ity of the body
T - Center of gravity O
réziste telesa

\ : - horizontally extended finger so thay it dog
€ natazeny n Try placing a pencilon a
7kuste polozit tuzku na vodorovne natazeny prst tak, aby s yPp

: : S Not f4y
L ‘ ly if you sy i ail. Yoy

4o fete il oo adla, 7ie will find that the pencil will remain stationary on PROTE it Ungle o = 1O
se tuzka zustane v klidu lezet, jen Dﬂqemﬂf-h J1 pod urcitym boder, . point (point T in Fig. 1.46a), which is approximately halfway ajong ¢y, ;:f:n
'\.: (}B;" _liiiﬁ.'_l}, IﬂE’r}} jE’ [}ﬁhlliné \ pD[D\FlnE tUZky. Pr] PﬂSUnuﬁ Prﬁtll l"-’zhledm:ll w move your finger to the right or feft relative to the pencil, the pencil will fall U 7
k tuzce vpravo nebo vlevo tuzka spadne. : I ' Repeat this experiment with the pen with the hang/e on it (g;

Zopakujte tento pokus s perem, na k.teré'{n Je nasadka (obr. 1.46]3}‘ Co i | 1.46b). What can you say about the position of point T now? Try to ﬁn%
muzete ¥ici o poloze bodu 7'? Zkuste si najit PDIDEU bodu 7'i y dﬁ]ﬁﬂhﬂfed thepssltion of Kok TTor bthet bisei s Bril Lo T .

TN 4 1 Saty atd. 2
métt, nap¥. pravitka, smetdku, raminka na Saty i Akl Eailibriam
Obr. 1.46 Rovnovdznd poloha o) cerncile b) pens

a) tuzky b) pera

Circus artists can hold a glass plate and glasses on it, for example, on the tip of a
Cirkusovi artisté dokaZou udrZet na hrotu mede napt. sklenénou desku
a na ni narovnané sklenice. Nebo doks#

sword. Or they can balance several of their colleagues on a long pole. In these attractions,
ou vybalancovat na dlouhé ty:“:un&ﬂ- they actually know how to find the T-point under which itis necessaryito
lik svych kolegti. PFi téchto atrakcich vlastné uméji nalézt bod T, pod I‘tfmﬁjf-‘ support the entire assembly of objects or even people so that it does not fall. -
nutno podepfit celou sestavu predméte nebo i osob, aby nespadla.

Obr. 1.47 Urcent t8%isté tenké desky

Fig. 1.47 Determining the center of gravity of a thin plate

AND

Zavésme velmi tenkou desku na nit
obr. 1.47a, b, ¢, V kazdém pripad
desku pokazdé pfimku prochéz
ze tyto p¥imky se protinaji v
desku v tomto bodg, zfistane v
Jsme nalezli zkusmo i v nasich

=y
.
L4

Let us suspend a very thin plate
to Fig. 1.47a, b, c. In each case the thre

postupné v raznych bodech
€ se nit ustali ve svislém sméru. Narysujme

from a thread successively at different pointsiaccording
ad will stabilize in the vertical dire

ction. Let us ::ii;_aw.-'azs,]:ﬁé hts

V'S line on the plate each time passing through the suspension point in"the.-ﬂiftﬁié;tiﬁf

ejici zavésnym bodem ve Smémm'tﬁ ist thread, We will find that these straight lines intersect at a single point. If we support or '@mu

jediném bodg. Podepreme-li nebo zav =] the plate at this point, it will remain at rest (Fig. 1.47d). This significant point T, oune
klidu (obr, 1.47d). Tento H ' bod experimentally and in our previous experiments, is c

pfﬂdﬂhﬂﬂfth pokusech, ] AL

found

. .?' o f‘ o L P e k- =,



Jak si vysvétlit, Ze predméty v na- Obr. 1.48 Vyslednice 7, sil, kterymi
sich pokusech nespadly nebo ztistaly Zemé pitsobi na jednotlivé
v klidu, jen kdyZ jsme je podepreli pod cdsti desky
tezistém nebo zavésili nad tézigtem?
Jaké vlastnosti ma tento bod?

Kazdé téleso si muzeme predstavit
rozdelené na malé ¢asti. Na kazdou
z nich pusobi Zemé svisle dolt uréitou
gravitacni silou. (Napt. pro desku z na-
Seho pokusu jsou tyto sily zndzornény
na obr. 1.48.) U¢inek vSech téchto gra-
vitacnich sil na téleso je stejny jako
ucinek vysledné gravitaéni sily F, kte- Y F,
ra by pusobila v tézisti T télesa. Proto
pusobisté gravitacni sily F; pusobici na téleso zakreslujeme do t&zisté.

Uvedeny poznatek je v souladu s nagimi pokusy. Na zavésenou desku (napf.
obr. 1.47c) puisobi svisle vzhtiru nit silou F a svisle dold vysledna gravitaéni
sila F. ObE sily jsou v rovnovaze, kdyz té%igté T a bod X jsou na jedné svislé
primce. Deska ztstava v klidu.

Na tuzku podepfenou pod téZistém (obr. 1.46) pasobi svisle vzhiiru prst
silou F a svisle dolt vysledna gravitacni sila F. Obé sily jsou v rovnovaze, kdyz
tézisté T'a bod, v némz je tuzka podep¥ena, jsou na jedné svislé pfimce. Tuzka
zustava v klidu. Jakmile tuzku posuneme, sily uz nejsou v rovnovaze a tuzka
pada. Stejnou tvahou muzZete vysvétlit, jak muzZe artista udrZet desku se
sklenicemi na hrotu mece.

Podepreme-li téleso pod tézistém, zistane v klidu. Zavésime-li téleso, ustali
se vzdy tak, Ze téZisté je pod bodem zavésu nebo v misté zavésu.

Kazdé téleso ma jediné téZisté T. Jeho poloha zavisi na rozloZeni latky
v télese. Pfesvédéime se o tom pokusem podle obr. 1.49. Do valcovych otvori
ikl postupné zasazujeme ocelovy valeCek. Zjistujeme, %e poloha tézigte
se méni. Je blize té ¢asti, ktera ma vétsi hmotnost.

P ]
, '1._1 ;ﬁx ;
i g e et o el ke

st polohy tézisté na rozlozeni ldatky v télese

b)

How can we explain that the objectsinour  Fig. 1.48 Resultant F, of the forces that
experiments did not fall or remained at rest only when the Earth exerts on individual parts
we supported them under the center of gravity or of the plate

suspended them above the center of gravity? What

properties does this point have?

We can imagine each body divided into small
parts. Each of them is acted upon vertically
downward by the Earth with a certain gravitational

force. (For example, for the plate from our
experiment, these forces are shown in Fig. 1.48.)
The effect of all these gravitational forces on

the body is the same as the effect of the resulting
gravitational force F,, which would act at the Y Fg

center of gravity T of the body. Therefore, we draw

the locus of action of the gravitational force F, acting on the body at the center of gravity.

The above observation is in accordance with our experiments. A suspended plate (e.g. Fig.
1.47¢) is acted upon vertically upwards by a thread with a force F and vertically downwards by the
resulting gravitational force F. Both forces are in equilibrium when the centre of gravity T and point X are on
the same vertical line. The plate remains at rest.

A pencil supported under the center of gravity (Fig. 1.46) is acted upon vertically upwards by
a finger force F and vertically downwards by the resultant gravitational force F. Both forces are in
equilibrium when the center of gravity T and the point at which the pencil is supported are on
the same vertical line. The pencil remains at rest. As soon as we maove the pencil, the forces are no longer in
equilibrium and the pencil falls. Using the same reasoning, you can explain how an artist can hold
a plate with glasses on the tip of a sword.

If we support a body below the center of gravity, it will remain at rest. If we suspend a body, it will alwa Vs
stabilize so that the center of gravity is below the suspension point or at the suspension point.

Each body has a single center of gravity T. Its position depends on the distribution
of matter in the body. We will verify this by the experiment according to Fig. 1.49. We gradually insert
a.‘ataal.cyli'h_def into the cylindrical holes in the cuboid. We find that the position of the center
-ﬂf:graﬁiy:#hﬁnges..lt_-is closer to the part that has the greater mass.

E@xleﬂ#’ﬂ_ﬂlﬁmmﬂ'ﬂft&mﬂ of the center of gravity on the distribution of matter in the body

b)

1.13
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Pokusné lze zjistit tézisté u rtznych téles (obr. 1.50). Naptiklad tezists

stejnorodé tenké Ctver-
cové desky je v prasediku
uhlopticek. Tézisté tenké
kruhove desky je ve st¥edu
kruhu. Stejnoroda koule
ma tézisté ve svém stiedu.
Obdobnym postupem Ize
najit pribliznou polohu
téZist€ i u nepravidelnych
téles. Tézisté 7' maze byt
v nékterém bodé tdlesa
(obr. 1.51a) nebo také mi-

mo téleso (obr. 1.51b).

-

Obr. 1.51 Urceni polohy tézisté hrusky a krougku

¢ SIS

a) b)

Kazdé téleso ma jen jedno t&yi

sledné gravitaéni sily I,

Poloha t€zisté zavisi na rozl

ezisté. Do tézigts umistujeme pisobiste @.

kterou Zemg pisobi na téleso. {
oZeni litky v télese,

Telesa zavésens nad téistém nebo v tesist zistivaji v klidu. Rovad
télesa podepfens presné pod t&¥istem nebo v téZisti zists vaji v klidu.

Otazky a vl

1. Najdi zkusmo polohu
Vyuzijes?

2. Vysvétli, pro¢ zakres|uj

Zemé plisobi na téleso

¥

3. Na em zavisi poloha tézists v daném téleser

|
=

ohy

CZISte pravitka, Jaké vlastnosti teziste

eme pﬁﬂﬂhiﬁtﬁ ., 0
do teziste t&lesa. =

I . o
"_"-I—_|..

1 & o a"
w1 A A T

Fig. 1.50 Determining the p

The center of gravity of various bodies can be determined experimentally (Fig. 1.50).

For example, the center of gravity
of a uniform thin square plate is at
the intersection of the diagonals. The
center of gravity of a thin circular ’
plate is at the center of the ar) b)

circle. A uniform sphere has its center

of gravity at its center. By a similar

procedure, the approximate position

of the center of gravity can
be found for irregular bodies. The

center of gravity T can be at some
point of the body (Fig. 1.51a) or
outside the body (Fig. 1.51b).

- |

Every body has only one center of

gravity. At the center of gravity we place the point of
of the resultant gravitational force

Fg that the Earth exerts on the body.

he distribution of mattar in the body,

Bodies suspended above or in the center of gravity remain at rest. Bodies
S

The position of the center of gravity depends an t

rest.
Questions and tasks

1. Try to find the position of
will you use?

the ruler's center of gravity. What Properties of the center of gr.
. : .'. ';_'.]' A Y

2. Explain why we plot the locus of the resultant rgravfit_atiﬁpy_!'ligg'

Earth on a body at the center of gravity of the body. iz

3. What does the position of the center of gravity

4 I : -' 1I
- Tk ‘I’_

. : L oL A I e
in a given bndx-.ﬁeﬂ!nﬂ-@!!ﬁh ve fq,T?t'}n.ﬁ-.
- ":I ,I-_ I|,_'_' H.'. i

Upported exactly below or in the center of gravity also remain at

|

Fig. 1.51 Determining the position of the center of gravity of the pear and/the ring

action

osition.6f the center of gravity of a thin square uniform plate, Sphere, cuboig cylinde
P & T

|




4.

@1.

®

2.

3.

5.

Vysvétli, proc tycka podeprens v tezi

€z15ti zustava v klidu, py

% il ! i 2

a) Pokusem ur¢i polohu tézigte desky tvaru kruhy
tthelniku. '

b) TentyZ pokus opakuj se sablonou pro kresleni kiivek
¢) V tloze la uréime t&zigts T, kosoctvercové des ,
Pak desku obratime a uréime tezjsts Ty Je- |
a T3 lezi velmi blizko sebe. Kde v
me-li ho ur€it zcela pfesne?

!ui,;} obr. 1.52a jFi z{:‘reizﬂrnéna postava divky a p¥iblizna poloha tézigts T
jejiho téla. Zméni se poloha tezists divky v pripadech podle obrazkii
1.52b, ¢, d? Vysvétli.

Mas tri stejné rovné draty o délce 20 em.

a) Pokusem urci polohu t&Zigté jednoho dratu. Vyzna¢ ji na nacrtku.
b) Druhy drat ohni uprostied do pravého uhlu. Pokusem uréi
pribliZnou polohu tézisté ohnutého dratu. Vyznac ji na nacrtku.

¢) Treti drat ohni do kruZnice a spoj oba konce niti. Uréi pokusem
pribliZnou polohu tézisté télesa. Nakresli nacrtek. Porovnej nacrtky
a zjisti, v kterém pripadé je téZisté uvnit¥ dratu a v kterém mimo drat.
Pokusem urci polohu tézisté spejle o délce 30 cm a vyznac ji barevné.
Z jednoho konce od¥izni ¢ast o délce 10 cm. Kterym smérem a o kolik
centimetri se posune téZi$té ve zbyvajici ¢asti $pejle? Ovét spravnost
své tivahy pokusnym urcenim tézisté zbyvajici Casti Spejle a polohu
tézisté vyznac jinou barvou.

Na plosiné nakladniho automobilu jsou srovnéany cihly o celkové hmot-
nosti 1 t. Zméni se tézisté nakladu, jestlize misto cihel poveze automo-

bil pisek o téze hmotnosti? Svou odpovéd zdivodni.

edved prakticky.
kosoCtverce a troj-

‘ Ky na jedné jeji strang.
li deska velmi tenks, body T,
ak skutecné lezi tezists desky, chce-

Obr. 1.52 K uiloze 2

a)

b)

113 |10

®

4. Explain why a rod sUupported at the center

1. a) Determine the position of the center of gravit

2. Fig. 1.52a shows the figure of a girl

of gravity remains at rest. Demonstrate practically,

5 _ y of a plate shaped like a circle, a rhombus, and a triangle
experiment,

b) Repeat the same experiment with a template for drawing curves,

c) In problem la, we determine the center of gravity T, of the rhombic plate on one of its sides

1 -
hen we turn the plate over and determine the center of gravity T2. if the plate is very thin, the points

T: and T2 lie very close to each other. But where does the center of gravity of the plate actually lie if

We want to determine it with complete accuracy?

and the approximate position of the center of gravity
T of her body. Will the position of the girl's center of gravity chan

‘ ge in the cases according to
Fig. 1.52b, c, d? Explain.

3. You have three identical straight wires, each 20 cm long.

a) Determine the position of the center of gravity of one wire by experiment. Mark it on the sketch.

b) Bend the second wire in the middle to a right angle. Determine the approximate
position of the center of gravity of the bent wire by experiment. Mark it on the sketch.

c) Bend the third wire into a circle and connect the two ends of the threads. Determine the approximate
position of the center of gravity of the body by experiment. Draw a sketch. Compare the sketches

and find out in which case the center of gravity is inside the wire and in which case outside the wire.

4. Determine the position of the center of gravity of a 30 cm long skewer by experiment and mark it in

color. Cut off a 10 cm long section from one end. In which direction and by how many centimeters will the
center of gravity shift in the remaining part of the skewer? Verify the correctness of your reasoning by

experimentally determining the center of gravity of the remaining part of the skewer and mark the position

of the center of gravity in a different color.

5. Bricks with a total weight of 1t are stacked on the platform of a truck. Will the

Fig. 1.52 For task 2

and]

center of gravity of the load change if the truck carries sand with the same
weight instead of bricks? Justify your answer.

5 o) d)




W Rovnovaina poloha télesa

Ziistili jsme, Ze kdyz pﬂdepF?rpe té{esu pod Eéiiiﬁ’:mfebn v teZisti, 2listap,
; kli'du- Zavésime-li téleso, ustah’s? vzd),i tak, ze tégl:’-‘,te {e Pud bode vt
V obou p¥ipadech jsou sily ptisobici na tele§u (grzjvitat’fmvsﬂa a tahoys sila Z&:
vésu nebo tlakova sila podlozky) v rovnovaze. Rikdme, 7e téleso je v, 6t
iazné poloze.
mz}:ijziuuméme. na ¢em zavisi stalost (stabilita) rovnovazné polohy,
Na obr. 1.53 jsou t¥i riizné moZnosti rovnovazné polohy tyce.

Obr. 1.53 Rovnovaznd poloha tyce
a) stdla b) volnd c) vratkd

-'E:|:",||‘F_

=
ey,

H XEEEXEE|EXEE=EE
.+..

* V obrdzku a) je ty¢ zavégena nad tézistém. Vychylime.i ji rukou z této
rovnovazné polohy, jeji téziste stoupa. Ty¢ se sama vraci do ptivodni polohy
Rikdme, Ze je ve stalé (stabilni) rovnovizng poloze, -

* V obrézku b) je ty¢ zavéSena v tézisti., Pri vychyleni
polohy z{istava tézikte tyCe ve stejné vyice. Tyé zf’mt;iwi Vv Jakékoliv vvchy-

lené poloze, Rikdme, Ze Je ve volné (indiferentni) mvnuvﬁné poloze. :

Zkuste podle obrazku c) tyC zavésit presné pod tézistem (Na svislé té;:;m.:,']

Je to velmi obtizné a pFi nepatrnem vychyleni z této polohy tezista tyﬁ'eq

klesd. Tyé¢ se nevraci do puvodni polohy, ale vychyluje se dal. Rik:ime_ Ze je

ve vratké (labilni) rovnovizné poloze,

Z teto rovn ovazne

Pro praxi je velmi dulezité, abychom védéli, na em zavisi stilost istabirita)
rovnovazneé polohy. Posuzujeme ji napf. podle toho, jak velkou silou mtzeme

prevratit téleso lezici na podlozce. Cim niz Je tezisté télesa nad podlozkou,

WA Equilibrium position of a body

We have found that if we support a body under or at the center of gravity, is
E LT

t rest. If we suspend a body, it will always stabilize so that the center of gravi
a ; .
the suspension point. In both cases, the forces acting on the body (gravity ang

of the suspension or the pressure of the support) are in equilibrium, We say th

ty is b&.l'nw
the tension

is i an equilibrium pogition,

We will investigate what the stability of the equilibrium position depends on. In
Fig. 1.53 there are three different possibilities for the equilibrium position of the rod.

Fig. 1.53 Equilibrium position of the rod
a) permanent b) frEE. {:] Shﬂk}f

B
"
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o
Y
n! *
E
|
|
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® Infigure a) the rod is suspended

above the center of gravity. If we deflect it from this equilibrium
position with our hand,

Its center of gravit

y rises. The rod returns to its original
itself. We say that it is in 5 permanent (stable)

equilibrium position.
In figure b) the rod is suspended at the center of
position, the center of gravity of the rod rem
In any deflected position. We say thatitisinaf
Try to hang the rod exactly below the center of g
in figure ¢). This is very difficult and wi
gravity of the rod drops. The rod does not

position by

gravity. When deflected from this equilibrium

ains at the same height. The rod remains
ree (indifferent) equilibrium position.

ravity (on a vertical line of gravity) as shown
th a slight deflection from this position, the center of

return to its original paosition, but defle

cts further. We say
that it is in a shaky (labile) equilibrium position.

For practice, it is very important to know what the stability of an equilibrium position
depends on. We judge it, for example, by how much force we can use to overturn a body
lying on a support. The lower the center of gravity of the body above the support,




¢im Vetsi je obsah jeho podstavy a ¢im vist; Je jeho hmotnost, tim véti silu
k prevraceni télesa pottebujeme. Tim Je jeho stabilita vetsi. Napt. stabilita
zavodnich automobili se zvysuje tim, Ze Jsou nizké a maji &iroké pneumati-
ky; pii rovnani nakladu na automobil neba vagon se snazime, aby byl rozlo-
zen o nejvice do plochy a byl co nejnizs;,

MiiZe byt ve stabilni poloze t€leso, které je podepteno pod tézistém? To je
napt. stul nebo stojici ¢loyek, cvicenka na klading, kniha lezici na stole.
V téchto pripadech je téleso v rovnovazné poloze stilé, kdyZ jeho svisla téznice
prochdzi podstavou télesa (obr. 1.54a) nebo plochou vytvofenou spojenim
bodti, v nichZ je podepieno (obr. 1.54h).

Obr. 1.54 Stabilni poloha cvicenky na kladiné a stolku s kvétinou

Ve volné poloze jsou kola automobilu nebo vrtule 1E_tadel. E}sa -::Fééeni
prochéz jejich t&Zigtém. Pokud nejsou napt. kola aHtomﬂbliF d(}bt:i‘:‘ vyvazena,
ﬂmsnu v poloze volné, obtiZnéji se otaceji a rychleji se opotfebovavaji.

4 : : v 4 1 Zime se j1 zménit na rovno-
Vratka pi je vétSinou nezadouci a snazime : 1 %
yﬁ;@upﬂﬁzhfmjmu Napf. stabilita tizké vysoké vazy na kvétiny se zlepsi,

KAyz ma masivni Sirsi dno.

Ll by

:,. g neé ﬁﬂﬂbiﬂi jsnu Y mw&z&.
oot vt s o
Al 4 téznice prochazi podstavou télesa

i
syl e
1

w4l -II-..Ir ...‘Lt I

i
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yodii, v nichZ je téleso podepreno.

the larger the volume of its base and the greater its weight, the greater the
force required to overturn the body. The greater its stability. For example,
the stability of racing cars is increased by their low height and wide tires: when

loading a car or wagon, we try to spread the load as much as possible over
the surface and to be as low as possible.

Can a body that is supported under the center of gravity also be in 5 stable position? This
s, for example, a table or a standing person, an exercise book on a balance beam, a book
lying on a table. In these cases, a body is in a stable position when its vertical center of
gravity passes through the base of the body (Fig. 1.54a) or the surface formed by connecting the
points at which it is supported (Fig. 1.54b).

Fig. 1.54 Stable position of the exercise book on the balance beam and the table with a flower

The wheels of a car or the propellers of an aircraft are in a free position. The axis of r-:utatt:n
;ia"ss.'é,s. thr_;mgh their center of gravity. If, for example, the wheels of a car are not well !::alam:ed, ey
-:QIF:;-:nﬁ_t-En a free position, they turn more difficultly and wear D"ft more q:;:lckl;. it

A tilted position is usually undesirable and we try to change it to a-ﬁt; .e. ::Med :
pﬂSj‘l:lEln-;FﬂrEIE mple, the stability of a narrow, tall flower vase will be imp
ithas a massive, wider bottom.

¥
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e s or unstable. A body is in stable equilibrium
A ."t.htﬂugh"-the base of the body or the




otazky a vlohy Questions and tasks

1. Uved piiklad télesa, které je v rovnovazné poloze. Co pro ngj plati? 1. Give an example of a body that is in equilibrium. What is true for it?
2. Jake jsou rizne rovnovazné p[}]ﬂh}d? Uved pi"ﬂdad}'. @ 2 What are the different equilibrium positions? Give examples.

3. Za jake podminky je téleso v rovnovdzné poloze stalé? Uved priklad. 3. Under what conditions is a body stable in equilibrium? Give an example.

@ 1. Postav plastovou ldhev na stul a zkus ji pi"ew:hnﬂut. TotéZ opakuj s lahyi 01. Place a plastic bottle on a table and try to tip it over. Repeat the same with the
naplnénou nejprve do poloviny vodou, pak tplné pl?ﬂ“ vody. Kdy bylo bottle filled first halfway with water, then completely full of water. When
nejobtiznéjsi lahev prevrhnout? Vysledek pokusu zdtvodni. was it most difficult to tip the bottle over? Justify the result of the experiment.

2. Pritiskni se zady tésné ke zdi tak, aby ses patami dotykal(a) zdi. Zkus se 2. Press your back close to the wall so that your heels touch the wall. Now try to
nyni rovné predklonit jako divka na obr. 1.55, ale ztistant obéma patamji lean forward straight like the girl in Fig. 1.55, but keep both heels pressed
pritisknuty(4) ke zdi. Povedlo se ti to? Prohlédni si jesté jednou peclivé against the wall. Did you succeed? Look carefully at Fig. 1.55 again. What is the
obr. 1.55. V ¢em se lisi tviij pokus a predklon divky? Vysvétli. difference between your attempt and the girl's lean forward? Explain.

3. Navrhni, jak bys Z[Epﬁil stabilitu VﬁZ}’ na kvéetiny. SW?I_] navrh zdtvodni. 3. Suggest how you would improve the stability of the flower vase. Justify your suggestion.

4. Proc se naklanis na stran U, kd}?ﬁ 4. Why do you lean to the side when carrying
neses$ tézky kufr? Obr. 1.55 K uloze 2 a heavy suitcase? Fig. 1.55 For task 2

5. Prohlédni si model ,pfekotné- 5. Examine the model of the
ho hranolu“ na obr. 1.56. Roz- “rectangular prism" in Fig. 1.56.
hodni, zda a v jaké rovnovazné Decide whether and in what
poloze je v pfipadé a) a v pii- equilibrium position it is in case a) and

padé b). Zdtvodni svou odpo- e in case b). Justify your answer.
ved.

Obr. 1.56 K tiloze 5 Fig. 1.56 For task 5




POSUVNE UCINKY SiLy.
POHYBOVE ZAKONY

Silou popisujeme vzajemné ptisobeni téles. ktera se
b.en[ silcwéht: pole na h‘flu:::-lm. Haitlﬂili jsme se méfit velikost sily pPruzinovym
silomérem. Poznali jsme, jak je jednotka sily newton priblizné velks. Umime
skladat dve sily, které plisobi soucasné na jedno téleso,

Pﬂdmb“f}ji Jsme se zabyvali gravitaéni silou F,, kterou Zemé ptisobi na té-
leso. Tato sila ma pro nas mimotadny vyznam, protoze Zljeme v gravitaénim
poli Zeme. Jisté dovedete uvést priklady mnoha jevii, které tato sila zpiiso-
buje nebo ovliviiuje. Velikost sily 7, je p¥imo amér4 hmotnosti télesa 7,
na které pusobi (F, = mg). Velitina
g = 10 N/kg udava, Ze Zemé prita- 0br. 1.57 Ruzné ucinky sily:
huje kazdé téleso o hmotnosti 1 kg a) posuvné ucinky
silou o velikosti priblizné 10 N. Pi-
sobisté vysledné gravitacni sily F,,
kterou Zemé pusobi na téleso, zna-
zornujeme v tézisti télesa.

Nyni se budeme podrobnéji za-
byvat ucinky vzajemného silového
pusobeni téles nebo ptisobeni silového
pole na téleso. Stru¢né feceno, bude-
me mluvit o uéincich sily.

V 6. roéniku jste poznali, Ze sila
muze uvést téleso z klidu do po-
suvného pohybu, muiZe pohyb télesa
urychlit, zpomalit nebo zastavit.
Rikame, Ze sila mé posuvné ucinky.

Sila miize téleso roztocit, zrych-
lit nebo zbrzdit ¢i zastavit jeho ota-
¢ivy pohyb. Rikdme, Ze sila ma

Sila také miize zménit tvar téle-
sa. Rikdme, Ze sila ma deformaéni

Na obr. 1.57 jsou piiklady riz-
nych Géinki sily, kterou ruka pu-
Sobi na télesa. Uved'te ze své zkuse-

E ady pusuvn?f:h, ota-
a deformacnich acinku sily.

dotykaji, nebo pfiso-

b) otacive ucinky

.
® il

ff‘i

¢) deformacni ucinky

SLIDING EFFECTS OF FORCE.
LAWS OF MOTION

Force describes the interaction of bodies that are in contact, or the effect of a force

hield on a body. We learned how to measure the magnitude of a force with a spring
force gauge. We learned how large the unit of force, the newton, is approximately.
We can combine two forces that act simultaneously on one body.

We have discussed in more detail the gravitational force F, that the Earth exerts
on a body. This force is of particular importance to us because we live in the Earth's
gravitational field. You can probably give examples of many phenomena that this force causes

or influences. The magnitude of the force Fa is directly proportional to the mass of
the body m on which it acts (F = mg). This

g = 10 N/kg indicates that the Earth attracts Fig. 1.57 Different effects of
magnitude exerts a force of approximately force: a) sliding effects

10 N on every body weighing 1 kg. The locus
of action of the resulting gravitational force
Fg that the Earth exerts on a body is shown
at the center of gravity of the body.

We will now discuss in more detail
the effects of mutual force interaction

between bodies or the effect of a force
field on a body. In short, we will talk

about the effects of force.
In 6th grade, you learned that a force

can bring a body from rest into
translational motion, it can accelerate, slow
down, or stop the motion of a body. We =

say that a force has translational effects.

A force can make a body spin, accelerate,
slow down, or stop its rotational motion.
We say that a force has rotational

effects.

A force can also change the shape of a
body. We say that a force has deforming
effects.

Fig. 1.57 shows examples of various
effects of force exerted by the hand on

e e e

(objects. Give further examples of sliding,

b) rotational effects

}r‘i

¢) deformation effects

-----
IIII
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Urychlujici a brzdne ucinky
sily na teleso

Prozkoumame podrobnéji, jake m?hmi byt E}F}Sliyné Ucinky Sily g té]

Kazdy z vas se jisté nékdy pokousel f:”z”?“”t Sa,ﬁl‘.{}" PFEdﬁt&U‘[e :-;i 0,
které ,i:%{-"ll v klidu na ledove ;]|{J$E.J?:EIHEIC]{E—[I na ne silou MiiZete j:;"if!ﬂ.
do pohybu (obr. 1.58a). Uvedl-li satiky do pphybu kamargd, MiiZete o [:"Eﬁt
urychlit jejich pohyb (obr. 1.58b), zpomalit je nebo zastayit (g, 15;;"
Pop¥ipadé miizete zmeénit silou /' smér pohybu sénék (oby, 1.584), fNE:”-THIt]'
ovsem zatlacit z boku p¥ilis velkou silou F, sariky by se prevrhly, To 3 by Sﬂa:‘
mela na né otacivy ucinek.) Co je spole¢né véem témto pripadim? Pusohen
sily /' se ménila velikost nebo smér rychlosti pohybu sinék vzhle

dem k Jo.
dové plose.

Obr. 1.58 Posuvné ucinky sily:
a) uvedeni do pohybu

C) zpomaleni nebo zastavent pohyby

d) zména smériy Pohiyby

Accelerating and braking effects of force
on a body

Let us examine in more detail the sliding effects of 3 force on 3 bog
. _ Y
of you has certainly tried to:push a sled:apart at some point. | Eacp

oy O ae:
sled that is at rest on an ice surface. If youipush on it withi4 force £ y.i,ne <
set it in motion (Fig. 1.58a). If a friend has set the sled i Motion el

. - r You Can
use the force F to accelerate its movement (Fig. 1.58b), sjow it

1dDWn’ or
stop it (Fig. 1.58c). Alternatively, you can use the force F to change the diteftio of
the sled’'s movement (Fig. 1.58d). (However, youmust not push from the side with too much force
dy have a rotating effect on it.) What do al|

have in common? The force F changed the magnitude or direction of the speed of the sled relative

to the ice surface

F, otherwise the sled will tip over. The force F would alrea
these cases

Fig. 1.58 Shearing effects of force:
a) putting into motion

c) slowing down or stopping movement
- " ._Jr :
. F
d) ch

ange of direction of movement




Look at Fig. 1.59. When will the change in the speed of the sled be greater? The greater the
force with which you push the sled for the same amount of time (Fig. 1.59a), the more its
movement will accelerate. If you push the empty sled with the same force once and the sled with
a friend the second time (Fig. 1.59b), the movement of the sled will accelerate less in the
second case. Therefore, with a greater mass of the body, the kinetic effect of the force was
smaller. We will reach the same result by performing experiments according to Fig. 1.61 and

Prohlédnéte si obr. 1.59. Kdy bude ZIMena ryc
Cim vetsi silou budete po stejnou doby sanky lhlaf‘it (obr. 1.59a), tim vice s
jejich pohyb zrychli. Budete-li tla¢it steinou stlou imiﬁn;dr'irdﬁ}u?‘ ::E
a podruhé sanky s kamaradkou (obr. l,ﬁ-th]I, zrychli se v d'lﬁ.if‘]élﬂ pi*:id:d}é
pohyb sanek mene. PYi vetsi hmotnosti télesa byl tedy pohybovy li{;inekp;i]y
mensi. Ke stejnému vysledku dospéjeme |u}kuﬁy-prwmienj’r'ni podle nhf. Il,Hl

hlosti pohybu sanék vetsi?

2 obr. 1.62 pii FeSeni tloh 1 a 2. Rl nd probiemeana 2
Obr. 1.59 Zdvislost pohybovijch tidink Fig. 1.59 Dependence of motion effects
._-?{,I' na P[?Hkﬂ.?ﬁ ,IH.:’SDEH;‘.’.T{ 5-!::{!;" a) on the magnitude of the acting force

Pi
fom
e = W 1 P e R —
S N tery f wal tH : - ho formulated
Pﬂhybuvé acinky sil na télesa zkoumal Isaac .NLwtmL ktL:r ::r:‘}:llil: i The kinetic effects of forces on bodies were studied by Isaac Newton, whr::r 0 iy
L R 3 atnost jed : . : 1 validi
pohybové zikony. Pokusy, které Jsme hl, uw'.d].l' l:”“ l &l-ult E takto: three laws of motion. The experiments we have mentioned ?Gnﬁrm t E. Y
z téchto zakonti, ktery se nazyva zikon sily. Vyjadiujeme ho takto: one of these laws, which is called the law of force. We express it as follows:
. : .

When alforce act
bodyito mﬂﬂ;’ rom rest, the body's motion accelerates, slows down, stops,

lost. To znamena, Ze sila uvede

L=l Ml -
Ay se jeho rych ;
280 !ﬂap ménl i ry':hl L zp{][‘[‘lﬁ]i, zastavl nEbD S€

ohybu, pohyb télesa se U

Ty

..'ll:': E

| ! .|‘
L




vitsi sila po urditou dobu na téleso plisobi, tim je zména

Cim
g;'l vEti ma téleso hmotnost, tim je zména j_ehn_.gpch]ﬂﬁ:iﬁ“ soben
po urcitou dobu mensi. sl

Sami miizete uvést priklady z praxe E?WrijfiCIZ tento z&l:mn_ Nap¥. k rozjet]
prazdného voziku urditou rychlosti 5ta£1+.men51J511E1 e pﬁ. voziku plng najq.
yeném. Ma-li se automobil rozjet rychleji, musi motor vyvinout vétg taznoy
sflu. Pokud je v automobilu pét osob, rozjizdi se pomaleji, nez kdyz je v ném
ien Fidi¢. Také k zastaveni plné obsazeného automobilu je t¥eba brzdit Vet
silou, popi. na delsi draze (téZ3i auto ma delSi brzdnou drédhu). Na to musime
pamatovat, kdyz prechdzime vozovku pred pfijizdéjicim autem.

Roztladime-li sariky na ledové plose, pohybuii se, i kdyZ uz na né nepiiso-
bime silou. Po chvili se v§ak zastavi. Jaka sila je zbrzdila? Proti pohybu sanék
pusobi treci sila. Z vlastni zkuSenosti znate mnoho p¥ikladt brzdnych Géinkg
treci sily. Prestanete-li p¥i jizdé na kole na roviné $lapat, brzy se kolo zastavi.

Take pohyb télesa v kapalindch nebo plynech je brzdén. V téchto p¥ipadech
mluvime o odporové sile. Nap¥. vypne-li pohybuijici se lod’ motory, po chvili se
zastavi pusobenim odporové sily vody a vzhledem k vodé je v klidu. Odporova

sila vzduchu pisobi na jedouct automobil & bésce pri zavodu, ale i na chodce
pri béZné chizi.

Proti pohybu téles piisobi brzdné sily — treci 3ﬂy=;ﬁéﬁ_¢_'ﬁ: oro

el =

e diddion
Obr. 1.60 Odporové sily vody a vzduchu [ze zmenit vhodngm tvarem téles.

s T
ﬂﬁ‘iﬂﬂﬁfej City,

force acting on a body for a certain period of time, the greater the chan

The greater the
mass of a body, the greater the change

in its \FEIDﬁii}g’__:ﬂﬂEtﬂ.:_tﬁgﬁéﬁﬁ = »

for a certain time smaller. The greater the T

You can give examples from practice confirming this law. For
example, to start an empty truck at a certain speed, less force is needed
than for a fully loaded truck. If a car is to start faster, the engine must develap
more traction. If there are five people in the car, it starts slower than if there is
only the driver. Also, to stop a fully occupied car, it is necessary to brake with
more force, or over a longer distance (a heavier car has a longer braking distance).
We must remember this when crossing the road in front of an oncoming car.

If we push the sledge on an icy surface, it moves even though we no longer apply
force to it. However, after a while it stops. What force stopped it? The force of friction acts against

the sledge’s movement. You know from your own experience many examples of the braking effects of
friction. If you stop pedaling while riding a bicycle on a flat surface, the bicycle will soon stop.
The movement of a body in liquids or gases is also slowed down. In these cases we speak

of a resistance force. For example, if a moving ship turns off its engines, after a while it
stops due to the resistance force of the water and is at rest relative to the water. The resistance

force of the air acts on a moving car or a runner during a race, but also on a pedestrian during
normal walking.

Braking forces - frictional forces or resistance forces - act against the lﬁ&wﬁfﬂn{éﬁs i

(LN B

Fig. 1.60 The resistance forces of water and air can be changed by the appropriate shape of the bodies




Braking forces in liquids and gases can be reduced or increased by the appropriate shape
of the bady, e.g. a motorcycle or a surfboard. Fish and birds have a body shape that
contributes to reducing drag forces (Fig. 1.60).

Braking forces in liquids and gases are smaller than frictional forces between
solids. Therefore, when machine parts move past each other, the braking forces are

Brzdné sily v kapalinach a plynech 1ze zmensit ne
rem télesa, napi. motocyklu nebo surfu. Ryby a ptaci
spiva k zmenseni odporovych sil (obr, 1.60).

Brzdné sily v kapalinach a v plynech i 1sou menéi nez
telesy. Proto se brzdné sily nap¥. pri pohybu soucasti

bo zvétsit vhodnym tva-
maji tvar téla, ktery pfi-

treci sily mezi pevnymi
strojti po sobé zmensuji

maﬂfiﬂlm pmrr{,hu soucast HlLJLIT[ Zmenteni brzdné ‘-‘.Ii}f et atitsrobilem reduced by lubricating the ELIFFE!CE'E of the parts with oil. The rleu:iuctinn in braking force between
a silnici pri desti mtze zplisobit smyk automobilu. S e i the taiican causs the.car fo skic.
Otazky a uvlohy Questions and tasks
@ 1. a) Vyimenuj rtizné posuvné ucinky sily a uved konkrétni piiklady. @ 1. a) List the various sliding effects of force and give specific examples.
b) Co je pro vSechny posuvné Gcinky sily spoletné? b) What is common to all sliding effects of force?
2. Vysvétli na prikladech, jak zavisi zména rychlosti daného télesa 2. Explain with examples how the change in velocity of a given body depends
a} na velikosti pﬁﬁﬂbiﬂf Sﬂ'y‘, a) on the magnitude of the acting force,
b) na hmotnosti télesa. b) on the mass of the body.
3. Které brzdné ‘sﬂﬁ' pusobi ‘3. Which braking forces are acting?
a) na lyzave sjizdéjiciho ze svahu, b) na rybu plavajici ve vode, ‘a) a skier going down a slope, b) a fish swimming in water,
¢) na parasutistu po seskoku z letadla? ) on a parachutist after jumping out of an airplane?
4' wpﬁmaﬂy’ jak Ize zmensit brzdné sily pusobici na pohybujici 5‘? tél?ﬁ%: 4. Give examples of how the braking forces acting on moving bodies can be reduced.
0 1. Proved pokus podle obr. 1.61. V kterém piipadé ptsobi na vozik vetsi 01. Perform the experiment according to Fig. 1.61. In which case does the force

sila? Je vozik vice urychlovan v pfipadé znizornéném na obr. 1.61a,
~ nebo obr. 1.61b?
i 2 ‘Ei’ pﬁl{usu podle obr. 1.62 ptisobi na vozik stejna sila. ZvétSuje se rychlost
R u v obou p¥ipadech stejné? Odpovéd zdtvodni a ovéF pokusem.

. acting on the cart increase? |s the cart accelerated more in the case shown in Fig.
- 1.61aor Fig. 1.61b?
?’i&: In the experiment shown in Fig. 1.62, the same force acts on the cart. Does the cart's speed

5 :ﬁtreﬁe I:-;_.r the same amount in both cases? Justify your answer and verify it experimentally.

Obr. 1. E.I K u!aze 1
a)

‘and)
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1.16

! ik l'ﬂZjEtf Z km dﬂ’lﬁ. .
7e chces zas'tawt vozik 1oz ¢ dol,
v kterém pripadé potiebujes k zabrzdéni voziku vetsi sijy-

draze 1 m
: 4ze 2 m, nebo na €lm, ]
SERE e d;néehu voziku na draze 1 m, nebo Wﬁtus la

3. Predstav si,

a)
b) k zastaveni praz

:f]ig{f;{}u tvary zavodnich automobild, lodi, letadel a pongys :

ET Ja;{E odporové sily plisobi na pohyb téchto téles v pro

4.

4

se pohybuji? , o
) 5ﬁsubi viibec néjaka sila na kosmickou lod" obihajici kﬁlmm
JestliZe ano, vysvétli, jaké ma dcinky. gy lh‘;_'.]i?:';‘l |
SR
RS E ST

1.16 Zakon setrvacnosti

Le zkuSenosti vite, Ze téleso, které je vzhledem k Zemi v klidu, mizeme
uvest z klidu do pohybu jen silovym pusobenim jiného télesa nebo silového
pole. Nap¥. mi¢ leZici v klidu na vodorovné podloZce se zacne pohybovat, kdyz
do ného kopnete nebo kdyZ podlozku naklonite. Jinak setrvava mi¢ v klidu.

Co se stane, kdyZ sila, kters uvedla téleso do pohybu, prestane ptisobit?

Zastavi se téleso hned? Abychom spravné odpovédéli, provedime nasledujici
pokusy:.

EETi rychle zpomaluje (obr. 1.63a).
Primocarém pohybu mnohem déle.

Mérenim bychom se presvédcili, e drdhy koyle PFi pohybu na sklenéné

Imagine you want to stop a cart going dewnh;”

1.16 3-Decide in which case you need more force to stop the cart:

-k
track, or on a 1 m track, Rt .
a) tostopona2m a 1m track, or a trolley v\,
b) to stop an empty trolley on A 1rol 'Eé'ﬁmthr_;a-

load on a 1 m track.

* . airplanes and sypra.:.

4. a) What are the shapes of racing cars, boats, airplanes and subpy fines?

Explain why. : S

b) What resistance forces act on the movement of these b"*dles'ﬁi"ﬁth‘%—'&"!ﬂfﬁﬂ&-"%ﬁ!ﬂ:

“l”'-."irl “u ._
which they move? : S e E-:.:._"Mm_ ' _?
@ c) Is there any force acting on a spacecraft D_Fblttﬂ_gi_.thﬁ;.-:.:%%‘@j:_ﬂg
If so, explain what its effects are. R

: B ) X

1 <
el I‘tii'u.r:iq_i'_;l__,{.‘ I_I

1.16 Law of inertia

You know from experience that a body that is at rest with respect to the Earth
can only be set in motion by the force of another body or force field. For
example, a ball lying at rest on a horizontal surface will start moving when
you kick it or tilt the surface. Otherwise, the ball remains at rest.

0 What happens when the force that set the object in motion stops acting? Will the object
stop immediately? To answer this correctly, let's perform the following experiments.

Let's start a ball from rest on 3 horizontal tabletop by hitting it with a stick. The ball continues

to move in the direction of impact, even though the stick is no longer acting onijt.

0 However, it stops after a while due to the action of braking forces.
How would the ball move If there were




Obr. 1.65 Pohyb kulicky se zpomaluje piisobenim 1%

'l sily

al

b)

podloZce jsou za stejné doby po narazu témér stejné (obr. 1.63b). Pohyb koule
je pribliZné rovnomérny p¥imocary.

Z nadich pokust se zda, Ze télesa setrvavaji v klidu nebo pohybu rovnomér-
ném primocarém, pokud na né neza¢nou ptisobit jina télesa silou. K potvr-
zeni teto domnénky by samoziejmé nestacily nase, ne p¥ili§ presné pokusy.
Jeji spravnost byla potvrzena pokusy mnohem dokonalej$imi. Poprvé tuto
domnénku ve fyzice vyslovil Galileo Galilei. Pfesné ji na zakladé Galileiho
pokust pozdéji zformuloval Isaac Newton jako zakon setrvacnosti.

Dfive, nez si uvedeme znéni zakona setrva¢nosti, zpresnime zavér naseho
pokusu. Vime, Ze na vSechna télesa na Zemi pusobi Zemé gravitacni silou F
svisle dolti. Jak si tedy vysvétlime, Ze koule na vodorovné podloZce ztstava
v klidu? Musi na ni ptsobit podloZka silou £, ktera je v rovnovaze se silou
F, (obr. 1.64). Vyslednice obou sil je nulovd, nebot tcinek sil F a Fy na kouli
je stejny, jako by na ni Zadna sila neptsobila. Na kouli pohybujici se
rovnomérné p¥imocate piisobi také sily F, a F, které jsou v rovnovaze.

Obr. 1.64 Koule je v klidu, protoZe sily F a Fy jsou v rovnovaze.
F F

Fig. 1.63 The motion of the ball is slowed down by the action of frictional force

m] |

b)

The forces on the pad are almost the same at the same time after impact (Fig. 1.63b). The ball's
motion is approximately uniform and rectilinear.

From our experiments it seems that bodies remain at rest or in uniform rectilinear
motion unless other bodies act on them with a force. Of course, our not very precise
experiments would not be enough to confirm this assumption. Its correctness
was confirmed by much more perfect experiments. This assumption was first
expressed in physics by Galileo Galilei. It was precisely on the basis of Galileo's
experiments that Isaac Newton later formulated it as the law of inertia.

Before we state the law of inertia, let us clarify the conclusion of our experiment. We
know that the Earth exerts a gravitational force F vertically downwards on all bodies
on the Earth. So how do we explain that a ball on a horizontal surface remains at rest? The
surface must exert a force F on it, which is in equilibrium with the force Fg (Fig. 1.64).
The resultant of the two forces is zero, since the effect of the forces Fa Fa on the ball
is the same as if no force were acting on it. A ball moving uniformly in a straight
line is also acted upon by the forces Fi and F, which are in equilibrium.

Fig. 1.64 The sphere is at rest because the forces Fa Fa are in equilibrium.

F F




Takse obecné lze vyslovit zakon setrvaénosti takto:

érném pfimocarém, jestli-
Téleso setrvava v klidu nebo v pohybu rovnom ’
ze ::ﬂné nepisobi jina télesa silou nebo jestlize jsou sily plisobici na téle-

S0 V rovnovaze.

Obecna viastnost téles setrvavat v klidu nebo v Dfi*hlfbu rovnomerném
p¥imodcarém, nepusobi-li na ne jina télesa silou, se nf:’tZWﬂ SEtW??I}USt téles.
Projevuje se tim, Ze télesa v klidu ztstavaji nehybna a Pﬂh?b”ﬁ? EEJtE_lESH
zGstavaji v rovnomérném pohybu piimocarém, pokud na né nepusobi silou
jiné téleso. X L h

Se setrvatnosti téles se setkdvame neustale. Musime s ni pocitat napf. pf
prechdzeni vozovky: automobil se ani po vypnuti motoru ani pfi brzdéni ne-
zastavi okamzité. Pohybuje se jesté po urlité draze. Je tedy nebezpecné
prechazet vozovku pred jedoucim vozidlem.

Setrvacnosti téles také vyuzivame v dennim Zivoté i v technice. Napf. pfi
vwklepavani prachu z $atd, p¥i nasazovani drzadla sekery, p¥i vyndavani obsa-
hu masové konzervy. Ve viech téchto ptipadech prudce zabrzdime jednu
Cast télesa (3aty, drZzadlo, konzervu) a druhd éast setrvava v pohybu (prach,
sekera, maso). Setrva¢nost vyuzivame take pfi posunovani Zelezni¢nich va-
donu nebo p¥i brusleni na ledé.

Nase denni zkuSenost je zdanlivé v rozporu s tvrzenim zikona setrvac-
nosti pro télesa rovnomérné se pohybujici po pfimce. K tomu, aby se téleso
pohybovalo rovnomérné pfimocare, musime témér vzdy ptsobit na téleso
urcitou silou. Ale to je dusledek toho, Ze musime p¥emdhat brzdné sily,
hlavné treni. Posuvny ucinek zavisi na vysledné sile ptisobici na téleso
(obr. 1.65).

Obr. 1.65 Pohybovy ucinek zdvisi na vysledné sile pisobici na téleso.

Fy > F, F, = F\ Fy < F,
auto zrychluje sily v rovnovaze auto zpomaluje
plisobenim | auto se pohybuje pusobenim
vysledné sily rovnomerne, primocare vysledné sily &

So, in general, the law of inertia can be stated as follows:

A body remains at rest or in uniform rectilinear mntiun. un[ess utha‘ar
bodies act on it with a force or if the forces acting on the body are in

equilibrium.

The general property of bodies to remain at rest or in uniform rectilinear n':ntinn
unless other bodies act on them with a force is called inertia of bodies. It
is manifested in the fact that bodies at rest remain motionless and moving bodies
remain in uniform rectilinear motion unless another body acts on them with a

force.

We encounter inertia of bodies all the time. We have to take it into account, for example,
when crossing the road: a car does not stop immediately, even after turning off the engine
or when braking. It still moves along a certain path. It is therefore dangerous
to cross the road in front of a moving vehicle.

We also use the inertia of bodies in everyday life and in technology. For
example, when shaking dust off clothes, when putting on an axe handle, when
taking out the contents of a can of meat. In all these cases, we sharply brake one
part of the body (clothes, handle, can) and the other part remains in motion
(dust, axe, meat). We also use inertia when pushing railway cars or when skating
on ice.

Our daily experience seems to contradict the statement of the law of inertia for
bodies moving uniformly in a straight line. In order for a body to move uniformly in a
straight line, we must almost always exert a force on the body. But this is a

consequence of the fact that we must overcome the braking forces, mainly

friction. The sliding effect depends on the resulting force acting on the body
(Fig. 1.65).

Fig. 1.65 The motion effect depends on the resultant force acting on the body.

F
.

Fy> P, Fy=F,

the car accelerates forces in equilibrium

the car slows down
due to the
resultant force F

under the action th'E' car moves

evenly, in a straight line

of the resultant force F




Otazky a vlohy

@ 1. Uved priklady, jak se projevuje setrvacnost téles,

2. Vyslov tvrzeni, které obsahuje zikon setrvacnosti
a) pro télesa, ktera jsou v klidu.

b) pro télesa, kterd se pohyhuji.
@ 1. Vysvetli, proc se zavodnik po probéhnuti cilem nemiize thned zastavit

2. Proc je nebezpecné prebihat silnici pred blizicim se vozidlem? -

3. Jak se vyuzivd setrvacnosti pri posunovani zeleznicnich vozi nebo p¥i
sestavovani vlakovych souprav na sefazovacim nadrazi?

4. a) Doprostred na dno snadno pohyblivého vozi¢ku poloz lehky micek.
Vozicek uved rukou do pohyby (obr. 1.66) a micek p¥itom pozoruj. Jak
se projevuje v tomto okamziku setrvacnost micku?

b) Uved rukou vozicek s mickem do pohybu a poté ho zastay narazem na
prekazku. jak se v okamziku zastaven{ projevuje setrvacnost micku?

Obr. 1.66 K tloze 4

5. Setrvaénost svého téla si maZes uvédomit pfi jizdé tramvaji, vlakem
nebo autobusem.
a) Télo se naklani ve sméru jizdy.
b) Télo se naklani proti sméru jizdy.
Rozhodni v ptipadech a, b, zda se tram-
vaj, vlak nebo autobus prudce rozjizdi,
nebo prudce brzdi. Zdavodni.
6. Vysvétli, pro¢ z mokrych Sath p¥i prud-
 kém zatiepani odlétaji kapky vody.
N 7 ysvétli, na ¢em je zaloZeno ,sklepavant”
- sloupce galinstanu v lékatském teploméru.
1.67 popis, jak miiZeme upev-
na drzadlo. Jak se pfi tom

Obr. 1.67 K uloze 8

LG BT

Questions and tasks
1.16
@ 1. Give examples of how inertia of bodies manifests itself.
2. State the statement that contains the law of inertia
a) for bodies that are at rest,
b) for bodies that are moving.

01. Explain why a runner cannot stop immediately after crossing the finish line.
2. Why is it dangerous to cross the road in front of an approaching vehicle?

3. How is inertia used when shunting railway cars or assembling train
sets at a marshalling yard?
4. a) Place a light ball in the middle of the bottom of an easily movable cart.

Move the cart with your hand (Fig. 1.66) and observe the ball as you do so. How
Does the ball's inertia manifest itself at this moment?

b) Use your hand to move the cart with the ball and then stop it by hitting an obstacle.
How does the inertia of the ball manifest itself at the moment of stopping?

Fig. 1.66 For task 4

9. You can become aware of your body's inertia while riding a tram,
train, or bus.
a) The body leans in the direction of travel. Fig. 1.67 For task 8
b) The body leans against the direction of travel.
Decide in cases a, b whether the tram;
‘train or bus is accelerating or braking
sharply. Give reasons.
6. Explain why water droplets fly off wet
~ clothes when shaken vigorously.
7. Explain what the "tapping" of the galinstan
~ column in a medical thermometer is based on.
g Fig. 1.67, describe how we can
mmer to a handle. How does the

ATertia |




Bl Zakon vzajemného pusobeni dvou téles

&

Mnohokrat jsme se presvédcili, Ze silové ptisobeni dvou téles je vZajemngé.
Pisobent je vzajemné nejen u dvou téles, ktera se bezprostiedné dotykaii napf.
prst a pruZina (obr. 1.68a). Je vzajemné i u téles, ktera na sebe ptisobi prostied.-
nictvim silovych poli (napf. magnet a Zelezny kli¢ v obr. 1.68b nehg dva
souhlasné zelektrované polyethylenové prouzky v obr. 1.68c¢).

Obr. 1.68 Priklady vzdjemného silového pusobeni dvou téles
a

,ﬁﬁt*lﬁﬁﬁﬁﬁlﬁﬁ}

LT TAERTLY,

c)
fra }Tﬁ

V nékterych pfipadech Ize velikosti sil vzajemného piisobeni dvoy téles meé-
rit. Napfiklad sily vzajemného pfitahovani magnetu a ocelové tyCky lze zmétit
pokusem podle obr. 1.69. Zjistime, Ze magnet a ocelovi tycka se pritahuiji
silami stejné velikosti, ale opacného sméru. '

Obr. 1.69 Ocelovd tycka pritahuje magnet silou F, a soucasné magnet pritahuje
tycku silou I,

iXli/d®Baw of interaction between two bodies

@

We have seen many times that the force acting on two bodies is mutual. The
action is mutual not only for two bodies that are in direct contact, e.g.
a finger and a spring (Fig. 1.68a). It is also mutual for bodies that act on
each other through force fields (e.g. a magnet and an iron key in Fig. 1.68b

or two uniformly charged polyethylene strips in Fig. 1.68c).

Fig. 1.68 Examples of mutual force interaction between two bodies

and)

}?] . };b

In some cases, the magnitude of the forces acting on two bodies can be measured. For
example, the forces of mutual attraction between a magnet and a steel rod can be measured
by the experiment shown in Fig. 1.69. We find that the magnet and the steel rod attract each
other with forces of equal magnitude but opposite direction.

Fig. 1.69 A steel rod attracts a magnet with a force F, and at the same time the magnet attracts the

rod with a force F1.




w  Velikosti sil, kterymi na sebe navzajem puisobi

Obr. 1.70 Uréent velikosti sil vzdjemného piisobent mezi dvéma Zdky

& dva Zéci, uréime pokusem

The magnitudes of the forces exerted by two students on each other will be determined experimentally

Fig. 1.70 Determining the magnitudes of the forces of interaction between two students

podle obr. 1.70. Oba Zaci ptisobi na Obr. 1.71 Sily vzdjemného piisobent
sebe navzajem stejné velkymi silami Zaka a nehybné tycky
opatného smeru. %
@ Jaky bude vysledek pokusu, bude-li
jeden zak tahnout rukou za upevné-
nou tycku? Z pokusu muzeme dojit
k zavéru: Zak a tytka na sebe navzi-
jem pusobi silami stejné velikosti
opatného sméru (obr. 1.71). Pfesta-
ne-li Zak tahnout, okamzité zanikne
1 sila, kterou tycka ptsobila na zika.
Vysledky naSich pokust potvrzuji
platnost zakona, ktery zformuloval
[. Newton. Budeme ho nazyvat zakon
vzajemného pusobeni dvou téles:

Piisobi-li jedno téleso na druhé silou, piisobi i druhé téleso na prvni silou
ste;né wlknu opaténého sméru. Sily vzijemného piasobeni soucasné
‘vznikaji a soucasné zanikaji. Kazda z nich pasobi na jiné téleso.

Tento zakon se nékdy také nazyva zakon akce a reakce, protoZe jedna
z téchto sil se nazyva akce a druha sila reakce.

Takové oznaceni sil vzajemného pusobeni je uZito v nazvu reaktivnich
motor(, které se pouzivaji u proudovych letadel nebo raket. Jsou zaloZeny na
yyuZiti sily reakce, kterd vznika pfi prudkém vytékani plynt z trysek letadla
nebo rakety dozadu. Akci je sila, kterou motory vytlacuji plyny z trysek. Podle
zakona akce a reakce ptisobi plyny na motory stejné velkou silou v opacném
sméru. Tim pohanéji letadlo nebo raketu dopredu.

@ MiZeme se o tom presvédCit jednoduchym pokusem. Nafoukneme poutovy
~ balonek, pfidrZime ho rukou a pak ho pustime. Balonek vytlacuje silami pruz-
- ﬂﬁﬁh vzduch ven. Reakci je sila proudiciho vzduchu, kterd tlaci balonek na

layt sﬂy vzajemného pusobeni v rovnovaze? Napriklad v obr. 1.68a
‘pruzinu silou F,. Stejné velkou silou #; opaéného sméru tladi
prst a deformuje ho. Pasobité obou sil jsou v misté dotvku prstu

according to Fig. 1.70. Both students Fig. 1.71 The forces of interaction between the

exert equal forces on each other in pupil and the stationary rod
opposite directions.
What will be the result of the experiment

if one student pulls the fixed rod with
his hand? From the experiment we can
conclude: The student and the rod exert forces
on each other of equal magnitude and
opposite direction (Fig. 1.71). If the student

stops pulling, the force that the rod exerted
on the student will immediately disappear.

The results of our experiments confirm
the validity of the law formulated by
|. Newton. We will call it the law of the
interaction of two bodies:

4

If one body exerts a force on another, the second body exerts an equal and
opposite force on the first. The forces of mutual interaction arise and disappear

simultaneously. Each of them acts on a different body.

L =

This law is sometimes also called the law of action and reaction, because one of these
forces is called the action and the other the reaction force.
This term for the forces of interaction is used in the name of jet engines, which

are used in jet aircraft or rockets. They are based on the use of the reaction
force that arises when gases flow out of the jets of an aircraft or rocket backwards. The
action is the force with which the engines push the gases out of the jets. According to the law
of action and reaction, the gases exert an equal force on the engines in the opposite
direction. This propels the aircraft or rocket forward.

We can see this with a simple experiment. We inflate a fairground balloon, hold it
‘with our hand and then let it go. The balloon pushes the air out using elastic forces.

~ The reaction is the force of the flowing air, which pushes the balloon in the opposite
Rl "uiraatlnn




a pruziny. Proto je ¢asto znazornujeme v j*{d””m I:mdé: (A). Ve skutecnosti je | o the flored
pusobisté sily /', v pruziné a ptisobisté sil}‘f | ‘-_’ﬁFTS_tU- Sily Fﬁsmbi na ruzna te- | i
lesa, a proto se jejich tGi¢inky nemohou rusit. Sily jsou stejng velké, opacného |
sméru, ale nejsou v rovnovaze. 57 3

Pohybové ti¢inky sil vzajemného ptsobenti si rf"lu::et_l:: OVErit pokusem podle
obr. 1.72. Petr odstrkuje Kubu na skateboardu silou /. Ale pohybovat se za-
&nou oba, protoze soucasné Kuba ptisobi silou /%y na Petra, V dflﬁlﬂdkll ‘1”11?15"?"
beni sily F, se uvede do pohybu i Petr se svym skateboardem. Sily /7, a F', jsou

and springs. That is why we often represent them at one point (A). In fact, 1.17 the point of application
F.is in the spring and the point of application of the force F, is in the finger. The forces act on
different bodies, and therefore their effects cannot cancel each other. The forces are equal in magnitude,
opposite in direction, but not in equilibrium.

You can verify the motion effects of interacting forces by performing an experiment
according to Fig. 1.72. Peter pushes Kuba away from his skateboard with a force F,. But
both of them start to move because Kuba simultaneously exerts a force F; on Peter. As a
result of the action of the force F., Peter and his skateboard also start to move. The forces F,

in si i ilibri h acts on a different body.
¢ -V %A D 1 Na 1iné d F; are equal in size, but they are not in equilibrium because eac
Eoaiy il : aze, protoZe kazda ptsobi na jiné téleso. an
stejné velke, ale nejsou v rovnovaze, pro
. i [ r f F1.
. : - Fig. 1.72  a) Peter pushes the skateboard with Kuba away with a force o

Obr. 1.72 a) Petr odstrci skateboard s Kubou silou F;. : Peter with thesamefiree s Tathenihar s s

b) Soucdasné Kuba odstrci Petra stejne velkou silou F, na druhou stranu. DB e U, KUba pushies Petbrl :

= - 5 . = 8 e ' e re The forces of interaction between two bodies always act on two different bodies, therefore
Sily vzajemného pusﬂbe?l d‘ﬂ“ . pus-ﬂbl 3 naidN tﬁlﬁ&~.- they cannot cancel each other out in their effects - they are not in equilibrium.
proto se nemohou ve svych Gcincich rusit — nejsou v rovnovaze. 2 SANEREL
sobest dhiou! e L ST : 0 Is the action of two bodies always mutual? A stone falls to the Earth because
0 Je Upnﬂ;du pu}-,ﬂheql vou tz es vzdy vzdjemné: Kamen pada k Zemi, proto- the Earth attracts it with a gravitational e ; :
Yo Foros ey . < . : Ig. 1. e stone attracts the E
":F: IE]TLE " pntfj e Srevia Obr. 1.73 Kdmen pﬁfﬂhuje Zemi sfgjné force F. According to the law of action g 2 AteaEaly
silou F;,. Podle zékona akce a re- : with a large force F like the Earth
L % i velkou silou F! jako Zemé and reaction, the stone must attract the
akce musi kamen pfitahovat stejné g : attracts stone.
velk | v Zemi. Prog al pFitahuje kdmen Earth with an equally large force F. But
velkou silou J"H e, Proc¢ aUE ne- why do we not observe that the Earth
pozorujeme, Ze by Zemé v disled-

ku pusobeni této sily byla prita-
hovéna ke kameni? Pohybovy (1¢i-
nek sily je p¥i jinak stejinych
podminkach tim mensi, ¢im vétsi
Je hmotnost télesa, Protogze Zemée

Is attracted to the stone as a result of
the action of this force? The kinetic
effect of the force, under otherwise
equal conditions, is smaller, the greater
the mass of the body. Since the Earth

4 : , o has a large mass, a force of the magnitude Fg
f{ i ¢ Velikou hmotnost, tak s ni sila ‘ ®
!-;.'.ri‘:“"-"{"'.' A o velikosti £y, prakticky nepohne

| 1.73).
(obr. 1.73),
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“ Questions and tasks

@ 1. State the law of mutual interaction between two bodies.
2. Can the forces acting on two bodies be in equilibrium? Justify your answer.

Give examples.
3. If you push your hand against a wall with a force F,, the wall exerts a force F2 on your hand.

"~ otazky a Glohy

@ 1. Vyslov zakon vzajemného ptisobeni dvou téles.

2. Mohou byt sily vzajemného ptisobeni dvou téles v rovnovaze? Zdivodni
syou odpovéd. Uved priklady.
3. Tlacis-li rukou na sténu silou %, piisobi sténa na ruku silou £,

a) Co plaﬁ' pro \’Elikﬂst, SMEr a ]‘Jl?lﬁﬂhiﬁté téchto sil? Nakresli obrazek. a} What is true about the magnitude, direction, and location of these forces? Draw a picture.

b) JestliZe prestane piisobit sila 7, jak dlouho bude jesté pisobit sila .7 b) It force F, ceases to act, how long will force F, continue to act?
@ 1. Na jeden lehce pohyblivy vozik upevni magnet a na druhy ocelovou AT 1. Attach a magnet to one easily movable cart and a steel rod to the other.

ty¢ku. Ke kazdému voziku pripevni jeden silomér (obr. 1.69). Attach a force gauge to each cart (Fig. 1.69).

a) Nastav voziky do vzdalenosti asi 2 cm od sebe. Zjisti na silomérech, a) Set the carts about 2 cm apart. Use the force gauges to determine how

jak velkymi silami se tycka a magnet pfitahuiji. strongly the rod and magnet attract each other.

b} Pokus ﬂpﬂkl.lj pro ruzné vzdalen osti v Dkafl, véetné d {rtyku magnetu B) Repeat the experiment for different distances between the carts, including touching the magnet

d h’ﬁk}h and the rod,

¢) Vyslov zaver pro velikost a smér sil vzajemného plsobeni tycky c) State a conclusion for the magnitude and direction of the forces of interaction

a magnetu v jednﬂtliufrch pﬁpa{i ech. between the rod and the magnet in each case.

2. a) Divka v modrém tricku . 1 74 i iose 2 2.a)Agirlinablue T-shirton 20000
na koleckovych bruslich od- roller skates pushes her friend away

with a force F, (Fig. 1.74). Describe
how the girls' positions change
with respect to the line on the
ground. Justify your statement. If
possible, verify the correctness of
your statement by experimenting on
the playground.

b) Draw the force F1in your notebook.
Draw the reaction force to this
force and label it F2. Are the forces
F1and F, in equilibrium? Justify

your answer.
3. Look again at Fig. 1.26. In each of

stréi svou kamaradku silou
F; (obr. 1.74). Popis, jak se
zmeéni poloha divek vzhle-
dem k ¢a¥e na zemi. Zdtivod-
ni své tvrzeni. Mas-li moz-
nost, ovér si spravnost poku-
sem na hfisti.
b) Nakresli si do seSitu silu ;.
Dokresli silu reakce na tuto
silu a oznaé ji Fy. Jsou sily £
a F, v rovnovaze? Zdavodni

~ svou odpoveéd.

3. Prohlédni si znovu obr. 1.26.

V kazdém z obrazk a), b), ¢) the figures a), b), c) describe

popis sily vzdjemného puso- the forces of mutual action.

U kazdé sily uved, na co “Ebg’ . For each force, state what or

na tisobi a jaky ma acinek. Lo - ‘whom it acts on and what effect it has.

na koho plsobi a jaky o hmotnosti 0,3 kg. n 4Awbalr;1~.:'49|ghln9 0.3 kg is at rest on a horizontal ta bletop.

@ 4. Na vodorovné desce stolu lezi v klidu koule

na kouli. Jsou tyto sily v rovnovaze?

cting on the sphere. Are these forces in equilibrium?

a) Znazorni viechny sily plsobici na K oo dhaiies W . a)Showall the forces a
" b) Znézorni sfly vzajemného piisobeni koule a desky stolu. Jsou tyto Jf;.;ﬁﬁﬁilH_L_i;ﬁﬁﬁtéith‘?f‘:'mes acting on the ball and the tabletop. Are these forces
4 tovnovize? Zdtvodni. s i ;gggili_bﬁum?ﬁive reasons.

{




5. Na vodorovnou desku poloZ Cer-
veny a modry mi¢ tak, aby se
navzajem dotykaly. Pfitlac je
hodné k sobé (obr. 1.75). Potom
je uvolni.

a) Vysvétli vzajemné silové ptiso-
beni k sobé pritlacenych micu.
b) Prekresli obrazek do seSitu,
cervené znazorni silu /4, kterou
pusobi Cerveny mi¢ na modry,
a modre znazorni silu 5, kterou
pusobi modry mi¢ na Cerveny.

¢) Porovnej velikosti a sméry sil
FiakF,.

d) Jsou sily 7, a F, v rovnovaze?
6. a) Divka drZi psa na napnutém
voditku (obr. 1.76). Znazorni sily
vzajemného pisobeni psa a divky.

Mohou byt tyto sily v rovnovize?
Zduvodni.

b) Zkus vysvétlit, pro¢ plisobenim stejné velkeé sily p¥itahne divka k sobé

psa, ale pes divku nepfitshne.

7. Vysuétli, proc Ijzdyi z hadice se sprchou (obr. 1.77) prudce vytéka voda
odkloni se hadice v opaéném smeéru nez vytékajici voda. Vysvétli a uved,'

priklad vyuZiti tohoto jeyu.

Obr. 1.76 K tiloze 6

Obr. 1.77 K tiloze 7

Obr. 1.75 K tiloze 5 Fig. 1.75 For task 5

5. Place the red and blue balls on a
horizontal board so that they touch
each other. Press them very close
together (Fig. 1.75). Then release

them.

a) Explain the mutual force acting
on the balls pressed together.
b) Redraw the picture in your notebook,
showing in red the force F,
exerted by the red ball on the blue
one, and in blue the force F2 exerted
by the blue ball on the red one.

¢} Compare the magnitudes and directions of the forces
F, and F2,

d) Are the forces F, and F; in equilibrium?

6. a) A girl is holding a dog on a tight leash
(Fig. 1.76). lllustrate the forces acting
on each other between the dog and the

girl. Can these forces be in equilibrium?
Give reasons.

b) Try to explain why, with the same force, the girl will pull the dog towards her,
but the dog will not pull the girl. e

7. Explain w.h;-,r, when water flows rapidly from a shower hose (Fig. 1.77), 'the.'ﬁt:-se
deflects in the opposite direction to the flowing water.

‘ Explain and give an example of
how this phenomenon can be used. . &

Fig. 1.76 For task & Fig. 1.77 For task 7
- rtas




Ulohy k opakovani o shrnuti véiva
édlankd 1.7 ai 1.17

@ 1. Mohou byt v rovnovaze tii sily plisobici  0br. 1.78 K wloze 2
v témze bodé telesa v jedné pifmce? o

Znazorni takovy ptipad. - 1
9. Naobr. 1.78 je stejnoroda koule o hmot- W

nosti 200 g zavéSena na nehybné niti

vzhledem k Zemi.

a) Jakou silou F; ptisobi Zemé na kou-

li? Znazorni ji do obrazku ve vhodném qﬁ

méritku.

b) Na kouli ptsobi sila F, a soucasné

tahova sila nité F,. Jsou tyto sily v rov-

novaze? Zdavodni.

¢) Koule pusobi na nit tahovou silou F,. Sily F, a F, jsou stejné velkeé,
opacného sméru. Jsou tyto sily v rovnovaze? Zdavodni.

d) Co by se stalo s kouli, kdybychom prepalili nit? Jaké sily by pak na
kouli pasobily?

3. Uved narazem ruky do pohybu kuli¢ku po desce stolu tak, aby kulicka
prepadla pies okraj desky. Jakou ¢aru opisuje kulicka? Pokus se ji nakres-
lit. Jak se ptitom uplatni setrvacnost kulicky a jak gravitacni sila F,
kterou Zemé pusobi na kulicku?

4. Na zakladé tlohy 3 vysvétli, pro¢ musi vysadkar seskocit z letadla dfiv,
nez se dostane nad misto stanovené k pristani. Pro po opusténi letadla
nepada vysadkar svisle dol?

5. Kosmicka lod se pohybuje po obéZné trajektorii kolem Zemé stalou

) rychlosti. JestliZze kosmonaut obleceny do specialniho skafandru vy-
stoupi z lodi do vnéjsiho prostoru, lod se od ného nevzdaluje. Vysvetli,
jak se pri tom uplatni setrvaénost kosmonauta a jak setrvacnost lodi.

6. Dbja‘sﬁi.vﬁznam bezpe¢nostnich pasti v automobilu p¥i autonehodg.

7. Ve Zkolni jidelné si Zaci prenaseji v talifich polévku k jidelnim stolum.
Pro¢ se polévka vylije pres okraj talife, kdyZ se zak prudce zastavi?

@ 8. Vysvétli, pro¢ se uméla druzice uvedena nosnou raketou na obéznou
trajektorii kolem Zemé nezastavi, kdyz palivo motoru shoti. Jak se p¥i
~ tom uplatni setrva¢nost umélé druzice? Ktera sila zakiivuje trajektorii

1.17

Tasks for reviewing and summa rizing the
content of articles 1.7 to 1.17

— 1. Can three forces acting at the same point on

i a body in one straight line be in equilibrium?
lllustrate such a case.

2. In Fig. 1.78, a uniform sphere of W

mass 200 g is suspended from a fixed thread
relative to the Earth.

a) What force Fg does the Earth exert on
the sphere? Show it in the figure to an appropriate q‘
scale.

b) The ball is acted upon by a force F, and at

the same time by the tensile force of the thread F,. Are these

Fig. 1.78 For task 2

forces in equilibrium? Justify.

c) The ball exerts a tensile force F2 on the thread. The forces F; and F, are equal in
magnitude and opposite in direction. Are these forces in equilibrium? Justify.

d) What would happen to the ball if we burned the thread? What forces would
then act on the ball?

3. Use your hand to set the ball in motion on the tabletop so that it falls over the

‘edge of the tabletop. What line does the ball describe? Try to draw it. How does the
ball's inertia come into play and how does the gravitational force Fg exerted
by the Earth on the ball affect it?

4. Based on problem 3, explain why a paratrooper must jump out of the plane
before reaching the designated landing spot. Why doesn't the paratrooper fall
vertically after leaving the plane?

5. A spaceship is moving in an orbit around the Earth at a constant speed.

~ If an astronaut wearing a special spacesuit steps out of the ship into outer
space, the ship does not move away from him. Explain how the inertia of
the astronaut and the inertia of the ship come into play.
6. Explain the importance of seat belts in a car during a car accident.
7. In the school cafeteria, students are carrying soup in plates to the dining tables. Why
does the soup spill over the edge of the plate when the student stops abruptly?
@ 8. Explain why an artificial satellite launched by a launch vehicle into orbit
ar-::-uncl :tH'é_.E_arth does not stop when the engine fuel burns out. How does the
inertia of the artificial satellite come into play? What force bends the satellite’s

4 e
oW Y7

:ﬁﬁ{%ﬁf&ujgympffmmaan-ur-rtied-bnat onto the shore of a lake. What happens to the boat in the water?
=il Eiégﬁﬁt&tﬁeifhte.[atriﬂn between your body and the boat at the moment of the jump.




OTACIVE UCINKY SILY

y ¢ oiicich éiﬁﬂﬁiﬁh jﬁmE zkoumali #posumé ’Iiéillky sily. Tt

o NS hlosti nebo sméru posuvného pohybu téles, Zavis Jisti
jsme, Ze zmény yCh 9> tisobi, a také na hmotnosti télesa, (i, vétg.ah. N
tom, jak vell sila na (€leso P ite, tim vice ho urychli a také , i

hodi volejbalista pfi smeci do mice, H ¥ k a steing rychie lokor e 0
= te chvtit letici tenisovy micek a stejné rychle Jetici fotha] o
L g sy i¢e potfebujete mnohem Vet sily pe
(e, . santavsal molni)lho S e maluje, zaéne se o
nim sily se méni pohyb téle?.la:bur}‘f:hlule el L 5€ Pohybo,

i se, zméni se smér pohybu. o Rl S
mﬁfzha pusobi na auto, které jede po ?rlmﬂ dalmc_l stal_ﬁu rychlosti
90 km/h? Podle zdkona setrvacnosti, i kdyZ se tﬁifﬁﬂ p?h}?huje vell_kﬂu! rychlos.
ti rovhomémé p¥imocdare, neplisobi na néj bud Zadna si la,f nebo je vyslednice
sil na téleso pusobicich nulova. Na auto ptsobi t?h{l“ﬂ Sﬂﬂln“'lfﬂtﬂn{,, hrzd‘né
sily vzduchu a silnice, gravitacni sila, tlakova sila silnice, ale jejich vyslednice
musi byt p¥i stalé rychlosti nulova.

V mnoha praktickych zatizenich se vyuziva otaivych aéinka sily. Stagi
kdyz se rozhlédnete kolem sebe, a jisté uvedete mnoho piikladi. Silou svych
svalu uvadime do otacivého pohybu nap¥. kliku dvefi, okno, drzadlo ntiZek.
otviraC na lahve, kliku od ofezavatka na tuzky, ale také své predlokti.

Na Cem zavisi otacivy Gcinek sily?

Lkuste zaviit dvefe tak, Ze budete nejdfive tlait prstem u kliky a potom
blizko panti. Co jste zjistili? Ve vét3f vzdalenosti od osy otaceni dvefi staci
mensi sila k uvedeni dvefi do pohybu, Otacivy ucinek ziejmé zavisi nejen na

velikosti sily, ale i na tom, kde a kterym smérem sila ptisobi. V nasledujicich
clancich prozkoumame tyto otazky podrobnéji.

1.18 Uiinek sily na téleso obaEs

ve
kolem pevné osy. Paka
Pokud se houpaji dvé déti o steyné hmotnosti

konci prkna houpacky (obr, 1.79a), jde jim to dobie. MiiZe se viak divka
hﬂupat_ se svym spoluzakem, ktery ma Vetsi hmotnost ne# ona (obr. 1.79b)?
Dovedli byste ze své zkugenosti poradit, kam si ma

Ay , Ji na prkno sednout?
Udélejte si model takové houpacky, Pravitko polozte na tuzku tak, aby bylo
vodorovné. (Aby se tuzka nekutilela, mizete J1 ptichytit kouskem plasteliny
treba ke krabicce od zdpalek.) Misto déti davejte na pravitko mince nebo
ocelové maticky, Déte-li na oba konce pravitka e
vodorovné (obr. 1.80a). Napravo ne
stejné mince na sebe tak, aby pravit
Jste je museli umistit? Ted' uz jisté

a kazdé z nich sedi na jednom

stejné mince, pravitko zistane
chte jednu minci a vlevo umistéte dve
ko bylo opét vodorovné (obr. 1:80b)a
poradite détem z obr. 1.79bs

a, YOUr experience, can you advise where the

ROTATING FORCE EFFECTS

es, we have examined the sliding effecy
found that changes in the speed o direcy: S
of force. We have f the body. The greater the f 'on

the mass of the Y € force Of its
the body, alnd TE motion depend on the force applied +
of a_bud_v{,_; S i;t::nfﬁng a flying tennis ball and a soccer baﬂ
?y?:?gi t;z same speed. You need much B force to stop 4
heavier ball. Applying force changes the motion of the body: it accelerates, slows
down, starts moving, stops, changes direction.

What force acts on a car traveling on a straight h_igljway at a constant
speed of 90 km/h? According to the law of inertia, even if a body moves at high speed
uniformly in a straight line, either no force acts on it or the resultant of the forces
acting on the body is zero. The car is acted upon by the engine's thrust, the braking forces of

In previous articl

the air and the road, the force of gravity, and the pressure force of the road, but their resultant
must be zero at a constant speed.

Many practical devices use the rotational effects of force. Just look
around you and you will surely come up with many examples. With the force
of our muscles, we set a door handle, a window, a scissor handle, a bottle opener, a

pencil sharpener handle, but also our forearms into rotational motion.
What does the rotating effect of a force depend on?

Try closing the door by first pressing your finger near the handle and then near the
hinges. What did you find? The farther away from the door’s pivot point, the
is needed to move the door. The turning effect appears to depend not only on the magnitude

of the force, but also on where and in which direction the force is applied. We will
explore these issues in more detail in future articles.

less force

1.18 The effect of a force on a body rotating
around a fixed axis. Lever

If two children of the same weight are swinging and each of them sits at
one end of the swing board (Fig. 1.79a), they are doing well. However, can a

girl swing with her classmate who weighs more than her (Fig. 1.79b)? From

y should sit on the board?
Make a model of such a swing. Place the ruler on a pencil so that it is horizontal.

(To prevent the pencil from rolling, you can attach it to a matchbox with a piece of
plasticine.) Instead of children, place coins or steel nuts on the ruler. If you put ttﬁ
same coins on both ends of the ruler, the ruler will remain horizontal (Fig. 18@1}
Leave one coin on the right and place two identical coins on top of each other onit ’m

so that the ruler is horizontal again (Fig. 1.80b). Where did you Ha
place them? Now you can probably tell the children from Fig. 1.79b.4




obr. 1.79 Umisténi déti na houpacce
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-~ 0sa otaceni

Houpacka i pravitko v nasem pokusu jsou piiklady zafizeni, které nazy-
vame paka. Je to ty¢, kterd je otaciva kolem osy. V pokusu s pravitkem predstavuje
osu otateni piimka dotyku tuzky s pravitkem.

Pravitko ziistane vodorovné, kdyz mince o dvojndsobné hmotnosti, ktere
tlaéi na pravitko dvakrat vétsi silou, posuneme do polovitni vzdalenosti od osy

.ﬁﬁﬁnt,.hﬁ_jg:jedna mince. Vyzkousejte si, kam musite umistit t¥i nebo ¢tyii
stejné mince, aby bylo pravitko opét v rovnovazné poloze. Ma-li tlakova sila
jedné mince vyrovnat otacivé cinky sily vice minci na paku, musi pusobit
vzl enosti od osy otaceni. Proto si hmotnéjsi chlapec na houpacce
t bliz k ose otaceni nez divka. Pak bude houpacka ve volné rov-

oze bude podepFena pod tézistém. Kdyz se jedno z déti

na od zemé, budou se houpat.

Fig. 1.79 Placing children on a swing
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b)

Fig. 1.80 “Ruler” model of a seesaw

nne)

o ¥
S axis of rotation

Both the seesaw and the ruler in our experiment are examples of a device called
a lever. It is a rod that rotates about an axis. In the ruler experiment, the axis of rotation is
the line of contact between the pencil and the ruler.
The ruler will remain horizontal if coins of twice the mass, which are pushing
‘on the ruler with twice the force, are moved half as far from the axis of rotation as one
coin. Try to find out where you need to place three or four identical coins to bring
the ruler back to equilibrium. If the pressing force of one coinis to balance the
ro ﬁgg;_j;g-gf: the force of more coins on the lever, it must act at a greater distance
of rotation. Therefore, the heavier boy on the swing must sit closer
'_'-fﬁﬁijglﬁ*iﬁﬁﬁi_—thé,girI. Then the swing will be in free equilibrium, because
ipported under the center of gravity. When one of the children

ff the ground, they will swing.

T
I
£l i




1.18

2

: wa, ze otacivé acinky sily Z&visejf nejen .. |
Z naﬁichfpnkltjj:rllvﬁ]}!ayl?; ’uzdzilenﬂsti od osy otaceni sila pﬁ;f};if“ uehkgsﬁ
sily, ale ta:]fﬁn?: nazjl?vﬂt rameno sily. Pi"esnxéji receno, je to "’Zdﬁﬂnns:zgi
lerj,?ﬂ ’I:}ud Ei‘—imlcy, na které znazornujeme silu. e
mta;i: I?Eujméni podminek rovnovazne Dﬂl{}!‘l}’ paky je wl}ndné Bl
zjednﬂ(iuﬁené. schematicky. Na obr. 1.81a, b jsou schematicky Z0brazeny

o

. Nage
pokusy s pravitkem podle obr. 1.80a, b. V obou pokusech je pgka (Pravitk,

=

: s{ly pasobi svisle. V tom p¥ipadé se rameng sily r
e vodorovné poloze a sily pusobi svis R 1y rovns
:;.;;ennsti bodu O od pusobisté sily (bod O je prusecikem osy otd¢en » péky),

Obr. 1.81 Zndzomeént sil pusobicich na paku
a, ... rameno sily F,, a, ... rameno sily F,

a) a, s b) | | al—‘ ﬂfs *
Y p 3 F+ 0 F,
1 2 o
1
a, =a, &'2=2H}
F] :FE FI = ZFE

Zatim jsme jen zkusmo hledali
musime posadit na houpaéce, aby
najit podminku, jakou musi spliio
Cive ucinky vyrovnaly.

Upevnime péku tak, aby se mohla otacet kolem vodorovné osy prochazejici
tezistém. Paka je ve volné rovnovazné poloze. Zavésime-li vievo od osy otaceni za-
vazi o hmotnosti napt. 100 g (obr. 1.82a), zacne se paka otacet levwm koncem dolt.
LavaZzi ptisobi na paku silou Fi=1Nvy

e vzdalenosti 10 dilkti od osy. Je-li jeden
dilek dlouhy 2 ¢cm, je rameno této il

Y @, = 20 cm. Aby pska ziistala v rovno-
vazné poloze, musime soucasné VPravo od osy otaceni na konec piky zavésit
stejné zavazi, Pokusme se otacivy acinek sily Iy vyrovnat postupné po-

moci dvou (obr. 1.82b) a pak pét; stejnych zavazi (obr 1.82¢). MaZeme
zkouSet dalsi moznosti, napr. zavésime zavazi vlevo od osy otaceni do vzda-
lenosti 6 dilkii, takze rameno sily /', bude =12 cm, Otacivy Gcinek této sily
muZeme vyrovnat napf, zavésenim tii steynych zavazi vpravo do vzdailenosti
dvou dilkii od osy ot4a¢eni (obr: [.82d). Prohlédné

te si na obr, 1.82 vwsledky
pokusti, Ve véech Ctyrech pripadech je paka v r VROVAZNE poloze, kdyz pl

, kam musime umistit mince nebo kam se
paka byla v rovnovazné poloze. Pokusme se
vat sily pasobici na paku, aby se jejich ota-

nasich
ati:
rameno s ﬂy

sila ptisobici vlevo - rameno sily = sila phsobici vpravo .

fia, = Fya,

Z obr. 1.81 je vidét, ze tato podminka byla spInéna i pro rovnovaznoud

hu pravitka s mincemi.

2

iments show that the rntatibm';é'l'le?ﬁﬁgtts‘}jf aforce depg, dnes
Qur exper also on thedistahce from the axjs of m-t _c;ﬂ-"._‘

More Precisa Iy

h ce bth
on the magﬁtud& of the force, + : '
t L)

= n
m m i n 1 » FRpreseEnt the force.
di ce of the axis of rotation from the line on'w ich we rep
it i5 the dista hy

To investigate the Cénaﬁtiﬂm‘slﬁﬁtﬁé}ﬁﬂﬂi|i5'thlﬁﬂ’l pDSiiiiﬂn of .a. Ievﬁn lt is ad?ant ageoys
to depict the flﬁﬂehimaes‘._i'ﬁnb!iﬁh'd,.sche_matlr: e Figl:-] 1+E;a,ll b sch?r?iff?ﬁfmwhﬂw
our experimefitsewith a ruler according to Fig. 1.80a, b. Inboth ?m‘-‘?"l’iﬁﬁbn ts,
the lever (ruler} is in a horizontal position and the forces act vertically. In this case, the arm of the force is equal to the

distance of point O from the point of application of the force (point O is the intersection of the axis of rotation and the lever).

Fig. 1.81 lllustration of forces acting on a lever

a ...forcearmF1,a2 ...force arm F2

and) a s b)i ] ; d - ﬂ?.?,’
A i I '
+F a F* 0 F}
1 0] 9 P 2
1
a; = a, a; = 2a,
F'I = Fg. FI - 2F2

So far we have only tentatively looked for where we need to place the coins or
where we need to sit on the seesaw so that the lever is in equilibrium. Let us try to find

the condition that the forces acting on the lever must satisfy so that their rotational
effects are balanced.

We fix the lever so that it can rotate around a horizontal axis passing through

of gravity. The lever is in a free equilibrium position. If we hang a weight of, for ex
g to the left of the axis of rotation (Fig. 1.82a), the lever
down. The weight acts on the lever with a force F, =
from the axis. If one division Is2 cm
for the lever to remain

the center

ample, 100
will start to rotate with its left end

1N at a distance of 10 divisions
long, the arm of this force s a; =20 cm. In order
in an equilibrium position,
weight to the right of the axis of rotation at the
the rotating effect of the force F
weights (Fig. 1.82¢). We can try o
the axis of rotation at a distanc
12 cm. We ean balance

to the right

We must simultaneously hang the same
end of the lever. Let us try to balance
» gradually using two (Fig. 1.82b) and then five identical
ther options, for example, we hang a weight to the left of

e of 6 divisions, so that the arm of the force F, will be a, =
the rotating effect of this force, for example, by hanging three

at a distance of two divisions from the axis of rotation (
results of our experiments in Fig. 1.82,

identical weights
Fig. 1.82d). See the
I5 in equilibrium when:

the right arm of force

In all four cases, the lever
force acting on the left arm of force = force acting on

Fa, = Fya,

From Fig. 1.81 it can be seen that this condition was als

o met for the equilibrium p@sitien
of the ruler with coins.



7 nasich pokust vyplyva, Ze ota¢ivy tidinek Zavisi na soudinu v
1 jejiho ramene. Tento soucin nazyvime moment sily. Budeme
m M:
mene M = Fa

yyjadiime-li silu v newtonech a rameno sily v metrech. Je jednotkou mo-
mentu sily newtonmetr (N . m). Moment sily je roven 1 N . m, jestlize napf.
piisobi na paku sila o velikosti 1 N a jeji rameno je 1 m. |

v pokusech podle obr. 1.82 jsme pouZili men¥f jednotku momentu sily
newtoncentimetr (N . ¢cm): v obrazcich a), b) i ¢) maiji sily F, a I, stejny
moment 20 N « cm. Kolik je to N . m? Vyjadiime-li rameno sily v metrech,
napt. dy = 02m,F=1Nje M,=02N.m,

Podminku rovnovazné polohy paky, kterou jsme zjistili pokusy, miizeme
také vyslovit takto: Paka je v rovnovazné poloze, jestlize se moment sily,
kiera otadi paku v jednom smyslu, rovnd momentu sily, kterda otaéi piku
v opatném smyslu.

elikosti sily
ho znacit pis-

Obr. 1.82 Rovnovaind poloha pdky

1.18

Qur experiments show that the rotating effect depends on the product of the magnitude of the
force and its arm. This product is called the moment of force. We will denote

by the letter M
£p M = Fa

If we express the force in newtons and the lever arm in meters, the unit of moment
of force is the newton meter (Nm). The moment of force is equal to 1N. m, if, for example,
a force of 1N acts on a lever and its lever arm is 1 m.

In the experiments according to Fig. 1.82 we used a smaller unit of moment of force
newton centimeter (N. cm): in figures a), b) and c) the forces F, and F2 have the
same moment of 20 N. cm. How much is this N. m? If we express the arm of force in
meters, e.g. a;=0.2m, F, =1N, then M; = 0.2 N. m.

The condition for the equilibrium position of a lever, which we have determined
experimentally, can also be stated as follows: The lever is in equilibrium if the moment of the
force that rotates the lever in one direction is equal to the moment of the force that rotates the lever

in the oppaosite direction.

fig. 1.82 Equilibrium position of the lever

amd] |
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Fya = Fyas




it, do jake vzdalenosti od osy ot mine how far from the gxjs
Nyni ji dovedemne SCC T nost (obr. 1.79b), abyse e e We can now determine oW far 10/ he axis of g
hlapec 0 Vétsi hmotno Y se moh] 4 ky ; boy with a grea ig. 1.794) 9N o
Y mi posadit ¢ d k] Obje 1. ) % W] the swing a boy o= b) s .OF
5@ bpﬂh:?ﬂﬂkﬂu 0 I‘IlEI”l‘-'sI hm[}tﬂﬂstl U\"E eme pri Eld. » s cari swing wéll with a classmate with a lesser mass. Let's give an thar

Piiklad
Divka 0 hmotnosti 25 kg sedi ve vzdalenosti 2 m vpravo od ogy e

packy. Kam si ma sednout chlapec o hmotnosti 40 kg vlevo od ook ¢
se mohli dob¥e houpat? L

o

AN Example .
0 A girl weighing 25 kg sits 2 m to the right of the axis of Fﬂtaﬂ&
of the swing. Where should a boy weighing 40 kg sit to the le ‘E‘f%t?-;

axis of rotation 50 that they can swing wieli? J.

NN

Reseni: T Solution: | v
my = 40 kg Fy=mg=40-10N =400 N St m, = 40 kg Fy=mg=40-10N=400N s e
m, = 25 kg Fy=myg=25.10N =250 N Gt v my = 25 kg Fy = msg =25+ 10:N'= 250 IN S m"lﬂ]
@y =2m Houpacka se dobye houpe je-li ve vﬂiné 0VNO } 470€ polog @& =2m A swing swings well when it is in a free eqmi'ib rium position.

Musi tedy platit: Fya, = Fya, g 3‘" : Therefore, it must hold: F.a, = F2a2 L
a =!m e iy =7’m ; : ' e A
F1 - ?N Pr{} EIEEIHE hﬂdﬂﬂt}f plaﬁ rgml[:e: o Fl =N For numerical values, the following equ?tiun applies: -
F, =?N 400 - a, =250 - 2 i F, = ?N 400 - a, = 250 - 2

a; =500 : 400 X a; = 500 : 400
= 1:25 =i:: ; ) = 1125

a;=125m o L a; = 1,25 m
vChl’ape#:: u‘vétm hmotnosti se posadi do vzdalenosti I,%E'r E?"a 1 The heavier boy sits 1.25 m to the left of the axis r;}f rote
Eiﬁ,:tlm je houpatka ve volné rovnovazné poloze a mohou l swing in a free equilibrium position and he and the

prsziy Sﬂy]ﬂ roven Eﬂnénuw e
u mﬂmﬂlﬁu -Eib’ g Nl

s I i,
k

- l..!l._ll. kil ™

ﬂwmmantﬂfaﬁmuﬁisﬁqualtnmemﬁw .1
The unit of mnment of foire




2. a) What weight would you have to hang on the end of the lever arm in Fig. 1.82 so
that the moment of force exerted by the weight on the lever is 1 N. m?

5. a) Jaké zavazi bys musel(a) zavésit na konec ramene paky v obr. 1.82
aby moment sily, kterou zavai ptisobi na paku, byl 1 N , m? i

Eﬁ;;l:jllﬂ;lgy]hfﬂrﬁliglﬂ byt rameno paky na obr. 1.82, aby moment E}::ﬂ:ﬁf:dﬂzg h;t;u!ldr:rjen{l?ver arm in Fig. 1.82 have to be for the moment of force
6. Kdy je paka v rovnovazné poloze? 6. When is the lever in equilibrium?
7. a] ZakI:ESIi schematicky p.‘;’iku a si[}: na ni [}flﬁt}bi{:f DﬂdlE obr. 1.82d. 7. a) Draw a schematic diagram of the lever and the forces acting on it according to Fig. 1.82d.
Vypocti a porovnej momenty sil Fy a F, které ptisobi na paku. Je péka Calculate and compare the moments of the forces F, and F2 acting on the lever.
v rovnovaze? Co se stane, jESt[iiE neni v rovnovaze? Is the lever in equilibrium? What happens if it is not in equilibrium?
b) Zustane paka v rovnovize, posuneme-li zavazi vlevo na konec paky? b) Will the lever remain in equilibrium if we move the weight to the left end of the lever?
Zduvodni, Give reasons.

@ 1. Zjisti pokusem, jak musi§ umistit na jednu stranu pravitka dvé mince O1. Find out by experiment how you must place two coins on one side of the
a na druhou stranu od osy otaceni tfi mince, aby pravitko (obr. 1.80) ruler and three coins on the other side from the axis of rotation in order for the ruler (Fig.
h}}lﬂ v rovnovaze. V pokusu pﬂuﬁij yﬁeghny mince stejné. Znazorni vy- 1.80) to be in equilibrium. Use all the same coins in the experiment. lllustrate the result
sledek svého pokusu. M4 tato tiloha vic fegeni? of your experiment. Does this problem have more than one solution?

2. Lame) Spejli na stdle mensi kousky. Pro¢ je lamani kratSich kousku 2. Break the skewer into smaller and smaller pieces. Why is it more difficult to break
Dbtﬁnéj §i? shorter pieces?

3. Pro¢ bM klika dvefi umisténa co l'lEjdEﬂE od osy otaceni dvefi? 3. Why is the door handle placed as far away from the door's axis of rotation as possible?

4. V kterém pripadé chlapec na obr. 1.83 snadnéji zlomi dfevénou tycku? 4. In which case will the boy in Fig. 1.83 break the wooden stick more easily?
Zduvodni svou odpovéd. Justify your answer.

Obr. 1.83 K uloze 4 Fig. 1.83 For task 4

and)

Draw:a tab ﬁfﬂﬁﬂi’ﬁﬁtehaﬂk and fill it in with the correct data:

L 114 i
C = & .

500N| 4N [ 2N 20 N

0,3m | 20cm 2m
1 N.m 100 N-m | 0,08 N.m

500 N 4N 2N 20 N
03m | 20cm 2m
1 N.m 100 N-m | 0,08 N-m

SﬂﬂFg, kterdje &tyinasobkem sily . Za jaké pod-
ova#né poloze? Nakresli odpovidajici obrazek.

E e R

'-f?_ﬁ = F, and a force F2, which is four times the force Fi.
s will the lever be in equilibrium? Draw the corresponding figure.

: s l!ri‘l“'-.r'..-- LR

1 ;
=1 ¥ L 1]
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e
i) e,
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ka byla v obou p¥ipadech
1.19 By chybgjici tidaje v ODX 1.84 tak, aby paka . pﬁ

y ronovazné pOLOZe, gy 3 m, podepfené uprostied. N

8. a) Houpacku tvoti prkno 4 trostje 20 kg, Jakou hmot

: ' huﬁ R o o iy
konei sedi chlae® | /% C o osy otdcent a houpatka je

chlapec, kdyZ 5-13 P“; e
mg;ﬁ by se chlapci houpat, kdyby s1 sedli mdf 7]
packy? e

dsobi v jednom koncovem

9. Na paku o délce 1 m plsobi v )ecnom FOUE e

hénl:asl;la 200 N. Ob& smétuji .sws_le dﬂlﬁ.V terci

podeptit, aby byla pi pisoben obou sil v roviovd
obrazek, v némz paku znazornis vodorovnou

8. a) A swing consist

@ 9. A force of 50 N acts on a lever 1"|11 long at one end and

st in Fig. 1.84 5O that the lever is in the

7. Fillin the m.ssing s o
ey s of a 3 m long board suppﬁi:fadafi’n{:_iﬁhiﬂ'

P e e ' Al
A boy of mass 20 kg sits at one end. What is theﬂ f{éﬁ %? |
other boy when he sits 1m from the axis of rﬁiatl_qm%ﬂ;:i 1e swing isiin |
': l'! . |
: | equilibrium? L e |
I:t;timcn:al;lqthe boys swing if they each sat at ooneend of the

swing?

other. Both are directed vertically duwnwafdﬁiﬁtw

be supported so that it is in equilibrium under the action of be  f
in which you represent the lever with a horizontal line.’ don

o

neuvaiujgme‘ ! 1’ ' ﬂf the lever. 1 : 1:— :r'” |
Obr. 1.84 K uloze 7 ‘L Fig. 1.84 For task 7
a) b) i o b)
0,5m 2,5m 1,5m 0,5m 2,5m 1,5m
O Fl = ? O
Fy=7?
YF,=2000N YF,=2000N

1.19 Uziti paky
2]

balvan o hmotnosti 15 kg, Muse

: : li byste n e L
silou, jakou je pFitahovin k Ze y a n€j pusobit nejmg

: i, n '
1::; héxg;w&ni skalky zvednout haiva?\bzliuli?{?tiiieﬁ?k:%. . dos
silﬂrL zdEﬁ:iiieszsﬁig?ﬁﬁﬂbﬁk; [nl:]:-r. 1.85). Uréete z obri zku, jak Ve
: 0 himotnosti 60 kg,
Pﬁft?n'??:;éﬁig?feme zvedat tézké predmaty menff silou neZ bez
bili svicle w:hﬂru‘ ":“T: zménvu srméru sily. Misto abychom pfi zve¢ 4ni puso
Ze muZeme Wuii:«-'ati ElmE_ _ﬂd_ﬂﬂk':l llaféit svisle dolti. To je vwhodné i V/EOHS
iji B, J1% )€ k 4emi pritahovano nage télo. Pakou premas
Napf. pfi stifhani plechu n Tk Ete"”“ Zemé pritahuje tézka télesa-
» PI1 Stipani dratu klestémi nebo P

devices. What is the advantage of using them? Can you estimate howlheavy. a boulder,
you are able to lift? Imagine that you could lift a boulder
You would have to exert at least the same force on it as it is attra c':‘ ey
or 150 N. But what if you need to lift a boulder weighing ’i?iti’gﬂ— u-h-;‘-.
when building a rock garden? All you need to do is use a sufficie e
long, solid rod as a lever (Fig. 1.85). Determine from theﬁgu; e

1.19 Leverage

We encounter levers almost everywhere. Levers are part of many machinesiand

5kglatimost:

force we can use to lift 5 boulder weighing 60 kg using the lever

-

Using a lever, we can lift heavy objects with less force than without a lever, In'd;'iﬁ il

use the change in the direction of the force. Instead of acting vertically upwards whe uliftingfwe

can push the lever vertically downwards. This is also advantageous in that we.

can also use the force with whi HIGERVE
Which our body

&
can also overcome forces other

the Earth stiihani plechu nuzk

ARracis ha
vy olbiects For axomply, whon apoming the ke o B can of

is attracted to the Earth. Wiihwﬁﬂlﬁ'} wel

th?" th? gravitational force Fs, with whiech
aMi, p¥i Stipani dratu klestémi nebo

[ FET




Obr. 1.85 Zveddni tezkeho balvanu pomoci pdky Fig. 1.85 Lifting a heavy boulder using a lever

ey "3

Tvi priklady uZiti paky, na kterou piisobi sily na riznych stranach paky Three examples of using a lever with forces acting on different sides of the lever from
od osy otaceni, jsou na obr. 1.86. Prohlédnéte si obrazky a u kazdého popiste, the axis of rotation are shown in Fig. 1.86. Lock at the pictures and describe which forces
které sily na paku pusobi. Ukazte osu otaceni a ramena sil. Vysvétlete, act on the lever for each. Show the axis of rotation and the arms of the forces. Explain
v tem je vwhoda pouZiti paky v kazdém ze zobrazenych piikladu. what is the advantage of using a lever in each of the examples shown.

Obr. 1.86 Uziti pdky: Fig. 1.86 Using the lever:
a) pri veslovdni a) while rowing

¢) when cutting wire with pliers
("combination pliers")

dnt vika plechovky s barvou c) pri $tipdni drdtku klestémi
' ( kombinackami®)

b) when opening the lid of a paint can

- ()

- ()

S IDEE | tﬂhd}’ Fﬁﬁﬂbi-ll EH}' F_l B,Fg na EtE:_]né .‘
Al ch m @dpwédéh na tuto otazku, provedeme pokus.




Obr. 1.87 Rownovdind poloha pdky, na kterou pusobl dvé sily na stejg Strang
iR od osy otdcent

b) F,
a) a,
A 20
: :f::l:::::-.
F, y Mot
\ s
a

Na paku ptsobi vlevo od osy ot4¢en; 24va.
zi silou o velikosti F; = 1 N svisle dolii ve
vzdalenosti a; = 0,2 m (obr. 1.87a). V pol,.
viéni vzdalenosti @, = 0,1 m, také vleyo od osy
otaceni, tahnéme pdku silomérem nahory
tak, aby pdka byla ve vodorovné rovnovazng
poloze. Zmérime velikost sily F,, kterou si-
lomér tahne paku svisle vzhiru. Sily £, F,

znazornéno na obr. 1.87b. MéFenim zjisti-

ITIE, EE Fg - 2 N..
A Piildad
Ovérime vysledek pokusu vypocétem.

tedy mifi opacné. Jejich ptisobeni na paku je

1.87 Equilibrium position of a lever acted upon by two forces on the -
Fig. 1.
sidio of the axis of rotation
b) F,
ay
u i IJ'LI i 1‘? i P
R BT ! | I 1
I i IR == =y )
Fl ;) —r--|-..|__._|
S o
a

The lever is acted upon by a weight to the left of
the axis of rotation with a force of F; = 1N vertically
downwards at a distance a, = 0.2 m (Fig. 1.87a).
At half the distance a2 = 0.1 m, also to the left of the
axis of rotation, we pull the lever upwards with a force
gauge so that the lever is in a horizontal equilibrium
position. We measure the magnitude of the force F2 with
which the force gauge pulls the lever vertically upwards. The
forces F1, F2 therefore point in opposite directions. Their

action on the lever is shown in Fig. 1.87b. By measuring,
we find that F2 = 2

m Example
-

We will verify the result of the experiment by calculation.

Reseni:
Fy=1N Paka je v rovnovazngé poloze, jestlize plati: Fya, = Fa,
a;=02m Pro &iselné hodnoty plati rovnice:
4, =01 m Fo-01=1.0,2
Fy=02:0,1
Fy=?N Fy=2
F,=2N

Pokus i vypocet ukdzaly, Ze paka maze byt v rovn
pusobi-li obé sily na stejné strané paky od 0sy otacen
v opaéném sméru. Priklady uziti paky, kde obé sily
paky od osy otacent, jsou na obr. 1.88. Z obr. 1.88c je patrné,
pdka otaciva kolem loketniho kloubu.

Pokusem podle obr, 1.82a jsme se presveédcili, Ze p¥i pasob
velkych sil (7, =

obou sil stejna (@,

173) na paku je péka v rovnovizné poloze, jestliZe jsou ramena
VyuZiti rovnoramenné paky jsou i rovnoramenné vahy. ‘r’ahadll B!h‘;f
nych vah je rovnoramenna paka otaéiva kolem vodorovného bFitu
Jsou-li stejné misky prazdné, je vahadlo v rovnovazné poloze. Jazyce

ovazné poloze i tehdy,
L, ale sily musj pusobit
plsobi na stejné strané
Ze i nase paze je

eni dvou s ejngé
s

Je na st¥edni éarce stupnice (obr. 1.89a). Na levou mlskupﬂ u,

Solution:
F,=1N The lever is in equilibrium if: F2a2 = F1a1
ﬂ-] — 0'2 m For numerical values, the fallowing equation applies:
a;=01m F2.6.1=1.0.2
F2=0.2: 01
F,=?N =2
F,=2N

Experiment and calculation have shown t
forces act on the same side of the lever from the a

hat a lever can be in equilibrium even when both
xis of rotation, but the forces must act in
lever where both forces act on the same side
in Fig. 1.88. It is evident from Fig. 1.88c that our

== e SR L
arm is aiso a lever rotating about the elbow joint.

In the experiment according to Fig. 1.82a, we have seen th
large forces (F, = F,) act on a lever,
forces are equal (a, = a2). Such a lever is called an isosceles lever. An ex ample:
of the use of an isosceles lever is an isosceles balance. The balance of an isosceles
balance is an isosceles lever rotating around a horizontal edge (a, = a2). If

atwhen mﬂgq:ﬁ@"}}
the lever is in equilibrium if the arms of

; -

= &,

the same pans are empty, the balance is in equilibrium. The lever t'tgr{ggeﬁi the
middle line of the scale (Fig. 1.89a). We place a body ﬂfﬁ_lj@:lfa‘fjéj“" 1e leftpan




Fig. 1.88 Using the lever:

obr. 1.88 UZiti pdky:
a) to lift the bﬁfre"

2 ke speddni sudu

c) the forearm of the arm

nosti m,. Na pravou poloZime zévazi o hmotnosti m., takové, aby se jazycek mass m,. We place a weight of mass m, on the right one such that the lever tongue
vahadla Sl ustalil na stiedni chrce stupnice (obr. 1.89b). Na levou misku settles again on the middle line of the scale (Fig. 1.89b). The body exerts a compressive
ﬂﬁsﬂbﬂﬁe&ﬂ B Gl F., na pravou misku plisobi zavaZi tlakovou silou F. force F, on the left pan, and the weight exerts a compressive force F2 on the right pan.
R Motents sil FIH] FE a je sp!néna rovnaji-li se sily FiaF, Pak The equality of the moments of forces F.a, = F2a2 is satisfied if the forces F, and F2 are equal.
E t&ké I“umtnnst télesa ind Brnotnost zauazz m, = m. Thén the mass of the body is also equal to the mass of the weight, m, = m2.
Na rovnoramennych vahich uréujeme hmotnost télesa jejim srovna- 'On an isosceles balance, we determine the mass of an object by comparing

nim Se zndmou hmotnosti zavaZi. it wlth the known mass of a weight.

|f'

e

e a4
‘_&.Eﬁ”’*l‘j 9 -_llrbnum position of isosceles scales

b loaded
() o

J,.,“, . pofohamlmﬂfﬂmﬁ?ﬂyfhmh
Mﬂ& b) zatiZzenych
g 0 iy




U,

@ ! MiZe byt paka v rovnovazné poloze i tehdy, pisobidj o

Otazky a viohy

¢ paky od osy otaceni? Uved pfﬂdad a nakresli
2. ?32.1 nﬁ?mje a naradi doma, na zahradé nebo -'*‘tf,-;; ,
Zkus Je zjednodusené znazornit. U kazdé
pusobici na paku a jejich ramena.:_ A
3. Jaka paka se nazyva rovnoramenna? _N_ resli ¢
4. a) Popi$ rovnoramenné vahy jako piiklad it
b) Za jaké podminky je hmotnost télesa naje
nosti zavazi na druhé misce? Zdtvodni. it
9. Které souddstky na jizdnim kae‘-slmuﬁ-i’
u nékterych urcit osu otacent, sily, které na
1. Doplts chybgjici tdaje v obr. 1,90 tak, ab
V rovnovazné poloze. g

%
L
Jd K

WE
1=

Obr. 1.90 K tloze |
a)

0 ay 24,0111

2. Mohly by byt i vahy s rizng g
takovych vah a vysvétli, jak bychﬁm,
nost téles, RU

3. Na obr. 1.91 je lis na Cesnek, o
Znézormi ho jako Paku, Vinge S
Crtku vyznaé osu otagen; ik A
a tlakové sfly prisobief na paky, S0

4. Na levé misce Fovnoramen- O
nych vah je oceloyy valec, na | LS
pravé olovény vilec, Vahadlo A
vah je v rovnovézné po oze, M
puery vilec mé vetsf objemp  §

Odpovéd zdavodni, SRS

F
12 .'II:J.\, :

@

O1. Fill in the missing data in Fi

2. Could there be scale

3. Fig. 1.91 shows 3 garlic press. ﬁ'?'

4. On the left pan of an -isnscq{é’g

Questions and tasks

1. Can a lever be in Equilihrium avoh Ef bt fﬂmeﬁﬂ&tﬂﬂ i'! = slge '-=:,:'_'::..'_'._-.__. lovia:
from the axis of rotation? Give an example anddraw.f
2. Which tools and.implements at home, in the garde

alever? Try to draw them in a simplified Wa}':-FﬂE’i' levey

[ |'_1r-‘_'lf_-'i]

i Il
n i Arms. e e
i forces acting on the lever and their a 5 Mt 4‘"
axis of rotation, the as ng o)

3. What kind of lever is called an isosceles fevg‘r?-q_ﬁajgﬁ
b .'.'."r.'Q;.I:.' B
4. a) Describe the isosceles balance as an'example of ;1'?-55&

ISP L ;-j-‘-'-'-:-' ) AT O oy | o e | P
b) Under what cond itions is the mass of a body on oneipaniof.thelscale equalite;

the mass of the weight on the other pan? Give reasons,

9. Which parts of a bicycle serve as levers? Try to determine the axis
rotation, the forces acting on the lever, and their arms for at |¢
g- 1.90 so that the

in both cases.

Fig. 1.90 Sphere 1

and)

a =4,0m

.J.;._.
¥

s with arms of different
of such scales and explain hnwewé‘feiﬁf}
> ~ -r--'*..vh_.' -;&_

Represent it as 5 lever. In the sketch,
mark the axis of rotation of the lever
and the pressyre forces acting on l_'ﬁg:'l.{g__q._g__'.'_-._i... i

balance there is a steel cylinder. E’h ' ORI

£ : . i ‘I : _;| 3 Ir-lrl
the right a lead cylinder. Tihve R I\
balance is in equilib .umwh.#;;};l
cylinder has the larger volume? S

s -.-- -‘;::'e'%!’dlll i
Justify yﬂ'ur E‘“EWZE]_?' : 1-::El'jir'|:': ' L1 i
R




5. Fig. 1.92 shows a wheelbarrow for transporting material, e.g. sand.

a) Draw a diagram of a lever represented by a wheel in your notebook.
b) Using the data in the figure,

calculate the force a person must ~ Fi9. 1.92 For task 5
exert on the lever if the material
being transported, including
the wheel, weighs 60 kg (point 7
Is the center of gravity).

c) When transporting material
on a wheelbarrow, why do
we try to load the material as close

. Na obr. 1.92 je znazorn&no koletko k ryeussas R
1 a) Nakresli do seSitu schéma paky, klial:fiigl S napf. pisku.
b) S vyuzitim udajt v obraz- - | Predstavuje kolecko.
ku vypocite), jakou silou mu- 90 1.92 K iiloze 5
si ¢lovék pusobit na paku,
kdyz prevaZeny material
i s koleckem ma hmotnost
60 kg (bod T je téziste).
¢) Pro¢ se snazime pii pre-
vazeni materialu na kole¢ku
naloZit materidl co nejblize

kolu a drzadla drZime na | to the wheel as possible and hold E
konci? Jakou silou by musel : the handles at the end? What force :
~ ¢lovék pusobit na konci dr- ; would a person have to exert on g
¥ad EL kd}?b}i se tozists nakla- i - { the end of the handles if the center of i o
du posunulo do dunjnésnbné 5 E gravity of the load moved to twice i! 1,6 m
~ vzdalenosti od osy (0,8 m)? T > . the distance from the axis (0.8 m)? € >
6. Pro¢ maji niZzky na plech i i 6. Why do sheet metal shears have i i
jiny tvar nez nizky na ir a different shape than paper or nail
k}' o Obr. 1.93 K dloze 6 ' scissors (Fig. 1.93)? Where is sheet Fig. 1.93 For task 6

nebo nehty (obr. 1.93)? Kde

se snadnéji st¥iha plech, ~ metal easier to cut, closer to the

| blize osy ntiZek, nebo $picek h - axis of the scissors or to the tips of
- nuzek? Vysvétli. the scissors? Explain,

-.._': 7. Nakresli si podle obr. 1.88¢c ) 7. Draw a lever, represented by our

- paku, kterou predstavuje na- ~ forearm, as shown in Fig. 1.88c.

Determine the force exerted by
- your muscle when you hold
a2 kg dumbbell in your hand. The
_distance from the muscle attachment
to the elbow joint is 4 cm. What
else do you need to measure?

Se predlokti. Urci, jakou silou
Je napindn tviij sval, kdyZ
drzi§ v ruce &inku o hmot-
nosti 2 kg. Vzdalenost upev-
‘néni svalu od loketniho klou-
bu je 4 cm. Co si jesté musis

- |

[
11

=

L

Gzky na papir jsou B b o 8. 8) Paper scissors are actually two
¢ dve paky. V obr. 1.94 ' ers. In Fig. 194, only the forces
znaceny jen sily pli- jononeof the twolevers
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3
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l-..l o

a, =10cm Complete the ta ble with the f
was aq = -

Lo i e e
o, - 0. Dop bul sk 0P s
¥ ; < p e
ntizek pii riznych ramenech d. B

B .‘:,'@?
: different arms a2 B ) b=t
by the quarter on the scissors tever for S ':_EJEZL-

4|0 | 10 |10 | 10 ionl
.0 W I O i cm
cm — _EL 9 3 4.5 b 7.5
N o % |0 |25 |22 |38 aa
D 120 |25 132 || 355 E | cm
cimn | fﬂ_
My N
N

¢) Zkus silomérem naméfit silu , pro rtizné silné api
lenostech od osy otaceni. e
d) Zesvich pokustiizta-  Obr. 1.94 Kiloze8 i
bulky vysvétli, kam je vy- |

hodné umistit st¥ihany

from the axis of rotation.

d) From your experiments Fig. 1.94 For task 8
and the table, explain where

it is best to place the cut

paper.
papir. @ e) What could be the reasons
@ e) Jaké mohou bfft davo- why the force F, in the experiment F 2
dy, Ze sila F, se v pokuse £y

in Fig. 1.93 did not increase

uniformly with increasing
distance a,?

na obr. 1.93 nezvétiovala
rovnomérné s rostouci
vzdalenosti a,?

e e
¥ "'"" P

1.20 Kladky

W of Pulleys are used to lift materials to a hejght-:ﬁﬁi& str
PFi zvedani materisly na stavhé do vﬁlgys; o (Fig. 1.95) is, like a lever, a body that r_c:i.t.ai;é;gi.;grﬁ
(obr. 1.95) je podobné jako paka téleso otagive ko

rovne osy. Je to kotoug, na jehoz obvodu je 3);
€y Pevnou kladku pouzivame, kdyZ cheeme gt
: ZLavésme na levy konec Jana #ﬁvﬂ'ﬁ:ﬂp
21 plsobi na lano silou £y = 1 N Urde
musime tahnout za dru} lan

Zjistime, Ze ', = .

 axis. Itis a disc with a groove on its_circun'i_fe_t__f, e
ﬁ”‘} A fixed pulley is used when we wa =

L

Let us hang a weight of 100 gﬂntm

weight exerts a force F, = 1 N on the rope. Usi .
F2 we must use to pull the other end of t .
We find that F2 = F1.

" - l'\-
s g

a

2 AT -
Fhato o -'.1!.# '.._-_J"-I:'i;.'. i

i ‘ ﬂ".l'. .{'r'

i i A1




Ry kladh
b = 115 perne Kiddry Obr. ;
1 Qhy Uit | £
uTIJ ’ pbr. 4+ s

a) Pevnd kladka

ulley Fig. 1.96

Fig

.~ fBved P
1.95 Using af

a) Fixed pulley

e
| b) Pevnd kladka jako b) Fixed pulley as
rovnoramennd pdka an isosceles lever
Pﬂzﬂﬁmkﬂ: — A A o e et e e e _--"_--T --------- St Nute: o S S S - —
Podminku pro rovnovaZnou polohu pevné kladky @ﬁi&me také odvodit tak, Ze si kladku predsta- The condition for the equilibrium position of a fixed pulley can also be derived by imagining the pulley
vime jako rovnoramennou paku s ramenem rovnym poloméru kladky r. Moment ﬁﬂ!f My =Fr as an isosceles lever with an arm equal to the pulley radius r. The moment of force M, = Fir rotates
otaci kladkou v jM'ﬁﬂwﬂlu a druhy moment sily M, = Fyr otaéi kladkou v opatném smyslu the pulley in one direction and the second moment of force M2 = Fur rotates the pulley in the opposite direction

(obr. 1.96b). Pevnd kladka je v rovnovizné poloze, jsou-li aba momenty sil, tedy take obé sily,
stejné veliké, Fy = F2.

(Fig. 1.96b). The fixed pulley is in equilibrium if both moments of forces, i.e. both forces, are
of equal magnitude, F1= F2. -

-pevne kladky, kdyZ musime pfi zvedani né-
<ou silou ja 0 bez pouziti kladky? Pro nds je poho-
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7avéste lehkou kladku podle obr. 1.97 na lano. Na osu kladky zaveste Zhvay
o hmotnosti 100 g. Zjistéte silomérem, jakou silou je napinano lano, Z&ﬁmu;
avadi tahne za osu kladky silou 1 N, lano je napinano poloviéni silgy 05N

Takto uzitd kladka se nazyva volna kladka. Volna kladka je v munwﬁn'é
poloze, kdyZ na volny konec lana ptisobime silou o polovi¢ni velikosti, nes
je gravitatni sila plisobici na zvedany naklad.

Pozniamka; —=-==========---=-=--=cmemooeoo e LY,
Presnéji bychom méli zapo€itat i gravitaéni silu ptisobici na kladku. Pokud ma kladka ve srovngni

se zavazim malou hmotnost, projevi se na vysledku pokusu tato sila nepatrné.

Obr. 1.97 Voind kladka Obr. 1.98 Kladkostroj

0 Pti pouZiti volné kladky sice tdhneme mensi s
nevyhodné je, Ze tAhneme smérem naho

Ke zméné sméru sily miizeme precey
konec lana volné kladky ___:?*i'!'-":'_"- [
tahnout poloviéni silou dolt. Takové

it is more efficient t0 exert downward force. We can also use the pullin

1.2 |} created by the attraction of our body to the Earth. We say that we
H -

. our own weight. When lifting heavy bags of cement on a construction site,
oulley so that they can pull with less force than the bag is attracted to t

g i":ﬂrﬂe that ia
‘:: 3lso use

S0nsg
he Earth ”:: =
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can this be amanged?

@ Hang a light pulley as shown in Fig. 1.97 on a rope. Hang a weight of 100
g on the pulley axis. Use a force gauge to determine the tension in the rope. While the weight
; pulls on the pulley axis with a force of 1N, the rope is tensioned with half the force of 0.5 N.
A pulley used in this way is called a free pulley. A free pulley is in
equilibrium when a force of half the magnitude of the gravitational force acting on
the load being lifted is applied to the free end of the rope.

NOote! 3|  scccccccccccccccccccccc e s s e s e e e e et cccann————

mass compared to the weight, this force will have a negligible effect on the result of the experiment.

Fig. 1.97 Idler pulley Fig. 1.98 Block and tackle

When using a free pulley, we pull w
pulley, but the disadvantage is that |
We can use a fixed pulley to cha the direc
free end of the rope of the free pulley
pull down with half the force. Such

More precisely, we should also take into account the gravitational force acting on the pulley. If the pulley has a small




y praxi se pouzivaji kladkostroje slozené z ngkol

ika kladek pevnych a vol. In practice, hoists consistin % of several fixed and free pulleys are

coz umozni zvedat ndklady jests m which allows liftingloads
El}JTEEEhG kladkostroje. | enst silou nez pii ity jedno- | BALY :l'rif?smg a single hoist. J with even less force than B A
otazky a vlohy Questions and tasks
@ 1. Popis pevnou kladku, nakresli jednoduchy obrazek pevné kladky. @ 1. Describe a fixed pulley, draw a simple picture of a fixed pulley.

2. Jaka ]e [Jﬂdl'ﬂlﬂi'i& pro rovnovaznou polohu pevne k]adky? Predved PO- 2. What is the condition for the equilibrium position of a fixed pulley? Demonstrate with an experiment.
kusem.

3. Uved vyhody a nevyhody volné kladky ve srovnani s pevnou kladkou. 3. List the advantages and disadvantages of a free pulley compared to a fixed pulley.

4. Popis jednoduchy kladkostroj. Jaké jsou jeho vwhody? 4. Describe a simple pulley block. What are its advantages?

@ 1. Pi pouziti pevné kladky (napf. obr. 1.95) se ¢asto netahne za lano svisle 01. When using a fixed pulley (e.g. Fig. 1.95), the rope is often not pulled vertically
dﬂlﬁ_,_ ale Sikmo. Navrhni DDkllE-, ]{ter};vm pﬂmgc‘f siloméru u]{ﬁﬁ;ﬂ’ 7zda ‘downwards, but diagonally. Design an experiment using a force gauge to show whether the
i pfi Sikmém tazeni lana je kladka v rovnovazné poloze, kdyZ na oba pulley is in equilibrium even when the rope is pulled diagonally, when the forces acting on
konce lana pﬁS{:bi stejné velkeé sily. both ends of the rope are of equal magnitude.

2. Lano pevné kladky se pretrhne ptisobenim sily 6 000 N. Jakou nejvétsi 2. The rope of a fixed pulley breaks under the action of a force of 6,000 N. What
hmotnost mtaze mit téleso zvedané pomoci pevné kladky? is the maximum mass of an object lifted by a fixed pulley?

3. Téleso zavésené na lané vedeném pres pevnou kladku udrZujes v rov- 3. You keep a body suspended from a rope passing over a fixed pulley in equilibrium
novazné poloze tim, Ze volny konec lana tahnes svisle dola. P¥i tom hy pulling the free end of the rope vertically downwards. While doing so, you
ﬁtﬂjiE na vodorovné podlaze. Jakou nejvétsi hmotnost muzZe mit téleso, are standing on a horizontal floor. What is the maximum mass of the body
které takto udrzi§ v rovnovazné poloze? ~ that you can keep in equilibrium in this way?

Jakou tlakovou silou v tomto p¥ipadé ptsobis na podlahu? - What pressure force do you exert on the floor in this case?
, Iﬁkwelkﬁu silou udrzi¥ v rovnovéze pytel cementu na volné kladce? 'a ‘How much force will you use to keep a bag of cement in balance on a free pulley?

Pevnou kladku jsme si podle obr. 1.96b modelovali jako rovnoramennou ~5.We modeled the fixed pulley as an isosceles lever according to Fig.

paku. Prohlédni si obr. 1.97  op, 7199 K siloze 6 F%f-q%bh__i.aﬂk at Fig. 1.97andtryto g, 1.99 For task 6

@ SISE mhﬁht jaka paka ‘_}__ hﬁ ﬁ;.g' \ hﬁt kmd of lever could be a
il =’J£u byt modelem volné klad- i
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