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4-1 AUvaun

H 6uvapn_£|vou pla £A§r| n omwon qu
OVTIKEIMEVO VIO VO KIVNOEi | yia Tn METABOAN
TNG TAXUTNTAG TOU (METPO 1 Ol1EUBuvon)
TPETTEI VA AOKNOEi TTAVW TOU KATTOIA
ouvaun.




4-1 Auvapun

H AOvapun givail di1avuoua Kal
ETTOMEVWG EXEI KOI MEYEBOG Kal
O1evBuvon. To péyebog ptTopEi
(«dUvaTai») va ueTpndei pe Eva
gAATAPIO



4-2 1°¢ Nopog Kivnong

e 2g TPpWTN Ocwpnon poiadel va atraiTeital pia duvaun
yia va KIvnOei Eva avTIKEIMEVO. ZTTPWYVOUUE Eva
BiBAio TTavw oTNV £0pa KOl AUTO KIVEITAI. ZTOMATAME
VO TOU 0OKOUME OUVOMN, KAl GUTO CTAMOTAEI VO
KIVEITOI.

e MeTdpe OpWG Hia PTTaAa, n pITaAa cuveyilel va
KIVEITOI AKOMO KOl OTAV QUYEI aT1ro TO XEPI pag. TarTi;

e Agv amraITEiTal OUVOMN VIO VO CUVEXIOEI TNV Kivnon
TOU £VO AVTIKEIMEVO O€ KATTOIO KATEUOUVON,
arraiteital duvaun yia va aAAaégl n rayurnra rou
(uETpo N O1sUBuvon N Kail Ta 6uo). To BiIBAio oTo 1°
TTapadelyua gpevapel AOyw TpIBNG.




4-2 1°5 Nopog Kivnong
O 1°S vOouog Tou NeUTWVA CUXVA ATTOKOAEITAI
KOl VOMOG TNG adPpAVEIQG. :

KaO¢e avtixesiuevo oratnpei tny kivyen tov (onA.
TOPOUEVEL AKIVYTO 1 GOVEYILEL va KIVEITAL
gvlvypauua ue otabepn TayvTNTO) EYOGOV OLY
OCKEITOL TAVQ) TOV KATTO10, OVVAUN.
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4-2 10¢ Nopog Kivnhong

[NaTti o1 ETIRATEG EVOG AEWPOPEIOU «TTEQPTOUVY
MTTPOOTA OTOV O 0ONYOG PPEVAPEI ATTOTOMA;
[Moia SUvapun aoKEeiTal TTAVW TOUG;

Agev aOoKeiTal KOpIA OUVAMN KOl ETTOMEVWGS Ol
EmMIfaTteg ouppewva PE TO 1°  VOHMO TOU
NeUTwva TrpooTtTaBouv va OlaTnProouvV TNV
Kivnon TOUuG.



4-2 1°5 Nopog Kivnong
AdpPaVEIOKO CUCTAHATA OVAPOPAG:

O 1°S Nopog tou NeUTwva Oev EQAPUOLETAI O€
OAOQ T CUCTAMOTO AVA@POPAG, TT.X. OTAV TO
oUCTNHA AVO@POPAG TTEPICTPEPETAI N
ETTITAYXUVEI.

‘Eva adpaveIOKO oUCTNUO AVA@OPAG Eival AUTO
OTO OTT0i0 0 1°S vOUOG Tou NeEUTWVO IOXUEL.
‘ETOo1 a1TOKAEIiOVTOI CUOTAMOTO TTOU
TTEPICTPEPOVTAI N ETTITAXUVOVTAI.

NMw¢ avayvwpi{oupuEe EVa TETOIO OOPAVEIOKO
oUoTNHA ava@opPAg;

EAfyxoupue gav 1oxUel 0 1°° Nouog!



4-3 Mada

H Mada sival povada HETPNONG TNS AOPAVEIOG
EVOG OAVTIKEIMEVOU TTOU EKPPAEI TNV
«TTOOOTNTO» TOU AVTIKEIMEVOU. 2TO cUOoTNMO SI,
n povada padlag givai 1o XIAIOypappo (kg).

H Madla dev gival Bapog.

H Mada gival 1010TNTA TOU aVTIKEIMEVOU. TO
Bapog €ival n uvaun TTou AOKEITAl TTAVW OTO
AVTIKEINEVO AOYW BapuTnTaC.

210 Peyydpi OTTOU N ETTITAXUVON TNG BapUTNTOG
givail 1/6 g, n pada mrapapével idia aAAa to Bapog
MO MEIwvVETAl KaTa 1/6 og oxéon pe Tnv In.



2°¢ Nopog Tou NeUTwva

O 2°¢ Nopog Tou NeUTwva ek@paldel TNV oXEon
METOEU TS OUVAMNG Kal TnG emiTayuvong. H
ETITAYUVON €ival avaAoyn Tng 6uvapng Kol
AVTIOTPOPWG avaAoyn T ada

POPWG yn Tng pagag: F = i

ATtraiTeiTal dSuvaun yia Tnv
METABOAN OTO UETPO | TV
O1eUBuvon TNG TaXUTNTOG.
MepioocoTepn OUVANN CNUAIVEI
TMEPICOOTEPN ETTITAXUVON.
OTav n id1a duvaun aoKeiTal
o€ TTOAAQ AVTIKEIMEVA TO
«EAAQPPUTEPO» ETTITAXUVEI
TTEPICOOTEPO.




2°¢ Nopog Tou NeUTwva

H dUvapun givail d1avuoua Kal ETTOMEVWG ICYXUEI VIO
KAOE cuvioTWOoO TOU oucTnpaTog AVOPOPAC

(agovwv) SF=ma

TABLE 4-1 , ,
Units for Mass and Force 2170 ouoTnua Sl n povada
System  Mass Force METPNONG EIVAI TO
SI kilogram newton (N) Newton (N)

(kg) (=kg-m/s’)
cgs gram (g) dyne

(=g-cm/s?)

British  slug pound (Ib)
Conversion factors: 1 dyne = 107 N;

1'lb = 4.45N.



Bpeite TNV SUVAMN TTOU ATTAITEITAI YIO VO
emiTayxuveei (a) Eva autokivnto 1000-kg o€
mTepIBAaAAoV Y2 g; (B) éva yuRAo 200-g.

SOLUTION (a) The car's acceleration is a = 3g = $(9.8m/s") = 5m/s". We use
Newton's second law to get the net foree needed to achieve this acceleration:
EF = ma = (1000kg)5m/s’) = SO00ON.
(If you are used to British units, to get an 1dea of what a SI00-N force 15, you can
divide by 4.45 N/Ib and get a force of about 1000 1h.)
(b) For the apple, m = 200 g = 02 kg, so
2F = ma = (02kg)5m/s’) = 1IN.



NMNéon gival n yéon duvaun TTOU ATTAITEITAI VIO VO OTOMATAOEI
ota 55 m £€va autokivnto 1500-kg TTOU KIVEITOI ME TAXUTNTO
100 km/h :

SOLUTION We assume the motion is along the +x axis (Fig. 4—6). We are given
the initial velocity v, = 100 km/h = 27.8 m/s (Section 1-5). the final velocity

v = 0, and the distance traveled x — x; = 55m. From Eq. 2-12¢, we have
' = wp + 2alx — xg).
500
T — 0 — (27.8m/s) .
2{.1' — rrn} 2[55111}

The net force required is then
EF = ma = (1500kg)(—7.1m/s*) = —1.1 = 10" N.

The force must be exerted in the direction opposite to the initial velocity, which is
what the negative sign means.

NOTE If the acceleration is not precisely constant, then we are determining an
“average” acceleration and we obtain an "average™ net force,

vy = 100 km/h
> o




O 3°S Nopog Tou NeuTtwva

Ortov éva avTiIKEIUEVO 0.0KEL OVVOUN TTAV® GE EVO
OEVTEPO OVTIKEIUEVO, TO OEVTEPO AVTIKEIUEVO UCKEL LG
ovvaun ario og avtifetny otevbovveny ue to TPWOTO

(opaocn Kai avtiopoon)

Force exerted
on hand
by desk

Force exerted
on desk by hand



O 3°S Nopog Tou NeuTtwva

H epappoyn Tou 3°
Nopou £ykeiTal OTO
YEYOVOG OTI Ol OUVAMEIG
il Fore QOKOUVTQI OF€
%lnce on OIAPOPETIKA

skater Wall  QVTIKEIUEVA.

2 IYOUPEUTEITE TTAVTA OTI
Oev EQPAPMOLETE TIG

I duvapeig oTo 1010

. | QVTIKEIMEVO



O 3°S Nopog Tou NeuTtwva
H TrpowBnon TrupavAwyv ptropei va €€nynOdei pe faon Tov
3° NOpO: Ta KOUTA aEPIO OTTO TNV KAUOT TOU udpoyovou,
EKTOZEUOVTAI ATTO TNV «OUPA» TOU TTUPAUAOU HE TEPAOTIEG
TaXUTNTES. H dUVvaun avridpaong ival autn TTou woei Tov
TTUPQUAO.

NMNpoocéEgTe OTI Oev
UTTAPYXEI avAyKn
yida TOV TTUPOUAO
VO «OTTPWEEI»
KATTOI0 AAAO
OVTIKEIMEVO.




O 3°S Nopog Tou NeuTtwva
Moia SUvaun KIVEI TO AUTOKIVNTO?

H ocuvnOiopévn atravrnon gival 0TI N UNXAvN KIVEI TO
QuUTOKIVNTO.

AAAG Ogv gival TOOO AOT1TAO.

H pnxavn Kivei Toug TpoXoug Kal TOUG avayKadel va
TTEPICTPAPOUV.

Edv Opwg o1 TpOoXOoi TTaTOUV TTAVW O€ TTayo | AACTTN
TOTE ATTAQ TTEPICTPEPOVTAI KOI TO AUTOKIVNTO
TTAPAMEVEI OTN OEON TOU.

ATtraiteital TpIfn. Z&e oTaBepo £0a@OG, 01 TPOXOI
aOKOUV OUVAMN TTAVW OTO £00@OS AOYW TPIRNG.

E¢ aitiag Tou 3°V vOpou, TO £€00@O¢ aoKei dOuvaun
TTAVW OTO AUTOKIVNTO OTNV aVTIOETN KATEULBUVON KaI
£TO1 TO AUTOKIVNTO KIVEITAL.



O 3°S Nopog Tou NeuTtwva

2UMBOAIoMOI: O TTpwTOC OLIKTNGS ONAWVEI TO
OVTIKEIMEVO TTAVW OTO OTTOIO OOKEITE N OUVAMN
(BUpa) ka1 o deuTEPOG OEIKTNG TNV TTNYN (0UTNC)

FGP "'FPG

Horizontal Horizontal
force exerted force exerted
on the ground on the

by person’s person’s foot
foot by the ground

B —
Fgp Fpg



O BonB86¢ Tou Michelangelo Trp&TTel va HETAQPEPEI EVA KOMMATI
MOpHApOU TTAVW o€ £va €AKNBpo. O TTovnpOG TENTTEAGKOG BonB6g
A€€1 TO A@EVTIKO TOU: «OTaV TPABAW TO £€AKNOPO, auTd AOKEi I
OUvaun ion ME TNV €AEN pou aAAG oTnv avTiBeTn kateuBuvon. NMwg Ba
KOTAPEPW AOITTOV VA TO «EKOAAROW» a@ou 6on duvaun Kai va
BAAwW auTto aokei TnV idla avrioTaon. Xapgévoc Ypovoc AoITrov givail
aduvaToVv va JETAKIVNOEI TO HAPUOPOY.

To eav Ba petakivnOei N
OX! To EAKNBpO e€apraral

Force on
BN Forcconsled  assistant P ’ ’
| exerted by exerted ®” Q170 TO €AV N dUvaun TToU
assistant by sled |

' Ba aoknoel o BonBo¢
TTAVW OTO £0AQOC gival
WEYOAUTEPN ATTO TNV
QVvTIOTOON TOU €AKNOpOU.

_ .

|

— — — r/.

Fig  *Fgs(=- Fyg)
~

Friction Force on Force on Force on
force on ground ground assistant
sled exerted  exerted exerted exerted
by ground by sled by assistant by ground

=

(=-Fyg)



4-6 Bapoc—H duvapun TnG
BapUTNTAG KAl N KABETN SUVANN

Bapocg €ival n dOuvapun TTou aoKEiTal
TTAVW O€ EVA AVTIKEIMEVO AOYW
BapuTnTag. KOvrd oTnV £mIQAVEIA TNG
YNS N BApUTIKA emTITAXUVON g Eival
oxedov otabepn. MNa pala m to Bapog
givai.

oT1TOoU
g = 9.80 m/sz.



Bapog—H dUvapun tng BaputnTtag Kai n kABeTn duvapun

‘Eva cwpa yia va TTOPAMEVEI OKIVNTO, TTPETTEI N CUVOAKN
OUVALN TTOU AOKEITAl TTAVW TOU va gival undév. lNoiég
OUVAMEIG AOKOUVTAI TTAVW O€ £va AyaApa TTOU KAOETaI
TTAVW OE £V TPATTE!;

O1 duvapelg ival To
Bapog Tou ayAALATOC

y ‘”“‘“n\! e . Kol N KAGOeTn duvaun

g | % 'g TTOU €ival avTiBeTn Kai

¥ ( } Q ion pe To BApoc agou To
//i‘:G‘ b ) /FG’ GYOAMO TTOPOHEVEI
'.\ ) '\ ) aKivnro.
wd ] -l ]




Bapogc—H duvaun tng BapurtnTtag I
Kol N KABeTn dUvapun ‘

AapuBaveral éva 101aiTepo dwpo atrod
KATToloV @iA0 0OG TTOU €ival Eva dEpa mg
10.0 kg. To dépa gival akivnTo TTAvw (a) 2F, = Fy — mg =0
OTNV EMIQPAVEIA EVOS OpI{OVTiOU N
TPATTECIOU XWpPig TPIRN.

(a) Bpeite To BApOg TOU SEPATOG KAl TNV
KABETN dUvVANN TTOU OOKEI TTAVW TOU
TO TPATTE(].

(B) O @ilo cag Twpa aockei duvaun 40,0 (b)SF, = Fy fgq OO —T

N TTPOG Ta KATW TTAVW OTO OEUA.
Néon cival Twpa n KABETN duvaun;

(y) Eav o @iAog oag TpaBdsl To KOuUTi 400 NL}’
TTPOG TA TTAVW ME duvaun 40,0 \
N,Tré0on gival n KABeTn duvaun;

—>'<
/
/
|
\ Z

mg
(¢) XF,=Fny— mg + 400N =0



SOLUTION {a) The weight of the box is mg = (100 kg)(9.80 m/s’) = 9R.ON,
and this force acts downward. The only other force on the box is the normal force
exerted upward on it by the table, as shown in Fig. 4-15a. We chose the upward
direction as the positive y direction; then the net force EF, on the box is
ZFy = F — mg; the minus sign means mg acts in the negative y direction
{#r and g are magnitudes). The box is at rest, so the net force on it must be zero
(Newton’s second law, £F, = ma,. and a, = ). Thus

EFJ. = ma,
Fy —mg = 1,
&0 we have
Fy mg.

The normal force on the box, exerted by the table, is 98.0 N upward. and has
magnitude equal to the box's weight.

{&) Your friend is pushing down on the box with a foree of 40.0 N, So instead of
only two forces acting on the box, now there are three forces acting on the box,
as shown in Fig. 4-15b, The weight of the box is still mg = 985.0N. The net force
is ZF, = Fy— mg — 400N, and is equal 10 zero because the box remains at
rest (a = 0). Newton’s second law gives

EFJ. = fy — mg — 400N =

We solve this equation for the normal force:
Fy = mig + 400N = 980N + 400N = 1380N,

which 15 greater than in {a). The table pushes back with more force when a person
pushes down on the box, The normal force is not always equal to the weight!

{¢) The box’s weight is still 980N and acts downward. The force exerted by your
friend and the normal force both act upward (positive direction), as shown in
Fig, 4-15¢, The box doesn't move since vour friend’s upward force is less than the
weight. The net force, again set to zero in Newton's second law because a = 0, is

SF, = Fy — mg + 400N = 0,

Fy = mg — 400N = 980N — 400N = 580N,

The table does not push against the full weight of the box because of the upward
pull exerted by your friend.

MNOTE The weight of the box (= mg) does not change as a result of your friend’s
push or pull. Only the normal force 15 affected.

bl

e

mg

(8) &2F;= Fn— g, =0

Yoo

mg

(b)SF, = Fyy — mg —40.0N = 0

40.0 Ni

—
"

(c) =F,

mg
Fny—mg +40.0N =0



T1 6 cupBei Eav OTO TTPONYOUHEVO TTAPADEIYMA KATTOIOG
TPOABAEEI TTPOS TA TTAVW TO OEMA ME duvaun 100,0 N?

SOLUTION The net foree on the box 1s

EF, = Fi—mp+ F

= Fy — 980N + 100.0N,

and il we sel this equal 1o zero (thinking the acceleration might be zero),
would get Fy = —2.0N. This is nonsense, since the negative sign implies
points downward, and the table surely cannot pull down on the box (un
there’s glue on the table). The least Fy, can be is zero, which it will be in this ¢
What really happens here is that the box accelerates upward because the

force is not zero. The net force (setting the normal force Fy = 0) is FP (100.0 N)

F, = Fp—mg = 1000N — 980N a

= 20N
upward. See Fig. 4=16. We apply Newton’s second law and see that the
moves upward with an acceleration
2Fy 20N
I:'|| . == ==
) m 10.0 kg
= 0Xm/ss. ol

mg (98.0 N)



Mia @oitATpia 65-kg KaTeRaivel HE TO ACAVOEP TO OTTOIO CTIYMIAI
emitaxuvel ge 0,20g. Kafere ravw o€ pia {uyapida:

(a) Katd tnv emitayxuvon mooo gival To BAPOS TNG Kal Trola gival n EVOEIgn
NG uyapIdg;
(B) Moia gival n £évdeiEn Tng Cuyapidg OTAV TO ACAVOEP KATERAIVEI ME

ot1a@epn TaxuTnTa 2,0 m/s? |
SOLUTION (a) Irom Newton's second [aw,
=F = ma
mg — Fy = m(0.20g), D
y

We solve Tor Fy:

Fy = mg — 0 20mg = 080mg,

and it acts upward. The normal force Fy s the force the scale exerts on the
person, and 15 equal and opposite to the force she exerts on the scale:

Fy = 0.80mg downward. Her weight (force of gravity om her) is stll
ng = (63 kg)(9.8m/s*) = 640N, But the scale, needing to exert a force of only
(.80hmg, will give a reading of (L80m = 32 kg.

(b) Now there is no acceleration, a =1, so by Newton's second law,
mg — Fy =0 and Fy = myg. The scale reads her true mass of 65 kg,

NOTE The scale in {a) may give a reading of 32 kg (as an “apparent mass"), bui
her mass doesn't change as a resull of the acceleration: it stayvs at 65 kg,



Alaypdupata ATTEAEVOEPWHEVOU 2ZWHATOG

1. Kavte éva oxédio.

2. Na KaBe avTikeipevo oxedIAOTE EVa
OIAYyPAMHA TTOU VO OEIXVEI OAEG TIG
OUVAMEIG TTOU AOKOUVTAI TTAVW TOU.
Ta pETpa Kail o1 d1EVBUVOEIG TWV
Ouvapewyv va gival akpiIfng. AnAwoTe
KAOBe duvaun. Eav utrapyouv
TMEPICOOTEPA TOU EVOG AVTIKEINEVA
KAVTE CEXWPIOCTA dIaYyPAMHATA Vi
KAOE avTIKEiPEVO.

3. AvaoAuoTe Ta dlavUOUOTO O€E
OUVIOTWOEG.

1. EQapuOOTE TO 2° VOUO O€ KAOE
OUVIOTWOO.

5. AUOTE TNV AOKNnON.



To «UTTAAGKI» TOU XOKEU £TTi TTAYOU YAIOTPAEI TTAVW CE OPICOVTIO
ETMIQAVEIA TTAYOU HE OTAOEPR TaXUTNTA, Aveu TPIRAG. Mola amrd Ta
OlaypdpHaTa EAEUBEPOU CWHATOG ATTEIKOVI(OUV TNV Kivnon TTou
mTepiypapaue; Moio diaypappa 0a atreikdvile TNV CWOTH Kivnon €4Av T
MTTaAGKI €mIBPAdUVE;

Motion Motion Motion
-_— _— S ——

Fn Fy Fy
- - ; -

Fq Fg Fg

RESPONSE IDid you choose {(a)? IT so, can you answer the question: what exeris
the horizontal force labeled F on the puck? If you say that it is the force needed to
maintain the motion, ask yoursell: what exerts this force? Remember that another
object must exert any force—and there simply 1sn't any possibility here. Therefore,
(@) is wrong. Besides, the foree F in Fig 4-20a would give rise to an acceleration by
MNewton's second law. It s (b) that is correct. No net force acts on the puck, and the
puck shdes at constant velocity across the wce.

In the real world, where even smooth wce exerts al least a tny Inichion foree,
then (¢) 15 the correct answer, The tiny friction force 15 in the direction opposite
to the motion, and the puck’s velocity decreases, even if very slowly.



MNavw ot éva dépa 10.0-kg aokeite duvaun F,

= 40,0 N,ka1 pe katevBuvon 30,0°. Bpeite (a) Fp=40.0N
TNV £MITAXUVON Tou SEpaTocg Kkai (B) To e
MEYEDOG TNG KABeTNG dUVauNG F, TTOU aOKEi
TO TPATTECI OTO KOUTI.

1. Draw a sketch: The situation s shown i Fig, 4-21a; 11 shows the box and the
force applied by the person, Fy.

2. Free-body diagram: Figure 4-21b shows the free-body diagram of the box. To draw
it correctly, we show all the Torces acting on the box and only the Torces acting on 30.
the box. They are: the force of gravity mg: the normal force exerted by the Fy
table I.n, and the force exerted by the person l'F We are interested only in i »
translational motion, 50 we can show the three forces acting at a point, Fig. 4-2lc,

3. Choose axes and resolve vectors: We expect the motion to be horizontal, so we
choose the x axis horizontal and the y axis vertical. The pull of 400N has mg
components

il
e~

ol

. = (400N)(cos30.0°) = (4D.0N)(0.866) = 46N, . &
Fpy = (400N)(sin 30.0°) = (40.0N)(0.500) = 200N,

In the horizontal (x) direction, Fy;, and mg have zero components. Thus the
horizontal component of the net Toree 18 Fp,.




4. {a) Apply Newton's second law to determine the x component of the acceleration:
Foy = may.

5 (o) Solve;
Foe  (346N)
T kg
The acceleration of the box is 3.46 m/s” to the right.
(f) Next we want 10 ind Fy.

4. {b) Apply Newton's second kaw io the vertical (v) direction, with upward as positive:

Jdhm/s"

LFy, = may
Fy —mg + Fpp, = My,

5, (h) Solve: We have mg = (10.0kg)(9.80m/s*) = 980N and, from point 3
above, Fp, = 200N, Furthermore, since Fpy << mg, the box does nol move
vertically, so iy = 0. Thus |

Fy — 980N + 200N = 10,
50
Fy = 780N,

NOTE F, is less than mg: the table does not push against the full weight of the

hox because part of the pull exerted by the person 18 in the upward direction.

30.0°
N
¥
Fp
.
Fy
mg
- B
Fn
Fp
B g
mg



mg =
120 kg

FANA

Box B

=i

BN

Y mag

mB\

Avo kouTia A kail B ocuvdéovTal pe Eva
OKOIVi KOI TTAPANEVOUV OKIVNTA TTAVW
o€ Eva Agio TPpATTECL. Ta KOUTIA £XOUV
padeg 12,0 kg kai 10,0 kg. Mia
opifovTia duvapun 40,0 N eqpapuoleTal
o10 KouTi Twv 10.0-kg. Bpeite (a) Tnv
ETTITAXUVON TOU KABE KouTIoU Kal (B)
TNV TAON TOU OKOIVIOU TTOU CUVOEEI
Ta OUO KOUTIA.



L., 120ke

ma = Fp

Box B

>
-3

ol

BN

mg

Box A

APPROACH We streamline our approach by not listing each step. We have two boxes
s0 we draw a free-body diagram for each. To draw them correctly, we must consider
the forces on each box by itself, so that Newton's second law can be applied to each.
The person exerts a force F, on box A, Box A exerts a force F; on the connecting
cord, and the cord exerts an opposite but equal magnitude force Fy back on box A
i Newton's third law). These two honmzontal forces on box A are shown i Fig. 4-22h,
along with the force of gravity mr, g downward and the normal force F.. cxericd
upward by the table. The cord is light, so we neglect its mass. The tension at each end
of the cord 15 thus the same. Hence the cord exerts a [orce Fp on the second box.
Figure 4-22c shows the forces on box B, which are F;,mug. and the normal
force Fgy . There will be only horizontal motion. We take the positive x axis to the right.
SOLUTION (o) We applv ZF, = ma, 10 box A

SF, = Fo— Fp = myi,. [box Al
For box B, the only horizontal force 1s ;| so
x2F, = I = mgpag. [box B

The boxes are connected, and if the cord remains tautl and doesn’t streteh, then
the two boxes will have the same acceleration a. Thus a, = ag = 0. We are
given m, = l0L0ke and myg = 12.0kg. We can add the two eguations above to
eliminate an unknown | F7) and obtain

(my + mpla = R — K+ Fp = K
or

Fe 400N .
— — = 1.82m/sL
. m, + Mg 220ke m/s

This is what we sought,



& mg = my = Fp
L " 1{.9kg 10\.9kg —»—»@}_
40.0 N
Box B Box A
&
i;.‘ANA
Fp Fp
g mA\ % — X
(&) From the equation above for box B [ Fp = F?Igﬂ'n}. the tension in the cord is
F Mg (12.0kg)(1.82 m,/s") 21.8N.
\ 0N Thus, Fpis less than Fp (= 400 N), as we expect, since Fpoacts 1o accelerate only my.
NOTE It might be tempting to say that the force the person exerts, Fp, acts not
B Y only on box A bul also on box B It doesn’i. Fp acts only on box AL Tt affects
Fin box B via the tension in the cord, F5. which acts on box B and accelerates it.
F



AvTifapa, n pnxavn Tou Atwood

‘Eva oUuoTnpa pE SUO AVTIKEIMEVA TTOU CUVOEOVTAI ME £va IHAVTA KOl KPEMOVTAI ATTO
TpoxaAia ovopdadleran Kai pnxavi Tou Atwood’s. To avrifapo Cuyilel 1000 kg. Eav
utroBéooupe 0TI To Adelo acavoép Cuyilel 850 kg, kal £€xel pada 1150 kg éTav
empiadovral 4 adropa. Bpeite (a) TRV ETITAXUVOT TOU ACAVOEP Kal ([3) Tnv TAOon

TOU IHGVTG

SOLUTION (o) To find Froas well as the acceleration a, we apply Newlon's
second law, ZF = ma, to each object. We take upward as the positive y direc-
tion for both objects. With this choice of axes, a- = a because m acceleraies

upward, and ag = —a because mg accelerates downward. Thus
Fr— mgg = mgag = —mga
Fr — meg = mede = +THpd.

We can subtract the first equation from the second to get
|mg — mp)g = (mg + M),
where a 15 now the only unknown, We solve this for a:

Mg — g 1150 kg — 1000 ke — 0070
O e me® T 1150kg + 1000kg 5 T TTTE

The elevator (mg) accelerates downward {and the counterweight m,. upward) at
a = 0.070g = 0L.68 m/s".

(1) The tension in the cable M can be obtained from either of the two 2F = ma
equations, setting o = 0.070g = 0.68 m /5"

(.68 m/s".

Fr = mgg — mga = mglg — a)

= 1150kg (9.80m/s* — (L68m/s) = 10,500 N,
ar
Fr = meg + mea = m-lg + a)
= 1000 kg (9.80m/s" + 0,68 m/s") = 10,500N,
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To TTAgoVEKTNHO TNG TPOXOAiag: KaTd Tn HETAKOMION TTPOCTTOBO0UHE va
avEBAOCOUME £Va TTIAVO (APYd KOl TTPOCEKTIKA) OTO OEUTEPO OPOPO EVOG
KTIpiou. XpNOIMOTTOIOUME £Va OUCTNHA OITTANG TPOXOAIOG OTTWG PaAivETAI
oTnV €Ik6va. MNoéon duvaun XpeIaleTal va 0OKAOEI WOTE VO OCNKWOEI apyd
TO TTIdvo Bapoug 2000-N;

RESPONSE Thc magnitude of the tension force Fp within the rope 1s the same al
any point along the rope if we assume we can ignore its mass. First notice the forces
acting on the lower pulley at the piano. The weight of the piano pulls down on the
pulley via a short cable, The tension in the rope, looped through this pulley, pulls up
fwice, once on each side of the pulley. Let us apply Newton's second law to the
pulley-piano combination (ol mass m), choosing the upward direction as positive:

2F — mg = ma,

To move the piano with constant speed (set a =0 in this equation) thus
requires a tension in the rope, and hence a pull on the rope, of Fr = mg/2. The
maover can exerl a force equal to hall the plano's weight, We say the pulley has
given a mechanical advantage of 2, since without the pulley the mover would
have to exert twice the force.
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Opyavo Métpnong Tng emitaxuvong: Mia pikpi pada m KPEMETAI TTAVW
aTTO TO TTAPABUPO EVOG AUTOKIVATOU ATTO £va AETTTO OKOIVi Kal duvaTal va
METOKIVEITAOI OOV EKKPEUEG. Mola Ba gival n ywvia Tou EKKpEUNOUG OTav (a)
TO AuTOoKivNTO £TITAXUVEI OTAOEPA pE a = 1,20 m/s?, kau (B) 6Tav 1o
QUTOKIVNTO KIVEITAI NE OTaOEPN TaXUTNTA vV = 90 Kkm/h?

SOLUTION (a) The acceleration a = 1.20m/s* is horizontal, so from Newton's
second law, -

ma = Fpsind
for the horizontal component, whereas the vertical component gives
0 = Froosd — mg.

Dividing these two equations, we obtain

Frsind Ll i
tanf = — = m— S
Frcosé mg &
or
tan 1.20m/s*
ne = ———
! .80 m,/s’
= (L122,
S0
= 7.0°

(k) The wvelocity i1s constant, so0 @ =0 and tan# = 0. Hence the pendulum
hangs vertically (# = 0°),



‘Eva kouTti padag m totro0ereital o€ Eva ETTIKAIVEG Agio €TTITTESO TTOU
oxnuaridel ywvia 0 pe Tnv opiovria dieuBuvon. (a) Bpeite Tnv KABeTN
Ouvaun oto KourTi (B) Tnv emitaxuvon (y) YmoAoyiote Ta (a) kai (B) yia
m=10 kg 6 = 30°.

SOLUTION (a) There is no motion in the v direction, so a, = L Applving
MNewton's second law we have

F, Mgy, <

Fy — mgcoost = (), 2

where Fy and the y component of gravity (mg cos @) are all the forces acting on

the box in the y direction. Thus the normal force 15 given by
Fy = mgcoost,

Note carefully that unless # = 0°, £ has magnitude less than the weight mg.
{f) In the xr direction the only force acting is the x component of mg, which we
see from the diagram is mg sin 8. The acceleration a is in the x direction so

[ FHLT

mgsint = mur,

and we see that the acceleration down the plane is
a = gsind,

Thus the acceleration along an inchine is always less than g, except at § = 90",
for which sin# = 1 and a = g. This makes sense since & = 90° is pure vertical
fall. For @ = 0%, a = 0, which makes sense because 4 = (1 means the plane 18
horizontal so gravity causes no acceleration. Note too that the acceleration does
not depend on the mass m.

(c) For @ = 30°, cos @ = 0.866 and sin @ = 0L50M, so0

Fy = 0BAamg = BN,
and

a = 0.500g = 4.9m/s"



