KepaAaio 8
AlatApnon Tng Evépyelag

CHAPTER-OPENING QUESTION=Guess now!

A skier starts at the top of a hill. On which run does her gravitational potential
energy change the most: (a), (b), (¢), or (d); or are they (e) all the same? On which run
would her speed at the bottom be the fastest if the runs are icy and we assume
no fnction? Recognizing that
there is always some friction,
answer the above (wo ques.
tions again. List your four
ANSWErS NOW.

© FEasy
B Intermedee
¢ Difficult

¢ Very dafficul
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MNepiexoueva KepaAaiou 8
* 2UVTNPNTIKEG KAl MN-OUVTNPNTIKEG AUVANEIG
 Auvauikiy Evépyela
« Alatpnong Mnxavikng Evépyelag
« ETiAvuon lNMpoBAnuatwyv Baon diatipnong Tng Evépyelag
* O Noépog Tng Aiatipnong Tng Evépyelag
« Auvapikn Evépyelag tng Bapurtntag Taxurnta Ala@uyng
* loxug
« Alaypappata Auvauikng Evépeiacg.

» looppoTria
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8-1 ZuvTnPNTIKEG KAl MN-OUVTNPNTIKES OUVAUEIG

Mia dUvapn €ival cuvTtnPeNTIKA OTaV:
To Epyo thc ovvaung eCaptdTor Hovo omo to
TEAIKO KUl OPYIKO CHUELO TOV AVTIKEIUEVOD
LAV GTO OTOI0 OPa, EIVAl ONA. aveSapTnTO
THS TPOYIAS IOV AKOLOVOEL

.x. : BaputnTa.
TO

Wlz——-
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8-1 ZuvTnPNTIKEG KAl MN-OUVTNPNTIKES OUVAUEIG

EVOAAQKTIKOG OPIOCHOG OUVTNPNTIKAG OUVANNG:

To ovVOolIKO EpYo TOV TOPAYEL I KATAVAAWDVEL UL,
COVTHPYTIKY OUVAUY GE EVO AVTIKEIUEVO OTAY AVTO
OLAYPOWYEL ULOL KAEIGTH TPOYLO. EIVAL UHOEV.

-2
-2
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NMNapoucia TpIRRS, TO Epyo OeV eCapTATAl MOVO
aT1rd TNV APXIKN KAl TEAIKN 0€on aAAG Kal aT1rd
TNV TPpOoXIA. H TPIBA €ival pia BN-cuvTNENTIKN
ouvaun.

-------- T A
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TABLE 8-1 Conservative and H Ouvapikn evépyeia

Nonconservative Forces opifetal MONO yia
Conservative Nonconservative O'UV'I"r]pr]TIKEQ
Forces Forces OUVAUEIG.

Gravitational Friction
Elastic Alir resistance
Electric Tension in cord

Motor or rocket

propulsion
Push or pull by

a person
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8-2 Auvauikn Evépyela

‘Eva avTikeipevo £xel OUVAMIKN EVEPYEIA £C AITIOG
TOU TTEPIBAAAOVTOG TOU.

MNapadeiypata OUVAMIKAG EVEPYEING Eival:
* ZUUTTIEOHMEVO EAATAPIO
* TeEVvTWHEVO AAOTIXO

* 'Eva avTIKEINEVO O€ KATTOI0 UYOGS TTAVW OTTO TO
£001(O¢
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To £€pyo TTOU EKTEAEI M1
f—— . OUVAMN KATA TV avUywon
b MIaG palag m o€ Uyog h,

F . (exerted

ext — =
by hand) Wext — Fexl * d — mgh COS OO

= mgh = mg(y2 - y‘l).

c=mg  OPICOUME TO OUVAMIKO TNG

e BapuTnTag 0 UYOG Yy ATTO TO
L ONMEIO ava@PopAsg WG:

Ugray = mgy.

son Education, Inc.



KaTta TNV TTTwWon €vOG AVTIKEINEVOU EXOUME
METATPOTTH OUVAMIKANG EVEPYEIONG OE KIVNTIKA.

H duvapikn evépyela gival 1010TNTA TOU
OUOTAMATOG Kl OXI MOVO TOU OVTIKEINEVOU.

Movo peETaBOAEC OTNV OUVAMIKN EVEPYEIQ
MTTOPOUV VO HETPNOOUV.

Emeidon U, ,,, = mgy, TTPETTEl va EINACTE CUVETTNG
WG TTPOG TO onueio y=0.
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"‘Eva Bayoévi 1000-kg ekivd atréd To onueio 1 2
META TTAEI OTO ONUEIO 2 KAl TEAIKA QTAVEI OTO 1

onpeio 3. (a) Mola gival N SUVOUIKA EVEPYEIO OTO el \ .
Tpia onpeia edvy = 0 oto onueio 1. (B) Méoo = \ f
oAAAdel N SUVAMIKE EVEPYEIO HETAEU TWV S BB OEEhEEtay, 15m
onpeiwv 2 kai 3 (y) Edv opicoupe y=0 To Srnernee ey, | 3
onueio 3, 1 aAAGTel oTa epwTApATA TWV () KO

(B);
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SOLUTION () We measure heights from point 1 (v, = 0], which means initially
that the gravitational potential energy 1% zero, Al poanl 2, where v = 10m,

L. HE ¥ (1000 kg )98 m/s 1 10m) 98 = 10,

At point 3. vy, = —15m, since point 3 1s below point 1. Therefore,
Ly = mgy, = {10D0kg)98m/s")(—153m) = —1.5x WF],

() In going from point 2 1o point 3, the potential energy change (Ug,g — L) 18
(= 05 = (=18 = 10° )] — (98 = 0]} = =28 = 10° ],

e gravitational potential energy decreases by 2.5 = 107 1,
(o) Mow we setowy =10 Then vy, = +15m at point 1, so the potential energy
initially {at point 1} s
L= (1000kg){28m/s)15m) = 15 = I0F].
At point 2, w = 253m, so the potential energy is
(L= 25 = WP L.
At pont 3. v =10, so the potential energy 15 zero, The change in potential
energy going from point 2 to point 3 is
=0 = 0 —25=1F) = =25 =« IIF ],
which is the same as in part (&).
NOTE Work done by gravity depends omly on the vertical height, so changes

in gravitational potenbial energy do not depend on the path aken,



O YeVIKOG OPIOCHOG TNG AUVAMIKAG
EVEPYEIOG TNS BapuTtnTtag €ivai:

2
AU — _WG — _JFG'dK
1

Kal YEVIKA yia ouvTnPENTIKEG OUVAMEIG:

2
AU:Uz_Ul —JF'(HZ _W
1



To eAatiplo oTav CUUTTIECETAI

ETMTIMNKUVETAI £XEI OUVOUIKN

,hx EVEPYEIA TTOU TNV OVONACOUME

S oo gAdOTIKOTNTA. H SUvapun Tou
OTTAITEITAI VIO TNV CUMTTIEON N

a1 EMIPMAKUVON €ival:

v

FS — _kx

2

M S , , ,

11/ @ O1TOoU K €ival n otaBepd Tou
gAaTnpiou, Kal TTPETTEI VO
METPNOEI yIa KABE eAaTnpIO.
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H duvapuikn evépyeia TOUu EAATNPIOU ETTONEVWIG
givai.

AU

U(x) — U(0)
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2& Mia didoTaon,

U(x) = —JF(x)dx—F G
Edv avTIOTpEWOUUE TNV £CICWON ME BPIOKOUME
Flx) = dU(x)
(x) = dx

2€ TPEIGC OIOOTAOEIGC EXOUME:

- ~ U ~ U ~ U
F = = -j—= - k—
(%, ¥, 2) : OX ) Jy 07



ATtroucida un-ocuvTnPENTIKWY OUVANEWYV, TO
afdpoiopa Twv METABOAWYV TNS KIVNTIKAG KAl
OUVOUIKNG EVEPYEIOG EVOG CUCTIMOATOG
TTOPOUEVEI OTAOEPO.

Opidoupe wg Mnxavikn evépyela:
E = K+ U.

Kal wg diatapnon TnG MNXOVIKNG EVEPYEIQG .

K2+U2 — K1+U1



H apxn d1atipnon TnG HNXAVIKNG EVEPYEING AEEL:

Eav o€ éva avotyua opovy uovo covtypytikeS OVVAUELS,
TOTE 1] GOVOAIKY UNYOAVIKN EVEPYELA TOD COGTHUATOS

mapoucvel etalepn-otatnypeitol.

all potential
energy

|‘| |
half U,
half K

L

......

h

L1

1!’

all kinetic

o
energy
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K + U

%mvz + mgy.



Edv y, = h=3.0 m, Bpeite TRV e

all potential
energy

£ B

TaXUTNTA TNG TTETPAS 1.0 M TIpIV | N . B
PTACEl OTO £5APOC. & ]_l
half U,
half K W‘ U K
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all k1 netic
energy

SOLUTION At the moment of release (point 1) the rock™s position 15 v, = 30 m
and it is at rest: w = 0. We wanl to find ¥, when the rock is at position
¥ = 10m. Equation 8-12 gives
T + omgy, = J.""'”"i - MgY:
The s cancel oul; =eting », = 0 and =olving [or @, we lind
wo= 28w — w) o= 3 208ms[(30m) - (Lom)] = &3m/s,

The rock™s speed 10O m above the ground is 6.3 m/s downward.
The velocity of the rock s independent of the rock’s mass.



2TO OXAMO TTOU QPAIVETAI TO HEYIOTO UWYOG TNG
TpOXIag gival 40 m, kai To Bayovi givai apxu@ X

N o T

akivnto. Bpeite (a) TNV TAOXUTNTA TOU y DX
Bayoviou oTov Tarto Tng diadpoung (B) Zem | 2

SOLUTION () We wse Eqg. B=12 with &, = O and » = 0, which gives

Mgy, = LRns
or - _
1y = V2gw o= V2A2EmS 40 m) = 2Bm/s.
() We apain use conservation of energy,
T £ omEy, = tmes + Mg,
but now w =4(28m,s) = 14m/s. v, = (I, and w is the unknown, Thus
e
L, = oy, — == = A(km,
¥ ¥ P m

That is, the car hasg 3 5.}1|,:-|,--:j of 14 m /s when it s 30 veriead meters above the bowest
point, bath when descending the left-hand hill and when ascending the right-hand hill,
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AUO B10QOPETIKEG VEPOTOOUANBPEG £XOUV TO Paul

id10 Uyocg h. Avo véol, o Paul kai n Kathleen, N
apyifouv atro 1o id10 ONMEIO OTNV KOPU®PA. T B

(a) Molog Ba £xel peyaAUuTePNn TAXUTNTA KATA

TNV £§000 a1rd TN TooUARBpa; (B) MNolog Kathleen
@PTAVEI TTPWTOG OTO TEPHA TG TOOUARBPAG; y
Ayvooupe TnV TPIRN Kol UTTOBETOUME OTI KAl h \l

o1 U0 ToOOoUANBpEeg £xouv TO id10 HAKOG.

(a) H TaxutnTa Oa gival idia Adyw
AlatApnNon TNG EVEPYEIAG

%mv2 =mgh=v=.,/2gh

[
[

(B) Etre1dn n mriota Tng Kathleen gival TrepiIcooOTEPO ATTOTOMN OTNV
apxn, n Kathleen emTayuvel TTEPICOOTEPO VIO TO HEYOAUTEPO
MEPOG TNG d1adPOUNS KAl KATA CUVETTEIO Ba gival TTAVTA TTIO
MTTPOOTA a1rd TO Paul kai 8a ¢racel TTpwTn oTNV £§000
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Bpcite TNV KIVNTIKA EVEPYEIQ KAI TNV
TaXUTNTO TTOU OTTAITEITAI ATTO Mia AOARTPIO
TOU GAMOTOG £1TI KOVTOU 62-Kg yia va
«kaBapioce» Ta 5.0 m UWog. YTroBEToupe OTI
TO KEVTPO BApoOg Tou aBANTA €ival apXIKdA
ota 0.90 m, Kol TTPETTEI TEAIKA TO ONMEio
auTO va TTEPACEI TNV MTTAPO

APPROACH We equate the total energy just before the vaul W
the pole onto the ground (and the pole begins to bend
energy ) with the vaulter’s total energy when passing over th
small amount of Kinetic energy at this point). We choose the
vaulter’s center of mass to be y; = 0. The vaulter’s body m
a height v, =50m — 09m = 4.1 m.
SOLUTION We use Eq. 8-12,

smo; + 0 = 0 + mgy
S0

K, = smvi = mgy, = 62kg (9.8m/s")(4.1m) = 25x10%J

The speed 1s
K, 2(2500))
o= | —— = |[———=9,0m/s

NOTE This is an approximation because we have ignored such things as the
vaulter's speed while crossing over the bar, mechanical energy transformed when
the pole is planted in the ground, and work done by the vaulter on the pole. All
would increase the needed initial kinetic energy.



U K

To «BEAOG» evOg WeUTIKOU OTTAOU JUyilEl I |
0.100 kg ka1 otrAiCel éva eAatiplo. H

oT1a0epd TOU eAatnpiou gival k = 250 N/m
(ayvoouue TnV pada Tou) Kol CUMTTIECETAI

6.0 cm. Moia gival n TaxuTnTa TOU BéAoug
oTav @Uyel atrd To EAaTAPIO OTNV B€0oN

x=0.

L

SOLUTION We use Eq. 813 with point 1 being at the maximum compression of
the spring, so », = 0 (darl not yet released) and x, = —0.060m. Point 2 we
choose to be the instant the dart flies off the end ol the spring (Fig. 8-12b}), s0
x; = 0 and we want to find »,. Thus Eq. 8-13 can be written

0+ 1kxl = Tmvd + 0

Then i
kxy
= —

m

and

- [(250N/m)(—0.060 m)*
B (0.100 kg)

= 3.0m/s,
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‘Eva a1TAO EKKPEMEG ATTOTEAEITE
a1ro Eva o@aipidio padag m Trou
KPEMETAI ATTO £vO OKOIVI
(apeAnTéag padag) |. H opaipa
atreAeUBepwveTal 0TO XPpOVOo t = 0,
OTTOU TO OKOIVI oXNMaTICEl ywvia
@ = 6, ME TNV KATOKOPUPO.

~,

(a) MepIypAYWTE TNV Kivnon TNG oQAipaS WG TTPOS TNV KIVNTIKA
Kol QUVOUIKA TNG EVEPYEIQ, (B) OTN CUVEXEIO TTPOODOIOPIOTE
TNV TAXUTNTA TG OPAiIPAS oAV oUVAPTNON TG Ywviag 6 (y)
TOoN €ival N TAXUTNTO OTO XOUNAOTEPO ONMEIO TG OIAOPOUNAS
(0) TTéonN €ival n TAon TOU OKOIVIOU. AYyVOEIOTE TNV AVTIOTAON

TOU a€pa.
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SOLUTION (a) At the moment of release, the bob is at rest, so its kinetic energy
K = (0. As the bob moves down, it loses potential energy and gains kinetic energy.
At the lowest point its Kinetic energy 1s a maximum and the potential energy
is a minimum. The bob continues its swing until it reaches an equal height and
angle (#,) on the opposite side. at which point the potential energy is a maximum
and K = (. It continues the swinging motion as /' — K — U and so on, but it
can never go higher than 6 = + #, (conservation of mechanical energy).
(b) The cord 15 assumed to be massless, so we need to consider only the bob’s
kinetic energy, and the gravitational potential energy. The bob has two forces
acting on it at any moment: gravity, mg, and the force the cord exerts on it, Fy.
The latter (a constraint force) always acts perpendicular to the motion, so it does
no work. We need be concerned only with gravity, for which we can write the
potential energy. The mechanical energy of the system is

E = smv' + mgy,
where v is the vertical height of the bob at any moment. We take y = 0 at the
lowest point of the bob’s swing. Hence at t = 0,

y =y = { — fcosfl, = E(I — cos )

as can be seen from the diagram. At the moment of release
E = mgy,

since » = 1 = (). At any other point along the swing
E = imv’ + mgy = mgy.
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We solve this for

v o= V2w — ¥)
In terms of the angle & of the cord. we can write

(v — y) = (L — feos@y) — (£ — Leosh) = leost — cosfy)
S0

v = \/2gl(cos B—cos ;).
(c) At the lowest point, v = 0, so

v o= \/28¥%
or

v o= \/2gl(1 — cosé,).
() The tension in the cord is the force Fy that the cord exerts on the bob. As
we've seen., there is no work done by this force, but we can calculate the force
simply by using Newton’s second law =F = ma and by noting that at any point
the acceleration of the bob in the inward radial direction is v*/€, since the bob is
constrained to move in an arc of a circle of radius £ In the radial direction, F; acts
inward, and a component of gravity equal to mg cos @ acts outward, Hence
3
22

m? = Fp — mgcosi.

We solve for Fr and use the result of part (b) for v™

£
= (3cos@ — 2cosby)mg.

2
Fy = m(t’— - gcusﬂ) = Emg{cnsﬂ — msﬂu} + mgcosf
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8-5 Apxn Alatnpnong Tng Evépyeiag

Mn ouvTnpNTIKEG «OUVAMEIGY:

TpIBn
OeppoTnTa
Electrical energy
Chemical energy
and more

Agv d1aTNPOUV TNV MNXOVIKI EVEPYEIOQ.

loxuel Opwg TTavTa n oxéon:

AK + AU + [change in all other forms of energy] = 0.



8-5 Apxn Alatnpnong Tng Evépyeiag

H ocvvolikn evépyeia yio Eva amopuovmusvo
(K/E16TO) CULOTHYUO OVTE OVEAVETAL OVTE
elatrmverol. Evepyeia unopel va ustartpansi
OE OAAN HOPON KAl VO UETAPEPDEL oo
OVTIKEIUEVO OE OVTIKEIUEVO UALD 1] COVOAIKY
EVEPYELO TOV CVOTHUATOS TTOPAUEVEL
otalepn.
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ETriAucn aOKNOEWV:
1. Alaypaupua.
2. Npocdiopiloupe TO CUCTNHA.

3. NMpoodilopifoUpE APXIKES KOl TEAIKEG
KOTOOTACEIC EVEPYEIOG VIO TA AVTIKEIMEVA TTOU
MOG EVOIN@EPOUV.

4. ETTIAEyOUHE CUCTNMO AVA@POPAG.

5. Epapuoloupe TNV apxn diatnpnong tng
EVEPYEIQG.

6. AUVOUJE.



To Bayovaki oTo OEUTEPO HEPOG TNG _
S1a8popng TAvEl HOVO PEXPI TO 25 M Kal L{,ﬂ’fﬁi}h

otapardel. AiIjvuoe 400 m. Eav npéda <\
TOU Ba f T ’ =t S e s e ’;r\
yoviou gival 1000kg Bpeite TRV ST 0\ _
aTTwAsia o€ evépyeia AOyw TPIRAG l TR SIS N TE
2 . - A O s Lan"“‘
(6eppoTnTa) Kai TNV duvaun TG TPIRNAG ST 0RO 0 f;:r;f 050 :H OO0
[3] ] col s I e | [ s e L] L]

(utroBéoTe OTI ival TTEPiTTOU OTABEPN)

‘.—{}

6. Apply conservation of energy. There 1s [ricion acting on the car, so we use
conservation of energy in the form of Eq. 8-15, with », =0, y, = 40m,
vy =0, v»w=25m, and { = 400 m. Thus

0 + (1000kg)(9.8m/s*)(40m) = 0 + (1000kg)(9.8 m/s*)(25m) + F,L.

7. Solve. We solve the above equation for F £, the energy dissipated to thermal
energy: Fid = (1000 kg)(9.8 m/s*}(40m — 25m) = 147,000]. The average
force of friction was F, = (1.47 % 10°J)/400 m = 370 N. [This result is only
a rough average: the friction force at various points depends on the normal
force, which varies with slope.]
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k
Mia pada m Trou KIVEITAl O€ «n Agia» | m MWV
= ARRARARARARRARRARANY

opIJOVTIO ETTIPAVEIO HE TAXUTNTA V, KO
TTPOOKpoUEl o€ eAaTpIo (apueEANTEQG
MAadag) To otroio cUMTTIECETAI KATA X.
Edv n oTta@epd Tou eAaTtnpiou givai K,
TTPOOdIOPICTE TOV OUVTEAECTH TPIRAS

Kivhong.

APPROACH At the moment of collision, the block has K = fmw] and the
spring 1s presumably uncompressed, so U = (). Initially the mechanical energy of

the system is fmwvi. By the time the spring reaches maximum compression,
K =0 and U = 7kX" In the meantime. the friction force (= py Fy = pymg)
has transformed energy Fi X' = ppmgX into thermal energy.
SOLUTION Conservation of energy allows us (o write
energy (initial) = energy (final)
Tmv, = kX + pymgX.

We solve for py and find

5 kX
2gX 2mg

Hy =
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8-7 Medio BaputnTtag kal Taxutnta Ala@uyng

2 € MEYAAEG aTtTOOTAOEIC ATTO TV TN N
Ouvapn TS BapuTNTAG Eival TTEPITTOU
oTafepn:

- mMEA
F = -G

r

To £pYO EVOG AVTIKEIMEVOU TTOU
KIVEITE NEOO OTO TrEdIO

BapUTNTAG TNG YNG Eival:

()
e B,
A
)

W = Jhi‘-di - —GmMEJ '2
1
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OAoKAnpwvovTag BPICKOUNE:
GmME GmME .

) ¥y

—

Etreidn BAETTOUHE OTI TO OAOKANPWHA
ECOPTATAI MOVO ATTO TO APXIKO KAl TEAIKO
onueio TnG d1adpopung, n BapuTnTa givai
ouvTtnenTikn duvaun. Opilouue TO
OUVAMIKO TTEDIO TNG BapUTNTAC WG EENG:

U

B GmME

e

U(r) =




‘Eva KOPMATI EVOG TTUPAUAOU (TTAOKAKI) TTOU KATEUBUVETAI TTPOG TO
di1aoTnpa EeKoAAdsl Kal TTEQTEI TTPOoG TN 'n. H Tax0TNTA TOU TTUPAUAOU Th
OTIYMN TNG atroKOAANoNG gival 1800 m/s kai n amréotaon 1600 km até Tnv
em@Avelag TG 'ng. AyvowvTag TnG avtTioTaon Tou aEpa BPEiTe TNV
TOXUTNTA TTOU €XEI AVATTTUEEI TO TTAOKAKI TTPIV TTECEI OTO £00OG.

Copyright © 2009 Pearsoil

APPROACH We use conservation of energy. The package initially has a speed
relative to Earth equal to the speed of the rocket from which it lalls.

SOLUTION Conservation of energy in this case is expressed by Eq. 8-18:

_mMy mM,
smvt — G - = %m‘u% — G '
- ' Fa

where 2, = 1.80 X 10°m/s, r, = (1.60 % 10°m) + (6.38 > 10°m) = 7.98 x 10°m,
and r = 6.38 % 10°m (the radius of the Earth). We solve for w:

[ 1
v = \ v EGMF_[.- p f'zj
(180 x 107 m/s) — 2(6.67 x 107! N-m?/kg?)(5.98 x 10* kg)
= |'|I ( | I )
:}{ - .
\'II 798 % 10°m 6.38 % 10"°m
= 5320m/s.

NOTE In reality, the speed will be considerably less than this because of air
resistance. Note, incidentally, that the direction of the velocity never entered into
this calculation, and this is one of the advantages of the energy method. The rocket
could have been heading away from the Earth, or toward it, or at some other
angle, and the result would be the same.,




OTav n KIVNTIKN EVEPYEIX EVOG AVTIKEIMEVOU I0OUTAI ME TNV
OUVaMIKN eVvEPYEIQ TOU TTEQIOU TNG BapUTNTAG, TOTE N TAXUTNTA
ovopadleTal TaxuTnTa d10@UYNS Kal OIdETAI ATTO TNV OXEON

Vese = V2GMg/re = 1.12 X 10°m/s.

2UYKPIVETE TIC TAOXUTNTEG d1aUYRGS atrd TNV 'n Kai Tnv
2eAAvN. My,0on = 7.35 X 10%?2 kg and r, = 1.74 x 10° m, and for
Earth, Mg =5.98 x 10?4 kg and rz =6.38 x 10°m

| {a) Using Eq. 8-19, the ratio of the escape velocities 1s
Vesc( Earth) I.f Mg ry
Vooo[Moon) \ My e

= 4.7.
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8-8 loxug
loxUg gival o pUOPOC JE TOV OTTOIO EKTEAEITE TO
EPYO.

H Méon loxug eivai: P = —.

aw
dt
O1 povadeg 1oxUo¢ sival Ta Watts: 1 W = 11]/s.

Kai oTiydiaia 1o0xUg: P =

H 10x0¢ ptTopEi etTiong va

EKQPPOAOCTEI oAV O PUBOG p dE
METABOANG TNG EVEPYEING dt
OnA.



‘Evacg dpopéag 60-kg aveBaivel katrola
okKaAld o€ 4.0 s. H KaTakOpu®n UWOHETPIKA
dla@opd Twv oKAAIwV gival 4.5 m. (a) Bpeite
TNV I0XU TTOU KATAVOAWVEI 0 OPOHENG O€E
watts kai itrrroug (HP, horsepower). (B) Moéon
gvépyela atraitei n d1adikaoia;

APPROACH The work done by the jogger 15 against gravity, and equals
W = mgy. To find her average output, we divide W by the time it took.

SOLUTION (a) The average power output was

_ W ™m (60 kg)(9.8 m/s*)(4.5m _
5 _ W _ mey _ (60ke) J4s5m) W
t [ 4005

Since there are 746 W in 1 hp, the jogger is doing work at a rate of just under 1 hp.
A human cannot do work at this rate for very long,

(b) The energy required is £ = Pt = (6601/5)(4.0s5) = 2600]. This result
equals W = mgy.

NOTE The person had to transform more energy than this 2600 1. The total energy
transformed by a person or an engine always includes some thermal energy (recall
how hot you get running up stairs).

1hp~0,75kW
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Na octadepég OUVANEIG, MTTOPOUME VA EKPPACOUNE TNV IOXU WG TTPOG TV

TaXUTNTA: i
dW = dl =
P = ——=F- = F-v
dt dt
Y1roAoyioTe TNV 1I0XU TTOU ATTAITEITAI YIA £éva Fy
auTtokivnTo 1400-kg yia TIG akOAouBe KATAOTAOEIG: i sin 10°

(a) va avéRel Eva Ao kKAiong 10° pe otalepn
Taxutntag 80 km/h. (B) va emitaxovel og opi{OVTIO
emitredo amwo Ta 90 ora 110 km/h péoa o€ 6.0 s.
Ytmo0éoTe pia otabepn avriotaon F; =700 N

TTavVTOU.

component of gravity parallel to the hill, mg sin 107, Thus

F = T00N + mgsin 10°
= J00N + (1400 kg)(9.80 m/s?)(0.174) = 3100 N.

P

Fv = (3100N)(22m/s) = 6.80 % 10°W = 68.0kW =

Copyright © 2009 Pearson Education, Inc.

Since » = 80km/h = 22m/s and is parallel to F, then (Eq. 8-21) the power is

SOLUTION («) To move at a steady speed up the hill, the car must, by Newton’s
second law, exert a force F equal to the sum of the retarding force, 70O N, and the



Fy

mg sin 10°

(b) The car accelerates from 25.0 m/s to 30.6 m/s (90 to 110 km/h). Thus the car
must exert a force that overcomes the 700-N retarding force plus that required to
give it the acceleration

7 = (30.6 mfﬂﬁj—} 525_{"} m/s) - 0.93m/s’
We apply Newton’s second law with x being the direction of motion:

ma, = 2F, = F — F.
We solve for the force required. F:

F = ma, + Fg
= (1400kg)(0.93m/s*) + TOON = 1300N + 700N = 2000N.

Since P = F - ¥, the required power increases with speed and the motor must
be able to provide a maximum power output of

P o= (2000N)(30.6m/s) = 612 x 10'W = 612kW = 82hp.

NOTE Even taking into account the fact that only 60 to 80% of the engine’s
power output reaches the wheels, it is clear from these calculations that an engine
of 75 to 100 kW (100 to 130 hp) 15 adequate from a practical point of view.
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8-9 Auvauikég Evepyelakég Etripaveieg EuoTaBbng
Kal AotaOng looppoTtria

Ux) 2710 SIAYPANMO ATTEIKOVICETAI N

E; OUVAMIKI EVEPYEIA EVOG
/‘T QVTIKEINEVOU TTOU TO KIVEI MId
I
I

I
| . ouvtnenTikn duvaun. H
E
: \'/\\,//
| : : | Kl{ |
E(:, i i | :
l ]

| «avTidpaon» (CUNTTEPIPOPA TOU
I y r

| AVTIKEIMEVOU TTPOCOIOopIfETAI

| aT1TO TNV OUVOAIKI EVEPYEIA TOU.

X

5 Y X3 A A2 Y6

Me evépyela E,, TO AVTIKEIMEVO «TAAAVTEUETAI» PETAGU
TWV CNMEIWV KAPTTAG X; KAl X,.

Me evépyela E, Exel TEooepa (4) onUEia KAPTTAG

Me evépyela E, BpiokeTal o€ (oTaBepn) EUCTAOA
IcOpPOTTIa.

2TO onpeia x, Bpiokeral o€ aoTadr IcOpPOTTIa.

Copyright © 2009 Pearson Education, Inc.



Cop

Table 1.1 Energy per Gram

Calories Compared
Object (or watl-hours) loules to TNT
Bullet (at sound speed, 1000 ft/s) 0.01 40 0.015
Battery (auto) 0.03 125 0.05
Baltery (rechargeable computer) 0.1 400 0.15
Flywheel (at 1 km/s) 0.125 500 0.2
Battery (alkaline flashlight) 015 600 0.23
TNT (the explosive trinitrotoluene) 0.65 2700 ]
Maodern high explosive (PETN) 1 4200 1.6
Chocolate chip cookies 5 21,000 8
Coal 6 27,000 10
Butter 7 29,000 11
Alcohol (ethanol) 6 27,000 10
Gasoline 10 42,000 15
Natural gas (methane, CH,) 13 54,000 20
Hydrogen gas or liquid (H,) 26 110,000 40
Asteroid or meteor (30 km/s) 100 450,000 165
Uranium-235 20 million 82 billion 30 million



Table 1.2 Cost of Energy

Energy and Power

Cost per kWh Cost if converted
Fuel Market cost (1000 Cal) to electricity
Coal $40 per ton 0.4¢ 1.2¢
Natural gas $3 per thousand cubic feet 0.9¢ 2.7¢
Gasoline £2.50 per gallon 7¢ 21¢
Electricity $0.10 per kWh 10¢ 10¢
Car battery $50 to buy battery 21¢ 21¢
Computer battery $100 to buy battery $4.00 $4.00
AAA battery $1.50 per battery $1000.00 $1000.00
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Table 1.3 Common Energy Units

Energy unit

Delinition and equivalent

calorie (lowercase)
Calorie (capitalized), the food
calorie, also called kilocalorie

Joule

Kilojoule
Megajoule
Kilowatt-hour (kWh)

British Thermal Unit (BTU)
Quad

Heats 1 gram of water by 1°C

Heats 1 kg of water by 1°C 1 Calorie = 4182
joules = 4 k|

1/4182 Calories

= Energy to lift 1 kg by 10 em

=Energy to lift 11b by 9 in

1000 joules = 1/4 Calorie

1000 kilojoules = 10* joules Costs about 5 cents from electric utility
861 Calories = 1000 Calories = 3.6 megajoules
Costs 10 cents from electric utility

1 BTU = 1055 joules = 1 k) = 1/4 Calorie

A quadrillion BTUs = 10'S BTU = 10'¥ )

Total U.S. energy use = 100 quads per year,;
total world use = 400 quads per year

MNote: The symbel = means “approximalely equal to.”
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