




(dynamics) 
44 A ~il(nl~nlm6u6t1HqnR 1domn~mmnmuan'uni51n'Roud iio ii?n'u (sir Isaac 

Newton, 1642-1 72,) ia6'd6nqdli(unll~duan"u ~~'i.r~~nzni51ndoudI~ 3 6 liunii na 

nntndouduot~asiu (Newton's laws of motion) ~ p c ~ r i i $ l ~ ~ i i t r n ~ m d o u ~ v o t  

d np$oidunii nqre.rnairnasa (Law of inertia) 

nqu'adae~rs~iian'w ndiaii naiud.rrs.reyninlduJ~nimInuma.rn"~~~a.r~~B 
V aJ 

dnan"isiasynin InuiiBrmi.rliiuan'u ~lazidwJfininwnwunuuaarn.rsynin 

n Q d h n i i  nque.rnaiuii.r (Law of acceleration) 
999 d rm nq4s~aiura.riian'u ntiiaii qntrr.rJgn3aidauii1~3.r~~i a.ruruiniriin'u 

idiiB~m3.rbiun'uiuus wis 1l3.rnqsiid.rn'uiiaen"~rs.reynim daviiauiniriin'u 

e- ng&onii nqre~ii iaiaadgn3ui ~ s w  of action aqd reaction) 



/ 

ni3doyniniinqivdo idotainoynindu?n n'~$u ~ ? d t ! ~ u r ) ~ n ~ u ~ w %  

n'nvolrdrr~il.'7r~mwdt'u6toYnind~dua(u"~tn"uni36iu~iunis!ddnuu~~d~tnnirrnl.i 

inioud 
d  d ng(u"onwutuotCqCun'iwumuounmuot ~ar"Jlnmi1 jftmmszdlatwy mihwio 

d YI m'Roud~i?en~iuli~ntd~fiuun"ufi~~u~~~e (inertial frame) diuu n~oudou$wuiuiit 

. p m w 3 0 ~ m u d i t 5 ~ d d ~ i ~ a i n n ~ i u ~ f t o i i t ~ ~ n " ~ ~ t  
d  d Ki~fi!nmmioud6qun~iv1ft s::l#npcionwwuotii7Kugu'g6 dotain@?tmm 

vd L ~ u o : i i i u o y n i r n n i o d ~ ~ u n a i u i ~ t n " t i Y i i i ~ ~ t ~ i n s ~ i ~  iiu ynuto$usnIAniosn 

uuddinmudilrjd ar!~u~i~fi!nrkuotu"itnit~nd~ud~d6aun~iud~~1jn~di~iun"~ 
YL d  wio~iwyut6iownb~~uM'oti1t1~ arduimedodsou q Kq!nihudki' 

L: L: 
iaqlm q argm3::iilmulrit 3 am wia 4 IW ~iouinniiuu iaquus::oy?u 

v d  d YI ~iw~qomiun~uon~utuot~~~u~6do~do~a~~u~ot i is tn twum~i id in 'uqud &h 
lM3?U.lUUU7lLflU X IIRLPI~UIIU~U~U Y ariii1idin"upd i i u h  t o  

Z F ~  = o un:: Zl$ = o 

notdsi~ainismioudvotmdot~u ua:dOu~i?un~iuii~ni;ilauoluoinin 
d v 

!dotduarQnu!~teiit q uinsziiu~nuiu ~ ~ t a ~ u ~ t l u o t a i n i i w o d " n v o ~ ~ ~ ~ n d S o t ~ u ! o t  

~st~md~finsinmnotuud ~ntundtiimsinetunuotoin~~~ unret~8umniud~iiaoin~~] 

ln4otOulaumafi'uolnlBI 
d  d Bo!n:ot0uiiu~'?anqiud3nod m i u n g w u a u  1ntn~ziiuu~~q~n4ot 

Oun"twu~r~uniru~aiii~din"u~ud 
v d  d vd u miunaiuhnguonnutuo~CaKu~ PiotRn~iueioldii ynntmmii~g$u~ditw~o 

mioud~iun~iu~~arii~auo$u rJ&mme:~todit wio!ni(oud~iunqluAaa*~i~nuo 

62u 



J .4 wuin~unpfidaotifu ~ ? R ~ ~ ~ G Q $ ~ Q ~ & ~ ~ ~ ~ B ~ I ~ L ~ U ~ ~ " P I U ~ R I W ~ ~ U ' B M ) . ~ M ~  - iinrliun 

dot."uii uaadaa (inertial mass) i t  aed~uiu4i.r sinuaah$uda-a (gravitational mass) 

m i u ~ l ~ ~ o n o t o t u  datain a uaz F d3nnitdulnir iitt4uuIAj.i 



F oc ma 
F = - kma 

- ........ 3.1 

iGo k = dimd lunu?ulodo (SI unit) 

a = naiaiituotaynin dnu-auldu mJsf (*?a rnd2 878 
F = rnt~wddli ii3uquduins::n"i~iou~~ dnriauillu N 

m - aanuoai~~diistainsz~i iinriaaltlu kg 
u L: oltuu i$h~nnri?ulo~lo n'i k tflu 1 Iolu6inuolM rrrtdiilfli~an 1 iilnnfa 

~in8oudbi3un?iuiit 1 W Q I ~ - ? U ~ ~ - ~  i idi  1 iiqbiir 

;. F '1 m8 ........ 3.2 
v u  Y riun~ist~uustrioumiaiinu X, Y rlnz Z bmu 

Fx = ma, 

F, = ma, 
F, = ma, 

949 

3.1.3 t l ~ l I 0 4 ~ ( l l l l ~ ~ d ~ f l X l l  
V A  4 npuonnwuotiiaR"u ncii?8tni5ini'nouduoJoynini6o'1u'u'~istnszn"i lhunp 

dod~atnn'i~o'tms~ni'noud~u'o~~tistuins::n"i na~dnnrenrii~~t~i~tns::~iuuoynin 
iiiiicr&I6otiitls 

npdbdmauotii?air ncii?ii ~n11~~cndsuu"11'1~d~%~11d~u"~uifi~d1n"u 
~diicnn~Jiu~aue n?% I ~ ~ P ~ ~ ~ ~ ~ ~ L I I P L ~ " M V B ~ ~ ~ ~ ~ P I ~ ~ B ~ ~ " ' I I U ~ ~ ~ I ~ ~ ~ " M  lldiin 



F, ~unuur4d x mrviido Y 

~ ~ u n o d u u o a u  ~~uuIu$uou1animof er7641 F, = -F, 

ur~n7uiune~n~JfiFi7ui H U ~ U ~ J  ~r~nrrri~il~nrll~nrrriimou ~ I U I ~ ~ U U ~ ~  

dmreiidouanddi~nir w~~ii~~uw~oun'ulflu~~rmo kui(uanoir1Glwirn'u 
3.3 (n) nioo~rlw'nn'ufi~di 33. (u) 
dfiRudllB 

no~iJeirolili¶4dir 1 lunir#~u"i~uiruotnunu~d.j d~e:nn~~llr~Ru~un: 

u r ~ d f i ~ u i ~ i u n ~ 6 d n u u ~ . ~ i j a ~ u  



J 'a11 RIJIYU i4diiu!~i0innmn~n'ra4& da UUIRUQJ~M F, +a F, Hio W, wnna uuim 

na5fim~Ci?uiiJe~n^suilin::~t~.~dfin^suio 2 i 30 w, unr w, tin:: F, ti" F, 
~ ~ u ~ 1 ~ u o ~ ~ ~ ~ ~ ~ ~ r r ; Z d o " i 8 ~ ~ a ~ t v i 1 n ' u ~ ~ 1 m u a ~ ~ t ~ ~ ~ ~ &  u a n r i n ~ i ~ ~ n ~ t m r ~ n ~ o ~ &  

n'ulan rrI~.iinaiuth 





u Y ihiinu x hiiu~~ui~u~iint:iinu Y luiiua~~ainnuwui5u &id M m iduuan 

vo~rouud oin F = ma ni~uniruo~iir~ni~iin~ x iint:unu Y 16n"~f 
nidriflu X F - mg sin a = ma, . . . F = m(a,+ g sin a) 
nidrinu Y N - mg cos a = ma,, = o 
l #~un imi~  iinu x nifii F 1uVYO n tint: u 

L a  n. nidi F idon~iull?n.m uuno a, = o 
F = 1,000 x 9.8 x sin 2d 

= 1,000 X 9.8 X 0.342 

= 3,344 ii?Q1"~ 
u. nidi F ido $ = 0.2 ium~-?uiii-z 

F = 1,000 (0.2 + 9.8 x 0.342) 

= 3,662 a?Q1"~ 
n. 1#mni5ni~iwu Y mciirir~douunreriidorouud 

N = mg cos 2 6  

= 1,000 X 9.8 X 0.94 

= 9,212 fi?Q1"~ 





V 

3.2 ~daerresllas oraa h~wls"n 
lmun~iufufiaiznii~ nqiuli~ (a) ILRZU~R (m) doii5~ 0z~i/uuflurnm5I6ii 

F = kma 

bud k fluriintcii ~u5zuu1odo uqn (m) iinliaulfluilnn~u (kg) mqiud~ (a) ii 
u 0 nli~ulilju luP95-?~7?i-~ (m/s" ~ M U U  115Q (F) c?<' (N) 

1154 1 iiqm'u t o  naYiuddn"i1fluqn 1 iilnnfu 15mnqiu lid 1 lurns-?ui?i-2 

<Q#U ~ iunp~odno~uo~~<u  l~1i/uu1flurnm516ii 

F = ma 
1 

n ~ ? u u o ~ ~ ~ $ d d ~ ~ u $ ~ u u  cgs 8unii Imd (dyne) 

u5.r 1 Imd iio u5~dns::n"ido?'iqdduan 1 nfu aXq~iimmqiuli.r 1 rm-?uiii-9 h i i o  
1 dyne = 1 g.cm/se 

~ d o ~ ~ i n  i kg = i o 3 g  

U€lZ 1 m = 10=cm 

= lo6 dynes 

nliquuo.ru15~tin 2 n c i a u d ~ i u u I ~ w ~ ~ ~ 9 d ~ ~ i i ~ u  fro 1n~fiTnn5'~ (uogram-force) 

u n z ~ l f l ~ d r z m r r f ( ~ f i n i ~ ~ i & n ~ ~  Ro in~deud (pound-force) d~~fluni~uan&nfi 
44  1 uottnni~qluni~dflu? ~quudolllu kgf iiiiuiuil 1154 1 kgf ~aur.tnumidifiuU"inu'n 



uoau2n 1 n'lans'u j 

. . l k g f  = gNm9.8N I 

#au1nqUI ~tym~mJinlfluni~iBRji Yorfony 2 mnniu (nuiua't 2 kgf uLulot) lu 

fiuotl#uan'u pound-force (iolflu ibf j i i i u i ~ j i  IM 1 lbf do 11z4fl~di1iin'u6inCn 

uoaum i Joud 
. . 1 lbf = g pdl 32.17 pdl = 4.46 N 

k u f l  pdl do poundal ~un~~uuotllzt'Iuz::u~6nq~ (lii&flllki2) 441154 1 poundal do 
wflns::ii.rilrioiipdtilm 1 J o d  (B) ail?liimn~iulit i rjm/iuil2 

1 poundal = 1 lb.ft/se 

lzinziu<i 1 1b = 0.4638 kg 11~:: 1 ft = 0.3048 m 

. . 1 poundal = (0.4636 kg) (0.3048 m)s-" 0.1383 N 

finitriiuotum (m) ~ ~ u ~ ~ n u u ~ u o ~ ~ f o u o ~ i m ~ ~ ~ m u m ~ ~  u~nuot~pfloduulnn 

orpnuzt8~gmuot~nn (g) dtlflun~iu~dqu6nnit'uo~1nnnz::n"i Uidin'u 9.81 m/s2 

noi~uoinun::i.hyim mg ldo m duuaouotoynin unr g lfIu6'mzili4'uotoyninu 
YI 0" qu6nmtuo~lnn n i o  &n l$dhhd?d (gravitational acceleration) 131 tun urtuaiwnuun 

(weight) uaaaynin 

&I% ~i~l~u'mnuadaynin do a r ~ d a i a n ~ ' ~ ~ n a ~ n i n 1 3 i q ~ ~ d n ~ i 4 ~ 0 4 1 a n  & 
443 nu'nit~ul?nlmoznuuoin'ufii g d~firiiriitn'umiud3usiia q v o h n  

QI n F = ma 

. . W = mg ........ 3.3 
t un  in4fici w ii u " i ~ u " n r s ~ ? ' ~ ~  SnJaaduGaA'u 

. u3nm = W/g ........ 3.4 

1117<1&uu'n o::rifluuzw~nnif 

t~u~s=rwciiiiuufnumwimiAa~nzzu~ino1~~1~::~u~io1~z::o'i?'u dozVinu3uUY1n~vn I~IU 
4 U Y 

kilogram-force, gram-force d o  pound-force l ~ V l l t d ~ l J ~  laignfit 1 1 ~ 4 1 I ? ~ ~ l ~ u ' n  

di$u~iidklu n'lnnlu n L  d o  Joubl~aCmriiii w oon odialziiAluni4nqufjm 
n.rl#~Jaurad11r.r (a~uk~iwu'nhu) lflu iiacl'u imz4nJartua~uaalflu fin?wlrmo 

t : J  4 4" J ~doniz~'iu~aruumu~u'o~n'~ nQnia~n~ounvonao~uotiiapl'un"alnuni4mz~un::ni~6ou 



&sdu 3.6 i i r i ~ d i ~ l o u ~ ~ i i  w, (uan - m,) ~ i u p l d  3.8 inbouduuXue~intu~ 
~ d o n u i  y nn~tn 'u~nron i~ i in~u~i id?~ 'ou ' I~~auu" i~u"n w, (u?n - m,) s~winaiu 
~uo.rrruuunzn?iu&uod~du~~onn"y nu"iH~'nn"4no4 
ad 0 a m  +eirolipJd 3.8 



$4 8.0 (n) bmii~$&mm A ?Sqllmit~~j~c. a unruonji w - T - ma 
(u) di~3!i~f&lnm B n31a11j~u0~3Yllq = o 1~11~fiunii w1 - T 

r Y ~a~dnazvi iuu~~ iio hr in  w (tta~t~uriuuo~t~n F~ ~ A ~ R ? Y R ~ )  t i~r t ta~~~uu 
JYa T dnif t~j l f  ~~o@tiiuun'uadas' i~jnnuri.r a tdstiiuun'iilnn (lunutnonl#3rraa 

cii~rbuJuiu) e iqd 3.g (a) wn'wduuiaqdo w  - T fi$u einnQ~odno~uodJ7riu 
w - T  = ma 

T  = w - m a  



miuntl~odniuuo4~3~u ~~~'~m1$dn.rlnP;?u~~5.~~1u1m~w'in'u une3~ni~~nn'u 

Ciun" T i io Ran~huii54 w - ma iwnzaz& mi&uonu'mui, - w - ma 
u d' C 44 ~i~c)iiiuanuupntt~~uI~o~Iunuqndi~umi'~~~nmer~~~u~nn miAaruonimui, w 

1riutiiu~nirn'u~#~1nmdog1ui?ivlos' imc)sdnn~iiogjumqn 5~dnnpiiiiu.r.rR.rn~ wf d 
diul6uumi& k ~ d  3.9 (u) 115adnne wf liunii 6 i : 1 ~ u ' n d ~ i m  d~u~i54Iu'uci?r 

w liunii 6inu"nc% 
. . wf = w-ma 

61tidhrid.r ~ iomiowdIu i iu~ l~  (IrjiiJuw;on~ 6qunaiulim.rRi iio a - o 

1~itzl66i~u'ndnn~ = Ci~fie34 61 itlunaiu 1i.rntrii~ mi up^ 3.9 a IOU~IU~U~IHUY~ 

dnnpc:~oun i i6 in3  iiodnnQiiimqiui& 6i~llumiuii.rcuuu a lfluiilnr 61 
4 :1Hu'n~.nn~czuinniiw"i~w"n034 6i3vlhciuodirlrli a = g 1metuo~cin$:1HCnci.r w 

iriin'u mp Aiu 6i:1~u'nd~in~~rillutjud %pl~oglunnidnngii l fu '~~u 'n  

3.3.1 ~ n - a ~ a u h  
611154 2 w~Souinni i  2 1 i ~ . r ~ u l d n 5 z ~ i ~ u ? ' a q l l d  d'i ithm5adnin 

miu U U ? ~  1154 ~ ~ d i $ n ~ ~ i ~ d u ~ c u  ~ u d q n h ~ q ~ ~ d - a  L S U ~  1154 tvdi$<i I I%~ I~U~  

(concurrent force) 



(n) iian~iir~aaun"u 3 I~YP 

, 

l ~ ~ d i  3.10 (fl) ll54 2 1134 w URZ T n 5 n / l & 6 1 ) ~ d W 5 d n 0 ~ f l ~ l l 5 4 9 3 ~ n ' ~  

m ~ i = ~ ~ ~ ~ ~ n o . m s : : n ' i l u ~ ~ u ? ~ i u ~ m ~ u B n a i . ~ u ~ ~ ~ n n ~ u  115d T nrdiluuuaddCu~~fi:: w 
ns=n"iluuuaddaa 

lu3di 3.10 (u) 1M T, W, F1 110:: F, I ~ ~ U W Q ~ U ~ U  I I ~ J $ J ~ ~ I U ~ Z ~ U ~ F ~ ~ J ~ ~ " U  

(rimn t h m i u ~ ~ u a ~ l l 5 d ~ d n 5 ~ n " i 0 ~ " 1 d ~ n n ' u ~ ~ m ~ u ~ n n i ~ ~ o d ~ 5 ~ n ~ u  imli lsnii  p ~ h u  
luldi 3.10 (n) i u s d  F, W, T dy?u5ruiu~uan'u lmr!tlull5da?uni~nu~niau 

fim.rn5:rii iio pnguBfini~uomunou 



Y 

F, ., 1,200 kgf 

F, = goo ' kgf 

Fa = 300 kgf 

F4 = 800 kgf 

F1 = 1,200 kgf 

F, = (5 cos 46); + (F, sin 46); 

= (689.4)?+ (678.711 kgf 

F, = (Fa cos 126  )? + (F3 sin 126  $ 
= -160?+ 269.8 J kgf 

F4 = (F4cos 236);+ (F4 sin 2 3 G  - -614.4t - 612.8 1 kgf 



3.3.2 minarrqara~synicl~~a::a"~~qni~l&~~'~~'~a~~n"~ 

' ?".t lBodi;~niolndaun"~a~nai~fi7n~~a Gunii ~~$ua~luucminau~a 

(equilibrium) 

nmrrrmqn lun'6naioii.r us.riiuau~!~usi 2 m154#uldnrziiuu~glnin~nif4 

u8aimgho~lunrna-nuqn ni51!liuuldun~4nmwnuqn$u lu5.rr1nn~n'nsz~iuu 

ingo:~muAiunnaoi aa~6i~inn~naii(n~::iiuuinfJ6uioli~~u'i~~un'u rrlh.raril~ 
1.i~ fiillluon~nofilr~ 3 u54 rrsialllqd ~ w o l  6ifi 4 1154 ad61flu3d iln &ulo 

w nraauo~~anaafuo~~~5~n5zi in"~nu~~z~f lugui  . 



1 I 

rruu rectangular coordinate rd# 
i I I 

I 

f i ed l4  3.8 gnnndn~:gn~d.r ~ui, loo fi1nnL u u ~ u h u d o n  A ttXqnR'~Pi?udon 

B luttu~rrciu n'-IIfi~Bon A rhyu sd n'Y6ittw.r twiurc4.r (tension) luiBon A un: B 

nd arm i(mrtui olnpl uslni1r.r l r lo~ lu~ tu~ t tnu  x tin: Y or!& 
ZFx = B - A cos 66 = o ........ (1) 

zFy = A sin 66 - 100 = o ........ (2) 

78 PH 111 



A, = -A cos 66 Ay = A sin so' 
B, = B C O S ~ ~  = B s i n 4 d  

C, = 0 = -200 kg 

w a.~auueaut~~Iuunu x 16 
XF, = -A cos sd + B sin 48 = o 

wnsauuo~u~~~Iuunu Y 16 
F = A sin so' + B  sin 4d - 200 



ain (I) 16 -0.6A + o.707B = o ........ (3) 

oin (2) 16 0.866A + o.707B = 200 ........ (a) 
polnun13 (3) + Aiu (-1) uXaiiu1uann"ummr (4) az16 

unu A lumni~  (3) 

(-0.6)(146) + 0.707B = 0 

4 

flefl33or 3.3 

I f i~nv iba i r ru ian iwp~ue]~~u~a~~id  3.7, 3.8 unr 3.9 ii~iluldmiudoulu 

hn?€.Iilu' 

3.3.3 11mtiumniw 
ur~lau~niu~ii~~u~doijauo~?'m~nif~~ndoud n?owuiuiudr:rndouddiui3auo~ 

/ ~ n f m ~ n i f ~  II~P laumniuldu~r~&iunia~n~oud n5~iiIu~uuua fiafu tmotimq&noc 
tli1n'?'m~r~1~ndd~nd8un"~duu?"m~~nriimnifd oz~~~a~io~iurnr~n8oud#u 

rlL: U d  uuimqd~injmdounuunun a~iofiud~iisleinfia~utn~o~~m~n"~na~'~~iif lu'  lion31 
~nadumiw ((Friction force) n i i a l o  ~doloi?"mqdiiuan m ?itn~uu8ufianuum 

J' U d 1  imqGnrC1mnifd ?'mq~uauorjur~nmn~uuwuija ~do.ruioinuanuo.ruuuni~viin"u mg unr 
u - 4  Y e  ~ufia~uourrii~admounuomuno11~~~~'111miun~u'6dniuuodiia~y urdmounuoauorm.r 

u Y -  ainnuruuwa l r i i  = w Jdliuuia = mg uillnmnn'ubiu tlilio~mrC(rz'Q~?"mqu' 
~ ~ d ~ ~ d l d u ~ i ~ f i a d '  er&oiotaonu~ad w~nnH7onin~~~d'lu~uuu?riuaund~ ?'~q&r 
m~oufhfl6~i~~dirio::6o~nr~iii~?'w 'lu1liu'i'Zd laiauzlirt nm (rng) nSour~dfiRui 
(N) d~0unir~oiruri~r~(iiuniud~ii~rinnir#uwiuo~~a?i9~bno~ nialiunii u r ~  
iau~niu i~rd~~~~niu~naiufXw"~a"[slumsdn"uuan~8d~mq riimuo~d'ufiauodim~ jiin 

U Y I  w~~udiun"ui?~ni.mir~~do~d~~n::r~uuiunuw~~ani~~nd~~d~0111o 



di~ii.~"m~mdouiIduu#u~~d~~us: e:sio~oon~~stuinko:n'i1ii?"mqtndou~~8 

~ordi#ubia~uutnnu'u~n'i~mo~~on~~~.~w'ou~ttn'i~u tiu f i i I i ~ ~ b o u d u u # u b i a & ~ t t ~  

ozu'usdfiiuniuCouuin 

ura#umniurio(i 2 A m  i io 

I. 115.r1#uclniuniim ( t~Iaj~n$ou#) 

2. tmiiYumniuonu' (mdou ia~a )  

e lnnisnmootnui i  1 ~ ~ # u m r n ~ l f I ~ f m r h u 1 m u ~ ~ ~ n " u t t ~ ~ d ~ ~ u i ~ ~ ~ i n ~ i u u ~ ~ u  
aunisw'mri id6f iu'  

........ 4 I kN 3.8 

4 ~ u o  fs = mc~#umniuniisl 

pS = f l ~ d ~ ~ a ~ k o  t n a i u ~ # u m n i u n a ~  (static coefficient of friction) 

N = und@%ui&ain 

L~~%JHU'IU < 1~6d0f i~d~f i l~6 f id6~ i  
w 4  d '  ' mila.rrcuiu = b ~ u a n u f l u m i o u d  

4 tun f, = w~#umniu rnu '  

= fuds:~nfvo.r~aiut#umniuenu' (kinetic coefficient of fiction) 

N = ~ ~ d f i i l ? u i A a i n  

J t: hni=i l t fgmrat ~ # u n n i u  tlu'ona.nz?j i ia mtdf in?nikmn (N) wmtainn'u 

# ~ n a ~ r m o d  Yu?diitii1rii~ut~son=i:~itdo4oinr~3~ (mg) uiih fiiritts4ns:riiniuuon 

ns:n'iuuimqsX? wneio~ufi?~dlot~ibi~au~unis~in'i '~ot N 6au ~umsnin ' i t ts t  

l#umnwniim ~i I~ir innuni irm~nuo~~t~~~ui iEu ~ ~ f 1 l R l ( f i ~ . i 6 6 6 3  e : I 6 t i i ~ ~ i ~ u ~ n i u  

oad d,liCounii~~st~#uclniuniimtiffnGo~ 



I ( fl) 

z ~ l  3.12 ur~~aumniuuo~ (n) inqcndouinuuu~uou 

(u) ~ r ~ ~ ~ u i u i ~ v i i ~ ~ 3 ~ u n e  

(n) 3Yolqa~~u~ruiuc8uq 

llr~l~u~niulilul~~hum~n'1llr4d~8uid~in N <U N Iu?&Griildifi"&~u'n 
ue~%q~rmold Iunrbi#ItjGwbuI. uonnnA~u'ndnrrrillu3ps"4~inn"ui3du~'~ 

~ u ~ k n i u  N - w G~JB 3.12 (n) 
1lcifiiimlr~dunreriiIu~~u~d4 ~ ~ d d  3.12 (u) t z I 6  

N = W - f s h 8  1 m g - F s h 8  ...... 3.11 

fiii~qoduurzuiul~u~n'iyu 0 CVUU~ILKU UlmCnue~~~de(iuur~uiu~3u4 
tnuimuunoenI~illu~e4a4n'drrneu fidd 3.12 (n) do 

J.I- e~ddsznetmun~a~~iurzuiu~Gu4 = mg sin 8 
Jar B e~dd~rnsrmunclcn~winn'Yrruiu laud = mg cos 9 

diI$e, fluya5nqa (critical angle) dvta~iiiI$faqmi(ouAa4 r rI&nnufin'uf 
Y Y  

A4U 

F, = mg sin 0 ...... 3.12 

~ f l u w i l n r z r i i ~ ~ i m ~ ~ n  Aoud 
f, = F$ = pBmg cos 8 ...... 3.13 



= mg sin 8, /mg cos 8, 

yu 0, soni l  yunw$a (angle of repose) 

mg sin 8 = k m g  cos 8 . . . ...... Clk f8n 8, 3.15 

rinmni.r (3.14) 11nz (3.16) ~:Yt/uji K lmr !~$~6'u~iw~nwn~iou~nu64 

imqdoduusuiu lducln~ 

ad. lsni n '~ iwis inpJ ian1a.r P oonlllu 2 i1u7 

1174 P IULLU~~J = P sin 45° = 0 . 7 0 7 ~  

1154 P ~ U ~ ~ U ~ U D U  = P COS 45° = 0.707P 

lunnir rmqh 

! t 7 ~ l ~ l l ~ 3 ~ ~ ~  F = 0.707P 



ihad1.r 3.11 rouusinu~d.rudu~qufiqiudq~ 30 ~ u ~ l ~ d ~ ~ u i ~ ~ u n u u r i ~ ~ ~ n : . ~  (ti 

Q R ~ J U ~  

oin VZ = vo2+2ax 1 
d 1uo v = o 0zI8 x = -vOe/2a ........ (I) 

~ f i ~ o w a i u  - ~mn.rii ~ I U L ~ J  B ~ ~ r n i ~ ~ l ~ ~ h ~ n ~ ~ n i r ~ f f a d i  x ~ 3 0  -a ~ I l u f i ~ i u ~ ~ ~ i ? (  
4-  Y " Iunir~idi a ' S I U U ~ ~ ~ ~ ~ U U P ~ ~ ~ U U H U ~  W  

oin fs = CLgN = CLEW = PEmg 

L L ~ :  F = m a (  



d v  d 
3.4 ni~J~:qndnguesniql nusnaasuesGagu 

d v  4 n i s d s r i i n p u o t n ~ r ~ n d o ~ ~ u o n ~ o t u ~ t i i ~ ~ ~ ' I ~ f l u n ~ s i ~ n ' f l ~ ~ ~ n ~ t ~ ~ n d $ u  
az~~ioawitiimouuotfl~wi~tl~iw"ui~~~~u iia 6noi~m.1 F = ma 'Ifl4n"uAqo:Ir d o  
'ICiiLdimouuX3 kwi~lrtrlnimdnnrii&?"mqu3a m $u ~muni.ni?uulfh free-body 

d d diagram aonozm lirto~rtdd n~~n'-in"uu3a rn n'i~w'in"~n?'luiia a 

di7adi.r 3.12 fldotldili'II?/uuu3n m ~ito~uur:uiu~3utliuun'iyu 0 ~'IJL~u-J~~FT" 
~:uznitmiaifu;r~utiio d k7II 6'1 m = 6 31anfi.J e = so0 d = l o  mms imrci'uddou 

ndot&da t = o  narl~iiidsruiol g = l o  tum1,?u1%2 atm 

x7b tng sin e 

(n) n d ~ ~ l f l ~ B ~ d ~ a ~ l ~ 5 : : ~ l ~ ~ o ' ~ ~  

(u) free-body diagram uoa& (n) 

PH 111 85 



. . . a = F/m 

cinld l a ~ d j  wndonirlndou~~mllu?suiu ~~u.jlfiufis4 fi11sqdu.r n'o mg sin 8 (fiiu 

F = F, = mg sin 8 

= g sin 8 ........ (2) 

x = vot +, (1/2)at2 ........ (3) 

ve = vo2 + 2ax 

cin (3) unr v, = o 16 t = 4Gii 
cin (4) unr v, = o 16 v = v , = G ~  ........ (6) . I  , 

J 
, imuii luo m = 6 kg, d - 10 m, g - l o  m/s\ v, = o, x =d 

n. 01n (2) a = (10 m/s2) sin 36 = 6 m/s2 

I 

cl. cin (6) v = 42(6 m/se)(io m) = 10 m . ~  

&edn 3.13 u.rn m, = l o  fililnniu m2 = 1s filnnrrr -ntoduurruiu18acdqn'iYu8 =m.i 
' n'u uu.ruou Qndon'u~u 13onlui wiurond.j11;dfl.riu~du~ni Rjld awl 
n. fimi~uo~nis~ndoud 
u. o'insiriq 

cl. rrsqQqlu~#u i%n 
ad 8 asni ri0iran~ia~ddi~ciiJd 

(n) um 2 u~n(iofiAjutQont~1 mB D~UUIIU~U~~UP 
-- 

(U ) free-body diagram 



m.rnirin5m'i$uu.rn m, iib 
F - T - m,g = m,a ........ (1) 

ZFx = 0 

~ ~ ~ ~ $ i ~ a d o n n i n d o u $ u o ~ u ? ~  m, (miuuu? xl) l o  
ZFx, = m,g sin 0 -T = m,a ........ (2) 

( F  = N - mg cos 0 = 0) 

(1) + (2) I# a = [m2g sin 8 -m,)/(m,+m,)]g ........ (3) 

(I) x m2 - (2) x m, b!' T - [[m,m,(i+sin 8)]i(m1+m2)]g ........ (4) 

unufii m, = l o  kg, m2=16 kg, 0 - 63,r", p - o 

n. ria:: u. rin (3) a = [[16 kg sin 63.i -10 kg]/(io kg + 16kg)](g.8 m/s2) - 0.78 m/s2 i n d ~ ~ f i ? U f i ~ m i u ~ ~ ~  
n. oifl (4) T = [[lo kg)(lSkg)(l+ sin 6a.f)]/(ro kg + 16 kg)](e.8 m/s2) 

= 106.84 N 



6154o'nfIJuu?fi ml Cio T, = mla ........ (1) 

ti54tini~uuqfi m, n'o T, = m,a ........ (2) 

1154n'wbuuuqn m, n'o m3g - T, - T, = m,a ' ,.. ..... (3) 
ufiaunis 0~16 

a = [m,/(m, + m, + m,)]. g I ........ (4) 

~~nudi ml = 6 kg, m, = 10 kg, m, = 20 kg, ~1 = o 
. n, fl?iu1i4 a = [20 kg/(6 kg + lo  kg + 20 kg)].(0.8 rn/s2) 

= 6.6 m/se 

fl. 1654% T, = (10 kg)(6.6 m/se) = 68 N 



a4 asni rrr~niuuondnsm'i 
u Js Savi'u T 8o cii&uunnoidk 

T - W  = ma 
t 

= 42 N+((42 N)(7 m/s2)]/(Q.8 m/sP) 

= 72 N 
d .i u. dofidmnneudna 

T - W  = -ma 

T = W-ma 

e nenssu 3.5 

I f l ~ n a n ~ n ' n ~ ~ i f l i ~ n ~ n i ' 5 ~ f l d 8 ~ d u ' ~ f l 8 4 ~ 8 4 i i 3 a s ' ~ 1 ~ d i ~ 8 d i 4  3-12, 3.13, 

3.14 un: 3.15 i i i i ~ ~ a ~ n a : r i i d o ~ ~ p ~ ~ n " ~ ' w ~ o i o n i a ~ ~ d o u n " u o ~ ~ ~ ~ p  



3'mQfiouw6ailuan a i I n n i l  a t m  I 

n. 61wCin 

u. naiui i t  fliii5trivthidinir 12 Ga~'un.rzviin'u?'~~$ 
crl8u R. 78.4 G?lfu U. 1.6 L U B ~ ~ ~ ~ Q ~ U I ~ ~  

san r iilnnnnL~nGmn'uuan 6 i i I n n L  fiisan 6 8 n n l i l n a i s i i t  1.6 iumrBioiuiR~ , 

fl. 20 N, 34.6 N; 4. 40 N, 66.6 N 



IdmummwtJnn'nl 3.5 

3.6 ~ a ~ i l l ~ ~ ~ h l d n r l f f ~ i ~ ~ n u o ~ ~ i ]  ffi~udfl w difk 70 knu 
BlOU ft. 60 N, 66.6 N, U. 87.6 N, 62.6 N, fl. 43.76 N, 58.3 N, 20.4 N 







pImiuuuuRnGmiRd 3.12 

3.13 aan m unr M ynqadon iinrn6o.rdiumnfilr] 61 m - 3.0 3'lnniir naiuti.ruoa , 

3.14 firruiul&t~1uar] mdou~dni.ru~ihunaiuii.r 3 iam/?uiil2 r.rmn?iaii.ruo.r 
aan m dt~ndC'urruiui$u.r 6inaiui#umniudin'upu' 


