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[Mepiexoueva 14
* TaAavTwoeig EAaTnpiou
* ATTAR} ApMOVIKA Kivnon
* EVEpyela atTAOU aQpHUOVIKOU TAAAVTWTN

* 2X€0N ATTAOU OPMOVIKOU TOAAVTWTA Kl
KUKAIKAG Kivnong

* TO a1TAO EKKPEMEG
* TO PUOIKO EKKPEMEC KOI TO OTPOPIKO EKKPEMEG
 Epnouxaocuog TaAdvTwong

 ECavaykaopEveG TOAAVTWOEIG KOI ZUVTOVIOUOG
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14-1 TaAavTwoeic EAaTnpiov

3
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— doveital 1 ToOAAvTEUETAI
x=0 MTTPOG-TTICW O10VUOVTOG
< Eva OIAOTNUA OE TOKTO
NVAVANAN m XPOVIKO SIdoTnHa n

— Kivnon ovopudleTal
mEPIOOIKN. To oUuoTNUO
Madag Kal eEAaTnpiou
OTTOTEAEI £va MOVTEAO
TTEPIOOIKOU CUCTAMATOG
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14-1 TaAavTwoeic EAaTnpiov

YTTOBETOUME OTI OE MIA ETTIPAVEIO OEV
UTTApPXOUV TPIREC. YITAPXEI EVA ONMEIO OTTOU
TO EAATHPIO OUTE CUMTTIECETOI OUTE TEVTWVETAI.
To onuEio auTd OVOUACETAI ONMEIO
I00PPOTTIOG. H HETATOTTION UETPIETOI OE OXEON
ME TO onMEio auTo (X = 0 oTNV TTPONYOUMEVN
olapaveia).

H dUvaun 1Tou aokeital oTo EAATAPIO Eival
avaAoyn TnG METATOTTIONG:

F = —kx.



14-1 TaAavTwoeig EAaTnpiou

* To apvNTIKO TTPOCNMO ONAwWVEI 0TI n dUuvaun
gival ETTAaVA@OPAC—ONA KAaTeuBUVETAI TTPOS TO
ONMEIO ICO0PPOTTIAG.

* k geival n oTaBepa eAaTnpiov.

 H duvapun doev gival ota@epn, ETTOPEVWG I
EMITAYXUVON OEV gival oTaBEPN.



|

‘ - F

U= +Umax
(max. in positive

direction)

F=0
- V= —VUmax
A/ = (max. in negative
u | direction)
x=0
x=-A x=0
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14-1 TaAavTwoeic EAaTnpiov

H peTaTotTIioNn METPIETAI ATTO TO
ONMEIO I00PPOTTIAG.

To INAAaToG €ival n HEYIOTN
METATOTTION).

‘Evacg KUKAOG gival jia TTAneNgG
Kivnon atro Kal TTPoG TO ONMEIO
IC0PPOTTIOG.

H 1repiodog eival 0 XpoOvog 1Tou
QTTAITEITAI YIO EVA TTANPN KUKAO.

H cuyxvornTta gival o apiBuog
TWV KUKAWV avda OeUTEPOAETTTO.



14-1 TaAavTwoeig EAaTnpiou

"‘Eva eAaTAPIO KPEPETA I Sy
KOATAKOPU®PA, N MOVN T N now
oAAayn €ival oTo  onuEio X s
ICOPPOTTIOG, OTTOU O€

OUTAV TNV TTEPITTTWON TO '
OnNMEIO AUTO Eival EKEI

O1TOU N dUVOUN TNG

BapUTNTAG ECICWVETAI UE

TNV OUVONN TOU EAOTNPIOV.
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14-1 TaAavTwoeic EAaTnpiov

Mia TeTpapeANG oIKoyEveEla Cuyidel
200 kg, ka1 emipiBalovral oTO
QUTOKIVNTO TOUG TToU Cuyidel 1200-
Kg, Kal T EAATAPIO TOU
OUTOKIVATOU (OMOPTICEP)
ouptriE¢ovTtal kata 3.0 cm. (a) Eav
UTTOBEOOUME OTI TO TECOEPQ
EAATAPIO CUMTTEPIPEPOVTAI WG
£va, TTola €ival N oTaBepd TOU
gAatnpiou (b) NMNéco Ba xaunAwoel
TO QUTOKIVNTO €AV QPOPTWOEI pE
300 kg avri 200 kg;




APPROACH We use Hooke's law: the weight of the people, mg, causes a 3.0-cm
displacement.

SOLUTION (a) The added force of (200kg)(9.8m/s’) = 1960 N causes the
springs to compress 3.0 > 107 m. Therefore (Eq. 14-1), the spring constant is

F 1960 N
— —" — — 15 }C:: 4 .
k=<~ = o710 6.5 X 10° N/m

(b} If the car is loaded with 300 kg, Hooke's law gives
F o (300kg)(9.8 m/s?)

= — = = 45 % 107 m,
Tk T (65 % 10°N/m) "

or 4.5 cm.

NOTE In (), we could have obtained x without solving for k: since x is proportional
to Foaf 200 kg compresses the spring 3.0 ¢cm, then 1.5 times the force will compress
the spring 1.5 times as much, or 4.5 cm.
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14-2 ATTAR} APMOVIKNA Kivnon

2€ KABe ocuoTnua TTou doveital £1TEIdON N OUVANN
gival avaAoyn TnG apvnTIKNG METATOTTIONG
QTTOTEAEI ATTAR) APMOVIKNA Kivnon Kal cuyvda
QTTOKOAEITOI ATTAOG APHUOVIKOS TOAAVTWTAG.

O<ctovrog F = -kx oTO OeUTEPO VOO TOU NeUTWVA
KOTOARQYOUME OTNV €Ei0WON TNG KivnoNng:
d’x k

+—=x =0
dr’ m” ’

Mia AUON TNG €CiICWONG AUTAG EXEI TNV HOPPN:

x = Acos(wt + ¢).



14-2 ATTAR} APUOVIKI Kivnon

Me avTikataoTaon BAETTOUME OTI N AUCH QUTH
£TTaAnBevel TNV €Cicwon OTToU:

O1 oTabepeg A Kal @
E mTpoodlopifovTal ATTO
. E TIG ApXIKEG OUVONAKEG. A

gival To TTAATOG KOl @ N
paon oto Xpovot = 0.

|
~
b |1
~
+|
~
~
(o] (%]
~
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14-2 ATTAR} APUOVIKI Kivnon

H TaxutnTa TpoodiopileTal ATTd TNV TTOPAYWYO
TNG METATOTTIONG:

D %— = % |Acos(wt + ¢p)] = —wAsin(wf + ¢).

O pOA0G TNG PAONS ¢ PUIVETAI OTO
Siaypappa: ]
Ar=—

x_{fj r/ x =A cos (0f + 0)

SIR=2




14-2 ATTAR} APUOVIKI Kivnon

Emeidl o =27wf = Vk/m,  1061¢€

1 k

F= N

| M
T = 27  |—.
k




14-2 ATTAR} APMOVIKN Kivnon

NMMpoodiopioTe TNV TEPIOdO KOl TNV OuUXvVOTNTA
TOAAVTWONG €VOG OQUTOKIVATOU TTOU TTEPOCE TTAVW
atrdé éva gutrodio. H palda Tou AUTOKIVATOU Eivai
1400 kg, kalI TO OMOPTICEP TOU EXOUV OTOOEPQ
ehatnpiou 6.5 x 104 N/m. YmoOétoupe OTI TO
OUTOKIVNTO TOAOVTEUETOI KATOKOPUPA.

APPROACH We put m = 1400 kg and k = 6.5 > 10°N/m from Example 14—1a

into Egs. 14-7.
SOLUTION From Eq. 14-7h,
‘m | 1400 kg
| M f
T = 27,./— = 2m7,[= = 0.92s,
"Nk V65 x 10°N/m :

or slightly less than a second. The frequency f = 1/T = 1.09 Hz.
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Displacement x

Velocity v
<
=
=
~
—— 3= _
h-..i
e | 8
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— = k3|
~

Acceleration a
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H TaxuTtnTa Kai n
ETITAXUVON VIO TV
OPMOVIKNA Kivnon
TTEPIYPAPOVTAI ATTO TIG

ECICWOEIG:
d
v = d—;c = —wAsin(wt + @)
[
d*x dv

= = = —w'Acos(wt + ¢).

e dr



14-2 ATTAR APMOVIKA Kivnhong

2€ £EVA EPYOOTACIO EVOC NEYAAOG NAEKTPOKIVNTAPAG
KAVEI TO OATTEDO TOU KTIPIOU VO TPEUEI NE OUXVOTNTA
10 Hz. To mAATOog TG dovnong sival repitrou 3.0
mm. BPEiTe TNV MEYIOTN ETITAXUVON TOU OATTEOOU.

APPROACH Assuming the motion of the floor is roughly SHM we can make an
estimate for the maximum acceleration using Eq. 14-9b.

SOLUTION Given w = 27f = (27)(10s7") = 62.8 rad/s, then Eq. 14-9b gives
Ay = @A = (62.87rad/s)*(0.0030m) = 12m/s".

NOTE The maximum acceleration is a little over g, so when the floor accelerates
down, objects sitting on the [oor will actually lose contact momentarily, which
will cause noise and serious wear,
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14-2 ATTAR} APMOVIKNA Kivnon

O KWwvVOoGg €vOG nXEIOU TAAAVTEUETAI PE OCUXVOTNTA
262 Hz (“middle C”). To TTAATOG TOU KEVTPOU Eival
A=15x10%m, ka1 og xpévo t =0, x = A. (a) NMNoia
gCiowon TTEPIYPAPEI TNV Kivnon Tou KEvTpou; (b)
Mola gival n TaxuTNTa KAl N ETITAXUVOT oAV
ouvapTnon Tou xpovou; (c) Mola givai n
METATOTTION OTav t = 1.00 ms (= 1.00 x 103 s);
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Copyri¢

APPROACH The motion begins (f = (1) with the cone at its maximum displacement
(x = A at = (). 50 we use the cosine function, x = A coswlf, with ¢ = (0.

SOLUTION (a) The amplitude A = 1.5 x 107" m and
w = 2mf = (6.28rad)(262s57") = 1650 rad/s.

The motion 15 described as
x = Acoswl = (1.5 % 107" m)cos(16501),

where 1 is in seconds,
(b} The maximum velocity, from Eq. 14-9a, is

= wA = (1650rad/s)(1.5 X 107" m) = 0.25m/s,

Prmax
500

v = —(0.25m/s)sin(16501).

From Eq. 14-9b the maximum  acceleration  is e = @A =
(1650 rad/s)*(1.5 x 107" m) = 410 m/s*, which is more than 40 g's. Then

a = —(410m/s?)cos(1650¢).
(c) At 1= 1.00 % 1077 s,
x = Acoswof = (1.5 % 107 m)cos[ (1650 rad/s){1.00 3 107 s)]
= (1.5 % 107" m)cos(1.65rad) = —1.2 x 1077 m.

NOTE Be sure vour calculator is set in RAD mode, not DEG mode. for these
cos wl calculations.



14-2 ATTAR} APUOVIKI Kivnon

‘Eva eAatipio tevrwveTal Kata 0.150 m oétav pia pada
0.300-kg «kpepaoTEI» TTAVW TOU. TO CUCTNHO BpPiCKETAI
O€ 1I00PPOTTIa OPIOVTIWG TTAVW O TPATTECI AVEU TPIRNG.
H pala peratomideTal £€TO1 WOTE VA OCUMTTIECElI TO
gAatipio katd 0.100 m amdé tnv 0€on 1coppotriag. Na
TTPOOodIoPICTOUV: (a) N oTaOEPA TOU EAATNPIOV Eival K Kal
N YWVIOKR ouxvotnta w; (b) To TTAATOG TNG 0pPICOVTIOG
TaAdvTwong A; (c) To MEYEBOG TNG MEYIOTNG TAXUTNTAG
Vmax: (d) TO HEYEBOG TNG HEYIOTNG EMITAXUVONG A, TNG
pMalag, (e) n mepiodog T kalr n ouxvornrta f; (f) n
METATOTTION X OOV OUVAPTNON XPOVOU Kal (g) n TaxuTnTa
orav t = 0.150 s.
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APPROACH When the (0.300-ke mass hangs at rest from the spring as in Fig. 14-3b,
we apply Newton’s second law for the vertical forces: ZF =0 = mg — kx;. so
k = mg/x,. For the horizontal oscillations, the amplitude is given, and the other
quantities can be found from Eqs. 14-4, 14-5, 14-7, and 14-9. We choose x positive
to the right.

SOLUTION (a) The spring stretches (.150m due to the 0.300-kg load, so
F o omg  (0.300kg)(9.80m/s?)

k= — = _ — 196N/m.
Yo | X 0.150 m fm

From Eq. 14-5,

[k [196N/m

“ " Nm ~ V 0300ke

(h) The spring i1s now horizontal {on a table). It is compressed 0.100m from
equilibrium and is given no initial speed. so A = 0,100 m,

(c) From Eq. 14-9a, the maximum velocity has magnitude
Vmay = @A = (8.08s7)(0.100m) = 0.808 m/s.

() Since  F = ma, the maximum acceleration occurs where the force is

= B.08s.

oreatest—that is, when x = £ A = £ 0,100 m. Thus its magnitude is
A kA (19.6 N/m)(0.100 m) _ .
oy = —— = — = 0300 kg = 6.53m/s".

[This result could also have been obtained directly from Eq. 14-9b, but it is often
useful to go back to basics as we did here.]
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_ (e) Equations 14-7b and 14-2 give

T 2 F 2 \Xmmkg 0.777
p— _— = p— . 5
"k "\ 19.6 N/m
1
f = 7 1.29 Hz.

(/) The motion begins at a point of maximum compression. Il we take x positive
to the right in Fig. 14-2, then at r =0, x = - A = —0.100m. So we need a
sinusoidal curve that has its maximum negative value at ¢ = 0. this 18 just
a negative cosine:

x = —Acosael
To write this in the form of Eg. 14-4 (no minus sign), recall that
cos @ = —cos(# — w). Then, putting in numbers, and recalling —cosfl =
cos(w — #) = cos(f — 7)., we have

xr = —(0.100m) cos 8.08¢

= (0.100m) cos(8.08r — 7).,
where 1 is in seconds and x is in meters. Note that the phase angle (Eq. 14-4) is
¢ = —m or — 1807,
(g) The velocity at any time £ is dx/dt (sec also part ¢):

vo= % = wAsinwl = (0.808 m/s) sin 8.081.

At 1 =0.150s, » = (0.8B08m/s)sin{1.21rad) = 0.756 m/s, and is to the right { +).




14-2 ATTAR} APUOVIKI Kivnon

To eAaTnpio Tou TTapadeiyparog 14-5 (610U
o = 8.08 s1) cupmiéferal kKatd 0.100 m atrd
TNV B¢on 10oppoTriag (X, = -0.100 m) aAAa
OtxeTal MIa  emITAéov wbnon oTtnv
O1EUBuvon +X WOTE VA PTACEI TNV TAXUTNTA
Vo = 0.400 m/s. NMpoodiopiocTe (a) TV Ao
¢, (b) TO TTAATOC A, KaI (C) TNV METATOTTION X
oaVv ouvapTnon Tou Xpovou, X(1).



APPROACH We use Eq. 14-8a.at = 0, towrite v, = —wAsind, and Eq. 144
to write x; = Acos¢. Combining these, we can obtain ¢. We obtain A by using
Eq. 14-4 again at t = 0. From Example 14-5. @ = 8.08s7".

SOLUTION (a) We combine Eqgs. 14-8a and 14—4 at 1 = 0 and solve for the tangent:
. ~sing (vy/—wA) B vy 0.400 m/s
NPT s (xfA) | ox (8085 )(—0.100m)

A calculator gives the angle as 26.37, but we note from this equation that both the

sine and cosine are negative, so our angle is in the third quadrant. Hence

¢ = 263" + 180° = 2063° = 3.60rad.

(b) Agan using Eq. 14-4 at t = 0, as given in the Approach above,

J['” I::—n-Tﬂﬂ '[TI}

A= = = 0.112 m.
cos ¢ cos(3.60 rad) .

(¢) x = Acos(wl + &) = (0.112m) cos(8.081 + 3.60).

= ().495,
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14-3 H evépyeia atTAoU apHOVIKOU TOAQAVTWTN

H duvauikn evépyela Tou eAaTnpiou didETAI ATTO
TNV oX€0oN:

U = —JFa’x = Skx?
H unxavikn evépyelag dideTal atro Tnv oxEon:
E = smv* + 5kx°.

AtToucia TPIBWYV N CUVOAIK MNXOVIKI
EVEPYEIQ DlATNPEITAI.



| pelia? 14-3 Evépyela atrAou
S L OPMOVIKOU TOAQVTWTA

(0=0) | 2TO OpIa TNG
L2 TAAAVTWONG N EVEPYEIQ
Yy~ J gival HOvo OUVAMIKNA.

{ 1 5 — k A2
3, I ) I M N
SR A ,—':%5::-‘ A TR 2 *
N R T
Sy WY WY WY W Y
v WY W L'l R

2Tn B€on 1I00ppoTTIaG
| Emgme e - OAn n evépyela givai
- jl KIVNTIKN.
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14-3 Evépyeila atTAOU APHUOVIKOU TOAAVTWTA

H ouvoAIKN KIVNTIKNA EVEPYEIA €ival, %k A
ETTOMEVWG:
smv’ + skx® = 1k A

AUVOUNE WG TTPOG TNV TAXUTNTA KOl BPICKOUME:

61ou Umax = (k/m) A%
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14-3 H evépyelag atrAoU TAAAVTWTN

[(pa@IKA TTOPACTOON TTOU ATTEIKOVICEI TNV
OUVOMIKN evEPYEIO. BAETTOUME OTI N
OUVOAIKN EVEPYEIQ Eival oTAOEPN

Ux)

Energy

U(x)
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14-3 Evépyeila atTAOU APHUOVIKOU TOAAVTWTA

Na T0 OammAOG OPMOVIKO TOAAVTWTHR TOU
mTapadeiyparog 14-5 (6mmou k = 19.6 N/m, A =
0.100 m, x = -(0.200 m) cos 8.08t, and » = (0.808
m/s) sin 8.08t), TpoodlopioTe (a) TNV OUVOAIKN
gvépyela (b) TNV KIVNTIKA KAl TNV OUVAMIKN
EVEPYEIO OOV OUVAPTNON TOU XpOvou, (C) Thv
TaOXUuTnTa OTav n pada Bepiokerar 0.050 m atro
TNV 0€on 100ppoTriag, (d) TNV KIVNTIKA KAl
OUVOMIKI EVEPYEIO OTO NMUIOU TOU TTAATOUG. (X =
+ A/2).



APPROACH We use conservation of energy for a spring—mass system, Eqs. 14-10
and 14-11.

SOLUTION (a) From Example 14-5, &k = 19.6N/m and A = 0.100m, so the
total energy £ from Eq. 14-10a is

E = kA = (196 N/m)(0.100m)* = 9.80 > 107*].

(h) We have, from parts (f) and (g) of Example 14-5, x = —{0.100 m ) cos 8.081
and v = (0.808 m/s) sin 8.08f, so

U = $kx’ = 3(19.6N/m)(0.100 m)’ cos’ 8.08f = (9.80 x 107" J) cos’ 8.08¢
K = smv® = $(0300kg)(0.808 m/s)?sin’ 8.08f = (9.80 x 107 J)sin’ 8.081.
(c) We use Eq. 14-11b and find
vo= a1 — A = (0808m/s)\1 — (3 = 0.70m/s.
(d) At x = A/2 = 0.050m. we have

U = skx* = 3(196N/m)(0.050m)*> = 2.5 % 107%]
K =FE—U = 73x107").

Copyright © 2009 Pearson Education, Inc.



14-3 Evépyeila atTAOU APHUOVIKOU TOAAVTWTA

E = SkA

- " YmoOEoTe OTI Eva
L EAATAPIO «KTEVTWVETAI»
w=0) oTO OITTAAC10 TOU TTAATOUG
TNG TAAAVTWONG (OTO X =
J_ ANAN m J ZA) T1 oU M BﬂiVEI (a) oTnv
1 EVEPYEIO TOU OUOTHMOTOG
(b) oTNV MEYIOTN TAXUTNTO
AAAANA s TNG TAAAVTEUOMEVNG
s | wadas, (0) my eyiom
=R o) TAXuUTNTa TNG
TAOAAVTEUOMEVNG HAlaG




RESPONSE (a) From Eq. 14-10a, the total energy 1s proportional to the square ol
the amphtude A, so stretching 1t twice as far quadruples the energy {23 = 4], You
may protest, “I did work stretching the spring from x =0 to x = A. Don’t [ do
the same work stretching it from A to 247" No, The force you exert is proportional
to the displacement x, so for the second displacement, from x = A 1o 24, you do
more work than for the first displacement (x = 0 to A). (b) From Eq. 14-10b, we
can sce that when the energy 15 quadrupled. the maximum wvelocity must be
doubled. [t:m.ﬂ x VE x A,] (¢) Since the force is twice as great when we stretch
the spring twice as far, the acceleration is also twice as greal:a o« F o x.
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14-4 2x€0Nn APHMOVIKOU TOAOVTWTN KAl
KUKAIKNAG Kivniong

H mrpof3oAn TnG YPOMHIKNG

| TAXUTNTOC TTAVW OTO Agova X
_ EVOG AVTIKEIMEVOU TTOU KIVEITAI
0€& KUKAO ME OKTIiVa A ME
oTafepn TaXUTNTA D, ,
Bpiokouue OTI:

H e€iowon auTtn gival id1a pe
S— ‘ TNV TOXUTNTO TOU OTTAOU
B OPMOVIKOU TOAAVTWTA.
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14-5 To a1TrAO EKKPEMECS

To OaTTAO EKKPEMEG
OTTOTEAEITAI QATTO MIA
MAlo TTOU KPEMETAI
a1rO0 AETTTO OXOIVi, TO
OTTOi0 UTTOBETOUME OTI
ol JIaOTACEIG TOU OgV
METABAAAOVTOI KOl N
pada TOU givai
auEANTEQ.



14-5 To a1TrAO EKKPEMEG

K
-
»

F = —mgsiné,

Na pIKpEG ywvieg sin 6= 6.
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14-5 To a1TrAO EKKPEMEG
ETTOMEVWG VIO MIKPEG YWVIEG

mg
F~-7x

omou x =10

H 1Trepiodo¢ Kal n ocuyxvoTnTa ivai:

T = ZW\/Za
8

1 /g
f_z.w L’



14-5 To a1TrAO EKKPEMEG

ETropévwg eoOoOV TO
oxolvi dev £xel yada Kai yia
MIKPO TTAATOG N TTEPIODOC
gival aveg¢apTnTn TnS padag!
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14-5 To a1mrA6 eKKPEMEG

‘Evag YEWAOYOG XPNOIMOTTOIET EVA ATTAO EKKPEMEG ME
MAKog 37.10 cm ka1 cuyxvornta 0.8190 Hz o€ pia
OUYKEKpPIMEVN TOTTOBE0Ia TNG YNG. lMola gival n
EMITAYXUVON TNG BapUTNTOC OTNV TOTTOBECIA QUTN;

APPROACH We can use the length £ and frequency f of the pendulum in Eq. 14-12b,
which contains our unknown, g.

SOLUTION We solve Eq. 14-12b for g and obtain
g = (2mf) = (6.283 x 0.8190s7')7(0.3710m) = 9.824 m/s’.
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14-6 To DUOIKO EKKPEMEG Kal TO Torsional

d (= h sin )

Copyright © 2009 Pearson Education, Inc.

EKKPEMEG

To UOIKO EKKPEMEG Eival
OTTOIOONTTOTE TTPAYMATIKO
OVTIKEIMEVO TTOU TOAAVTEUETAI
MTTPOG-TTIOW.

H potr) TépIE TOu onueiou O givai:
T = —mghsing.

Me avTIKOTAOTAOOT OTO VOMO TOU
NeUTWVA BPIOKOUUE:
d-0

ldt2 = —mghsin§.




14-6 To ®UOIKO EKKPEPEC KO TO OTPOPIKO EKKPEMEC

Mo MIKPEG YWVIEG EXOUUE:

d*6 mgh )
_— 4+ [ — —
dt’ ( I / 0,

NMou TauTileTal PE TNV ECICWOTN TOU
OTTAOU GPHOVIKOU TAAAVTWTH OTTOU

0 = Opaxcos(wt + @),



14-6 To ®UOIKO EKKPEPEC KO TO OTPOPIKO EKKPEMEC

‘Evag £UKOAOG TPOTTOG yia TOV
TTPOOCOIOPICHO TNG POTTHG AOPAVEIOG EVOG
OVTIKEIMEVOU YUPW OATTO OTroIOONTTOTE
agova UTTOPEI va Yivel HEOW TNG METPNONG
TNG OUXVOTNTAG TAAAVTWONG YUPW OTTO
TOV OUYKEKPINEVA Agova. (a) Oewpoupe
Mia avopoloyevy pafdo 1.0-kg 1Tou ptropei
KOl ICOPPOTTEI OE onMEio 42 cm Ao TNV
Mia akpn. H trepiodog TaAdvTwong TTEPIE
TOU onMeiou autou gival 1.6 s. Néon givai n
poOTr] adpdAveIOG YUPW OTTO TO ONMEiIo
autd; (b) Méon eivalr n porrn adpaveiag
yia a¢ova TTEPICTPOPNG TTOU TTEPVAEI ATTO
TO KEVTPO MALOG Kal gival KABeTog oTnv
papdo.
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APPROACH We put the given values into Eq. 14-14 and solve for I. For (b) we use
the parallel-axis theorem (Section 10-7).

SOLUTION (a) Given T = 1.6s, and h = 042 m, Eq. 14-14 gives
I = mghT*/4%" = 027keg-m".
(b) We use the parallel-axis theorem, Eq. 10-17. The oM™ is where the stick
balanced. 42 cm from the end, so
Iy = I — mh* = 027kg-m*> — (1.0kg)(0.42m)* = 0.09kg-m>

NOTE Since an object does not oscillate about 1ts €M, we cannol measure [, directly,
but the parallel-axis theorem provides a convenient method to determine /..
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14-6 To ®UOIKO EKKPEPEC KOI TO OTPOPIKO EKKPEMEG

TO OTPOPIKO EKKPEMEGS
«OTPIREI» avTi va
«KOUVIETAI». H Kivnon givai
Wire OPMOVIKN EQPOCOV TO
EAAO MO (KOAWDIO)
akoAouOei To vouo TOoUu
ol —=Bmax Hooke

g_q 0 Equilibrium
| _ —Ymax

: w = VK/I.

(K gival pia otabepa Tou
KOAwOdiou.)
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14-7 Aroofeon Appovikng Kivnong

OT1av aokouvTal OUVAUEIS TPIBNG | AVTIoTAONG N
TaAavTwon atrooBEvel, @Oivel, gival glivouoa i
ATTOCBEVVUMEVN.

X

Eav Fdamping = —bv,

T0TE ma = —kx — bv.
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14-7 AtrooBeon Appovikig Kivnong
d*x dx
ETTOMEVWG m? + bE + kx = 0.
€AV TO b gival HIKPO TOTE N AUON TTOU TTPOKUTTTEI
givai

x = Ae "cosw't
OEToupe Y = b
2m
,, k b’
w — - — = =



14-7 AtrooBeon Appovikig Kivnong

Edv b’ > 4mk, n o’ yiveTal @avTaoTIKN, KOl TO
ovoTnua gival overdamped (C) (MeydaAn
atroofeon).

Edv b’ = 4mk, To ovoTnua givai critically
damped (kpioiun amroéoBeon) (B) —o61TOU TO
oUCTNHA PTAVEI OTNV KATACTAOT ICOPPOTTIOG
OTO OUVTOMOTEPO duVATOV XPOVO.

X




14-7 AtrooBeon Appovikig Kivnong

@H YTTapXouv CUCTAMATA OTTOU O
[ Tauwdhedo gnOUXOONEG gival
1SN QVETTIOUUNTOG, TT.X. TA
1> poAodyia.
N ._-f‘;' S 2& AAAEC TTEPITTTWOEIG OTTWG
NEFT s TG OHOPTIOEP TOU QUTOKIVATOU,
o) fid } OTNV QVTICEIOHIKA BwpdKion
-;_—ifkff” Attached to KTlpin ;

-~ " caraxle
O EQPNOUXOOHOG Eival HEPOG
TOU OXEOIOOMOU.
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14-7 AtrooBeon Appovikig Kivnong

‘Eva a1rAd ekkpePEG HE pRKog 1.0
m, TIBETAI O€ Kivnon ME MIKPO
TTAATOG. 5.0 AETTTA APYOTEPA TO
TTAATOG TOU gival poévo 50% Tou
apxikou. (a) Nooo gival To y TNG
TaAavtwong (b) NMNéoco
METABAAAETOI N cuxvoTnTa f’, Atrod
TNV ouxvortnTa f orav n kivyon oev
Eyel anocfieon;




APPROACH We assume the damping force is proportional to angular speed, d8/d1.
The equation of motion for damped harmonic motion 1s

|k B
x= Ae "cosw't, where Y=— and w =.,/— — -
2m 1 da-

f[or motion of a mass on the end of a spring. For the simple pendulum without
damping, we saw in Section 14-5 that

F = —mgh

for small 6. Since F = ma, where a can be written in terms of the angular
acceleration e = d°8/dr* as a = fa = £d4°0/dt’, then F = mld*0/dr’, and

3

d*0
— + gh = 0.
a8
Introducing a damping term, b{d8/dt ), we have
de _ db
+bh— + gf =
E dt’ bar T80 =0

which is the same as Eq. 14-15 with # replacing x, and { and g replacing m and k.
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| SOLUTION (@) We compare Eq. 14-15 with our equation just above and see that
our equation x = A¢” " cosw't becomes an equation for # with

b g b

T=E and =x——ﬁ

At =10, we rewnte Eq. 14-16 with # replacing x as
g, = Ae " "cosw' 0 = A
Then at = 5.0min = 3005, the amplhtude given by Eq. 14-16 has fallen to
(.50 A, s0
0.50A4 = Ae™"HMY,
We solve this for ¥ and obtain ¥ = In2.0/(300s) = 2.3 = 1077 57",

(b)yWe have £ =1.0m, so b =2%=2(23 x 10757 "){1.0m) = 4.6 X 107 m/s.
Thus (b”/4£°) is very much less than g/f (= 9.857°), and the angular frequency of

the motion remains almost the same as that of the undamped motion. Specifically
(see Eq. 14-20),

| 1 [z E(hf)% 1 f_ 1£(H)
o L b= b
2o\ & g\ 4 V| 2g\ar
where we used the binomial expansion. Then, with f = (1/2 7))V g/{ (Eq. 14-12b),
f—f‘mlf(ﬁ
f 4

So f" differs from f by less than one part in a million.

) = 27 % 1077,




14-8 E¢avaykaouEvn TaAavTtwon Kai
2UVTOVIOMOG

E¢avaykaopéveg TOAAVTWOEIG TTAPATNPOUVTAI OTAV Opa
TTAVW OTO oUOCTNMO pIa TTEPIOOIKA duvaun. H cuyvoernTa
TNG OUvapng dev gival atrapaiTnTa idIA PE TV PUOIKA
ouUXVOTNTAO TOU CUCTAMAOTOG.

‘OTav o1 U0 CUXVOTNTESG TAUTIOTOUV HIAAMUE VIO
OUVTOVIOMO, Kal TO TTAATOG TNG TOAAVTWONG MTTOPEI VO
PTACEI TEPAOTIEG TIMEG.

Copyright © 2009 Pearson Education, Inc.



14-8 E€avaykaopévn TaAdavTtwon Kai
2UVTOVIOHOG

A To eUPOC TNGS KOPUPNG TOU
A OUVTOVIOHMOU £COpPTATOI
a1rd TNV amocBeon. Edav n
atroocfeon eival JiIkpA (A)
EXOUVE OTEVEC KOPUPECS
/f\ EVW OTOV N atréoBeon
, ¢ €ival yeydAn (B) n kopuen
o gival 1o TAaTiq.
External frequency f

Amplitude of
oscillating system

H AsiToupyia opICHEVWY CUCTNUATWY BacileTal
OTOV CUVTOVIOHO O0TTw¢ Moucoika 6pyava Kal
PAdIOPWVA KAl TNAEOPACEIG (MN KAAWDIAKEG).
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14-8 E€avaykaopévn TaAdavTtwon Kai
2UVTOVIOHOG

H E€¢iocwon Kivnong givai:

ma = —kx — bv + F,coswt.

KainAtontng. x = A sin(wt + d)o)a

Fy
m\/(w2 — w%)z + b*w’/m’

oMoy A, =

KAl
L oh =
ng = fan .

w(b/m)
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14-8 E¢avaykaouEvn TaAavTtwon Kai
2UVTOVIOMOG

To eUPOC TNGS KOPUPNG
OUVTOVIOHOU
XopakTnpeideTal Ao TovV

TTapayovTta Q :

m(UO

b

Q:
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