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Mepiexopeva 14
 TaAavTtwoeig EAaTnpiou
o ATTAR} OPMOVIKN Kivnon
 EVEpyela aTTAOU APUOVIKOU TOAAVTWTA

e 2X€0N ATTAOU OPMOVIKOU TOAAVTWTN Kl
KUKAIKNAG Kivhong

* TO a1TAO EKKPEMEG
* TO PUOIKO EKKPEUEG KOI TO OTPOWPIKO EKKPEMES
« Epnouxacuog TaAdvTwong

 ECavayKaoNEVES TAAAVTWOEIG KAl ZUVTOVIOMOG



14-1 TaAavTtwoeig EAaTnpiou
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OT1av Eva aVTIKEIMEVO
ooveital N TAAAvTEUETAI
x=0 MTTPOG-TTIoCW O1aVUOVTOG
< Eva 01O TNUA OE TOKTO
_‘ " XPOVIKO d1aoTNHA N
AANAY) Kivnon ovopdZeral
L,r—.‘ mEPIOOIKA. To ouoTnUA
Madag Kal eAaTnpiou
: OTTOTEAEI Eva MOVTEAO
TTEPIOOIKOU OUCTHHATOG

|
=
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14-1 TaAavTtwoeig EAaTnpiou

YTTOOETOUNE OTI MIA ETTIPAVEIN EiVAI AVEU
TPIPNG. YITAPXEI EVA ONUEIO OTTOU TO EAATAPIO
OUTE CUMTTIECETAI OUTE TEVTWVETAI. TO OnMEio
QuUTO ovouadleTal onueio 1IcoppoTriag. H
METATOTTION METPIETOI OE OXEON ME TO ONMEIO
auToO (X = 0 oTNV TTPONYOUHEVN OI0@AVEIQ).

H dUvapn 1Tou aokKeital oTo EAATAPIO Eival
avaAoyn TnG METATOTTIONG:

F = —kx.
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14-1 TaAavTwoeig EAaTnpiou

* To apVvNTIKO TTPOCNMO ONAWVEI OTI n duvaun
gival eTTava@opac—onA KateubuveTral TTpog TO
ONMEIO ICOPPOTTIAG.

* K gival n oTtaBepd eAaTnpiou.

 H dUvapun dev gival oTaBepn, ETTOPEVWC N
EMITAYXUVON O¢gv gival oTaepn.



~ 14-1 TaAavTwoeig EAarnpiou

* H HETATOTTION METPIETAI ATTO TO
OTNMEIO ICOPPOTTIAG.

‘ o 2~ Al V= +00x

e e o To TIANATOG €ival N HEYIOTN

r METATOTTION.
" “— —  'Evag KUKAOC gival pia TTARPNGS
— o Kivrion a1rd Kal TTpo¢ TO ONMEIO
o I0O0PPOTTIOC
F-0

‘ AR AN —'U‘: ~Pmax

s e o H TTEPIOOOG EIVAI O XPOVOG TTOU
‘0 ATTAITEITAI VIO £va TTARPN KUKAO.

d rmlozo  H cuxvotnTa gival o apiOuog
TWV KUKAWV ava OEUTEPOAETTTO.

x=-A xi()
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14-1 TaAavTtwoeig EAaTnpiou

‘Eva eAaTRPIO KPEPETAI
KATOKOPU®PO, N MOVN
oaAAayn €ival OTO  OnNMEIo
ICOPPOTTIOG, OTTOU O€
OUTAV TNV TTEPITTTWON TO
OnNMEIO AUTO €ival EKEI
OTToU n dUVAMN TNG
BapUTNTOG ECICWVETAI ME
TNV OUVAMN TOU EAATnpPioU
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14-1 TaAavTtwoeig EAaTnpiou

Mia TeTpapeANG OoIKOoYEVEIQ UYICEl
200 kg, ka1 emiialovral oTo
QUTOKIVNTO TOUG TToU Cuyicel 1200-
kg. Kal Ta eAatipia Tou
OUTOKIVITOU (OQMOPTIOEP)
ouptriE(ovtal Kata 3.0 cm. (a) Eav
UTTOOECOUUE OTI TO TECOEPQA
EAATAPIO CUMTTEPIPEPOVTAI WG
£va, Trold €ival n oTafepa Tou
gAatnpiou (b) Noéco 6a
XOMNAWOEI TO AUTOKIVNTO €AV
@opTwOei pe 300 kg avTi 200 kg;
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APPROACH We use Hooke's law: the weight of the people, mg, causes a 3.0-cm
displacement.

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

F 1960 N
—_— —_— —_— —_— 15 :}{ 4 .
e YRR 6.5 % 10° N/m

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

= — = = 4.5 % 107 m,
YTk T (65 x 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 ApMOVIKN Kivnon
KaBe cuoTnua 1TTOU doveital 6TTou N duvaun €ivail

avAaAoyn TG apvNTIKNG METATOTTIONG ATTOTEAEI
OTTAN APUOVIKI KivNOo KOl CUYXVA OTTOKOAEITAI

ATTAOG APHOVIKOG TAAAVTWTNAG.

Otftovrag F = kx oTo OeUTEPO VOO TOU NeUuTwva
KATOANYOUME OTNV £EicWON TNG Kivnong:
d’x  k
+ — =
i m* Y

H AUon TnG €¢icwong auTnG givai.

x = Acos(wt + ¢).




14-2 ATTAR ApMOVIKN Kivnon

Me avTikatdoTaon BAETTOUME OTI N AUCH QUTH
£TaANBevel TNV €§icwon O1TOV:

5 k
) =
i

O1 oTaBepeég A Kal ¢
E - TPOGOLOPILOVTO UTTO TIG
| E 1 opkég cuvOnkec. A givan

TO TAATOG KOl @ N PAon
oTo Xpovot = 0.

| |
IT\3T /3T T a7
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14-2 ATTAR ApMOVIKN Kivnon

H TaxUtnta mrpoodiopileTal ATTO TNV TTAPAYWYO
TNG METATOTTIONG:

— % — % [A c()s((ut il (f))] = —wA Sin(wf =[P (ﬁ))

O pOAOG TNG PAONG @ POIVETOL GTO OLAypUUNOE

v

X
ar=-2

®
r/ x=A cos (0f + 0)




14-2 ATTAR ApMOVIKN Kivnon

Emeidn o =2#f = Vk/m,  10T1€




14-2 ATTAR ApMOVIKN Kivnon

MpoodlopioTe TNV TTEPIODO KAI TNV CUXVOTNTA EVOC
TaAAvTwong auTtokiviTou padag 1400 kg kal Tou
OTTOIOU TO AMOPTICEP £XOUV OTOOEPA EAaTnpiou 6.5 X
104 N/m a@dTou Tépaoe TTAvw atrd £Eva EUTTOOI0.
YTTOBETOUNE OTI TO QUTOKIVNTO TOAAVTEUETAI
KATAKOPU@A.

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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14-2 ATTAR ApMOVIKN Kivnon

Displacement x

Velocity v

Acceleraton a
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H Taxutnta Kai n
EMITAYXUVON YIA TNV
OPMOVIKI Kivnhong
TEPIYPAPOVTAI ATTO TIG
ECICWOEIG:

v o= E = —wA sin(wr + (b)
d’x dv ,

= — = — )" —I— .
1 o w-Acos(wl + ¢)



14-2 ATTAR ApMOVIKN Kivhong

2€ EVA EPYOOTAOCIO EVAC MEYAAOGC NAEKTPOKIVNTAPOGS
TTPOKOAEI TO OATTEDO TOU KTIPIOU VA TPEUEI ME
ouxvorntag 10 Hz. To mTAdTO0g TG dO6vnong givai
mepiTTou 3.0 mm. BpEiTe TNV HEYIOTN ETTITAXUVON TOU
oaTtrédou.

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 ApMOVIKN Kivnon

O KWVOG £VOC NXEIOU TOAAVTEUETAI ME OCUXVOTNTO
262 Hz (“middle C”). To TTAATOG TOU KEVTPOU Eival
A=15x10*m, kai og xpovot=0, x = A. (a) Moia
gCiowon TepIypa@el TNV Kivnong Tou KéEvtpou; (b)
Mola gival n TaxuTnTa KAl N ETITAXUVON oav
ouvaptTnon Tou xpovou,; (c) Moia givail n
METATOTTION OTAV it =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 is described as

x = Acoswl = (1.5 % 107" m)cos(16501),

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

Vpay = @A = (1650rad/s)(1.5 % 107" m) = 0.25m/s.
S0

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 ApMOVIKN Kivnon

‘Eva eAatipio tevtwvel Katda 0.150 m éTav pia paca
0.300-kg ouvdebei TTavw Tou. To cuoTNMA BPICKETAI OE
IcoppoTTia opIfovTiwg TTAVW o€ TPpaTTECI aveu TpIfNG. H
MAZa METATOTTICETAI ETO1 WOTE VO CUUTTIECEI TO EAATAPIO
Katd 0.100 m atré Tnv 0éon 1coppoTriag. [MpoodiopioTe:
(a) n oTaBepa TOU EAaTnpiou gival kK Kal N YWVIOKA
ouxvotnTa w; (b) To TTAATOG TNG OPICOVTIOG TAAAVTWONG
A; (C) To pEyeBog TnG MEYIOTNG TAXUTNTAG V,.; (d) TO
HEYEBOG TNG PEYIOTNG ETTITAXUVONG &, TNG HAag; (€)
TNV TEPiIodo T kal Tnv cuyxvotnta f; (f) TNV METATOTTION X
oaVv ouvapTnon Xpovou Kal (g) Tnv Taxutnta otav 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 =% = 129Hz.

(/) 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 ApMOVIKN Kivnon

To eAaThpi1o Tou TrTapadeiyparog 145
(61mou ® = 8.08 s1) cupmmiédeTan kKata 0.100
m a1ro Tnv 8éon 1IcoppoTriag (X, = -0.100 m)
OAAQ OEXETAI MIO ETITTAEOV WONON OTNV
010gUBuvon +X WOTE va TACEI TNV
TaxuTnrta vy = 0.400 m/s. NMpoodlopioTe (a)
TNV @aon ¢, (b) To TTAGTOG A, KaI (C) TNV
METATOTTION X OOV CUVAPTNON TOU XPOVOU,

X(t).



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 evépyela atrAoU appOVIKOU TAAOVTWTN

H duvapiki evépyela Tou eAartnpiou dideTal ATTO
TNV oXEoN:

U = —JF dx = kx>
H punxavikn evépyelag dideTal atro Tnv oxEon:
E = smv* + 3kx?.

Atroucia TPIBWV N OCUVOAIKN MNXOVIKH
gvEpyela diartnpeiTal.



Felia 14-3 Evépyela atrAou

UK

VAR |  appovikos TakavrwA

w-0, >TO 6pIa TNG

TOAAVTWONG OAN n

Yy J EVEPYEIA gival OUVAMIKN
EVEPYEIQ.

j 1
‘| WV WV VW W *'r m
|

x=-A x=0 x=A
(v=0)

L2y Ly 2 - [
‘ E=35mv=+5kx | ZTn eecrl IO'OppO'lqug

oA A A A A "I m - y y
NN KIVNTIKA.

x=—A x=10
X
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14-3 Evépyeia atTAOU OPMOVIKOU TAAOVTWTN

H cuvoAIKN KIVNTIKN EVEPYEIQG €ival, %k A’
ETTOMEVWIG:
%mv2 + %kxz = %kAz.

AUVOUNE WG TTPOG TNV TAXUTNTA KOl BPICKOUME:

6TToU Umax = (k/m) A%
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14-3 H evépyelag atrAoU TAAAVTWTN

fpa@IK TTOPACTAON TTOU ATTEIKOVICEI TNV
OUVOMIKN evéEpyela. BAETToupe OTI N
OUVOAIKN EVEPYEIQ Eival OTOBEPN

Energy

U(x)

U(x)
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14-3 Evépyeia atTAOU OPMOVIKOU TAAOVTWTN

Mo TO ATTAOG APHUOVIKO TOAQVTWTNA TOU
Tmapadeiyparog 14-5 (6mmou k= 19.6 N/m, A =
0.100 m, x =-(0.100 m) cos 8.08t, and v = (0.808
m/s) sin 8.08 t), TrpocdlopicTE (a) TNV CUVOAIKA
gvépyela (b) n KIVNTIKA KAl N OUVOUIKN EVEPYEI
oaVv ouvapTnon Tou Xpovou, (C) n Taxutnta
otav n pada Bpiokeral 0.050 m atrod Tnv B<on
Ic0ppoOTTiag, (d) TNV KIVNTIKA Kal OUVANIKI
EVEPYEIO OTO NMIOU 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 = 196N/m and A = 0.100m, so the
total energy E from Eq. 14-10a is

E = kA = 3{196N/m)(0.100m)* = 9.80 x 107°J.

(b) We have, from parts (f) and (g) of Example 14-5, x = —({(.100 m) cos 8.087
and v = (0.808 m/s) sin 8.08f, so

U = 3kx’ = 3(19.6N/m)(0.100 m)’ cos’ 8.08f = (9.80 x 107" 1) cos’ 8.08¢
K = $mv* = $(0.300kg)(0.808 m/s)?sin” 8.08f = (9.80 x 1072 J) sin’ 8.081.
(c) We use Eq. 14-11b and find
v o= Va1 — A = (0.808m/s)/1 — (3 = 0.70m/s.
(d) At x = A/2 = 0.050m. we have

U = 1tkx’ = H{196N/m)(0.050m)> = 2.5 x 1072]
K = FE—-U = 73x107).
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14-3 Evépyeia atTAOU OPMOVIKOU TAAOVTWTN

E = 1kA?

]
=

U K

e
== m

YTroB£oTE OTI EVa
EAATAPIO KTEVTWVETAI» OE
OITTAGCI0 TOU TTAATOUG
TaAAvTwong (oTo X = 2A).
Ti1 cupBaivel (a) oTnv
EVEPYEIO TOU OUCTAMOATOG
(b) oTN MEYIOTN TAOXUTNTO
TNG TOAOVTEUOMEVNG
padag, (C) TI MEYIOTN
TAXUTNTOS TNG
TAOAQVTEUOMEVNG MACOG



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€0T APMOVIKOU TOAOVTWTH Kl
KUKAIKRG Kivnong

H TrpofoAn TnG YPOMHIKNG

S TAXUTNTOG TTAVW OTO Agova X
11 €EVOG AVTIKEIMEVOU TTOU KIVEITAI
0€ KUKAO Jg akTiva A JE
oTaBepn TaXUTNTA 0, ,
BpioOKOUUE OTI:

\/ -5
UV = Um - 5
Ad

H e€iowon auTtn gival id1a PE

LJJ TNV TOXUTNTO TOU OTTAOU

OPMOVIKOU TOAAVTWTA

v
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14-5 To a1rAO EKKPEMNES

To aTTAO EKKPEMEG
QTTOTEAEITAI ATTO MIA
MACO TTOU KPEMETAI
aT1rd AETTTO OXOIVi, TO
OTToi0 UTTOOETOUE OTI
ol OI0OTAOCEIGC TOU OEV
METABAAAOVTOI KAl N
Mada Tou gival
OMEANTEQ.
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14-5 To atrAO eKKPEMES

By
|

—mg sin 0,

[N JIKPEG Yywvieg Sin 6= 6.
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14-5 To atrAO eKKPEMES
ETTOMEVWG VIO HIKPES YWVIES

mg
F~-7x

otmou x =10

H 1Trepiodo¢ Kal n ouxXvoTnTa Eivai:

T = ZW\/Za
8

1 /g
f_z.w L’



14-5 To atrAO eKKPEMES

EtTropévwg eqpoooVv 1O
oxolvi dev £x&l pada Kal yia
MIKPO TTAATOG N TTEPIODOC
gival avegapTnTn TNG
padag!
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14-5 To a1rA6 eKKpEPES

‘Evag yewWAOYOG XPNOIMOTTOIEI EVA ATTAO EKKPEMEG ME
MAKog 37.10 cm ka1 cuyxvoTtnta 0.8190 Hz o< yia
OUYKEKPIMEVN TOTTOBECIa TNG YNG. TMola gival n
EMITAYXUVON TNS BapuTNTAG OTNV TOTTOOECIO AUTA;

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 ®uoiIKO eKKpEMES Kal TO Torsional

mg

;
;
;
|
Sy
d|(=hsin 6)
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EKKPEMEG

TO QUOIKO EKKPEMEG Eival
OTTOIOONTTOTE TTPAYMATIKO
OVTIKEIMEVO TTOU TOAQVTEUETAI
MTTPOG-TTIoW.

H potrn TépIE Tou onueio O givail:
T = —mghsing.

Me avTIKATAOTAON OTO VOUO TOU
NeUTwWva BPICKOUME:

I = —mghsné.



14-6 To ®uUOIKO eKKPEUES KOI TO OTPOPIKO EKKPEMEG

Mo MIKPE YWVIEG EXOUME:

d*6 mgh )
_— 4+ [ — —
dt’ ( I / 0,

Mou TauTideTal JE TNV £§iCWON TOU
aTTAOU OPMOVIKOU TOAAVTWTKH OTTOU

0 = Opaxcos(wt + @),



14-6 To ®uUOIKO eKKPEUES KOI TO OTPOPIKO EKKPEMEG

‘Evacg eUKOAOG TPOTTOG YIO TOV
TTPOOOIOPICHO TNG POTTHG AOPAVEING EVOGS
OVTIKEIMEVOU YUPW ATTO OTTOIOONTTOTE
agova UTTOPEI VA YivEl HEOW TNG METPNONG
TNG CUXVOTNTAG TOAAVTWONG YUPW aTTO
TOV CUYKEKPIMEVA Aova. (a) Oewpoupue
Mia avopoloyevih pddo 1.0-kg TToU pTTOpPEi
KOl ICOPPOTTEI O ONMEIO 42 cM aTTd TNV
Mia adkpn. H ePiodog TaAAAVTWONG TTEPIE
TOU onueiov auTtou gival 1.6 s. Noon €ivail n
POTTA AOPAVEIOS YUPW ATTO TO ONUEIO
auTto; (b) NMoon sival n potrR adpaveiag
yia agova TTEPICTPOPNG TTOU TTEPVAEI ATTO
TO KEVTPO MACag Kal KaBeTo otn pafdo.
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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 & = 042 m, Eq. 14-14 gives
I = mghT*/47" = 0.27ke-m".
(b) We use the parallel-axis theorem, Egq. 10-17. The oM is where the stick
balanced. 42 cm from the end, so
Iy = I — mh® = 027kg-m™ — (1.0kg)(042m)* = 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 eKKPEUEG KOI TO OTPOPIKO EKKPEMES

Wire
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TO OTPOPIKO EKKPEMEG
gival Eva ToO OTToIo
«OTPIRE» avTi va
«KOouVvIéTal». H Kivnon givai
OPMOVIKI £QOCOV TO
EAaocpa (KaAwdio)
akKoAouBgi To VOUO TOU
Hooke

w = VK/I.

(K gival pia otabgpd Tou
KaAwodiou.)



14-7 Arooceon AppoVvikng Kivnong

OT1av aokoUvTal OUVAMEIG TPIBAG N AVTIOTACNG
n TaAdvTwon atrooBEvel, @Oivel, gival @Bivouoa
N ATTOCREVVUNEVD.

X

Eav Fdamping = —bv,

T0TE ma = —kx — bw.
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14-7 Arooceon AppoVvikng Kivnong
d*x dx
ETTOMEVWG m? + bE + kx = 0.
gav b gival HIKPO TOTE N AUON TTOU TTPOKUTTTEI
givai

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

Copyright © 2009 Pearson Education, Inc



14-7 Atmroéofeon Appovikig Kivnong

Edv b? > Amk, @’ yivetal ovTooTik, Kot T0
cvotnuo overdamped (C) ( peyain amoécpfeon).

Eav b? = 4mk, to ovotnpa sivon critically damped
(kpiown omécPeon) (B) —OTTOU TO CUCTHHA
PTAVEI OTNV KATAOTAOT ICOPPOTTIOG OTO
OUVTOMOTEPO OUVATOV XPOVO.

X
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14-7 Atmroéofeon Appovikig Kivnong

@ YITapYXouVv CUCTAMOTO OTTOU O
" “"““ ﬁﬁfﬂ o gNOUXOOHOG gival
AN | aveTIOUuNTOG, Tr.X. TA
N 1T By poOAdyIa.
:ﬁ\tf o Z& GAAEG TTEPITITWOEIG OTTWG
T TO OUOPTIOEP TOU QUTOKIVATOU,
e ) fluid A AVTICEIOMIKR OwpdaKion
Ny ——Audedio KTIDIWV 0 EQNOUXACHOG Eivan
~ ¥ . car axle

MEPOG TOU OXEOIOOMOU.
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14-7 Atmroéofeon Appovikig Kivnong

‘Eva a1rAd eKKpEMES BE MAKOG 1.0
m, TIBETAI O€ Kivnon ME MIKPO
TTAATOG. 5.0 AETTTA APYOTEPA TO
TTAATOG TOU €ival pévo 50% Tou
apxikou. (a) Noéoco gival To y TNG

21 TaAdvTwong (b) MNéoco

LA\ HETABAGAAETAI N CUXVOTNTA ', ATTd

\i“ " RV ouxvoeTnTta f drav  kivyeny dev
\

gyel anocfieon;




APPROACH We assume the damping force is proportional to angular speed, d8/d1.

The equation of motion for damped harmonic motion 1s

=¥ r r 'Ilk h?
x=Ae""cosw't, where Y=— and o =,/— — 3
2m i dm-
for motion of a mass on the end of a spring. For the simple pendulum without
damping, we saw 1n Section 14-5 that
F = —mg#

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

3

d*
b— + g = 0.
a8
Introducing a damping term, b{d8/dt), we have
de  df
: dt” b dt 80 = 0,

which 1s the same as Eq. 14-15 with @ replacing x, and £ and g replacing m and k.
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SOLUTION (a) We compare Eq. 14-15 with our equation just above and see that
our equation x = Ae¢” " cosw't becomes an equation for # with

b g b

AT R Y T

At =10, we rewnte Eq. 14-16 with # replacing x as
g, = Ae " cosw' 0 = A,
Then at = 5.0min = 300s, the amplitude 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 2 107757,

(b)yWe have € =1.0m, so b=2¥1=2(23 % 107s7)(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),

f-.=iE1_£(ff)tL El_u(ff*)
27\ & ela)| ~ 22 V1 2 g \af

where we used the binomial expansion. Then, with f = (1/2 7))V g/{ (Eq. 14-12b),
— f 1 & [ b
f-r 1t (—) - 27 % 107,
f 2 g\ 4
So f" differs from f by less than one part in a million.




14-8 E¢avaykaopévn TaAdvTwon Kal
2UVTOVIONOG
ECavayKaouEveS TAAAVTWOEIG TTOPATNPOUVTAI
oTav Opa TTAVW OTO CUCTNHA TTEPIODIKA OUVOUN.
H cuxvotnTa Tng duvapung dev gival amrapaitnTa
010 JE TNV QUOIKK CUXVOTNTA TOU CUCTHHATOG.

Otav o1 SU0 CUXVOTNTEG TAUTIOTOUV MIAQME YIO
OUVTOVIOHO, KOl TO TTAATOS TNG TOAAVTWONG
MTTOPEI VO PTAOCEI TEPAOTIEG TIMEG.
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14-8 E€avaykKaopévn TaAdvTwon Kai
2UVTOVIOHMOG

A H oTevoTnTa TG KOPUPNAGS

A TOU CUVTOVIOHOU
ggapTATAl ATTO TNV
atroofeon. Eav n
atroofeon gival pikpn (A)

/F\ £XOUVE OTEVEC KOPUPEG

, 7 EVW OTAV N A1TOooReon

fo gival ueydAn (B) n kopuon
External frequency f gival 110 TTAQTIA.

Amplitude of
oscillating system

H AsiToupyia opICHEVWY CUCTNHATWY BacieTal
OTOV OUVTOVIOHNO OTTwWS Mouoika opyava Kal
PadIo@WVa Kal TNAEOPATEIS (M KOAWDIAKEG).
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14-8 ESavaykKaopéEvn TaAdavTwon Kai
2UVTOVIOHMOG

H E€iocwon Kivnong givai:

ma = —kx — bv + F,coswt.

KainAbontng: x = Agsin(wf + ¢),

Fy
m\/(a)2 — w%)z + b*w*/m’

OTTOU Ao —

KOl
w% — W’
—1
ng = fan .

w(b/m)
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14-8 E¢avaykaopévn TaAdvTwon Kal
2UVTOVIOMNOG

To €0POG TNG KOPUPNGS
OUVTOVICHOU 5Fy
XOPAKTNPICETAI ATTO TOV

TTapayovrta Q- :

A()Y |
on

b

Q:
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