickou
D. chemickou

8. Ktery z uvedenych piikladu je ukazkou objektu majiciho kinetickou energii?
A. stani
B. Zadny pohyb
C. chtze
D. baterie

(http://www.testdesigner.com )
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LAW OF INERTIA — FIRST LAW OF MOTION

It took a long time for scientists to develop correct ideas about forces and motion.
Now try to express main ideas of inertia.

Examples:
1. You are riding a bike. If you stop pedalling, the bike will come to rest.
2. Ahorse is pulling a cart. If the horse stops pulling, the cart soon stops.
3. You kick a football. The ball rolls along the ground.

http://www.etftrends.com/2010/11/ef -meetig-kics-off/

In each of these cases, there is a force which makes something move. Without the force, the moving objects
come to halt.
Does a moving object need a force to keep it moving?

We have not thought about all the forces involved. We must consider also friction. In each example the
friction makes the object slow down and stop.
For example if you stop pedalling your bike, air resistance and friction will slow you down.

So we can say that:
1. An object at rest will stay at rest, unless a force causes it to start moving
2. A moving object will continue to move a steady speed in a straight line, unless a force acts on it.4

Objects move with a constant velocity, unless a force acts on them.
(Being stationary is simply a particular case of constant velocity, the velocity is zero.)

The idea of inertia

Inertia is the tendency of moving object to carry on moving.

Examples:
1. An object with a large mass is difficult to stop moving. Thing about catching a cricket ball,
compared with a tennis ball.
2. Similarly, a stationary object with a large mass is difficult to start moving. Thing about pushing a car
to get started.
3. ltis difficult to make a massive object change direction.

All of these examples suggest another way of thing on an object’s mass.
We can say that mass is a measure of object’s inertia.

Now we can summarise these findings as Newton’s first law of motion.

An object will remain at rest or in a state of uniform motion unless it is acted on by a net external
force.
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ZAKON SETRVACNOSTI
PRVNI NEWTONUV POHYBOVY ZAKON

Védctim trvalo velmi dlouhou dobu, nez ziskali spravnou ptfedstavu o ptisobeni sil a pohybu.
Pokusime se nyni shrnout zakladni poznatky o setrvacnosti téles.

Priklady:
1. Predstavte si, ze jedete na kole. Jestlize ptestanete Slapat, kolo se zastavi.
2. Kun tdhnouci vozik. Jestlize prestane ktin tahnout, vozik se brzy zastavi.
3. Kopnete do fotbalového mice. Mi¢ se kutali po travniku.

M ENE
A :r__f,:@; J

http: //www kllmkazdraw cz/novinky/novinky-a-trendy/cyklistika-je-pri-spravnem-provozovani-zdravi-prospesna/ - http://www.ontariocountyfair.org/pix2002.htm http://www.etftrends.com/2010/11/etf

Ve vsech téchto ptipadech uvadéla télesa do pohybu jista plsobici sila. Bez plisobeni sily by se vSechna
uvedena télesa zastavila.

Je nutné, aby na téleso pusobila sila, aby zlstalo v pohybu?

Pfi nasich uvahach musime zahrnout vSechny sily. Musime tedy uvazovat i tieni. V kazdém z uvedenych
prikladu se télesa zastavila diky existenci tfeni a ptisobeni tfeci sily.

Naptiklad jestlize ptestaneme Slapat na jizdnim kole, odpor vzduchu a tieci sily kolo zpomali.

Muzeme tedy fici, Ze:
1. Téleso setrvava v klidu, dokud na néj nezacne pisobit sila, kterda ho uvede do pohybu.

2. Téleso setrvava v rovhomérném piimocarém pohybu, dokud na né€j nezacne plsobit jiné téleso silou.

Téleso se pohybuje stalou rychlosti, dokud na néj nezacne téleso plisobit silou.
(Klid je specialnim ptipadem rovnomérného pohybu s rychlosti o nulové velikosti.)

Setrvacénost:

Setrvacnost je schopnost télesa setrvavat v klidu nebo rovnomérném primocarém pohybu.

Priklady:
1. Téleso s velkou hmotnosti je obtizné zastavit. Porovnejte chytani basketbalového a tenisového
micku.
2. Obdobné je velice obtizné uvést do pohybu téleso o velké hmotnosti. Piikladem mutze byt roztladeni
auta.

3. Je obtizné zménit smér pohybu u pohybujiciho se tézkého télesa.

Po zamysleni nad ptedchozimi piiklady mtizeme pohlédnout na hmotnost s trochu jiného thlu.
Miuzeme fict, Ze hmotnost je mirou setrvacnosti télesa.

Nyni miiZeme vSechny poznatky shrnout do prvniho Newtonova pohybového zakona:

Téleso setrvava v klidu nebo v rovnomérném pfimoc¢arém pohybu, dokud neni silovym ptisobenim
jiného télesa donuceno tento pohybovy stav zménit.
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NEWTON’S SECOND LAW OF MOTION — LAW OF FORCE

Fill in the gaps:
Inertiais the tendency of............oiiiiii i
The law of inertia:

Every object persists in its state of rest or uniform motion in a straight line unless

When a force acts on an object, the object accelerates in the direction ..........................ee e

Example 1:
One way to determine a car’s speed power is to look at its acceleration. (Common standards for comparing
acceleration between cars are to examine the 0-100 km/h acceleratlon time.)
. Bugattl Veyron Super Sport can accelerate in 2,4s ,
« Skoda Octavia in 7,3 s

We can deduce that:
Many times more force acts on the car, many times greater will be its acceleration.

Example 2:

Truck with greater weight starts off slowly, it means with less acceleration.

Summary of these two examples we get Newton's second law of motion.

If the mass of an object is held constant, increasing force will ....................... acceleration. (decrease/ increase)
If the force on an object remains constant, increasing mass will .................... acceleration. (decrease/ increase)
Force and acceleration are ..................... (directly/ inversely) proportional, while mass and
acceleration are ........cocevveeinnnnnnnn proportional.

The second law of motionisalsocalled ..................ooooiii i
The second law of motion can be expressed as a mathematical equation:

Examples:
1. Calculate the acceleration of the dog sled shown below.
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2. Now let's say that the mass of the sled stays at 80 kg and that another dog is added to the team.

(we assume the second dog pulls with the same force as the first)
ool DN U0

3. Finally, let's imagine that a second dog team is attached to the sled so that it can pull in the opposite
direction.

i,

4. Fill in the blanks in the table:

net force mass acceleration
F (N) m (kg) a(m-s7?)
1 100 50
2 200 50
3 200 100
4 50 2
5 100 4

The numerical information in this table demonstrates some important qualitative relationships
between force, mass and acceleration.

Compraing the values in rows 1 and 2, it can be seen that if the mass is constant a doubling of a net
forceresultsina ...................... of the acceleration.

Comparing the values in rows 2 and 4 demonstrates that halving of the net force results in
....................... (if the mass is constant).

The accelerationis ......................... proportional to net force.

5. The acceleration of an object is 10m/s%.
What happenes if:

a) The mass is doubled?

b) The force is doubled?

c) The force is tripled?

d) The mass is five times more?
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DRUHY NEWTONUV POHYBOVY ZAKON — ZAKON SILY

Dopliite na vynechana mista vhodny text:
Setrvaénost j& SChOPNOSE tE1ESaA ......c.iiinii e
Zakon setrvacnosti:

Teleso setrvava v KIdunebo ..o pohybu

Jestlize na t€leso pusobi sila, téleso se pohybuje se zrychlenim ve smeru..............oooviiiiiiiiiiii i,

Piiklad 1:
Jednou z moznosti, jak 1ze porovnavat vykon aut, je porovnani na zaklad¢ jejich zrychleni. (Obvyklym
standardem je porovnani doba zrychleni z 0 na 100km/h)
« Bugatti Veyron Super Sport zrychli za 2,4s ,
. Skoda Octaviaza 7,3 s

Uvahu lze shrnout:
Kolikrat vétsi sila plisobi na téleso, tolikrat vétsi zrychleni mu udé€luje.

Priklad 2:

&

Kamion s vétsi hmotnosti zvétSuje svou rychlost pomaleji, pohybuje se s mensim zrychlenim.

Shrnutim nésledujicich dvou uvah je Druhy Newtonv pohybovy zakon.

Jestlize je hmotnost t¢lesa konstantni , pak zvétSujici se ptisobici sila zpisobi .................... zrychleni.
(zvétSeni/ zmensSeni)
Jestlize na t€leso plisobi konstantni sila, zvySeni hmotnosti télesa zpisobi .................... zrychleni.
Sila a zrychleni jsou ..................... (ptimo/ nepiimo) umérné, zatimco hmotnost a zrychleni télesa
JSOU terernrniiennnenecnnnnnns umérné.

Druhy pohybovy zdkon se tak€ nazyva ............ccooiiiiiiiiiiiiiiii e,
Druhy Newtontliv pohybovy zakon miiZe byt zapsan rovnici:

Priklady:
1. Urcete zrychleni psiho spfezeni na obrazku niZe.
-

=L
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2. Nyni uvazujme ty samé sané, jejichz hmotnost je 80kg, do spiezeni zapfahnéme dalsiho psa.
(uvazujme, z edruhy pes pusobi stejnou silou jako pes prvn)
"11 e 'W" o

~ '.,

3. 'V zavéretné vaze zapfahnéme na druhou stranu sani druhou dvojici psi, kterd bude tahat stejnoiu
silou ale opa¢nym smérem.

http://science.howstuffworks.com/innovati ientific-experiments/r -law-of-motion3.htm

4. Dopliite prazdné fadky tabulky::

Plsobici sila hmotnost zrychleni
F (N) m (kg) a(m-s7?)
1 100 50
2 200 50
3 200 100
4 50 2
5 100 4

Ciselné idaje v tabulce ukazuji souvislost a vztahy mezi hodnotami velikosti sily, hmotnosti a
zrychlenim.

Srovnanim hodnot v prvnim a druhém fadku miiZeme vyslovit zavér, ze pokud je hmotnost télesa
konstantni, zdvojnasobeni velikosti plsobici sil zptisobi ...................... zrychlent.

Srovnanim hodnot ve 2. a 4. Radku miizeme dojit k zavéru, ze zmenseni velikosti piisobici sily na
polovinu Zpusobi.........cevviiiiiiii i (hmotnost je stala).

Zrychleni télesaje ...................oeel. umérné pusobici sile.

5. Zrychleni t&lesa je 10m/s%.
Co se stane, jestlize:

a) Zdvojnasobime hmotnost télesa?

b) Zdvojnasobime velikost ptisobici sily?
C) Ztrojnasobime velikost ptisobici sily?

d) Hmotnost je 5x vétsi?
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NEWTON’S THIRD LAW OF MOTION
LAW ACTION AND REACTION

When two objects interact, each exerts a force on the other. Newton’s third law says that these forces are
equal and opposite to each other.

When two bodies interact, the forces they exert on each other are equal in magnitude and opposite in
direction.

These two forces are very often described as action and reaction.
Characteristics of action and reaction:
1. They appear at the same time (We can’t say that one caused the other!)
2. They act on different objects.
3. They are equal to magnitude.
4. They are opposite in direction.
5. They are forces of the same type.

Types of forces:

Gravitational forces:

Two objects may attract each other because of the gravity of their masses.
Electrical forces:

Two objects may attract or repel because of their electrical charges.
Contact forces:

Two objects may touch.

Tension forces:

Two objects may attached by a string and pull on each other.
Magnetic forces:

Two objects may attract or repel because of their magnetic fields.

Let's study how a rocket works to understand

hot burning
exhaust gas

The rocket's action is to push down on the ground with the force of its powerful engines, and the reaction is
that the ground pushes the rocket upwards with an equal force.
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Newton's third law of motion is naturally applied to collisions between two objects. In a collision between
two objects, both objects experience forces that are equal in magnitude and opposite in direction. Such
forces often cause one object to speed up (gain momentum) and the other object to slow down (lose
momentum). According to Newton's third law, the forces on the two objects are equal in magnitude. While
the forces are equal in magnitude and opposite in direction, the accelerations of the objects are not
necessarily equal in magnitude. In accord with Newton's second law of motion, the acceleration of an object
is dependent upon both force and mass. Thus, if the colliding objects have unequal mass, they will have
unequal accelerations as a result of the contact force that results during the collision.

F1 - _FZ

Consider the collision between the club head and the golf ball in the sport of golf. When the club head of a
moving golf club collides with a golf ball at rest upon a tee, the force experienced by the club head is equal
to the force experienced by the golf ball. Most observers of this collision have difficulty with this concept
because they perceive the high speed given to the ball as the result of the collision. They are not observing
unequal forces upon the ball and club head, but rather unequal accelerations. Both club head and ball
experience equal forces, yet the ball experiences a greater acceleration due to its smaller mass. In a collision,
there is a force on both objects that causes an acceleration of both objects. The forces are equal in magnitude
and opposite in direction, yet the least massive object receives the greatest acceleration.

Practise:

1. While driving down the road, a firefly strikes the windshield of a bus and makes a quite obvious mess in
front of the face of the driver. This is a clear case of Newton's third law of motion. The firefly hit the bus
and the bus hits the firefly. Which of the two forces is greater: the force on the firefly or the force on the
bus?

2. For years, space travel was believed to be impossible because there was nothing that rockets could push
off of in space in order to provide the propulsion necessary to accelerate. This inability of a rocket to provide
propulsion in space is because ...

a) space is void of air so the rockets have nothing to push off of.

b) gravity is absent in space.

c) space is void of air and so there is no air resistance in space.

d) nonsense! Rockets do accelerate in space and have been able to do so for a long time.

3. Many people are familiar with the fact that a rifle recoils when fired. This recoil is the result of action-
reaction force pairs. A gunpowder explosion creates hot gases that expand outward allowing the rifle to push
forward on the bullet. Consistent with Newton's third law of motion, the bullet pushes backwards upon the
rifle. The acceleration of the recoiling rifle is

a) greater than the acceleration of the bullet.

b) smaller than the acceleration of the bullet.

c) the same size as the acceleration of the bullet.
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TRETI NEWTONUV POHYBOVY ZAKON
ZAKON AKCE A REAKCE

Jestlize na sebe dvé télesa plisobi silami, jejich plsobeni je vzajemné.
Tteti Newtontiv pohybovy zékon tika, ze tyto sily vzajemného plisobeni jsou stejné velké a opa¢ného sméru.

JestliZe jedno téleso piisobi silou na jiné téleso, je piisobeni téchto téles vzajemné. Sily, kterymi na sebe
pusobi, jsou stejné velké a maji opacny smér.

Tyto dv¢ sily se Casto nazyvaji akce a reakce.
Vlastnosti sil akce a reakce:
1. Soucasné vznikaji a zanikaji (Nelze Fict, Ze jedna sila je pfi¢inou druh!)
2. Kazda z téchto sil plisobi na jiné téleso.
3. Maji stejnou velikost.
4. Maji opacny smér.
5. Jedna o sily stejného typu.

Druhy sil a silového ptisobeni:

Gravitacni sily:

Dva objekty na sebe plisobi gravitacnimi silami, jejichz pfi¢inou jsou hmotnosti téles.
Elektrické sily:

Dve¢ elektricka nabita télesa se mohou piitahovat nebo odpuzovat elektrickymi silami, jejichz pfic¢inou jsou
naboje jednotlivych téles.

Kontaktni sily:

T¢lesa jsou ve vzajemném dotyku.

Tahové sily:

Dve¢ télesa mohou byt propojena prostfednictvim provazku a tdhnout jednou druhé.
Magnetickeé sily:

Dvé télesa se pfitahuji nebo odpuzuji diky existenci magnetickych poli v jejich okoli.

Uplatnéni a princip zakona akce a reakce si mizeme pfiblizit na funkci:

het burning
exhaust gas

Pti vzletu rakety plisobi raketa na zem tlakovou silou svymi silnymi motory (tlakovou silou vyfukovych
plynt). Tato sila je akci. Reakce zplisobi pohyb rakety smérem vzhiiru.
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Newtontiv tfeti pohybovy zakon se aplikuje pfi srazce dvou téles. Pti srazce dvou téles na obé¢ télesa plsobi
stejn¢ velké sily opacného sméru, télesa na sebe plisobi témito silami navzajem.

Tyto sily udéluji télesim zrychleni. Casto zptisobi, Ze jedno téleso zrychli (ziska hybnost) a druhé téleso
zpomali (snizi svou hybnost).

Podle tietiho Newtonova zédkona maji sily stejné velikosti. Ale zatimco sily maji stejnou velikost a opacny
smér, zrychleni jednotlivych téles zavisi také hmotnosti téles, coz je disledkem zdkona sily.

Pokud tedy maji ob¢ télesa rizné hmotnosti, budou se pohybovat s riznymi zrychlenimi, ktera budou
diisledkem ptisobenim pfi vzdjemném narazu.

Fl - _FZ

Uvazujme situaci, kdy dojde k narazu golfové hole na golfovy micek.

Jestlize hlava hole udeti do micku, ktery je v klidu na podlozce, ptisobi hill na micek stejné velkou silou jako
micek na hal.

VétSina pozorovateli v této situaci nevidi zakon akce a reakce. Vnimaji pouze pohyb micku a to jako
disledek ptsobeni golfové hole. Nejedna se o nerovnovahu sil ptisobicich na mic¢ek a na hiil, ale o ukazku
ruznych zrychleni téchto téles. Na obé¢ télesa plsobi stejné velké sily opacnych smért, micek se pohybuje

s vét§im zrychlenim diky mnohem mensi hmotnosti.

Pti srdZce dvou téles plisobi na obé télesa stejné velké sily opaéného sméru. Lehc¢i objekt y se po srazce
pohybuji s vét§im zrychlenim.

Cviceni:

1. Pfi jizd€ autobusu po silnici narazi na pfedni sklo svétluska a na prednim skle vznikne Smouha. Jedna se o
ukéazku platnosti tfettho Newtonova zdkona. Svétluska zasahla autobus a autobus zasahl svétluSku. Na které
zZ téchto dvou téles plisobi vétsi sila — na svétlusku nebo na autobus?

2. Velmi dlouhou dobu lidé pokladali cestovani do vesmiru za nemoznou piedstavu, protoze ve vesmiru
neexistuje nic, co by mohlo pisobit tlakovou silou na raketu a udélovalo ji nezbytné zrychleni.
Tato neschopnost pohybu rakety ve vesmiru vyplyva z toho, Ze
a) Ve vesmirném prostoru neni vzduch a raketu tudiz nema silou co tlacit.
b) Ve vesmiru chybi gravitace.
€) Ve vesmirném prostoru neni vzduch, a tudiz neexistuje odpor vzduchu.
d) Nesmysl! Rakety mohou ve vesmiru zrychlit a mohou zrychlovat po dlouhou dobu.

3. Mnoho lidi vi, Ze pfi vystielu z pusky sebou puska trhne zpét. Zpétny raz je vysledkem ptisobeni sil akce
a reakce. Pti explozi stielného prachu vznikaji horké plyny, které expanduji a vytlacuji stted ven z pusky
skrz hlaven pusky. V souladu s tfetim Newtonovym pohybovych zakonem tlaci kulka pusku dozadu.
Zrychleni pusky

a) Je vétsi nez zrychleni naboje.

b) Je mensi nez zrychleni strely.

C) Ma stejnou velikost jako zrychleni stiely.
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LAW OF CONSERVATION OF MOMENTUM

Momentum
Momentum is the quantity of motion of a body.
Momentum of a moving body is defined as the product of mass and velocity of a body.
Mathematically:

p=m-v
Momentum is vector quantity, it is always directed in the direction of velocity.
Momentum depends upon mass and velocity of body.

The unit of momentum:

[p] = [mllv] = kg-m-s~*

There is no special name for this unit in the SI system.
Law of conservation of momentum

To improve the safety of cars the motion of a car during crash must be understood. In this worksheet we will
explore how the idea of momentum can allow to predict how object move after interacting with each other.

Types of collisions
There are two general types of collisions in physics:
1. Elastic - occurs when the two objects "bounce™ apart when they collide. Two rubber balls are a good
example.
2. Inelastic - occurs when two objects collide and do not bounce away from each other.

A perfectly elastic collision

— 5 B <«

—JL -

~— 5 0 —

http://physicslearning2.colorado.edu/pira/resources/physics-testlecture-drawings

1. Before the collision:

Object A: object B:

mass...m mass...m

velocity... v velocity ...—v

momentum ... p = m. ¥ momentum... —p = —m. v

Object b has negative velocity and negative momentum because it is travelling in the opposite direction to
object A.

Total momentum p;:

—

Pc=Pa+DPg=D—P=0

We should be able to see that, in this collision momentum is conserved.
Before the collision, object A of mass m is moving to the right at speed v and object B of mass m is moving
to the left at speed v.
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Afterwards, we still have two masses m moving speed v, but now is object A moving to the left and object B
is moving to the right.

2.After collision
Total momentum p.":

p. =-—-mv+mv=0

So the total momentum is unchanged

An inelastic collision

.

bd —>

http://physicslearning2.colorado.edu/pira/resources/physics-testlecture-drawings

The same two objects collide, but in this time they stick together after the collision and come to halt.
The total momentum is zero after the collision.

1. Before the collision:

Object A: object B:

mass...m mass...m

velocity... ¥ velocity ...—v

momentum ... p = m.v momentum... —p = —m. v

Object b has negative velocity and negative momentum because it is travelling in the opposite direction to
object A. Therefore we have:

Total momentum p,:

— -

De=Da+Pg=D—p=0

2.After the collision
Total momentum p.":

) pe' = (my + mB)ﬁ =0
So the total momentum is unchanged.

Momentum is always conserved in all collisions.
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ZAKON ZACHOVANI HYBNOSTI

Hybnost
Hybnost je veliCina, ktera charakterizuje ,,mnozstvi pohybu* télesa.
Hybnost pohybujiciho se télesa je rovna soucinu jeho hmotnosti a rychlosti jeho pohybu.
Matematicky:
p=m-v

Hybnost je vektorova fyzikalni veli¢ina, ma stejny smér jako rychlost pohybu télesa.
Hybnost pohybujiciho se télesa zavisi na jeho hmotnosti a rychlosti jeho pohybu.

Jednotka hybnosti:
1

[p]l = [m]lv] =kg-m-s~
V soustaveé SI neni pro tuto jednotku né€jaky specialni nazev nebo symbol.

Zakon zachovani hybnosti

Aby ¢lovek mohl zvysit bezpecnost automobild naptiklad pii srazkach, musi nejprve porozumét jejich
prabéhu.

V tomto pracovnim listu budeme zkoumat, jak nam pomuze predstava o hybnosti téles predpovédét chovani
téles po vzajemné srazce.

Typy srazek:
Ve fyzice mizeme rozliSit dva zékladni typy srazek:
1. PruZzné — nastdva, jestliZze se dva objekty pii vzajemné sraZce od sebe odrazi, ptikladem mohou byt
dva gumové micky.
2. Nepruzna — nastava, jestlize se dva objekty po vzéjemné srdzce neodrazi.

Dokonale pruzna srazka

— B 0 <«

— b -
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1. Pied srazkou:

Téleso A: Téleso B:

hmotnost...m hmotnost...m
rychlost... ¥ rychlost ...—v

hybnost ... p = m.v hybnost... —p = —m. v

Téleso B ma zapornou rychlost a hybnost, protoZe se pohybuje v opacném sméru nez téleso A.

Celkova hybnost p,:

—

Pe=Pi+Pr=P-P=0

MuZeme urcit, Ze celkova hybnost soustavy se béhem srazky neméni.
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Pied srazkou se téleso A o hmotnosti m pohybuj doprava rychlosti v a téleso B 0 hmotnosti m se pohybuje
doleva rychlosti v.

Po srézce se opét jedna o dve télesa o hmotnostech m pohybujici se rychlosti v, tentokrat se ale téleso A
pohybuje doleva a téleso B doprava.

2.Po srazice
Celkova hybnost p.'":

Celkova hybnost soustavy se tedy neméni.
NepruZzna srazka

.

bd —>

http://physicslearning2.colorado.edu/pira/resources/physics-testlecture-drawings

Nyni dojde ke srdZce téch samych téles, ale po srazce dojde k jejich spojeni a zastaveni.
Po srazce je opét celkova hybnost nulova..

1. Pred srazkou:

Téleso A: Téleso B:

hmotnost...m hmotnost...m
rychlost... v rychlost ...—¥

hybnost ... p = m. v hybnost... —p = —m. ¥

Téleso B méa zadpornou rychlost a hybnost, protoze se pohybuje v opacném sméru nez téleso A.

Celkova hybnost p,:

—

Pe=Pi+Pr=P-F=0

2.Po srazice
Celkova hybnost p.'":

P—c;: (Mg +mp)3 =0
Celkova hybnost se neméni.

Celkova hybnost soustavy je konstantni u v§ech typi srazek.
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ZDROJE:

« Rauner Karel a kol.: Fyzika 6, u¢ebnice pro zakladni $koly a viceleta gymnazia, 1. vyd. Plzen:
Fraus, 2004

« Rauner Karel a kol.: Fyzika 9, u¢ebnice pro zakladni $koly a viceletd gymnazia, 1. vyd. Plzen:
Fraus, 2007

. Lepil O, Sedivy, P. Fyzika pro gymnazia. Elektfina a magnetismus. 5.vyd. Praha: Prometheus, 2007

« Lepil O. Fyzika pro gymnazia. Optika. 3.vyd. Praha: Prometheus, 2008

« Bartuska K., Svoboda, E. Fyzika pro gymnazia. Molekulova fyzika a termika. 4.vyd. Praha:
Prometheus, 2008

« Lepil O. Fyzika pro gymnazia. Mechanické kmitani avilnéni. 3.vyd. Praha: Prometheus, 2007

« Quadling D., Advanced level mathematics, Mechanics 1, 12.vyd. Cambrige: Cambrige university
press, 2011

« Quadling D., Advanced level mathematics, Mechanics 2, 9.vyd. Cambrige: Cambrige university
press, 2012

« Sang, D., Physics coursebook, 5.vyd. Cambrige: Cambrige university press, 2012

« Tsokos K.A., Physics for 1B Diploma, 4.vyd Cambrige: Cambrige university press, 2011

« Mechlova E. a kol., Vykladovy slovnik fyziky, 1.vyd., Praha:Prometheus, 2001

«+ http://www.srh.noaa.gov
« http://fyzweb.cz
« http://www.animations.physics.unsw.edu.au
« http://physics.about.com
« http://www.psychometric-success.com
« http://www.alp-plp.co.jp
« http://www.gymhol.cz
« http://www.livescience.com
« http://faculty.wwu.edu
« http://www.physicsclassroom.com
« http://www.ped.muni.cz/wmath/dictionary/c.htm
«  http://www.mayoclinic.com
« http://fyzika.jreichl.com
« http://library.thinkquest.org
« http://www.passmyexams.co.uk
« http://www.steiner.cz
« http://lwww.zschemie.euweb.cz
«+ http://www.britannica.com
« http://graemeclarkfoundation.org
« http://www.riversideonline.com”
« http://www.professorbeaker.com
« http://physics.learnhub.com
« http://sciencespot.net
. http://www.veskole.cz
« http://tutor4physics.com
« http://www.dctech.com
« http://cstephenmurray.com
« http://watchingtheworldwakeup.blogspot.cz
«  http://lwww.constructionknowledge.net
« http://www.brianmac.co.uk
« http://physics.about.com
. http://www.biologyreference.com
+ http://lwww.sedmacizdubu-fyzika.estranky.cz
« http://science.howstuffworks.com
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