


x = A sin (a + a) 

dv 
a = -  dt = -AW sin (Ot + a) 
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7.1 n?iu6ciuc6a-n?iu6n'iaR (stress and strain) 
flalulfiw 

A 4.4' .I ~ d o i ~ ~ r ~ a n u n n i n l  A I6fiuil5~n5zGi F kdniu&na~flijl5 Lull54 F 

dihadiiQmi~m~~n"uu'iu j i ~ v m n e u a ' n l ~  7 ~uuua~dain~~~naiuuia k2df( 7.1 

mialdir~szldotoin~ndauu~~~~~i~~nqo~~unniwnuqn huf(8dainniduaioz~dnid 

4iu6aurrra F ~ ~ s z d a u n i ~ 4 1 u n " o z f i ~ n i ~ v a i ~ a u 1 ~ ~ ~  F ~nin"ur(liu~u 
r Y m~~~~~uozmr~iuodi~di~mom~oaninCn A ~f i~~n~.rhn~nf i~uui~#ulu~J 

kifu 41tezI6iiiiuiarh~l~1aiu~Ciuii40 

Fixed face 

(n > 

7.1 (n) naiu1fiu13m (u) n~iu~fiuik (n) naiu~fiuo'i (4) n~iu~fiulrminr 



n~ iu~K~Ju l i~~ l i l ~J~ iYuc io~~ is i~ tu~~s  (N/m2) t$m~inttsdnrrn'i~uttu7kainn"u#u~ 

m n h  tsi4~6n tflu n~iulfiukaln (normal stress) 

m i u ~ ~ i t  RainJim~wm ao nnu~fiuk ~ d d  7. i (u)) 1mm2iulfiuCm (compressive 

stress) 7.1 (n) ~ ~ G ~ I I ~ ~ ? Y R ~ J W L ~ ~ ' ~ U ~ ~ " U O ~ ~ ~ Q I U A T I Q ~  udnrhuo'clldiuinir 
1.1 o~tsunriflun2iurfiuCn 

r iddI r is~ l in inRku~i~1ut1~7~~11m q d~~da inn"u? 'n ( Iu~o~uns~d~~sd  
u Y . 4 u  u'Y .4 Y J  nsYYn"i1uuuqfiu'nnuwun o~nri~urruii~m1s~~1iu11~7Or~1w"anu~un F, ciowun A (A 

A' 4- .4 iiowun w2nl Hin"u wns=n'i) h n i i  n.riuiilrrllu7l w"ir (tangential stress) uTo 

nqiulfhtiiou (shearing stress) 6dldd 7.1 (n) t~auriflurmnis~ci &a 
n21utilrrtiiou = 2 ........ 7.3 

(fl) (u (fi) 

ldd 7.9 (n) i.qhfignarditou (shear) (r) miuiliumiuidirnuwyuiflu 
n~iniiuSm (n) rrm~nicluwddifl;miuin'u#d 



.I iC fie~scui~dd 7.2 id~iiwnuu~~ljnindim ~8uo'~s"n1u~dd 7.2 (n) ~nner i i  

R-?uiisqjnau 2 qm d~uuimlriinir iiciiirmitmwn'uu'in i~as inur t~n~t i lo  F, iinr Fy 

nr~ii~nom~aitritdinifuuu'o~Iunia~mqn ~jih qn q iauuotimqurirfit~uniar 

nuqnfiu ~jhwdns::eiumnomi~un~~utqu~u~~n" 7.2 (u) ciosJiatnird F 4t i io tA 
Y' rr denou iflu F, tin:: F, nais ifiudsou?murr tduliuu naiu i6uo'm il5nais iiiufiiuuai 

itnrAiun'it~::~unaiu~ii~ido~n"miu luriiuot iiiuan'upld 7.2 (R) 1.11 i ~ u l 6 i i  i#unllut 

ya8nt(hmd~i~ui~uunai~iiiu~t 

naiuifiuI~'iflufiuicunn~moi iws~rI~jmu~sn~~numii~~~~oci~tduuons~nd 
'I6fiuiuIS wdmrincio?'~q~iu1m61undtriouu'~~1o'in"miiriuu naisiiiulflucii?odit 

&J 4  ndtuotfisicunim~fl~~inmm~sunii inuiroi (Tensor) 
4 J u  hnscunamqduuojlnn iist&ojlnnnsiin'u3"mq1~ii~a kt~inoion8tnriau 

d ' J  Hun 8unii naisR'u unuci?u P ii]wo&nodniu16nmu 1muduo&nn~iui)~ 

n r ~ n n ~ i u d 6  &u"utcnuiuns&uot~~naiin::iin"n 61liln3iuliiuidou ol pdm q 

l uuokn  uojlnnernquauuiuirii~i~di~stido~u'tnsrn"io(i gt~uuojlnndo(if t 

nslui)tnaiaiiiu~~ouifl~~udqnnu~~ii~~~uu~t'1nn fildd 7.3 immtiituoknIu 

mruonpwiaugnpu$ooniistnnmntd~t ~~qdiduuoAn~mmt6auniuin~uu~dis 61 
" Y  IU'n'm61n~nuatuot~nn3~~ astdnsz i i i io i i s td l i i~s in~o j lnnda~d~  f i s iso l i  

i~ot~inuokno~ft~r I t jdna~ui i iu idouns:: i i~t I~n~i~si i ida tt~aviui~tftaindivii 
d' c nirnrdido6a6 riinudfi F,, Fy lmz F duii~tdnsiidowun w3ntn1u d o t  sinuot 

Innoyiuniazmqn s r I6 i i  

Fsin0 = F  riazFcos0 = F  ........ 7.4 
$ 4  

X Y 

' ~ ~ ~ Z W U M  A sin 0 = A 1 1 ~ ~  A cos 0 = A ........ 7.5 
Y 

~umri rmms 7.4 niSiauium5 7.6 s z l i l ~ ~ 6 i i  

i (hydrostatic pressure) l~CIUlinu6~ u P k l f u  



fiuimr (volume stress) tmziiu~u?6ii 

iiuiunaiuln?un#4 (tensile strain) ii 

L - L  
f131~1fl?~nz4 AL 

e 2 3 -  ........ 
Lo Lo 

7.8 

I I ' Y  
, [do AL = L - Lo iio6mrid~u5znii~naiuuian~N'uuudon3iuui3~Gu l u  

riiuo;rl3u3n'u iiuiun3iurn3uno'i;ii 

7.4 uri~?'~~qtbuia Lo daQnur~ F, ~~l i f i iu~i~f l~naiuuia~du#u~i lu  L nir 

~R~~~L~~uI~(AIO~LL~Q I ( ~ ~ ~ ~ ~ ~ ~ ~ ~ H U ? I I I ~ I U L ~ ~ I # U  

n ~ i u l n ~ u m ~ ~ o ~ r i i I ~ ~ ~ i i ~ u o ~ ~ m ~ ~ ~ " n u u l l ~ n 4 ? ~ ~ ~ ~ ~ i  7.6 



jdd 7.6 (n) i i a m ~ n i d ~ u u l d n ~ ~ u a ~ 4 r i l q d ~ ~ d ~ u ~ d a d ~ ~ ~ ~ ~ 3 a ~ u ~ n ~ ~ n ' ~ ~ ~ ~ ~ 1 ~ i l ~ f f  7.2 

~ h d r r  abcd i(luJdn~~ua~%r)~7u~dau'.j~riOn~i~~n~di, chuih$u a1 b. ct d. ~du~dnw~da~fim 

n2iumlunuh lngudnm~u~qdd 7.6 (n) ~(lu~mbuani~rioui~ar~fi~n'iun, d3u1udff 7.6 (u) 

iihu ad un:: a'd Qauiauti'u m r t n ~ a u ~ d n ~ ~ ~ ~ 4 r i l ~ ~ u n i 1 1 f i n n ~ i ~ ~ n i ~ ~ 3 ~ ~ 0  dqna~umnlum 

~bou~flu~m~id~uua~~r~r~.o'n x ffdniiiou1d~anaiuuia16uuo.~~iiuuai~ h 



- - F,/A 
a Lob 

A L/Lo A A L  

r~odnnnaiurn~um8ur~'~iiuau~u'du'~ nliauuodaoq%uod$d $arm?~oun'ynliauuod 
x 4 naiurCiU4o rr~~Bion4auwun 

u o q b r h ~  (Shear modulus) rmuhu S d~idi~mnaiui i  

soqfir~ourinciaarflurrs4~onri3uiuiriun"u u o q ~ ~ r i ~ u ~ ~ ~ o v o ~ r r U " ~ r v i i E u  u8.r 

mnarrnr~irorln~niu1~nisnsrn"i~o~naiurCiuriiou i4lim'anis~mrfiaaltf 

soqhhd%~isls d o  u'nhoqh (bulk modulus) r6nuhu B %iii$mnaiu 
u Y mau 



U841H013 

nSr(llro"su 
fl 1 fu ~ u ' I ~ ~ R ' I ~  d 
& 
dron  
roc auoanoaosi 

nn i w 0"m'IGi 

10-lo (N . m-2)-1 

2.1 

6.4 

4.8 

0.37 

11 .o 

atm2 

22  

66 

60 

3.8 

116 



daunn'uuo.ru'nduoqR"nI?unii rmivrdd6 (compressibility) unuAju k #u#o 

fib nnivrdefi~~o~%~drmiudmdaudamn4uo41rsuimr, - dV/V do~d4~Iiaud 

duGu dp uo4naiu<u 

~Iiauuo~u'nhoq~~~~oun"unIiauvo~naiuCu ad~ciauuorrmindmlgfiu 

daunn'uuo.rwciaun~iu<uku"u~namdml6uo4u"id4~viin"u sox io-6atm-1 brmiunaiuii - 

6i:li?l0uimrnmn~ so Iu 1 ~ iuuodu imr l~L  ~donaiu<u~duGu i vrruinin (1 atm = 

1.013 x 106 N/m2) 

&sdw 7.1 niuoe~PliJuuuia 1 lumr ~ n ~ t h u w  8,000 ~an'uddniuykno4fli4 niu 
x Y x 4 uo~uiauu 2.86 x 10-2 lumr wunniniimuai4lviin"u 4 miri~1vuGlumr 

o w 1  (n) naiul6uk (u) naiumiumlc (n) uoqniruo~tf4 \ 

sa 0 asm (n) unu6in~Iumnir 7.2 oz l 6  : 
naiul6u& = F,/A 



kediq 7.2 1iri~6iud'n 12,000 Q 3 6 i ~  g n ~ u ~ ~ 6 ~ u a i u ~ f l ~ ~ n i u i i n u i 3  10.0 lam5 l f i  
Y d  ciiuqubnaic is iiaTilum5 n'i1flaiumiCaui3uuon 3 iinSrnsl5 tmi 

(n) n3iu tfiuff~ (u) f13 i~ i f l 3~m4~  (n) uoq<auo~$4 
-4 * anm (n) iinuciia.rlumni5 7.2 ~$16 . 

I 

uoq%uo.rcjj - - lo' Nrm2 2 x 1011 N/rn2 
3 x 10-4 

I 
I 
I 

I 
&edir 7.3 uriciwRnnih~d6iqqipr Aiuuia 1 ma5 wui t triiti'u 1 iquliumr ~ ~ U Q R  

u Y 
R ? ~ M W U R ~ ~ J ~  7.6 1134 Ft f l 5 Z ~ l n " 1 1 ~ 0 1 1 f i ~ ~ ~ l ~ ~ n 1 5 n 5 Z B " ~  x = 0.006 1 ~ U ~ l ~ s l . i  9Pwi 

(n) n~iuin3ueri3ou (u) 1154 F, (n) n3iutfiut4ou 
I 



ad * 
aani  (n) rmufiindlu~unis. 711 1 oz16 

n-ri~rn?umriiou I - x 
h 

SAX (1) ioirruimnis 7.15 iio s = 3 tdUu F~ = - 
h 

ad 0 

aani Goisruimnis 7.14 n'o y = F n / A  - 6  Ldin  m4uu AL = - 
A L!Lo AY 



- B - dP -- 
dl! v 

= - 0.367 liters 



7.3 ~ I ( I J ~ ? ? I ( I ~ I I ~ J  (Force constant) 
aoqRiuoanaiu8~nyuqnrii~~llu~ui~8ins"uiin~a&mu3n~ia3nn~uuoa 

firqlf~ 7 iaRlilkmmaiiairiaQr1 R1UR3R H ? o ~ J ~ ~ ~ I # ~ ~ u ~ U O ~ ~ ~ R ~ ~ H ? O O R L Y " U ~ ~ ~ L V ~ ~ ~ S  

f i i n i n c i a a ~ i u ~ n f u h ~ u ' n  ido~ai. imimniraoqn"nuo~~~ 7.14 domn' i  F,, dnneii 

~ u u n ~ a i i u s a d a i ~ u ~ ~ d a u ~ ~ u ~ l s ~ ~ u d ~ ~ d 3 ~ o o n  din445 k d@ Gun41 n' inaf i  

uoaura n?anaiaii!.rk (stitmess) uian?a17unii ciina.iuoanaia~3~n(u (elastic 
4 d 

constant) aa iduo'~ndauuo~its40ioflaiuuiad~~n?on~ ~n iau i f luSaRi rdo iu~s  

o ' ~ n d ~ u u o ~ n a i u ~ i a d 8 ~ n ~ o ~ ~ ~ i o n ~ ~ ~ t i a u u o ~ a ~ s a G u n i 1  compliance 4.r iilu 
ul d dawn~"~uo~n'in~oriiuo~~~~4u"u~o4 n i a u a r o a  idu iu wseieiia6u 

h 8 d l . r  7.7 t ~ ~ f f l k ~ l ?  16  YU. ld€Il€l l&~~~n 16 Q?AYUUIHYOU(~WI~ d ? ~ ~ : : ~ 1 3 f l ~  10 

w. (n) dinafiuoaaauaad.i4~n'in"~in'i~s ? (u) f i i i ~ u & n u ' n ~ n  12 ii3R'u 

ml?ao=u~ain~ls? 
9d 8 asm (n) d a i ~ o l i m n i s  7.19 38 F,, = kx 



= 0.0875 m = 8.75 cm. 

m 1 3 ~ e z ~ i a  = 15 (~Iu. + 8.75 (WJ. = 23.75 W.J. 

d 4 
7.4 n1.11mbauna1.1uaiinod1~91~1 

o yninlndoudlluunin~~ni~~3~~ndoud!d~~dan~uuid t3u (oscillatory motion 
4 J d  ~uiu8~mrmdo~d$Irounirtndoud 13%~ tfluniu ~ani56u A~LLHJ~I~A~LLH ujwujntd+ 

R'itt~ci~nuqn liuniinirtndoudiluuw^soo3n (periodic) ~~onirtndoudlluutfluniu 

taniiIflunirtndoudm 1 rou duniiniu (period) unuhu T r::uudiinirlndoud 

J 4 mdounmruoiinol~1~iiu (Simple Harmonic Motion, SHM) Q 1fluaiinrh6~dq+ 
1vmriitrimuirn1~ndm~1i~~m5'~~uiutiir~n~ouduo.~u'u!6~iu i ~ c l z i o u ~ i r ~ n ~ o ~ d ~  

4 44 Jcr 1 chnS'u.u~u~umrrurnr::Cn x roto$hinctunirdn'upAtiiliinu6~r::uu~fl8~8~umntd~ 
Y 4'4 ~ ~ d ~ u u a . ~  tan1 muirn~Quu16 n~un6 

I 

I 

I 
I 

X = Asin(Os+0)  ...... 7.26 
I 

4 u 444.  tuo A, 61 linr 0 tflu(iin~ii!a ~~::nrzennumuin~qn A Aunii ttoudiir~ (amplitude) 

d?uitu + 0 1'9unji yutdn (phase angle 11fi:. 0 iiodincfitd~~ (phase constant) 

dovvlnhh (initial phase) dnaiunuiafialdu~'?uoniitt~~~u8~8~nintlfll::i'sufi~ 
ninlmG ~ ~ i m s r i i u i u m n n d o u d e i f u o i i n o d i ~ i i u l u t  (sine func- 

tion) ~ a i o i o ~ z i i u i u ~ f l o ~ ~ ~ ~ e u ' ~ ~ ~ f i ~ d ~ ~ ~ n ! ( ~ ~ u '  (cosine function) 36 naiut~mndi~ 



odd naiudimln (phase fgference) iio nliiuu r i ~ i  

din18a fliionaiudl~~~u (angular frequency) f rjnriaulilu 5auAui! wioQuiu 
8undu 18wd (Hertz, Hz) o ~nl i?uf lual~uu/~ui  (radls) naiudauo~oyninla 



J d cui?ni ue~n in~~ounrnnr~ i~no~ i . j ~ iu  (SHM) 

I u ~ d  7.8 (n) sumcimfYulani (u) n?iall?fYunai uar (m) t l ? i u k h n a i  
2 ~mu(iinumIflx0 I ~ ~ U I L U ~ ~ Z C R ~ % J ~ U  v0 I~~UII?~UII?YN~U (t = 0) &#u x0 - A s i n  

0 unr v0 = Am cos 0 finla xo h u  v0 11irzl6 

tan 0 = 
* 
vo 

t: uonrinuu xOg = A' sia'a 11n: vOg = A'COSW Bu8o - me 

xoe + voe = A' sine 0 + A2 C O S ~  0 
IF 

~ $ 0  A = [ no" (2 )' 1'" ...... 7.28 

e1nmrn.r (7.27) ilnr (7.28) 117ai101iiuu sin 0'ua:: cos 0 ldilflu 



sin 0 = XO = - XO v 2 
rxo2+ (4 11/2 A 

1lRZ COS 8 = vo = - vo ...... 7.30 
[xoz O" + voz 1"' OA 

h l l E f s l 4 l ~ l d  7.9 

fl. 9 4 H l ~ l l l l I ~ 4 ,  fl?lllfi?, f l ? l l l l i 4  I ~ 1 3 ~ 1  t - 1 i ~ l f t  I 

4. w~idilnhq~grunzlnli4q4qslu0~0ynin 
9. 9 4 ~ 1 l ~ ~ ~ ~ ~ = ~ ~ ~ ~ ~ ~ 1 4 1 ? ~ 1  t 6 0 11RZ t 6 1 3~1d 
a. yuvrlavriifudi'll a rani t - 2 ?uii 

44 . anni '2clunalfiuu x = A sin (a + 8 )  



n. oin 

dv 1 v = -  dx unr a = - = -0a2x I 

dt dt I 

I 

ttnuii : v = (4.0 X) cos (IU + 7) 7C 

X = 4.0 sin (Ic + $ ) 
= 4 sin = 4 sin 225' 

= 4 sin (180' + 45') = 4 (-&) = -4(.707) = -2.8 m 

4. oin Vmax = Am,  %ax = Ao2 

t~nutii : v,, = (4.0 m) (x) = 12.67 m/s 



1 I 

: ' 
R ; I  

0. Ax = x , - X ,  = - 2.8 - 4.0 sin - 
4 

I 

d d r  d  d  ~laiol~uw'Mdueqnia~~~aeuneiaoleQnePiiqdi~~uaunialmaeun~qnaolediq 

OP = OQ sin 8. n?o x - A sin (Wt + 8,) 



v = OA cos 0, 1138 v = OA m s  (ot + 0,) 

J d w~dunaiudauo~ P uuiod na1uli.ruo.r Q illunaiuii.r&udnnid 4.rlifinar.r 
nirdiun'urzazue'cl x unzihuim = O ~ A  &~uo~rillnnouuo~naiu~i.~miu~inu Y ilo 

a = -wA sin 0, n'ro a = -WA sin (a + 0,) 





tYinr=oiumnis 7.20 0~16 
XI = A sin (Ot + 0) 

= [ A cos 81 sin Ot + [ A sin 81 cos Ot ...... 7.40 



' E p , 8 + % + 8  

rtfiriuuaaayninaan rn r n ~ ~ o u ~ d ~ z ~ i i a r c ~ a i u ~ f i d u f i z ~ ~ a i u ~ n i  &gJ 7.12 (n) 



1 
= amup A' = fiii7n4fi ...... 7.43 

Caetiiq 7.e %an 1 i i ~ a n ~ u  i i u a u ~ ~ d l ~ n i ~ ~ 4 d 4 d u a ~  0.09 ~I'l~nfu i i n z ~ f i i n ~ f i  

uoarnfia k = 68 Ci?h/iuma ~4winaiudi~4yuiin::lioud~8~~~4n151nd~~d fli 
OI 4- Jnngii  uolrdimr13~mli~n~~diol'~ttwri~nuq~ 0.03 tuna tm::naiui5aunnn~bi~(iw 0.4 

luol5 /3~1i  
sd 0 

16n1 iinufii m = 1 kg, m, = 0.09 kg, k = 86 N/m 

X, = 0.03 m, v, = 0.4 m/s 

7.6 gn{~nradi.rhu (Simple Pendulum) 
3 u ~ u o 6 i ~ ~ i u i l l u ~ o t i i ~ ~ ~ i ~ s b l o d i ~ w d ~ u o ~ n ~ ~ t n d o u ~ i i u u w " r o o ~ n  w?o 



~ai~ii~rniuiilraidu8uw"n (g) Ao g sin 0 i i ic ludummr~l iungu'o 2 u o ~  
V "44' iiaKuIw w~u 

d2s = -mg sin 8 mdte 

l d o P H ~ l l l R U  i ~ r i z i i i ~ J ~ ~ n i ~ r n r ~ ~ ' i u ~ ~ ~ ' n n i . ~ n i ~ i d u v o . ~ ~ u  e 
aunis 7.44 ~~UUIM~~I&~U 

m*+mg sin 8 = o 
dt2 

u'ounii L uin q ) aiuisodazuian'iI6ji 

sin 8 8 i s i # t ~ ' ~  ...... 7.4 6 



8 = 8, sin (ot + 0)  ...... 7.48 

ak-aiu$nduo-apn(u~tiiaiiu~~ W&~u$n6ll~~fl77u~u'~ri3a rngy $0 y A'o 

n ~ i u ~ a n i n u i a a  &ld 7-14 

d ~ d n  7.14 A ? I U P U M U ? ~ L H ~ ? ~ ~ I L L H ~ . ~ ~ ~ R  y = L - LCOS 8 w&.jiuf?ind~nin" Ep = mgy 

= mgL (1 - cos 8) 

PH 111 291 



Ep - . mgL (I - cos 0) 
~a$u w ~Y-aaiusau 

s m l o  ?mi n. (oin T = 2 R C  
g 



7.7 g n tfuaa% (Physical Pendulum) 

~ i ~ ~ i d ~ r h ~ ~ ~ ~ i d N i f ~ ~ 0 d n i 5 t ~ d 0 ~ ~ ~ 0 d 3 " ~ 1 ~ t t ~ d t n " s d ~  7 t i ~ a  pn+.Aaii'tl 

~ A W ~ U  (Ia) 88 mgb sin &a 



ol iio n n u l i ~ ~ % y l n r i i f i i  rhu I iio1uluueivo~naiuldouuo~3"~(]l~~~~n"s~~o11~a 
HYU 1Rltll5 7.67 fl#l(l&llllfll5 7.46 d~~ldtlllfll5(nf~~~n~u'14il~ ~IRIU~IT~ 0 di1 

Gou q unzrsil#nisdsuuinrd7 sin 0 = 0 aunis 7.57 qznniu~i4ju 

7.8 gnfuviimdn (Torsional Pendulum) 
Q n ~ u ~ f ~ f i f l d a n o u ~ u 3 ' m c J ~ ~ w ~ n ~ u ~ ~ ~ ~ u a ~ 0 ( d ~ ~ 0 ( u o  iluau#aunafl~nnz 

4 -4 nanp~n~naiau~uriuIu~~uai4 k21-I 7.16 



d a' noanuorl2lulrlaul~um~~n"u 0 d'uilo 

r = - Ke ...... 7.62 

~ u d i  K (diu<i cddi, kappa) \ 

T = Ia 9% 



8 = eb sin (Ot + 0 )  

LLB:: 
de - = eOO cos (Ot + 0 )  
dt 

...... 7.68 





All PE PF. ar~d  KE All KE PE . l ~ r r i  KE 
, ,, ' , h'l 

I i .; 

All PE PE .111ri KE All KF. PE and K E 





;.lo m.rr=uni.rmhuda14u8hn8eii~~iunn~lm 
n i l l a u  (superposition) HSoRuntinoliwji nn~mmtrom (interference) uo4 
4 r nirlndounn~uo~nodi4iiutro4~m il 2 t a u  do 

I. m ~ ~ ~ u n i r m d e u ~ e i ~ u 8 ~ n 8 d i ~ ~ i u 1 8 ~ ~ 6 1 ~ ~ n i ~ 1 ~ 1 ~ 8 u s h ~ n i ~ 1 ~ u ~ n " u  8n3iu 
d ldin'u 

4 r m n n d o u n m u o f  norii4iiup104~m jnaiuif  din'u i&~ukkijd 

X, = A, sin ( ~ t  + 0,) 

X, = A, sin (Ot + 0,) 

n l z o i u m n i l  7.75 11~1:: 7.76 76 

X, = A, cos 0, sin Ot + A, sin 0, cos Ot 

x2 = A2 cos 0, sin Ot + A, sin 0, cos Ot 

x = X, + X, = [A, cos 0, +A, cos a,] sin Ot + [A, sin 0, +A, sin.0,] cos Ot 

= B sin Ot + C cos Ot ...... 7-18 

lde B = Al cos 8, + A, cos 8, ...... 7.80 

C = A, sin 8, + A, sin 8, ...... 7.81 

61 lq 14 uu 

= A cos 0 sin Ot + A sin 0 cos Ot 
I 

A cos 0 = A, cos 0, + A, cos 0, ...... 7.83 

A sin 8 = A, sin 0, + 4 sin 0, ...... 7.84 

...... 
tan 0 = 

A, sin 8, + A, sin 8, 7.85 
Al cos 0, + A, cos 
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uin sin2 0 + cos2 0 = 1 

wau?nuo~r i i a j~ l rocuo~~n i~  7.83 llnr 7.84 ~r16 

A, = A,, + Ae2 + IA~A, [cos 0 ,  cos 0, + sin 0 ,  sin a,] 
J ,  

= A', + A,, + I A ~  cos (0, - 0,)  

~ i o  1 
A = [Ag, + IA,A, cos 1 0, - a l l+  As,] 9 ...... 7.86 

44 a 
n r ~ m u i m l u n r d u ~ n  b I 0,- 0 ,  I - o ~ 7 0  0, = 0. ~don?iun:mn W 

8, - 0, = 0 &$u 

x = A, sin Ot + A, sin Ot = (A, + A,) sin Ot 

I 



~ u ~ m ~ ~ i ~ n i . n ~ b o u ~ r ~ ~ d u u i f u o i i n o t i i ~ i i ~  innaif n4~la ~meiiaoad?ijm 

ddauldrllu A, + A, Rjld 7.18 (n) 

nrddnoa I 0, - 0, I = II $UAO x, 6u x, i~dnmr~n'ubia (out of phase) 
u t: 

~danaiunzn?n riiwu~M0, = o I I A ~  0, = II AJUU 

sin (8 + IT) = - sin 8 
64w"u x = A, sin at + A, sin (m + II) 

= A, sin Ot - A, sin Ot 

= (A, - A,) sin Ot 

unm~ii nistn6oudr?u~~m~~uai~oiinocii~ii~d~n~iaifrviir~u u~iltou- 

d8jAdln'uPr0dlJU~4 A, l lRZ A, f i l d  7.18 (U) 

iYaad7~ 7.12 ~ ~ ~ l ~ s i ? ~ ~ ~ ~ ~ l 3 l ~ " n ~ ~ n " ~ 0 4 ~ 1 f ~ ~ ~ ~ ~ ~ 1 4 ~ 1 ~ ~ ~ 4 ~ A r ( ~ ~  i h h U  

n?irrdund~ml~~~iu?n'uiiu f i~ani~a~nir~nboun"&no~~flu x, = l o  sin 2t unr x2 = 

8 sin [ 2t + ( s a l l 2 )  ] miuni6" oawimmruoamsndoudr~auo4~~nin 
-4 0 asnl ~do.roinii Prndi~uo~y a6dndifu sII/iz irdou 11nzaoadiij~uo~nl.1~~4ni~ 

mdoun"3u A, = l o  tlnr A, = 6 fi1.3.1 oinmrnr 7-85 sziiuou~~iij~r?uliru 

x = 12.92 sin (2t + 8)  

x = 12.92 sin 0 

660 z X = (x, + ~ 2 )  

= 0 + 6 sin (6n/12) = 6.796 1 

8 = 26.c = 0.16n 676#U~ 

&U"U x = 12.92 sin (2t + 1.16'lt) 



x = A sin ( a t  + 8,) 

y = B sin (Ot + 0,) 

u. 6 - n - 186 Iri 0, = 0, 0, = n 
ad6 x = AsinOt 

y = B sin (Ot + IT) = - B sin a t  

naiuLfiAmiid x n"' y iio 



61 0. = sdl 
2 ' 

3 n  x - AsinOtunr y = B sin = - B c o s O t  ...... 7.02 
I 

mni5 7.93 ~mnaiiniu~~umdoud~(Plu~a~ (ellipse) nrtiifimrm'o A = B rr 

' I ~n i~mdodl f luanu  IunrtiiA 0, = 9 6  iFu (qmmr 7.90 J~c~ouIJ) fisi~tuid 



' Y  
pniuplir t = o (qmuuqm) 5 = o, y rin'iuinflqm R o d i r i i ~  A ido t idu x a:duuu 

wi y ar~mnsainn'iq4qm 1uns8&#umituo~msindoun"iiflua4na~miu~~uui%ni mid 

0, = 276 ~?u (qmnis,.s2 dsmou~d) f i~ir t~iqmlj 'u~~u t = o (pndi~qm) x = 0, 
Y 

y r i ~ i l ~ ~ ~ d q m  RQ (-A) \do t AU x ari~u:U UR: y s:Jn'iuinuu i#uni.ruotms 

indeudlillu~4nnun2ut~uui%ni 

dor2unismdoudiuuuiiuo~notii4iiuao~~mi&~inn"u i idn~iud~idin'u 
dd-l CdYY w~s~~a;~rilRlrnitrnrindeunnu~d~i~ii~ 7 n'u ntuuuodn'u$m~id2uuo4n3iu~ (a, : 

Y) aR:wR~i14uo4~lJdtfhJ6u (6) i#Wll4i?ldl&flddfllU ;d7iJJlg (Lissajous 

figures) ~liuBauo~u'ninuimn~ibtliadk.~~fia Bo Jules Antoine Lissajous (1822-1880) 

f l~ ianlndo~f i5odi4nr i~um 
d d di?l~unisr2urnsmdou~aisuo~notii.~iiun6m iiii~i3u~n'utdn~iuddwn'uu 

~qnd4huwd lo ldondi?ii4dnn~nirddflunii u'~ld (beats) 

7.1 1 ~ ~ ' ~ O B ~ % P I L I ~ ~ I I U P J W ~ ~ ~  (Damped Oscillation) 
nismdaudiiuuaiiuoGnotii.~iiuuo~~:u~$i4 q C ( u h ~ i  ni?&nrifulailririi 

w6iuniu ibu aci~umrnuuotoymnui5m6au 7jlkioud5gmuotnisooaQ~inmJn'i 
nt6-a u a r n i r a o a ~ a i n m ~ i i ~ u ? ~ 6 o ~ i . ~ ~ 1 j ~ ~ m ~ 4 m i u n i r ~ n d o u n " e ~ i . ~ ~ n s ~ v o 4 o ~ n i ~  

uilnun~i.u19ua?4ua~arsunluK2 oyrnnido~nisabou~tiou6o~ij i ir~6iu~iu~~o 
Y 

m~i%ummuiiimuuirmo n ' i ~ ~ i i o ~ d 8 ~ m v o ~ r n s i n d o u ~ ~ : ~ o u  q amn.srurnm&i~ugui 

6J;dfl 7.20 



d4nnuo.rmnirl5~o~nirdu mnir 7.94 iio 

x(t) = Ae-R sin (Ot + 0)  ...... 7.9s 

d f l =  coo2 llnra~n o0 ii aaiuarrrun6 ( n a w  frequency) 

d4nuiu~4naiui(iiiIxiu"i~~r4nria4ui~m iionrtiid b - o unr6ilfi y ==, auny 

ii diwiri71~siue~miu~da~ (damping parameter) mmr 7.96 oioliiuuhfifi~flu 



-4 8 

3sn1 

n. i!god: itaudtig~ tu n n i  t = Ae-Y ........ (I )  

ttoud8~~ tu i?ni (t + T) = Ae-Nt + ........ (2) 

nunir (2) nirfiununir (1) tiinir 60 tdo§~Gud 



7.12 ~ I % ~ ~ ~ G ~ I ~ Q ~ ~ ~ P J I I % s ~ % c W ° I  
iiiriu~muuond~uni.r~n~oud~ip1p1nip1uin~zii~~a"n~ a~zn'11~a"nq~uoon 

Ininn i.riliunnirin~ou~uota"~qiip1~u"a'i nigaaaBaiam2i?uiigsngzw"i (forced oscil- 

lation) iJu ii.rtn~uuon 40 t 

i 

Fex, = Fo sin Ot ...... 7.98 i 

! 

d2x k + -X "8 m 
- - b sin ~t 

m 

x = A sin Ot ...... 7.100 
L 
/ I  

- A O ~  sin a t  + O: A sin ~t = sin OX m 

Fo - 
W?Q 

m A = ...... 7.102 
(ao" -2) 



x = A sin (Ot - 0) 

oinauni% 7.103, 7.104 o z ~ f l u i i  uano:~~ar~nlnm in phase f i l l z v i k  F,,, 61 

PY d sinuocaruniz 7.106 (oz1U.4;aulupiiziu) n~ilulJlbisinn~.ak~il~sinwo.a 
~ o i u z a d $ a  (steady state) azlflu 



tan a = b o  
m (oO2 - W )  

P FV = (Fo sin ot) AO cos (Ot - a) 
= AOF, sinax cos (ot - a) ...... 7.111 

Imul#lan R"nvdni~m3Inmu'~ 
cos (ot - a) = cos ot cos a + sin ot sin a 



P = OAF, sin a sin2 Ot + OAF, cos a sin Ot cos Ot 

cos ot iviiniquud twnr~tiiiiluu~nttn::autvii q i7u ttn-.n'iiadsuoq sifl ax l u ~ h ~ o u  
, 

lriln'u I$ (q~d 7.22) 
\ 

Pave = I $ o ~ ~ , s i n a  

Pave = I$ bWA2 

uriSiuii P, u::iiciigqsl d o  o = o0 lismlsingni~niu"ii ~i i~ni .r&rle~ 
4 

(resonance) tta::ui~n&liun o = io, n?iuom~#udirri~t (resonance frequency) nnvl 
' uotl~lni5 7.113 ql6uinpJ 7.23 





olliudnianiu::uo~ama1~6~oonlGilflu 3 aniu:: iio uoduu"d uoamna lln::fi% 

nuu?inaiutimnyuuoauo~ tiif4 nuimo5uiulA1munaiulPru~ln::naiu lnSum 

naiu~iru~dulnuimd~dudmdau~~~n'uu~~dn'ilti~~mnirld~uu~dna.~ unrnaium3um 

ldufiuimdimnir13u~dna4 

uoqniruo~naiuflmn(u Iiruiu&d 

x = A sin (Ot + 0 )  

dx v = - = AO cos (Ot + 0 )  dt 



p n ~ ~ ~ n ' n ~ m m 8 o u d e ~ f u ~ ~ n ~ 6 ~ ~ i ~ u . r w u n u d ~ u ' ~ ~ u r j u d n a i ~ u a ~  niu 

uodnismdoud $8 



7.3 ~ i Y i ~ Y ~ q i ~ ~ i u i n u i q  106 ~ ~ ~ A U I P I S  qn~~qu75ddmu&fl0.~63un3m A unr B d 

n. naiuiKuusdnqm A unr B lviih 

u. naiuin3umuadnqm A uni  B iviih 



7.6 ifiufli.uiin?iuclir 1 unuinin douin~iu~iridulilu 1.01 ussu in~n lmud~~~~~ i j  
n.jdu , 
n. lrsu1mslnsj8u5bun:ivi1lmuo.jis'su1msifia~ 

u. ~nh~~niruo.j~lb)lZlviln"ulvi1lm 
ma91 n. 99% , u. 1.01 atm 

7.10 oyninindoudmiaJiinu x 8uiiuusiiuoQoodw4~u $nn1mriiiQm t = o tin: 

indoudldn~llnlpu?~ ~iiiurnlti~muo~nirindoudi~'in"u 2 isuGium~ iin:n~iuitiviio'u 
1.6 1~TVtd 

n. a~iinmdiiszu=n~:4' ?io x * 2 sin 3Zt  
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nuqnIdni~uai lo va, erGiuatuwi 

(n) niutani T, naiad f, i t ~zna iu i f i ~~~u  o, 

(u) rnj~iuvkmn 
(n) tteud5gn A 

mefl (n) 1.67 S, 0.638 H,, 4 rad/s (u) 0.04 J 

(n) 0.14 m (4) 0.67 m/s, 2-3 m/sg 



I~i: 7.27 11uuiJniiiicld 7.1s 

7.14 ?c!m?ufd 60 ~vuZlums I60d~~!fiulmu 63d 
7.28 ~ l ~ ~ ~ ? d l l t . l ? ~ l ( l d ~ ~ ~ ~ l f l 6 1 l ! ~ ~ 4 ~ ~ ~ ~ l i f f l  

~ o u ~ ~ ~ x ~ d o u  o~niniuus~nisesn~n~a~ 6 I' ,, 

B1BU 2 S 0 

, l- 
()' 

d ~ d n  7.28 llvuiln~kd 7.14 

7.15 I~MIR?IU ~ L L ~ ' ~ ~ I S # M # Q ~  (resonant frequency) uo~szuuIu~1~8 7 2 9  

BlBPJ = 6.32 rad/s, 12.66 rad/s, 2.21 rad/s 

7.16 oaninunisu~~nis~n~ouiua~nissaun'urk iue~nism~ouiuo~no~ai~a~nat i i~  

~lo$~uluf% u n : ~ ~ ~ f l l ~ u o r f l 1 3 ~ ~ d ~ ~ d ! f l u  x, = 2 sin (ot + n / 3 )  lla: x, = ' I  

3 sin ( a t  + n / 2 )  

QlBU x = 4.836 sin (Ot + 0.437n) 
I 

I 



i~unm~mlcs".jI~iainnir uo:iirmniruo~nirtndoud~iflu 

x = 4 sin Ot 1ta: y = 3 sin (Ot + 0) 

7.18 uan 2 iInnTu n ~ o l c ~ m l i d  k = 400 ~ ~ ~ S ~ U I I U A S  dttou~ti~~iufiu 3 ~ W ~ J A S  
1 

n. e.j~iniuttn:~fiij.j1~5auOuKu 

U. f i W ~ d d l ~ f l ~ ~ d f ~ ~ %  1 Ildttd~:flllJ 9 d ~ l f i l ~ d ~ ~ ~ l 5 ~ ~  b 

mau n. 0.44 S, 0.18 J U. 0.046 kg/s 

7.1~ uan 2 ?iInnSuU ~ m n ' y d 5 4  k = 400 iia~u/tum~ b = 2.0 A1nnSUUAuiI tt54 

u'ulflufl~flJuIc116 ririipqm lo hsiu an:naiudtfidyu lo 151AuusioiuiCi 
\ 

n. a~wiuaudtirpmuo~ni5oonQntn~ 

u. ~inaiudue~m~u'~urlsri1~6 n a i ~ d ~ : i t n i m  detn'mnishhd 

n. nittoudtirpmuo~nisoon~antnmtudotn'~n15h~o.j 

mau n. 4.~8 cm u. 14.1 rad/s n. 36.4 cm 




