
DA\L)' A SSA~ 

J -~ 9 ------=~==--
<fc, ~ 'it...c.::~~M~<1~~,~<tS Jf~J;f~ 

FoacE AND LAws oF Mario~ 

(a)~ ~ ~ ~ (b) ~ ~ ~I 

® 

.~ 
(c) ~ ~ ~~ ~ 1l<fT 7.-m 

~-9. / : dffl, f;.;f~Y"'f~~ ~~~~, 

~ ~ ~rfii ;;;r;fl <f.7?ir (.<! faf-t-•rt,;, 'Ra~ 

~ ~ ~r r;rw"ff., <Ra ~Uf<TS f¾f\!."fP-7 ~ 
'?.IIH«ii1 ~Wf"PI ~ 1 sarf.r711~'TG~ ~~r:, ~ 
C~ mTPI' ~ ~ ~I ~ ~ 'iffi ~ 
~ ~ ~ <11 ~Mf\5 ~ <ff oTFT<I G'ffi:'11 ~ °<f;{i I 

~ <11 ~IT'<f~ ~ <l'f UrTT<f ~<f~ ~ <ff<l<.ff<T ~~I 
-fl~~~'~~ f6"m ~ , ~ -l~ ~? 

~~ ~'8 ~ 01-.J'I .:r~ ~'6 \!il<I ~~ ~ 

~<1t~~~C?ff?ll~ l '5T~~~ 

ti\Sl<IC<ll◄C~ <m~1 <11 ~ ~r I ~ '5~ ~ <fCJ1 
~~~~\511~~<Ul~'511~f<l ~ I ~ . 

~ ~ <11 ~ C<Tfl:~ ~ 'ifR5 Wil.:r <t-q1 ~ (~~ 

9.1)1 ~ ~ <lli<!'! ?i:"1 ~~ {3~ ~ ~, 

Clbf~ICc'f~~?fl~>i-J:~<191<f1~9f~ vJ~mmc~ 
~ ~~llt.f ~~ ?flf<f I(~~~~ 'i~ a.\!.~~ 
~w'PfTR<11~wr~~~ 1) ~rfir~~-e 

~ QJ~~~~\511~\!.C,fl ~~91TC◄ I 

(fwl"-9.2) I 

(a) 

/bl 

WZ!J-9.2 (a) ~ 2faTl'iR '1'"1~ "m?l§<l ~~ ~ 

(b) ~ Y:'<furr ~ .!l~ ~ 5rol'if<! ~~~I 



9.1 >f~M'5 ~ <;?il>i~M~ ~ (Balanced 
and Unbalanced Forces) 

9.3 ~ -!l~ '51-!~fii<Ti ~ ~ ~ JiG! (}f:l~f ~ I 
~1~<1-<1M ¥ rl?i-17-!. ?ji.R; :'\ ~ Y ~ ~ <1ITTli CQf1<lf 

~ I cf.'i ~'>1 ffl X ~ ~ ~-p!ltlilt<! (~~ 
~ ~ 00 I <AA Y ~ITT ~ ~I ~ Q't-"1f!,G(/,<l 

<TI5~ 'i'fR5 ffiq I ~ X ~ Y ~rnl'5M <T6l ~r-1 

~ 'f{Jl1<J"·1r.-:i ~ "8 C'!.f. ::!. f'f"f~~a'f~~ I 

JJ~~~~ ~~~~fy~ 

'51Q!<TI ~ ~1<1 ~ ~ ~I~~~ 
~ -!l'Gl ~'1 c'f<l<1~ljG! f<l~ ~~~@r:fi 

~ 1-!l~ ~rr.m<1 '51M ~ ~"1'5 'i~ ~ I 
~. ~ ~ ~ ~ ~ '6i>i~Wl'-' «-C"1 Q'f<lltlit~ 

~ ~Ri firm <li[<'I I~ ?f<f('~,-~ITT'S ~ <ml C<! '51 >i~~\!5 

~~ {;~M1~~f<Ti'i1TT5~~, 

/ Y X "'-.._ 
I 

WJ!-9. 3 : ~ ff"if1 <!Jffl '!3?/~ "'iYJ ~ f.iF1r/ ~ I 

a,'<l'l-~ R:~rtil ~ ~~ml!) <1~ ui'ul ~ 
~'<TTU<f?~~~~~~<!l<Tibllilt~ 

~~.fcl'irl<1; ~f.Y-T>Pl'I ~'ii~,,~~ Pl~~ 
!Jr,mv'fM ~<'l' (1%Jl-9.4(u)) I JJ~ ~'( <WI 7 '1>{l'(-9fll ~~ 

11IW-!i ©~?fll ~ I u!~ C'lfi1r! <!~ ~P-1 ~17t" ; ~1,f llfr;--:i11 

~ll~ IJJ~~ ~lc'J71<ll~<fi7?!~r'I, (.~<117.<!~ 

<!f<f.DT.li~ 'ii~~ I 9.4{ b) ffi a'f ~ -l~Tqfrt<!rr,., <l~ 

I?;!~ ~ ~ ~~IT?f'6 <11.:ibttJl~ 'ii~ <fi<ff OT~ I 

~f<I <WI'! ~"1 '(f('J <fta'l JJ~l-0 ~ <l'-1~ ~ ffl 
~~~ I <AA c'J?f(-~~~ ~~{; ~<f<ll ~~ 

~ ata'f ~ ~ ~ ~,, ~ \Sl~ ~<'l' (W-j-

9.4( c)) I~~ JJtl 'Cl'tlM~ ~" ~ I ~M ;q_(<1'6C°GI~ 

'i~~<ffl<!I 

~ ~ ~ ~ ~ ~ ~rfii C917.i5i1 .r◄(I ~ ~ 

~"<f.l<f ~~~~~I~~~,,~ 

'i~~9ffu~~~~~6~~~ 

~ ID~~~~~~ C9feiiif 

~l1f.ii<ftai ~~~I~ 9F41,a~ ~Gt ~'116 81 

'61>i'IM~· ~~mR~ ~~'S~~ ~ I 

~~~~~I~ '5~ fJtiil~d'I ~ (~ 

~ '5lfcl. ~ ~)~ ~ ~~.fe~ 
~~~~'tii~ ~~~ l'IJN~'C~ .{lijl 

15l>i'l~\!5 ~ m1ft'Sf ~ ~ ~ ~ If•~ 15l~ ~ 

~~~~l~ffl~~~'5l>!~M~ 

~ ~ , ~ uil. •1p1-11ii~ ~ c~RHirtoit~ fl;m~ 

~ ~ ~RiilftQ'lt<p ~~ (~ ~ ~) ~ 

~QftmlM~~~~-.i(~~fflf 

(a) (b) 

N:9.4 

(cl 
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~ -~ C,,~'im] ~ lr<I <;!;!~'1 ~ , ~'ifV'I 'i'IR?''fici 
~~I 

9.2 ~ f.hrncf> ~~~(First Law of 
Motion) 

C~i:i-Ylm >J:.i~..,\!, ~ ~ H41'ifi'1<1 fflt c-;ffe!me~ 

(Galileo) 1¼/~ C<1 ~ 1514'6:.Jlrl\!l -s~'fti:i ~ ~fG 

fw, ~ 1 ~ ~ ~ e<1 c~rflm ~ i.!l~ 

lir◄fc,,Jlt,t~~'5'fmi:'I~ C4'if<f,W [(~-9.5 (a)] I~ 

~151~ C'51:.JICcilc-1S ~ ~ Gl>i~W1\!J -l~<ra'i<f 

~ C~fy'flm >J:.J\?JCi:ifit :.Jl(°c:,ttil ~'ifR • >ill'3c'!<l 

"11 1fC'f•1'5 ~~ C4'if ~'1~ IN'-9.5 (b)~ ~~ 

~ :ill(°c:,ttil '<3~ ~ ~ C4'if ~ I 9.5(c) ~ 

~ -!JUI 'i<,m<J11ti:'I c~-Ylm ~ '<T<f~ ~ -!l"<lrRi 

~t;!;!<l~l\!l ~ ,'G~~I C~~~<ffi;;-t•~W<-4 C<l~ 

:.ir.fe-,ctr ~-a~ ?f<f1 ~~ fqm ~ c\!)rn ~ ~ <l'l~ 

~ ~~ F<i @bb\!ll<l ?f<lt .!I~ mm~~ @bb\!>R~ 

Ff~ ~~<TA' I~ 'i<,$ll<Jlli:i<l c~-rlm ~ ~~ 

rlRJ (slope) ~ ~ ~ :i!l~'1llill~ ~ ~~ 

\!.IRJJ!i:il <RI ~ ~ 'G~ \SC~ll\!l 151R>J!ill q')<j'f ~ 

~ ~~ 1 <@ c,T1 ~M<l c~-rl m ~~ ~ ~ ~ 

~Nm~ ~ :.Jl<i'e-,ct;1e<1 ~~fil''5f~1 ~l:oGFP,~ll'l ~ 

?jW ~~ ~ 'ifR5 ffl ~ I C>i~IG<I ~~ 

'ol-!~~4'i (horizontal) ffl ~ (151~~ ~ ~ ~ 
~ > :il1.fe-,ct;rcq ~ ~ {§'~ {§'~ ~'<IB'I 
151M<lib-.:,1C"l ">'fRj ffl ~ I -!I~ ~ lll4'1C'Gl<l IS~ 

~~1'ol>i'®f¢1\!l~'ll'l'l--ffjl~?f<lt~~~ 

~ :i!l<i'¢1tU1<1 .,~ ~ 4SM<fC'Gi 151>i®W11b (~) ~ 

!lC?-11\Srrl~~~~ffl~~~~ 

~CM151-l~ I~ ~~J'ol>i'®W1'5<.1'c'f C~· I 
~ffl'i~'aar~~~~ ~4S<TI~'1~ I~ 

~ :i!l.f'1CGI ~ C'i1 C<I' <Tm I lf~ Gjf<I. ~~ 

~ffl~~'O~'\Sl~~ (Lubricant)~ 

~~'1~~9ffRI 
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(a) 
(b) 

(c} 

W<lf ..I}, 5 ~ 'i5?f .!J ~ ~ ,!i~r<r (a) mwlft 'iff.6, 
(b) ~i{'ifrlt ef;j; \5/{<li( c) .!J'<irl'jl?Jl<P/lc'J ~ 

~ '89fiff5 ~ ~W<T ~ 

~ ~ ~ f<r<fIT1 c,;@;fc'!-G~ ~l'if~RTJ 

~'~ IS?/<fi5 ~ ~ Gl<twl ~ <Ra<f ~ 
~~~~'Ff'511~ I ~~~l<fi 

f,l&G-1<1 .,1R>M<l!l<li ;p (Newton's laws of motion) ~ 

~~I 

~~ !t~ ~ ~!-l ~~ i 

~ <fCci ~ ~ <T>M«ai ~~ rl<1i<ll ffi<Rll l!lUl 

~'51~1~~~~~~~1 

~'51~, ~~~~ ~~ 
91M<l\5-l<!I ootf~ ~ I ~ 'ol<l'51ll~ib ~ f¾N>-'fi~ 
151~ l!l"c-1S C<ft~ ~ffl ~ ~~~ (lnertia) 

~~~IC~4lcM_ .,~~~~>[.1!lGl<fi~ 

~(lawofinertia)~ C<fi'Rlt~ I 

~1~C<l ~ ~'1'5 • ~ ~ ~ 

'51N,e!ibl 1!3!~~ '511~~ ~ 9ftR I~~ 

w.Jt'if ffl 'if%1~~ ~. 'ifli¥R~~91N 
fl'.~ffl ~ ~ I ~ mm'if ~ ~ ~ ffl' 
~ ~ ,;lf5 ~ ~ ~ xm ~ ~ 
151~~~ ~~ I~~ ~mm'if ~~~ 
~ ~ ~ ~ '6lt~t~~ ~ Xf~ ~ I 

~ 



1 '-M ~ 1" ,~:ft.!. Wr.i'r-, 
'o-,b l P1-..n) •i!Z'1 >.t-\ • '.~"" <; 

~,. (l1altkn(1altlc1)~ 
-~1'8 I !J~ ~~ ?f,'(~ 

I f.'illr.,f=,-6"1 ffi ~ ~!l<f'f~?,. 
~ (narural ph1losoph~ )~ ;lJf?f 

~~:=, f.:-;~ c~::: -i f?f~ 
C • f.'I~ • ~ ... r.&.:i g, ~~17=-iC•I Q;::: .g~ .1 

P(~ C~Hlt61 ~btf'1Ri:'I I 

f?t~-1 ~~i>iM :;ffew.,<;~ 1 ss 1 

, ~ (;-~ 

(156.J - 1642) 

~R; ~(.~ R:~ <l17:<t ' 9115' Ff'\l'4"1!1:'l!k, ,if:q~fl 
~ , ~ ~d<1 fm.~~ ficr:r-i ~,f~'F.=f, <f.Flct 
~~<I a,'.}i \t.11f5..r-i 'ilfCR: ~"?;!~ I 1586 i\:'5 Q;{j 
~ <:<t !l~~',l ~!-:..lf.i<- ~ 'The Little Balance" (La 
Balanc1tta) ~ ~F~,1'1,V--; 4 ~ a,<l ~lo-TI 
~ ~ ~~ ~?ff:R. ~(~~?Im ~~) 
~'f,J ~ u1f<iF~Rss<1 ( \rch1mcdcs) ·-11::tf.!-<1 ~'1 
~ 11589~a,~<'l<'l5-lfff!Fl "DeMotu"~~ 
-,;i~7<1 <Hq~fC<1C<1 ~ ~<11~ ~ ~ 05,e 
~l:fl'iflm ~ -1' 1'! f. ,!, f.t~•<'l w ~1·,\<lGl~~./.i I 

1592 :m~ l.~~16 :::J~l !-'.l<'l' ~ ~~Fl'1!1c,~1'5 'i119~<l 
~~"I~ ~?f R:~ f.1<;fo, ~ l~'!lf,!, ~,e~ ~ 
~ \!is;,,-11~<1 ~lffir.l ~ <Hf~j¼ ~ ~ 
,i;J,lc'j ~ ~ 'i1R, ~<frnrl ~ ~ ~"IC<t '>fR; 
~~-!lGI~ Uf.!.!61~1 ':_<'l? C<l ~G'ir,l~··•il~<1', 
~ ~~;pr.ul ~'aiM•I ~ I 

C~-G ..!J~ ~ ~&P'Tme (craftsman)~~ I 
~~ ~~'1 (telescope} 7.-!.~ll<l ffl ;§fc-im~~ 
~ ~ ¢f<JW.f.~1 ~ >i •l!I .!- '@~ ~ 
~~ <rr,~ -S:k, ~ I 1640 gJ:<i ~-?t'TV'l 
~<l 21~1 ~~(pendulum clock} f.r.fi"I ffl 
_,... -~ , r - ✓ F c::. .,,,..., \Sli;HJf~ I ~(!.<l C~lll~7.<iG31.-1¢ -Qfiii1.t,f•P1{~<l {h·•~ 
ffl~ ~ StarT) Messenger~ ~<l~?J~ ~ 01~ 
#,, !(1'519W\ (milky way)~~ ~'<lf7.<l ~ ffe ~ 
~ (Jupiter)<! D1Ff~<mc"I ff!~~~~ 
~~~~~ I 

~ -e<l "Discourse on Floating Bodies"~ 'Let­
ters on the Sunspots' -lf1l<f ~ ~'<J,R; Uil<l<t-~~<I (sun­
spot) <I -6~ ~ ~~ fc'lf~ ~ I 
c,;ffeffe,e~ ~ ~Cf<:! ia!<ll ~'I <ITT"~ ~"Jr 
(venus) '?ilT<PIR (satum) ~ ~'l<f~~ ~ 
~ ~ ~·\!:, :.J.!Jl;J.!J ~ ~ C<l ~ 
~ ?Jf~ ~ 1_<ll<flf.~ 2flW:f.'1 <f.T.<11 

~l<t ~I C<II t1 ~ <TTr.<l ,pvifil c~r-n ( sa f y be I l) 
~ <11<11 ~ I~ C?ffu 'iQf,Tl<t lCMfRj <fqj 2lnll'i( ,r.f., 
1Cl"ffl<I ~~~ ~I 'i~ ~ ,r;n.i I~ 'If~ .!l;ITT f..21 

~ ~ ~r;!i <r~<ff:rl ~,I¢Pii<1>'6~ ~ IQ!<ra ~ .!JUI 
~~\?JlN,G'J'.!11 ~I~~~~~ <lM (.?f~ I 

~ ffl"I ~~-<I~~ 'i~~~ ~~ c'j',ft\!i 

~ ~l<Pl~~Ri ~ -Qf,Tf<t ~ ,Pit-TO ~ ~ <Tir.<l I 

~ fffe ~ <lfC<l ~ ~~ ~ t"'~ ~ 'i1R?( 
fu<ltf~<l\1<11 

-iv-I~ l.!l~ ~?f~ ~ ~'iWI ~ ~ 
1.!1~~~1~,p!<t~lf~~<Ut~~ 

?fTf.1 I '5l1f.l ;J<1'11<1~<fi ',ffl t11<1l<ll~<lS\!il ~ 'ffl<I 
~ I ~~~I~~~~ \!,P,l~M\!l 

~ ~ 2fem'if ~ '511f.1 ~ ~ ~~ ~ 
~ ~ ~ M~4ta1 ~ I \51>i~M\!i «al Mt 
~ ?!4~<1~<1 Pffe-ftc;~~ ~r◄Pf'5J<.!i1~M 

- fJI.mq5a, I~ ISiM ~ c~ ~?ffi 'ffl<I ~ I 

a,t'lf.lf1'1 ................................... 9 .1 

• 

• 

9.6 P ~f<tlfl<r ~ ..!J?f.l<l '<3?{<l\5 ~ 
~'l<f ~ ~ffl<I ~ ~ ~ <rxrt I 
~ ..!JUJ ~ ~fij <fl ~j~¢((<(C<1 l5lr£~fiJ<lS 

~~~ ~ft<IC<l'flil~ W6I 
<fRr1 I ~ ~ <liQIB ~ ~ 05m ~&<I 
~ ~ ~ffil~e_~fe_ '<3~ I~ 
~~'!,~ ~~~'ijaR'ij~~ 

~TGC<lt<l ~ ~ <lfr<l '5¢l"J~lcJ1 ~ 
'~'<11<1 1 

w.g-'}_6 · B1~<t-Mc'vrc11 ~ ~ ~ ~ ~ 
~~~z~, 
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• 
• 
• 

• 

• 

' I •• -~~J•'f-1 ;.,;-, f.!,'37f'1 ~--1-1~ ,J,~rr?f,!; 

r; ,,,, .[f,p 17-.;-..-;-i urf<r. -1-.;1 ~ro "1'>~ 

, ' -, 11 ~ ?f-E ?ffs'i,,:-~f -]!ff .!l!,f r:~~f I 

, : ~ ' !- !.;"J~~-f(-1 !.l•J -.;f.J<t-.:: 11/l ~-,(."<l'i~ 

' r,.; ;-~ ~ l':f~ ->J,"fZ ~I~~ ':'ITC~ 

. , ,. ·•= --. i::c e c::.. 
! · ' 1 :•' • • 11)1 J I<;- <IP! "!:lp,:; ~ ~ 

- ' ,, ,,":' :§-,, ',: ~17'.1 f,~ fo !?I~ ->fPP 1PI I 

~ ~ • ,, ~ ... • r· .. rm-;;.~,.., c.=.. · - ~ - ~ ·•· ·,= •,•• 11>1u1q , ~I~<:: 

• ,, , ,,,r-..,.s...... -rr.or=1 "" 
- • - ·11-:, ..,., , ~ - , ~ 7,->4Pf ~~I 

• I 

, ·-;,'"'7pf1 ~ ~ ~ -.1mcG! ~ 

vr;.rr'? c~, 

-. lj">~ ?fr-TT'1_'1 ?fr-!/ .!TUT ~, ' 

'. -, ~ '• ' ~ 1 (""a.-T <lf<i C ~ I l<ll<J ~ ~ ~ I 

~ ~.. ?fl•ll ~ C<TRTI ~/.1 I B1Pf ~'1 ~? 

· ·.•.1 ,._,, 0 r:-zw-, •rJ-.sr~,~~ <T-"J?f i.!IUI ~~~ff 

<"...- •, r;-·. ~ 7 -:. ~ ~<3 <Tfre ~?fivl ~ ~ ~9fe<f 

i!. ' '1~!. ~17;.1 <f.',ff B I 

9 . .1 ®~~, ~ ~(Inertia and Mass) 

,::,;,,,,:_ ~?11 ~ ct~!Jrmctdf1~~~¥iffi 

0 ~(--: :.. 1 ,;~ ~ ?JM<l-£,l\!I ~~ m, ~ ~ ~ 
~G ~ _,,-;, '-1.-1 f,,r:,~~f<'l.-r~~i.!l~~ffl~ 

r,, , ."' 1 -:-1.!l~ ~~~ ~~,~~ 

~ · _ .:. 7i -ff• 0 ~ '!;Trf-i ~ (.<] ~?fr<f ~ ~ i.!I~ 

~ f;- '11,P) .!J~f r.~P.,<Jc.F.J ~ 1 i.!I~, ~ i.!!Ul ~ 

r:-: ;!fr-: .si p,, ~ <ITT1, ~ i.!I~ ~,qSJ<!,q fi~ lil'vr ~ 

( ~- :" (-1 _r, ,y ;~ f,j ~ ~ I ~~ ~ ~ 

""l r . ,, ~-f,., "!;Jf<JR;Zff~ ~ I <E~ 9.2 fJ>::m"5"1 l?flb 
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?ff1,1,1~r :.JEfPI ?f~.rr.i JJ°u-r~tm •JEfl ..!It, .,r<1~r1 ,r,f'fr.-,, 

f.!Rlf<f.7fl?fT.Vf ,f'>?f!IM ~,f?,-71 ,r;-;i -rr-r-1 ;,piP! zrn1r~ ~ I 

(.27Jl'>I~ ..£l"'r,r'fi ,r,;fl/~ i5li!;4f r?J'i/ W'fFl ,r,f-P(f.q ";f~r ~~ 

<f7f Jli,~ (.<'l'a'J'il~ dJ"f,fif r?J'iPf ~ ~ ~?ft<f~f 

~ 1 ~ <fiPl'f ~'a-f ~~~ ~,;rfift,~ 

l?f?.f'ilfi¥')~ ~Pf ?fM<li •l"I ~ 2rn' ~I W.ftT~ <ri.J I 

m '<ll7.~ ~rfli .,, .<'I ?ffT.<fr (.<I 8fi71'ir~i~ ~~1 

~ ,;ff¥).,~ C<!N ,~ . ~ ~<1'1 'if~~ 

~ C<JN r 'lt ~IJl'if\!1-.:ill?l 'ffl .!l'Ul<I' ~c¾ 7.~c~ oo ~ 
.Jl?j' ,~~~ ~~~~Pf~~~: 

Sii;,\!JI ~ ~ ~ ,;~'fM-~ ~"fA<i~ 

~<fl flrnp,- ";i'J-.:ilk141 ffir' ~ (natural ten'clebcy) I~~ 

~ll19f l 

1. r;f1ff fihn ,.,,.,,,, ~ ~ ~ (1/1) 

~ 'Rff';(P{ ~~ ,JJr,, 11,jjip/.,., fiitir.. 

'If?'/ ? ( ~ ) .JJ II/;/ '61, T.<rS~ ~ .JJW(;{ 

c~'l'fw H~o.11;;, ~¥Jff ~~ 

..!J'liff111¥Jf" 

- .:."lfi! fl m m ~-:~ ;r"'mlf7r ~ff' 

-.ef.r-<-:-71 R,~ t«-:f J (iR ip~4~,,, 

l'J>--eT ifUfT -

J/JiR~ CW/ljtim, ~r.'01 ~<f~~ 

~I/Jr-{' "'lM>t wr,kj,~ ~ ~ 

~t ff',rt,f ~ I ~~ ~ 

ff )f.,WiWt ~ 'R ewe•~~ 1flR 

r.r;i;JiJllfil C1'if!t~~~/ikf.l~ 

~ ~"' C'llff/ti( ff1 wfi•"1.JJk• 
fi;qp~, 

J · • ~ .JJWfFf ,~.,r,. c 1$11,q,lf.f fiir,r 

f., f.\1/rl 0 ~ ffl ~ ~~ W-nt ~ I 

, li'•W "if/11 ..!1tM ~rt. r,, ,t~ ~ 

'!,,• fi/.vf ..,r~ ~ =r,,,1 ~ JJ...Pf ~Jr< 'ffw 
{'rJif ~ ~ 11](J. f.np 



9.4 ~ ~Mtit'l! (Second Law of 
Motion) 

~ ~ !!Ql.l ~ ~ ¥il 'i1"-1 cr1 -!il>i~M~ ~ 
~~~~fum~ffi~~~~.~~~ 
~ ~ct ~ I Jl~ ~ ~'1. ?fCm'Sl ~ ~ -e~ 
~~ffl~~ ~ ~~~ ~~ 
~~~$~ l~~~q (}ll~t,1111il 

91~ ~ C9fifl'Cs~ I~ ~ C~ <la-\t'GWi1 

~~"fWl•ll1Mt~ C1!l~~(jl~iJ191tTI l~r.l~t'-t 
~'111 ~ <ff!·..e'Gll: ~ Iii~ 'fiil ~ ~ 
'611$!11~ l:'<1 ~I~~~ C~ ~ l!l~ 

91~~~m~~,~~~<!l~ 
Cc1'il 5 m s-1 ~ ~ ~ ~'cif-o ~~ 91~ ~ 

C5f.l ~iJ ~~ C~ ~I~~ 1P ~ 
~~~ct~-.,~ tlill~ ~~ 
~ llm ~ ~~~·(nnpact) ~ ~ ~ ~ c-1~ 

'O~~~,~~~~~-C<IN. 
~~~~1◄~~1'61llfk.~~ 
~ CcMt~~Cillf"at<?i ~~~ -iibt ~91_cf~1fiat ~~ 
~l~~"f~~~~t~~~I 
~ ~ ~ P:~ ~ m, ~ Cc1'il v◄ 91."Cfl.l;'I I 
~~-

p = mu ..................... 9.1 

~-IF!~fifiil~~l~N-1 Cc1'i1 V 

"'~~,~~~~-(SI)~~~~$! 
~m ~ (kgm·s-1r1~~'51>11M~~~'ij 
~~~lf~lm-19Rt~~~~ 
?Sm'1 ~◄CcrlMI ~ ~lf<l I 

~~~~I ~ '61'151~"11 ~ ~ 
Jl~ C9flil~i'l~ ~~~f5 Im s-1 CQ'f~ 
lf~~~ ,~~~..,JiJ.~~bN~ ~ ('61>i1M~ 
~)~*-"~~~~~l~Jl~~ 
~cfWI ~~Jll:H-~M~~ 

~ l~Pl?fll~~ 7Jfil (71 w.7i~Pi ,,if-nt;i f.i,hr ,._c,r-.(~i 
~ ~ m<T<! @?!Pl~ ~ '1CT!l~I <f.'f1 ,i-I~Ir:-1I ~,:;rr::-;i 
BJ I ~!7i ?f<I! ~ f-i~I'! ~ ~?\•I i ~ ~~ 'r ff'i Qi ~V,'i~l'i 
?!M<l~•l<l <'l(T.<1 ~ ~PH 'F-l. 'l •l~l-1 ,i~?J--r;,;:; ?f0~i'i 

91M<li<i<l ~ ~?!% f.,~ .. p•~ I 

$5 ~ fu-~ ~ ~ ~ ~<l7,<1'>P1 
?!Fl<ll5-l<l * ~ l'il <Rt ,!,Pi~M\!. <f.1(1 /j•ll•J?Jll-!.¢ -!,!Pf. 
?IM<l~<l~~fii,r~~ I 

91.4.1 '>1~nr~'1-1> ~ 'i_~ ~ <11 9 1 
(MATHEMATICAL FORMULATION OF 

SECOND LAW OF MOTION ) 

~{f<Ti m ~<11 <l"?a l!l~ u 2l l<lfa¢ (.<l7.'i~ "1<171 

~ .~,;!Ni~ '?il'M 1-!lt't ~ <71. F ~ ~1<1 f::?J"R: 
f ~ ~ Qi.m~ ~ \!,J<f; 1_<l•i ,::; fT.<1 1· 0~17:-7 ~P,,!, 
~I~~~~ ~ <1C-1'i( ~'cj b( .• ) p I = 

mu~ P, = mv 

~,;r,~ ,:r. P::- P, 

r:c mu - mu 
·,. m x ( u - u) . 

. == m x (v - u) ~<l(.<l"iR '1R<l-l•l<l * oc t 

<11 !fem'il <R1 ~. F oc m x (v -u) 
t 

F=km x (v - u) ........ ....... (9.2) 
t 

= kma ... ... ..... .............. . {9.3) 

~ a ( = V ; U ) ~'-., ~ -;:;<l'l ~~fl~ ~51<'1 

~~ I k ~ ~ ~f-3.?J~~ I~ ~Pfe-;:;<l'f<! 
~~~~kg~ 111 s ~ I <1'1<1 ~~~I~ wm~~ k ~-TT<i~~'i11w.<!Tt<'I Pt,.!~10 ,::; 11}, 
I.Q<fi<.15 ~ ""!~ ~ ~ g 

I kg~ <Rl; -!llJP! '8?J<R; 11,m ffl I m s : ~'1 
~ ~ ~~ l!l<f.<f. C<$'i1 ~ I 

l ~ <l"'1 = k x ( I kg) x ( I m s-2) 

~ k -1 ~ ~'<1 11 (9.3) ~'1<1 ?J~ -
F = ma ............ ... ... (9.4) 
~ <!Jq'i<fS ~i, kg m s ~ <'11 f.1~-;j. 1 ( ne\\ ton )~~ 

~~~"-1 N 1 

~~~~ ?j<,J~ <11.:<1 {:?i%mr-ff.'l 
<ta, ~,~ t9ITTI 1.Q'6J ~ , ~ 00, ~ = ~ x '{<I'! I 



~ ~~ m ~ ~ ~ ~ ~l'il 

~'tl'I C91l<nciTIJ r-fu C<1t~~ ~~ ~ 

c•JJ◄"S4~trl m ~ ~~ <:F."ICGIC<l ~ ~GWi 

~~~~I~ c:<m'S'ff# ( ':fQ3'1 ".$q>Si(•l fu 

~ ~ ~ ~ 'II ~ ~e~ !ltiJl.brl ~ ~ 

'f1 \'JEf11ll ~ I ~ ~ ~'1 ~ ~ ~ ~ 

c1c,~4i( 9f ~-ffl ~ ~ C$'1 ~~ ~ ~ 

c7nl (w-n-9.8) ,~~~~ "Jl0 c.~'11 ~ ""1 

~N,\!tllt\!l~~ ,~~~~.,,K<1~◄ 

~ ~ ~~ I C~<lif.<l ~ ~ ~rt<l ~~ ~ 'ffl 

!ml1'51 ~ ~ I ~~ <.'tJ'i!idili!rl◄ ~ ~ 

'dliiill'6?11~ ~ ~ ~ 1 ~~l:IFII!> '6'tJ~9f ~ 

c.'IIJdJt-da.:i 1IRR ~ ~ <l1 ~ C<l~<?I◄ ~'RI~ I 

c.~'}t<1ili!~ ~.., ~ ~ ~ ~ ~rn,~.:i ~ ,;mi 

~ <lWf ~<Rt~ I~ ~'1◄ "'1M<lt.l◄ ~ ~ 

~~~I ~ ~ ~ ~ ~ <!JUT 

~ \!l/llrJl\!5C\!I C~C~ 'ell~ m ~ I 

II 

w.D-98 .· ~~~~~~~~ 
~~~~~'vfRR[{I 
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'I~~ ~!m ,pl" r,rrfclf~ ~P'l~rf 'tl'I~ 

'I@;~ !fQf.l ~ ~ .ifi~ ~ ~?fil ~ ?fTfir I 

9.4 ~'1 ~'a-f F = ma 

m(v - u) <l1 F = --=-- ~ .. ........... (9.5) 
l 

<l1 Ft = mu - mu 

~ F = 0 ~ ~ v = II, ~ ~ ~6~ 
ffi"C'il I~~~ "¥fl <Tm C<l <l~f,(;IC'd I~ <1T7;cf 

11¥11 <:q(~~~~, ~ 11-pt)'~~ 

V '<3 -J.rl} ~'<l; ~!l{j~ ~ ~f\!5•'fM ~ ~ I 

~lf1~◄'1- 9.1 5 kg~ <ffl ~ '<3~ 2 s ~ ~ -
~ l!l~ ~~I~~ <l\tiC~I◄ l<l'Sf 

Jms-1 ◄ 9f◄T 7ms- 1
~ ~~~I !ftm'Sf cRt ~ 111-f 

f.lcfu~ ,~~ 5s~~mffl'St~~'aic~ 

~~~ ~'51 ~ ~ '6tC~C'51? 

Nm ~ u = 3 ms-1 ~ V = 1 ms- 1
, I = 2 s 

.... 

~m=5kg 

(9.5) ~~ 91◄1 ~ 9fl4 Cll, 

F = _m-'(_v _-_u....:..) 
t 

~ ~ ◄rfil>liJ.~"1 ~ ~\!l/Tfil 9fl4-

5 kg(7ms-1- 3ms1
) 

F=--'-----~=ION 
2s 

~ ~ 5 s ~ ~ ?fCTTT'il ~ ~ (I = 5 s) ~ 

(9.5) ~'1 ~ ~ 'il'f.Jt ~ \!l/TfiJ 9fl'4 -

Ft. 
v=u+­

m 

II, F, 111 ~ I <f -1f.l ~ ~ 9fl4 

~ ~'if v - 13mr1 



~Cf-9.2 C<'WTlij) ~ C<l~<l?'l<l 2!7JTRFtl ~ '<! ? 

2 kg '5'1 ~~ 5 ms 1 Cc'! ~ 41H<ftif1 <rl 

4 kg ~ ~UT<fl 2 ms 1 Cc'! ~ <flM<fti:'f 1 

~1ffil: 

(9.4)~ crl 91<11 ~ni ?fl3. F = 1110 

~ 111 , = 2 kg; " , - 5 I/IS ' ~Ill: = 4 kg; 

a, = 2 ms 1 

~ . r, = 111 ,a , = 2 kg X 5 I/IS 2 = 10 N 

'5/f<I, F1 = 111p 2 = 4 kg x 2 ms 1 = 8 N 

⇒ F, > F2 

~2kgi5<lW15ms 2 ~·<11M<IB4 ~ 
·<1•"l•n:icm&-1 ~~ , 

~Cf-9.3 : I 08 km/h~~ C'i'I ~ ~~ ~~ 

~ ?fem'i'I ffl <J~tt-d~ 4 s G'fil'i't I~~~ 

~ '5<l 1000 kg~ ~ ~ ~~ 

'<3~ mJll'i't <RI~~ ~'rn <Rf I 

~= 
~~ ;djc!l~ql C<l'l'l 11 = I 08 km/h 

108 X 1000m 
= ----

60 x60s 

= 30 m SI 

~ 'i~~ '6lm~C<l'i1 V = 0 m s· ' 

~~~'5<1 = 1000 kg '6ll<le ~ 

<J~ '{j~ ~ ~ ~ I = 4 s I 

(9.5> ~'f<f ~ ~ mm'i't <ll<fl ~ ~ 

F = m (v -u) 
t 

JOOOk 1o 30) -1 

<rrf-P1~~<1 ;rr;i ~ F = g\' - ms 
4s 

= - 7500 .kg m s·1 ~ - 7500 N 

<ll'fffi<li m ~ mm'i'I <ll<fl <f'1 C<l ~ ~ 

~"fffl ~ ~ ~l~C~I . 

~Cf9.4: SN~.t!~m,~ 10m s 2 ?"1"~ 

~ ~ m 2 
~ 20m .r·2 ~ ~ ~ 111fit 

~ '5<l "e'1'if ffif?1 "lfrn ~ ~ ~ ~ 

~"f<I~~? 

~trfil: (9.4) ~"f<l9Pff~9fl'<3-

F F 
m1= - ; ~ JI½=- I 

a, a2 

~ a, = IO m s· 2; a1 
= 20 m !1~

2 ~ F = SN 

SN =0.50kg 
~.m, = IOms -i 

5N 
~m = --....,...=025kg 

--~ 20ms -2 

~~aii'i1~1ft~m=(0.50kg+0.25 kg) 

= 0.75 kg. 

"'l,C~lfe?~ ~ '8~ 5 N ~ !tem'Sf ~ ~'-'9flf 

~~~-

a=!_= JN = 20 ms-2 =6.67ms -2 

m 0.75kg 3 

°(S5fl".◄'t 9.S : ~ -fl~ '6~ >i◄dlt◄~<lS ~ <Rt 

20g~<Wl·~~~(9.9~)~~ 

~1~~~~~'6~~ 

~mffl'Sf~? 

l 2s 

ii' 20 

' J 1s 

"' 10 
~ 

5 

1 2 3 4 5 6 7 8 9 10 11 

~(•>-
fQ- 9 .9 

~~ : <li:1<.tt◄ !ll◄™<ll C<f'if 20 cm s· 1 1 ~ 

~ IO s ~ <la-t(.61◄ C<f'if --ru ~ I 
~. u = 20 cm s· 1

, v = 0 cm s· 1 ~ t = 10 s 

~ ~'51~ ca,~ ~ -!liSM >i◄'1C◄~, 
~ ~ ~ ~ ,qa=j(.61◄ ~'t 'Pf1l ?t<p~◄ I 
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I ' II (0,111\ - 20( /111 ) 

I () I 

2llll , - 11112 111 , 

, . = ,,,,, = ( 
20 1..~J '< (- 0.02111\ : ) 

1000 

II lltll l..l '\, 

9 .5 '=1Ri f<i <l ! l<f; {,~!Hj-!! (Third Law of 

Motion) 

r.; f !. r..,,S-/. ~~:.' ~~11.rt ?.fQTT'if r.-1' 77;:1 ':"'".,...:77t~ ,;rf!?, 

?ff,p-!,,, ~ "?:P! -,,f;;i ~ ~P,; 71,;~ ?,'7j f.i,f-;:p, ~?jf,J 

.!.iUl ~17 ,;ff!, f,m,;,-: T~T-' ~ :.i~-!. 'l1:r ~~ ~r., .!JWI 

'..:-,,-1 !, -1-:-; ·::10:i~, ~~.-i !-' r-rr.C,1--rgr.,. ~ir.ifc1-1-~r0 ~,;,r,;iar,; 

'..:,,,.-...... .!, '..:':~il'ir"?; "s·1 ~,~, ? .(-1 1.!J~ i:;c,· ,r.4-1 ';W, -;r.-r., ; i-;r..1 

7 ., i::... r;,i c:n - - - -
· <: .->< ?f- I I -!. .£!, ~ 171.,1~ ~ • l,?f.~1~f r:"7:"7', I <'fg,, ~?f"I!. 

TI!'TI "'i7?l "!;Tf-7,, ~ '..: .!: r;<'f.1,1 ~ '..: ~ F.!r!ll ~ I 

'fTJ-1-;-f ( " fr;,,- i f7;'",!, ;fln7Pl '..:~'l,!, l.}'f ~')j ~f<l'- ~11?17.<i -TTPl<l't-R 

<11 !iG!- ~P11 P1">PfT-!. J;i7f"I (.?f.j'Q'Pl ?.!~ "Fil "/lfi 11.-tf.t~II 

~~ 1:;"1 ?fl~- <f.P!' I JJF/'11 '!;l"f,. !:•• l-1 ~ .,,'% <F-i ~ J<;f 

~-7/ 11 I !.l• TJl<;;J .!- ~ ir-!. -£!,1 '1-:-i-'I ,r-:'ff.1 .!J"Q1A ,-r:-p, E?ffih 

!.1lt';"- 1 ..!11 '1l11 f<1 '>f-fk ~-:-f?: ~ff ar-1, ~I ( action 

:.111J rl'act io n) <'P.l ('lP.-TI ~ r 

.!ll!.1"11 ~rf.i I''· IO I foli .!, 01"f!P1 ITT?! ~ ~r.-ll f.a> !. ~ ')f<r.f 

~ 7 ~7~ "¥!W-f1 ':'1~ , 13 ~--rn,-TT"/;T,'f ~ ~ -;pv.'ur 
,:--,,p 1,-,,-,,'fui1 r:<r.f7:-11 "j\, -a-pfPR; ,i~c,'if <Pf! ~~ I A .,~ ~ 

,;.--;-111).~ -1 ~ ~ i:;w.r, rf.i ,r,;, ~f<;j <f.W,?.f r;i;f?fl <If-1 (.CJ 

>;7.Til '>r.l -;,~fl>-.fy, - ~~ .,,17,; (reading ) .!l,:.r.? c.::.r.~1~rr-1 

~,;;f .!l"Ql Ql. A -:j,"17f5,Tl""r:;' B ;. c'fll5•1·1.,,r,:r., c?f'"~ 2fQI1<;f 

c:-:-11 -1-:i . B ~ "711.>•ll•W. ,\ J,"1n,--.rl~r-r«1 !::-:>i<R; ~ l'-1 <t-711 

'f';'pl ~ ITT P,?j~ /-!, ~ R, I ;\ ¥o'j ffjriJ(.~. B r-,w,n,, 
~?f-1 !. ~'Q.TJ,;1,t-~f ,r-::pt. fo~H (:1ction) '!;Ip.~ B ?':ilb.',)r.~1 A 

.;.,s'-ffD<ll~r.T<! !:.,,'R: ~-;1 '1:-'il ,,.-..,~ '!'.lf!.f.!r-!TI ( reaction ) 

(-"rf.'T1 ~ l~ P! ?("fl -mf.i ,;fh; ~ ;. lld ~ ~ ,j~'?,f 

.!JiJl fi,? ~ · '::1f-=,,:i,1 fo,!f~7 .!.fil ~i;-i ur~ Pl?J~ '!l f,!.F.!Pm 

•~1~ - I f<-~ ;,7.,m •• ..i !. -Tir;Pl 717f,;-ri1 Ql f.!J,~I -lIP\, '.?:fr!.IIi•~ll~ 

;;.,p 1 ':f, J ('<17:',fj'ij ( -17;-:-i-;J ..,.-:g-1 (: ?f'°,f°!. ~ "t-7.<'l 1 

122 

f l I\ 

'''''', .. , , :,anntIJJJ 
f J I If t I f ff 

;r,if ?i!::
0

'fi. ~ r JJf¾'-1 -::il 7.<l ~rn 0" ~ ~ ~~ 

r."ITT' ~ ffi~ I ~ ~ ~ ~ i7Jffepr ~ 

~p, "Jfl?l ';~ f,r,m<r- f;,it,~1 ,pl~~ Jl~ ~~ 

~ '<l I .£at ?:'V,J 1"'I ?f-'IT '!;J"~ ? ~ ~ ~ •(,~ !fcrrT'Sf 

cf.'11 ~?<..,.1 '?J ~1rr,i (muscular effort)~ ?~~~ 

~ (.? J"f;,f fi-,,i(-! ~ -!JVf. ~ ~~t' ~~~ 

~<11±1&1~~~,~~~,~~ 

FJ~-fl'!; -:-.n !1Rtf1.m ~ ~ ~ !>T.m'Sf ~ ~r-rf<IS 

~ ?''0,'irf?;~, 

';j.J ~ , r:<I. fu,m ~f<I< ~, ~ m,i ~e ,f>fffi 

,r-JT.T ~ ~Irf?f :,~( • .!. ,r-J-.rr-r<f ~ ' I ~ ~8 ?fWJ l ~r<, 

i'f.P:' I ~'c'f :d,:.!.1<t,r,i31 -17.c'f~ f-sTI ~ 6?f'i'l\?i fiFm <117.<1 ~ 

°h~ "5"I ml ~'-f ?([7.-1" I 

QlT..01 .!lGI -'l•li(!f.7.-1 ;,;~J ~~ -~ G?i~f <14f<t-(.GJ 7.<I 

;.;~ r.tr-: c?f~ ~-.Pl fi:f•R; ~ ?fCTTI~ <117,<1 , ~~<3 

.,.'l•t-r.f,r, ~~ ..!lvr ~ [ii~ r,91.f, ~ !1R.&m ~ ~'il 

<t-7?1 10 11-1 '1ff.<l '1•'j<f.T.l,Tr:<, .!lr,f ~ ?f ( e~ "flf1) ( n:­

coil I -W.,, (~-9 . 11 ) I f<u.~'} <1-'j<f.(.vl<I :s<1 ~~ ~ 

-1n ~ -:11-!. ,.<t. <l'~ ':i<l'1 -U~ ~~ ~ <r.-r 

~'<11-irc .!l~w. ?01 .JT<Ptm~ ~I~ €'.>ffirn ~-e 

'iJ!°! ~rc.1. ?--£171 r-Pf wn-;r ~ ?fW. 1-rrcr~ ~ 

'!al':(C,---j ~~r~rn l. -!.l ~1TI -rtc~/;Pf {;?).,..~ !frnf<;j ~ ~ 

.rie~r.i f?i~7.-:-i C~7.517:<f. (163-9 . 12 ) I 

, 



~?!'1'1 f !Vilf<ir.TI'~ ~ ~ "'J-116<i•I ~ir,r,1., ',11 .:, -: -. • 12 mm 
• .. .; A t:f '"7-~ t. ,.- \.\. • <fl lSmm ~TZ !.1f-t· 50 cm x 100 cm ,.;• · "'"'- ~ "' 

T-T------~ nn& 

;, 9.13 ffl ~Pl ~ l"j_~f<Ti ~ <fl liirft<r­
"i~ ~ "ft~ ~w, '>l~"'t-"1 '{.'.?j~~ ~<1~ 
C<rnn I 

Ci;!li~ ~~ ~ I C1'if7.U1 ..!J.:1lil -!.ll•fS,.17.-fl 
~1~ 'aFl~17.•I ~ I r,t~ ..!l~1 (."ll~<Jtr., r,..-.r,1 I 

1 • C-1~ 00,Cr.-!, (fjP,il) !!fsibr.o{~ 
\!i1'-~ 'fc11 mf.n;m -!lt1 ~ ~."VfC-1 ? 

IJ tJJ) ~ W ~ Jl~ ~l.1~ 1r,r.~ 
"ffilm,d~ R1 ffl.'if~I ~~ ~ w.r-i 
~ ~ ~ Jl~l '1'>ll fu.l N a,'<1 ?fPII I 

~ 

~ ., / 

~~ '~'.,. / 

f81l : 9 .13 

.!l~ Jl"f-1 ~ {;~ ~ ~ · ~r-i--r-n. .!l~•ef<t­
~ w.n I Jl~ ~ M<r.<1<1l fv.ii h1 ~ (?11 ?rr.m-;1 ~ 
M 9fffl. ~ Jl~ ~ JJr.-r. ~ "' -11r.-1 f~l l ~ "fCI 

~I 

r,n.wi ~ -Prn[P1 '•J ~ r,<i.1 ';'i'S I(~ ,:;i,,: ?irf'1 I ( , ~fj •~1 ~ -,,,:~ l<''1 ' . ' cf~ -::fa'l > 1 ( ~ i, <1 'f (Skate Board ) cf. fl .... 11 ;r.,,· ,._ ,,, I 
i "1T11: ,i<17fr.'1-.rrr..., r,rf .!. <f-<'fr<1?:7i ~ < 1111 

9.6 ~~ ~~~'I (Conservation of 
Momentum) 

;:<11 ~i<:. m ~ M> rT\, ~-, ~Ul ,r-g I E°'"'R <i'1 J,7"~?\ A t ~~ B 
/. 

~\;I <f-.j ) '§r;,l UA ~rr';, U, f ~ :I r,<v,r,f( r'; .!15f.'j ,r'',7( ':°<i'"';f(-1 

.!IT,ct, ~--..~ "ilf!: -t-f<l !.TTr.~ I [ ~ 9.14(a) ] ~ ~~""-!?I !:?f,f!. 

f,<t-H:•ll <rITT:T<· '?;T"',f'_ffr.i-!. <1"0'1 f.!Rfl <r-f.l '-141 ;;~ I <:"'-fl ~ ~<-. 
u

4 
> u

8 
!;IP!i 'lC~IIGI <.fC?.i 9.14(b) fu£ !. ~ --J<WI vr,,: ~ 

f;wr4, "f">tl .J1Ff~ I t 71~ ;i-[t<l lj~~ ii~~ r,'jR; A 
<l"l(,Cif~ B ~ ~~ F AB ~ B q~ A 
~ ~~ F <f<:'I !fCTTI'if ~ I i?!l ~(!~. ~~~ ... , , .. l"'I H,' 

f?f!Z,'!. '1'-1 ~ "' (.<1<;11!•7.-l t ~ w,, t 8 ~ 'F.i7:'i1 [W~-9 .14(c)] 

rn., ___. A B 
I L 

F 
(IJ) 

fc/ 

~ -9.14 ~ii{ ~,J 17~•,R, ..:; ~ <t~q'>]<I' ~ ~'(f':.,';~f 

9.1 ;r~:,i'f-Q ?f1l ">!t 'ilr~-<l ~'iR: ~~ l?l~!. A ~ 
'5<:lC<l<;l 1r•r-1 n\ u,. w .., rn,,u;. 1 

">!~~ ~ ~~C<1,;rr1 ?\TG<1-i•M ~ ( <fl F ;.a . ~!!'~I) 

-!!~T.<1. il~'i!i-!.<l .ri•Vi-!; B ~ ~ <: u1'if~ ?\M<i-l..:<1 
!117i ( Fa.; -11 ~ -!.f ~ 11) !, '<l 

( VII - LI //} 
nlu --'-'-,-"'" 

'i~ f~ ~m 1.~ :.ir,>!, A ~ B -1~ 

t91'1 -!. ~8ll'il <t--11 F ,., <1,;-, \ l!J•;:1 I ~ 1<"» B ,.-:;0, ~'1 A 



- -

F = - F (9 6 .-.n "" .. .. .. . .... . ) 

~ m uA - uA = - m V s - u o 
A t O t 

~~~~d. 

• J4rf1"'1f ....... ,., ......................... 9. 5 
~\St~~ "l°tit ~ I C46fldi1 ~~ 
~~ ,~~~"ll51t6'\C◄ C46flc.tM 
~~~I '<41~1~ (.1;91 ~ ~ ~ 
~(straw)~ ~ ~-.,'!11l ~ 1 

.. ~~I◄~~ ~ 9IT◄' ~ 1,'6115161◄ 
"llil~~~~~~~Nlll l 
~'415, ~ 1,'6115WI◄~~ ~ 
~ ~ ~ ~ ~ 'l\!>115161 ~ I 
~~19.15~~~1 
~ ~ ~ ffl (.~ 't'-!i11516'1 ~ 
fit ~~~'6~~mlt l 

~ .. ~\SliP\ <.~fitt"t ~~~~I 

~~ 

' I -
~-9. J~ 
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-,7,f.fsif19/ .............. ····· ····•·" .. ...... 9. 6 

• 

• 

• 

• 

• 

~ l!FP1 <flTD'1 ?f.:fr,;r•J -WI ( test tube) .!lti 
(pi~ -w.9?/-TFT ?ff.II '5C"<1PII I ~ 11 ';J?R; .Jltl 

~ W.'ifPII I 
.!!~ 9. I 6 ~ l:'f-;P,PI IIT.<t ~ <'lfu <II 
~ ~;r;;r.i,1"!.l•J~f.l<t•~l7.<1 e7.i:'J~j I 

JJU1 ~cfPI,! ~ ?fr-tl <l'!Wf ~ ~lrol ~ 
~ f.wrnl ffi ~I~ ,;Pr-! <'fi<l'I I 
~~ Qi W-10 ,;fWT F<i~ w~ ~ 

fBJJ: 9.16 

raaill'GM C<l~t ~ -~ ~ ~9i 
(.<I~ ?f1~ ~ <15<11 1 

~ct-9.6: 2 kg~~ -!l'GR "1<f1 20 g ~ ~~ 
..!JG'l 150 Ill S 1 (.<l?;'iW,'I '61-3_'1:filc:;, ~ ~ ~°"11 
~ ~?f (.<l'>f ~? 

~~= 

~ml~ 
~~ ~. 111

1 
= 20 g ( = ·.02 kg) ~ 

~~.m~= 2kg; 
~~ (11, ) ~ ~ {11,) ~ (.<151 = 0 I 
~~~ C<l'i1 v , = +iso m s 1 1 

~~ 'iTW'f ~ <l'f 6<llfc'f<! 91"1 vf~ ~~~I 
[!!~~ ~] (~-9.17 ) 
~ ~<:r<r- f,fQ.71<1 ~?f (.<151 ~o'j V 



0 ~ 1lffl ~ 191~ ~~lt'I ~~ 191~ 15!~ 

Q~~'5m'l1 

"' (2 + 0.02) kg x 0 m s 1 

= 0 kg m s 1 

~~1RA r~ ~ ~ r.,; ~~~~'ii 
= 0.02 kg " 150 m ,\' 1 + 2 kg x v m s 1 

= (3 + 2v) kg m s 1 

~~'Jf~'PJ~ 

~~~~~~~'51 =~~~~~~'11 
3 + 2v = 0 

⇒ V = - 1.5 m S 1 

~~~Cli~!!Ni(:4i?1~'11~~~~ 

~ ~ Qfj, C>fl~1C1◄ ~ -!1-o~ I 

r 
(a) 

V - .... }50 ffl,11 +-- · ., 
'·:~ )~-
/ . 
~ ' 20 g 
'-~I 

kg 

(b} 

R-9.1 7 ~~9/ 

(a) 

~'1-9.7 : 40 kg ~ OOiJP'l) ~ , ltl•J~f.tJfl 
fq-~ 5 1/J ,\' I ffi'i~,~ Qf<lff ~~ ~ ~ 

'Sl~ JJ•rn €9"1'~ ~ I 'if~ liPI ~ 3 kg I 
'if~ft.l ~ ~ ~ ~ C~<l16"1~-'!-, (.21'if 

~ R ~'<J ? <:.1-J.'-;!fil<II ~ ~<I~ <:.l>f~M\!S 

~.f~ ~ffll 

'"'11fti{: 

~~<II~~~~~~~ 
~ C~<ll~i9i-ll◄ ~'11 ~"g'f V 

(~'1(~191:fl-s~~~~ ~~• 
~~'11 

= 40 kg x 5 m .r1 + 3 kg x 0 m .r' 
= 200 kg m s-1 

C~<ll~at~ ~~~ ~~'11 

= (40 + 3)kg x vm.r' 
= 43 vkg m s-1 

~'SR "l~'l_JI~ -fll. !IWMJl\!S ~ ~'1 

"l~~I 

<;!5!Qff~ 43 v= 200 

200 -1 465 -1 v=-ms = ms 
43 

C~<ll~~c~ ~ ~~ 4.65 m j ~
1 ffi~ 

illff9f'e'<IA ~ ~ ~ (~-9.18) I 

(b) 
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~ C'f-9.N : J;,"'l-1, .:. •· ai-l lj~l ~ ~,mi ~ 9111~ 

- r - • r? 
•':-i)J ~i .,.l". (-:, 1Jt ~r,-!--..;'-l'il<lf<~ -.?;J~~ 

~ ; ! r:~ ;, r: ~Pl -;,17;r.'l I .!J <;l•P! ~ 60 kg~ ~(j 

<; Ill ' 0"7.';fT.'1 ':lf°! ffi ~ ' -?ilJ •ISi•l<'I ~ 

55 I..~ !.IP, ,:.!. ~ 21'-'J:.J Si•M(cf. ~l:f<ll ~~ 

(, Ill ' ,:"(<; fl?i 2j<;,f-< '.::>• l<"I frfx~ '51R; ffl ~ I 

;,'( ~r-1 v-P.P1 ~ a i~ Q-1:r,, ~ ~ ~ 

r:-1(-;r,:,: '."f~ ~ ~ c~ ~ '5R ~ lTrtu<'I 

; JfA 'il<l' I ~ -1';f' IT <j"F-1 ffll I 

<r-11 ~ ~-r.. 21·~1. J@•, r:~f.jt"4G <i1-e~ ?f<'ll cAl<Flr.-$1 

-;-ITT, ~ I ?J~n ~ ,tJ{::~ ?f<ll ~ 

fa) 

;,-rf{T<t- ~p.i; 0~ ?J~ ,ti'{3<]lla'j ~~ ( ~ 

9 . 19) 1C~~ ~'i5"iif~~C<!'>1m~ 

II '.::1 lllc.t-C<I ~ ~-Sc.f. I~ ffl 'fGI~ "(5~ ~ 

f.m '1·!11'4-?i I ~f<1. 1 CTI~ C~ ~ ~ 

~ 7:3-1~, 

111 , -= 60 kg: u, ..,,. - 5 Ill !r 1 ~ 

111 = 55 kg; 11 = - 6 m s ' 

~ ~'i/("uil ""!iJf'iR, r.~rq=t<f ~~~'if 

(,()kg , (+ 5 111 s 1) + 55 kg x (-6 m s 1
) 

3U kg 111 .\ 
1 

~-w~r-1 (~In f<! f.>i~ c:ir.]0 lj-f:r•l<i C~"il v~ cd~m 
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I 

= (1111 + 1112) V 

,.. (60 + 55) kg x VIII .\ 1 

= I I 5 v kg m s 1 

~~~~~~~,;wJ~<QFli~ 

lfe ~'ff 'JJlTf;T ffl ~ "fl c 
30 

U=--
115 

= -0.26 m r' 

,m~r◄t 'ffll 9Ml c~ ~ 0.26 m j ~
1 ~'mif 

C'1'1-0il6"1i!! ~ <lf,c~ ~~~ ~~ll'f\i~ ~ ~ 

~6l_tq./ir~◄ ,m ~~~I 

fb) 

r,1p 'Jn., 1:rn· !!JS '2 >1/7 ~ •7. ~ t;TJPf 

.!)~ i 'if] !tr- (? ~ r~ flfTt;if •fT! t/71 

if, <f I 

' !Xf{{;Tif ?ff. ~,n,.1} if it;1f .f S,(i1 & ("'<?,~ 

f1fFi i ~ ,:. ~ P>]~if ;J"~ ef., "ff.-:ffl'. .:,, fip, 

I . I Ai: :: f~ .,,,;;,,_ " 7Fif ~ ;,t ,11 i: "iifl 

..: • .! ' ,• , / 1/ ' .. ,,.~ ~ ,;r• ., ... ~ 

~! • ,, _ ~ ,.... J .-,: ,,(' ~ ! ' ' ...... , , .,,,,,, 

r~ , l~-= , 

~ 



I - -
J. /I Ill ,: '1r7 ' fl fl ,: ,:i .r,J ,t:J ~8 JJ[ifl ffl 

u- ~,--r ~ ~ .rnl!m , , carifi 

I Il l \ I m~ m ffl ~ I ~~ 

7fN/ff fit~ { )f wrfi ffl ~ Dtl/'RC~ 

~ '11 , . ,, 7 "" ' , )11 fwllvz~~ ~'11 fotefrT 

Rf I 

if~~'t )j_~)j~~ 

~~. -ifui . ~ ~~. ~ ~~f.l ~ ,f~C'f >i_lll.<ll<l<fi 9f'tlQ~ ~ 'P ~ ?f 'ifCff <fRff ~I I ~ 

~~~~~'<3?f<Ri~I~ 1.!l~T.UI •l•I\!.. '1~~M1'[T<!) (.tl,f~<f'lfiCf~!ro!if~ 01<!rFI I "M'r;f.P'f 

~~~9Rl5l~~~~~?flf.T1firwr~~~~fireul ~~~ 
~9R~.~~ffl~~~'1T<Tffil;Qlil!(l7.~~~~@~0C'f~<Hl'lm!!Jl~~m:~ 

~~~~Cf~~ , 
~~~~~~Cf~~ 6 ~ ~ <llFJ f.lcrn ~~I~~ ZITTI l\!.f.1 1'~ 

~~ Mf~ ~ I -1il ~ 'illm C<l .£1f1m?.ai1.<11 l!JUT ~ ?ff<lf¾f01 ~ ~ ~. 'll~ -!I~ 'P ~RJ 00 I 

• ~ ~ C?fm ~ 15lN,&MI ~~ ;,~;;r.fCf ~ ~ <fJT~ ~ 91Wf11 

~ .. 
I . ; .. 

= 

~ ~ !!Qf.l ~: ~ 15l>l~M\!/ «a,~~ ~ f¾~-lta, 'ffi f¾R5~ 
~R;~ ~ ~ ~ (<R'i~ ~ C"~ ,;fR5 <ffl ~ I 
~ [¾M•~ ~~"Pl-I~~ 9iM<l~<l'i ~~ ~ ~1~1~<t- ffil~ 

~~I 

~~~ ~~ l~-!l°D~(Sl)JJ~ffia'TTZi-1 (Kg) I 

~Cf~,f'f'ffi~~mfl~ffll 

• ~ ~ F◄rZm ;pi: ~ JJ~ ~liR 9iH<1~.i-1 ~ w.rt'i1 ~ 151>1,aM\!l ~ 

~~~~I 

<WRJJ°D~(Sl)-!l~~'Q'fkgms-21~~~C<'mf~~~~ 

~'Q'f N I -!l<l'i ~ ~ ..!l~ I kg~~ -!!UR -6~ fJJ;m ~ t m 5-~~'l "fIB 
ffll 

; 

~-!l~~'it, ~~~ ~~ ~~~~~N1'1 ~~~ c>1r.~ 

Jll:<T> I ~ SI ..!l<f."<f. ~'Q'f kg m s-1 I 

~ ~ '¾-~l?l ,pg ?Jf~r.t1 ~ JJut ~ i!il~ ~~ ?J~&m ~fl:<T> 1 JJ~ "'il'~ 
ljm ~ ~ ~~ RRll ffl I 
Jlijj 9}Q~ ~ffi<I (System) ('ll\!; ~1 ~ <fa, .rt~)~ ~'ii '>i~W-t 

~I 
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-

1. 'ffi .,!J~ ~ • ~ '51>i\/8M\!i ~~<Rt~ I •Ntc.UIC<I ~ (<TT;~')~ ~ 

~~?11N~.~~'>A1ff.l~~'6~~9f~~~ 

m~<l><rtl~~.<W,'1~1 

2. ~.,!J~~~~. ~'<3~~1<ffi~!<l'Rfll 

3. ~ll_~~~<Tfm<1rfiti~~~C<!iml~ ? 

4. iJ!;m C~ ~ ~~ lR1 ~ ~ '51a19f ~ <fl~ l 'if ~ 'llrn I ~ C-l 

~ffiCf~ 

(<11) ~ ~rAl\!ilisiC~ ~ '9f1ft~ ~ •ll~IAcai I 

(-.J) ~ ~'if~ '<3~ m'ffl'if <Rt~ ~ffl<ll I 

('if) ~~mtf~<RJ~.,!JUlRr!!l~~~I 

(~) ~'(3~ ~1 '51>i~M\!i~~~~~ C¾<ll~~~ <Tl'<l 

C~I 

5. ~~~~~~~~~m~~iilfil~l~20s~400m 

~ '51N>Jli~ ~ $ ~'1 ~cfu <RI 111N ~ ~ 7 ~ ~ ~ ~ 

~,c~~~~1JA~cfu~1~~~ 1~= 1000kg) 

6. lkg~fiil'a,~1~~'-!i(frozen)~~~~-e~20ms-
1
~~~ 

~~ 250 m ~'51N>Jli~ ~~ 'if'aaf I~~~~ ~'1 ~mf-1? 

7. 8000 kg ~l.f"IFl' ~'t;1'~ 2000 kg~ 5 'Gt~ '51-J.~fi1<11 C<l'aaf ~ '6~ 

~~IWfl.r.-ic'GtC<l!frnt'if<Rt~40000N~ ~'a,~ Mn '<!'('1 <IQ'! 

5000N~.~~mrt~~ffi,c~-

(~) ~'1 ~'-~ ~ ~ 

('4f) ~'a,~~'1~ 

('if) I rR ~ 2 rl~ ~ '<3~ m'ffl'if <Rt~ I 

8. ffl~-£1~~ 1500kgl~ l .7ms-21!1~~~~~~ 

~~<IQ'!~~'<!'~? 

9. m ~ ~ ~ V (<TT;~~~~ ~'if ~'<J -

(~) (mv)2 (~) mv2 ('if) ½mv2 (~) mu 

I 0. 200 N '511_~fi1<ti ~ m'ffl'if <ffl~ ~-£1Gl ~ -!!~ ~ ~~ ~ ~ 

~~I ~'tf'C<i <11<115(.°f;l"'I '6~ ®.n'if <Rt 'iT('1 ~ 1JA ~ ? 

11. l.5kg~~~u!~~~~~'l'fffl~~~~l,f~~ 

~~ ~'if~ 2.5 m s-11,i~~~~~~'if ~~ I~~~~ 



~ 'ii fl'i11 ~ ~'it ~fol? 

12. ~ ~ ~ ~ ~ 151@1 lffe; ~ <ll°v1 ~1 (."\!.r.~ <1<87.'Gic.4 ~f.ft<!i ;;fTf.1 ~pi; 

~~ ~ ~ ~I~ - ◄ReM ~ c1-./1l (.Qff<fl Jl~ "iltpf 'D~ ~. 
~l: ~ ~r-, >ISl<l•lfl: ~I~~ M. ~ ?fcF~ ~ ~ 
~~~<Jfu~,;~~~M~~?f~~,~~~?f'"<R;(.-!.1•1~ 

•Ml-!~ mTI ~ ID<fi~ ~ ~~ ~ (ffl-.nl MT! I 
13. 200 g ~ ~ <l'1 ~i,J Io m s-1 e<['i~ C'il ~ ~ ~~ ~ .rro (Hocky 

Stick) C<IIIC<ll<I~ ~ ~ ?ft~ 5 m s-1 C<IC'>tP.I ~ 'if~ I ~ .JOO '?IT.m'il <f.'1 I 
~~~ffiF, ~~'ii ~f.tcrn <ll<ll 1 

14. IO~~~;-~ <l!Ul 151-J:~f.l<fi ~~ 150 ms-1 (<IC'i~ C'il ~ ~ C<1 ~I~ 
~~"fil~0.03 s~~~~(o, 1~h--1ttGl-.!1(3~~@.~11<l 

~~cm~,~~ ~<II ~t◄ttU1c<1 ~~ '(j~ mm'il ~ ~ .r1i1 Fl'rn 
~>◄l 1 

15. I kg~~ ~'Gl ~ ~ ~\5l~fq IO m s-1 C<IC~ C'il QS<l\1 ~ 5 kg -.::;•M 
P(Ri~~~-~~m~~ ,~~~111Ccfi1Slai .,,.,7

, 

~'iW5~~,"'~~1511~~ms~~~~~crn~, 
-a,~ ~~Q'l'tl ~ ~'ii f.lsrn <Rl 1 

16. 6 s~ iOOkg~~~ ~'ii 5 m s-1~~ 8m s-1 ~ ;ptll..glC<I~~~~ I ~~~•~'ii f.lcm ~, ~~ ~-e~ mm'il ~ ~ 
~f.lcm<11◄1, 

17. 15lt~, ~'1~~ ~~-m 91~~~~ C<IC~ C'it Qf<f.l ~ C'>fRi 
Jl~ ~ ~~ Uli1~ (windshield) 'flil ~ ~~ o'lffet ~ 11511~~ 
~ ~'l fqq{lct\◄ '<391◄'\5 H-~ ~ ~ I ~'1 ~ ~ QI ~~ 
~~ ~M<1-&l'.!>~ r.911<11t'ut◄ ~~'it◄ ~151f'~ (~ct ~ c~ 
~'it◄ ~ ~'!<II) I~ <l'lzyj C11 ~ ~'tf.l 151f~ C<IC~ C"il ~. ~ 
C~ '6~ ~~ <l'1 ~'it~ 151\-i; ~ ~ C9fl<IIW1 ~I~ ~~f 
~ ~m <lll~ N<l'l~ e11~~ ~ c~~ ~<WI ~~'if-1 ~~ 
~~~I~ ,ffi",>t-{~◄ '6~ ~ Nm I 

18. 10kg\S◄◄ ~(dumb-bell)~ut80cm~?f◄l~~~~~ 
~ ~'lR 1if.1 ~ ~'<l? f.rnl\'51!~ W◄'l IO m s-2 MI 
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A I . <l'?/J Jli,r, '>I~ ipRi-'1flm ~rwr,rr ..!J1r.r ~ ~ ~'F.J _ 

~ofu;l~'l'tm firuR~~lf-ff 
0 0 
1 1 
2 8 
3 ,, 27 
4 64 
5 125 
6 216 
7 343 

(a} ~ct~~ ~•~if~-a,'<,f? ~. Jf~q':ii)Jlrl, d!••l.il"1~H 0 "frJ ? 

(bJ ~>G~~<RT~~~~~? , 

I 

A2. "litJ~-=i ~ _Jl~ 1200 Kg ~•M -!V◄f'>f~ ..!l~ ~ ~ ~ ~'5'fr-'f <.jfc•Pir.r.'f 

~ ~~ ~ ~ ~ afma, 0.2 ms 2 ~ci@~?f:1 BT I~

-i~~~~~~?(~~"l-Tr-:ir.9fic'fmmTIDrr.<r(masular 

effort) ~ ~~ ma,~ ~ l) 
A3 . 500 !!1-1 ~~ ..!l~ 50 m s· 1 C<1L'>Wf '>~ ..!l~ ~ ~ 1 '>119iW17.UIC{l ~ 

~ ~ 0.0 I ~'3 ~:r'¥!cUr <f~ ~ I ',f(Sila'llGll<I ~ 1(3~ WJt'if <RI~ 

~ ? 

A4. 1200 kg~ ':.JA~ -ll~ 90 km/h~ C<1L'>Wf ~ C<'ffi~ ~ ffl ~ I 

'51>i<.gf¢!'3 ~ q-a, ..!l'Gllf.lrm ffl ~ C<1'if 4 s '3 18 km/h Caaf ~ ~ I ~Cj ~ 

~'SR ~ ~cfu <Rf I -aaf'>fr'~ !:IUJll!ilrl ~ ~ ";Tr,:f ~~~r I 

AS. ~ C<1'if v C<f ~ ffl !/f<fi1 ~ ..!l~r-:f ~~ W<f. '5/T<J> ..!l~ ~ ffl'ifli¥t lJ.~~ 

~~m WI~ ~ ~ 'ifc'f 1 <M° ~~~ ,;m, 1 s ~ c\!)c°{!i 

( 'f.") ~~ ~ '5/'f~ !:J~~f~ <1c'f '5/rJ~-<l ~ ? 

(~) ~r,:r~ 'if~~~~~~ ~'.f? 

('if) ~~~~~W<fCj~$? 

(~)'.ID~ ~ 'if~~~~~~ ~ ~@rll<f ffi<;f f<ii? 

It 


