KepaAaio 5

Epapuoyec Twv Nopwy Tou NeuTwva:
Tpi1BN, KukAIki Kivnon, EAKTIKEG AuvAlEIG
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Mepiexopeva KepaAaiou 5

* EQapuoyeg Tpiing
* Opoidpopen KukAiki Kivnon
* Auvapuikn KukAikRg Kivnong

* O1 KANOEIC OTOUG QUTOKIVNTOOPOMOUG

Copyright © 2009 Pearson Education, Inc.



5-1 TpIBR

H tpi1BN €ival Travra mrapouoca otav dOUO
ETTIPAVEIEC BPICKOVTAI OE KETTAPN»

Ol MIKPOOKOTTIKEG

AETTTONEPEIES TNC TPIPBAG
TTAPOAMEVOUV OKOHO

* BoAEC.

— —
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5-1 Eapuoyég TpIBAG

Kata rpooéyyion n Tpin Kivnong dideTal
aT1rd TNV OXEON:

I:fr - ”kFN '

otrou, F gival n KABeTn dUvaUNn Kal p, O
OUVTEAEOTNG TNG TPIRNCS Kivnong, 0 OTToiog
KOl OIaEPEI YIA OINPOPETIKA Ceuyapia
ETTIQPAVEIWV.



2TaTIKN TpIRN £XOUME OTAV Ol ETTIPAVEIES
gival akivnTeg (METAU TOUG), OTTWG TT.X. EVA
BiIBAiO TTOU OTEKETAI TTAVW O€ £vA TPATTEC].

H otaTtikp duvaun TpIfn gival TOon 6on

ATTAITEITAI YIO VA UNV €XOUME oAioOnon
METOEU TWV ETTIPAVEIWV.

I:fr = I‘ISFN '

2uvnOwc gival EUKOAOTEPO va
olarnpnoouuE Tnv oAiocbnon vog
AVTIKEIMEVOU ATTO TO va 1o Bsoouue o€
Kivnon.
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evika, y, > y,.

TABLE 5-1 Coefficients of Friction’

Coefficient of Coefficient of
Surfaces Static Friction, p, Kinetic Friction, u
Wood on wood 04 0.2
Ice onice 0.1 0.03
Metal on metal (lubricated) 0.15 0.07
Steel on steel (unlubricated) 0.7 0.6
Rubber on dry concrete 1.0 0.8
Rubber on wet concrete 0.7 0.5
Rubber on other solid surfaces 1-4 1
Teflon® on Teflon in air 0.04 0.04
Teflon on steel in air 0.04 0.04
Lubricated ball bearings <0.01 <0.01
Synovial joints (in human limbs) 0.01 0.01

"Values are approximate and intended only as a guide.
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To yvwoTto kKouTi Twv 10.0-kg TTOpapéVEL OKivnTo TTAVW OTO TrTadTwHa. O
ouvTteAEOTAG OTATIKAG TPIRNAG €ival 0,40 ka1 autdg TnG KIvNTIKAG TPIRNAG 0,30. Bpeite
TNV TPIRN €4V n opi1ldvTia dUvVAN TTOU EPAPMOLETOI OTO KOUTI £XEI MEYEBOG

(@) 0, (b) 10 N, (c) 20 N, (d) 38 N, and () 40 N. _

SOLUTION The [ree-body diagram of the box is shown in Fig. 5-2. In the vertical
direction there 15 no motion, so Newton’s second law in the vertical direction
gives XF, = ma, = 0, which tells us Fy — mg = 0. Hence the normal force is ™

Fy = mg = (10.0kg)(9.80m/s’) = 98.0N. —

(a) Because F, = 0 in this first case, the box doesn’t move, and Fj, = (. Fi,
(b) The force of static friction will oppose any applied force up to a maximum of

i Fy = (0.40)(98.0N) = 39N.

When the applied force is F, = 10N, the box will not move. Newton’s second Vmg
law gives ZF, = F, — F, =0, so F, = 10N,

(¢) An applied force of 20N is also not sufficient to move the box. Thus -50)

F;, = 20N to balance the applied force. )
(e) The applied force of 38 N is still not quite large enough to move the box:so  F=—————- -
the friction force has now increased to 38 N to keep the box at rest. 30
(e) A force of 40 N will start the box moving since it exceeds the maximum force
of static Iriction, p, Fy = (0.40)(98 N) = 39 N. Instead of static friction, we now 20
have kinetic friction, and its magnitude is

Fi = mFe = (0.30)(980N) = 29N,

Static Kinetic
friction | friction

10 20 30 :40 50 60 70

There 1s now a net (horizontal) force on the box of magnitude F = 40N — 29N = Applied force. Fj
11 N, so the box will accelerate at a rate HsFN
I~ no . qe
ﬂ'l.' = Hf = ll N = ]“] 1“,.';5? F—HlOtion—.‘Jﬁ—Shdlng
m 10.0 kg

as long as the applied force 1s 40N, Figure 5-3 shows a graph that summarizes
co this Example.



MiropoUpEe va aTroTPEWPOUE Eva 1 )
QVTIKEIUEVO OE ETTAPN HE Eva I L
KOTAOKOPUPO TOIXO AOKWVTAG TTAVW 4 '

Tou opifovTia d0vaun; Marti; d L

NAI, 31611 n duvaun TPIBRS Eival KaTakopupn!
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‘Eva kouTi 10.0-kg oupeTtal opifovtiwg pe duvapun 40.0 N

|
=z

o€ ywvia 30.0° Tradvw aT1rd 1o opifovTio emTiTredo. Bpeite
TNV EMITAXUVON €4V 0 ouvTteAEOTAG TPIPNG givan 0,30.

F'f

r

30.0°

SOLUTION The calculation for the wvertical (v) direction is just the same
as in  Example 4-11, mg = (10.0kg)(9.80m/s*) = 980N and Fp, =
(40.0 N)(sin 30.0°) = 20.0 N. With y positive upward and a, = 0, we have e
Fx — mg + Fpy = may
Fy — 980N + 200N = 0,

s0 the normal force 1s Fy = 7T8.0N. Now we apply Newton’s second law [or the
horizontal (x) direction (positive to the right), and include the friction force:

“'-P,r - Fj'r — Ry
The friction force is kinetic as long as Fj, = puy Fy is less than Fp, =
(40.0N) cos 30.0° = 34.6 N, which it is:
Fri, = mFy = (030)(78.0N) = 234N,
Hence the box does accelerate:
Fpy — Fy; doN — 234N

dy = — = = 10.0 kg = 1L.1m/s".

In the absence of friction, as we saw in Example 4-11, the acceleration would be
much greater than this.

NOTE Our final answer has only two significant figures because our least significant
input value (w, = 0.30) has two.
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‘Evag okiép kKateBaivel rioTta (Maupn;) 30°, ue otaBegpn TaxuTNTA. T|
MTTOPOUME VO TTOUME VIO TO CUVTEAEOTH TPIBAG;

SOLUTION We have to resolve only ane vector into compeonents, the weight F; .
and its components are shown as dashed lines in Fig, 5—8c:

Fay = mgsind,

Foe = —mgcosi,
where we have stayed general by using # rather than 30° for now. There
is no acceleration, so Newton's second law applied 1o the x and y componenis
gives

2Fy, = Fy — mgeosf = ma, = ()
ZFy

mgsinf — p, By = ma, = .

From the first equation, we have Fy = mgcosfl, We substitute this into the
second equation:

mgsinf — g (mgeosd) = 0.
Mow we solve Tor py:

mg sin B sin # tan 0
BT mgcosd  cosp

which for @ = 307 is
e = tanf = tan 30" = (.38,
Notice that we could use the equation
4 = tlanf
to determine py, under a vanety of condinons. All we need 1o do 15 observe at
what slope angle the skier descends at constant speed. Here 1s another reason

why it 15 often useful to plug in numbers only at the end: we obtained a general
Copyright © 2009 Tesult useful for other situations as well.




5-2 KivnuaTiKn OpNoIOMoP®NG KUKAIKAG Kivnong

Opoiopopen KukAikn Kivnon: Kivnon o€ KUKAO ME
oTa0epn AKTIVA Kol oTa0gp TOXUTNTA (METPO)

H oTiydiaia TaxuTnTa €ival TTAVTOTE EQATITOMEV OTO
KUKAO (KABETN OTNV OKTIVA)

il —
— :I' ‘\' —— I ‘:1
- oy ~

-~ 1 ~
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Mo atreIPOEAAXICTOUG XPOVOUG TTAPATNPOUME OTI
N YWVIOKNA TaXUTNTA KAl ETTITAXUVON OidovTal
OTTO TNV OXEON

21F
T vy
\D)
A
a=I1lim=—
.ﬂraﬂﬂf
r r

C

Me
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H emiTtayuvon ovopdadeTal KEVTPOUMOAOG 1| OKTIVIKA,
YIOTi £XEI KATEUOUVON TTPOS TO KEVTPO TOU KUKAOU.
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Mia ptraAa 150-g dgpévn oTNV AKPN EVOS OKOIVIOU
TTEPICTPEPETAI OHOIOHOPPA OE OPICOVTIO ETTITTEDO
akTivag 0,600 m. H ptrdAa mrepioTpE@PEeTal HE PUOUO
OUO TTEPIOTPOPWYV ava dsuTePOAeTTTO. Bpeite TNV
KEVTPOMOAO ETTITAXUVON

SOLUTION If the ball makes two complete revolutions per second, then the bhall
travels in a complete circle in a time interval egqual to 0.500s, which is its
penod 7. The distance traveled in this time 15 the arcumference of the arcle, 27,
where r s the radius of the arcle. Therefore, the ball has speed

2arr 2 {0.600/m)

po= = - = T.54m/s,
T (0.5005) '“
The centripetal acceleration’ is
T (7.54 m/s)* i
g = — = - : = 94.7m/s".
& r (0600 m ) “
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To Peyydp1 Kavel KUKAO YUpw a1Td TNV I'n 0€ OKTiva TTEPITTOU
384.000 km ka1 Trepiodo T=27,3 uEpeg. Bpeite TNV €miTAXUVON
TOU (PEYYOApPIOU atrd Tnv IMn.
SOLUTION In one orbit around the Earth, the Moon travels a distance 2ar,
where r = 3.84 » 10" m is the radius of its circular path. The time required for

one complete orbit 15 the Moon's period of 27.3 d. The speed of the Moon in its
orbit about the Earth s » = 2ar/T. The period T in seconds is

T = (27.3d0)(24.0h/d)( 3600 s/h) = 2.36 = 10"s, Therefore,
o (2mr)® 4wt 47384 % 10Fm)
iy T T, ETE 'I:I.Eﬁ w lﬁ':'iizlz
= 0.00272m/s* = 2,72 x 107 m/s’,

We can write this acceleration in terms of g = 9.80m/s* (the acceleration of
gravity at the Earth’s surface) as

a = 272 % 107 m/s?| —= ) = 278 % 10~g.
L 980 m,/ s’
MNOTE The centripetal acceleration of the Moon, a = 2.78 = 107% g, is nor the
acceleration of gravity for objects at the Moon’s surface due to the Moon's
gravity. Rather, it 15 the acceleration due to the Farthy gravity for any object
(such as the Moon) that 15 3584000 km from the Earth, Notice how small this
acceleration 15 compared to the acceleration of objects near the Earth's surface.
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H Asitoupyia Tng @uyokévipou Laciletal oTn ypRyopn
TEPIOTPOPN. AUTO oOnuUaivel OTI  UTTAPXEl  MEYAAN
«@PUYOKEVTPOG» Ouvaun, TOU OTnVv oucia OnMIoUpPYEi
EMITAXUVON HMECOA OTOUG OOKIMAOTIKOUGC OWANVESG TrOAU
MEYOAUTEPN a0 TNV  EmMITAXUvOon TG BapuTtnrtag,
ETTITUYXAVOVTAG £TOI TNV «KOBi{non» TTOAU ypnyopoTepa.

Force exerted
/by liquid
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Mia «UTTEP-@UYOKETPOGS» TTEPIOTPE@PETAI ME 50,000 rpm (revolutions per
minute, TTEPICTPOPES TO AETTTO). EVva cwpaTidlo 0TV KOPUPIK) TOU
QOKINAOTIKOU cwARVa oTta 6,00 cm aTtrd Tov dfova TTEPIOTPOPNS. Bpeite
TNV EMITAXUVON OOV TTOCOCTO TOU “g”

SOLUTION The test tube makes 5.00 > 10% revolutions each minute, or, dividing
by 601 s/min. 833 rev/s. The time (o make one revolution. the period T, 1s
1

r = = 1.20 % 107%s/rev.
(833 rev/s) BT

At the top of the tube, a particle revolves in a circle of circumference
2ar = (2o )(0.0600m) = 0.377 m per revolution. The speed of the particle is then
2arr 0377 m/rev
T (L.EI}K m‘-*sfrw)
The centripetal acceleration is
ot (B X 10Pmfs) o
i - E00 o 1.64 = 10" m /s,

which, dividing by g = 980m/s%, is 167 = 10F g's = 167,000 g's,

o= = 314 % 10" m/s.
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5-3 Auvapuik Opoiopopeng KukAikng Kivnong

H opoiopop@n KUKAIKA Kivhong Evog
OVTIKEINEVOU TTPOUTTOOETEI TNV AOKNON KATTOIOG
«OUVOAIKAG» OUVOUNG TTAVW TOU.

Etreidn non yvwpilouvue
TN YWVIOKR ETTITAXUVON
YPAPOUUE:

| ¥ !
\ ¥4 f |
\ M
?)2

/
\
b I /// 2Fy = mag mT




5-3 Auvapuik Opoiopopeng KukAikng Kivnong

MapaTtnpouUue OTI N
ouvaun £Xel popa
TTPOG TO KEVTPO TOU
KUKAou kivnhong. (Me
TO OKOIVIA NOVO €AZN
MTTOPOUME VO
EQAPHUOOCOUME)
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5-3 Auvapuik Opoiopopeng KukAikng Kivnong

H KevTpoldOAOG SUVAMN €ival ATTAPAITNTN TTPOKEINEVOU VA
TO OVTIKEIMEVO VA UNV KIVEITAI EVOEIQ.

OTav TTauvoel va UTTAPXEI KEVTPOHMOAOG dUuvaMN (KOTTEl TO
OKOIVi) TO OVTIKEIMEVO OUVEXICEI TNV TTOPEIA TOU KATA
MAKOG TNG EQATTTOMEVNS OTO ONMEIOU OTO OTTOIO
«KOTTNKE» TO OKOIVi.

/ N
/
/ DOESN'T
/ HAPPEN
|
| §
\ \

N

‘%% /
N A
pal __,.Q
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NMoéon duvaun rpétrel va aocknBei og pia pmraAa 0.150-kg to
WOTE VA KIVEITAI OPpIOVTIWG 0& KUKAO pE akTiva 0.600 m. H
MTTaAa KAvel 2.00 TTEPIOTPOPEG TO OEUTEPOAETTTO. AYVOEIOTE
TNV MAla TOU OKOIVIOU.

—_—— ———— T —— — — — —
—_—— —_—

- —
—

SOLUTION We apply Newton's second law to the radial direction, which we
assume 1s horizontal:

(ZF)g = mag,
where ag = v*/r and v = 277/T = 27(0.600m)/(0.500s) = 7.54 m/s. Thus

F Y 0150kg) UoAY N
T = mo = (0.10ke) “rene T T '

NOTE We keep only two significant figures in the answer because we ignored the
ball’s weight; it is mg = (0.150kg)(9.80m/s*) = 1.5N, about 7; of our result,
which is small but not so small as to justify stating a more precise answer for Fy.
NOTE To include the effect of mg, resolve Fy in Fig. 5-17 into components, and

set the horizontal component of F; equal to mv’/r and its vertical component

Copyrig equal to mg.



Mia prraAa padag 0.150-kg otnv o |
den sv()g OKOIVIOU |J|"]KOU§ 1.10- SOLUTION {a)} At the top (point 1), two forces act on the ball: mg. the foree

m 1T£pIO'Tpé(p£TGI o€ KGTGK()pU(pO of gravity, anq F;,. the tension J'nr:_:c: the cord In:xcrl.r. nll point 1. Bulh. act dnwc:-
TKA Bosi AG ward, and their vector sum acts to give the ball its centripetal acceleration ay . We
KUKAo. (o) Bpeite TNV AdxXioTn apply Newton’s second law, for the vertical direction, choosing downward as posi-

TAXUTNTO TTOU TTPETTEI VA £XEI N tive since the acceleration is downward (toward the center):

MTTGAQ 0TV KOPUPN TNG KUKAIKAG (2F)n = mag

S108pouNnG yia va cuveyilel va Fry + mg = m—- [at top]
.

KIVEITOI KUKAIKA KOl (B) From this equation we can see that the tension force Fr, at point 1 will get larger
UTTOAOYIOTE TNV TAOT TOU OKOIVIOU  if v, {(ball's speed at top of circle) is made larger, as expecied. But we are asked
OTO KATW MEPOCS TNS SIS POMAS for the minimum speed to keep the ball n_1:::-v'u1g_ in a cir-:!f.-. The cord will rn.-nmi_n

Y . , , taut as long as there 15 tension in il But if the tension disappears (because v, 18
UTTODETOVTAG OTI N TAXUTNTA Elval too small) the cord can go hmp, and the ball will fall out of its circular path. Thus,

o1mTrAdoia atro GUTr']V TOU the minimum speed will occur if Fy; = 0, for which we have
/4 !I_"
epwrnuarog (a) mg = m TI [minimum speed at top)
1 We solve for v, keeping an extra digit for use in (b):
Rt 1?“ DN yo= Ver = W(980m/s?)(1.10m) = 3283 m/s.
/" i B \\ This 1s the minimum speed at the top of the circle if the ball is to continue
/ 8 1 \ moving in a circular path.
f" \\ (B} When the ball 15 at the bottom of the arcle (point 2 1n Fig. 5-18), the cord
[ o | exerts its tension force By, upward, whereas the foree of gravity, mg, sull acts
| e ,:' downward. Choosing upward as positive, Newton's second law gives:
1b‘\ - / (EF)y = may
\ Fp, 4 / U3
\\\ ) / Fra — mg = mT'- [at bottom]
SLL2 ad The speed v, is given as twice that in {a), namely 6.566 m/s. We solve for Fp,:
O 13
F = mT' + mg
mgV¥ (6.566m,s)’

= (D.150ke) + (0.150kg)(9.80m/s%) = T.35N,

(1.10m)
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Mia pikp pIrdAa padag m,

KPEMETAI ATTO OKOIVi HRKOUG |,

TTEPICTPEPETAI OE KUKAO HE
akTiva r =1sin 6, étmou 6 n

ywvia TTou oxnuartifel To oKolvi
ME TNV KaTakopuo. (a) MNMoia n

ywvia TngG EMITAXUVONG TNG

MTTAAOG Kai T1 TNV TTPOoKaAEi; (b)
BpeiTe TNV TOXUTNTA KOl TTEPIODO

TTEPICTPOPNG (OTPOYES TO

OEUTEPOAETTTO) OOV CUVAPTNON

Twv |, 6, g, ka1 m.

_——— e — —

ol TsinG i |
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APPROACH We can answer (@) by looking at Fig. 5-20), which shows the forces
on the revolving ball at one instant: the acceleration points horizontally toward
the center of the ball’s circular path (not along the cord). The force responsible
for the acceleration is the ner force which here is the vector sum of the
forces acting on the mass m: its weight Fs (of magnitude Fg; = mg) and the force
exerted by the tension in the cord, Fy. The latter has horizontal and vertical
components of magnitude Fpsin 6 and Fpcos f, respectively.

SOLUTION () We apply Newton's second law to the horizontal and vertical
directions, In the vertical direction, there is no motion, 50 the acceleration is zero
and the net foree in the vertical direchion is zero:

Freosel — mg = (.
In the horizontal direction there is only one force, of magnitude Fi sin &, that acts
toward the center of the circle and gives rise to the acceleration ©*/r, Newton's
second law tells us:

frsmfl = m e
We solve the second equation for v, and substitute for F; from the first equation
(and use r = ¥sind):

J sin @

"= N"m ~Vm
Voocose
The period T is the time required to make one revolution, a distance of
2wr = 2mlsin . The speed v can thus be written v = 2wfsin 0/7; then

— | ;
,I'f'FT sin # {r | mg
cos

2wEsin 2l sin

v (Eg sin® @

N cose

I S . B e . P,



5-4 KAIOEIC QUTOKIVNTOOPOHWYV

[ va HTTOPECEI EVA AUTOKIVNTO OTPIYEI
ATTAITEITAI KEVTPOMOAOG dUvaun. Na eTmitredoug
OpPOMOUG N OUVAUN AUTH TTPOEPXETAI ATTO TNV

TPIRN
\\_/

Force on car
(sum of friction forces
acting on each tire)

IImm
Tendemy for

Iluml
passenoer to

— 90 straight

Force on
passenger

Copyright © 2009 Pearson Education, Inc.



Copyright © 2009 Pearson Education, Inc.

Edav n Tpi1Bn dev sivai
ETTAPKNAS, TO AUTOKIVNTO
0a cuveyioel eubeia
OTTWG OEiXVOUV KAl TO
onuadia oto dPOUO



E@ooov Ta AaoTixa dev YAIOTPOUV N TPIRN €ival
otaTiK. Otav OJWS apyioouv Xavouv
TPOOoPUON N TPIRN €ival KIVNTIKNA KAl £XEI OUO
MEIOVEKTAMOATA:

1. H KivnTIKA TPIRN €ival MIKPOTEPN ATTO TNV
OTOATIKN.

2. H otaTikn TpIRN £XE&I KATEUOUVON TTPOC TO
KEVTPO TOU KUKAOU VW N KIVNTIKNA givai
AVTIOETN OTNV POPA KivNONS KAVOVTAG £TOI
adUVvaTO TO EAEYXO TOU OUTOKIVITOU.
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‘Eva auTtokivnto palag 1000-kg etTixeIipei oTpo@r) HE AKTiva
50 m o€ etriredo 0d60TPpWHA HE TAXUTNTA 15 m/s (54
km/h). @a Ta Kata@épel n 0a «yAloTpRoEly»; YToBéoTe (a)
OTEYVO OOOOCTPWHA UE OCUVTEAECTN OTATIKAG TPIRNAG U, =
0.60 ka1 (B) TrTaywpuévo odooTpwHa HE y, = 0.25.

SOLUTION In the vertical direction there 15 no acceleration. Newton's second
law tells us that the normal force Fy on the car s equal to the weight mg: Y

Fy = mg = [(1000kg)(9.80m/s*) = 9800N. Fg=mg
In the horizontal direction the only force is [riction, and we must compare it to the

[orce needed to produce the centripetal acceleration to see if it is sufficient. The net
horizontal force required to keep the car moving in a circle around the curve is

-

: e}

(2F)g = mag = nr% = (10K kg) % = 450 M.
Now we compule the maximum total static friction force (the sum of the friction
forces acting on each of the four tires) to see if it can be large enough to provide
a safe centripetal acceleration. For (a), p, = 060, and the maximum friction
force attainable (recall from Section 5-1 that Fi = g, Fy) s

(Fiolmax = peFe = (0L60)(9800N) = S8S0N.

Since a force of only 450N 15 needed, and that is, in fact, how much will be
exerted by the road as a static friction force, the car can follow the curve. But in

(b} the maximum static friction force possible 15
(Fidmae = meFy = (0.25)(9800N) = 2450N.

The car will skid because the pround cannot exert sulficient force [(4500N is
needed) to keep it moving in a curve of radius 50m at a speed of 54 km/h.



NMpoBETOVTAC KAICEIG OTIC OTPOPEG
TWV OPONWYV MEIWVETAI N
mI0avoTnNTa VA YAICTPAOOUV Va
QUTOKIVNTA OTIC OTPOYEG (OTAV O
KANOEIG E£XOUV TNV OCWOTH QOopPq).
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(a) "Eva auTtoKivnTo KIVEITAI HE TAXUTNTA V OE OTPOPN AKTIVAG
r, BpeiTe TNV €§icWON TNS KAIONG TTOU TTPETTEI VA £XEI N
oTpOPN WOTE va unv atraiteital TPIRN. (B) YroAoyioTte TNV
KAion yia pia €§000 akTivag 50 p Kai 6pio taxurntag 50 km/n?

SOLUTION (a) Since there is no vertical motion, = F, = ma, gives us
Fyeosl — mg = .
Thus,

mg
cos d

[Note in this case that Fy = mg since cosf = 1.]

We substitute this relation for Fy into the equation for the horizontal motion,

[

fusnfl = r.er=
and obtain
mg :;':
sinf = pr=—
cos # r
or
i
fan f = =
ra

This is the formula for the banking angle #: no friction needed at speed v.
(byForr = 50m and » = 50km/h {or 14 m/s).
(14 m/s)°

lanf = — — = ()4},
(50 m )98 m,/s")

s0 il = 22°
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