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Mepiexopeva KeaAaiou 7

» To épyo oTaBeprg SUvaung

« EowTePIKO NVOUEVO OUO OIAVUCHATWY

* ‘Epyo peTaBAnTAG dUVANNG
« 2x€on Evépyelag Kal Epyou
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/-1 To €¢pyo oTaBepng dUvauNg

To €pyo TTOU EKTEAEITE ATTO OTABEPN OUVAUN

OPICETAI WS TO YIVOMEVO TNS ATTOCTAONG TTOU
O1avUONKE JE TNV OUVIOCTWOA TNG OUVANNG OTNV
KOTEUOUVON TNG METATOTTIONG

W = Fdcos?.

Fcos 6=

eE a

o e -
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/-1 To €¢pyo oTaBepng dUvauNg

2710 ouoTnua Sl, n yjovada gival To Joule:

e
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1J =1N-m.

O KUPIOG TTOU HETAPEPEI T
«MavoBIka» Oev AOKEI EPYO
EPOOOV OEV HETAKIVAOEI TV
OOKOUAQ TTaVW 1 KATW. Agv
UTTAPXEI EPYO €AV OEV
UTTAPXEI CUVICTWO A TNG
OUvauNGg oTNV Kateubuvon
TNG METATOTTIONG.



/-1 To €¢pyo oTaBepng dUvauNg

‘Eva kiBwrtio 50-kg peragéperal 40 m opifovTtiwg pe duvapun Fo= 100 N,
TToU Opa o€ ywvia 37° OTTWG PaiveTal oTO diAypaHa. Agv UTTAPYXOUV
TPIREG. Bpeite (a) To £pyo 1TOU TTAPAYEI  SUVAN auTh) oTo KIBwTIO (B)
TO OUVOAIKO £€pyoO TOU KIwTiou.
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APPROACH We choose our coordinate system so that X can be the vector that
represents the 40-m displacement (that is, along the x axis). Three forces act on
the crate, as shown in Fig. 7-3: the force exerted by the person Fp: the gravitational
force exerted by the Earth, mg and the normal force Fy exerted upward by the
floor. The net force on the crate 1s the vector sum of these three forces.

SOLUTION (a) The work done by the gravitational and normal forces is zero,
since they are perpendicular to the displacement X (# = 90° in Eq. 7-1}):

Ws = mgxcos90" = 1)

Wy = Fyxcos9)® = (.
The work done by Fjp is

We = Fpxcosf = (100N)(40m)cos 37" = 3200,

(b) The net work can be calculated in two equivalent ways:
(1) The net work done on an object is the algebraic sum of the work done by
each force, since work is a scalar:

Wiee = W + Wy + W
= 0 + 0 + 3200) = 32001.
(2) The net work can also be calculated by first determining the net force on the
object and then taking its component along the displacement: {F,,ﬂ}x = Fpcosf,
Then the net work is
Wi = (Fo)ex = (Fpeosf)x
= (100N)(cos37*)(40m) = 32001,

In the vertical (v) direction, there is no displacement and no work done.
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EtriAuon TpoBAnuATWY £pyoOU:
1. AIQypapHa ATTEAEUOEPWHEVOU CWHATOG.
2. AIOAEYOUNE CUOTNUO CUVTETAOYMEVWV.

3. Epapuoloupe Tou Nopoug Tou NeUuTwva yia
va BpoUpe OAEG TIGC OUVAMEIG, KAI TV OUVOAIKN
ouvapn.

4. BpioOKOUME TO £€pYO TNG KABE dUVANNG KAl TNG
OUVOAIKNG.
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(o) Bpeite TO £pyo VOGS OpEIRATN TTOU KOURBOAGEI
éva oakidlo 15.0-kg og upog h = 10.0 m. Bpeite
etiong (B) To £pyo TToU aAoKEi N BapuTnTa OTO
oaKidlo (Y) To OUVOAIKO £pyo OTO CaKidIO.
Y1roB£éoTe OTI n avaBaon €ival ojaAn (cTadepn
TaXUTNTA KAl MNOEVIKA ETTITAXUVON)

. Draw a free-body diagram. The forces on the backpack are shown in Fig, 7-4b:

the force of gravity, mg, acting downward; and Fy;, the force the hiker must
exert upward to support the backpack. The acceleration is zero, so horizontal
forces on the backpack are negligible.

. Choose a coordinate system. We arc interested in the vertical motion of the

backpack, so we choose the y coordinate as positive vertically upward.

. Apply Newton’s laws, Newton's second law applied in the vertical direction to

the backpack gives
2F, = ma,
Fy —mg =0
since iy = (). Hence,
Fy = mg = (15.0kg)(9.80m/s*) = 147N.
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L. Work dune by a specific foree. (a) To calculam the u.c-rk done by the hiker on
the backpack, we write Eq. 7-1 as
Wy = Fyldcosh),
and we note from Fig. 7-4a that d cos# = h. So the work done by the hiker is
Wy = Fyldcos®) = Fyh = mgh
= (I47N){10.0m) = 14701.
Note that the work done depends only on the change in elevation and not on
the angle of the hill, 8. The hiker would do the same work to lift the pack
vertically the same height A.
(b) The work done by gravity on the backpack is (from Eq. 7-1 and Fig. 7-4c)
W, = F;dcos{180" — ),

Since cos(180" — #) = —cos 4, we have
Wi = Fid(—cos8) = mg{—dcosf)
= —mgh
= —(15.0kg)(9.80m/s*)(10.0m) = —147017,

NOTE The work done by gravity (which 1s negative here) doesn’t depend on the

angle of the incline, only on the vertical height & of the hill. This is because gravity acts

vertically. so only the vertical component of displacement contributes to work done.

5. Net work done. (¢) The net work done on the backpack is W, = 0, since the
net force on the backpack is zero (it is assumed not to accelerate significantly).
We can also determine the net work done by adding the work done by each force:

Wi = W + Wy = —14707 + 14707 = 0.
NOTE Even though the net work done by all the forces on the backpack 1s zero.
the hiker does do work on the backpack equal to 1470 1.
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/-2 ECWTEPIKO YIVOUEVO AIQVUCHATWYV
A-B = ABcosf

Kal eTTopEVWG

W = F-d = Fdcos®.
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H dUvapun Tou diaypapparog Exel HETpo F, = 20 N kal
vywvia 30° pe 1o op1dovTio £00ocg. Bpeite TO £€pyo TNG
OUVAMNS XPNOIMOTTOIWVTOG TO ECWTEPIKO YIVOUEVO
otav 10 Bayovaki cupetal 100 m KAaTad MAKOG TOU
£ddpoug.

APPROACH We choose the x axis horizontal to the right and the y axis vertically
upward, and write Fr and d in terms of unit vectors.

SOLUTION
Fp = Fi + Fj = (Fpeos30°)i + (Fpsin30°)j = (17N)i + (10N)j,
whereas d = {_lﬂﬂm}i. Then, using Eq. 7-4,
W = Fp-d = (17N)(100m) + (10N)(0) + (0)(0) = 17007

Note that by choosing the x axis along d we simplified the calculation because d

. then has only one component.,
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/-3 'Epyo petaBAnTAS Auvapung

Mia petaBAnTn OUVANN AOKEITAI TTAVW O€
EVA AVTIKEIMEVO. ZTNV TTEPITITWOT OUTN TO
yivopevo Fed dev gival otaBepd
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Na petaBAnTEG OUVANEIG, Yia va BPOUME TO EPYO
KOTA TTPOCEYYION, XWPICOUUE TO DIACTNMO O€
MIKPA OI00TAMATA KOl UTTOOETOUME OTI O€ KABE
MIKPO O1d0TnMAO n dUvapn gival oTadepn.

300 +
— F{cos6
! % 200 Fzcos@
W = > F;cos0; Al 2 e Wy
i=1 ~ 1004 I : | : |
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Edv Ta €TTIMEPOUC DIAOCTAMATA YiVOUV
ATTEIPOEAAXIOTA, TO AOpOICHA YIVETAI
OAOKANPpWMA:

b
W = lim X2F,cosf;Al; = JFCOS@CIT.

Al i—0 .
300 4
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Copyright © 2009 Pearson Education, Inc.



To £€pyo £vOG eAaTnpioOU:

=0
ANV / L] H 30vaun 1rou
Untretched OOKEl Eva eAATApPIO
: givai:
l_*" —
AAAAAAY:
s HP F S — k X .
Stretched

H dUuvaun 1Tou
OQOKEI XEPI HOG
gival: F.=kx

Compressed



H ypa@ikn TTapdocTaon
NG OUVANNG TOU
gAatnpiov givail gubeia
WG TTPOG TNV

' METATOTTION

W, — J TR0 - ] = J Fo(x) dx

Xa=0 0

= kadx = skx*| = Fkx?

0 0




(a) 'Evag @oITnNTRG TEVTWVEI £€va eAaTiplIo Kata 3.0 cm, pE
ouvaun 75 N. Néoo épyo «ékavey; (B) Eav oupTriede TO

gAatnpio Kata 3.0 cm, TwWPO TTOCO £PYO KAVEI;

APPROACH The force F = kx holds at each point, including x ... Hence F,,

OCcurs at X = X
SOLUTION () First we need to calculate the spring constant &:

Frax T5N
= /2% = = 25 % 10°N/m.

- 0.030 m

'!"‘-T'I"ﬁl:'li
Then the work done by the person on the spring 1s

W = Skxt, = 325 x 10°N/m)(0.030m)* = 1.11J.

() The force that the person exerts is still Fp = kx, though now both x and Fp
are negalive (x is positive to the right). The work done is

s x =030 m v =030 m —0.030 m
Wy =J Fo(x)dx = Jk.r dx = $kx’

Xmip

1l

= 2(2.5 X 10°N/m){—0.030m)* = 111,

0

which is the same as for stretching it.
NOTE We cannot use W = Fd (Eq. 7-1) for a spring because the force is not

Copyright © 2 LT stant.



H duvapn 1Tou eA€yxEl MO POUTTOTIK KAMEPO
TTapakoAoudnong dideral atrd TNV oxéon

12

F(X):Fol gxéa

Otrou F, = 2.0 N, X, =0.0070 m, KdI‘X gival n 8éon Tng
aKkpng 1o Bpayxiova. Eav o Bpaxiovag HETATOTTIOTEI
atro X, = 0.010 m oT1o X, = 0.050 m, TT600 £PYO £KAVE TO

HOTEp;
[1g. 7-13). FIGURE 7-13 Example 7-6.
SOLUTION We integrate to find the work done by the motor: .0+ F (N)
v f yl ¥ Fy [* 175+
Wy = ﬁlL, Ll + .tﬁ)dx = f‘thix + -IEJ.L.-Y‘ dx 15.0 +
. 125+
= F.l(x + L‘—) ' 10,04
oxy 3 /|y,
| 75+
We put in the values given and obtain 504
(0.050m)* — (0.010m)’ _ 25+
Wy = 20N](0.050m — 0.010m) + : - = (.36 .
(3)(6)(0.0070 m)’ —t——+— (M)

|
0 001 0.02 0.03 0.04 0.05
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KivnTiKn Evépyela, OXEON EVEPYEING KAl EPYOU

H Evépyela opiletar Tapadooiokd WS N
IKOVOTNTA VO TTOpax0ei Epyo.

BéBala eidape 0TI OAeC o1 OUVAUEISC OEV TTOPAYOUV
£PYO (;)-

OTav OHWG AVAPEPOMAOCTE OE MNXAVIKA EVEPYEIQ,
TOTE O TTAPATTAVW OPICHOG ICYUEL.



H KivnTIKN evépyela opideTal

V|
: ;‘.!& : =
‘OO =T

i
!
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To €pyo €ival i00 PE TNV NETABOAN GTNV KIVNTIKI)
gvépysla:

1 1
Wnet = AK = jm?)§ — gmv%.

* QeTIKO €pyo: aug¢non Tn¢S KivnTikNg Evépyeiag
* ApvnTiKO £pyo: Meiwon tng KivnTikKAGg EvEépyeiag

» !
O1 povadeg evépyelag givalr d = T
- .(on hammer) (on nail)

IOIEC ME TIG MOVADEG EpYOU |
OonA.J (Joules)



MeTape Eva Tom 145-g pe TaxuTnTa 25 m/s. (a) NMéon
gival n KivnTikn Tou evépyeia (B) NMNooco €pyo
XPEIAOTNKE VIO TN PIWYN;

SOLUTION (&) The kinetic energy of the ball after the throw is
K = fmv® = 3(0.145kg)(25m/s)* = 45].

(b) Since the initial kinetic energy was zero, the net work done is just equal to the
final kinetic energy, 45 J.
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NMéoo £pyo ATTAITEITAI VIO VA ETTITAXUVEI EVO AUTOKIVNTO
1000kg a1ré Ta 20 m/s ota 30 m/s;

SOLUTION The net work needed is equal to the increase in kinetic energy:
W = K, — K, = smv; — 3mv]
= L1000 kg)(30m/s)* — $(1000kg)(20m/s)* = 2.5 x 10°].
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‘Eva auTtokivnTto 1rou Kiveital ge 60 km/h @pevapel kal aKIvnTOTTOIEITAI O€
atmréoTaon d=20 m. EAv To auTokKivnTo KIVEITO ME OITTAACIAO TAXUTNTA TTOON
atréooTaon XpeladeTal yia va oTapaTtRoEl; (UTToBETOUE OTI N atrédoon TwV

PPEVWV gival avs§apTr|Tr| aT1rd TN Ta)(UTnTa)
= 60 km/h

ﬁ’ m
d(d=20m)
v; =120 km/h v, =0
F —'

dd="

RESPONSE Again we model the car as if it were a particle. Because the net
stopping force Fis approximately constant, the work needed to stop the car, Fd, is
proportional to the distance traveled. We apply the work-energy principle, noting
that F and d are in opposite directions and that the final speed of the car is zero:

W, = Fdcosl80° = —Fd.
Then _
~Fd = AK = smvi — smv;

= 0 — fmwl.

Thus, since the force and mass are constant, we see that the stopping distance, d.
increases with the square of the speed:

d o« v,
If the car’s initial speed is doubled, the stopping distance is (2)" = 4 times as

great, or 80 m.
Copyright © 2009 P



To eAatfpio Tou oxAuaTog £xel otafepd k = 360 N/m. (a)
NMNoéoco £pyo atraiTeiTal yia va CUMTTIECTEI TO EAATRAPIO,
a1ré TNV Kardotaon npediag (x = 0) ota x = 11.0 cm; (B)
Edv @OpTWOOUNE TO CUMTTIECHEVO EAATAPIO HE «BOAIN
1.85-kg mréon taxutnta 0a éxel To BOAI otV 0éon x =0;

(ayvooupe tnv TpIRN). (Y) ETTavaAaupBdavoupe 1o (B) aAAd
utroBéToVvTag OTI UTTAPXEI MIa BUVAMN AVTIOTAONG
(tPIBAS) Fp=7.0N

mg
SOLUTION (a) The work needed to compress the spring a distance x = (0.110m is

W = 1(360N/m)(0.110m)* = 2.181.

where we have converted all units to SL.
(b) In returning to its uncompressed length, the spring does 2.18J of work on the
block (same calculation as in part (a), only in reverse ). According to the work-energy
principle, the block acquires kinetic energy of 2.18 J. Since K = $muw”. the block’s
speed must be

K

"T N m

[2(2.187)

Sl = 1S4m/s.
V 185 ke m/s
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(c) There are two forces on the block: that exerted by the spring and that exerted
by the drag force, FD, Work done by a force such as [riction is complicated. For one
thing, heat (or, rather, “thermal energy™) i1s produced—try rubbing vour hands
together. Nonetheless, the product Fy - d for the drag force, even when it is
friction, can be used in the work-energy principle to give correct results for a
particle-like object. The spring does 2,18 of work on the block. The work done
by the friction or drag force on the block, in the negative x direction, is

Wy = —Fpx = —(7.0N){0.110m) = —0.77].

This work 1s negative because the drag force acts in the direction opposite to the
displacement x. The net work done on the block is W, = 2181 — 0,771 = 1.41 ],
From the work-energy principle, Eq. 7-11 (with v, = ¢ and v, = 0), we have

o [2W
wo= \||I m

[2(1.417)
N 1.85ke

= 1.23m/s

for the block’s speed at the moment it separates from the spring (x = 0).

mg



